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I

DECISIONS RECORDED IN THE GENERAL SUMMARY OF THE WORK OF EC-XXVI

sciences (including the report of the sixth
(Agenda item 4.1)

4.1.1
The president of the Commission for Atmospheric Sciences
presented the report of the sixth session of the Commission
(Versailles, 19-30 November 1973), and drew the attention of the
Executive Committee to certain matters raised during the discussions
which were not reflected in the text of the recommendations.
The
Committee noted the report of CAS-VI and recorded its decisions with
respect to the recommendations in Resolutions 6 t() 10 (EC-X·XVI).
4.1.2
The Executive Committee noted with satisfaction that the
Advisory Working Group would attempt to establish priorities with
respect to the various aspects of research within the WMO programme,
and that these would be reflected in a co-ordinated research programme for submission to Seventh Congress.
The Committee requested
that arrangements be made for the comments of members of the Commission on the draft research programme to be available to Congress
when it discusses this matter.

~AS

4.1.3
Noting that at present technological methods do not exist
for monitoring pollutants entering the sea from the atmo~phere, the
Executive Committee strongly encouraged Member countries to undertake
pilot studies on methodology of precipitation sampling at ocean and
coastal stations, bearing in mind the difficulties due to sea spray,
and on methodology of determining fluxes across the sea surface in
fine weather.
4.1.4
The Committee agreed with the views expressed both at
CAS-VI and by JOC on the need for a joint ocean/atmosphere model which
would incorporate all major physical processes controlling the
climate, as well as the need for certain numerical experiments to
ascertain the validity for the model in representing the actual ocean/
atmosphere system.
Members were invited to give attention to this
requirement, and to take into consideration the need for time
integrations of such a model for various levels of atmospheric pollu~
tion as well as very long-term integrations.
The Committee observed
that apart from advancing the second objective of GARP, such work
would almost certainly constitute an important component of a WHO
programme to meet a major foreseeable thrust of UNEP.

- 2 -

4.1.5
The Committee recalled that at its previous session it had
been agreed in principle thqt it might become necessary for an
individual Member or a group of Members to undertake specified urgent
researth tasks on behalf of WMO (paragraph 4.1.7 of the general
summary of the report of EC-XXV).
As regards the procedure to be
followed in such cases, it was agreed that the president of CAS,
after consultation with the CAS Advisory Working Group, should submit
to the Secretary-General detail. of research projects which require
urgent implementation and which are of wide interest.
Such proposals might be in response to specific requests for advice from the
Executive Committee or the Secretary-General or could arise from
urgent recommendations from CAS working groups (or its Advisory
Working Group) or other sources.
Depending upon the urgency and
the amount of effort implied, the Secretary-General could then either
refer the proposal to ihe Executive Committee or circulate directly
the proposal(s) to those Members having the appropriate facilities
and invite their co-operation.
4.1.6
Noting that the responsibilities of CAS for co-ordination
of WMO activities in meteorological research would make it appropriate for the findings and recommendations of ACOMR to be the subject
of review and comment by CAS, and noting also that ACOMR reports to
IOC and to the WMO Executive Committee through the Executive Committee
.Panel of Experts on Meteorological Aspects of Ocean Affairs, the
Executive Committee agreed that as a measure of rationalization it
would be desirable for ACOMR, in addition to its present functions,
to serve as a working group of CAS.
In this way the advice of ACOMR
on specific topics could be sought individually by IOC, the Executive
Committee or the president of CAS.
4.1.7
As one of the measures aimed at ensuring that the maximum
benefit be drawn from the GARP Atlantic Tropical Experiment (GATE),
the Executive Committee agreed that WMO should organize a seminar in
1976 with the following basic aims:
Briefly reviewing the sub-programmes of GATE, with
parti~ular reference to data acquired and the availability of such data;
Discussing ways in which these data may be applied in
solving problems of a local character, with examrles
drawn where possible from GATE studies;
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Discussing the extent to which techniques and results
in one area may be transposed to a second area to
solve local problems.
The Secretary-General was requested to draw up a suitable proposal
for submission to UNDP and/or UNEP seeking support for this seminar
which it wa~ felt should be held in a developing country in which
research, training and advanced data-processing facilities existed.
4.1:8
The Committee agreed that information on data obtained as
a result of the implementation of GARP projects should be included
in future parts of the WMO Catalogue of Meteorological Data for
Research (WMO Publication No. l74.TP.86) and urged Members, particularly those operating World Data Centres and GATE sub-program,me
data centres, to assist the Secretariat by providing at the appropriate time relevant information for inclusion in the Catalogue.
4.1.9
As regards the exchange of meteorological data for
research, the Executive Committee reaffirmed the principle that the
request for data should be made through permanent Representatives
(paragraph 5.1.8 of the general summa~y of EC-XIII).
When such
requests are submitted through this channel, the requesting Member
should undertake to bear any additional expenditure involved 1n
reproducing the data required on a desired medium (see paragraph [i.".2.g 3.1.4 of the Technical Regulations).
4.1.10
The Executive Committee appreciated the work performed by
the CAS working group, its rapporteur and the Commission itself in
preparing draft Technical Regulations c.oncerning research activities,
and referred these draft revisions to the Secretary-General for inclusion in his consolidated report to Seventh Congress on this matter. In
doing so, the Committee recommended that the relevant document to Cg-VII
be distributed as early as possible, and that the references as to the
source of regulations or definitions be indicated as far as practicable.

4.1.11
The Committee re-examined the proposal to prepare a
revised edition of the International Meteorological Vocabulary
(WMO Publication No. 182.TP.91) in the light of the views of the
sixth session ~f the Commission for Atmospheric Sciences.
The
layout of the new edition is set out in the annex.

- 44.1.12
In expressing iis agreement to the proposal, the Executive
Committee stressed that definitions should be restricted to terms relevant to meteorology, noting that vocabularies already existed in respect
of sea-ice and hydrology, and would be prepared where necessary by
competent experts in other disciplines.
4.1.13
As regards the procedure to be followed in preparing the new
edition of the vocabulary, the Committee requested the president of CAS,
in consultation with the Secretary-General, to be responsible for the
overall arrangements. In order that work ,could be started without delay,
the Committee decided to allocate the sum of $5,000 in the budget for
1975 for this purpose, and requested the Secretary-General to include
appropriate provision in his budget proposals for subsequent years to
permit completion of this work.
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Annex to paragraph 4.1.11 of the general summary
INTERNATIONAL METEOROlOGICAL VOCABULARY
Layout and method of compilation of a revised
International Meteorological Vocabulary
Form of the second edition
The first edition was arranged in five parts, as follows:
Multilingual meteorological nomenclature (4

lang~ages)

(pp.I-56);

International meteorological definitions (2 languages) (pp. 57-194);
Alphabetical indexes (4 languages) (pp.195-244);
Abridged internationl ice nomenclature (4 languages) (pp. 245-262);
Universal Decimal Classification - Section 551-5 - Meteorology
(2 languages) (pp.263-276).
The new edition should be compiled in a form suitable for computer input
and in modular form, so- that complete editions (4 or 5 languages) or monolingual
editions can be produced. The new structure of the vocabulary should be as follows:
(1)

Guide to the use of the vocabulary and UOC;

(2)

International meteorological definitions (glossary);

(3)

Multilingual listing of equivalents (in UOC arrangement);

(4)

Full UOC schemes in meteorology, hydrology and selected relevant
peripheral fields;

(5)

Alphabetical indexes to both the glossary and the detailed UOC schemes.

A complete edition will contain all the above components in all official
languages of the Organization, whereas a monolingual edition will contain items 1,
2, 4 and 5 in a single language, but the multilingual listings (item 3) will be
included in full. Countries using languages other than one of the official languages
of the Organization should be encouraged and assisted in preparing editions in their
own language.
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Automation
Although final printing in the various languages may be done better by conventional composition thon by computer, it is strongly recommended that the terms,
UDC numbers and definitions be
machineable form to allow more. versatility in input,
arrangement, updating, c·ollating terms in different languages, etc. Methods have
been worked out and subsequently refined in the U.S.A. which produce a printout copy
in English that can be reproduced directly with very satisfactory results.

in

By adhering to the UDC arrangement (except in the alphabetical
indexes), the present ice nomenclature section will fall naturally under
the glaciology section of the UDC with cross-references from items under
hyd.rology (river and lake-ice) or oceanography (sea-ice) which also refer
to ice.

- 7 4.3

Weather modification

(Agenda item 4.3)

4.3.1
The Committee noted with appreciation the report of the EC Panel/CAS
Working Group on Cloud Physics,and Weather Modification and considered a revised
v~rsi?n of the WHO statement "Present state of knowledge and possible practical benefJ.t~ l.n some fields of weather modification"which had' been prepared by the panel.
Notl.ng that CAS-VI, after careful consideration had agreed that the text represents
accurately the current positi(),n from the scientific point of view, the Committee
agreed to replace the text in the annex to paragraph 3.3.6.2 of the general summary
of the report of Sixth Congress by'the revised text set out in the annex
requested the Secretary-General to distribute it to Members without delay.
4.3.2
The Committee also noted that the EC Panel/CAS Working Group was in the
process of drawing up an extended version of the statement for approval by Seventh
Congress which would be designed to help in cases where more detailed specialized
information was requested where the statement referred to in the previous paragraph
was insufficient.
4.3.3
In response to the request of EC-XXV, the EC Panel/CAS Working Group had
prepared an outline for a new-technical note with the purpose of extending, and replacing in part, Technical Note No. 105 to provide guidance to Members on the potential benefits of precipitation-enhancement, on the problems involved and on the steps
and studies that should be considered before a precipitation stimulation experiment
can be started. The outline was intended as a brief for a consultant who
would produce the final document. The Committee noted that CAS-VJ nad
concurred with the outline proposed by the working group which, on being
circulated for comments to the presidents of CAgM- CoSAMC and CHy, ,had Jllet
with their approval. The necessary steps are being taken :to begin the'
actual work on this Technical Note and on the financial allocations, as
recorded under item 7.1.
4.3.4
As regards the manner in which WHO responded to requests from Member
countries for advice on s~ecific weather modification projects, EC-XXV had suggested
that the Secretary-General might seek the advice of the EC panel/CAS ~rking ,roup
as part of the procedural guidelines drawn up at its twenty-fourth session (see
abridged report of EC-XXIV, Annex II).
If a more detailed study were necessary in
a particular instance, the Secretary-General should obtain the services of one or
more highly qualified consultants.
The Executive Committee agreed with the panel
-that, if necessary, this should be done after consultation with the chairman of the
panel and that consultants' reports should be referred to the panel before being
conveyed to the Member concerned.
4.3.5
The Committee considered that it is now becoming increasingly evident that
WMO will need to become more active in the field of weather modification in order to
ensure, as far as possible, that further progress made in understanding the physical
processes of the atmosphere relevant to weather modification may be used to the best
advantage of all Members.
It was felt that WHO is the only international body with
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fhe necessary scientific and technical expertises and organization in this
field and that, therefore, increased provisions should be made for WMO to
give a lead to the activities in this field and to respond competently in
providing advice to Members, on request, to promote research on cloud physics
and the development of improved weather modification techniques, to stimulate
improved objective methods of evaluating the results of weather modification
experiments and operations, to make special efforts to increase the number
of properly qualified specialists in the field of weather modification, etc.
4.3.6
In connexion with a proposal made to EC-XXV (paragraph 4.3.4 of
the general summary of the report of EC-XXV) that WMO should engage three or
four scientisis of high international reputation in cloud physics and dynamics,
synoptic meteorology, etc. to examine in depth three or four majorwell-conducted weather modification experiments that have been carried out in different
parts of the world, it'was noted that, after careful consideration, the members
of the EC punel/CAS working group, with one exception, had taken th~ following
position: "Due to the lack of an absolute scientific basis, and in view of the
complexity of weather modification problems, a panel.of scientists could at the
present time only expr~ss opinions and not make judgements on weather modification experiments. Moreover, the proposed procedure would be in contradiction
with accepted scientific practices. Preliminary discussions also indicated
that it might be very difficult to recruit the required scientists of high
international reputation. At the present time, therefore, the panel would
hesitate to advise the Executive Committee on any procedures for the selection
of scientists and/or projects."
\

4.3.7
After a lengthy discussion, in which the problems and difficulties of
carrying out such an investigation were recognized, the' Executive Committee nevertheless concluded that WHO should make a determined effort to produce a report that would
commend wide acceptance and confidence.
As a prerequisite, it would be necessary for
Members actually engaged in precipitation stimulation and hail suppression activities
to make available the original data for at least a few of their experiments for examination and analysis by a group of independent experts employed by WHO.
The SecretaryGeneral was accordingly requested to ascertain whether such co-operation would be forthcoming.
Recognizing that the detailed examination of even a few selected projects
would require several experts working full time for perhaps two years, the Se~retary
General was requested to produce estimates of the costs involved and to explore with
the Executive Director of UNEP the possibility of UNEP sharing the cost of these
invesUgations with WMO.
4.3.8
The Committee considered it essential that international guidance on
weather modification matters should be largely in the hands of scientists with a
meteorological background.
\0l0i0 was considered to be the most appropriate body to
act as a focal point in this field, and the Committee invited the Secretary-General
to take steps to ensure that this was recognized.
Experiments which had been well
prepared and which were on a s.ound scienti fic basis should be encouraged, and even
those countries which were planning quasi-operational weather modification programmes

on precipitation stimulation or hail suppression should be advised to
give attention to the research which is indispensable for a properly
conducted experiment. The Committee recognized the following as the
five attributes of any such experiment, and urged Members to take these
into account when planning relevant projects.

- 9 (a)

Good statistical design and analysis;

(b)

Continuity of the same

(c)

Availability of homogeneous cloud characteristics;

(d)

Clouds susceptible to seeding;

(e)

Adequate knowledge of·the regime of cloud microphysics and dynamics
applying to the seeding area.

types of experiment;

4.3.9
Noting with concern that progress/in research in weather modification
is impeded by a shortage of highly trained atmospheric physicists specializing in
this field, the Committee learned with satisfaction that as a first step the EC

Panel of Experts on Education and Training. Further, the Committee felt
that it may be necessary for WMO to support training courses at intervals
of two or three years for training at basic and/or advanced levels in
cloud phY,sics and weather modification. Such facilities are known to exist
at national levels in only a few countries and the Secretary-General was
requested to explore the possibility of having such training courses organized where the basic facilities for them exist.
4.3.10
Further, the Committee considered it desirable that WMO should actively
encourage the necessary basic studies and facilitate a rapid exchange of information
and results.
There was general agreement that the WMO/IAMAP Scientific Conference
on Weather Modification held at Tashkent in October 1973 had been successful and the

Committee noteciwit!t satis faction that Regional Association V was organizing a Technical Conference on Typhoon Modification in Man'Ha, in
October 1974. The Committee agreed that a further international conference should be organized, and requested the Secretary-General, at the
appropriate time, to submit a proposal to to the Executive Committee
for a second Scientific Conference on Weather Modification to be organized by WMO in 1976.
4.3.11
The Committee was informed by the representative of UNEP that, at present,
UNEP does not have any projects of its own on weather modification but that there is
great interest and a strong wish to c'ol1aborate with WHO in this field.
4.3 12
The Committee was also informed that the Governing Council of UNEP at
its second session (March 1974) decided that "The Executive Director should consult
with WHO and other scientific and legal experts as necessary on the desirability of

developing general principles and operative guidelines on man-induced
weather modifications, including its operational and research aspects.
Any joint plan for a future course of action which may be decided mi,ght
include the convening of an Intergovernmental Working Group of Scientific
and Legal Experts to draft the set of principles and guidelines with
adequate background documentation for such a group being provided by
the ~EP Secretariat."

- 10 4.3.13
The Committee suggested that one w~y of responding to the UNEP request
would be for the Secretary-General to invite UNEP to send a few legal· experts to attend throughout the session of the EC Panel/CAS Working Group in late 1974 during
which one day would be devoted to discussions on the legal aspects, and specifically
on the desirability of developing principles and guidelines. The experts could subsequently report formally to UNEP on their appraisal of the situation in the light of
the total deliberations of the panel.
4.3.14
Whilst the Committee felt that the present limited knowledge made it premature to consider legal responsibility and compensation matters at an international
level, the Secretary-General was requested to inform the Executive Director of UNEP
of WHO's support of any dialogue between scientists and lawyers in this field and to
offer the services of the Organization if it is decided to establish this intergovernmental group. . Meanwhile the EC Panel/CAS Working Group was requested to review carefully the scientific basis related to the legal aspects of large-scale
weather modification experiments (more than 106 km2) and to provide in due course a
report for use .by the Secretary-General.

4.3.15
The Committee noted that seven countries at present have special laws
concerning weath~r modification and that new laws on weather modification had recently
been introduced in Canada and the U.S.A. requiring that all weather modification activities are reported to a central. body (the national Meteorological Service).
The
Committee recognized the value of this latter provision and. hoped that other countries
might make similar information available to the scientific community.
4.3.16
The Executive Committee requested the Secretary-General to formulate a
programme on weather modification based an the Committee's discussion of this item,
and to include the financial implications. This could then be considered by Seventh
Congress in developing the programme and budget for the next financial period.
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Annex to paragraph 4.3.1 of the general summary

PRESENT STATE OF KNOWLEDGE AND POSSIBLE PRACTICAL BENEFITS
IN SOME FIELDS OF WEATHER MODIFICATION
1.

General

It has been demonstrated that ice crystals may be ,caused'to form in supercooled clouds by seeding them with dry ita; silver iodide and other nucleants. Ice
crystals are known to play an important role in the process of formation of precipitation; cloud seeding therefore provides a means of modifying ,the precipitation process in some types of super-cooled clouds. The seeding of a supercooled cloud converts it to ice, releasing latent heat which can have important dynamical effects.
The varied and controversial results of seeding experiments appear to be due to the
complexities of the dynamics and microphysics of the precipitation process. An encouraging beginning in the understanding of these processes has been made thfough
the development of numerical models which incorporate both the dynamics and microph)!sics and their interactions. Such models Qn~their successors may be expected
to define more clearly the most favourable seeding situotions and the observations
needed for the evaluation of the results. Although some experiments have apparently
yielded positive results, the possible practical benefits of weather modification
can be realized only through an increased research effort. This research should be
directed primarily at cloud dynamics and mesoscale dynamics and the interactions of
dynamics with microphysics, since knowledge of the latter is relatively more complete.
There is a great need for simultaneous measurements of dynamical and microphysical
parameters.
Some experiments have been made to teat the possibility of seeding warm
clouds with hygroscopic particles or water droplets in order to increase precipitation. The results obtained from these experiments have not been conclusive or sufficiently positive.
It appears that the most sophisticated statistical procedures are an inadequate substitute for more complete knowledge of the'atmespheric mechanisms.
However, statistical design and evaluation of experiments are both necessary to
increase our underst~nding of phySical aspects in the further development of weather
modification, particularly in connexion with the evaluation of the practical results
of experiments.
It is important to emphasize that weather modification is still largely at the
research stage. For this reason, operations should be undertaken only after the
most careful study by experts of the particular situation, and on the understanding
that the desired end results may not always be achieved.
Brief summaries of the current status of weather modi Hcation in several
categories are given below.

J
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2.

=

Stimulation of precipitation

Of the many experiments conducted in this field, only a few have clearly
demonstrated that seeding .has increased the precipitation; in some cases, there
is evidence of a decrease. However, these apparent contradictory results seem to
emerge from the fact that, indifferent geolraphical locations, clouds have di fferent cloud-droplet spectra and di f"ferentice ·ci·ystal properties and concentrations.
There is some evidence that winter-time orographic precipitation can be somewhat
increased over mountain ranges. Similar results have also been obtained in subtropical, continental cumulus clouds in winter.
There is some evidence that certain sub-tropical convective clouds become
taller and larger, with a tendency to merge, when they ate heavily seeded to release
latent heat.
In view of the high correlation between the size of convective clouds and
the rainfall from them, the seeded clouds presumably give more rain than if they had
not been seeded. Confirmation is required from further suitably designed experiments.
3.

Dissipation of fog

Supercooled fog and stratus can be dissipated by growth and sedimentation of
ice crystals, induced by seeding the fog with ice nucleants or by means of cooling
agents. This has been brought into operational use at several airports at which,
there is a relatively' high incidence of supercooled fog. The more common warm fog
may be dissipated by the use of heat, hygroscopic particles and the down-wash of
helicopters. Successful experiments have been reported with each of these techniques,
but only the use of heat seems operationally viable at present.
4.

Hail suppression

. Many countries have focused considerable attention on hail suppression projects in the last decade or so. In spite of the complexity of the hail forming processes and the extremely large variability in hail occurrence which make hail suppression experiments very difficult to assess, there appear to be promising prospects of success in. the near future.
Impressive reports of successful reduction in hail damage to crops, with
reSUlting economic benefit, have provided impetus to many experiments and large moinly
operational projects..
As yet, there are no universally recognized methods and
the results to dote are not unambiguous. The seeding methods produce different
effects on different storms, and it is essential that detailed understanding of the
structure and the processes of various types of storms be obtained so that seeding
procedures specially tailored to the specific atmospheric conditions can be determined.
The development of numerical models is of great importance for the future understanding of the processes within cumulonimbus clouds. These models should incorporate proper dynamics and thermodynamics with details of the microphysics and water
phase transition processes and their interaction. This approach should be tested
against detailed direct measurements of cloud properties.

- 13 More basic research is requifed to resolve questions on various hailstorm
theories, models and suppression techniques. Development of more reliable evaluation
methods based on both physical and economic indicators is also needed.
5.

Hurricane modification

The seeding of hurricanes has been followed by reduced maximum wind velocities. Confirmation is required from further experiments which should include an
increased number of measurements in pertinent regions of the storm. This is because
assessment will largely depend upon physical methods rather than statistical ones.
There is also need for "improved numerical hurricane-models to provide guidance for
future experiments.
6.

Other aspects

Exploratory investigations are being conducted into the suppression of forest and bush fires, the inducement of down-droughts in developing convective clouds and the prevention of lightning. Attempts are also
being made to seed cold ice-supersaturated layers of the atmosphere, in
order to produce clouds, with the object of preventing the formation of
radiation fog.
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B.

RESOLUTIONS

Resolution 6 (EC-XXVI)
REPORT OF;THE SIXTH SESSION OF THE COMMISSION
FOR ATMOSPHERIC SCIENCES
THE EXECUTIVE COMMITTEE,
HAVING CONSIDERED the abridged final report of the slxth session of the
Commission for Atmospheric Sciences,
DECIDES:
~

(1)

To "note the report,

(2) To note Resolutions 1 to 18 (CAS-VI),
(3) To" embody the substance of the'following recommendatiQns in resolutions
of the Executive Co•• ittee as indicated:

(4)

!e£o~~n~a!i~n_l_(£A~-yIl

in Resolution 7 (EC-XXVI);

!e£o~n~a!i~n_3~(£A~-yIl

in Resolution 8 (EC-XXVI);

!e£o~n~a!i~n_4_(£A~-yIl

in Resolution 9 (EC-XXVI);

!e£o~~n~a!i~n_8_(£A~-yIl

in Resolution 10 (EC-XXVI);

To take action on the remaining recommendations as follows:
Recommendation 2 (CAS-VI) - Major observational sub-programmes associated
with-GARP - - - - - - - - - - - - - - - - - - - - - - - -"- - - - - - (a)

Approves the recommendation;

(b)

Requests the Secretary-General to bring it to the attention of
Members.

~e~0~m=n~a!i~n_5_(~A~-~I2 : ~t~d!e! ~f_o:e~n_c!r:u~a!i~n'

(a)

Approves the recommendation;

(b)

Requests the Secretory-General to bring it to the attention of
Members and other appropriate international bodies.
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Recommendation 6 (CAS-VI) - Test of satellite data in var~ous numerical
er~d!c!i~n:c~n!r~s:a~d:a!s!g~m~n! ~f:m~t~o!o!o~i!t! !o:s~t~l!i!e:c~n!r~s
(a)

Approves the recommendation;

(b)

Requests the Secretary-General to bring it to the attention of
appropriate Members;

(c)

Requests the Secretary-General to consult with Members operating
advanced meteorological satellites on the possibility of the
assignment·of scientists from other countries, and to present
specific proposals to the next session of the Executive Committee
if any financial support is required.

Recommendation 7 (CAS-VI) - International dissemination of satellite

data- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - (~)Approves the recommendation;

(b)

Requests the Secretary-General to take the appropriate
action in accordance. with the views expressed by the
Executive Committee on the recommendations of the .first
session of the Executive Committee Panel of Experts on
Meteorological Satellites, as given in paragraphs 3.4,
3.5 and 3.6 of the general summary.

~e=0~m=n~a!i~n_9~(~A~-~I2 : ~e~i~i~n~ !0_T=c~n!c~l_R:g~l~t!0~s_(~0!u~e_I2
(a)

Notes the ~ecommendation;

(b)

Requests the Secretary-General to incorporate the proposed
revisions, subject to minor ~mendments approved by the president
of CAS, in his consolidated report to ·Seventh Congress of the
revision of the Technical Regulations.

(Action on this recommendation was taken under agenda item 9.7).

NOTE:

This resolution replaces Resolution 8 (EC-XXI), which is
no longer in force.
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Resolution 7 (EC-XXVI)
WARNINGS OF MAJOR STRATOSPHERIC WARMINGS

THE EXECUTIVE COMMITTEE,
NOTING Recommendation 1 (CAS-VI),
CONSIDERING:
(1)

The incomplete understanding of the stratospheric warming process,

(2) The relatively few occasions during which stratospheric warmings have
been abserved in some detail,
(3) The desirability of obtaining a record of this phenomenon over a
number of years,
(4) The requirement for data 'at 50, .30 and 10 mb. for input into advanced
numerical models particularly intended for medium-range forecasts as well as for
continuing studies' into stratospheric processes,
URGES Members and Meteorological Services of .. non-Member countries to maintain
arrangements for preparation and dissemination of STRATWARM alerts until the end of
1980,

REQUESTS the presidents of regional

as~ociations

concerned:

(1) To continue until the end of 1980 the arrangements for central
collection by telecommunications of rawinsonde data for the 50-, 30- and 10-mb
isobaric surfaces within their Regions and for the regular dissemination of these
data to the appropriate STRATWARM warning centres and to other Members which hove
requested that they be included in such dissemination,
(2) To continue the current arrangements for the exchange of rocketsonde
data until the end of 1980,
(3) To continue the current arrangements for the dissemination of
STRATWARM messages until the end of 1980.

NOTE:

This resolution replaces Resolution 11 (EC-XXII), which is no
longer in force.
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Resolution 8 (EC-XXVI)
RESEARCH IN TROPICAL METEOROLOGY
Draft Resolutian 4.1/3 (EC-XXVI)
RESEARCH IN TROPICAL METEOROLOGY
THE EXECUTIVE COMMITTEE,
NOTING:
(1)

Resolution 27 (Cg-IV),

(2)

Resalution 18 (Cg-VI),

(3)

Recommendation 3 (CAS-VI),

CONSIDERING:
(1) The potential benefits to many countries of the vast amount of data
which would result from GATE,
(2) That means should be found for helping scientists in developing
countries to make optimum use of these data and to be able to participate in studies
of tropical meteorology conducted elsewhere,
(3) That considerable improvement could be made in prediction of tropical
phenomena if certain research studies were intensified; these studies could also
lead to better understanding of atmospheric processes leading to droughts in certain
areas,
RECOMMENDS:
(1) That Members, as appropriate, intensify or initiate research programmes
in tropical meteorology,
(2) That Members engaged in the study of the general circulation of the
atmosphere with numerical models make the maximum use of such models to improve the
understanding of the circulation within the tropics,
(3) That Members with appropriate research facilities be encouraged to
organize bilateral or multilateral tropical research programmes with interested
developing countries,
(4) That opportunities be afforded, through bilateral or other means, for
research scientists from developing countries to participate in relevant tropical
research programmes,
REQUESTS the Secretary-General to consult with the CAS Working Group on
Tropical Meteorology on the implementation and further development of the research
aspects of the WMO Tropical Cyclone Project.
/
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Resolution 9 (EC-XXVI)
PROGRESS REPORTS ON NUMERICAL WEATHER PREDICTION

THE EXECUTIVE COMMITTEE,
NOTING:

,(1)
(2)

Resolution 6 (Cg-VI),
Recommendation 4 (CAS-VI),

CONSIDERING thatlthe annual progress reports on numerical weather prediction
are of considerable value to all Meteorological Services, and particularly those of
developing countries which have started working in NWP or are in the process of
being equipped with computer facilities,
URGES those Members engaged in numerical weather prediction activities to
send annual progress reports as appropriat.e in accordance with the guidelines in the
annex to this resolution,
REQUESTS the Secretary-General to circulate a routine letter to Members
towards the end of each year requesting that the reports be sent to the Secretariat
within a specified short time interval, after which the combined reports should be
distributed as a single document.

Annex:

1
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Annex to Resolution 9 (EC-XXVI)
PROCEDURES AND GUIDELINES FOR THE PREPARATION
OF NATIONAL NWP PROGRESS REPORTS
Procedures
1.
National NWP progress reports should be submitted regularly in accordance
with'the following procedures:
(a)

Towards the end of each year, a routin~ le~ter should be issued by the
Secretariat requesting a progress report within a specified time on the
lines of paragraph 3, below;

(b)

To lessen the administrative load on the Secretariat, the routine letter
mentioned above should state that these reports will be combined and
issued as one document and that failure to meet the deadline mentioned above
could result in the omission of a report from this annual document.

2.
The broad guidelines suggested below have been kept sufficiently flexible to
lessen the work load on the NWP teams. These reports should be typed on paper of
some common size for ease of assembly.
Content of the report
3.
The annual NWP progress reports should emphasize research and development
efforts in the areas of analysis, MOdelling and techniques application - with some
specification of data acquisition, product dissemination and quality control only
when important cha~ges have occurred. In order to provide a standardized format,
the following major subdivisions are suggested.

(0)

A brief summary of the major highlights of research applications and
operational changes;

(b)

A description of the major research and development in analysis-prediction
systems;

(c)

A description of techniques development and application of NWP products;

(d)

A brief description of the analysis-forecast systems in operational use
during the year;

(e)

Plans for future operational systems;

(f)

Verification of operational products, including performance statistics;

(9)

Other items.
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Note
Where possible the names of the principal scientists engaged in the various projects
should be included in oider to encourage personal exchanges. This type of contact
resulting from the national annual reports would facilitate close liaison and
frequent exchange of information. In these days of sophisticated experiments run on
large computers, this could result in minimizing unnecessary duplication of costly
experiments where this is due to ignorance of unpublished work carried out elsewhere.

·
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Resolution 10 (EC-XXVI)
STANDARD ATMOSPHERE
THE EXECUTIVE COMMITTEE,
NOTING Recommendation 8 (CAS-VI),
CONSIDERING that the International Organi~ation_ for Standardization
will publish the ISO International Standard Atmosphere (ISA) before the end
of 1974, and that this was identical to the ICAO standard atmosphere up to
32 km,
DECIDES to adopt the ISO International Standard Atmosphere (ISA)
for use within WHO.
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GENERAL SUMMARY OF THE WORK OF THE SESSION

1.

OPENING OF THE SESSION (Agenda item 1)

1.1
The sixth session of the Commission for Atmospheric Sciences took place
in the Palais des Congres, Versailles (France) from 19 to 30 November 1973, at the
invitation of the Government of France. Documents were produced in the four working
languages of the WMO and simultaneous interpretation in these languages was available
for plenary meetings and at meetings of the two working committees. There were 90
participants, with representatives from Member countries t a representative of the
Holy See, and observers from international organizations. A list of participants is
given at the beginning of this report.
1.2
The president, Mr. J. S. Sawyer, declared the session open at 10 a.m. on
Monday, 19 November 1973.
1.3
Mr. J. Bessemoulin, Director of the French Meteorological Service, welcomed the participants on behalf of the Government of France. He noted that as observing technologies developed, more specialization became necessary, and more careful planning of projects. At the same time, meteorological investigations were more
and more involving certain other disciplines, for instance atmospheric chemistry, and
even paleogeology to discover clues to prehistoric climatic fluctuations. Whilst
there was reason for a certain pride in useful practical application of meteorology
in some fields such as atmospheric pollution, Mr. Bessemoulin reminded the participants that other problems required urgent attention, for example seasonal cycles with
occasional anomalies producing disasters such as the recent drought in Sahel, and also
mankind's influence on the climate.
1.4
The Secretary-General of WMO t Dr. D. A. Davies, in thanking the Government of France t recalled that WMO i~self had come into being as an agency of the United
Nations at its first Congress in Paris in 1951 and that France had always been a
strong and enthusiastic supporter of the Organization's activities. Observing that
sessions, of its technical committees were occasions of great importance to WMO,
Dr. Davies suggested that this session of CAS might try to define the most appropriate role the Commission could play in the overall activities of the Organization t
bearing in mind that most research projects were national, and that one of WMO's
objectives was to co-ordinate and stimulate such projects. In respect of the Global
Atmospheric Research Programme, which was an undertaking without precedent, the
Executive Committee had expressly invited CAS to formulate comments.
1.5
The First Deputy Mayor of Versailles, Mr. P. L. Tennaillon, hoped that
the town with its famous palace and gardens would provide a setting and an ambiance
helpful to the participants in reflecting on the problems which would be presented
during the sess~on. He noted with pleasure that the basic aims of WMO were humanitarian.
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1.6
In his presidential address, Mr. Sawyer endeavoured to foresee the evolution of research in the atmospheric sciences. He observed that nowadays any substantial meteorological research project required justification on economic or humanitarian grounds, and that public support in this respect was subject to current events
and would fluctuate erratically. In the face of this, research programmes must be
well based on scientific potential and application possibilities to avoid the need
for crippling readjustment. He suggested that much of economic value could still be
done in short-period forecasting, for instance quantitative orographic precipitation
prediction by numerical methods. General circulation studies, and their application
to investigating the causes of anomalies such as the drought in West Africa cited by
Mr. Bessemoulin were also of significant benefit to humanity. More detailed discussions on several aspects for the further development of atmospheric research
activities mentioned in the president's address were recorded under the appropriate
it~ms.,

2.

ORGANIZATION OF THE SESSION (Agenda item 2)

2.1

Consideration of the report on credentials (Agenda item 2.1)

A provisional list of participants and the capacities in which they were
the session was presented to the Commission at its first plenary meeting.
At the second plenary meeting the final list of participants was accepted by the
Commission without the need to establish a Credentials Committee.
~ttending_

2.2

Adoption of the agenda (Agenda item 2.2)

The provisional agenda was unanimously approved without amendments. The
final agenda, with relevant documents and agenda items, is given at the beginning of
this report.
2.3

Establishment of committees (Agenda item 2.3)

2.3.1

Working committees

------------------

Two working committees were set up to examine in detail the various agenda
items:

(a) Committee A to deal with questions related to the dynamics of the
atmosphere, and synoptic aspects.
chairman;

Mr. L. Facy (France) served as

(b)

Committee B to deal with questions related to the physics of the
atmosphere. Dr. W. L. Godson (Canada) served as chairman;

(c)

The working committees were assisted by Dr. N. K. Kljukin (Representative of the Secretary-General), Mr. G. W. Kronebach,
Dr. R. D. Bojkov and Mr. Ro· M. Perry.
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Nomination Committee

In accordance with WMO General Regulation No. 23, a Nomination Committee
was established consisting of Professor H. G. Houghton (U.S.A.), Dr. I. C. Karol
(U.S.S.R.), Mr. M. G. Granville (Ireland), Professor J. Van Isacker (Belgium) and
Professor W. Bohme (German Democratic Republic).
2.3.3

Committee for nominations of rapporteurs and members of working groups
-------~---------------------------------------------- ----------------

A committee for nominating .rapporteurs and members of working groups was
established consisting of Dr. F. G. Shuman (U.S.A.), Professor A. Khrgian (U.S.S.R.),
Dr. P. Goldsmith (U.K.) and Professor F. H. Schmidt (Netherlands).
2.3.4

Co-ordination Committee

In accordance with Regulation 23, a Co-ordination Committee was set up
composed of the president, the chairmen of Working Committees A and B and the representative of the Secretary-General.
2.3.5
It was decided that working committees and sub-committees would make
their own arrangements for drafting texts for submission to plenary, and that, therefore, a Drafting Committee, as provided for in General Regulation 23, was not necessary.
2.4

Other organizational matters (Agenda item 2.4)

The Commission authorized the retiring president to approve on its behalf
the Minutes of those plenary meetings which could not be considered during the
session.

3.

REPORT BY THE PRESIDENT OF THE COMMISSION (Agenda item 3)

3.1
The Commission noted with satisfaction and appreciation the report of the
president outlining the activities of the Commission since CAS-V. The report also
drew attentipn to decisions of the twenty-fifth session of the Executive Committee
which could not be included in the general documentation.
3.2
The Commission expressed its approval of the various measures taken by the
president following the changes in the terms of reference of the Commission decided
by Sixth Congress. It was decided that all the points raised in the president's
report would be considered under the appropriate items of the agenda.

4.

GLOBAL ATMOSPHERIC RESEARCH PROGRAMME (GARP) (Agenda item 4)

4.1

The Global Experiment (Agenda item 4.1)

4.1.1
The Commission reviewed the essential components of the GARP programme
and noted that the two original objectives of GARP concerned:
(a)

The transient behaviour of the atmosphere as manifested in the
large-scale fluctuations which control changes of the weather; this
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would lead to increasing the accuracy of forecasting over periods
from one day to several weeks;

(b)

The factors that determine the statistical properties of the general
circulation of the atmosphere which would lead to better understanding
of the physical basis of climate.

4.1.2
In view of the increasing recognition of the significance of climatic
fluctuations and the possibility of man-made effects on climate, proposals had been
made at the UN Conference on the Human Environment and elsewhere for the extension
of the GARP programme to include the study of numerical modelling of climate and
climatic changes. The Commission noted that in order to develop an appropriate
extension of GARP the Joint Organizing Committee had proposed and has commenced
planning an International Study Conference on the Physical Basis of Climate and
Climate Modelling (Stockholm, June-July 1974). The Commission considered that its
relevant· working groups and rapporteurs should be involved in the planning of this
conference. It noted that its president had been a member of the small organizing
committee in a personal capacity
(see also paragraphs 8.23 and 9.5).
4~1.3

The Commission gave its endorsement to the broad development of the GARP
programme but considered that the Joint Organizing Committee should be invited to
refer appropriate questions to CAS working groups and rapporteurs. In the past,
the presence of the president of CAS at the JOG meetings in a personal capacity has
ensured effective co-ordination between the two bodies. If in future, the president
of CAS is no longer a member of the JOG, the Secretary-General is requested to take
the necessary steps to ensure that the president of CAS will be able to participate
actively in JOC sessions. The Commission noted that the Executive Committee had
established an Intergovernmental Panel for the FGGE of which the president of CAS is
a member. It considered that these arrangements would provide adequate co-ordination
of GARP with other research programmes.
4.2

4.2.1
The Commission reviewed with appreciation the report of the Working Group
on the Stratospheric Warming Experiment. The original concept of a major observational programme with high-level balloons had not been pursued because satellite
radiometric observations now provide a global surveillance of stratospheric temperature. Also there is as yet no evidence that inadequate modelling of the stratosphere contributes appreciably to the degradation of prediction of lower levels.
Satellites give no direct observations of wind in the stratosphere but it may be
adequate to deduce this from the geostrophic relationship.
4.2.2
However, over the past 5-10 years, there has been a slowly growing interest among upper-atmosphere physicists in stratospheric circulation regimes and
phenomena. Many with primary interests in chemical reactions, ionization processes
and the consequences of energetic solar particles and fluxes now realize that the
background state of the atmosphere, its dynamics and exchange mechanisms playa
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major role in their own problem areas. There has been considerable speculation, for
example, that sudden stratospheric warmings are associated with unique ionospheric
and aeronomic events (D-region ionization and changes in sodium content, for example).
In general the increasing attention given to meteorological considerations in problems
of aeronomy,although long overdue, has been noteworthy and welcome, but does not ~n
itself suggest a high priority for studies in which the Stratospheric Warming
Experiment might be included.
4.2.3
The Commission recognized, however, that studies and modelling of stratospheric physics and chemistry had recently acquired considerable environmental attention, particularly in regard to stratospheric pollution by SST and its consequences
for climate in general and for the surface ultra-violet radiation climate in particular
(see agenda item 10.2). In this connexion the Commission agreed that the ability to
predict correctly stratospheric warmings might well be a very critical test of the performance of stratospheric models.
4.2.4
The Commission noted the success recently achieved in regard to the numerical simulation of stratospheric motions and stratospheric warmings by groups in at
least two countries. The Commission encourages the further development of these
studies, particularly in regard to investigation of the upward transfer of energy from
the troposphere and the development of appropriate upper-boundary conditions for atmospheric models.
4.2.5
The Commission considered that it should keep under review the development
of research on the stratospheric warming phenomenon and decided to add a rapporteur
charged with this responsibility to the Working Group on Stratospheric and Mesospheric
Problems (see agenda item 10.3 and Resolution 9 (CAS-VI)).
4.2.6
In view of the fact that adequate explanations for major stratospheric
warmings are still not available and that the phenomenon has not been observed in
sufficient detail, the Commission proposed that the period of validity of STRATWARM
alerts and the associated data collection programmes be extended to the end of 1980
(see Recommendation 1 (CAS-VI)). The rapporteur referred to above was invited to
give priority attention to the possible revision of the criteria laid down for identification of STRATWARM alert situations.

4.2.7
The Commission received with interest reports on the progress in planning
other GARP sub-programmes. Several of these are major scientific undertakings which
promise substantial advances in meteorological knowledge with applications to many
practical and theoretical problems, and their value extends far beyond the support
for the GARP for which they were originally initiated. The Commission therefore
recommended that Members should participate in these programmes to the maximum
extent possible, consistent with their support of the FGGE. The Commission therefore adopted Recommendation 2 (CAS-VI).
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The significance of the main observational GARP sub-programmes may be
summarized as follows:
4.2.7.1

Air-Mass Transformation Experiment (AMTEX)

This experiment, under the leadership of Japan, will provide, during the
experimental periods early in the years 1974-75, very comprehens~ve data on,the ,
transformation of cold air-masses over warm seas. New insight w~ll be o~ta~ned ~nto
the accompanying weather phenomena which include violent squalls and r~p~d cycl~
genesis and are of significance in many parts of the world as well as ~n the Ch~na
Sea where the observations will be made.
4.2.7.2
Under the leadership of the U.S.S.R. this experiment promises new understanding of the behaviour of the lower atmosphere in the polar regions and the interactions between the atmospheric phenomena and the snow and ice cover of the regions.
The results of the experiment, which will continue over several years up to 1977,
will make a substantial contribution to the understanding and prediction of polar
weather.
4.2.7.3
The Asian monsoon is a major part of the general circulation of the atmo~
sphere, but is also a phenomenon in its own right, the understanding of which is
essential for the prediction of the weather phenomena of tropical Asia. The economy of
the area is largely dependent on the rainfall arising from the monsoon. This experiment, conducted in close co-ordination with the FGGE, is likely to provide results of
great practical significance.
4.2.7.4

The Complex Atmospheric Energetics Experiment (CAENEX)

This experiment under the leadership of the U.S.S.R. is directed to
establishing a full radiation and heat budget of the atmosphere over different types
of terrain including industrial areas. Its results will have important applications
to the short-term changes in atmospheric structure, short-period forecasting and
dispersion of pollutants as well as to the radiation problems of GARP
(see also
paragraph 10.1.5).

5.

INCLUDING THE GARP ATLANTIC TROPICAL EXPERIMENT
Annual report on research in tropical meteorology

5.1
The Commission noted that interest in the consolidated yearly reports of
national research projects in tropical meteorology issued by the Secretariat has been
maintained and that the demand for these reports continues to grow. It was agreed
that the reports were of great value, especially to developing countries and for
reference purposes, and that they should continue to be collected and issued. The
Commission urged all Members who undertake research work in tropical meteorology to
send relevant information to the Secretariat in an appropriate form for inclusion in
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future reports. The Co~mission felt that the Secretariat, in requesting these
national reports, should make it clear to Members that information should be ~n summary form and should not include details which could be reported otherwise.
GARP Atlantic Tropical Experiment (GATE)
5.2
The Commission was informed on the status of planning for GATE which will
be conducted during a period of 100 days between June and September 1974. ConsideriMg the scale and operations involved, it will be the largest scientific experiment
ever undertaken in the field of meteorology.
5.3
It was noted with approval that the scientific goals of the
whole
of GATE
are sub-divided into five sub-programmes (radiation, boundary layer,
synoptic scale, convection and oceanography) and that each sub-programme has considerable links with the others. These links are natural and they demonstrate that
to a large extent GATE is a joint experiment of more than one scientific discipline.
Each of the sub-programmes has specific scientific goals. The observational and
research activities under each sub-programme are divided into (a) those serving the
primary objectives of GATE and forming the "central programme", (b) those related
more loosely to GATE, known as "supporting programmes" and (c) other experiments which
may be carried out with existing GATE facilities.
5.4
Further, it was felt that although a considerable amount is known about
the synoptic-scale and smaller systems affecting extra-tropical latitudes, the knowledge of tropical atmospheric systems and the interactions between them is still
relatively limited. Thus, if the understanding of these tropical systems and their
interactions were to be increased after GATE, improved forecasting capabilities for
the tropics and extra-tropical latitudes may be achieved. Furthermore, an assessment
of the possibilities of artificial weather modification in these areas requires a
clear understanding of the tropical weather systems.
5.5
The Commission was informed that the preliminary results from the Barbados
Oceanographic Meteorological Experiment (BOMEX) in 1969 and from the U.S.S.R. six
ship pre-GATE exercises in the tropical Atlantic in 1972 are increasing the scientific
knowledge in close connexion with the main objectives of GARP.
5.6
The Commission noted that a very large amount of information will be
obtained during GATE, and that special GATE archives will be established at World
Data Centres A (Washington) and B (Moscow) which will collect, retrieve, store and
make available for distribution all data collected during the experiment. Since much
important research in tropical meteorology could be carried out using the GATE data,
the Commission felt that it should take steps to ensure the efficient retrieval of
GATE data for research purposes and encourage, and co-ordinate when necessary, all
types of multi-national research projects in the period after the experiment.
Recommendation 3 (CAS-VI) was adopted.
5.7
Considering the proposal by the sixth session of Regional Association I
for one or more post-GATE seminars aimed at helping scientists, mainly in developing
countries, to make optimum use of GATE data and also of the results of studies conducted elsewhere, in solving problems of particular interest to tropical countries,
the Commission noted that this proposal was endorsed by the Executive Committee which
requested the Secretary-General in consultation with the president of CAS to examine
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the possibility of holding such a seminar or seminars in 1975, and thereafter. The
Commission decided to support the organization of the above-mentioned seminars and
requested the president to ensure the full participation of the Commission, keeping
in mind that completed sets of GATE data were expected to start becoming available
within 9 to 18 months after the time of the experiment.
Tropical droughts
5.8
In considering the pressing problems caused by widespread droughts in
tropical areas, the Commission was of the opinion that developments in numerical
models of the general circulation are reaching a stage where they can reasonably
simulate the geographical distribution of the horizontal .transport of water vapour
and its divergence (see also paragraph 6.1.6). The Commission therefore decided to
encourage Members who are undertaking experiments in numerical simulation of the
general circulation to start to apply their models to the problem of droughts by
examining the response of the models to possible causative factors. Until the
results of such studies become available the Commission considered that advice on
the continuation or recurrence of drought could also be made by interpreting statistics of past rainfall, giving due consideration to the range of rainfall fluctuations.
5.~
The Commission felt that the necessary prominence should be given to
research aimed at developing and improving capability in forecasting relatively wet
and dry spells of several weeks' duration or longer to which the tropical regions are
subject. The physical causes of these fluctuations are not properly understood and
there is no good model of the link which must exist with the large-scale atmospheric
circulation. The prediction of such wet and dry spells is of potential economic
value (for example for timing of agricultural operations, irrigation control, etc.).

5.10
Recent emphasis on problems arising in the multi-level modelling of the
tropical atmosphere, particularly those relating to the parameterization of convection,
was welcomed, and the opinion of the majority of members was that more research should
also be carried out using relatively simple tropospheric models with modest vertical
resolution. A scientific basis has been prepared with potential for understanding
many of the synoptic disturbances of the tropics and certainly the present generation
of computers is more than adequate for the task.
WMO Tropical Cyclone Project
5.11
The Commission was informed that, considering recent developments in the
field of tropical meteorology and in particular of our knowledge of tropical cyclones,
the Executive Committee at its last session (September 1973) had dissolved its Panel
of Experts on Tropical Cyclones which had set up a plan of action for the WMO Tropical
Cyclone Project (TCP). The Commission noted that in a number of programmes to be
executed within the framework of TCP there are a substantial number of meteorological
research problems which have to be solved. The opinion of the Commission was that the
vast amount of tropical data to be available in the near future will give opportunities for the additional studies which are necessary for better understanding of the
atmospheric processes directly related to the improvement of forecasting of tropical
cyclone behaviour. Ultimately, such studies will no doubt reduce the toll caused by
tropical cyclones. Therefore, it was agreed that the Commission should follow developments more closely and be directly involved in the relevant research (see R~com
mendation 3(CAS-VI)).

GENERAL SUMMARY

9

5.12
With a view to discharging its responsibility concerning research in the
wide field of tropical meteorology, the Commission decided to establish a Working
Group on Tropical Meteorology, and accordingly adopted Resolution 1 (CAS-VI).
6.

DYNAMICS OF THE ATMOSPHERE (Agenda item 6)

6.1

Numerical weather prediction (Agenda item 6.1)

6.1.1
At its fifth session the Commission gave the Working Group on Numerical
Weather Prediction nine specific terms of reference. Most of the responsibilities
were dealt with by correspondence and discussed briefly in their report which the
Commission noted with appreciation.
6.1.2
Because of the promise being shown by current development in fine-mesh
modelling, particularly as regards the possible emergence of a new level of local
area prediction skill in operational forecasting, a symposium was organized on
"Dynamics of mesoscale systems and fine-mesh modelling". The United Kingdom agreed
to be the host country and the symposium was held at the Meteorological Office
College, Shinfield Park, Reading, Berkshire, in May 1973. Five main topics were discussed: (a) Analysis and initialization procedures (including use of satellite data
and dynamic initialization); (b) Nesting and boundary problems; (c) Spatial and
temporal differencing schemes (including semi-implicit time differencing); (d) Improved physical and mathematical modelling (including sub-grid scale parameterization); (e) Evaluation of practical experience and discussion of technical difficulties.
6.1.3
A brief report on the symposium was presented to the Commission. It was
concluded that fine-mesh models will probably playa major role in future local area
forecasting; the symposium provided an opportunity to discuss the relative roles of
WMCs, RMCs and NMCs, particularly as regards the provision of boundary values for the
finer mesh local area models from the coarser mesh larger area models.
6.1.4
Much effort has been devoted to the improvement of numerical models on
the one hand and their routine application to provide forecasting services on the
other. Verification studies continue to reveal problem areas and there are also
differences between the output from models of the major NWP centres using the same
data •. The Commission felt that much could be gained by encouraging detailed case
studies (see Annex I).
6.1.5
It was further emphasized that the need to improve the physics of models
still remains of the utmost importance, and research efforts directed to this end
must be given encouragement. The Commission noted that, although numerical weather
prediction is an operational and engineering discipline, the field remains heavily
research-oriented and therefore CAS retains its strong interest in numerical weather
prediCtion ;(see Annex I).
6.1.6
There are three general areas of application of numerical weather prediction to hydrology: (a) fine-mesh regional models can be used to predict rainfall,
(b~) four-dimensional analysis techniques can be used to estimate the convergence of
water vapour flux, and (c) general circulation models are likely to simulate in
the fwture the geograph~cal distribution of horizontal transport of water vapour and
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its divergence (see also paragraph 5.8). On this basis studies of the global distribution, incidence and associated sequential features of droughts could be performed. The Commission considered that this aspect should be pursued vigorously.
6.1.7
During the three years since the last CAS session many of the significant
developments which have occurred in numerical weather prediction are already in use
or are being considered for use in operational centres. The Commission examined the
views of the working group on the state of the art in NWP. In supporting these
views, it was decided that they should be made widely available and therefore they
are reproduced in Part A of Annex I of this report.
6.1.8
A brief summary of the limitations of knowledge impeding developments in
the operational aspects of NWP is given in Part B of Annex I. In this regard the
working group found that numerical models have shown relatively poor performance in
tropical areas. One of the aims of the GARP Atlantic Tropical Experiment is to
remedy this situation.
6.1.9
The Commission decided to re-establish the Working Group on Numerical
Weather Prediction and to this effect adopted Resolution 2 (CAS-VI). The Commission
was of the opinion that there should be a closer liaison and co-ordination between
the CAS working group and the Joint Organizing Committee for GARP (JOC) Working
Group on Numerical Experimentation and any other group established by JOC with responsibilities in this field.
6.1.10
The Commission shared the concern of the working group that during
recent years the number of Members submitting annual progress reports on numerical
weather prediction had fallen off, and affirmed that the reports were of great value
t9' all Meteorological Services and especially to developing countries whose Meteorological Services were in the process of being equipped with computer facilities.
With a view to stressing the need for these reports and achieving a more efficient
procedure, the Commission adopted Recommendation 4 (CAS-VI).
6.1.11
Noting that numerical weather prediction processes and output products
are being used increasingly by scientists in other environmental disciplines, in
""particular hydrology and oceanography, the Commission wished to encourage close
collaboration between NWP modellers and their counterparts in other disciplines.
Through such collaboration, useful feed-back results may well accrue to meteorologists.
6.1.12
The Commission considered that in the future national Meteorological
Services will increasingly be required to forecast the level of air pollution, or at
least the atmospheric conditions leading to high concentration of air pollution. At
the present time a very great deal of research work is in progress on numerical
techniques to determine the large-scale dispersion of pollutants in the atmosphere
(see also paragraph 6.2.6).
6.1.13
In order to assist National Meteorologi¢al Centres (and Regional and
World Meteorological Centres as appropriate) to interpret to the best possible advantage broad-scale NWP products in terms of weather for local forecasting purposes, the
Commission proposed that a symposium of specialists be convened on this subject, and
that the proceedings of the symposium be published as a Technical Note. The Commission also wished to support training seminars and fellowships in this field in
order to raise the level of knowledge in NWP in the developing countries.
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6.1.14

CIMO-VI had expressed concern that some of the upper-wind measuring
equipment in use by Members is not capable, under many circumstances, of providing
upper-winds meeting both the vertical resolution and the accuracy requirements stated
by CAS (i.e. a root-mean vector error of not greater than 3 ms- l ). The Commission
expressed the view that upper-wind data should not be misrepresented by using vertical averaging intervals that would be too fine for the wind equipment used. Thicker
intervals could be used in order to reduce the errors. However, in no case should
the maximum ~veraging interval exceed 2 000 metres; nor should the minimum interval
be less than 300 metres.

6.2

Atmospheric boundary layer (Agenda item 6.2)

6.2.1
The Commission expressed its appreciation for the report of the Working
Group on Atmospheric Boundary-Layer Problems which reviewed the latest knowledge in
this highly complex field. It was noted that considerable progress had been made in
representing the boundary-layer fluxes in terms of parameters external to the
boundary-layer. It was further noted, however, that these formulations had some
defects, namely that they are valid only for steady homogeneous conditions and that
they tend to break down at low latitudes.
6.2.2
The Commission recognized that there was an urgent need to study the
atmospheric vertical transfer processes in the boundary layer in sub-tropical and
equatorial regions, and hoped that the data collected during GATE would be adequate
to permit meaningful results to be obtained.
6.2.3
Noting that there has been some neglect in studying the transfer of
energy and momentum through mountain waves, and that this could be a deficiency in
NWP models, the Commission encouraged any research projects aimed at obtaining a
deeper knowledge of this process (see also paragraph 6.3.2).

6.2.4

The Commission also agreed that there was a need to study the mesoscale
and synoptic-scale release of the content of the boundary layer into the main atmosphere, since the boundary layer itself frequently acts as a buffer to the transfer of
heat, moisture and pollution into the atmosphere as a whole.

6.2.5
The working group had been asked to determine the feasibility of preparing: maps of the surface roughness of land areas that would be useful for the
purposes of numerical modelling. The Commission took note of the conclusions of
the group in this matter, namely that synoptic-scale numerical forecast models are
not very sensitive to the precise formulation of boundary-layer processes, but it
was felt that further information was necessary. However, it was also agreed that
the representation of the surface roughness would be very important for mesoscale
studies 1n non-uniform terrain and should be encouraged.
6.2.6
The Commission wished to encourage
in large-scale modelling and numerical weather
of important smaller-scale problems within the
prediction and control of air pollution and in
fog (see also paragraphs 6.1.12 and 8.9).

research in which techniques developed
prediction are applied to the solution
boundary layer, for example, in the
the prediction and modification of
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6.2.7
By Resolution 3 (CAS-VI) the Commission re-established the Working Group
on Atmospheric Boundary-Layer Problems in order to keep itself informed of new developments in this field.
6.3

Atmospheric turbulence and wave motion (Agenda item 6.3)

6.3.1
The report of the Rapporteur on Atmospheric Turbulence and Wave Motion
was examined with appreciation by the Commission.
6.3.2
Delegates were informed that it now appears that a large (synoptic) scale
environment favourable for clear-air turbulence (CAT) may be provided by deformation
fields associated with baroclinic development, or by the propagation of wave momentum
flux generated by mountain drag, or by a combination of both processes. GARP has
categorized CAT produced by the first cause as SIT (shear-induced turbulence) and by
the second cause as WIT (wave-induced turbulence). These synoptic-scale processes
must exert an overall control of the mean rate of energy dissipation by CAT (see also
paragraph 6.2.3).
6.3.3
In view of the need for a continuous review of the developments and research activities relating to iurbulence and wave motion in the free atmosphere, the
Commission agreed to appoint a rapporteur with terms of reference given in Resolution 4 (CAS-VI).
6.3.4
CAeM and ICAO have recommended (reference Recommendation 8.1/3 (CAeMExt. 1969/AN Conf. 6))that accelerometer readings of 0.5 g to 1.0 g be used as criteria for moderate air turbulence and accelerometer readings greater than 1.0 g be
used as criteria for severe air turbulence. The Commission endorsed the use of these
criteria by research meteorologists.

7.

CLOUD PHYSICS AND WEATHER MODIFICATION (Agenda item 7)

7.1
The Commission noted with interest and gratitude the report of the
Working Group on Cloud Physics and Weather Modification incorporating an appraisal
of the proceedings of the WMO/IAMAP Scientific Conference on Weather Modification
which took place in Tashkent (U.S.S.R.) from 1 to 7 October 1973. The Commission
noted with appreciation that the Executive Committee had designated the CAS working
group as an Executive Committee Panel on Weather Modification in respect of specific
topics which the Committee would assign to it from time to time, and recorded its
approval of the president's action in authorizing the addition of two scientists to
the membership of the group. The-Commission recommended that the report of the
second session of the working group be given wide circulation as was done in the case
of its first session.
7.2
The Commission strongly recommended that more and better measurements of
the microphysics and dynamics be made simultaneously in real clouds. Such information was essential in the development and testing of numerical models. The measurement of ice particles, hail and rain (both on the ground and in the clouds) required
special attention. In this connexion attention was drawn to the possibility of using
radar in monitoring developments within clouds. This might be useful in obtaining
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a quantitative approximation of precipitation over an area. The Commission observed
that a network of rainguages was unfortunately subject to a significant degree of
error which probably was of the same order of magnitude as the claimed effects of
seeding.
7.3
Having regard to the serious shortage of highly trained atmospheric
physicists specializing in the field of weather modification the Commission strongly
recommended that through its Education and Training Programme, WMO should advise and
assist Members in providing proper training for students at university level in the
field of cloud physics for application in weather modification studies and projects.
On being informed that members of the working group were preparing a draft syllabus
for such courses for consideration by the Executive Committee Panel on Meteorological
Education and Training, the Commission strongly endorsed the working group's suggestion that a training course in cloud physics should take place under WMO sponsorship
every. two or three years. The courses should provide for students at basic and
higher levels. It was noted with satisfaction that such courses already existed at
the national level in the U.S.S.R.
7.4
In response to the request of EC-XXV, the working group had prepared an
outline for a new Technical Note with the purpose of extending, and replacing in part,
Technical Note No. 105 to provide guidance to Members on the potential benefits of
precipitation enhancement, on the problems involved and on the steps and studies that
should be considered before a precipitation stimulation experiment can be started.
The outline was intended as a brief for a consultant who would be employed to produce
the final document. The Commission concurred with the outline proposed by the working
group.

7.5
The Executive Committee had endorsed the view of the CAS Advisory Working
Group that the present limited knowledge made it premature to consider at international
level the legal aspects of weather modification activities. However, the Commission
noted that the working group had undertaken to review this question carefully and make
a consolidated opinion available for internal use by the Secretary-General. The group
recognized the value of laws recently introduced in Canada and the U.S.A. requiring
that all weather modification activities be reported to a central body in such a form
that the results were available to the international scientific community. The Commission agreed with the views of the group.
7.6
The Commission gave careful consideration to the working group's proposed interim revision to the WMO statement on weather modification approved by Sixth
Congress. Whilst some opinions were expressed to the effect that the fourth paragraph of the draft statement might be regarded as discouraging and that in conditions
of emergency there was no time for profound scientific studies, the general consensus
was that the draft text represented accurately the current position from the scientific
point of view and the text as prepared by the working group was supported. This is
reproduced in Annex II. The Commission noted that the group would draw up an extended version of the statement for approval by Seventh Congress which would be designed to help in cases where more detailed specialized information was requested
for which the shorter statement was insufficient.
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7.7
The Commission noted that the Executive Director of UNEP would initiate
preliminary woik on "beneficial use of weather and climate modification technologies"
(abridged report of EC-XXV, paragraph 4.3.5). The working group expressed its concern that UNEP was apparently involving itself in weather modification procedures
without proper scientific backing. It was the unanimous opinion of CAS that WMO was
the appropriate international body with the necessary scientific and technical expertise and organization to carry out such work. Accordingly, the Commission recommended that WMO should offer the expertise available to it to UNEP whilst maintaining
its leading role in this field.
7.8
The Commission expressed its appreciation to the chairman and members of
the Working Group on Cloud Physics and Weather Modification for the work which they
had done in preparing for the very successful Scientific Conference on Weather Modification and for the concise summary of the proceedings, and noted the Working Group's
comments on significant points raised. The Commission recommended publication of the
full proceedings of the conference.
7.9
There was unanimous agreement that one of the key factors in weather
modification experiments was the evaluation of their success. If weather forecasts
were perfect, then no statistics would be necessary because the modified rainfall
(or any other modification process) could be directly compared with the value predicted for the case of no interference. However, forecasting was not sufficiently
accurate for this purpose. Since the process of the formation of clouds and precipitation was far from being understood, it was necessary to resort to statistical evaluation techniques. As the clouds or cloud systems to be modified become larger (and
therefore fewer) and also become more complex and/or less homogeneous, statistical
evaluation becomes more difficult.
7.10
Further, statistical techniques may lose some of their validity when
physical interference occurs, such as the effects of seeding in a target area also
affecting precipitation in the control area (increasing the distance between the target and control areas might reduce this, but would probably also reduce the degree
of correlation). The tendency to make statistical requirements more stringent was
noted, but this trend might be self-defeating. It was necessary rather to try to
advance knowledge of the physics of the processes involved.
7.11
Whilst the Commission recognized that conflicts of opinions must be expected, it affirmed that there was a need to work towards more objective criteria.
Field and laboratory measurements must be intensified and computer modelling advanced
step by step to allow realistic three-dimensional simulation. Only by a concentrated
and concerted effort would it be possible to recognize when and under what conditions
a successful weather modification project could be launched, and then measure the
degree of success each project achieved.
7.12
The Commission considered it essential that international guidance on
weather modification matters should be largely in the hands of scientists with a
meteorological background. WMO was considered to be the most appropriate body to
act as a focal point in this field, and the Commission invited the Secretary-General
to take steps to ensure that this was recognized. Experiments which had been well
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prepared and which were on a sound scientific basis should be encouraged, and even
those countries which were planning quasi-operational weather modification programmes should be advised to give attention to the research which is indispensable
for a properly conducted experiment. The Commission recognized the following as
the five attributes of any such experiment:
(a)

Good statistical design and analysis;

(b)

Continuity of the same type of experiments;

(c)

Availability of homogeneous cloud characteristics;

(d)

Clouds susceptible to seeding;

(e)

Adequate knowledge of the regime of cloud microphysics and dynamics
applying to the seeding area.

7.13
The participants in the scientific conference had expressed a strong
desire, which was endorsed by the working group, that WMO should actively encourage
the necessary basic studies and facilit9te a rapid exchange of information and
results. It was recommended that a further international scientific conference be
organized in three or four years' time. The Commission also supported these recommendations and requested the Secretary-General at the appropriate time to submit
a proposal to the Executive Committee for a symposium on weather modification to be
organized by WMO in 1976.

7.14
The Commission decided to re-establish the Working Group on Cloud Physics
and ~eather Modification, and accordingly adopted Resolution 5 (CAS-VI).

National activities in weather modification
7.15
In accordance with a proposal made by the Working Group at its first
session, a survey had been conducted by the Secretariat into the weather modification
activities of all countries, and possible requirements in this respect. The Commission considered a summary of the replies to the survey and took note of certain
rectifications made by some delegates. The results of the survey thus amended may
be summarized as follows:
(a)

By September 10, 1973 one hundred Members had answered the
questionnaire;

(b)

Weather modification operations or experiments were undertaken,
planned or considered by the following numbers of countries:
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Experiments

Plans

Interest

8
7
6
17
16
7
3

2
2
1
5
3
1
1

21
14
9
30
15
23
17

Warm fog dispersal
Cold fog dispersal
Snow enhancement
Rain-making
Hail prevention
Prevention of forest fires
Lightning prevention

U.S.A. had undertaken projects to modify hurricanes and other
severe storms and to suppress ice fog.
(c)

Weather modification studies were undertaken or were of interest
to the following number of countries:

Cloud microphysics
Warm fog dispersal
Cold fog dispersal
Snow and rain-making
Hail
Lightning and electricity in clouds
(d)

8.

Studies

Interest

24
9
9
20
18
3

19
20
10
28
14

Legislation specifically related to weather modification existed in
7 countries.

ATMOSPHERIC CHEMISTRY AND ATMOSPHERIC POLLUTION (Agenda item 8)

8.1
The Commission noted with interest the report of the Working Group on Atmospheric Pollution and Atmospheric Chemistry and learned with satisfaction that Technical
Note No. 121 - Dispersion and Forecasting of Air Pollution - had been published in
1972. The Commission expressed its appreciation of the efforts of the members of
the working ·group and of Dr. F. Gifford (U.S.A.) and Professor M. Berlyand (U.S.S.R.)
in preparing this note.
8.2
The Commission was informed that through stricter control on the quality
of fuels and the effluent sources (e.g. height of chimney stacks), an improvement
had been observed in the quality of the air in many cities during recent years.
However, certain repercussions of these measures needed study, for example the use of
taller chimney stacks resulted in pollutants being carried to areas hitherto not
affected by the emitting source. It was stressed that formulae applied to plume rise
must be used with care.

8.3
It had been suggested that the effects of sulphate particles might have
a more significant effect on human health than sulphur dioxide, and that several
hours were usually required for conversion of sulphur dioxide into sulphate aerosols.
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The Commission agreed that there was
of cities and also endorsed the view
Technical Note dealing with the life
pollutants. It was felt that such a
ticularly interested in regional air
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a need for studies of the air quality downwind
of the working group on the need for a new
cycles and chemical transformations of airborne
publication would be of value to Members parpollution problems.

8.4
In parallel with the effects of air pollution on human health, the Commission recognized the importance of studying the transport and evolution of photochemical oxidants which could create damage to agricultural crops, often at considerable distances from the pollution sources.
8.5
In view of these problems the Commission was pleased to note the encouraging response by Members to Resolution 12 (EC-XXII) which called for the establishment of regional and baseline air pollution station networks. It was suggested
that efforts be made to develop and extend the use of automatic precipitation
chemistry gauges suitable for polar conditions.
8.6
Some concern was expressed regarding the quality of turbidity measurements made in the WMO regional and baseline pollution stations, and the Commission
suggested that wherever possible, stations in the world radiation network should be
used as monitoring sites. It was further suggested that the CIMO Working Group on
Radiation Measurement Systems be consulted on instrumentation for, and interpretation
of, optical turbidity measurements.
8.7
It was recalled that the WMO background pollution network programme was
designed primarily to provide data for investigations of global climatic change.
Since the inception of this project, the UN Environmental Programme (UNEP) had come
into existence and the Commission felt that WMO could with advantage re-examine its
programme to ensure that it meets the broader environmental monitoring needs of UNEP.
In this connexion WMO could usefully begin studies into ways of assessing and interpreting data now being received from its regional and baseline pollution networks in
order to be able to furnish UNEP with meaningful information on the state of the
environment.
8.8
The Commission agreed that one of the effects of an accelerating "energy
crisis" would probably be that there would be a relaxation in the air pollution
controls currently in force in many countries, and this might well being about an
increased demand for reliable specialized meteorological forecasts. For instance,
a power station might be permitted to burn a polluting fossil fuel such as coal when
conditions for dispersion of the effluent were expected to be good, but to switch a
fuel of low sulphur content when these were expected to be poor.
8.9
Another application of meteorological studies in this connexion was in
providing advice for land-use planning, and for this it would probably be necessary
to further develop multiple-source simulation models. The Commission observed,
however, that these models were complex and costly, and that in many cases existing
models had been developed on an empirical basis without a proper understanding of
the boundary-layer physics involved. Therefore, they were difficult to verify and
could not be universally applied. In accordance with the decision of EC-XXV (paragraph 4.1.3) the Commission recognized its responsibility of leadership in the development of air pollution models which incorporate boundary-layer considerations (see
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also paragraph 6.2.6). As a first step, the Commission recommended that a symposium
on this subject be arranged by WMO. Furthermore, the president was requested to
bring all such CAS activities to the attention of the president of CoSAMC, to avoid
duplicative work by the latter's Rapporteur on Applications of Meteorology to Atmospheric Pollution Problems on a Local and Regional Scale.
8.10
The Commission endorsed the statement by the Advisory Working Group (paragraph 3.7 of the report of its first session) to the effect that at present technological means did not exist to monitor pollutants entering the sea from the atmosphere.
Member countries were strongly encouraged to undertake pilot studies on methodology
of precipitation sampling at ocean and coastal stations, bearing in mind the difficulties due to sea spray, and on methodology of determining fluxes across the sea surface in fine weather.
8.11
The Commission noted that a project on the atmospheric transport of
marine pollutants was being prepared by the WMO Secretariat which would be submitted to
UNEP for its support. The Commission endorsed the view of the president that for
this project two consultants should be recruited to prepare reports on (a) a preliminary assessment of the budget of selected pollutants carried through the atmosphere to the oceans, and (b) a survey of currently available methods of measurement,
and projected developments related to measurement of the transfer of pollutants from
the air to the sea. The president was requested to ensure that the relevant working
groups of CAS were kept fully informed as regards all activities in this field, and
that they collaborate as appropriate.
8.12
Atmospheric
role of CAS
Committee.

The Commission decided to establish a Working Group on Air Pollution and
Chemistry and in defining its terms of reference took into account the
in this field as defined by the tWenty-fifth session of the Executive
This decision is embodied in Resolution 6 (CAS-VI).
Effects of air pollution on the dynamics of the atmosphere

8.13
The Commission noted with appreciation the report of the Working Group on
Effects of Air Pollution on the Dynamics of the Atmosphere. The Commission learned
with satisfaction that a comprehensive report by members of this working group had
been presented to the twenty-fourth session of the Executive Committee and subsequently distributed to all Members in view of its importance to outstanding environmental problems and the valuable information it contained in respect of measuring
pollution and assessing its effects.
8.14
The Commission recognized the concern which had been widely expressed on
possible undesirable changes in weather and climate, due to either natural or manmade changes in the atmospheric composition, and affirmed that the ability of the
atmospheric scientist to model and predict possible climatic modification was limited
by the present level of knowledge.
8.15
The SST Panel of ICAO had drawn up and was in the process of updating a
table of type, amount and rate of high-altitude SST engine emissions. Data in
respect of the Concorde aircraft were already available and similar data for the
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Tupolev 144 were in preparation. A large-scale Climate Impact Assessment Programme
(ClAP) was in progress in the U.S.A. with the object of assessing the impact of
climatic changes resulting from the injection of SST effluents into the stratosphere,
as projected to 1990, and similar programmes were taking place in France and the
United Kingdom. The Commission learned with interest of these activities and expressed appreciation of the continued close collaboration of ICAO in questions concerning pollution in the atmosphere caused by aircraft (see also paragraphs 10.2.1
to 10.2.7 and paragraph 10.3.8).
8.16
In its report referred to in paragraph 8.13 above, the working group had
directed attention to the need for the construction of a joint ocean/atmosphere
model which would incorporate all major physical processes controlling the climate,
as well as certain numerical experiments to ascertain the validity of the model in
representing the actual ocean/atmosphere system. Time-integrations of such a model
for various levels of atmospheric pollution and very long-term integrations were
recommended by the working group. The Commission fully supported these recommendations and invited Members to give attention to them.
8.17
The Commission recognized that there was a substantial field of common
interest between the Working Group on Climatic Fluctuations and the Working Group
on Effects of Air Pollution on the Dynamics of the Atmosphere and decided to combine the functions of these groups in a Working Group on the Physics of Climatic
Fluctuations. This decision is embodied in Resolution 7 (CAS-VI).
Recommendations of the UN General Assembly arising from the
Conference on the Human Environment
8.18
The Commission was informed that following the UN Conference on the
Human Environment, a new programme had been launched known as the United Nations
Environment Programme (UNEP) to follow up the general recommendations of the Conference. In accordance with the wishes of Sixth Congress, WHO had reacted to the
decisions of the UN Conference on the Human Environment by submitting three projects for execution under UNEP In the field of (a) man's impact on climate, (b)
monitoring of background pollution and (c) monitoring of marine pollution (jointly
with IOC).
8.19
Certain of the recommendations of the UN Conference on the Human Environment were relevant to the activities of CAS; the attention of the Commission was
drawn in particular to the Recommendations No. 18 (on natural droughts), 57 (on
monitoring the effects of energy use), 67 (on remote sensing), 70 (on climatic
effects), 77 (on air and water monitoring) and 79 (on climate monitoring).
8.20
The Commission recognized the severe losses in human lives and national
economies that could result from continental droughts and agreed that research in
this field is closely related to hydrological and water resources problems which,
in turn, through the water budget in general, were linked with the moisture transport by the atmosphere. Thus, the occurrence and prediction of continental droughts
could not be considered separately from the problem of variations in the general
circulation of the atmosphere (see also paragraphs 5.8 to 5.10 and Recommendation 3
(CAS-VI)). The Commission hoped that the forthcoming GARP Atlantic Tropical Experi~
ment would make a positive contribution to efforts to improve the ability to forecast
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droughts, in particular in low-latitude areas. In order to achieve this, the Commission observed that considerable scientific effort would be needed in order to
parameterize phenomena such as cloud clusters and air-sea interactions.
8.21
As regards monitoring the effects of the use or production of energy, the
Commission agreed that the main problem here was to learn more about the life-history
of various contaminants such as oxides of carbon, sulphur and nitrogen, particulate
matter and heat, and about their effects on weather and environmental conditions and
vice versa. The interaction of the solar radiation with man-made contaminants was
also an important problem, the solution of which should be given high priority.
This interaction was potentially important for the living conditions on Earth, and
of significance for the energetics and dynamics of the atmosphere. The Commission
suggested as examples the following:
(a)

Climatological studies of the spectral distribution of solar radiation at the ground in areas with typical pollution levels;

(b)

Study of the optical properties of contaminants (absorption,
scattering, albedo);

(c)

Study of the atmospheric radiation balance including aerosol absorption (multi-layer investigations).

The Commission observed that these studies were also very pertinent in the case of
certain non-industrial pollutants, such as dust and salt haze, which could affect
developing and developed countries alike.
8.22
In connexion with remote sensing, the Commission agreed that new findings
concerning the optical properties of the atmosphere (polluted and non-polluted) and
various other aspects of satellite meteorology would have to be kept under review.
The relative value of satellite and conventionally-obtained data would have to be
determined as well as requirements of accuracy and resolution. Purely instrumental
problems and developments, however, fell within the responsibility of CIMO.
8.23
In order to monitor the climate and study climate effects, the Commission
agreed that it would be necessary to keep abreast of relevant results in pollution
monitoring, to undertake studies concerning the dispersion of pollutants in and above
the atmospheric boundary layers and to advance sophisticated modelling techniques
in order to be able to include such phenomena (through parameterization) in physicomathematical models for climatic time scales. Moreover, observational and theoretical
(modelling) studies would have to -be launched in order to monitor the climate and
to achieve a more thorough understanding of the relevant physics. It was hoped that
research with climatic models would bring out the importance of those parameters which
carry the highest information content with respect to present and future climates.
The extension of numerical model studies to periods of years or decades would require
coupled ocean-atmospheric models and appropriate measurements to provide both input
and verification data. The Commission noted with satisfaction that the Executive
Committee had called for the appropriate Working Group of CAS to be involved in
preparing for an international Study Conference on the Physical Basis of Climate and
Climate-Modelling planned to be held in 1974 assuming that financial support is available from UNEP funds (see also paragraphs 4.1.2 and 9.5).
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8.24
One of the most promising ways of monitoring air pollution on a worldwide basis is the remote sensing from satellites. The remote measurement of pollution encompassed the measurement of gaseous pollutants and particles in the atmosphere, and the Commission agreed that some very important things could be done right
away in the field of remote sensing from satellites, but that the full potential required additional basic research on the scattering and absorption properties of
typical aerosol particles (see also paragraphs 10.1.2, 10.1.6 and 10.4.7).
8.25
The Commission decided to embody the various considerations above in the
terms of reference of its appropriate working groups and rapporteurs. The Commission
also urged Members where possible to undertake research studies in these fields and
to make their results available to the scientific community.

9.

CLIMATIC FLUCTUATIONS (NATURAL AND MAN-MADE, INCLUDING SOLARTERRESTRIAL RELATIONSHIPS) (Agenda item 9)

9.1
The Working Group on Climatic Fluctuations was established by the former
Commission for Climatology at its fifth session in October 1969 by Resolution 10
(CCI-V). Following the reorganization- by the Sixth Congress of the technical commissions it was agreed between the president of CAS and the president of CoSAMC that
the Working Group on Climatic Fluctuations would report to CAS.
9.2
The Commission reviewed the abridged report of the working group with
appreciation and considered that it was a comprehensive review of the factors influencing climatic fluctuations. The Commission noted that there has been a tendency
in recent discussions of the subject to put too much emphasis on the likelihood of
climatic changes resulting from human acti~ity and to underrate the probability of
natural climatic changes.
9.3
Interest was expressed in the hypothesis that past variations in the
amount of radioactive carbon in the atmosphere are correlated with past climatic
fluctuations and indicative of past solar variations.
9.4
The Commission noted that numerical simulations of the general circulation showed-great promise for the future as means by which the effect on the climate
of various factors might be examined quantitatively. However, such models require
to take into account the response of the ocean circulation and of the associated
heat transport to changes in the wind systems. Combined models of the ocean-atmosphere system are needed, and the Commission urged that appropriate studies be undertaken to enable the necessary understanding of the ocean circulation to be obtained
(see Recommendation 5 (CAS-VI».
9.5
The Commission was informed that JOC is organ~z~ng an International Study
Conference on the Physical Basis of Climate and Climate Modelling. The Executive
Committee has requested that JOC take into account the expertise of the CAS Working
Group on Climatic Fluctuations and hoped that this working group would be closely
involved in the preparations for this conference (see also paragraphs 4.1.2 and
8.23). The Commission also noted that the Executive Committee had approved plans to
convene a Symposium on Long-Term Climatic Fluctuations to be held at the University
of East Anglia (United Kingdom) in 1975.
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9.6
The sixth session of CoSAMC in October 1973 also reviewed the report of
the CAS Working Group on Climatic Fluctuations and felt that it would be desirable if
certain parts of the report, in particular those dealing with the review of methods
for prediction of long-range climatic trends, be made available to Members in a
suitable form. The Commission requested its president, in consultation with the
Chairman of the CAS Working Group on the Physics of Climatic Fluctuations and the
president of CoSAMC, to make a specific proposal in this regard. It also decided
that the review of developments of knowledge on natural fluctuations of climate
should be ~ncluded in the terms of reference of a working group which would also
consider the possible effects of pollution an~ human activity on global climate.
CoSAMC-VI had already established a Working Group on Climatic Fluctuations and Man
to study and assess the manner and degree to which man's activities are capable of
inadvertently modifying local and regional climates. As some of the terms of reference of this group are closely associated with the responsibilities of CAS in.
this field, the Commission proposed that the president of CoSAMC should be asked to
ensure that the chairman of the CoSAMC working group consults the chairman of the
CAS Working Group on the Physics of Climatic Fluctuations on matters falling within
the terms of reference of CAS. The terms of reference of this CAS working group
appear in Resolution 7 (CAS-VI).
Solar-terrestrial relationships
9.7
The Commission was orally informed of WMO activities in the field of
solar-terrestrial relationships. As there is a growing interest in possible relationships between data relating to solar activity and the state of the upper levels
of the atmosphere, the WMO Secretariat, at the request of the Executive Committee,
initiated a questionnaire to ascertain the interest of Members in this field. It
was found that many Members collect data on solar activity, geomagnetism, ionosphere,
cosmic rays, aurora and airglow, and that about ten per cent of the Members intend
to expand their activities in this field.
9.8
Current solar-terrestrial data are exchanged under the auspices of the
International Ursigram and World Days Service (IUWDC) and a daily summary message,
GEOALERT, is transmitted over meteorological networks. Lists of observing stations,
including many operated by Meteorological Services, are maintained at the World
Data Centres for Solar-Terrestrial Physics. These centres archive and make available
the resulting data for use in research studies.
9.9
It was noted with interest that the Working Group on Meteorological Aspects
of Solar-Terrestrial Relationships is compiling a bibliography on work done in the past
two decades which is expected to be of great value to analysis or research groups and
could provide a basis for further studies or pilot projects. The Commission requested
that this bibliography be completed in the shortest possible time and then made available to all Meteorological Services and other interested institutions.
9.10
The Commission noted that the direct effects of solar activity are evident
in various layers above the troposphere. Further, a knowledge of the atmospheric circulation and other meteorological conditions above 10 millibars is becoming of practical value for some ionospheric and aeronomic studies. At such levels the effects of
solar activity can be large and the techniques of solar-terrestrial science become
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important. Most of the phenomena and processes have_only just been recognized; much
research remains to be done before the meteorology of the mesosphere or even the
high stratosphere is well enough understood to make satisfactory applications possible.
Another important aspect of solar-terrestrial connexions to meteorology is the possible effect of solar activity on the behaviour of the troposphere or lower stratosphere. It has been suggested that the role of solar-terrestrial processes ~s like
a trigger, since the extra energy introduced is quantitatively small though ~t may be
deposited selectively as to height and geographic location. Thus tiny cha?ges opera~
ting over long periods of time can, in principle, have appreciable cumulat~ve eff:cts
and in certain critical conditions may exert a significant influence on atmospher~c
processes.
9.11
However, the problem remains insufficiently well defined to recommend any
concerted programme of research. Nevertheless, the Commission encourages individual
research workers to continue to study the problem and to report their results for
further discussion and study by the scientific community. It was noted that such
studies are part of the SESAME programme (see paragraphs 4.2 and 10.3) and that a
rapporteur has been appointed to keep the Commission informed on these aspects of
solar-terrestrial relationships (see Resolution 9 (CAS-VI)).
10.

PHYSICAL METEOROLOGY AND SATELLITE METEOROLOGY (Agenda item 10)

10.1

Atmospheric radiation (Agenda item 10.1)

10.1.1
The Commission noted with interest the report of the Rapporteur on Atmospheric Radiation.
10.1.2
As regards the absorption and scattering of radiation by aerosols, it
was noted that 'various methods had been developed in order to measure the absorption
as well as the scattering by the atmosphere within the solar spectrum and that one
of the best methods seemed to be the determination of the effect of absorption of
haze particles by means of an integrating sphere (Ulbricht sphere). Whilst the disadvantage of this method was the impossibility of measuring the haze in situ, this
could be done by measuring the elliptical polarization in a small volume containing
hazy a~r. Elliptical polarization is determined by the absorptivity of the aerosol
(see also paragraph 8.24).

10.1.3
Noting that measurements had confirmed that in the solar spectrum absorption by haze was of the same order of magnitude as the selective absorption by water
vapour and other gases, the Commission agreed that this would mean an essential change
in our conception of the radiation budget of the atmosphere.
10.1.4
The Commission noted with satisfaction that several large-scale fieldexperiments had been performed in order to test the extent to which radiation measurements agreed with theory. This had first been tried in BOMEX. Two expeditions to
south western Africa by the Institute of Meteorology of the University of Munich had
measured the concentration of particulate matter and the radiation patterns simultaneously and independently. Finally, in the CAENEX eyperiment, which is being performed by the Hydrometeorological Service of the U.S.S.R. and the University of
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Leningrad, all radiative fluxes and their divergences and the transfer of energy
ftom the surface to the atmosphere, and its spreading out within the atmosphere, had
been measured over different kinds of soil and vegetation.

10.1.5
The Commission agreed that the above-mentioned large-scale experiments
were useful for the preparation of GARP experiments. They gave the basis for estimating the transfer of energy which was needed in the theoretical models of GARP
but could not be measured at each place during GARP (see also paragraph 4.2.7.4).

10.1.6
As regards atmospheric pollution, the Commission noted that monitoring
of the concentration of some trace gases might conveniently be done by spectroscopic
methods and that measurements of pollution by particulate matter close to the ground
had already been performed successfully on land and in ship expeditions and that
there were firm plans for measurements from satellites. The Committee noted, however,
that such satellite measurements of trace gases and of pollution particles have not
yet been published (see also paragraphs 8.24 and 10.4.7).

10.1.7
Having regard to the above considerations, the Commission wished to encourage further studies, particularly in respect of the following four major points:
(a)

To solve the theoretical problem of computing the radiation fluxes
in the atmosphere under various influences is one of the most
urgent tasks. In the case of a cloudless atmosphere there remains
the determination of radiation in an atmosphere containing aerosols.
Calculations for a spherical atmosphere are particularly significant
for observations from satellites in the terminator region;

(b)

Radiation processes in a cloudy atmosphere are not yet completely understood. The remaining major problems are: determination of radiation in an atmosphere with scattered clouds; determination of the
radiation in, above and below ice clouds. Here all kinds of studies
are welcome: investigations in the free atmosphere where the existence of cirrus clouds may be tested by lidar measurements, and the
investigation may then be done in the region of the terrestrial
spectrum; also theoretical studies of the scattering matrix of
crystals are wanted. Such investigations are also important for
GARP. They are needed for incorporation in dynamical models and
for verification by radiation experiments in predicted weather situations;

(c)

The global radiation balance of the system, Earth plus atmosphere,
needs a new thorough investigation because the absorption by aerosol particles has revealed a new heating source and the emission of
dimers of water vapour has given a new emission source. New data
on the occurrence of cloudiness, which have been discovered by
satellite observations, have to be incorporated in the balance;
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Basic investigations of the distribution of water vapour in the
upper troposphere are needed. These may be interesting for use ~n
dynamical models. It is, however, highly important for the determination of radiation processes at these altitudes which must
be incorporated for the success of dynamical models. The Commission
noted that measurements of water vapour content in the upper troposphere were already available from polar-orbiting satellites and
were considered for implementation on the European geosynchronous
meteorological satellites. In the same way, the vertical dis~
tribution of aerosol particles should be investigated. For such
studies, lidar measurements have been applied successfully also
in the study of the horizontal distribution of aerosols.

10.1.8
The Commission was informed that intercomparisons of radiometersondes had
been continued and that instruments were currently being improved and reconstructed.
It was felt that at this stage, comparison with some standard instruments appeared
to be a desirable goal, even if the design of such a standard instrument had to be
worked out first. This question was appropriate for reference to CIMO.
10.1.9
To enable it to fulfil its responsibilities in the field of atmospheric
radiation, the Commission decided to appoint a Rapporteur on Atmospheric Radiation
and accordingly adopted Resolution 8 (CAS-VI).

10.2

Atmospheric ozone (Agenda item 10.2)

10.2.1
The Commission noted with great interest and appreciation the report of
the Rapporteur on Atmospheric Ozone who presented a detailed and up-to-date review
of the state of knowledge in the field of atmospheric ozone photochemistry and its
significance in regard to the possible effects of SST operations. Whilst the Commission noted that Technical Note No. 36 - Ozone observations and their meteorological applications - was being updated, it was felt that in view of th~ recent
marked advances in knowledge and theory relating to atmospheric ozone (see following
paragraphs) a virtually completely redrafted version would now be necessary, and
that a chapter should be added on possible changes in the ozone layer due to SST
operations.
10.2.2
The Commission was informed that the photochemical theory of atmospheric
ozone had been subject to very rapid changes during the past two to three years. On
the one hand it has become clear that, except in the upper stratosphere, the direct
destruction of ozone by radicals derived from water vapour is much less than was
initially assumed (at the time when their production in the stratosphere by excited
oxygen atoms had been discovered). On the other hand it has been realized that odd
oxygen destruction by NO x (by means of a catalytic cycle) is presumably the main
balancing term in the ozone equilibrium in the middle and lower stratosphere. At
these levels the (water vapour derived) H-radicals reac~ on the odd oxygen system due
to their interaction with NO x (mainly by HN0 3- formation). It has further been found
that some carbon compounds (CO and CH 4 and the chain of its oxydation products) are
also intimately connected with this photochemical system.
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10.2.3
From this recent development a much more complicated but comprehensive
photochemical system is emerging grouped around ozone as its central substance. It
is not only much more complicated on account of the large number of inter-related
reactions but also because now not only ozone itself but a number of other connected
trace substances are transported by the general circulation: H2 0 , CH 4 , N2.0 (from
which NO x is photochemically produced in the stratosphere), NO x itself and to some
extent HN03, to mention only the most important ones. It is for this reason that a
final solution of this problem will only be reached by insertion of the new comprehensive photochemistry into general circulation models.

10.2.4
While according to the classical (oxygen only) photochemistry, ozone was
inert against human interference, some anthropogenic influence must be expected when
the current comprehensive system is considered. The main possible source of damage to
the ozone layer is an artifical increase of the stratospheric NO x- content such as
could result from the operation of a large commercial SST-fleet. At present there is
still considerable uncertainty about the magnitude of such effects; estimates of the
reducution of ozone vary from almost nil to several percent (10% or even more). It
is mainly the resulting increase of UV radiation reaching the Earth's surface and its
possible biological consequences which are at present studied. However, as ozone and
its distribution are intimately connected with stratospheric dynamics, a possible reaction of the consequences of this high-level pollution problem on the general circulation and thus on climate must be considered, in addition to more-direct radiative
effects
(see also paragraphs 8.15 and 10.3.8).

10.2.5
The importance of an influence of ozone on the general circulation has
for long been recognized. Part of the reason for the obvious neglect until now of
the dynamic importance is the analytical intractability of the very complicated
feed-back system: solar radiation - photochemistry - ozone distribution - temperature
distribution - stratospheric winds - ozone redistribution etc. However, the Commission felt it should encourage the use of three-dimensional dynamical models (incorporating photochemistry and radiation, both short-wave and infra-red) which could
in the near future furnish the means to tackle this problem. Research in this direction is an essential part of the study of climate and of climatic change.

10.2.6
From the foregoing discussion it became clear that it is important not
only to measure the distribution of many stratospheric trace constituents (such as
CH , NO , CO, etc.) but also to step up th: monitoring of ozon: itself, which un4
doubted!y
is the central substance of the 1ntegrated photochem1cal system. Therefore,
the Commission considered that the present total ozone network could helpfully be
improved by reactivation of certain idle Dobson spectrophotometers and/or by their
appropriate redistribution, and asked the Secretary-General to address appropriate
Members in this respect and make the necessary arrangements. Considering that the
f~rther development of a newly-designed automated instrument is desirable, the Commission felt that, before encouraging implementation, any such new instrument should
be thoroughly compared with Dobson spectrophotometers.
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10.2.7

It was noted that during the period since CAS-V two major satellite
experiments for observing total ozone had been carried out: the Infra-red Interferometer Spectrometer (IRIS) experiment on NIMBUS 3 and 4 and the Back-scatter
Ultra-violet (BUV) experiment on NIMBUS 4. Although, as theoretically predicted,
the accuracy is not quite the same as for the best ground-based observations, both
have proved very successful and the resulting synoptic possibilities have given new
insight into some of the related problems. The BUV system yields in addition very
useful information about the vertical distribution above the level of the ozone
maximum. A further improvement of these systems, possibly by a combination of the
sensors - and their application in operational satellites combined with near realtime evaluation and dissemination of data is of importance for providing the information which will be needed in connexion with the use of ozone in general circulation
models. On this topic, the Commission noted with appreciation the relevant statement
made by the Executive Committee at its twenty-fifth session (abridged report, paragraph 4.1.10). Also, the Commission supported the concept of a carefully-designed
ozone sonde network for verification of satellite-based observations and for establishment of reliable data on vertical ozone distribution in the lower and middle
stratospheres.

10.2.8

With the discovery of the importance of other non-uniformly distributed
trace substances for the ozone photochemistry, the monitoring of the ozone distribution above 35 km over extended periods has become even more important. The
year-to-year changes at these levels, where at least monthly mean values should not
be directly influenced by air motions, can, according to the new insight, not only
be produced by eventual solar variability but also by possible changes of. the NO x
distribution. At present, Umkehr observations provide the only avaitable technique
for obtaining such information. The reliability of.satellite measurements is at this
stage hardly good enough to substantiate year-to-year changes. The Commission felt
that for achieving the above-mentioned goal, observations should be taken with wellkept instruments under good climatic conditions as frequently as possible (at least
10-15 but preferably more vertical distributions per month) in order to eliminate
possible errors introduced by the relatively high uncertainty of single observations
at these levels. The number of stations which should operate at different latitudes
in both hemispheres can be kept comparatively small.
~z~n: ~e~r_t~e_g~o~n~

10.2.9

It has been realized during the past few years that systamtic ozone observations near the ground - possibly in connexion with measurements of ozone in the
upper troposphere - yield important information on the ozone transfer from the stratosphere ~nto the troposphere and on ozone destruction near the grou~d and hence on the
overall ozone budget in the atmosphere. It is therefore very des1rable that,an
extended network of the relatively inexpensive automatic instruments now ava1lable
for this purpose should be built up. If observations representative of a large area
are sought, great care must be taken to operate them in unpolluted pl~ces : a comparison between mountain and flat land stations being of great val~e 1~ th1s connexion. The instruments are also quite vulnerable to local contam1nat10n and they.
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should be frequently thoroughly cleaned; the continuous recording of the small conconcentrations of the chemically very reactive ozone requires careful supervision.
The Commission noted with appreciation that the World Ozone Data Centre operated
by the Atmospheric Environment Service of Canada was making arrangements for inclusion of selected data on surface ozone in their regular publications.
10.2.10
In order to fulfil its responsibility in the field of Atmospheric Ozone,
the Commission decided to reappoint a Rapporteur on Atmospheric Ozone (see Resolution 9 (CAS-VI)).

10.3

Upper Atmosphere (Agenda item 10.3)

10.3.1
The Commission noted with interest and appreciation the report of the
Rapporteur on Meteorology of the High Atmosphere. The increasingly dominant view
that the atmosphere must be regarded as a dynamic unity has inspired growing interest in the meteorology of the upper atmosphere, and a number of operational forecasting models now have upper bounds in the stratosphere. The Commission recognized
that progress in studies on the upper atmosphere depended heavily upon the availability of adequate and reliable data. Research was based upon data obtained independently by instruments of three types: the balloon-borne rawinsonde, the rocketsonde and the satellite-borne radiometer.
10.3.2
The Commission stressed that the rawinsonde was still the basic means of
obtaining information on atmospheric structure up to a level of 30 km, and that at
least until a thorough evaluation of temperature data derived from radiance measurements by satellites had been made, Members should continue to make every effort to
improve the rawinsonde network, in particular to ensure that their sondes reach the
highest possible altitudes. In this connexion the Commission noted the request of
Regional Association VI (paragraph 4.1.2.4, Ext. 72-RA VI) for guidance on the desirable density and frequency of upper-air observations reaching 10 mb or higher, and
affirmed that a global network with an average spacing of 1 000 km and one observation per day would be a goal for the 10 mb level.
10.3.3
The rawinsonde observations to high levels were needed in part because
they included directly-observed winds. Moreover, satellite data were dependent on
rawinsonde data.
10.3.4
The Commission also recognized the importanc'e of soundings by meteorological rocketsondes in the upper stratosphere and the values of rocketsonde data in
the derivation of temperature profiles from satellite radiance measurements. Further,
while there have been no reliable satellite-derived temperatures above about 40 km,
rocket-sondes could give routine data to ab~ut 65 km; their in situ wind measurements
particularly in the equatorial belt are of course unique. Therefore, the Commission
re-affirmed the continued need for these observations, particularly from stations
along approximately 60 0 W and 60 0 E forming a meriodional rocket network. The Commission noted that COSPAR at its sixteenth session had also adopted Recommendation No. 8 calling for maintenance of the meteorological rocket observations at the
current level.
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10.3.5
Being informed that studies on the compatibility of SIRS data with
rawinsonde and rocketsonde data are only partly relevant to the compatibility of
the current ITPR and VTPR satellite data with conventional data and in order to further the development of satellite sounding implementation, the Commission stressed
the importance of conducting studies to compare high-level rawinsonde and rocketsonde data with simultaneous data derived from satellite-borne radiometers. The
Commission appealed to the Members conducting the studies to make them available in
a comprehensive summary form to all interested scientists.
10.3.6
The Commission further discussed the considerable progress made during
the past four years both in the study of the energetics and in the numerical simulation of stratospheric processes (see also paragraphs 4.2.3 and 4.2.4).
10.3.7
The Commission was informed of the interesting discovery that, as the
period of the wind in the quasi-biennial oscillation increases, its speed of downward propagation decreases, and vice versa. Theory has not yet been able to explain
this observation.

10.3.8
Referring to the question of possible pollution of the stratosphere
which has been studied since the development of the SST was proposed, the Commission
was of the opinion that its relevant working groups and rapporteurs should prepare
programmes to permit precise recommendations on the monitoring of stratospheric
composition before the era of extensive SST operations and on the encouragement of
relevant research (see also paragraphs 8.15 and 10.2.1 to 10.2.4). On the related
question whether increased contrails from jet flights may upset the Earth's radiation balance, it was noted that there is still some doubt that cirrus cloudiness has
increased significantly since the introduction of jet aircraft. This is a very
interesting problem and the Commission decided to encourage relevant studies (in
both troposphere and stratosphere) and their subsequent widespread distribution. It
was recognized that a symposium on problems directly connected with the pollution of
the stratosphere and its geophysical consequences would be of value, and the president
of the Commission was requested to attempt to have such a symposium ovganized in the
forthcoming four-year period, in concert with other interested international organizations.

10.3.9
Noting that an international intercomparison of rocketsondes had recently taken place at Kourou (French Guiana), the Commission agreed that such intercomparisons were of great value. The Commission also supported further studies to
compare data derived from satellite radiometers with those obtained simultaneously
from rocketsondes (see also paragraphs 10.4.2 and 10.4.3) and observed that data
produced by satellite/rocketsonde comparisons combined with data produced by intercomparison of rocketsondes would provide a firm basis for intelligent use of future
observations in addition to the historical data already amassed.
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10.3.10
The Commission recognized that relatively little is known about the atmospheric circulation above the stratopause and noted that IUGG at its fifteenth
General Assembly had adopted Resolution 7 recommending that world-wide efforts should
be made to increase the number and coverage of wind and temperature measurements
above 50-60 km, with the data to be made available to all workers in the field. The
Commission urged attention to certain technical problems which needed to be solved to
permit the derivation of useful wind-information from ground-based networks of instruments observing meteor trails and lower ionosphere drifts. When such networks are
yielding valid data, a formal mechanism for central collection and archiving of these
wind data might prove advantageous.
10.3.11
The Commission expressed the need for maintaining a continuous. review
of activities and developments in the field of upper atmosphere meteorology and
decided to re-appoint a Rapporteur for Meteorology of the Upper Atmosphere within the
co-ordinating framework of its new Working Group on Stratospheric and Mesospheric
Problems, with terms of reference as indicated in Resolution 9 (CAS-VI).

10.3.12
A document describing a comprehensive programme for stratosphericmesospheric studies developed by a study group established by SCOSTEP (Special Committee on Solar-Terrestrial Physics - formerly IUCSTP) was presented by the president. The Programme includes provisional proposals for eight complex projects as
listed by SCOSTEP in the following manner:

(0)

Origin of the structure of the mesopause region and its importance for composition and dynamics of the upper atmosphere;

(b)

Modelling of the stratosphere-mesosphere;

(c)

Stratosphere-mesosphere-ionosphere coupling;

(d)

Seasonal changes in stratosphere-mesosphere;

(e)

Atmospheric wave motions;

(f)

Monitoring of solar radiation;

(g)

Composition of the stratosphere and mesosphere;

(h)

Effects of solar-terrestrial disturbances on the lower
atmosphere.

10.3.13
The Commission discussed the ·SESAME objectives and noted that most of
the proposed projects are of direct interest to CAS, and could bring further advances not only in the study of the stratosphere and mesosphere but also to the
entire atmosphere, considered as a dynamic unity. Therefore, the Commission decided
that it should establish appropriate contact with the SESAME planning body and
should closely follow and, when requested, participate in the planning activities.
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To facilitate these functions the Commission appointed a Rapporteur on SESAME within
the co-ordinated framework of its new Working Group on Stratospheric and Mesospheric
Problems (see Resolution 9 (CAS-VI)).
10.3.14
For better co-ordination of the tropo-strato-mesospheric studies in which
the Commission had expressed particular interest by the appointment of rapporteurs
(Stratospheric Warming, Upper Atmosphere, Solar-Terrestrial Relationships, SESAME and
Atmospheric Ozone) it was decided to establish a broad Working Group on Stratospheric
and Mesopheric Problems to be composed of these rapporteurs. Resolution 9 (CAS-VI)
was accordingly adopted.
10.4

Satellite meteorology (Agenda item 10.4)

10.4.1
The Commission noted with appreciation the report of the Working Group on
Satellite Meteorology giving information on relevant questions and in particular on
the verification and utilization of satellite-derived data in scientific studies and
operational activities.
10.4.2
There had been encouraging advances in remote temperature soundings and
in wind estimates from cloud displacement observed from geostationary satellites, particularly now that there is hope that heights can be assigned objectively on the basis
of infra-red satellite data. The utilization of satellite imagery had now become
very much more general, and the high demand for satellite cloud pictures for both operations and research purposes indicated that these data were of considerable value.
However, the application was mostly of a qualitative nature, so that an objective
evaluation of the utility of the data could not readily be made. Determination of
such parameters as surface temperature, cloud top heights, cloud cover and radiative
heat fluxes from satellite visible and infra-red data were more readily subject to
objective assessment, but the working group had not yet been able to examine this aspect in detail. The Commission agreed that such an investigation would be of particular
value in studies on the extent to which satellite data could supplement or replace data
obtained by other means.
10.4.3
In this connexion, the Commission agreed that verification of the remotesensed data (principally temperatures, but also humidity), winds obtained from geostationary satellite measurements of cloud motions, sea-surface temperature estimates,
etc., against conventional measurements by rawinsondes, ships, etc., should be pursued extensively (see also paragraph 10.3.9). However, interpretation of these comparisons must be done very carefully in view of (a) the basic incompatibilities
(e.g. in scale and physical significance) that exist between the two types of observations, (b) the implicit dependence in some cases, of satellite retrievals on the conventional data, (c) the time and space differences in the data. Frequently, comparison of objective analyses of the two sets of data would be necessary.
10.4.4
With regard to the evaluation of satellite data, the Commission learned
with interest that the U.S.A. was embarking on a series of tests with a second analysis and forecast cycle running independently of the operational model. This would
permit varying mixes to be made of satellite data with "conventional" data and could
be expected to give a good indication of the value and optimum use of satellite data.
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The Commission encouraged those operational numerical weather prediction groups
having the required expertise and computer facilities to consider the possibility
of conducting similar tests from time to time in order to obtain assessments of
satellite data in respect of other models, on other scales and in other parts of
the world, and accordingly adopted Recommendation 6 (CAS-VI).
10.4.5
Whilst development of the optimum techniques for obtaining data such as
temperatures from radiance measurements, winds from cloud motions and surface temperatures from infra-red window observations had been under intensive investigation by
many groups, the Commission felt that there was still a considerable amount of potentially valuable information which was not generally utilized. For example, pictures
from geostationary satellites provided a vast amount of information on the time variation of cloud systems (in addition to wind estimates), both on the macroscale and
mesoscale. Methods should be found for objectively utilizing such information in
analysis and forecasting. This required rather sizeable data-handling resources
plus the ready availability of the data themselves. In view of these requirements,
development of new methods of utilizing satellite information have of necessity been
carried on only in a few major centres.
10.4.6
Recognizing that the processing of data obtained from advanced types of
satellite instruments was carried out mostly in the U.S.A. and the U.S.S.R., and
that meteorologists from other countries had little or no opportunity to be involved
in this, the Commission recommended that WMO should examine the possibility of arranging, in consultation with the appropriate authorities in the U.S.A. and the
U.S.S.R., a programme supporting the assignment of interested research meteorologists
from other countries to the satellite data processing centres concerned for the purpose of improving their skills in the utilization of satellite data in scientific
analysis and weather prediction (see Recommendation 6 (CAS-VI)). The Commission
also supported the arrangement by WMO (jointly with other UN agencies when approp,
riate) of one or more seminars on the use of satellite data in meteorological research.
10.4.7
The Commission was concerned that full use was not at present being made
of all types of satellite information, especially in the case of geostationary satellites, because of the elaborate ground equipment required to receive these data.
Also full use of satellite data was not made in monitoring certain atmospheric constituents and in systematic calculations of representative characteristics (see also
paragraphs 8.24 and 10.1.6). The Commission therefore encouraged further study into
the objective use of satellite information in the analysis and forecasting process
as well as studies in the use of satellite-borne instrumentation to measure continuously global radiative fluxes. Noting that much of the satellite data were not
available on an operational basis outside the countries operating satellite data
processing centres, the Commission requested the Secretary-General to examine ways
of improving the dissemination of important meteorological satellite data to meteorological services throughout the world and adopted Recommendation 7 (CAS-VI). The
Commission invited the Secretary-General to bring this recommendation to the attention of the EC Panel on Meteorological Satellites.
10.4.8
The Commission considered the need for a Working Group of CAS on Satellite Meteorology in addition to the EC Panel and the CIMO Working Group on Satellite
Instrumentation in Meteorology. It was recognized that the EC Panel was oriented
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primarily to the co-ordination of the plans of satellite-operating Members and that
CIMO's group was concerned only with instrumentation, and therefore the Commission
felt that advice on the scientific aspects of the utilization of meteorological
satellite information, the assessment of the value of satellite observations in research and forecasting and the extent to which they could replace or augment conventional observations would still be required from CAS. It was also agreed that
there was clearly a need for a substantial amount of active research on these matters, and that Member countries other than those operating meteorological satellite
programmes should be encouraged to undertake studies in this field. This would mean
that the nature of data required for such research and its availability would also
need to be considered. Accordingly, the Commission decided to re-establish the
Working Group on Satellite Meteorology. This decision is embodied in Resolution 10
(CAS-VI). The Commission recognized further that liaison should be maintained
between this working group and the Working Group on Numerical Weather Prediction
(see Resolution 2 (CAS-VI)).
11.

ATMOSPHERIC ELECTRICITY (Agenda item 11)

11.1
The Commission noted with appreciation the report of the chairman of the
Working Group on Atmospheric Electricity. In view of the fact that the Fifth Conference on Atmospheric Electricity would take place at Garmisch-Partenkirchen,
Federal Republic of Germany, in September 1974, the Commission agreed that it would
be appropriate for the draft text of the new Technical Note which was being prepared
by the working group to be discussed at the time of this conference.
11.2
It was noted with appreciation that the World Data Centre for Atmospheric
Electricity at Leningrad was continuing to collect atmospheric electricity data and
to make these available to the scientific community. Members were again urged to
ensure that all such data were sent without delay to Leningrad.
11.3
In view of the fact that the International Commission on Atmospheric
Electricity of IAMAP had a number of sub-commissions it was felt that once the CAS
working group had prepared the text of the Technical Note, the interests of the Commission could be satisfactorily looked after by a rapporteur. Accordingly the Commission decided to appoint a Rapporteur on Atmospheric Electricity and to re-establish
the working group only for the period necessary to complete the Technical Note.
This decision is embodied in Resolution 11 (CAS-VI). It was suggested that one interesting question that the rapporteur might assess was the validity of claims of
warm-cloud lightning.
12.

STANDARD AND REFERENCE ATMOSPHERES (Agenda item 12)

12.1
The Commission noted with interest and approval the report of the Rapporteur on Standard and Reference Atmospheres. The Commission learned that the ISO
had accepted and would publish the standard atmosphere from the surface to 50 km
early in 1974, so that it was hoped that the Executive Committee at its twenty-sixth
session could approve the use of the "ISO Standard Atmosphere 1971" within WMO (see
Recommendation 8 (CAS-VI)). This representation of the atmosphere was identical
to the lower 50 km of the "US Standard Atmosphere 1962". The 1964 "Manual of the
ICAO Standard Atmosphere" was identical to both these standards up to 32 km.
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12.2
The Commission noted with satisfaction that the ISO recommended standard
atmosphere would also include an extension to be known as "ISO Interim Standard
Atmosphere 50 to 80 km" which had also been approved by a vote of members of ISO.
The president of the Commission, after any necessary consultation with the rapporteur,
members and other interested bodies, was requested to consider recommending on behalf of CAS that WMO adopt the ISO Interim Standard Atmosphere 50 to 80 km once it
has been accepted by the ISO Council.
12.3
As regards the development of supplementary atmospheres in respect of
wind characteristics, humidity, etc., the Commission agreed that WHO should support
proposals for such supplements only when there was a proven need for each model.
The form of presentation of information regarding humidity and wind had not yet been
determined. A form of presentation was sought which would indicate the probability
of occurrence of various humidity levels and wind speeds, particularly towards the
limits of the range. Geographical variations were also to be taken into account. In
this connexion, it was suggested that experts involved in formulating atmospheric
standards for ISO should rely on consultation with meteorological data experts when
extensive statistics were required. This would ensure that unnecessary duplication
of efforts in amassing data would be avoided and would also contribute additional
scientific expertise in the presentation of such atmospheric standards.
12.4
The Commission expressed appreciation of the services rendered by the
rapporteur who had recently retired, and in Resolution 12 (CAS-VI) appointed a new
Rapporteur on Standard and Reference Atmospheres.
12.5
The Commission noted that the sixth session of CoSAMC had appointed a
Rapporteur on Aeroclimatology and Upper-Air Maps whose terms of reference included
the following: "To study applications of aeroclimatic information for use in the
aerospace industry and other operations". The Commission wished to stress that the
standards adopted by ICAO and subsequently by ISO were designed as a universal standard for use during an indefinite period and therefore should not be subject to
modifcation following each further refinement of aeroclimatic information (see also
paragraph 15.1.8).
12.6
The Commission reaffirmed its definitions of and distinctions between
standard and reference atmospheres set out in paragraphs 21.1 to 21.10 of the report
of its fifth session. Whilst climatology was essentially a summary of real observations related to a particular place and period, a reference atmosphere was to a
large extent arbitrary, chosen as being convenient for a specific purpose and being
fairly close to the conditions in the region it represented. Moreover, the purpose
of a reference atmosphere was solely to ensure that for various studies, scientists
requiring a typical atmosphere should use the same data, provided that there were no
good reasons for using a more precise representation of conditions at some particular
place or time. The number of reference atmospheres should be fairly small, a suggested maximum being ten.
13.

PRIORITY AND CO-ORDINATION OF RESEARCH ACTIVITIES (Agenda item 13)

13.1
Resolution 7 (EC-XXIV) has clearly given CAS the responsibility to advise
the Executive Committee and the Secretary-General on co-ordinating research activities
within WHO and between WHO and other governmental and non-governmental organizations.
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The Commission realized that, with the increased interest of international research
programmes in meteorology and related fields, particularly oceanography, this would
not be a simple task. It was decided to re-establish the Advisory Working Group of
the Commission with the primary aim of assisting the president in this respect (see
Resolution 13 (CAS-VI)).
13.2
To provide some indication of the scope of present international research
activities and aid it in its deliberations, the Commission reviewed an analysis of
research activities associated with fields of CAS. This was presented by the representative of the Secretary-General. The analysis revealed the complexity of the
subject and attempted in a rational manner to detect fields in which more research
effort seems necessary.
13.3
The Commission decided that a serious attempt should be made to allocate
priorities to the various aspects of research within the WHO programme. It was recognized that this would not be achieved if all of the proposals made by CAS working
groups and rapporteurs were endorsed with similar emphasis. However sound the various
proposals might be there would be differences in the value, cost and potential interest
which would need to be taken into account.
13.4
It was suggested that the CAS Advisory Working Group should review the
matter with a view to preparing a co-ordinated research programme which could be
circulated to Members for comment before submission to Seventh Congress.
13.5
It was noted that the CAS working groups and rapporteurs cannot be expected themselves to carry out research except in a minor way. Their main function
is to review the progress of research, to advise on the significant developments and
the way in which they may be best stimulated and assisted by WMO action. Action to
promote research is taken by CAS mainly through its. recommendations (subsequently
endorsed by the Executive Committee) which draw the attention of Members to problems
of particular importance and urge them to undertake relevant research. With the
increasing world-wide interest in environmental problems there is increasing pressure
on the UN agencies to develop relevant research programmes. When problems arise in
future upon which it is essential that research be initiated, it may be desirable to
seek an agr~ement by an individual Member (or Members) that it (or they) will undertake such research and render a report at the specified date. The president of CAS
was requested to pursue this idea further with a view to presenting a more detailed
proposal to the next session of the Executive Committee.

13.6
Some Members suggested that considerable benefit would accrue from research
projects developed (bilaterally) between developing countries on the one hand and the
countries with major research facilities on the other. If related experimental work
took place in the developing countries, it would materially assist the development of
meteorological research in these countries. The Commission endorsed the ideas and
invited Members to consider these points.
13.7
The CAS responsibilities for co-ordination of WMO activities in meteorological research will require it to review the reports of the Advisory Committee on
Oceanic Meteorological Research (ACOMR) and the WHO contribution to the Global
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Investigation of Pollution in the Marine Environment (GIPME). The first session of
ACOMR took place in September 1971 and its report was accepted by EC-XXIV. In considering future research programmes it will be necessary to take into account
Resolution 11 (EC-XXIV) which endorsed the ACOMR recommendation for special attention
to be given to ocean/atmosphere interaction studies. In more detail the ACOMR report stresses, (a) meteorological research required in support of oceanographic
studies of upwelling, (b) studies of the nature of sea-surface temperature anomalies
and their causes, (c)
studies of the transfer of heat, momentum and matter between atmosphere and ocean and (d) research on storm surges. Noting that ACOMR
had been set up too late to be discussed at the fifth session of CAS, the Commission
felt that it would be appropriate for the findings and recommendation of ACOMR to be
the subject of review and comment by CAS. The Commission felt that at some time in
the future, ACOMR could possibly become a Working Group of CAS.
14.

WMO REGULATORY MATERIAL (Agenda item 14)

14.1

Technical Regulations (Agenda item 14.1)

14.1.1
The Commission noted with appreciation the report of the Working Group
on Revision of the Technical Regulations, and the proposals made by the working
group (in Annexes C and D of the report of its meeting in Geneva, 9-13 April 1973)
for revisions to Section B, Research Activities, and List of Definitions of the WMO
Technical Regulations. The Commission noted that resolutions of the Executive Committee and, in a few cases of Congress, were the sources of most of the regulations
proposed.
14.1.2
The Commission recognized that most data used in research are originally
gathered as synoptic or other data used for operational purposes, and that the appropriate regulations for these data are already set out in Section A of the Technical
Regulations. It was moreover considered appropriate that the draft regulations
should refer only to the requirements for general research purposes. Accordingly,
the Commission adopted Recommendation 9 (CAS-VI), whose annex contains the proposals
of the working group as amended by the Commission.
14.1.3
It was recognized by the Commission that the draft regulations proposed
by the working group and the revisions to them accepted by the Commission had in
both cases been formulated somewhat in haste. Accordingly, the Commission charged
a Rapporteur on Technical Regulations (see Resolution 14 (CAS-VI)) with ~erforming
a final check on the various proposals, to ensure both internal compatibility and
compatibility with all existing Executive Committee resolutions. At the same time
the rapporteur could advise the president (sufficiently in advance of Cg-VII) which
Executive Committee resolutions could be abandoned if the CAS-proposed revisions to
Technical Regulations were accepted. Furth~rmore, the president of the Commission
was authorized to approve on behalf of the Commission any changes advocated by
the rapporteur (on the basis of the above compatibility criteria).
14.1.4
In addition, the Commission wished to receive consolidated proposals
for changes to Technical Regulations at its next session, and this task was also
assigned to the rapporteur. Recognizing that it would be opportune to undertake
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a reV1Slon of the current Chapter B.l - Meteorological bibliography and publications,
the Commission decided that this task should be given to its Working Group on Bibliographic Problems (see Resolution 17 (CAS-VI)).

14.2

International Meteorological Tables (Agenda item 14.2)

14.2.1

The Commission reviewed with satisfaction the report of the chairman of
the Working Group on International Meteorological Tables. It noted that good progress
had been made and that in addition to amendments to the first and second set of tables,
a third set was in the process of being printed. Furthermore, preparatory work on a
fourth set of tables devoted to atmospheric radiation was well advanced.

14.2.2

The Commission noted with appreciation that Professor Khrgian (U.S.S.R.)
had translated the published tables into Russian. The Commission suggested that if a
request were made by the U.S.S.R. for assistance in publishing the Russian version,
the Secretary-General should give this favourable consideration.

14.2.3

The Commission, recognizing the importance of the International Meteorological Tables, not only to meteorologists but also to workers in other sciences who
needed such a source of authoritative information, considered that the programme of
compiling the International Meteorological Tables should be continued.

14.2.4

The Commission felt that in order to guarantee that the necessary expert
knowledge was available on a variety of meteorological subjects which would need to
be covered in future series of tables, a small working group should be established
and accordingly adopted Resolution 15 (CAS-VI).

15

RESEARCH INFORMATION SERVICE (Agenda item 15)

15.1

Processing and exchange of meteorological data for research
(including catalogues) (Agenda item 15.1)

15.1.1

The Commission was informed that Part III of the Catalogue (meteorological data recorded on media usable by automatic data-processing machines) was pub~
lished in 1972 containing information from 59 countries and territories. In order
to obtain material from countries which did not yet contribute to the catalogue, a
circular letter was sent to the Members concerned in August 1972. The information
received in response to this request, and also up-dated information, is being prepared for inclusion in the second supplement to the catalogue. The Commission expressed its approval of this action and also considered that future parts of the
catalogue should contain information on GARP data.

15.1.2

The Commission reviewed a draft text for inclusion in Volume I of the
Guide on GDPS, and in particular considered from the point of view of research the
requirements for data to be archived at centres under the system.

15.1.3

The Commission was informed that the CBS Working Group on the GDPS at
its recent second session had proposed to CBS that WMCs should store six-hourly
observations from synoptic surface stations, ships (including ocean weather stations),

38

GENERAL SUMMARY

buoys and Arctic floating stations, and 00 and 12 GMT PILOT/TEMP reports from land
and ship stations as well as selected aircraft reports, selected satellite data,
meteor winds and rocketsonde data. According to the working group's proposal,
RMCs would store three-hourly synoptic surface observations and six-hourly ship reports and PILOT/TEMP reports as well as selected aircraft reports and satellite
data. NMCs would store all data originating from their national observing networks and facilities.
15.1.4
The Commission expressed the op~n~on that if this proposal were accepted
by CBS, the data banks thus produced would be adequate for research purposes. At
the same time it was pointed out that there was considerable advantage in a storage
and retrieval system which would permit ready retrieval of data both by location and
by time, i.e. data for a specific time and area could be obtained with the same
facility as accumulated data for one specific station. It may be sufficient for
WMCs to store data by time only.
15.1.5
Noting that in addition to observational data it was proposed that WMCs
should be required to archive analyses, the Commission recommended that the horizontal
resolution of the archived analyses should be on a scale similar that used by the
centre in routine operations. Moreover it was proposed that RMCs should also archive
regional analyses on the same basis.
15.1.6
The Commission noted that proposals had been made by various bodies for
the storage of data from various fields, including agrometeorology, hydrology, oceanography, air chemistry and radiation, within the GDPS. It was not feasible for the
Commission to decide during its session which of these were needed for meteorological
research purposes, and it was decided to appoint a CAS rapporteur who would advise on
this matter whilst at the same time acting as liaison between CAS and the CBS Working
Group on the GDPS. This rapporteur should also maintain a continuing review of activities in the general area of processing and exchange of meteorological data for
research. Accordingly, the Commission adopted Resolution 16 (CAS-VI).
Report of CoSAMC WorkinQ Group on Aeroclimatology
15.1.7
In accordance with an agreement between the presidents of CAS-and CoSAMC
the report of the CoSAMC Working Group on Aeroclimatology was to be considered by
the sixth session of both Commissions.
15.1.8
CoSAMC-VI decided that the working group report should be submitted to
CBS for further consideration. It appointed a rapporteur to study: (a) applications
of aeroclimatic information for use in aerospace industry and other operations, and
(b) the use of satellite observations for aeroclimatic purposes with special reference to compatibility with other observ~tions of the free atmosphere (see also
paragraph 12.5). Other resronsibilities of the rapporteur deal with climatic maps
and atlases.
15.1.9
The Commission noted the report of the Working Group on Aeroclimatology
with appreciation. The Commission supported the views of the group concerning the
compilation of a climatological data set from present and future data as they are
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received. However, the Commission expressed some doubts about processing data already archived in view of the considerable amount of work involved.
15.2

Bibliographic problems - Revision of the UDC

(Agenda item 15.2)

15.2.1
With the approval of EC-XXIV the president of CAS established a Working
Group on the Universal Decimal Classification to consider whether revision or extension of the meteorological section (551.5) of the UDC is required.
15.2.2
The Commission noted with appreciation the report of the working group
and accepted its views to the effect that changes need be made to the UDC. Some of
these changes are urgently needed (see paragraph 15.2.3), whilst others can be carefully considered by the new Working Group on Bibliographic Problems (see Resolution 17
(CAS-VI)).
15.2.3
The Working Group on the UDC proposed that 42 amendments be made to the
existing section 551.5 of the UDC as a matter of urgency. The Commission agreed to
these amendments and requested the Secretary-General to take the necessary steps to
incorporate them in the UDC after they have been accepted by the Central Classification Commission of the F.I.D. (International Federation for Documentation).
International Meteorological Vocabulary
15.2.4
A proposal was submitted by the president of CAS to the twenty-fifth
session of the Executive Committee for a new revised edition of the International
Meteorological Vocabulary.
15.2.5
The Executive Committee agreed in principle to the proposal for a new
edition of the Vocabulary but referred the matter to CAS-VI for consideration of the
details of the layout and method of compilation of the revised publication as well
as consideration of the degree to which other related disciplines should be incorporated. In this regard the Commission did not wish to include all of the terms in
the fields of physical oceanography, glaciology, geomagnetism and hydrology in the
new edition, but only those relevant to meteorology. The Commission also accepted
the layout and method of compilation proposed by the Chairman. The SecretaryGeneral was requested to bring these opinions to the attention of EC-XXVI.
15.2.6
It should be noted that one of the terms of reference of the new Working
Group on Bibliographic Problems is to advise on the best method for and extent of
revision needed for the 1966 WMO International Meteorological Vacabulary and to supply
UDC numbers for its items.
16.

REVIEW OF PREVIOUS RESOLUTIONS AND RECOMMENDATIONS OF THE COMMISSION AND
OF RELEVANT EXECUTIVE COMMITTEE RESOLUTIONS (Agenda item 16)

16.1
The Commission examined resolutions and recommendations adopted at its
previous sessions and still in force. It also examined those Executive Committee
resolutions still in force relating to CAS activities. The decisions of the session
are incorporated in Resolution 18 (CAS-VI) and Recommendation 10 (CAS-VI).
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16.2
The Commission noted the desire of the Executive Committee (in paragraph 3.7.1 of the general summary of the abridged report EC-IX) to have its past
resolutions reviewed critically (with regard to cancellation or condensation as well
as to amendment). It was noted that if the content of numerous Executive Committee
resolutions in CAS fields were absorbed into the Technical Regulations and CIMO
Guide (as proposed in Recommendation 9 (CAS-VI)) it would be possible subsequently
to declare a number of such resolutions redundant in whole or in part. It was considered that the next session of the Commission would thus provide a useful opportunity to update Executive Committee resolutions in several areas, ozone and upper
atmosphere in particular.
17.

NOMINATION OF MEMBERS OF WORKING GROUPS AND RAPPORTEURS (Agenda item 17)

17.1
The Commission established the following twelve working groups to carry
out the work of the Commission between the sixth and seventh sessions:
Advisory Working Group of CAS
Working Group on Tropical Meteorology
Working Group on Numerical Weather Prediction
Working Group on Atmospheric Boundary-layer Problems
Working Group on Cloud Physics and Weather Modification (also EC panel)
Working Group on Air Pollution and Atmospheric Chemistry
Working Group on the Physics of Climatic Fluctuations
Working Group on Stratospheric and Mesospheric Problems
Working Group on Satellite Meteorology
Working Group on Atmospheric Electricity
.Working Group on International Meteorological Tables
Working Group on Bibliographic Problems
17.2

In addition, the following rapporteurs were appointed:
Rapporteur on Stratospheric Warmings
Rapporteur on Atmospheric Turbulence and Wave Motion
Rapporteur on Solar-Terrestrial Relationships
Rapporteur on Atmospheric Radiation
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Rapporteur on Atmospheric Ozone
Rapporteur on Meteorology of the Upper Atmosphere
Rapporteur on SESAME
Rapporteur on Atmospheric Electricity
Rapporteur on Standard and Reference Atmospheres
Rapporteur on Technical Regulations
Rapporteur on Processing and Exchange of Meteorological Data for
Research
17.3
The Commission established the membership of the working groups and
appointed rapporteurs as indicated in the ~elevant Resolutions of the session.
17.4
Between sessions of the Commission, and notwithstanding Genera"l Regulation 32, the president was authorized by the Commission to make any necessary changes
in the composition of working groups, including the designation of a new chairman.
18.

ELECTION OF OFFICERS (Agenda item 18)

18.1
Dr. W. L. Godson (Canada) was elected president and Professor L. Vuorela
(Finland) was elected vice-president of the Commission.
19.

DATE AND PLACE OF THE SEVENTH SESSION (Agenda item 19)

19.1
In the absence of any formal invitation from Members represented at the
session, the Commission decided that the date and place of its seventh session would
be fixed at a later date and requested the president to make the necessary arrangements in consultation with the Secretary-General.
20.

SCIENTIFIC LECTURES (Agenda item 20)

20.1

The following_three lectures were presented during the session:
Man's influence on the climate - a status report, by Dr. L. Machta
(U.S.A.);
Weather modification, by Dr. Yu S. Sedunov (U.S.S.R.);
Mesoscale structure of rain systems in the middle latitudes, by
Dr. K. A. Browning (U.K.)

20.2
The Commission requested the Secretary-General to arrange for distribution of the texts of the three lectures to all Members.
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21.

GENERAL SUMMARY
CLOSURE OF THE SESSION (Agenda item 21)

21.1
The president expressed his appreciation to the French Government for
the accommodation and facilities provided for the session, and also to all those involved behind the scenes in making the session a success.
21.2
Dr. W. L. Godson (Canada) expressed his gratitude to the retiring president for the skilful way he had guided the session and for his exemplary handling
of the affairs of the Commission during his term of office, and Dr. F. G. Shuman
(U.S.A.) associated himself with the sentiments expressed by the president and
Dr. Godson.
21.3

The session was closed at 3.30 p.m. on Thursday, 29 November 1973.

RESOLUTIONS ADOPTED BY THE SESSION

Res. 1

(CAS-VI) - WORKING GROUP ON TROPICAL METEOROLOGY
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1)

Resolution 27 (Cg-IV),

(2)

Resolution 18 (Cg VI),

(3)

Paragraph 4.2.15, general summary of the abridged report of EC-XXV,

CONSIDERING:
(1) The economic and social significance of improved prediction skill for
weather and climate in tropical areas,
(2) The importance of studies in tropical meteorology in order to better
understand the large-scale phenomena at middle and high latitudes, and the global
circulation in general,
(3) The vast volume of data to be accumulated during GATE, which could be
the source of material for tropical research for decades to come,
DECIDES:
(1) To establish a Working Group on Tropical Meteorology with the following
terms of reference:
(a)

To keep abreast of research developments in tropical meteorology;

(b)

To study the extent and value of data collected during GATE in
terms of their impact on current and potential tropical researcn
activities;

(c)

To make recommendations and proposals as to how such dat~ could
be made available to research workers in the most profitable way,
in particular to developing countries;

(d)

To keep under review the implementation and further development
of the WHO Tropical Cyclone Project;

RESOLUTION 2
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(2) To invite the following individuals to serve on the Working Group on
Tropical Meteorology:
R. P. Pearce (U.K.)

(chairman)

J. O. Aina (Nigeria)
D. Rodenhuii (U.S.A;)
I. Sitnikov (U.S.S.R.)
An expert to be designated by India;
(3) To request the working group to submit its report to the president of
CAS not later than six months before the seventh session of the Commission.

Res. 2 (CAS-VI) - WORKING GROUP ON NUMERICAL WEATHER PREDICTION
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:

(1)

The report of the Working Group on. Numerical Weather Prediction,

The digest of the Symposium of Dynamics of Mesoscale Meteorology and
Fine-Mesh Modelling,

(2)

CONSIDERING:
(1) The great activity taking place in the Numerical Experimentation Programme of GARP, including GATE,
(2) The formulation of plans for the First GARP Global Experiment, to commence in 1977, and its effect on the World Weather Watch,
(3) The need to maintain co-ordination between research and operational
activities involving numerical weather prediction,
(4) The need for a continuing assessment of the potentialities of dynamical
modelling applications,
DECIDES:
(1) To re-establish the Working Group on Numerical Weather Prediction with
the following terms of reference:
(a)

To assess the developing promise of GARP, in particular its impact on operational and applied research activities in numerical
weather prediction; upon request of the president, to advise on
activity at scientific and working levels concerning atmospheric
modelling related to GARP;
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To initiate case studies by:

(i)

Selecting meteorolggically interesti~g weather situations
for comparison;

(ii)

Proposing procedures to effect comparisons among interested
centres;

(c)

To review the problem of verification, with particular emphasis
on methods useful in crticial situations such as developing
storms;

(d)

To survey and report on tests of the impact of novel data sources,
such as satellite-derived data and data from carrier-balloons and
buoys, on numerical analysis and prediction;

(e)

To follow the developments of and comment upon limited area finemesh modelling and associated problems, such as boundary conditions;

(f)

To review the system of international exchange of progress reports
and to recommend any desirable changes;

(g)

Upon the request of the president, to assist in the organization of
the WMO symposium, seminars etc., referred to in paragraph 6.1.13
of the general summary;

(h)

To advise upon the request of the president o~ the extent to which
numerical weather prediction techniques may assist in regard to
problems in hydrology, oceanography, and the dispersion of pollutants;

(i)

To advise the president on any other matters related to numerical
weather prediction as seem to be appropriate;

To invite the following individuals to serve on the working group:
L.
J.
D.
J.
T.
J.

Bengtsson (Sweden)
(chairman)
A. Brown Jr. (U.S.A.)
J. Gauntlet (Australia)
Kluge (German Democratic Republic)
Nitta (Japan)
Van Isacker (Belgium);

(3) To requ~st the working group to submit its report to the president of
CAS not later than s~x months before the seventh session of the Commission.
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Res. 3 (CAS-VI) - WORKING GROUP ON ATMOSPHERIC BOUNDARY-LAYER PROBLEMS
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1)

The report of the Working Group on Atmospheric Boundary-Layer Problems,

(2)

GARP Publication No.8 - Parameterization of sub-grid scale processes,

CONSIDERING:
(1) The extreme importance of boundary-layer processes for the large-sriale
dynamics of the general circulation,
(2) The large number of applications of boundary-layer processes in problems
of mesoscale studies, evaporation, urban climatology, air pollution diffusion and
agrometeorology,

DECIDES:
(1) To appoint a Working Group on Atmospheric Boundary-Layer Problems with
the following terms of reference:

(2)

(a)

To review and evaluate knowledge concerning the influence~ of
surface roughness, vertical thermal stability and wind on the
boundary-layer fluxes of momentum, heat and water vapour;

(b)

To prepare a WMO Technical Note on the planetary boundary layer
emphasizing factors which control its structure and the significance of this structure in regard to practical problems;

(c)

To study and report on advances in the five areas which are referred to in paragraphs 6.2.2 to 6.2.6 of the general summary;

To invite the following experts to serve on the working group:
R. Clarke (Australia)
(chairman)
K. Bernhardt (German Democratic Republic)
S. Bodin (Sweden)
z. Litynska (Poland)
G. A. McBean (Canada)
A. P. Van Hulden (Netherlands);

(3) To request the working group to submit its report to the president of
CAS not later than six months before the seventh session of the Commission.
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Res. 4 (CAS-VI) - RAPPORTEUR ON ATMOSPHERIC TURBULENCE AND WAVE MOTION
THE COMMISSION FOR ATMOSPHERIC SCIENCES t
NOTING:
(1) The report of the Rapporteur on Atmospheric Turbulence and Wave Motion
presented to CAS-Vlt
(2)

Recommendations 17 and 24 (CAeM)t

CONSIDERING:
(1) That GAeM and ICAO both recommend the continuance of studies on clearair turbulence detection and forecasting t
(2) That it now appears possible in principle to include in the application
of numerical prediction techniques t the concept of the production of clear-air turbulence by synoptic development t

DECIDES:
(1) To appoint a Rapporteur on Atmospheric Turbulence and Wave Motion with
the following terms of referrence:

(0)

To review the recent developments and research in the field of
atmospheric turbulence and wave motion t especially with regard to
the implications of these processes for the safe operation of aircraft bearing in mind the role played by turbulence and wave motion
in the free atmosphere on larger-scale dynamic processes and t particularlYt in view of the importance of such interactions on
numerical modelling of the atmosphere;

(b)

To report on the following specific problems:

(i)

Is the Orlanski-Bryan transition mechanism important in
the atmosphere t particularly in areas of severe turbulence? Can it be identified? How do billows "choose"
their size?

(ii)

What is the relative importance of the various triggering
processes in the atmosphere?

(iii) Can either of the approaches discussed be applied to the
widespread turbulence often reported in strongly anticyclonic flow?
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(iv)

(c)

Can the occurrence of widespread. CAT in the most intense
baroclinic zones affect the short-term evolution of the
zone? How can the parameterization of heat and momentum
fluxes by CAT in baroclinic zones be related to the energy
dissipation?

To submit a report to the president of CAS not later than six
months before the seventh session of the Commission;

(2) To invite D. Lilly (U.S.A.) to serve as Rapporteur on Atmospheric
Turbulence and Wave Motion.

Res. 5 (CAS-VI) - WORKING GROUP ON CLOUD PHYSICS AND WEATHER MODIFICATION
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1)

Abridged Report of EC-XXIV, paragraph 5.6.3,

(2)

The report of the Working Group on Cloud Physics and Weather Modifi-

cation,
CONSIDERING:
(1) The need for g~v~ng more emphasis to the study of microphysics and
dynamics of clouds and precipitation, particularly with respect to numerical modelling, and the need to continue emphasis on the proper use of statistical techniques
in the conduct of weather modification experiments and operations,
(2) The limited number of adequately instrumented cloud physics weather
modification field projects being conducted,
(3) The large number of reported results of weather modification experiments which are, as yet, of a controversial nature,
(4) The need for keeping Members better informed of the activities in progress in various nations in the field of cloud physics and weather modification,
(5) The importance of cloud physics in the field of quantitative rainfall
forecasting and for other meteorological purposes,
(6) The potential benefits of weather modification to the planning and
management of water resources and other operational activities,

RESOLUTION 6
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DECIDES:
(1) To re-establish a Working Group on Cloud Physics and Weather Modification with the following terms of reference:

(2)

(a)

To advise the president of CAS and other bodies of WMO as required,
on matters related to cloud physics and weather modification experiments/operations as would be referred to the WMO by Members
and international organizations;

(b)

To survey the field of cloud physics and to identify areas where
research is most needed;

(c)

To keep progress in weather modification under review and inform
the president of CAS of significant new developments;

(d)

To provide advice and guidance in respect of the symposium referred to in paragraph 7.13;

To invite the following individuals to serve on the working group:
R.
R.
L.
A.
S.
P.
L.
Y.

List (Canada)
(chairman)
M. Cunningham (U.S.A.)
Facy (France)
Gagin (Israel)
N. Gichuiya (Kenya, Uganda, Tanzania)
Goldsmith (U.K.)
Krastanov (Bulgaria)
S. Sedunov (U.S.S.R.);

(3) To request the working group to report to the president of CAS at his
request on progress achieved, and to submit a final report not later than six months
before the seventh session of the Commission.

Res. 6 (CAS-VI) - WORKING GROUP ON AIR POLLUTION AND ATMOSPHERIC CHEMISTRY
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1)

The reports of the Working Group on the Effects of Air Pollution on the
Dynamics of the Atmosphere and the Working Group on Atmospheric Pollution and Atmospheric Chemistry,

(2)

Resolution 17 (EC-XXV),
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CONSIDERING:
(1) The urgent need for basic research in atmospheric chemistry relating to
the life-cycle of air pollutants and the need for a WMO Technical Note on this subject,
(2) The necessity for continuous review of methods and techniques, especially numerical models and environmental impact assessments, being developed for the
study of dispersion and forecasting of air pollution,
(3) The necessity for continuous review of the WMO regional and baseline
monitoring programmes in the light of the broad environmental needs of the United
Nations and of other international bodies,
(4) The necessity to develop suitable methods for assessing and interpreting
the data being received from the WMO regional and baseline networks,
DECIDES:
(1) To establish a Working Group on Air Pollution and Atmospheric Chemistry
with the following terms of reference:

(a)

To keep abreast of the various techniques being developed for
measurement of air pollution, to give relevant advice in connexion with the preparation of WMO manuals on instruments and
methods of observation, to make recommendations on the desirability
of extending the programmes in the light of broad environmental
needs and to examine methods for assessing and interpreting the
data being received from the networks;

(b)

To assist in organizing a WMO symposium on boundary-layer physics
applied to specific problems of air pollution;

(c)

To undertake the preparation of one or two WMO Technicnl Notes,
for example on:

(d)

(i)

The life-cycle of air pollutants;

(ii)

Numerical modelling of multiple source pollution (the
report of the symposium proposed in (b) above may serVe
this purpose);

To review and to report annually through the president of the
Commission to the chairman of the Working Group on the Physics
of Climatic Fluctuations on research being carried out on
changes in regional and world-wide composition of the atmosphere caused by air pollution and other changes due to man's
activities with a potential for inadvertent weather or climate
modification;

RESOLUTION 7
(2)
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To invite the following individuals to serve on the working group;
R.
A.
W.
A.
I.
V.

E. Munn (Canada)
(chairman)
E. J. Eggleton (U.K.)
Klug (Federal Republic of Germany)
Kulmala (Finland)
Machta (U.S.A.)
N. Petrov (U.S.S.R);

(3) To request the working group to submit a report with appropriate recommendations to the president of CAS six months before the seventh session of the Commission

Res. 7 (CAS-VI) - WORKING GROUP ON THE PHYSICS OF CLIMATIC FLUCTUATIONS
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING the reports of the chairman of the Working Group on Climatic Fluctuations and the Working Group on Effects of Air Pollution on the Dynamics of the Atmosphere,
CONSIDERING:
(1) That both natural causes and man's activities may lead to fluctuations
of large-scale climate by radiative and dynamic processes,
(2)

That there

LS

an urgent need to understand and predict these fluctua-

tions,
(3) That numerical simulations of the general circulation of the atmosphere
and oceans hold considerable promise of providing a valuable tool in assessing the
climatic effects of various factors, both natural and man-made,
DECIDES:
(1) To establish a Working Group on the Physics of Climatic Fluctuations with
the following terms of reference:
(a)

To assess the fluctuations to which large-scale climate may be
subject on account of:

(i)

Natural causes such as solar activity, volcanic eruptions,
changes of oceanic properties, etc.;

(ii)

Man's activities such as the release of heat, gases and
particulate matter as well as those resulting in changes in
properties of the Earth's surface;
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(2)

(b)

To examine what methods exist, or could be developed for better
understanding and predicting climatic fluctuations: in this respect
special account should be taken of numerical modelling;

(c)

To assess and advise on the adequacy of observational data available
for the studies of natural and man-made climatic fluctuations;

To invite the following individuals to serve on the working group:
I.
S.
J.
J.
C.

L. Karol (U.S.S.R.) (chairman)
Manabe (U.S.A.)
M. Mitchell, Jr. (U.S.A.)
P. Ouedraogo (Upper Volta)
J. E. Schuurmans (Netherlands)

(3) To request the working group to submit its report to the president of
CAS not later than six months before the seventh session of the Commission.

Res. 8 (CAS-VI) - RAPPORTEUR ON ATMOSPHERIC RADIATION
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING the report of the Rapporteur on Atmospheric Radiation,
FURTHER NOTING the report on the recommendations of the UN General Assembly
arising from the Conference on the Human Environment,
CONSIDERING:
(1) That radiation plays a key role in the atmospheric research problems
related to the human environment, in remote sensing from satellites and in atmospheric dynamics,
(2) That WMO is looked upon as the leading UN agency as regards man's impact
on climate and the assessment of the effects of supersonic aircraft on the stratosphere,
(3) That radiative effects of the unpolluted and the polluted atmosphere
have to be parameterized in numerical models,
(4) That further field experiments have to be carried out to study the complex interaction between the radiation field and atmospheric aerosols and gases,
(5) That there is a continuous need to review research activities in the
field of atmospheric radiation,

RESOLUTION 9
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DECIDES:
(1) To appoint a Rapporteur on Atmospheric Radiation with the following terms
of reference:
(a)

To keep under review the research activities aimed at solving the
theoretical problems of computing radiative fluxes in the atmosphere;

(b)

To keep abreast of developments in describing radiation processes
in a cloudy atmosphere, particularly as regards the optical properties of cloud droplets and ice crystals;

(c)

To review the importance of aerosol absorption in the short-wave
spectral region in comparison with the total molecular absorption
and to keep abreast of new findings concerning the optical aerosol
parameters;

(d)

To review investigations of the global radiation balance which include the role of aerosol particles, dimers of water vapour, and
new data on cloudiness as obtained from satellites;

(e)

To keep under review the role which remote measurements from satellites could play in detecting atmospheric pollution;

(f)

To review information relating to modification of the radiation
balance of the stratosphere due to changes in composition (water
vapour, ozone, etc.);

(g)

To keep abreast of results from malor radiation field experiments
including especially those in GARP and of development in parameterizing radiative phenomena of the atmosphere;

(2) To invite K. Ya. Kondratiev (U.S.S.R.) to serve as Rapporteur on Atmospheric Radiation;
(3) To request the rapporteur to submit a report to the president of CAS
not later than six months before the seventh session of the Commission.
Res. 9 (CAS-VI) - WORKING GROUP ON STRATOSPHERIC AND MESOSPHERIC PROBLEMS
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1)

The report of the Rapporteur on Atmospheric Ozone,

(2)

The report of the Rapporteur on Meterology of the High Atmosphere,
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(3)

The report of the Working Group on the Stratospheric Warming Experiment,

(4) The report of the General Meeting on Solar-Terrestrial Physics Pro-'
grammes,1973-1978 (SCOSTEP, London, April 1973),

CONSIDERING:
(1) That both natural causes and man's activities may possibly lead to fluctuations of large-scale climate by modification of stratospheric radiative and dynamic processes,
(2) The need for the development of programmes for the monitoring of stratospheric composition and for the study of the possible impact of SST operations and
other activities on the atmosphere,
(3) The interest of WMO, and of CAS in particular, in the SESAME project of
and the consequential requirement for a mechanism for liaison with, and
broad participation in the planning and implementation of that project,

S~OSTEP,

(4) The growing interest of the scientific community in solar-terrestrial
relationships (as reflected in SESAME) and monitoring (as reflected in MONSEE, a
further SCOSTEP project),
(5) The desirability of maintaining a continuous review of research activities in the fields of atmospheric ozone and upper-atmosphere meteorology (including,
particularly, the stratospheric warming phenomenon),

DECIDES:
(1) To establish a Working Group on Stratospheric and Mesospheric Problems,
with members serving as rapporteurs for specifically defined areas (see below), with
the following overall terms of reference:
(a)

To maintain a continuing review of activities of international
interest related to the stratosphere and mesospher~and to recommend to the president of the Commission any action that WHO
should take to promote or facilitate these activities;

(b)

To keep abreast of research developments in the atmospheric physics
and chemistry of the stratosphere and mesosphere, and to recommend
to the president of the Commission any action that WMO should take
to promote or facilitate these research studies;

(c)

To maintain liaison with the CAS Rapporteur on Atmospheric Radiation and the CAS Working Group on the Physics of Climatic Fluctuations, on subjects of mutual interest;
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(2) That one member of the working group shall be designated as the Rapporteur on Atmospheric Ozone, with the following specific tasks:
(a)

To maintain a continuing review of international activities and of
scientific research on stratospheric and mesospheric fields of
atmospheric ozone and other trace constituents and of atmospheric
photochemistry;

(b)

To recommend, relative to the above fields, appropriate monitoring
and research studies and programmes;

(c)

To maintain liaison with CIMO, the International Ozone Commission
and other international bodies active in the above fields;

(3) That one member of the working group shall be designated as the Rapporteur on Meteorology of the Upper Atmosphere, with the following specific tasks:
(a)

To maintain a continuing review of international activities and
of scientific research in stratospheric and mesospheric fields of
synoptic and dynamic meteorology, including the observational
aspects relevant to data for research;

(b)

To recommend, relative to the above fields, appropriate observational and research studies and programmes;

(c)

To maintain liaison with ClMO, the International Commission on
Meteorology of the Upper Atmosphere, COSPAR and other international bodies active in the above fields;

(4) That one member of the working group shall be designated as the Rapporteur on Stratospheric Warmings, with the following specific tasks:
(a)

To maintain a continuing review of international activities and
of scientific research in the field of stratospheric warmings,
including relations of such events to phenomena at other levels
with particular attention to dynamic modelling problems;

(b)

To recommend, relative to the above fields, appropriate observational and research studies and programmes;

(c)

To review the criteria for STRATWARM alert messages, and the observational programmes recommended for implementation on receipt
of such alert messages, and to propose to the president of the
Commission, no later than 1 September 1974, any suggested revisions
to these;

(d)

To maintain liaison with the JOC Working Group on Numerical Experimentation and other international bodies active in the above field;
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(5) That one member of the working group shall be designated as the Rapporteur on Solar-Terrestrial Relationships, with the following specific tasks:
(a)

To maintain a continuing review of international activiti@s and of
scientific research in the field of solar-terrestrial relationships,
with particular attention to the troposphere and to the theoretical
basis and empirical evidence for such relationships;

(b)

To recommend, relative to the above fields, appropriate observations and research studies and programmes;

(c)

To arrange, as a matter of urgency, for the completion of the bibliography on meteorological aspects of solar-terrestrial relationships, begun by the working group established by CAS-V;

(d)

To maintain liaison with the MONSEE project of SCOSTEP and other
international bodies active in the above fields;

(6) That one member of the working group shall be designated as the Rapporteur on SESAME with the following specific tasks:
(a)

To maintain a continuing review of international activities and
of scientific research related to SESAME (Structure and Energetics
of the Stratosphere and Mesosphere - SCOSTEP project), particularly with regard to items in this project which would not
specifically be referred to the other rapporteurs in this working
group;

(b)

To recommend, relative to SESAME, appropriate observational and
research studies and programmes, and to assist in the identification of on-going projects and activities by Members which can contribute to the objectives of SESAME;

(c)

To maintain close liaison with all SCOSTEP planning bodies involved in SESAME and in allied partially-overlapping projects
(especially, NICUA - Neutral and Ion Chemistry of the Upper
Atmosphere and EDSTE - Energetics, Dynamics and Structure of the
Thermosphere and Exosphere), and to participate, as appropriate,
in the planning and co-ordinative aspects of such projects;

(d)

To maintain liaison with other CAS rapporteurs and working
groups on subjects which have peripheral relevance to the
broad objectives of SESAME;

(7) To invite the following individuals to serve, in CQpacities as designated, on the Working Group on Stratospheric and Mesospheric Problems:
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Rapporteur on Atmospheric Ozone
Rapporteur on Meteorology of the Upper Atmosphere
Rapporteur on Stratospheric Warmings
Rapporteur on Solar-Terrestrial Relationships
Rapporteur on SESAME

H. U. Dutsch (Switzerland)
F. G. Finger (U.S.A.)
Mrs. K. Labitzke (Federal
Republic of Germany)
A. H. Shapley (U.S.A.)
E. A. Lauter (German
Democratic Republic)

(8) To request the working group (as a whole) and all five individual rapporteurs to submit their reports to the president of CAS not later than six months
before the seventh session of the Commission •

.Res. 10 (CAS-VI) - WORKING GROUP ON SATELLITE METEOROLOGY
THE COMMISSION FOR ATMOSPHERIC SCIENCES!
NOTING the report of the Working Group on Satellite Meteorology!
CONSIDERING:
(1) The profound impact that the improved satellite infra-red and micro-wave
radiometers are and will be having in providing vertical soundings over the globe!
(2) The new dimensions of information about wind fields and time variations
of weather systems offered by visible and infra-red observations from a series of geostationary satellites to be stationed around the globe over the Equator.
(3) The importance of utilizing these data in meteorological prediction and
research at the earliest possible time in an optimum manner!
DECIDES:
(1) To re-establish the Working Group on Satellite Meteorology with the following terms of reference:
(a)

To keep under review studies which assess critically the value for
dynamic and synoptic' meteorologists of:
(i)

Indirect determinations from satellite radiometers of vertical and horizontal distributions of various parameters such
as temperature! humidity! and ozone;

(ii)

Wind estimates obtained from cloud motions observed with geostationary satellite data and constant-pressure balloon
motions tracked from satellites;
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(iii) Qualitative and quantitative methods of interpretation of
the various observed cloud patterns in terms of such synoptically important parameters as thickness anomaly, temperature anomaly, vertical wind shear, lapse rate, etc;

(b)

(iv)

Cloudiness, water vapour and liquid water content observed
by means of visible, infra-red, and micro-wave sensors;

(v)

Earth-surface parameters, such as temperature, sea-state,
precipitation, and snow and ice coverage observed by means
of visible, infra-red and micro-wave sensors;

(vi)

Radiative heat budget measurements obtained from satellite
radiometers;

To study the relative value of several of these satellite-derived
parameters with respect to conventionally obtained data, in particular the differences in analyses and forecasts based on the
two types of data as a function of synoptic situation, scale, geographical location, and characteristics of analysis and forecast
models;

(c)_ To keep under review the extent to which the several analysis and
forecast models appear to assimilate satellite observations;

(2)

(d)

To advocate the investigation of new or improved determinations of
atmospheric parameters from satellites and in so doing to specify
reasonable requirements of accuracy, resolution, frequency, and
geographical coverage of such satellite observations;

(e)

To propose
riate;

programme~

for seminars in the above fields as approp-

To invite the following individuals to serve on the working group:
J.
B.
J.
E.
N.
An

Winston (U.S.A.) (chairman)
Bizzarri (Italy)
Clodman (Canada)
Terauchi (Japan)
K. Vinnichenko (U.S.S.R.)
expert to be designated by_Australia;

(3) To request the working group to submit a report with appropriate recommendations to the president of CAS six months before the seventh session of the
Commission.
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Res. 11 (CAS-VI) - WORKING GROUP AND RAPPORTEUR ON ATMOSPHERIC ELECTRICITY
THE COMMISSION FOR ATMOSPHERIC SCIENCES
NOTING:
(1)

Resolution 11 (CAS-V)

(2)

The report of the Working Group on Atmospheric Electricity,

CONSIDERING what when the Technical Note called for under the terms of reference of the Working Group on Atmospheric Electricity established by CAS-V has been
completed the interests of the Commission can be served adequately by a rapporteur,
NOTING that the Technical Note was expected to be completed shortly after
the meeting of the working group scheduled for September 1974,
DECIDES:
(1) To re-establish the Working Group on Atmospheric Electricity with the
following terms of reference:
To prepare by 1 April 1975 a Technical Note outlining the atmospheric
electricity parameters which are representative of other than local
conditions, and the principal techniques by which such measurements
should be made. The Note should also deal with the scientific value
of such observations, both with regard to atmospheric electricity
itself and to the application of such parameters in studies of other
meteorological phenomena and processes;
(2)

To invite the following individuals to serve on the working group:
L.
H.
H.
V.
J.
R.

Koenigsfeld (Belgium) (chairman)
Dolezalek (U.S.A.)
Ishikawa (Japan)
P. Kolokolov (U.S.S.R.)
Latham (U.K.)
MUhleisen (Germany, Federal Republic of)

REQUESTS the president to approve the text of the Technical Note for publication;
DECIDES MOREOVER:
(1) To appoint a Rapporteur on Atmospheric Electricity with the following
terms of reference:
(a)

To keep under review developments in the field, particularly
with regard to the relationships between atmospheric electricity and other aspects of the dynamics and physics of the
atmosphere, including weather systems on all scales;
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RESOLUTIONS 12, 13
(b)
(2)

To submit a report to the president of CAS not later than six
months before the seventh session of the Commission;

To invite H. Dolezalek to serve as Rapporteur on Atmospheric Electricity.

Res. 12 (CAS-VI) - RAPPORTEUR ON STANDARD AND REFERENCE ATMOSPHERES
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
CONSIDERING the work of the International Organization for Standardization
Working Group (ISO/TC 20/WG-6) and the necessity for WMO representation on this group,
DECIDES:
(1) To appoint a Rapporteur on Standard and Reference Atmospheres with the
following tasks:
(a)

To maintain a continuing review of the activities of the ISO
working group and to report to the president of the Commission
any action that should be taken as a result of these activities;

(b)

To endeavour to ensure that the work being done by the ISO group
is meteorologically sound and in agreement with WMO's policy in
this field;

(c)

To submit a report to the president of CAS not later than
before the next session of the Commission;

SLX

months

(2) To invite A. J. Cantor to serve as Rapporteur on"Standard and Reference
Atmospheres.
Res. 13 (CAS-VI) - ADVISORY WORKING GROUP OF CAS
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1) The views of Sixth Congress on retention of the system of advisory
bodies to provide advice to commission presidents,
(2) That the Executive Committee considers it essential to ensure that there
is no undue overlap in the programmes of CAS and GARP and that overall development of
meteorological research is not unnecessarily distorted by the importance given to the
GARP programme,
(3) That the Executive Committee has also noted that even though GARP is a
joint project between WMO and ICSU, nevertheless it comes within the Research Programme
of WMO and as such should be the subject of comment by CAS,
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DECIDES:

(1) To establish an Advisory Working Group of CAS with the following terms
of reference:

(2)

(a)

To assist the president of the Commission ~n providing advice on
urgent matters which cannot be dealt with by regular working
groups or by correspondence among members of the Commission;

(b)

To advise on and to assist the president in reviewing the progress
of the work, in particular of working groups and rapporteurs, and
in planning the future programme of the Commission under its new
terms of reference;

(c)

To respond quickly and effectively to any project which the Commission might be invited to undertake by the Joint Organizing
Committee for GARP, or by other bodies which may seek assistance
from WMO;

(d)

To assist the president in maintaining a review of the research
activities within WMO and of interest to it and in formulating a
co-ordinated WMO programme for research;

That the composition of the Advisory Working Group should be as follows:
W.
L.
J.
A.
Yu.
F.

L. Godson (Canada)
president of CAS (chairman)
A. Vuorela (Finland)
vice-president of CAS
S. Sawyer (U.K.)
past president of CAS
L. Alusa (Kenya, Tanzania, Uganda)
Sedunov (U.S.S.R.)
Shuman (U.S.A.);

(3) To authorize the president to calIon other experts, keeping in mind
General Regulation 33, to participate in any particular task when he feels that such
additional assistance is necessary;
REQUESTS the president to report to the Commission on the activities of the
Advisory Working Group not later than six months before the seventh session of the
Commission.
Res. 14 (CAS-VI) - RAPPORTEUR ON TECHNICAL REGULATIONS
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:

(1) The report of the chairman of the Working Group on Revision of the Technical Regulations,
(2) The views of Fifth Congress as expressed in paragraph 7.4.8 of the general
summary of the abridged report of the session,
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CONSIDERING:

(1) That the proposals by CAS-VI (Recommendation 9 (CAS-VI)) for revisions to
Technical Regulations need a final check to ensure consistency with WHO decisions,
(2) That the preparation of the Commission's proposals for such revisions at
its regular sessions is greatly simplified if specific recommendations are available
for study,
DECIDES:

(1)

(2)

To appoint a Rapporteur on Technical Regulations with the following tasks:
(a)

To perform a careful check of the CAS proposals for revisions to the
Technical Regulations (contained in Recommendation 9 (CAS-VI) to
ensure that they are internally consistent and reflect resolutions
of EC-XXVI and of those earlier sessions for which resolutions are
still in force; also that the revisions are editorially satisfactory;

(b)

To propose an annex to the Technical Regulations incorporating the
substance of paragraphs LB.~3.2 to 3.2.2.2.3 of the Working Group's
proposals;

(c)

To advise which Executive Commission resolutions would need to be no
longer kept in force if Cg-VII accepts all CAS proposals for revision
of Technical Regulations;

(d)

To maintain a continuing review of all relevant Technical Regulations
and recommend revisions as required (including items on air pollution) in consultation with appropriate commission working groups and
rapporteurs;

To invite M. J. Granville (Ireland) to serve as rapporteur; .

(3) To request the rapporteur to report to the president of CAS on tasks (a~
(b) and (c) not later than 1 July 1974 and on tasks (d) not later than six months before the seventh session of the Commission.
Res. 15 (CAS-VI) - WORKING GROUP ON INTERNATIONAL METEOROLOGICAL TABLES
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING the report of the Working

G~oup

on International Meteorological Tables,

CONSIDERING:

(1) The need to have continued reV1Slon of the tables already published and
to proceed with the publication of the fourth set,
(2) The need for additional series of tables to cover satisfactorily all
6spects-of meteorology;
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(3) The need to provide the Secretariat with detailed advice on the nature and
extent of tables not yet drawn up, and on the applications of the SI units ,
(4)

The need to arrange for the calculation of the tables to be prepared,

DECIDES:
(1) To re-establish a Working Group on International Meteorological Tables
with the following terms of reference:

(2)

(a)

To select by title the tables to be published or to be revised in
the next series, for approval by the president of CAS on behalf of
the Commission;

(b)

To consult experts whose advice is desirable in regard to the
drawing up of tables that remain to be published;

(c)

To recommend action to be adopted for the computation or development of tables not yet available and on the applications of the
SI units;

(d)

To recommend which material should be presented in graphical form;

To invite the following individuals to serve on the working group:
D. J. Bouman (Netherlands) (chairman)
R. J. List (U.S.A.)
F. Moller (Germany, Federal Republic of);

(3)

To request the working group:
(a)

To continue the preparation of tables on radiation;

(b)

To co-operate with the Secretariat in the above matters during the
preparation of the future sets of tables and to report to the
president of CAS six months before the seventh session of the
Commission.

Res. 16 (CAS-VI) - RAPPORTEUR ON PROCESSING AND EXCHANGE OF METEOROLOGICAL DATA
FOR RESEARCH
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING Resolution 7 (EC-XXI) - Collection, storage and retrieval of data,
CONSIDERING:
(1) The rapid advances in the techniques for the processing and storage of
meteorological data made possible by increased use of computers,
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(2) The establishment of large archives of meteorological data at World,
Regional and National Meteorological Centres,
DECIDES:

(1) To appoint a Rapporteur on Processing and Exchange of Meteorological
Data for Research with the following tasks:
(a)

To maintain a continuing review of activities in this field and
recommend to the president of the Commission at his request any
action that should be taken to ensure accuracy, availability and
accessibility of data which may be required for research;

(b)

To study the problem of the continuing increase of data archives and
recommend suitable criteria for discarding data which are no longer
useful;

(c)

To report on developments designed to obtain better-quality data
received from the Global Telecommunication System;

(d)

To maintain liaison, through the president of CAS, with the CBS
Working Group on the GDPS on matters pertaining to storage of data
for research purposes;

(e)

To submit a report to the president six months before the seventh
session of CAS;

(2) To invite H. M. de Joug (Netherlands) to serve as Rapporteur on Processing and Exchange of Meteorological Data for Research.

Res. 17 (CAS-VI) - WORKING GROUP ON BIBLIOGRAPHIC PROBLEMS
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING the report of the chairman of the Working Group on the Universal Decimal
Classification,
CONSIDERING:

(1) That the work of rev1s1ng the UDC schedules for atmospheric sciences
(551.5) has been in abeyance since 1960 when the Commission for Bibliography and Publications was abolished,
(2) That the WHO, through its Members' libraries and related data retrieval
activities has access to extensive competence and experience related to manual and
automated storage and retrieval of documents,
(3) That Chapter B.l of Volume I of the Technical Regulations (Meteorological
Bibliography and Publications) is in need of revision,
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DECIDES:
(1) To establish a Working Group on Bibliographic Problems with the following
terms of reference:

(2)

(a)

To advise the president of CAS on any matters concerning UDC revision, terminology, guides to the use of the UDC and related
matters;

(b)

To formulate required changes to the UDC which may be both minor
extensions arising from new or expanding developments in science,
or major long-term changes;

(c)

To examine proposals by other national or international bodies for
revisions affecting the sections of the UDC on Atmosphere and
Hydrosphere and to provide comments for transmission through the
proper channels to the F.I.D.;

(d)

To advise on the best method for and extent of revision needed for
the 1966 WMO International Meteorological Vocabulary and to supply
UDC numbers for its items;

(e)

To prepare a comprehensive UDC guide for meteorological libraries
and Services interested in the atmosphere and hydrosphere;

(f)

To keep under review future developments and international requirements for the use of modern technology in documentation work and to
advise the president of CAS on their impact on the co-ordinative
role of WMO in regard to meteorological documentation;

(g)

To draft proposals for the revision of Chapter B.l of Volume I of the
Technical Regulations (Meteorological Bibliography and Publications),
in consultation with the CAS Rapporteur on the Techni,cal Regulations;

To invite the following individuals to serve on the working group:
M.
A.
W.
P.

Rigby (U.S.A.) (chairman)
K. Khrgian (U.S.S.R.)
Kuhn (Switzerland)
Maechler (France);

(3) To request the working group to report to the president of CAS not later
than six months before the seventh session of the Commission.
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Res. 18 (CAS-VI) - REVISION OF THE RESOLUTIONS AND RECOMMENDATIONS OF THE COMMISSION
FOR ATMOSPHERIC SCIENCES
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
CONSIDERING that Resolutions
are now obsolete,

1-19

(CAS-V) adopted prior to its sixth session

NOTING the action taken on the recommendations adopted prior to its sixth
session,
DECIDES:
(1)

Not to keep in force Resolutions 1-19 (CAS-V);

(2) To note with satisfaction the action taken by the competent bodies on its
Recommendations 1-13 (CAS-V) which are now redundant.

RECOMMENDATIONS ADOPTED BY THE SESSION
Rec. 1 (CAS-VI) - WARNINGS OF MAJOR STRATOSPHERIC WARMINGS
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
CONSIDERING:
(1)

The incomplete understanding of the stratospheric warming processes,

(2) The relatively few occasions during which stratospheric warmings have
been observed in some detail,
(3)
of years,

The desirability of obtaining a record of this phenomenon over a number

RECOMMENDS:
(1) That Members and Meteorological Services of non-Member countries, be
urged to maintain arrangements for preparation and dissemination of STRATWARM alerts
until the end of 1980;
(2)

That the presidents of regional associations concerned be requested:
(a) To continue until the end of 1980 the arrangements for central
collection by telecommunications of rawinsonde data for the 50, 30
and 10 mb isobaric surfaces within their Regions and for the
regular dissemination of these data to the appropriate STRATWARM
warning centres and to other Members which have requested that they
be included in such dissemination;
(b) To continue the current arrangements for the exchange of rocketsonde
data until the end of 1980;
~)

To continue the current arrangements for the dissemination of
STRATWARM messages until the end of 1980.

Rec. 2(CAS-VI) - MAJOR OBSERVATIONAL SUB-PROGRAMMES ASSOCIATED WITH GARP
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING that Resolution 5 (Cg-VI) invited Members to support GARP to the
maximum extent possible,

RECOMMENDATION 3
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CONSIDERING:
(1) That the Global Atmospheric Research Programme (GARP) includes several
observational sub-programmes of major importance: Air-Mass Transformation Experiment
(AMTEX), the Polar Experiment (POLEX), the Monsoon Experiment (MONEX) and the Complex
Atmospheric Energetics Experiment (CAENEX),
(2) That these sub-programmes promise scientific advances with practical and
theoretical applications extending beyond the GARP objectives,
URGES Members to participate in the GARP sub-programmes AMTEX, POLEX, MONEX
and CAENEX as fully as possible, consistent with their full participation in the FGGE,
and to the extent that this does not unnecessarily prejudice their contribution to
the overall development of meteorological research outside GARP.

Rec. 3 (CAS-VI) - RESEARCH IN TROPICAL METEOROLOGY
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:

(1)

Resolution 27 (Cg-IV),

(2)

Resolution 18 (Cg-VI),

(3)

Paragraph 4;2.15, general summary, abridged report of EC-XXV,

CONSIDERING:
(1) The potential benefits to many countries of the vast amount of data
which would result from GATE,
(2) That means should be found for helping scientists in developing coun~
tries to make optimum use of these data and to be able to participate in studies of
tropical meteorology conducted elsewhere,
(3) That considerable improvement could be made in prediction of tropical
cyclohes and continental droughts "if certain research studies were intensified,
RECOMMENDS:
(1) That Members, as appropriate, intensify or initiate research programmes
in tropical meteorology;
(2) That Members engaged in the study of the general circulation of the
atmosphere with numerical models make the maximum use of such models to improve the
understanding of the circulation within the tropics;

RECOMMENDATIONS 4, 5

69

(3)
That Members with appropriate research facilities be encouraged to organize bilateral or multi-lateral tropical research programmes with interested developing countries;
(4) That opportunities be afforded, through bilateral or other means, for
research scientists from developing countries to participate in relevant tropical
research programmes;
REQUESTS the Secretary-General to consult with the CAS Working Group on
Tropical Meteorology in the implementation and further development of the WMO Tropical
Cyclone Project.
Rec. 4 (CAS-VI) - PROGRESS REPORTS ON NUMERICAL WEATHER PREDICTION
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1)

Resolution 6 (Cg-VI),

(2)

The report of the Working Group on Numerical Weather Prediction,

CONSIDERING that the annual progress reports on numerical weather prediction
are of considerable value to all Meteorological Services, and particularly those of
developing countries which have started working in N~P or are in the process of being
equipped with computer facilities,
RECOMMENDS that those Members engaged in numerical weather prediction activities
be urged to send annual progress reports as appropriate in accordance with the outline
in the annex* to this recommendation;
REQUESTS the Secretary-General to circulate a routine letter to Members towards
the end of each year requesting that the reports be sent to the Secretariat within a
specified short time interval, after which the combined reports should be distributed
as a single document.
*See Annex III
Rec. 5 (CAS-VI) - STUDIES OF THE OCEAN CIRCULATION
THE COMMISSION FOR ATMOSPHERIC SCIENCIES,
NOTING:
(1)

The report of the Working Group on Climatic Fluctuations,

(2) The report of the first session of the Working Group on the Effects of
Air Pollution on the Dynamics of the Atmosphere,
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CONSIDERING:

(1) That numerical simulations of the general circulation of the atmosphere
hold considerable promise of providing a valuable tool in assessing the climatic
effects of various factors natural and man-made,
(2) That for studies of climatic change such models must include the response of the ocean circulations to changes in the atmospheric circulations,
RECOMMENDS that Members encourage studies of the ocean circulation by scientists in their countries, with particular emphasis on the quantitative assessment of
the effect of the wind field on the large-scale ocean circulation;
REQUESTS the Secretary-General to draw the attention of the Intergovernmental
Oceanographic Commission and other appropriate international bodies to this recommendation.

Rec. 6 (CAS-VI) - TEST OF SATELLITE DATA IN VARIOUS NUMERICAL PREDICTION CENTRES
AND ASSIGNMENT OF METEOROLOGISTS TO SATELLITE CENTRES
THE COMMISSION FOR ATMOSPHERIC SCIENCE:);,
CONSIDERING:
(1) The need for parallel analysis and forecast cycles in providing for
thorough testing of the value and proper use of satellite data,
(2) The desirability for accomplishing such tests with a variety of analysis
and forecast models,
(3) That development of better utilization of satellite data
research objective of the world meteorological community,

~s

an important

(4) That facilities for ready access to the more advanced types of satellite
data are limited to a few major meteorological satellite centres,
RECOMMENDS:
(1) That establishment of parallel analysis and forecast cycles by operational numerical prediction groups in several countries be supported and that the
value and proper use of satellite data be tested by such means;
(2) That research in and development of satellite techniques for atmospheric
data retrieval and methods of extracting quantitative meteorological parameters from
satellite raw data be encouraged as well as studies of characteristic error-fields of
satellite-derived data;
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(3) That support be sought for the assignment of interested research meteorologists to existing satellite centres for the purpose of improving their skills in the
utilization of satellite data in various research studies, weather analysis and prediction.

Rec. 7 (CAS-VI) - INTERNATIONAL DISSEMINATION OF SATELLITE DATA
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
CONSIDERING:
(1) That widespread dissemination of valuable meteorological satellite data
is essential for optimal use by forecasters allover the globe,
(2) That dissemination facilities will be insufficient for some of the more
advanced satellite data, particularly those from geostationary satellites,
RECOMMENDS that the Executive Committee examine the possibility of glVlng
appropriate support for development of methods for widespread dissemination of the
most vital meteorological satellite data to forecasters allover the globe.
Rec. 8 (CAS-VI) - STANDARD ATMOSPHERE
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING the views of the Executive Committee as expressed in paragraph 4.6.3
of the report of its twenty-second session,
CONSIDERING that the International Qrganization for Standardization will publish the "ISO Standard Atmosphere 1971" early in 1974, and that this was identical to
the ICAO standard stmosphere up to 32 km,
RECOMMENDS that the "ISO Standard Atmosphere 1971" be adopted for use within
WMO.
Rec. 9 (CAS-VI) - REVISIONS TO TECHNICAL REGULATIONS (VOLUME I)
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING:
(1) The views of Fifth Congress as expressed in paragraph 7.4.8 of the general
summary of the abridged report of the session,
(2) The report of the Working Group on Revision of the Technical Regulations
including a totally-revised Section B - Research Activities - of Volume I, and related revisions to the List of Definitions,
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RECOMMENDS:
(1) That Part A of the annex* to this recommendation be inserted in Section B of the Technical Regulations, subject to amendments approved by the president
of the Commission;
(2) That the definitions in Part B of the annex* to this recommendation be
added to the List of Definitions in the Technical Regulations;
(3) That paragraph 29 of the Introduction to the Technical Regulations now
be eliminated;
(4)

That the following text be inserted in Section A of the Technical Regula-

tions:
Observations of urban air pollution
Each Member should arrange through appropriate national bodies, or in
collaboration with other Members, to provide:
(a)

Observations of urban air pollution;

(b)

Forecasts of urban pollution potential;

(c)

Other information on urban pollution concentration useful for
national and/or area warning services and the abatement of air
pollution.

*See Annex IV

Rec. 10 (CAS-VI) - REVISION OF RESOLUTIONS OF THE EXECUTIVE COMMITTEE BASED ON
PREVIOUS RECOMMENDATIONS OF THE COMMISSION FOR ATMOSPHERIC
SCIENCES
THE COMMISSION FOR ATMOSPHERIC SCIENCES,
NOTING with satisfaction the action taken by the Executive Committee on the
previous recommendations of the Commission for Atmospheric Sciences,
CONSIDERING that some of these recommendations have become redundant in the
meantime,
RECOMMENDS:
(1) That the following Executive Committee resolutions be no longer considered necessary:

RECOMMENDATION 10
Resolutions 22, 23 (EC-IX)
Resolution 7 (EC-XVI)
Resolutions 8, 11 (EC-XXII)i
(2)

That the following Executive Committee resolutions be maintained in

force:
Resolution 21 (EC-IX)
Resolutions12, 13 (EC-XII)
Resolution 6 (EC-XIII)
Resolutions 24, 27, 29, 31, 33 (EC-XVIII)
Resolutions 9, 10, 12 (EC-XXII)
Resolutions 7, 11 (EC-XXIV)
Resolutions 6, 15 (EC XXV).
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Annex to paragraphs 6.1.7 and 6.1.8
of the general summary
Part A
STATE OF THE ART IN THE USE OF OPERATIONAL SYSTEMS FOR NWP
1.
In operational NWP establishments with adequate computer power, the transition
from filtered models to those using the primitive equations is now well advanced.
Many centres employ - or are planning to employ --ci hi~rarchy ~f ~odels. The largest mo"dels have a global or hemispheric coverage, providing both broad-scale pro~
noses out to three days or longer and time dependent boundary conditions for limited
area fine-mesh models. Four-dimensional analysis experiments promise to yield further improvements but operational limitations are still likely to be imposed by imprecise" knowledge of ~esoscale features in the initial state. Considerable effort is
being expended in improving the parameterization of ~hy~ical processes, p6rticularly
fric;tion,cLiabatic heating and those involving moisture.
2.
Limitations in model performance still necessitate careful monitoring and
intervention by analysts, particularly over sparse data regions where a quantitative
interpretation of cloud pictures from satellites are required. Intervention based on
careful error analysis is leading to significant enhancement in skill of the numerical
product. Numerical prognoses may also be amended operationally by objective error
feed-back techniques. However "man-machine mix" methods have emerged as part of
natural sequence in the analyst's transition from manual to numerical techniques.
They have undoubtedly enabled maximum benefit to be gained from the performance of
numerical models at their present stage of development.

a

3.
The implementation of operational NWP has highlighted deficiencies in the
data base required to provide adequate analyses of the atmosphere's initial state even on a broad scale. These deficiencies and methods proposed to overcome them are
well known, but the importance of new data sources cannot be over-emphasized.
Further advances can be anticipated with the development of techniques utilizing data
from operational meteorological satellites. Present methods of interpretation rely
on thermal and dynamical analogues applied to video or infra-red images. Future
operational procedures will make considerable use of indirect sounding techniques.
Major tests of new systems are imminent.
4.
The burgeoning investment in computers and trained scientific manpower
required for effective pra~tical utilization of NWP and satellite data points to the
need for an effective system of interaction between WMCs and RMCs and between WMCs
themselves.

*
*

*
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Part B
LIMITATIONS OF KNOWLEDGE IMPEDING DEVELOPMENTS IN THE OPERATIONAL ASPECTS OF NWP
1.
A basic problem for modelling in general is the lack of knowledge of the nonlinear interactions between the significant scales of motion and the parameterization
of sub-grid scale phenomena such as tropical convective cloud systems and transfer
processes in the boundary layer over land and sea. These sub-grid scale processes
are important not only to the accuracy of short-range forecasting but also to the
energy balance of the general circulation and consequently to extended range forecasting. Modelling of the tropical circulation is not yet capable of operational
utility. This is due partly to these sub-grid scale and scale-interaction problems.
Also, because of the importance of large-scale tropical/temperate latitude and interhemispheric exchange, it is possible that global models will be required in order to
achieve adequate numerical simulation of tropical synoptic phenomena. Several national Meteorological Services are formulating plans for operational global models in
an attempt both to overcome tropical problems and to extend the time scale of prognoses.
2.
The generation of new sources of data unevenly distributed in space and ti~e
has led to a change in emphasis from synoptic to asynoptic methods of data assimilation. Although until recently these methods have been in the research phase, they
are now causing fundamental changes in philosophy and planning in operational centres.
The required investment in computer and communications facilities gives added rationale
for the World Weather Watch and the need for systematic interaction between WMCs and
RMCs. The advent of asynoptic analysis methods has focused additional attention on
initialization procedures for numerical models. Methods for assimilating data in a
manner compatible with the dynamic equations are now undergoing development and it 1S
expected that these will find operational application within the next few years.
3.
Progress in the conception of long-range forecasting numerical models has been
slow and statistical-synoptic methods are still in general use. The problem remains
in the stage of formulation although it is recognized that a global domain and atmosphere-ocean model coupling will be necessary for an adequate solution. The magnitude
of the scientific and technological problem is such that adequate operational longrange NWP is still several years away.

ANN E X
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Annex to paragraph 7.6 of the general summary
PRESENT STATE OF KNOWLEDGE AND POSSIBLE PRACTICAL BENEFITS
IN SOME FIELDS OF WEATHER MODIFICATION
1.

General

It has been demonstrated that ice crystals may be caused to form in supercooled clouds by seeding them with dry ice, silver iodide and other nucleants. Ice
crystals are known to play an important role in the process of formation of precipitation; cloud seeding therefore provides a means of modifying the precipitation process in some types of supercooled clouds. The seeding of a supercooled cloud converts it to ice, releasing latent heat which can have important dynamical effects.
The varied and controversial results of seeding experiments appear to be due to the
complexities of the dynamics and microphysics of the precipitation process. An encouraging beginning in the understanding of these processes has been made through
the development of numerical models which incorporate both the dynamics and microphysics and their interactions. Such models and their successors may be expected to
define more clearly the most favourable seeding situations and the observations
needed for the evaluation of the results. Although some experiments have apparently
yielded positive results, the possible practical benefits of weather modification
can be realized only through an increased research effort. Tbis research should be
directed primarily at cloud dynamics and mesoscale dynamics and the interactions of
dynamics with microphysics, since knowledge of the latter is relatively more complete.
There is a great need for simultaneous measurements of dynamical and microphysical
parameters.
Some experiments have been made to test the possibility of seeding warm clouds
with hygroscopic particles of water droplets in order to increase precipitation. The
results obtained from these experiments have not been conclusive or sufficiently
positive.
It app~ars that the most sophisticated statistical procedures are an inadequate substitute for more complete knowledge of the atmospheric mechanisms. However, statistical design "and eval~ation of experiments are both necessary to increase
our understanding of physical aspects in the further development of weather modification, particularly in connexion with the evaluation of the practical results of experiments.
It is important to emphasize that weather modification is still largely at
the research stage. For this reason, operations should be undertaken only after the
mo%t careful study by experts of the particular situation, and on the understanding
that the desired end results may not always be achieved.
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Brief summaries of the current status of weather modification in several
categories are given below.
2.

Stimulation of precipitation

Of the many experiments conducted in this field, only a few have clearly demonstrated that seeding has increased the precipitation; in some cases, there is
evidence of a decrease. However, these apparent contradictory results seem to emerge
from the fact that, in different geographical locations, clouds have different clouddroplet spectra and different ice crystal properties and concentrations. There is
some evidence that winter-time orographic precipitation can be somewhat increased
over mountain ranges.
Similar results have also been obtained in sub-tropical, continental cumulus clouds in winter.

There is some evidence that certain sub-tropical convective clouds become
taller and larger, with a tendency to merge, when they are heavily seeded to release
latent heat.
In view of the high correlation between the size of convective clouds and the
rainfall from them, the seeded clouds presumably give more rain than if they had not
been seeded. Confirmation is required from further suitably designed experiments.
3.

Dissipation of fog

Supercooled fog and stratus can be dissipated by growth and sedimentation of
ice crystals, induced by seeding the fog with ice nucleants or by means of cooling
agents. This has been brought into operational use at several airports at which there
is a relatively high incidence of supercooled fog. The more common warm fog may be
dissipated by the use of heat, hygroscopic particles and the down-wash of helicopters.
Successful experiments have been reported with each of these techniques, but only the
use of heat seems operationally viable at present.
4.

Hail suppression

Many countries have focused considerable attention on hail suppression projects in the last decade or so. In spite of the complexity of the hail forming processes and the extremely large variability in hail occurrence which make hail suppression experiments very difficult to assess, there appear to be promising prospects of success in the near future.
Impressive reports of successful reduction in hail damage to crops, with
resulting economic benefit, have provided impetus to many experiments and large mamly
operational projects. As yet, there are no universally recognized methods and the
results to date are not unambiguous. The seeding methods produce different effects
on different storms, and it is essential that detailed understanding of the structure
and the processes of various types of storms be obtained so that seeding procedures
specially tailored to the specific atmospheric conditions can be determined. The
development of numerical models is of great importance for the future understanding
of the processes within cumulonimbus clouds. These models should incorporate proper
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dynamics and thermodynamics with details of the microphysics and water phase transition processes and their interaction. This approach should be tested against detailed
direct measurements of cloud properties.
More basic research is required to resolve questions on various hailstorm
theories, models and suppression techniques. Development of more reliable evaluation
methods based on both physical and economic indicators is also needed.
5.

Hurricane modification

The seeding of hurricanes has been followed by reduced maximum wind velocities.
Confirmation is required from further experiments which should include an increased
number of measurements in pertinent regions of the storm. This is because assessment
will largely depend upon physical methods rather than statistical ones. There is also
need for improved numerical hurricane models to provide guidance for future experiments.
6.

Other aspects

Exploratory investigations are being conducted into the suppression of forest
aDd bush fires, the inducement of downdrafts in developing convective clouds and the
prevention of lightning. Attempts are also being made to seed cold ice-supersaturated
layers of the atmosphere in order to produce clouds, with the object of preventing
the formation of radiation fog.
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Annex to Recommendation 4 (CAS-VI)
GUIDELINES FOR THE PREPARATION OF NATIONAL NWP PROGRESS REPORTS
1.
The objective is to encourage all the countries concerned to submit routine
national NWP progress reports regularly. This objective could very likely be achieved if the following procedures were followed:
(a)

The issuance, towards the end of each year, of a routine letter from
the Secretariat requesting a progress report within a short specified
time on the lines of paragraph 3 below;

(b)

The reports received by the Secretariat within the specified time would
be combined into a single document to be issued without delay.

(c)

To lessen the administrative load on the Secretariat, the routine letter
mentioned above would state that these reports were to be combined and
issued as one document and failure to meet the deadline mentioned above
could result in the omission of a report from this annual document.

2.
The broad guidelines suggested below have been kept sufficiently flexible to
lessen the workload on the NWP teams.
The Secretariat would probably require all
these reports to be typed on paper of some common size for ease in assembly, and this
requirement would also need to be stated in the letter.
3.
The annual NWP progress reports should emphasize research and development
efforts in the areas of analysis, modelling and techniques application -with some
specification of data acquisition, product dissemination and quality control only
when important changes have occurred. In order to provide a standardized format,
the following major subdivisions are suggested:
(a)

A brief summary of the major highlights of research applications and
operational changes;

(b)

A description of the major research and development ~n analysisprediction systems;

(c)

A description of techniques development and application of NWP products;

(d)

A brief description of the analysis-forecast systems in operational use
during the year;

(e)

Plans for future operational systems;
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(f)

Verification of operational products, including performance statistics;

(g)

Other items.

Note
Where possible the names of the principal scientists engaged in the various
projects should be included in order to encourage personal exchanges. This type of
contact resulting from the national annual reports would facilitate close liaison and
frequent exchange of information. In these days of sophisticated experiments run on
large computers, this could result in minimizing unnecessary duplication of costly
experiments where this is due to ignorance of unpublished work carried out elsewhere.
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Annex to Recommendation 9 (CAS-VI)
PROPOSED REVISIONS TO TECHNICAL REGULATIONS (VOLUME I)
Part A
SECTION B - RESEARCH ACTIVITIES
CHAPTER B.l - ORGANIZATION OF METEOROLOGICAL RESEARCH
jj.l;]l
EXCHANGE OF METEOROLOGICAL RESEARCH RESULTS
jj.1Jl.l

General

jj. 1;]1. 1.1
Each Member should ensure that the results of its meteorological research are published or otherwise made available to other Members in so far as they are of general
scientific interest.

Polar meteorology

ls. 1;]1. 2. 1
Each Member involved in research work in polar meteorology should submit progress
reports as requested by the Secretary-General on its activities in this field, accompanied by referencesto recent publications.

Tropical meteorology
jj.l;]1.3.1

Each Member involved in research in tropical meteorology should submit periodically,
as requested by the Secretary-General, a report on its activities in this field,
accompanied by references to recent publications.
This report should include information on the establishment of new research institutes and analysis centres for tropical meteorology and the expansion of existing ones.
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Numerical weather prediction
ffi·lJ1.4.l
Each Member engaged in numerical weather prediction should submit an annual progress
report in accordance with procedures promulgated by the Secretary-General.

PLANNING AND CO-ORDINATION OF METEOROLOGICAL RESEARCH
ffi·l.J2.l
General

Each Member should provide the president of the Commission for Atmospheric Sciences
with such information on the research activities undertaken by its national Meteorological Service, and if possible other national organizations, as may be necessary for
international co-ordination of research.

Marine meteorology

Whenever a Member learns of plans for interdisciplinary investigations in ocean areas,
it should consider whether and to what extent it could contribute with a meteorological
programme.

Members operating ocean weather ships or buoys should continue or extend the use of
these platforms and the data acquired by them, when technically and economically
feasible, in support of meteorological and oceanographic research, including marine and
atmospheric pollution studies.

CHAPTER B.2 -·OBSERVATIONS FOR RESEARCH PURPOSES

ffi·Yl
GENERAL
ffi·2.JLl
Members should co-operate as far as is practical in maintaining and co-ordinating the
networks of observations necessary to study atmospheric phenomena which extend over
the whole of the Earth's atmosphere or a substantial part of it.
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INSTRUMENTS AND METHODS OF OBSERVATION
LS.2;}2.1
In addition to the requirements set out in paragraphs LA.l.2~4.1.1 and LA.l.3~4.1.1
of the Technical Regulations, each Member should endeavour to ensure that instruments
and methods of observation for use in r.esearch are adequate to meet the standards laid
down by the Commission for Atmospheric Sciences for research purposes.

ffi.2.J2. 2
Members should ensure the compatibility of instrumental data for research purposes.

PHYSICAL METEOROLOGY DATA

General

ffi. 2;]3 .1.1
Each Member should arrange for the regular-distribution of data for publication in
accordance with the procedures promulgated by the Secretary-General.
LB·2.J3.1.2
Each Member should supply to the Secretary-General the information necessary to ensure that the WMO Catalogue of meteorological data for research (WHO No. 174),
is complete and up to date in respect of the Member concerned.

ffi·2.J3.2
Specific types of data

ffi. 2.13 • 2.1
Groups of Members, by mutua 1 agreement, should collect and publish data on atmosozone as specified in the Appendix ••••
pheric chemistry, rad ~~at~on,
~

£8. 2.13 . 2 • 2
Each Member
or regional

hould collect and publish individually or make available on.a national

~asis data on radiation and ozone as specified in the Append~x ••••
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ATMOSPHERIC POLLUTION

ffi.2.J4. 1
General

ffi·2.J4.l.l
Each Member should send air-pollution data from its baseline and regional air pollution stations to a central data-collection centre in accordance with the procedures established by the Secretary-General.

ffi.2.J4. 2
Baseline air pollution stations

jj.2J4.2.l
A Member wishing to establish a baseline air pollution station should take into consideration the guidelines in Appendix ••. (Annex XVIII of report of EC-XXII).

ffi·2J4.2.2
Each Member operating a baseline air pollution station should give first consideration to those constituents which may affect long-term changes in the climate. For
this purpose two groups of priorities should be considered:
First priority group:

Carbon dioxide,
Turbidity,
Constituents of precipitation and dry fallout;

Second priority group:

Carbon monoxide and methane,
Sulphur dioxide and hydrogen sulphide,
Oxides of nitrogen,
Total ozone,
Total precipitation water.

[s.2J4.3
Regional air pollution stations

ffi·2J4.3.l
Each Member should establish one or more stations to measure regional pollution of air
and precipitation.
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ffi·2J4.3.2
Regional air pollution stations should be located in rural surroundings, sufficiently
far away from built-up areas so that they will not be influenced by local fluctuations
in pollution concentrations. They should be located near or in conjunction with a
principal climatological station.

ffi·2J4.3.3
The programme for a regional air pollution station network should include the measurement of turbidity and constituents of precipitation and dry fallout. Each Member
should consider additional measurements.

HIGH (UPPER) ATMOSPHERE METEOROLOGY

ffi·2J5.1
Members should collaborate to the extent practicable in establishing and maintaining
co-ordinated synoptic programmes using high-level balloons and meteorological rockets
for the exploration of the upper stratosphere and mesosphere and for comparison with
remote sensed data. Guidance for implementation of these programmes is included in
Appendix •..•..
(Annex XIV to report of EC-XVIII).

[S.2J5.2
Members should co-operate in the operation and co-ordination of remote-sensing techniques of measuring atmospheric data.

ffi·2J5.3
To the extent possible, Members should continue observations of wind, temperature and
density by meteorological rockets up to at least 80 km and to make available preliminary reduced data from these observations.

LB·2J5.4
Members should send final, refined meteorological rocket data to the appropriate World
Data Centre (A or B) for archiving.

fj.2;J5.5
Members should co-operate in preparation and dissemination of STRATWARM alert messages until the end of 1980.
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OZONE

Members should co-operate in maintaining a global network of stations to measure the
distribution of atmospheric ozone.

Ozone measurements should be made according to the specifications given in the Guide
to Meteorological Instrument and Observing Practices.

RADIATION

Each Member should maintain one or more stations to measure radiation.

LB. 2.18
POLAR METEOROLOGY

Members should co-operate, to the extent possible, in establishing and maintaining
stations and observational programmes in polar regions for research purposes.

HUMAN ENVIRONMENT

ffi·2.19.1
The national authorities and institutions involved in problems related to the human
environment of all Members should be informed of the support that can be furnished
in the field of meteorology and especially of climatology by the national Meteorological Services.

ATMOSPHERIC RADIOACTIVITY

ffi·2.1lOol
Each national Meteorological Service, on request by the Secretary-General and to the
extent 'practicable, should make available appropriate data and the results of scientific research in the field of atmospheric radioactivity.
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CLIMATIC FLUCTUATIONS

ffi·2;]U,l
For the purpose of the study of climatic fluctuations, each Member should locate,
identify and publish, as for as possible, all available historical climatic and
other 'series which are homogeneous or can be made homogeneous by appropriate meanso

METEOROLOGICAL RESEARCH SATELLITES

ffi·2;]12.1
Members operating meteorological research satellites should endeavour to arrange for
the observational data obtained from these satellites to be made available to all
Members in accordance with procedures promulgated by the Secretary-General.

ffi·2;]12.2
By mutual agreement, Members operating meteorological research satellites should ensure the compatibility of the data thus obtained.

WEATHER MODIFICATION

Members engaged in weather modification projects should endeavour to ensure that such
projects are conducted in accordance with sound scientific principles.

In particular, the observational and other facilities employed in weather modification projects should be adequate for making a reliable statistical and physical
evaluation of the results of the project.

fj.2;J14
WORLD DAYS

ffi. 2;]14. 1
World geophysical intervals

Ls. 2.J14. 1. 1
Members should observe four basic World Geophysical Intervals (WGI) each year as
approved by the president of the Commission for Atmospheric Sciences.
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Regular

Geoph~sical

Days

Members operating rocket soundings, ozone soundings and radiometer soundings, should
schedule programmes to fallon Regular Geophysical Days - Wednesdays.

Members should intensify ozone and radiometer sounding programmes during World Geophysical Intervals and STRATWARM Alert Intervals, first preference being for additional soundings on Mondays and Fridays during these intervals.

CHAPTERBp - RESEARCH PRACTICES

UNITS
jj.3;}l.1
Members should use as far as possible the International System of Units (SI units),
as defined by the International Organization for Standardization (ISO), in scientific
publications and other scientific documents. Guidance may be found in the International meteorological tables (WMO No. 188) and the
SI units and recommendations
for the use of their multiples and of certain other units (ISO-International Standard 1000-1973).
NOTE 1:

As long as WMO does not decide otherwise, the standard geopotential metre,
which is rot an S1 unit, may be used; the appropriate S1 unit being the
Joule kg- •

NOTE 2:

2
-2)
The millibar is exactly equal to 100 Pascal (10 N m
or hPa and may be
retained as the conventional name for this unit.

NOTE 3:

No S1 unit exists for cloud amount (WMO unit

NOTE 4:

Although the S1 basic unit for time is the second, the use of minute, hour,
day, etc. is recommended where more convenient.

= okta).
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Sol. units for ozone measurements

Quantity

5.1. unit

Sub-mul tiple

Abbreviation

partial pressure

(bar)

nanobar

nbar

microgramme
per cubic metre

J..I.g m

density (concentration)
number density

-3
kg m
-3

m

molecules per
cubic metre

-3

-3
molecule m
-1

mass mixing ratio

milligramme
per kilogramme

mg kg

number mixing ratio

microbar or
nanobar per bar

bar bar
-1
nbar bar
j.J.

-1

Total ozone amount is expressed in 10-5m ozone at zero degrees. Celsius and one standard atmosphere (viz. 1013.2 mbar). This definition should be included in any tabulation together with the equivalent total mass of a vertical column (1 total ozone
unit n ~ 2.l4xlO- 2 g m- 2 approximately)o

STANDARD ATMOSPHERE

Members shall use as the standard atmosphere the "ISO - Standard Atmosphere" as specified in the ISO Publication No. (not yet known).

CRITERIA

Conventional tropopause

The tropopause determined in accordance with Annex XI to abridged report of EC-IX
should be termed "conventional tropopause".
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Jet streams

For operational purposes, the following numerical criteria can be applied: normally
a jet stream is thousands of kilometres in length, hundreds of kilometres in width
and some_~ilometres in depth. The verti~al shear of wind is of the order of
5-10 m s
per km and the lateral shear ~s of the order of 5 m g-l per 100 km. An
arbitrary lower limit of 30 m 5- 1 is assigned to the speed of the wind along the
axis of a jet stream.

CHAPTER B.4 - METEOROLOGICAL BIBLIOGRAPHY AND PUBLICATIONS
(As present Chapter B.l).

*
*

*

ANN E X IV
Part B
TERMS FOR INCLUSION IN LIST OF DEFINITIONS

1.

Baseline air pollution station

A station at which observations are made on background air pollution.
Background air pollution is defined as the average pollution content at a location
remote from local or regional pollution sources arising from human activities or
natural phenomena such as volcanic activity, forest fires, dust and sand storms.

2.

High (upper) atmosphere
The region of the atmosphere above the tropopause.

3.

Indirect sounding
A meteorological sounding taken by a remote sensor.

4.

Mesosphere
The region situated between the stratopause and the meso pause in which the
temperature generally decreases with heighto The mesopause is defined as the base
of the inversion at the top of the mesosphere (usually at about 80-85 km).
5.

Regional air pollution station

A station at which observations are made on regional air pollution. Regional
air pollution is defined as the pollution content at a location remote from local
pollution sources arising from human activities or natural phenomena.
6.

Standard atmosphere

A hypothetical vertical distribution of atmospheric temperature, pressure and
density which, by international agreement, is roughly representative of year-round,
mid-latitude conditions. The air is assumed to obey the perfect gas law and the hydrostatic equation which together relate temperature, pressure and density with geopotential. At any particular time there cannot be more than one standard atmosphere.
7.

Stratosphere

The region situated between the tropopause and the strotopause in which the
temperature generally increases with height. The stratopause is defined as the top
of the inversion layer in the upper stratosphere (usually at about 50-55 km).
8.

Troposphere

The lower part of the atmosphere extending from the Earth's surface to the
tropopause in which temperature decreases fairly regularly with height.
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