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INTERNATIONAL COUNCIL OF SCIENTIFIC UNIONS

17 GENERAL ASSEMBLY
2k - 29 September 1978, Athens, Greece

Resolutions

12. SCOSTEP and Solar-Terrestrial Physics Programmes

In view of the long-term nature of several of the currently planned research
programmes in solar-terrestrial physics such as the International Magnetospheric
Study (IMS), and the Middle Atmosphere Programme,

Resolves to convert the Special Committee on Solar-Terrestrial Physics

into a Scientific Committee,
Endorses the presently planned programmes of the Committee, and

Commends these for support to the members of the ICSU family.
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Recommendations Concerning the Middle Atmosphere Program
1982-1985

I. ACTIONS REQUESTED

The planners of the ¥Yiddle Atmosphere Program (MAP), currently represanted
by the interim Steering Committee for MAP, and the natiomal scieatific consctituencies
for solar~terrestrial physics, as represented by the SCOSTEP Council of National
Representatives, have requested that SCOSTEP submit the following resolution to
ICSU. SCOSTEP supports this r.quested action.

1.

\

The SCOSTE? Coﬁncil of Naticnal Representatives,

Considering the encrmous internatiomal and inter-Union effort
required to solve tie scientific problems of the middle
atnosphers,

requests ICSU to officially recognize the Middle Atmosphere Program
{MAP) as a major international cocperative program to take place
in the interval 1982-1985,

further requests ICSU to ask for full participation from its
member countries, and

draws attention to the interesting historical fact that the start
ol this world-wide —:ocperative project in atmospheric science
#1ill appropriataly coincide with the centenary of the First
Internactional Polar Year of 1882.

In addition, SCOSTEP reports tue two following corollary resolutions, which it
has endorsed:

2.

‘The SCOSTEP Council of National Representatives,

recognizing that SCOSTEP is proposing to ICSU that a2 major

international cooperative program on the middle atmosphere
should be organized in 1982-1985,

recommends that pr.paratory studies should start in 1978

with available or expected resources. The Council

notes that four MAP preparatory studies have been identified

by the Steering Committee.
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3. The interim Steering Committee for the Middle Atmosphere Prograum,

considering that the efforts of scientists from a wide range
of Unions interested in solar-terrestrial physics will be
needed to solve the problems of the middle atmosphere, and

recognizing that the management of MAP will require a
significant level of organizational support if it is to
be successful,

urges the Unions interested in MAP to request ICSU to assign
responsibility for the MAP Steering Committee to SCOSTEP (if
continued in some appropriate form).

(The explanatory material presented orally with the foregoing resolution pointed
ocut that the MAP Steering Committee is itself an inter-Union body with represen-
tation from the "Unions interested in solar-terrestrial physics” referred to in

: first clause, namely IAU, IUGG (for both IAGA and IAMAP), IUPAP and URSI;
and also from other ICSU bodies (COSPAR and SCAR) and from WMO. All of these are
also represented on SCOSTEP. The second clause refers to the need for a secretariat
and access to facilities for coordination (communications, information and data
services, etc.). The point of the third clause is that SCOSTEP already possesses
these assets.)

I1. BACXGROUND INFORMATION IN SUPPORT OF THE RECOMMENDATIONS

(Although much of the background material below 1s contained in reports
to ICST over the past several years, it is summarized here Zor ease of reference.)

1. Yotes on Resolutioa No. 1.

The justification for launching a major intermational cooperative pro-
gram in 1982-19285 to study tae middle atmosphers (roughiy speaking, the region in
the rangs of altitudes from 10-15 km to about 100 km) imcludes the following points:

(1) Our understanding of this region is very poor.

(2) Our ignorance is due in part to the enormous paysical and chemical
complexity of the middle atmosphere, involving as it does the interaction of hun-
dreds of variables describing its structure, composition, chemistry, energetics,
and dypamics, all as functions of geographic coordinates, alvitude, and tima.
Further progress requires that many variables, heretofors measured by themselves
or only sporadically, be measured simultaneously, with wide geographic distributiocn,
and some temporal continuity. This in turn requires a high degree of worldwide
cocrdination.

(3) Our ignorance is alsc due in part to the diZficulty of observing
this region, as coapared with the tropospheres below (accessible to meteorological
techniques} and the thermosphere above (accessible to spacecrait). But just now,
techniques are being refined for both remote sensing from the ground below and
from spacecraft higher up, and for in situ measurements from aircraft, balloons,
and rockets. These will reach full development in the next several years. The
variety of plaiforms just noted and their different modes of operation also require
c¢oordipatzion.
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(4) The choice of the years 1982-1385 was influenced by the prospective
availability of sophisticated ground-based and spaceborne sensors, for instance,
those associated with the U.S. "Space Shuttle" program. The interval from now
until 1982 will also allow interested countries time to develop other additional
observational facilities to supplement alrezdy planned programs if. they wish and
are able to do so.

(5) It goes without saying that understanding the physics and chemistry

of the middle atmosphere is of high scientific interest., But only in recent years
has the practical importance of understanding the middle atmosphere been realized.
One needs to recall only the following examples of practical problems: The
fragility of the ozone layer that protects life from killing ultraviolet radiation;
the potentially harmful effects of a rise in th>? level of -arbon diaxide or of
certain nitrogen compounds; the effects of aerosols on worldwide radiation balance
and temperatures; the efifects of variation in solar ultraviolet radiation on the
- ‘ddle atmosphere and potential consequences for weather and climate. In fact,
.~ suspected connection between variations in solar, interplanetary, and magneto-
spheric phenomena on the one hand, and meteorological and climatological phencmana
on the other, must be transmitted somehow through the middle atmosphere, regardless
of the actual chain of cause-and-effect, whatever it turns out to be.

(6) Scme twenty national constituencies of SCOSTEP have shownR a posi-
tive interest in coordinating middle atmosphere research ii their respective
countries with a world-wide cooperative program. The Worli Meteorological Organ-
ization has oifered its ccoperation.

For these reasons, SCOSTEP urges thact ICSU adop: a resolution based on
Resolution No. 1, above.

2. Noteson Resolution Yo. 2.

This requires no ICSU action, but is included to complets the picture.

It arose from the following circumstances. During the exploratory stages oif

:veloping MAP (leading up to the publication of the MAP Planning Document in
1977), it was proposed to divide MAP into two stages:_-fk) running from about
1979 to 1981, with emphasis on coordinating programs already in existence during
this interval; and (B) 1982-1985 or longer, when spacecraft missions and other
long lead-time facilities (some not yet approved) with highly refined capacities to
provide synoptic and/or continuous data on physical ard chemical variables of the
middle atmosphere would be available.

After considerahle discussion at the MAP Steering Committee and SCOSTEP
meetings in Inmnsbruck, it was agreed that the seven-year aterval 1979-1985 would
be too long to sustain a maximum world-wide effort; om the other hand, participants
in many countTies were prepared to begin immediatsly with the facilities they
already have. To disregard this possibility would be a waste of good science and
of the opportunity of learning how Lo coordinate individual middle artmosphere
research programs by actually trying it.

3. YNotes on Resolution No. 3.

Various altermatives for the managesnent of MAP have been mentioned in
previous reports, usually in the context of the future of SUOSTEP as an ICSU
committee:
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1
Introduction

Dr. J. B. Gregory, Chairman of the MAP Preparatory Group has
prepared the following answer to commonly asked questions concern-
ing the Middlec Atmosphere Program, and these are reproduced below
as an introduction to the MAP Planning Document.

What ie MAP?

The Middle Atmosphere Program is an attempt to obtain the

scientific knowledge which is required to answer these important

questions:

1, What are the possibilities for damage to the earth's middle
atmosphere as a result of mankind's activities: e.g., the
permanent reduction of the ozone concentration in the
stratosphere?

2. VWhat role does the middle atmosphere play.in determining climate
and climatic changes?

3. What are the processes by which the sun, acting through the
middle atmosphere, may be ‘able to affect weather?

Why MAP now?

For a convergence of reasons. First, because each of the above
questions is gaining in importance very rapidly. Second, because



available scientific knowledge is inadequate to give the needed
answers; and in particular, to make quantitative estimates of the
probable consequences of particular courses of action by humanity.
Third, because there exists a consensus of opinion among scientists
internationally that the time has come to replace our previously
uncoordinated and fragmentary activity with coordinated and
comprehensive studies of this region of the atmosphere. Fourth,
because new techniques of observation and measurement are now
available, and are in operation, or are firmly planned. These
techniques involve ground-based, balloon and rocket, and satellite-
borne experiments. Fifth, because "modeling' the atmosphere,

using large computers, is advancing rapidly, but requires data

not currently available before calculations can be considered
satisfactory.

What are the main specifics of MAP?
Under the aegis of MAP, scientists will collaborate internationally

1. To determine the structure and composition of the atmosphere in
the regions of the stratosphere and mesosphere, i.e., in the
approximate altitude range 15 to 85 km; especially in regard to
important minor species.

2. To determine the interaction of radiatiorn from the sun, the
earth and the atmosphere with the middie atmosphere.

3. To investigate the motions of the middle atmosphere on all
scales, including the interactions with troposphere and magneto-
sphere, and to monitor these motions on a continuing basis,

While substantial research has been conducted previously into
the above matters, augmentation and collaboration of efforts is
necessary to meet current demands for knowledgse.

The global scale of the program will involve large quantities
of data, for the handling of which there . lready exist organiza-
tions (World Data Centers) with expertise.

What form will MAP take?

MAP will be essentially in the pattern of other programs of
scientific study of the planet Earth, such as commenced with the
International Geophysical Year, and are current as the Global
Atmospheric Research Project (GARP) and the International Magneto-
spheric Survey (IMS). The program is expected to be supervised
by a committee of scientists, composed of nominees of international
scientific unions. Within the program, specific projects will

be proposed by scientists to their own countries for support, and
for conduct either nationally, or in cooperation, internationally.
The findings and conclusions of the prejects will be made
available to all without restriction,
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What i3 'the current (mid-1976) status of MAP?

MAP, as an interdisciplinary program, is currently an approved
planning activity of the Special Committee on Solar-Terrestrial
Physics, within the division of Atmospheric Physics Programs.

Approval of, or interest in,MAP as a proposal has been
expressed by IAGA and IAMAP (within IUGG), by COSPAR, URSI, and
WMO. Its development is knowna to the Committees responsible for
GARP, and for IMS and other SCOSTEP activities.

Why s MAP conceived as a new and separate program?

Because no existing program has its central thrust directed towards
the middle atmosphere, which would, in the absence of MAP, continue
to be a relatively neglected region. GARP is essentially

directed to the behavior of the troposphere, as a necessary prelude
to more effective observation and prediction of its behavior,

IMS deals with a region of plasma and energetic particles, in

which the interaction of the solar wind with the earth's atmosphere
and magnetic field occurs. By contrast, MAP deals with a '"mixed"
region, influenced by processes originating in the troposphere, e.g.,
planetary and gravity waves, and also in the magnetosphere, e.g.,
energetic electron precipitation mainly in the auroral zone. The
need for cooperative disciplinary efforts, and the requirements for
special organization, follow from this ''mixed" character.

Does MAP have a distinetive justification?

MAP shares the common justifications of all attempts to under-
stand man's atmospheric environment: satisfaction of human
curiosity and possible practical utilization are familiar. However,
a new urgency exists for completion of our knowledge of strato-
sphere and mesosphere; as evidenced by several national programs,
e.g.,, U.8, Climatic Impact Assessment Program, mounted for the
evolution of advice on specific problems such as are potential in
supersonic flight, or in the release of chemical compounds into

the atmosphere at the surface.

Perhaps the most appropriate justification is a new sense of
the value of our atmosphere to the human beings who will populate
this planet to capacity. This atmosphere may no longer be
conceived as unalterable, and thus unaffected by us. It is increas-
ingly seen, despite the prodigious energies which are inherent
in it, as fragile, limited and above all, beyond price to us. It
is our least responsibility to future generations to leave them
the same atmosphere in which we and they evolved as human organisms,
and to do our part towards future control of this complex aspect
of our environment.



Individual projects will evolve from a series of recommenda-
tions of a Planning Conference, which are to be found in Section
IT of this document.

What is the likely scale of requeste for resources for MAP?

Only a comparative and qualitative answer is possible at present.
MAP may be expected to require more support than earlier geophysical
programs such as IGY and IQSY because more expensive techniques

are involved. On the other hand, it will almost certainly be

less expensive than GARP, which requires the collection of data

on a much larger scale. Further, MAP will take advantage of
projects for which funding has been in principle committed in

some countries, e.g., for space vehicles.

When will MAP -take place?

The project activity of MAP is intended to reach a maximum in

the mid-1980's. In part, this development is proposed as a means
of utilizing the planned availability of space vehicles such as
the Space Shuttle, and in part it is an estimate of the time when
new satellite-borne remote sounding techniques will be in
operation. Further, it is held desirable that MAP should not
compete for funding with the existing GARP and IMS; and finally,
it is recognized that MAP will require the availability of
scientific data to be produced from GARP and IMS,

No restrictions will be placed on the start of MAP projects,
though formal approval of the program by international scientific
bodies is not expected to be available till late 1977,

The determination of the desirable duratdéon of MAP will be
a responsibility of the supervising committee, with cognizance
and approval of the scientific unions. It is too early to anti-
cipate a closure date; but the program will not continue indefinitely.

What status will MAP have?

MAP will require the approval of all constituted scientific bodies
whose disciplines are related to the science of ‘this portion of the
atmosphere, These bodies include:

The International Union of Geodesy and Geophysics
The International Union of Pure and Applied Physics
The International Astronomical Union

L'Union Radio Scientifique Internationale

The Committee on Space Research

The World Meteorological Organization

Approval by these bodies will be sought after the presentation
to ihem of this document for their comment and amendment. Formal
approval is to be sought in autumn, 1977 and will be marked by the
establishment of a Steering Committee.



2
Relationship
to Applications

2.1 INTRODUCTION

MAP is primarily a scientific program designed to enhance our
understanding (currently very limited) of the atmosphere between
15 and 100 km. Such understanding will give, as an important
byproduct, an improved ability to assess matters of practical
concern, such as the state of the ozone layer and climatic change.
These applications, along with a few others of lesser current
weight, are discussed in this section, If attention is dirccted
to the possible applications from the beginning of a program,
reiatively small and inexpensive modifications can make the data
much more useful,

A narrow definition of the term "practical application' is
adopted here, Scientific results that can be applied to other
scientific fields are not ‘included. An "application' must be
of benefit to the average person, either directly or through
agricultural or commercial productivity.

2.2 THREATS TO THE OZONE LAYER

The ozone layer is important to man because it screens out
biologically harmful ultraviolet- 'radiation in the wavelength
range 200 to 300 nm, = Of particular importance is the range
_called UV-B, from 280 nm which is completely absorbed to 320 nm
which is completely transmitted. ' The ozone layer is also nn_'



integral part of the stratospheric climate through its absorption
and emission of radiation.

Since ozone is the major absorber of UV-B radiation, pertur-
bations in the ozone layer will yield changes in the ground-
level dosage. Several effects of such changes have been suggested.
The most widely quoted of these is the increase in skin cancer
incidence. Other possible effects include changes in agricultural
yields, increased damage to natural ecosystems, increased UV
germicidal action, enhancement of photochemlcal smog, and
photodegradation of xenobiotic materials.

A variety of possible threats to the ozone layer is listed
below -along with a brief statement of the status of understanding
of each one:

2.2.1 Aviation

(a) Supersonic Transports - subject of 3 year CIAP program
and related efforts in Britain, France, and other
European countries. Significant ozone depletions predicted
for large fleets with existing engine technology.

(b) Subsonic Aircraft - small ozone depletion effects pre-
dicted. Highly uncertain because flight is near tropo-
pause where transport is uncertain.

(¢) Military Aircraft - same as SST's but small ozone
depletions because of smaller fleets,

2.2.2 Nitrogen Fertilizer

Still highly speculative with crucial processes not known. Could
be the most important long-term threat because of intimate link
to food chain,

2,2.3 Nuclear Explosions

Predicted ozone depletions due to NO, formed could provide test
of theory, but results inconclusive and controversial,

2.2.4 Chlorofluoromethanea (CFM's)

Significant predicted ozone depletions for continued usage.
Absolute numbers changing fairly rapidly as new laboratory and
atmospheric data become available. Major current focus of
applied research effort,

2.2.5 Solid-Fueled Rockets

Small predicted ozone depletions from ammonium perchlorate
boosters.



2.2.6 Assorted other Halogerated Compounds

Brominated fumigants, chlorination of water, etc. Small effects
but not yet studied fully.

2.3 CURRENT UNDERSTANDING OF THE OZONE LAYER

Ozone is produced from the attachment of oxygen atoms to 03
molecules. The ultimate source of the oxygen atoms is the dis-
sociation of Oy by solar UV radiation in the wavelength range
2000 & to 2420 R,

The major destruction mechanisms for ozone are cycles of
reactions equivalent to O + 03 + 20,. The major controller
of ozone destruction is the catalytic cycles of the nitrogen
oxides (NOx). They are responsible for perhaps 60 to 70% of the
ozone destroyed. Catalytic cycles of the hydrogen oxides and
the direct Chapman mechanism reaction of O and O3 are responsible
for perhaps 15% apiece of the ozone destruction. Catalytic
cycles of the chlorine oxides and transport to the troposphere
for destruction at the surface are responsible for probably not
more than a few percent each of the total ozone destruction.

Ozone is produced mainly at tropical and midlatitudes and its
destruction is also maximum there. It is transported downward
and toward the poles resulting in maximum column content in the
chemically inactive polar region.-

The major source of stratospheric NO, is the reaction of
0(1p) atoms with N0 to form two NO molecules. N20 is produced
at the ground as a part of the biological nitrogen cycle. N20
is essentially inert in the troposphere and provides a mcans for
transport of nitrogen oxides from the ground to the stratosphere
where attack by solar UV or reactive radicals converts N0 to Nj
or catalytically reactive NOy.

The stability of stratospheric ozone is governed by a complex
system of feedbacks in which reactive species of the Ox, NOx,

HOx, Cify, and other chemical systems react with one another and
are affected by the available solar UV which, in turn, decpends on
the ce'umn of ozone above a given point.

While it 'is possible, and frequently profitable, to calculate
natural concentrations of stratospheric species from partial
models in which some parameters are held fixed at measured values,
predictions of the effect of perturbations require consideration
of the complete detail of the complex stratospheric feedback
system. Frequently a small change in the concentration will result
in near cancellation of a perturbation. For this reason it is
necessary when considering ozone perturbations to develop models
of stratospheric processes which self-consistently calculate as
many of the relevant feedbacks as possible.

No model yet exists which. can include all of the known
chemical;, radiative, and dynamical feedbacks in the stratospheric
system. For this reascn several distinct types of models have



