been developed. They range from the simplest box models to
three-dimensional dynamical-radiative-chemical models which, in
principle, can include all the relevant physical and chemical
processes. In practice, such models are computer limited, and
must simplify the dynamics somewhat and the chemistry severely.
Moreover, they are so complex that their output may be a little
simpler than the atmosphere itself: '

The most popular models use one-dimensional transport with
complete chemistry or two-dimensional transport with somewhat
simplified chemistry. Diurnal and seasonal variations may be
averaged or carried explicitly. Other models emphasize radia-
tive couplings instead of chemistry, as discussed in the next
section.

The source molecules (such as N;0, CH4, CH3C2) for strato-
spheric chemical radicals are themselves part of the global
biochemical cycles and cannot be considered in complete isolation
from their sources on land and in the oceans. Especially when
considering long-term trends, possible feedbacks on these sources
must be given consideration. Many of the predicted man-made
perturbations operate through perturbation of these source terms.
Box models are used to study the nitrogen, carbon, and other
cycles, In contrast to the purely atmospheric models, there is
a great lack of knowledge concerning the type of processes
necessary in a biogeochemical model.

Because of the possible deleterious effects of ozone pertur-
bation it will continue to be necessary to use and expand the
predictive capability through models such as those described
above. However, the most serious roadblock to improvement of
predictive capability is the lack of a sufficient data base. In
the short term, simultaneous in situ measurements of several
species within a chemically reacting subgroup are necessary. These
can provide tests of the box model chemistry as well as provide
measures of the total amount of a chemical subgroup such as odd
nitrogen, hydrogen or chlorine. When such data are available
at several latitudes, source-sink-transport relationships can
begin to be tested. For the somewhat longer term, global data
especially related to transport parameters are necessary. These
can be obtained by more extensive, ccordinated balloon, rocket
and aircraft soundings which will complement the satellite measure-
ments that will become available. For the long-term development
of the ultimate three-dimensional. completely interactive model,
extensive global satellite coverage will be a necessity.

2.4 CONTRIBUTION OF MAP TO THE OZONE PROBLEM

Because the ozone is almost entirely contained in the middle
atmosphere, MAP will have an important contribution to make to
the evaluation of these potential threats. In order to understand
perturbations of the atmosphere it 1s first imperative to under-
stand the natural processes taking place in the atmosphere. All



of the goals and recommendations made in the scientific portion
of MAP are important inputs to the application of this knowledge
to the evaluation of potential threats to the ozone layer. Our
knowledge of the stratosphere in 1970, though considerable, was
hopelessly inadequate to such an evaluation., By 1976 it was
far better, but a major perturbation could still be caused by the
discovery of the properties of chlorine nitrate. The fund of
basic knowledge is a necessity before new threats can be quickly
assessed.

Some particular recommendations which will assist MAP in
applying the scientific knowledge gained to ozone perturbations
are as follows:

1. Because of the long-term and serious nature of the predicted
effects, it is essential to predict them rather than waiting
for the atmosphere to perform the experiment. Thus, it is
necessary to develop predictive models which inciude as many
of the relevant feedbacks as are known.

2. It is necessary to perform experiments that test these
predictions,

3. In addition to the basic data for understanding the
natural stratosphere, measurements of polluting species, their
reactions, and reaction products are needed. In most cases
the results of these measurements can warn us of an impending
problem long before it can be picked out of data on ozone
itself,

4, Special emphasis should be given to tropospheric sources of
stratospheric species such as, but not limited to N-0O and CHy.

5. It is imperative to begin as soon as possible with baseline
measurements from which long-term trends may be deduced.

2.5 CEFFECTS OF STRATOSPHERIC CHANGE IN THE SURFACE ENVIRONMENT
AND CLIMATE

{limate has always been a popular subject, but this interest has
greatly increased in the last few years within the scientific
community and in the popular press. There are several reasons
for the increased scientific interest.

1. There has been a large increase in the quality and quantity
of evaluations of past climatic history. This improved data
base has led us to realize that climate changes on many
time scales have occurred in the past and that they should be
expected to occur in the future.
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2, There has been the enhanced perception of the importance of
climatic variation for many aspects of our economy, especially
agriculture.

3, There have been major advances in our understanding of atmos-
pheric processes and our ability to simulate them through
computer models of various degrees of complexity. These
advances have caught the imagination of many additional
scientists who perceive the possibility of gaining greater
understanding of the sensitivity of climate to various
potential perturbations and possibly gaining the capability
to anticipate future climate change.

4. Scientists have in recent years become much more appreciative
of the possibility of human activities. leading to adverse
environmental change. Our understanding of the sensitivity
of climate to possible human activity is sufficiently advanced
that many possible significant effects can be identified. The
coupling between the middle and lower atmosphere is a
significant component for most of these possibilities and a
major aspect of some. .

The flurry of interest in climate in the popular press re-
flects, at least in part, the increased scientific interest.
However, in the press greatest attention has been given to rather
unlikely catastrophic events such as ice ages or melting of the
polar ice caps. It is extremely unlikely that stratospheric
change will lead to New York City either being under water or a
glacier within the next century or two. Of much more practical
concern are small but still significant climatic changes impact-~
ing the world's food supply in conjunction with the ever
increasing population pressures.

Despite its importance, the complexity of the potential
effects of stratospheric change on climate has inhibited detailed
study.

A few preliminary analyses have been made, however. On the
basis of these and our general understanding of stratospheric-
tropospheric coupling, we can outline the nature of the scientific
questions regarding the connection.of the stratosphere to the
iower atmosphere that should be answered in the 1980's.

For practical purposes, we can view climate as consisting of
the statistics of surface temperature, rainfall, cloud, cover, etc.
For theoretical approaches it is helpful to distinguish between
global mean values and departures from the global mean. The
simplest 1-D climate models assume that horizontal variations
can be neglected and provide global average temperature in response
to incoming sclar radiation., These models prescribe a tropos-
pheric lapse rate presumed determined by moist convective processes,
and calculate a radiative equilibrium stratosphere. Solar
radiation is either reflected, absorbed in the atmosphere or
absorbed at the surface, Infrared radiation varies with the



temperature of the various levels until outgoing IR balances the
net incoming solar radiation. The global mean surfacc tempcrature
calculated by these models is quite sensitive to stratosphere
radiative processes. Note that as a result of the assumed model
convective adjustment, the model troposphere is strongly thermally
coupled to the surface, That is, the models are relatively
insensitive to the location of heat sources or sinks or redistri-
butions of thermal energy below the tropopause. Thus, the function
of radiatively active gases in the troposphere can be simply
described, Their absorption of solar radiation is only significant
insofar as it removes radiation that otherwise would backscatter
to space (that is, decreases the planetary albedo). They act in
the infrared together with clouds to raise the effective altitude
from which thermal emission occurs and therefore to warm the
surface (the so-called greenhouse effect).

In addition to the above functions, radiatively active
gases in the stratospherc have several further related roles. In
particular, they emit infrared energy downward to the troposphere-
surface complex. This downward radiative flux depends both on the
mixing ratios of the active gases and the temperature of the
stratosphere. The latter, in turn, depends on the absorption by
ozone of ultraviolet and visible solar radiation and infrared
terrestrial radiation as balanced by infrared cooling, mostly
due to COj.

During this century, the burning of fossil fuels has led to
a steady increase in the amount of CO; in the whole atmosphere.
Most models agree that there should be a corresponding rise in
global temperature, but the magnitude is uncertain. If it has
occurred, it has presumably been hidden in the fluctuations
When society is considering alternative sources of energy, such
climatic effects should be kept in mind, but a proper assess-
ment is still beyond us.

It is conceptually useful to decompose the question of the
effect of stratospheric change on tropospheric-surface temperature
into two components, The first problem is for fixed tropospheric
conditions to determine the potential change of the earth-
troposphere radiation balance., The second, and much more difficult,
problem is to determine the climatic response of the system to
the change of radiative fluxes including further radiation budget
feedbacks,

The 1-D models provide useful estimates for the first of these
problems, Latitudinal variations could, however, be of importance
for refining such estimates, For example, changes of the ozone
distribution are likely to vary sufficiently widely with latitude
that adequately estimating even global mean heat budget changes
would require calculations at several latitudes with appropriate
weighting.

The second question of estimating the climatic response of
the system involves the complex interaction of numerous physical
and dynamical processes. The simple 1-D models estimating global



temperature change crudely include some possible feedbacks, and
neglect others entirely. There is some theoretical modeling and
cbservational evidence that with a global mean temperature change
the temperature change in high latitudes would be significantly
greater. It is also known observationally that global méan changes
may be accompanied by larger variations with longitude. Larger
changes at high latitudes involve, at least in part, coupling between
temperature and the high albedo cryosphere. Variations with
longitude would involve dynamic processes--these are broadly
understood but are too complicated for their effects to be
anticipated with simple arguments.

The discussion up to now has referred primarily to coupling
between stratospheric and tropospheric change initially themmal in
nature. This coupling has conceptually been preceded by some
change in the composition of the stratosphere and analysis of the
tropospheric-surface response involves numerous further internal
feedbacks. Dynamic and compositional coupling are also likely
to be of considerable importance in linking stratospheric change
to tropospheric change. First, tropospheric planetary waves
significantly influence the longitudinal variations of surface
climatic parameters. Their sources are believed to be largely
in the troposphere but they propagate upward into the stratosphere
where they are partially absorbed by radiative dissipation and
partially downreflected. Changes in stratospheric structure are
likely to modify the altitude and degree of downreflection and
so, in principle, to modulate surface climate. This effect is
likely to be small but it is of intrinsic scientific interest
because it requires improved understanding of the planetary-wave
coupling between troposphere and stratosphere. )

Compositional coupling is most likely to involve changes in

-motion and thermal structure in the 10- to 20-km region. One
very important, but poorly understood, question is the coupling
between tropospheric and stratospheric water vapor concentrations.
There is some observational evidence and theoretical arguments
to indicate that stratospheric water vapor concentrations are
controlled or at least significantly modulated by the saturation
mixing ratio at the tropical tropopause. If this is so, a
long-term temperature increase of the tropical tropopause by 3° X
might as much as double stratospheric water vapor concentrations.
Such a change of tropopause temperature could result within the
next 50 years as a result of increasing amounts of various trace
gases in the troposphere, in particular carbon dioxide, and the
chlorofluoromethanes.

Many of the important trace gases in the stratosphere originate
from tropospheric sources or are lost to tropospheric sinks.

The concentrations of these gases are controlled in part by the
time scale for transport through the lower stratosphere where
vertical movement of these gases is most sluggish. To a zeroth
approximation, these time scales can be estimated by considera-
tion of observed chemical profiles. Tt is difficult, however,

to extend this approach to establish the dependence of these time
scales on detailed spatial and temporal structure of the source-



sink distributions or on possible changes in stratospheric

structure, A more basic, and eventually needed, approach is to

establish in detail what motion processes are largely responsible

for transporting material vertically through the lower strato-

sphere, In particular, what time and space scales are most impor-

tant and what physical mechanisms are responsible for these
~motions?

2.6 CONTRIBUTION OF MAP TO THE CLIMATE PROBLEM

One major component of evaluating the role of stratospheric change
in climate is by theory and observation to better understand, and
to be able to better anticipate and model, stratospheric change.
This task, indeed is at the crux of the whole Middle Atmosphere
Program and should be a necessary consequence of pursuing it.
However, there is the additional need for a better understanding
and modeling capability for the climate system. It is hoped that
this area will advance in parallel with our understanding of the
middle atmosphere.

Specific inputs from the Middle Atmosphere Program needed to
evaluate possible climate change include:

1. An improved description of the latitudiral and altitudinal
variations of ozone change.

2. A better understanding of the infrared coupling between
stratosphere and lower atmosphere.

3. A better understanding of the radiative roles of other trace
gases including COp, H,0, and the CFM's,

4, A better understanding of the coupling between troposphere and
stratosphere by planetary waves.

5. A better understanding of the transport coupling of significant
trace gases between troposphere and stratosphere.

In summary, to achieve the above objectives will require a
suitable mix of improved modeling capabilities and observational
studies.

2.7 SOLAR-TERRESTRIAL PHYSICS AND METEOROLOGY

Weather and climate are among the most important parts of man's
environment. The previous secticn discusses possible changes
related to the sun's radiation, it's major energy output. Almost
since the discovery of the sunspot cycle, there have been attempts
to find correlations with meteorclogical variables. As far as



the upper atmosphere and magnetosphere are concerned, such
connections are abundant, well documented, and mainly understood,
at least in principle. But the deeper we look in the middle and
lower atmosphere, the less obvious the correlations become, and
the greater become the conceptual difficulties, for it is
necessary to suppose that extremely small energies are affecting
huge masses of air. Thus, although over the years many empirical
correlations have been put forward, they have been viewed with
suspicion by uncommitted people. A further difficulty is that
the usual tests of significance do not apply directly, because
any correlation that is found must have been selected from a

far larger number of cases that showed no connection at all.

A marked revival of interest in the question has followed the
work of Roberts and Olson, Wilcox, and others. They studied the
vorticity-area index for the Northern Hemisphere, and found for
winter months a correlation first with geomagnetic activity, and
then with the magnetic sector structure of the interplanetary
medium. The present indication is that the correlation is again
found in a later, independent data set: a much more convincing
test than any internal statistical one in view of the selection
effect mentioned above. The atmospheric data used were for the
300 mb ilevel, about 10 km, not far below the bottom of the
"middle atmosphere'. Indeed, it is natural te look at the latter
region when seeking a physical cause, for it is the middle and
upper atmosphere that absorbs the variable part of -the solar
spectrum and that is most affected by geomagnetic activity. Data
from MAP may therefore play an important part in prov1ding clues
to processes at work,

It should be noted that the Roberts-Wilcox correlation has
not been demonstrated to be of practical interest, even if it is
valid. Its inclusion in the present section is therefore a matter
of faith rather than fact. The kind of causal mechanism that has
been suggested, and is most plausible, is a trigger, or phase-
modulation, effect, in which an event that is about to happen
anyway is slightly advanced or retarded. It remains to be shown
that the ability to predict such a modulation, especially if
limited to winter, can have any effect on practical affairs. Such
a demonstration is clearly outside the province of MAP, but
nevertheless needs attention,

Many of the other claimed correlations do relate to highly
practical matters, and would be 1mportant indeed if they could
be established. Here the question is whether the evidence can
be considered significant. Again, much of this work may fall
outside the scope of MAP,

The following recommendations take account of the probable
role of the middle atmosphere as a modulator, passing the solar-
terrestrial signal to the troposphere. The signatures of such
processes may profitably be sought in the data produced during
MAP, For example, solar activity may create a state which modi-
fies the absorption of solar energy or the release of atmospheric
latent energy. The suggested program is largely derived from
others already being considered for MAP, Implementation will



merely require a coordinated study with appropriately grouped
observations. Little additional funding will therefore be
required. :

The most important contributions of MAP to the issues of
solar-terrestrial physics and meteorology are an improved data
base and improved understanding of the workings of the atmosphere.
As well as atmospheric data, there should be a greatly improved
description of the solar output, both electromagnetic and
corpuscular, and its variations.

2.8 APPLICATIONS OF D-REGION STUDIES

For several decades, the chief impetus for ionospheric research
came from its practical applications to radio-wave propagation, and
hence to telecommunications and navigation. With the advent of
communications satellites operating at frequencies far above
those used for ionospheric propagation, much of this impetus
disappeared, accounting for a major decrease in emphasis on
ionospheric research on the part of mission-oriented agencies.
While communications satellites have alleviated many of the old
problems associated with the ionosphere, there has in fact been
increasing usage of the lower-frequency ranges (10 kHz to 10MHz)
in which ionospheric effects are of vital importance. Some
areas of the earth, particularly in polar regions, are inaccessible
to synchronous satellite links, while the cost and complexity of
communication-satellite ground facilities effectively rule them
out for many purposes,

Among present uses of ionospherically propagated radio waves
are: :

1. HF ship-to-shore and ship-to-ship communications,
2. Aircraft communications, especially on transpolar flight paths.
3. long-range navigation.

Conditions in the D region can have an important influence
on these applications, by causing loss of signal (e.g., polar-
cap absorption events, which are particularly important to trans-
polar aircraft communication links), or substantial navigational
errors caused by changes in the phase of ionosphetrically reflected
LF and VLF radio waves, In addition, cross modulation in the
D region leads to deterioration in communications quality, and
the existence of sporadic-F layers can give rise to serious
interference problems.

While some of these problems merely call for improved fore-
cast and warning services for predictable events, such as polar-
cap absorption, there is a continuing need for the construction of
D-region and E-region models that can adequately assess the
effects of lower-ionosphere disturbances on specific communication
and navigation links. In addition to disturbances of natural
origin, the problem of man-made disturbances is important.
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Among these are the effect of nuclear explosions on communications,
which is a question of great defense concern, and the related
problem of communications with spacecraft during the re-entry
phase, when intense heating leads to enormous increases in
ionization amounts in the mesosphere.

The latter two questions demand a detailed knowledge of ion
and neutral chemistry in the mesosphere, and hence have an
important bearing on the problems that will be addressed by MAP,

2.9 OTHER APPLICATIONS

These two topics are found to be of minor practical concern at
most, but are included for completeness.

2.9.1 Stratospheric Clear-Air Turbulence

Stratospheric turbulence is probably almost always produced by
the same mechanism as most tropospheric turbulence outside the
boundary layer, shearing instability in a stably stratified flow
with local Richardson numbers less than 1/4. In contrast to the
situation in the troposphere, however, the production of strong
vertical shear is not a normal or frequent consequence of large-
scale dynamics. Instead, most of the shears which lead to
stratospheric turbulence are probably produced by upward-
propagating wave energy, and apparently most effectively by the
waves associated with air flowing over high mountains.

The Air Force HICAT program, which produced the most exten-
sive set of stratospheric turbulence data, found that the bias
of turbulence toward high mountain areas was very strong, much
more so than is the case at lower levels. At the same time -
they found that the frequency and intensity of turbulence generally
decreased upward from the tropopause to 20 km or higher, although
still frequent and intense enough to cause difficulties for
such low wing loading and marginal aircéraft as the U-2 and B-57F.
Supersonic aircraft are something else again, however. It appears
that the direct accelerating effects of turbulence are unlikely
to be hazardous. or even uncomfortable for such aircraft. The
early supersonic bombers apparently had engine troubles related
to rapid temperature changes in turbulence. These problems
responded to relatively straightforward engineering solutions,
however., At this time there seems to be no strong interest from
either military or civil aviation in applied research into
stratospheric turbulence. On the other hand, boundary layer
turbulence and wind shears near airports are currently a rather
pressing concern to the airlines and FAA, Upper tropospheric
turbulence is of some interest and represents an economic and
operational problem to the airlines, but clearly much less than
the price of o0il, hijacking, pilot strikes, etc.



If for some reason there were a need for short-range predic-
tion of turbulence in the lower stratosphere, meteorological
science could probably respond, due to the close association of
such turbulence with mountains and upward-propagating wave
energy.

2.9.2 Stratospheric Ozone Transport to the Ground

Under conditions close to an active jet stream where the tropo-
pause is dicontinuous, intense incursions of stratospheric air
transported into the troposphere are sometimes encountered. The
intrusion of such ozone-rich air within the biosphere may be a
worthwhile topic for further study in view of the potential
economic and health consequences of such pollution. One must dis-
criminate between the ozone transported from nearby polluted

areas and ozone transported from the stratosphere. The possibility
that anthropogenic changes of the ozone layer might cause an
increase in the transport of stratosphere ozone should be examined.
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