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PREFACE 

This report contains the re sults of a study , carried out 
on behalf of the Committee on Solar-Terrestrial Research 
of the Nat ional Re search Council ' s  Geophysics Research 
Board , to establish the future role and directions of both 
ground-based and suborbital ( rocket , balloon , aircraft ) 
measurement techniques for upper-atmosphere research in the 
1 980 ' s .  The upper atmosphere , for the purposes of this 
study , is defined as the region between the stratosphere 
and the exosphere ; magnetospheric research was not expli
citly included . This report complements other studie s 
carried out by a number of other committees and as such 
is part of an overall effort to deve lop a national strategy 
of solar-terre strial research for the 1 98 0 ' s .  

The study was conducted at Woods Hole , Massachusetts , 
on July 3-8 , 1978 , under the chairmanship of Franc is s. 
Johnson . The participating scientists were selected to 
include theoreticians as well as experimentalists ; a 
special e ffort was made to achieve a good and balanced 
representation among the participants for both remote 
sensing (e . g . , optical and radio ) and in si tu measurement 
techniques .  The recommendations of this study were pre sented 
to officials of the National Sc ience Foundation and the 
National Aeronautics and Space Administration . This report 
was reviewed and endorsed by the full Committee on Solar
Terre strial Research in October 1978 , subject to certain 
minor modifications , which were later incorporated . 

The Committee on Solar-Terrestrial Research wishes to 
take thi s  opportunity to thank the participants of the 
study for all their efforts . Spec ial thanks are due to 
Francis Johnson , whose patience and hard work made this 
report possible . Edward R .  Dye r ,  Secretary of the Committee 
on Solar-Terrestrial Research , who served as staff officer 
for the study , and Helene Patter son are also acknowledged 
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for their contributions to the report ' s  preparation . The 
enthusiastic cooperation of the various agency program 
officials , especially Alan J. Grobecke r ,  Dennis S .  Peacoc k, 
and Herbert Carlson , all of NSF , and Shelby G.  Ti lford of 
NASA was invaluable . The Committee acknowledges with 
appreciation the support of the Nat ional Science Founda
tion , which helped to make this study possible . 

Andre w F .  Nagy , Chairman 
Committee on Solar-Terre stri al 
Research 
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1 

EXECUTIVE SUMMARY 

1. 1 I NTRODUCTION 

Scientific Interest . The upper atmosphere is  a region of 
great intrinsic s cientific interest and considerable prac
tical importance as a component of man ' s  environment . In 
terms of basic science it represents a region of tran sition 
between the lower atmosphere , where fluid propertie s 
dominate , and the near vacuum of interplanetary space , 
which is dominated by a tenuous plasma and high-energy 
radiation . The upper atmosphere is the seat of a huge 
variety of physical phenomena , many of which involve com
plex interactions among fluid dynamic s ,  radiative e ffects , 
and chemistry . It contain s an electrically charged 
component--the ionosphere--which in itself encompasses a 
wide variety of plasma regimes . Historically the challenge 
of explaining upper-atmospheric phenomena has provided a 
stimulus for a great deal of basic scientific research 
that has ultimate ly found appl ication in other fields . 
The interests of fundamental sc ience hardly need further 
discussion . 

Practi cal Importance: Three Exampl es . The intrins ic 
practical i mportance of the upper atmosphere has received 
widespread recent attention in connection with the ozone 
problem. Wh ile the importance of the ozone layer in pro
tecting life on earth from harmful solar ultraviolet radia
tion has been appreciated for many years , its extreme 
fragility was recognized only after catalysts were identi
fied that are very e ffective in destroying ozone and that 
are introduced into the stratosphere both by natura l pro
cesses and by man ' s  activitie s .  The re lative ease with 
which the ozone layer can be seriously damaged is now 
wide ly recogn ized , and the broad range of potent ial 
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consequences for life on earth is rece 1v1ng increasing 
attention . This has re sulted in a virtual explosion in 
stratospheric research in recent years , and our knowledge 
of this hitherto neglected region of the atmosphere between 
about 15 and 50 km has increased substant ially . Accompany
ing this increase in knowledge , howeve r ,  has come an in
creas ing apprec iation of the complexities of the stratosphere 
and of the importance of the interplay among dynamics , 
radiation , and photochemistry . The increase in our knowl
edge of the stratosphere has led to an enhanced awareness 
of our ignorance of the mechanisms that couple the strato
sphere to the troposphere and of our extensive lack of 
knowledge of the mesosphere (50-80 km) and lower thermo
sphere (80 to about 140 km) , which are inace ssible to both 
balloon and satellite in si tu probing . ( The ceil ing for 
balloons is about 50 km, and the lower limit for sate llites 
is about 140 km . ) It is remarkable that we know so little 
about these regions of our atmosphe re . 

Although the ozone layer has provided the most dramatic 
instance of the practical importance of the upper atmosphere , 
other aspects exist . For example , the in frared properties 
of the upper atmosphere influence the overal l  radiative 
balance o f  the earth-atmosphere system and hence may have 
a direct e ffect on global s urface tempe ratures . The 
possible existence of strong pos itive feedbacks in the 
coupling among dynamic s ,  radiation , and chemistry may 
serve to amplify small perturbations in the system . For 
example , the global distribution of ozone is directly 
affected by stratospheric wind syst ems , which are them
se lve s  driven mainly by the geogra phical pattern of heat ing 
of ozone by absorption of  solar ultraviolet radiat ion . The 
potential for feedback in a coupled system of this kind 
is obvious , and feedback may have an important role in 
the observed re lationship between solar activity and 
weather , currently an area of wides pread interest and 
speculation . 

The e lectrically charged component of the upper atmo
sphere ( i . e . , the ionosphere) has cons iderable practical 
importance through its effects on radio communication . 
High-frequency radio propagat ion via ionospheric re flection 
still has a maj or role to play , particularly in lesser
deve loped countries and for certain appli cations in 
technologically advanced countr ies , and accurate e stimate s 
of ionospheric properties depend in an es sential way on 
our knowledge of the uppe r atmosphe re and its ion composi
tion . High-frequency radio communicat ion has tended to 
be replaced in re cent decades by communication at sti l l  
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higher frequencies via satellite links . Even these links 
suffer from ionospheric effects , however ,  and severe dis
tortion often results from scintil lations induced by iono
spheric irregularitie s . Long-range global navigation 
systems are dependent on low-frequency radio waves whose 
propagation is strongly influenced by the ext reme ly com
plex D region of the ionosphere . 

1 .  2 SCOPE OF THE STUDY 

We did not study what might be done , or what should be 
done , with regard to atmospheric sensing from space , and 
we did not consider the problems or needs of magnetospheric 
physics nor of solar-terres trial physic s  in general . These 
re strictions resulted from the time avai lable to organize 
and conduct the study ; had they not been applied , the 
scope �f the study would have become so broad that only 
genera l conclusions might have been reached . Instead , it 
was fe lt worthwhile to proceed with the more limited study 
that could provide recommendations on the directions that 
should be taken for probing the atmosphere from the ground 
and with aircraft , balloons , and rocket s in the 1980 ' s .  
A companion study i s  planned for 1979 in the context of 
re lated studies , which will address the broader question 
of solar-terrestrial physic s in general , including magneto
spheric phenomena . 

For the purpose of thi s study , the upper atmosphere 
was de fined to inc lude the neutral atmosphere above the 
level where weather is important--the troposphere , where 
there is a correspondingly large research effort--to as 
far out as interesting phenomena involving neutral partic les 
occur , including the ionosphere insofar as it i s  closely 
linked with the neutral atmosphere . This is not to say 
that the troposphere , insofar as it interacts with the 
stratosphere , or acts as a source or sink of stratospheric 
processes , can be left out of account . The magnetosphere , 
the plasmasphere , and those aspects of the ionosphere that 
are interre lated only with the magnetosphere were not 
inc luded.  

Figure 1 illustrates the vertical thermal structure of  
the upper atmosphere up to  about 400-km altitude . The 
lowest region , the troposphere , is the region in wh ich 
weather occurs ; although shown as extending on ly up to 
about 10-km altitude in F igure 1 ,  its actual average 
height varies from about 8 km over the polar regions to 
16 km over the equator ; at middle lat itudes the height 
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FIGURE 1 The temperature distribution through the atmo
sphere provides a basi s  for dividing the atmosphere into 
layers or spheres . The troposphere generates weather 
phenomena . The stratosphere is the location of the ozone 
layer . The exosphere is  the outermost portion of the atmo
sphere where the gas is so rarified that collisions between 
gas partic les occur only rarely , causing the temperature 
distribution the re to be isothermal with height . Average 
curves for the thermosphere are shown for the maximum and 
minimum of the sunspot cyc le .  The dashed curves indicate 
the extreme temperature s occasionally encountered . 
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varies on a day-to-day bas is according to the weather 
pat te rns .  The troposphere i s  se parated from the region 
above , the stratosphere , by the tropopause , where the 
temperature at low latitudes especially has a minimum 
value. The s tratosphere is bounded on its upper side by 
the s tratopause near an alt i tude of SO km , where heat ing 
by absorption of solar ultraviolet radiation by ozone 
causes the temperature to have a maximum value. Above 
the s tratosphere , the me sosphere extends from SO- to 
about 90-km altitude , whe re the temperature has another 
minimum value . The thermosphere extends from 90 km to 
much higher level s 1  because of absorption of solar extreme 
ultraviolet radiation and x.rays it is a region of in
creasing temperature , finally reaching constant tempera-
ture with increasing height .above about 300 km. The 
exosphere , a region in which the atmosphere is so rari fied 
that collisions between atmospheric partic les se ldom occur , 
extends roughly from SOO-km altitude on upward . Through
out the region above the troposphere, the atmosphe re is  
very stable and resistant to convection , and vertical 
velocities are very much less than horizontal velocities 
except for small-scale motions associated with wave s or 
turbulence . Even the mesosphere , where temperature decreases 
with altitude , is  stable , because the rate of temperature 
decrease with al titude is much less than the critical 
adiabatic rate at which convection commences . 

In recent years , the term "middle atmosphere" has been 
increasingly applied to the stra tosphere and mesosphere 
taken as a unit , because they have much in common . The 
te rm is used in thi s  repor t when it is convenient to 
treat the two regions together . (Obviously , our de finition 
of the " upper atmosphere " includes the middle atmosphere . )  

1 . 3  THE OBSERVATIONAL PROBLEM 

For many atmospheric problems , the atmosphere must be 
regarded on a global basis 1 others must be examined on 
smaller scales . This gives rise to an observat ional diffi
culty because of the scale of the phenomena under investi
gation1 even small-scale problems in the upper atmosphere 
are relatively large-scale ones compared with l aboratory 
problems . The se difficult ies of scale are greatly magni
fied by the compl icat ions of atmospheric chemistry , which 
involves many constituents at extremely low concentrations . 

Satellite s  provide ideal observing plat forms for 
obtaining a global view of the atmosphere , although only 
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on an intermittent basis . For some problems , this intermit 
tency proves no disadvantage a t  all , but some phenomena 
require more-conti nuous observations than can be obtai ned 
from satellite s . The other l imitat ion that exists in 
satellite remote se nsing of the upper atmosphere results 
from the nature of remote sensing i except for radar and 
lidar , the observations represent average conditions over 
considerable path lengths in the atmosphere . For some 
types of observations this property of averagi ng is an 
advantage , but it is  most often a l imitation, especially 
when observing small-scale phenomena . In this study we 
have not considered the matter of satellite observation 
of the upper atmosphere or made any recommendations in 
this regard . In considering what should be done from the 
ground , aircraft , balloons , and rockets in the 1980 ' s  we 
have assumed that there would be programs of atmospheric 
sensing from space and that the observations that can best 
be made from space plat forms wil l  be available . 

Ground-based observations of the upper atmosphere must , 
of course , be accomplished by remote-sensin g techniques , 
and these are subj ect to the same l imitations as if they 
were applied in space. However , some of the recommended 
ground-based tech niques (e . g . , radar ) have the advantage 
of providing conti nuous soundings at geophysically impor
tant locations . Other ground-based sensing techniques are 
re lat ively inexpensive , and the recommended applications 
are in areas where the property of averaging over substan
tial path lengths is not a limitation. The strong point s  
of ground-based remote sensing are the capabil ity for 
continuous measurement s , the great versat il ity of radar 
measureme nts ( i nvolving an amazing array of physical 
properties of the atmosphere over re latively limited 
volumes ) ,  and the relative ease (and associated low cost ) 
with which many optical measurement s can be made . 

Measurements from aircraft , balloons , and rockets com
plete the array of available techniques for upper-atmosphere 
research. ��ese provide the only means of making in si tu 
measurements below satellite altitudes . They are essential 
for making measurements of atmospheric composition in the 
case of constituents that cannot be sensed remotely . More
over , in si tu measurements are required to calibrate and 
establish the val idity of some remote-sensing observations , 
and they will be needed to add detail beyond that which can 
be observed remotely . Coordinated measurements from 
satellites , rockets ,  balloons , and the ground will provide 
a more complete description of atmospheric regimes than can 
be obtained from the various measurements when they are 
made independently. 
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1 . 4  SUMMARY OF CONCLUS IONS 

Many programs of upper-atmospheric research now exist . The 
recommendations presented here for new initiat ives are 
based on our awareness of ongoing efforts in existing pro
grams, the e xpectation that these programs will conti nue 
as appropri ate, and our belief  that some areas not now 
being purs ued are ripe for attack , whether because of the 
de velopment of new instrument capability , the inadequate 
e xploitation of existing instrument capability , or the 
development of new theoretical insights that require test
ing.  The principal recommendations are s ummarized in this 
section , not necessarily in order of priority. 

1 . 4 . 1  Radar St udy of the Troposphere , Stratosphe re , 
and Mesosphere 

Incoherent-scatter radars are exceedingly powerful instru
ments for observing the upper atmosphere , and important 
res ults have been obtained with radars at key locations 
on the earth ' s  surface . Some unique and important regions 
remain une xplored by this technique . One is a subauroral 
location to examine disturbances  emanating from the auroral 
zone or polar cap . We recommend that an incoherent-sca tter 
radar faci l i ty be establi shed for the observati on of a 
vari ety of important upper-atmospheri c phenomena such as 
thermospheri c winds and ion flows over a range of subauroral 
lati tudes . Thi s  could be accomplished by operating a 
receiver and antenna in coordination with an existing radar , 
to permit operation in the bistatic mode ( i . e . , to view the 
ionosphere from two directions and over a greater range ) . 

To meas ure the important energy and momentum sources of 
the upper atmosphere at the "throat " of the auroral-zone 
convection pattern , where a major heat input exists , we 
recommend that various options be explored for making 
incoherent-sca tter radar observati ons at geomagnetic 
lati tude A = 76-78° and tha t an appropriate observatory 
be establi shed at the earl iest opportunity . The "throat " 
is the location in the auroral oval near local noon , where 
electric fields and the assoc iated plasma convect ion are 
especially strong. The recommended observatory would also 
be of great importance for magnetospheric research; how
ever , as our study did not include that aspect of solar
terrestrial relations we give no j ustification from that 
point of view . 

Radars operating in the coherent-scatter mode also have 
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a great observing capabil ity for atmospheric problems . The 
e choes in this case are bel ieved to be due to turbulence 
or remnant variations in temperature or composition that 
were caused by ear lier-existing turbulence , and they are 
characteristic of the neutral atmosphere. We recommend 
that efforts be made to exploi t meso�phere-stratosphere
troposphere (MST) radar capabi l i ty at mi dlatitudes , where 
it would be of special value in studying stratosphere
troposphere exchange and transport properties in the 
stratosphere and mesosphere by sampling as feas ible in a 
few places. An economical way of accomplishing this would 
be by upgrading exist ing VHF radars by enlarging the ante nna 
area. We are pleased to note the deve lopment of another 
type of radar capability , the stratosphere-troposphere ( ST)  
radar , which should be of great value in investigating 
phenomena in the troposphere and lower stratosphere ( up 
to about 30 km) , such as mountain wave s and clear-air 
turbulence .  We recommend tha t the newl y demonstrated 
capabi l i ti es of the ST-radar techni que be exploited using 
existing instrumen tation in order to gain a ful l er under
standing of the importance of small -sca l e  motions to the 
overal l  dynami cs of the upper troposphere and lower s trato
sphere . St udi es should be undertaken to examine the 
potential sci en tific re turn of a more extensi ve network of 
ST radars . Preli minary design studi es of a transportable 
ST radar should be undertaken in order to establi sh the 
speci fi cati ons and cos t  of an ST radar network . 

1. 4. 2 Optical Measurements 

Rapid advances have been made in recent years in optical 
device s and detectors , and these present the opportunity 
for a great improvement in the capabil ity of instrument s 
used for remote ly sensing prope rtie s of the upper atmo
sphere . We recommend tha t advances in optical technology 
recen tl y developed for use on spacecraft be exploi ted by 
fur ther developmen t and upgrading of instrumen tation for 
ground-based studi es of the energy sources , chemi stry , 
and dynami cs of the upper a tmosphere . 

1 . 4. 3  Rocket and Balloon Measurement s  

Some payloads previously flown on balloons and rocket s 
will be flown on the Space Shuttle when that system begins 
operat ing . However ,  many problems wil l  remain for which 
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this substitut ion will be impossible , and there will remain 
a need for in si tu measurements in the atmosphe re . Even 
at satellite altitudes , a requirement for bal loons and 
rockets wil l remain for investigations of small-scale 
phenomena or for situations for which measuring apparatus 
must wait in readiness until the correct geophysical con
ditions re quired for the inve stigation occur . We recommend 
tha t the bal l oon and sounding-rocket program be preserved 
during the Space Shuttle era to make importan t  atmospheri c 
measurements tha t cannot be made from satel l i tes . We 
further recommend the main tenance and, where requi red , 
the expansi on of rocket and bal loon l a unch faci l i ties to 
accommoda te the needs for da ta acqui si tion a t.various 
geographi cal l oca tions . Provision for fixed s ites as wel l  
a s  the capabil ity for campaign operations should b e  made . 

1 . 4 . 4  Chemistry and Transport 

A promis ing start has been made during the past few years 
on the study of the chemistry and large-scale quasi
horizontal transport processes in the stratosphere . In 
large measure this work has served to expose our ignorance 
of this important and neglected region of the atmosphere , 
the one most c losely coupled to the lowest portion in 
which we live . We recommend tha t the momen tum now es tab
l i shed in s tra tospheri c inves tiga tions be vi gorousl y 
maintained . To do thi s we need to exploi t presen t me thods 
of both in situ and remote sensing of chemi cal l y  acti ve 
minor consti tuents and to develop new methods . We a l so 
strongl y encourage s tudy and developmen t of methods , par
ti cularly those usin g tracers , for examining the globa l 
scale hori zon tal movemen t o f  air masses wi thin the 
s tra tosphere . 

Knowledge of the concentrations of minor species in 
the me sosphere is very limited . The photochemistry of 
this region should be relatively simple compared with 
that of other regions . Yet the few existing measurements 
of such mesospheric s pec ies as OH , NO, and to some extent 
03 are in strong di sagreement with theoretical predictions . 
It is  important that the photochemistry and composition 
of the mesosphere be understood if we are to hope to 
understand more complex regions . We recommend tha t a 
program be under taken to de termine the distribution of 
mesospheric cons ti tuen ts . Rel evan t photol ysi s ra tes 

should a l so be measured . Instruments carried on parachutes 
dropped from sounding rockets in the ne ighborhood of 90 km 
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may provide improved measurements of species such as o, 03 , 
OH , H02 , H2 , CO , and NO. 

Exchange processes between the troposphere and the strato
sphere are not well understood , although they control the 
introduction of pollutants from the troposphere into the 
stratosphere and the removal of radicals and radical reac
tion products from the stratosphere to the troposphe re . 
We recommend that more observati onal and theoreti cal 
studi es be devoted to the s tratosphere-troposphere inter
change process and that fast-response ins trumen tation be 
devel oped for measurements of chemi cal consti tuten ts such 
as 03 , H20, and CO in s upport of these studies . In situ 
measurement s on balloons and aircraft , ground-based radar , 
and/or lidar measurements on aircraft wi ll be needed . 

1 . 4 . 5  Electric F ie lds 

Electric fie lds within the atmosphere have emerged in the 
last few years as a potent ial ly important coupling mechan
i sm between the upper and lowe r atmosphere . Ways in which 
this electrical coupling can in fluence the dynamics are 
not c lear , but the absence of other recognized mechanisms 
elevates the probable importance of this coupling . It 
there fore appears that the time is right for a more sys
tematic and larger-scale attack on the problem. We 
recommend investiga tion of a tmospheric el ectric fi elds of 
ma gnetospheri c ,  i onospheri c dynamo , and thunders torm 
ori gin to de termine their rol e in mi ddle a tmospheri c 
transport and chemi cal processes . This wi ll require a 
program involving balloons and rocket s .  

1 . 4 . 5  other Recommendations 

In addition to the above recommendations , a number of 
recommendations are made concerning other cont inuing and/ 
or increased activities . The se are found in Chapters 3-7 
of this report (together with more detailed treatment of 
those just described ) and are not s ummari zed he re .  

A l i s t  of the recommendations appear s i n  Table 1 .  
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TABLE 1 List of Recommendations 

With atmospheric regions and scient i fic areas of interest 
to which each recommendation is  applicable . The numbers 
refer to the Sections in Chapters 6 and 7 .  A key to the 
s ymbol s will be found at the end . 

Scientific 
Regions Areas Section Recommendation 

Th DE 6. 1 Subauroral inc oherent-
scatter thermospheric 
wind observations 

Th DE 6 . 2  High-latitude Magneto-
spheric/Atmospheric 
Dynamic s Observatory 

TrSM D 6 . 3 MST and ST radars 
Th CDE 6 . 4  Application of new optical 

technology to upper-
atmosphere studies 

UMTh D 6 . 5  Meteor-wind radar 
Th D 6 . 6  Airglow measurement s of 

F-region winds 
MLTh D 6 . 7 Partial ref lection drifts 

and lidars 
Th D 6 . 8  Plasma irregularity and 

instability studie s 
Th CDE 6 . 9  Act ive expe riments 
TrSM D 6 . 10 Dynamical studies of the 

middle atmosphere at 
Jicamarca 

SM C (DE) 6 . 11 Measurement of trace con-
stituent s by high-
resolution spectroscopy 

SM c 6 . 12 Infrared ozone total-column 
measurements 

M c 6 . 13 Airglow determination o f  
03 , H, and 0 distributions 

Th CDE 6. 14 Airglow studie s  o f  thermo-
spheric and exosphe ric 
processes 

TrS c 6. 15 Archiving of infrared solar 
spe ctra obtained within 
the atmos phere 

s c 6. 1 6  Dat a management for strato-
s phere chemistry and 
aerosols 
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TABLE 1 (continued ) 

Scientific 
ReSfions Areas Section Recommendation 

All All 6 . 17 Clustering 
All CDE 7. 1 Sounding rockets and bal-

loons and their launch 
sites 

SM CD(E ) 7. 2 Stratospheric and meso-

spheric composition and 
photochemistry 

TrS CD 7. 3 Stratosphere-tropospheric 
exchange 

All D (E )  7. 4 Planetary e lectrodynamics 
M c 7 . 5  Mesospheric ion composition 
LTh CD 7 . 6 Chemistry in the lower 

thermosphere 
MLTh CE 7 . 7  Me sosphere and lower-

thermosphere disturbance s  
All All 7 . 8  Maintenance of the meteorol-

ogical rocket network 
TrS C (DE ) 7 . 9 Sources of important 

stratospheric reactants 
and IR active gases 

s C ( E )  7 . 10 Measurement of stratospheric 
aerosols 

SMLTh ( C ) E 7 . ll Measurement of direct and 
scattered solar ultra-
violet radiat ion within 
the upper atmosphere 

REGIONS: 
Tr , troposphere . ( The troposphere as such is not covered 
in this study but is mentioned in only those recommenda
tions in which its interact ion with the stratosphere is 
involved or in which the technique in question obtains 
information on the troposphere inc idental to information 
on higher regions . )  
s, stratosphere. 
M, mesosphere . 
Th, thermosphe re . 
U (upper )  and L ( lower)  apply only to the s ymbol immedi
ate ly following . 
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SCIENTIFIC AREAS: 
c, chemistry. 

D, dynamics. 
E , enerqetics. 

Since these factors are not really separable, a sinqle 
symbol indicates the primary area of interest, althouqh 
the recommendation may well have implications in the 

other areas as well. A symbol in parentheses indicates 

that the implications for that area are discussed in the 
text accompanyinq the recommendation, althouqh the area 

may not be explicitly mentioned in the recommendation 

itself. 

Recommendations of a more qeneral nature appear in 
Chapters 3-5 . 
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2 

THE NATURE OF THE PROBLEMS 

2 . 1  I NTRODU CTI ON 

For many atmospheric proble ms, it is necessary to acquire 
observations distributed over the ent ire globe , or at 
least over a hemisphere . Examples are the large-scale 
circulation of the atmosphere and the problem of trends 
in the total amount of ozone . The real nature of the 
atmospheric c i rculation cannot be perce ived or analyzed 
without a distribution of observat ions over a hemisphere , 
and ozone observations at a single point are inherent ly 
incapable of establishing the reality of small trends 
because of the magnitude of local variations . An ozone 
observing network covering the entire earth would provide 
a means of evaluating the total ozone in the atmosphere 
and would be capable of detecting small trends over a 
period of a few years . The distribut ion of land and water ,  
however , make s it impossible to establish such a uniform 
net work and to maintain it for a period of yea rs ; as a 
consequence , smal l changes in global total ozone cannot be 
recognized from ground-based observat ions . 

Satellites provide the opt imum platform from which to 
gathe r data on a worldwide basis , at least to the e xtent 
that suitable observing tec hnique s exist. Even when a 
satellite-based observing technique is les s  prec ise than 
desired ,  the global acqui sition of data may more than co � 
pensate for the relat ively poor re solution of the observa
tions . Thus it is necessary to look to satel lites to 
obtain data on an e xtens ive bas i s  even when only a limited 
observing capabil ity exists ; when good capability exi st s ,  
satel lites can provide the ultimate in observation o n  a 
gl obal scale . 

Many of the proble ms presented by the atmosphere , how
ever, can be addre ssed only by the use of in situ techniques , 
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espec ially when global coverage is not the prime cons idera
tion or where suitable techniques for remote sensing do 
not exist . Such proble ms inc lude the measurement of small
scale variabil ity ( i . e . , para meters varying in space or 
time on scale s smaller than the capacity of remote- sensing 
technique s to resolve ) , the testing of chemical react ion 
scheme s ,  and the study of temporal variability at a s ingle 
location , none of these is amenable to remote sensing from 
spacec raft . Balloons are use ful in establishing or veri
fying circulation patte rns derived from remote-sens ing 
measure ments or other sources . Aircraft are required for 
studies involving mobile plat for ms, such as the important 
problem of troposphere-st ratosphere interchange and 
tropopause- folding event s .  OVer the next decade , the use 
of rockets wi l l  remain e ssential in those areas where 
there is no rel iable alternat ive to in si tu observation 
( e . g . , in problems of neutral and ion chemi stry of the 
ionosphere ) and where rocket observations can complement 
ground-based and sate llite techniques in providing con
t inuity of observation throughout the atmosphere ( e . g . , 
in studies of global planetary elect rodynamics ) . Rockets 
also have a vital role to play in certain active e xperi
ments ,  in new instrument development , and in in si t u  
"truth" measurement s for the val idation of remote-sensing 
tec hni que s .  

2 . 2  COMPOS ITI ON  AND CHEMISTRY 

2. 2 . 1 Stratosphere 

The chemistry of the stratosphere is exceedingly compli
cated, and the de script ion of atmospheric composition must 
be very detai led in order to permit a realistic considera
tion of the chemistry.  Whole families of substances of 
interest are present in the stratosphere in addition to 
the no rmal background of c lean dry airJ even though dry 
( "dry" is , of course , a relative term) a suffic ient amount 

of wate r vapor is always present to affect the chemistry 
in important ways . 

Among the s ubstances of interest, probably the first 
that should be ment ioned is odd o xygen--atomic oxygen 0, 
ozone 0 3 , and excited atomic o xygen 0 ( 1D )  that arises from 
the photodissociat i on of 03 by solar ultraviolet radiation 
with wavelengths shorter than 310 nm. Next are the 
radic als NO , N02, OH , H02, Cl , and ClO. These constituents ,  
plus a few other chemical forms , are a t  times re ferred to 
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as odd N, odd H ,  and odd Cl because within each f amily 
chemical forms transfer relatively rapidly from one to 
another . The radical precursors--the constituents from 
which radicals arise through photochemical reactions-
include N20, CH �, CFM's (chlorofluoromethanes ,  often known 
under tradenames such as Freon ) , CH 3 Cl , other halocarbons 
( including bromine compounds ) ,  COS (carbonyl sulfide ) , and 

water vapor , these are the relatively stable source mole
cules that are int roduced into the troposphere and gradu
ally enter the stratosphere . Another category of interest 
consists of radica l -radical reaction products , which are 
generally inactive as catalysts but which constitute a 
form of storage from which radicals can be released photo
chemically, these include such spec ie s as H Cl ,  HN03 , 
ClON02 , H 20 2, H02NO, and H OCl .  Constituents that are 
important in the formation of aerosols include S02, COS , 
NH 3 , and H 2SO�. Carbon compounds CO and H 2CO are also of 
importance to stra tospheric chemistry. This provides an 
impressive array of constituent s whose concentrations must 
be known, along with thei r  distributions in altitude , 
latitude , and time , j ust to describe adequately the compo
sition and structure of the stratosphe re . The concentra
tions of all of these constituents are ve ry small (typically 
part s  per bill ion or les s ) , and sophisticated measuring 
technique s are needed to observe them. 

The processes of interest are also numerous and in many 
cases difficult to observe . These include the generation 
of the source gases--the radical precursors- -by biological 
or physical processes at the earth ' s  surfac e ,  the removal 
of gases and particle s  from the troposphere ( i . e . , tropo
spheric sinks ) ,  the photochemical reactions of the strato
sphere (and in some cases the troposphere ) ,  aerosol forma
tion , heterogenous reactions that take place on the surfac e s  
of aerosols ,  radiative e ffec ts of gaseous constituents and 
aerosol s ,  and atmospheric transport. In an ove rsimplified 
view of the problem , source molecule s generated at the 
earth ' s surface mix through the troposphere and are slowly 
transported into the stratosphere where they are converted 
into chemically active species--radicals--by photochemical 
reactions.  However,  some of the source molecule s may be 
removed by sinks in the troposphere , reduc ing the n umber 
that eventually reach the stratosphere . Many radicals 
that are re leased in the stratosphere part icipate repeatedly 
in catalytic reactions , but some of them get converted into 
inactive forms--those radical-radical reaction products 
that provide a form of storage . There is a steady slow 
transport of the inactive forms back into the troposphere , 
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where they are generally removed from the a tmosphere by 
ra in. In this way a re lat ive ly steady state is set up, 
but many complications arise as a result of alternate 
paths that some of the con stituents may fol lo w. Further

more, the application of chemistry to the problem is 

complicated by the nature of atmospheric motions, e.g., 

where substantial vertical motions are associated with 
wave motions, the chemical reactions may take place pre
ferentially in regions of higher or lower atmospheric 
density than that at the level under consideration-
something for which a calculational scheme has not been 
developed and is not yet in s ight . 

Atmospheric aerosols is a genera l  term that has been 
applied to matter suspended in the atmosphere ranging in 
size from 1-nm molecular clusters to micrometer-size 
particulate s . Those with radii greater than about 0. 1 
� are optically active , while smalle r  part ic les scatter 
light in a molecular fashion . A cons iderable amount of 
re search has been done on the larger aerosols over the 
last five years . The stratos phere has been found to be a 
rather stable reservoir for these particle s .  Since sedi
mentation i s  ve ry slow, once they are in the stratosphere 
particles remain there for relative ly long t imes . Typical 
lifetimes are of the order of one year , in contrast to a 
few weeks at most in the troposphere . 

It is now believed that these aerosols are formed in 
the stratosphere by gas-to-part icle convers ion proc esses 
and t hat the major constituent is sulfuric ac id (H2S04) . 
The processes result in the formation of a stratospheric 
sulfate layer of aerosol part icles at abo ut 20 km. Typical 
stratospheric concentrations of these partic les range from 
0 . 5  em-� to 10 cm- 3

. The gaseous sulfur responsible for 
the eventual formation of sul furic acid droplets is thought 
to be mainly sulfur dioxide ( S 02) . Carbonyl sulfide ( COS ) , 
thought to be a by-product of coal combustion , has now 
been measured in the 0 . 5 parts per bi llion (ppb ) range in 
the troposphere , and theoretically it should not react 
s ubstantially unt il it has di ffused some 30 km into the 
stratos phere , whe re it is converted to S02 by photolysis . 
Thus , COS may be an important man-made source of strato
spheric aerosol . 

The problems of understanding and describing atmosphe ric 
chemistry and composition inc lud e  the following: 

1.  The general problem o utl ined above of formulat ing 
and testing independent descript ions , for various spe cie s , 
of ( a )  sources and sinks , (b ) reaction schemes , and ( c ) 
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tran s port, which becomes important when chemical time-scale s 
become comparable with or longer than transport time scales 
( s ee  also Section 2 .4. 1 below) . 

2 .  The genera l problem of acquiring detailed measure
ment s  with sufficient spatial and temporal resolution. 
Because of the size of the atmosphere, the seasonal changes, 
and the short-range variations associated with the meteor
ological behavior of the atmosphere, this is a large task 
but one that is necessary for a satisfactory description 
and understanding of atmospheric composition . It will be 
necessary for many years to proceed with less-extensive 
data, but the limitations that this imposes on under
standing and predicting chemical changes that take place 
in the atmosphere must be recognized . 

3 .  As a particular case .of ( a )  under item 1 above , 
the determination of sources and sinks of tropospheric 
precursors of stratospheric radicals and aerosols .  This 
oft en  involves attempts to formulate global cyc les and 
budgets and programs to measure global- scale distributions 
of the specie s .  

4. As a particul �r case o f  (b)  under item 1 above , the 
determination of a complete chemical reaction scheme in 
the stratosphere ( someti mes also extending into the tropo
sphere ) ,  i nc luding photolysis and reaction rates and 
pos sibly heterogeneous reactions ( i . e . , on the surfac es of 
aerosols ) .  This involves verification by measurements that 
ident ify certain specie s and that establish spat ial and 
temporal distribut ions of severa l important spec ies and 
of radiation fluxes . It applies to aerosol formation as 
we ll as to homogeneous chemi stry. Supporting laboratory 
e xperiment s are needed on reactions of gases that form 
gaseous or condensed products , or both . 

5. As a particular case of (c ) under item 1 above , 
acquiring an understanding of transport of trace substances 
within the stratosphere and between the stratosphere and 
the troposphere . This involves intensive sampling and 
measurement campaigns with mesoscale resolution . 

6 .  Understanding of the mechanisms of removal o f  
important species from the atmosphere b y  prec ipitation 
scavenging and deposition at the earth ' s  surface . 

7 .  Determination of the radiati ve prope rtie s of 
aerosol s .  

8 .  Testing o f  models o r  c omponent part s of models by 
observing behavior of certain spec ies after perturbation 
by certain events such as polar-cap absorption ( PCA) 
events , volcanic eruptions , and controlled releases . 

9 .  Use of models for studyin g effects of chemistry and 
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transport on a tmospheric physical propertie s ,  inc luding 
both natural and man-made perturbations . 

10 . Understanding of ion c omposition a nd  the role of 
ions in the atmospheric chemi stry of the stratosphere , 
particularly in aerosol formation . 

2.2.2 Me so sphe re 

By comparison with the region s abo ve a nd  below it , the 
me so sphere i s  bel ie ved to be characteri zed by relatively 
si mple photochemistry. Atomic o xygen is produced by the 
photodiss ociation of molecular o xygen by solar ultraviolet 
radiation in the Schumann - Runge band s .  Above 55 km, the 
atomic o xygen remains main ly in that form during the day
time , but there is a large diurnal variat ion as it conve rts 
to ozone at night . Below 55 km, the atomic oxygen formed 
by photodissoc iation of molecular o xygen mainly converts 
to ozone , even in the daytime , when it is subj ect to 
photodis soc iation . Recombination of 0 and 03 to 02 in 
this region of the atmosphere is be lieved to be accomplished 
by catalytic reactive chains involving H, OH , and H02. 

There are few observations of 03 in the mesosphere , 
and these few provide little reassurance that we under
stand or are able to predict the concentration of such an 
active spec ies . In the tropi cs at night , the observed 
concentrations between 40 and 55 km are sometimes found to 
be 3 to 5 times larger than e xpected , and a bove 55 km the 
profile is not at all l ike that e xpected . A meas urement 
made of NO at 70 km is a bout 20 t imes the amount predicted 
by theoretical mode ls . 

One would like to measure the concentrat ions of 03 , o, 
OH , H, H02 , NOx , H20 , CH� , and H2 and the diurnal varia
tions of these constituent s .  In situ measurements can be 
made with instruments suspended from parachutes ej ected 
from sounding rockets . Remote measurements of 03, NO , 
N02 , H20 ,  and CH� are n ow  being made from satel lites.  

2 . 2 . 3  Thermosphere 

There are sti ll no direct measurements in the lower thermo
sphere of che mically active spec ie s .  Atmosphere E xplore r 
measurement s did not e xtend below 150 km. A fundamental 
factor that affects the structure of the thermosphere in 
a dominant way is the atomic oxygen di stribut ion from 80 
t o  150 km. Measurements have been made with mass 
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spectrometers in rocket s ,  but recombination of o xygen on 
the surfaces of the rocket and spectrometer give s  rise to 
questions a bout the validity of the inte rpretat ion of the 
measurements . Airgl ow  measurements from above provide 
another means of obtaining the atomic o xygen profi le, sinc e  
recombination gives r i s e  to green-line emissions that can 
be inter preted in terms of atomic o xygen concentrations . 
However , these ob servat ions have not answered the quest ion 
of the ato mic o xygen profile in a satisfactor y wa y. 

Another important question relates to the h ydrogenous 
constituents in the lower thermosphere . Although CH� 
and H20 provide the source molecules for release of atomic 
hydrogen and the escape flux from the top of the atmosphere 
is in the form of atomic hydrogen , the role of oth er 
species ,  particularly H2 ,  in . carrying the upward fl ux needs 
to be established . Thus profiles of CH�, H20, H2 , and H 
in the lower thermosphere are needed . 

In the l ower thermosphere and in the mesosphere , prob
lems relating to the D region of the ionosphere remain , 
namely ident i fying and understanding the sources of i oni
zation , the steps leading to the formation of the d ominant 
ions (and even the identification of the dominant ions , 
e spec ial ly in the case of negative ions ) , and the mechan
i sms leading to ion removal .  Measurement s made from sound
ing rockets ,  parachute s ,  and balloons are still required 
in order to c larify thi s murky s ituation . 

The role of metals and meta l ions in the lo wer thermo
sphere needs further investigation . S omewhat higher up 
in the thermosphere , Atmosphe re E xplorer has demonstrated 
the importance of metastable neutral and ion species in 
controlling the chemistry . 

The upper atmosphere i s  strongly perturbed at certain 
time s and in certain places by auroral prec ipitat i on ,  
solar proton event s ,  and planetary wave s .  In si tu measure
ment s of the energy input , the changes in neutral and ion 
composition , and the radiative balance at these t ime s  
remain a requirement . Measurements made from sounding 
rockets , assisted by ground-based observations of optical 
phenomena , remain the most suitable method for attacking 
this class of problems . 

2 . 2 .4 E xosphere 

The current bel ie f is that escape of hydrogen from the 
e xosphere is dominat ed by nonthermal escape , princ ipally 
charge-exchange collisions between energet ic hydrogen ions 
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and hydrogen or o xygen atoms .  However , there has been no 
direct observational con fi rmation of this concept . Ground
bas ed  obser vations with n ew  high-sensitivity optical instru
mentation may provide some of the necessary info rmation . 

2. 3 ENERGETICS 

2.3.1 Middle Atmosphere 

The te rm middle a tmosphere is used here as encompassing 
the stratosphere and mesosphere. In the 1980's we can 
e xpect substantial pr ogress in the formulation and solu
t i on  of three -dimens ional time-dependent models of atmo
spheric dynamic s and electrodynamic s through t he middle 
atmosphe re . The success of these models will depend in 
part on the avai lability of data on the energy budget of 
the system, energy input at various altitudes , rad iative 
energy trans fe r, chemical storage of energy , and energy 
tran s port by dynamical processes . 

For the purpose of identi fying measurement technique s ,  
i t  is useful to cons ider two categorie s of energetic s :  
the quasi-steady source s and those sources that are 
sporadic or of limited spatial extent . Satellites are 
optimal platforms from which to make global measurements 
of energy input int o the thermosphere. For many purposes 
global coverage may be more important than the greater 
prec ision that may be obtained by other technique s .  On 
the other hand , to evaluate quantitat ively the e ffect s of 
man-made or natural perturbat ions on the c om position of 
the midd le atmosphere , more detai led information is needed 
on the interactions of ultraviolet , visible , and infrared 
radiation with the gaseous constituents and atmospheric 
aerosols .  It becomes c lear that satell ite observations 
must be supplemented and complemented by balloon, aircraft , 
and ground-based measurements . The quant it ies to be 
measured include the spectral distribution of the solar 
and terrestrial radiation field as functions of altitude ,  
location, and seasonr the albedo o f  the underlying earth
a tmosphere systemr and the spatial distribut ion of radia
tively active constituent s such as 0 3 , H20, and C02 and 
of aerosol part ic les .  

O f  the many problems and unknowns i n  the middle
atmosphere rad iation budget , we highlight one that presents 
a large uncertainty in calculating rates of atmospheric 
heating. Our present knowledge of the optical properties 
of stratospheric aerosol particles leads to about an 
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order-of-magnitude uncertainty in deriving stratospheric 
heating rates caused by the presence of aerosol part ic le s ,  
and uncertainties i n  the sign appear in evaluating the 
e f fect of particulates on global-average surfac e tempera
tures .  

Aerosol particles are known t o  b e  located i n  the strato
sphere in approximate ly the 15- to 2 5-km altitude interval 
with highly variable conc entrations , especially following 
maj or volcanic eruptions . High concentrations of particle s  
have also been found i n  other regions of the upper atmo
sphere ,  as documented by the presence of noctilucent c louds 
at the mesopause and by occasional reports of aerosol 
layers at intermediate levels.  Significant e ffects on the 
energy budget of the atmosphere were assoc iated with the 
increase in aerosol concentrations observed after the 
eruption of the volcano Mt . Agung in ear ly 1963. Approxi
mately a year after the eruption , for example, tempe rature 
increases of 6 to 8 K were observed near 2 0-km altitude 
throughout the equatorial region . 

Information on the phys ical and optical propert ies of 
stratospheric aerosols has been obtained by impac tors and 
particle counte rs carried on balloons and aircraft , by 
ground-based and airborne lidar observations , and by ground
based photometric studies of the sky at twi light. Two 
satellite sensors ( SAMII and SAGE )  wi ll soon obtain data 
on the global distribut ion of aerosol particle s  using an 
occultation technique ; these observations wi l l  provide 
ve rtical profiles of aerosol ext inct ion coeffic ients . 
The radiative trans fer models used to evaluate the c l imat ic 
e ffects of these particulate s require addit ional informa
tion of the partic le size , shape , and complex refract ive 
index in both vis ible and infrared wavelengths. The least 
known parameter is the value of the imaginary refractive 
index for vi sible radiation--the quantity that directly 
determine s the amount of energy absorbed by the part icle 
from the solar rad iation field . Measurements of the 
optical propert ies of the stratospheric aerosols are 
needed to complement the ext inct ion data to be obtained 
from the satell ite sensors in order to improve our ability 
to evaluate the e f fect of the aerosols on the energy budget 
of the stratosphere . 

A signi ficant uncertainty also exists in our abi lity 
to spec ify the vertical distribution of the direct and 
diffuse ultraviolet radiation field .  This i s  important 
not only for use in calculating the amount of energy 
absorbed by atmospheric constituents but also for use in 
photochemical calculations . Data on the spectral var iation 
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of the solar input out s ide of the atmosphe re are avai lable 
from solar sensors on orbiting sate llite platforms . How
ever , the vertical change in the direct and diffuse solar 
ultraviolet radiation as it propagates downward is spec ified 
by using empirical values in the model s .  The calculation 
schemes must be tested . In si t u  observat ions using instru
mentation mounted on balloons and rockets to determine the 
direct and diffuse ultraviolet radiation fields are required 
for validation and improvement of the stratospheric models . 

Energetic particles provid e both a quasi-steady and a 
sporadic energy input to the upper atmosphere at high 
latitudes . Fluxes of energetic protons follow ma j or solar 
f lare s ,  and the bulk of their energy is d i s s ipated in the 
form of ionization, mainly in the mesosphere in the case 
o f  protons with energie s le ss than about 30 MeV , and in 
the stratosphere in the c ase of higher energies . The 
total energy input during a solar-proton event can be 
significant in compari son with othe r upper-atmosphere 
energy sources ; for example, the average energy input to 
the high- latitude stratosphere in the f?�m of protons 
with energies greater than 30 MeV during the event s of 
August 197 2  amounted to 1 x lo- 3 

to 2 x lo- 3 w m- 2 
for a 

duration of about 3 days . 
In the middle atmosphere the ionization process is 

accompanied by dis soc iation of nitrogen and water vapor, 
leading to formation of a wide range of odd-nitrogen and 
odd-hydrogen compounds that can initiate catalytic 
chemical-reaction chains . The energy released in thi s 
way can far exceed the intial energy input from the 
particles themselves , s ince the catalyt ic chain s  effect ively 
tap the storehouse of chemical energy in the uppe r atmo
sphere . The largest single component of stored chemical 
energy is conta ined in dissoc iated oxygen in the form of 
atomic oxygen and ozone . The catalytic action of NOx and 
BOx compounds has the e f fect of increasing the rate at 
which recombinat ion of 0 3 and 0 proceeds . The BOx chain 
is most effective in the mesosphere , but it has a rela
tively short duration s ince the lifetime of BOx i s  only of 
the order of a day at these altitudes . The NOx chain is 
most effective in the stratosphere , and it may have a 
long-enduring effect since the photochemical li fetime of 
NOx in the stratosphere is very long.  

Maj or solar-proton events cause substant ial pert urbat ions 
in the energy budget of the middle atmosphere , but their 
relative ly infrequent occurrence suggests that their con
tribution to the long-term average energy i s  small . Other 
contribut ions come from relat ivi stic electron prec ipitat ion 
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e vents and from the quasi- steady ionization due to cosmic 
rays and the energetic-electron background . The importance 
of the se sources to the time-averaged energy budget has not 
been assessed but may well be significant . 

One of the more exciting prospects in the 1980 ' s  is the 
possibility of realizing a better understanding of global 
electrodynamics. Electric fields are present at all height 
levels of the atmosphere and have a significant impact on 

the energy budget in the thermosphere. High-altitude elec
tric fields have been shown to penetrate to stratospheric 

levels at which they perturb the global atmospheric electric 
potential distribution . On the othe r hand , electric fields 

associated with thunderstorms perturb ionospheric fields 
and current s .  This mapping o f  electric fields i s  one of 
the few c lear, almost instant eous , coupling mechanisms 
between upper and lower atmospheric proces se s .  OUr lack 
of knowledge of the interactive effects of thermospheric , 
me sospheric , and stratospheric electric fields and the 
possible coupl ing of high- latitude electric fi elds to 
middle- and low-latitude regions suggests that measurements 
be made on a global scale and for extended time intervals.  
Superpre ssure bal loon platforms operating for extended 
periods at high altitudes are suitable for studyin g this 
phenomenon . 

2 . 3 . 2  Thermosphere 

Ultraviolet radiation from the sun provide s an important 
and relatively steady heat input into the thermosphe re ' 
this input doe s vary with the solar cyc le and produces 
the solar-cyc le variat ion in exospheric temperature ( see 
Fiqure 1 ) . Shorter-term variations re sult from enhanced 
radiation associated with solar f lare s .  

Heat input into the upper atmosphere from the maqneto
sphere constitute s anothe r  important heat source.  It in
clude s a quas i-steady component due to Joule heating and 
particle precipitation around the auroral oval that is 
present nearly all the t ime , this has been estimated at 
about 5 x 1 0 1 0  W for average auroral act ivity conditions.  
During maqnet ic s torms , the Joule heat ing and partic le
prec ipitat ion energy- input rate can be an order-of -
magnitude greater ( - S  x 10 1 1  W) . About an order-of-magnitude 
more energy than is depos ited in the auroral zones goes into 
the inj ection of energet ic particles that become trapped in 
the earth ' s maqnetic field (producing a ring current ) ,  whe re 
it is lost at a rate roughly an order of magnitude slower 
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than the rate of inj ection . Some of this energy , (pe rhaps 
10 percent ) is directly depos ited in the middle- and low
latitude regions of the upper atmosphere (at a rate o f  
about 5 x 1 0 1 0  W) as the ring current decays . Enerqy can 
be directly deposited by ion and e lectron precipitation , 
heat flow from the ring current , and energetic neutral
particle precipitation. These quantitie s are poorly known . 
There is a need for more measurements of opt ical emissions,  
ionization production rates , electric fields , and e lectron
and ion-temperature gradients along the field l ines to 
evaluate the auroral -zone ene rgy inputs and their variation 
in local time , the t ransport proces s ,  and the middle - and 
l ow-latitude direct energy inputs . 

ULF -VLF wave-induced precipitation of trapped energet ic 
particles into the atmospheric loss cone constitutes an 
enerqy source for the thermosphere and mesosphere . Both 
coherent and incoherent waveforms are present in the mag� 
netosphere ,  and they may prec ipitate particle enerqy fluxes 
that are orders of magnitude larger than the energy fluxes 
in the scattering wave s . A variety of wave-induced effects 
occur both within and beyond the plasmasphere . These 
e ffects have not yet been wel l  described in terms of the 
scattering-wave type , part icle energies involved , and 
temporal and spat ial characterist ics . The problem is  
further complicated by the presence in the magnetosphere 
of VLF wave s from communicat ion and navigat ion transmitters 
and from power distribution systems . 

In the 1 980 ' s ,  satellite and Shuttle-based techniques 
can play an important role in describing the part icle 
inputs to the atmosphere associated with scattering by 
waves , particularly the quasi-steady effects . However ,  
the important dynamic e ffects such a s  fast temporal varia
t ions will require observations of prec ipitation effects 
( and associated wave activity ) from the ground and from 

balloon and rocket platforms . The appropriate instruments 
include photometers , x-ray detectors , riometers , magnetom
eters , and ULF-VLF receivers . Each of the se techniques  is 
currently undergoing improvement s in terms of imaging 
capability . These improvements should be continued so as 
to provide the in strumental basis for mapping precipitation 
activity , support ing associated space experiment s ,  
s upporting active wave-inj ect ion experiment s ,  and evaluat
ing man-made precipitat ion effects . 
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2 . 4  STRUCTURE AND MOTIONS 

2 . 4 . 1  Middle Atmosphere 

The principal energy sources of the middle and lower atmo
sphere are solar heating of the earth ' s surface and of 
the ozone layer . This leads to a structure in which tem
perature decreases with altitude through the troposphere , 
increases through the stratosphere to a maximum near 50 km, 
and decrease s through the mesosphere , as is shown schemat i
cal ly in Figure 1 .  The north-south different ial in the 
heating of the ozone layer due to absorpt ion of solar 
ultraviolet energy , and the subsequent infrared emission 
to space from ozone , carbon dioxide , and water vapor , 
drives a global circulation that is characterized by a 
strong westerly (west-to-east ) j et in winter and a strong 
easterly (east-to-west)  j et in summer , centered at altitude s 
near 60 km. Thus , there is a. strong annual periodic ity 
in middle-atmosphere flow .  Other notable periodicities 
in the flow are the quasi-biennial oscillat ion that is 
prominent in the lower stratosphere near the equator and 
the semiannual oscil lat ion that dominates at higher levels 
in the tropic s and in the polar regions . The source of the 
quasi-biennial osc illation is believed to be the alternate 
eastward and westward accelerat ion arising from vertically 
propagating tropical wave modes . The source of the tropical 
semiannual osc illation is more unce rtain but is thought to 
lie in alternate eastward and westward accelerations aris
ing from vertically propagating tropical wave modes and 
planetary-scale disturbances that have their sources in the 
winter troposphere . At middle and high latitudes ,  some
what irregular osc illat ions wi th one- to three-week period s 
are seen in the winter flow .  Also , there is the sudden 
stratospheric warming--a high-lat itude phenomenon that 
appears during some winters . 

These midd le- and high-latitude phenomena are thought 
to be intimately connected with vertically propagating 
planetary waves that are evident on winter weather maps 
as large-scale undulations in the flow . The vertical 
motions that accompany these global flows are very small 
(on the order o f  1 em sec- 1 or le s s ) . Synoptic-scale dis
turbances (those flows that are famil iarly seen as migrat ing 
highs and lows on weather maps ) are believed to play a 
much reduced role in the midd le atmsophere compared with 
their role in the troposphere . However ,  observat ions are 
inadequate to se ttle this issue at present . 

Atmospheric tide s are global-scale mot ions that are 
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driven by the sun and the moon by their thermal and gravi
tational influences with periods equal to integral fractions 
of a solar and lunar day . Tidal winds are observed to be 
comparable with prevailin g  winds in the upper mesosphere 
and lower thermosphere . Gravity wave s are much shorter
period osc il lations that are forced by auroral disturbances , 
severe weather , and shear instabil ities , as wel l  as by 
other means . The vertical propagation of gravity waves 
upward from the troposphere is  thought to act as an appre
c iable energy and momentum source for the middle atmosphere 
and above . 

True turbulence comes about in the atmosphere by insta
bility in the large-scale flow as well as instability of 
tidal and gravity waves . The role , and indeed the source , 
of turbulence above the lower stratosphere is uncertain at 
this time . 

A great number of const ituent s of the upper atmosphere 
have chemic al time scales that are much greater than the 
time scales for transport . Example s are 0 3 in the lower 
stratosphere and NO in the mesosphere . For these and 
other longer- lived constituents , cons ideration of dynamics 
must accompany chemi stry to explain correctly the observed 
concentrations . Although transport of chemical const i
tuent s takes place in response to motions on a variety of 
t ime and length scale s , global distributions of species are 
thought to be primarily the results of chemistry and 
planetary-scale motions with periods of several days and 
longer . Smaller-scale motions are important in several 
contexts , however .  Perhaps , the most important of these 
is  in determining the stratosphere-troposphere exchange 
of air that is thought to occur in frontal-scale processes 
associated with the upper-tropospheric j et stream . 

Transport of heat and the compressional heat ing and 
expansional cooling that accompany vertical motions also 
play a significant role in determining the temperature 
structure of the midd le atmosphere . Observat ions of 
structure and dynamics from sate l lite platforms provide 
the global coverage neces sary for the study of large
scale phenomena . Aircraft measurements are appropriate 
for somewhat smaller-scale phenomena . Long-duration balloons 
act as tracers of dynamics ( in some average sense ) of the 
combined effects of large- and smal l-scale motions ; and 
ground-based measurements that give continuous measurements 
are most suitable for the study of wave structures and 
turbulence . To study the full range of dynamics , a proper 
combination of all of these measurement techniques is 
required . 
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2 . 4 . 2  Thermosphere and Ionosphere 

The circulation and temperature structure of the low- and 
middle-latitude thermosphere are primarily controlled by 
heating due to the absorption of solar EUV and UV radiation . 
Yet the structure e stablished by solar radiant heating is 
frequently perturbed by thermospheric wave s and changes in 
the mean circulation that are generated by auroral sub
storms and geomagnetic activity that propagate equatorward 
through this  region . These perturbations are manifesta
tions of the global redi stribution of auroral energy that 
is deposited locally in the high-latitude thermosphere . 
Thermospheric dynamic s  is strongly governed by the magni
tude of the high-lat itude heating because the variations 
in  this heating are so  large . 

Two proce s ses appear to be important , namely , e lectric 
currents flowing at altitudes of 100 to 140 km and the 
precipitation of energetic partic le s .  While the presence 
of the current can be detected from ground-based measure
ments of magnetic-field perturbat ions , the heating rate 
i s  best determined by direct observations of the ionospheric 
e lectric fields that drive them , together with measurements 
of the conductivity of the region in which they flow. 
These can be made from the ground only be means of 
incoherent-scatter radar . 

With regard to the partic le energy input , substantial 
knowledge of the spatial and temporal variation of  auroral 
precipitation has been gained from ground-based optical 
and spacecraft observations . Local heating rates from 
these auroral processes can be much larger than solar EUV 
heating , with consequent maj or influence on the dynamics 
and composition of the thermosphere . A more widespread 
particle energy input occurs in connection with rare 
solar-proton event s that engulf the polar cap and auroral 
zone . 

As a consequence of the irregular way in which auroral 
heating occurs , the the rmosphere is dynamically active 
and is in a constant state of agitation . Since the e f fec
tive energy transport i s  meridional in the thermosphere , 
the existing incoherent -scatte r  radars (Millstone , Arec ibo , 
and Jicamarca ) that lie along the 7 0 ° W meridian can be 
used to study the equatorial progress ion of thermospheric 
wave s and circulation perturbations that are launched at 
high latitudes . The data obtained by these and optical 
stations can be analyzed with the use of numerical models 
of thermospheric c irculation and temperature structure . 
These studie s wil l  define the dynamic processes that are 
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so important in the global redistribut ion of auroral energy 
throughout the ent ire upper atmosphere . 

The in fluence of electrodynamical phenomena is more 
complex . As noted above , substant ial elec tric fie lds are 
present in the thermosphere . The total energy input from 
these fields in the auroral zone and polar cap is compar
able with those provided by the solar EUV (extreme ultra
violet ) and auroral prec ipitation . A part icular concen
tration of such energy release occurs within the " throat" 
region o f  the polar c left , where large electric field s  
are continually present . At present , there is  n o  way o f  
obtaining direct information about the behavior o f  the 
cusp or polar-cap electric fields , currents ,  or energy 
dissipation on a day-to-day basis . 

A second influence e xerted through high-lat itude e lec
trical proce sses is  the transfer of momentum from the 
ionospheric plasma to the thermosphere . Mode ls of thermo
spheric dynamics indicate that this momentum source is of 
key importance for understand ing the global behavior of 
the thermosphere during pe riods of magnetospheric distur
bance . An incoherent-scatter radar located in a posit ion 
to observe the cusp in the local noon sector and monitor 
the polar cap at all local times would be a powerful tool 
for making progre ss on this problem . 

Several sc ient ific studies have appeared in the last 
few years indicating a relationship between solar activity 
and tropospheric weathe r .  Among these have been indica
tions that high-lat itude tropospheric circulations are 
affected by solar sector-boundary processes , that droughts 
in the United State s occur in relat ion to the 22-year 
magnet ic solar cycle , and that climatic changes have 
occurred coinc ident in time with secular changes in sunspot 
activity . The chain of react ions between solar activity 
and tropospheric weather remains obscure at this t ime .  
Suggestions o f  mechanisms t o  explain this relationship 
include the following : ( 1 )  Solar activity affects the E
and F-region electric fields that map down to the tropo
sphere and thereby modifies the fair-weather field and 
influences weather in some unrecognized manner.  ( 2 )  Solar 
activity drives mot ions in the auroral zone and thereby 
couples energy into the high- lat itude troposphere . ( 3 ) 
Solar e ffects change the ozone distribution that in fluences 
the winds in the middle atmosphere and so changes the 
planetary-wave reflection characteristic of the middle 
atmosphere . Balloon observat ions of the e lectric fields 
at stratospheric heights in polar regions , together with 
radar observations of motions in the lower thermosphere , 
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mesosphere , and stratosphere , appear capable o f  examining 
the first two of these mechani sms . 

The lower thermosphere ( 90-150 km) is a region affected 
by thermospheric processes from above and t idal , planetary , 
and gravity waves from below .  Since many spec ies produced 
in this  region like NO and 0 are long lived , they are 
affected by transport processes as well as by fast non
linear chemistry . To understand this region it i s  neces
sary to determine the mean circulat ion and temperature 
structure as wel l  as the response to changes in the tidal 
structure and changes produced by geomagnet ic activity . 
That is , dynamics has an important role in determining the 
compositional structure , which in turn affects processes 
in the thermosphere above and the mesosphere below .  Obser
vations of t ides by incoherent-scatter and meteor-wind 
radars have shown that the se are variable both from day
to-day and over distances of 1000 km--apparent ly reflect ing 
the inf luence of background winds in the me sosphere in 
coupl ing energy from the fundamental into higher-order 
modes . This greatly complicates the dynamic s of the lower 
thermosphere and has made it difficult to establish the 
average tidal behavior . A concerted effort is needed 
during the next few years to achieve this . 

Dynamical models of the global distribut ion of temper
ature , dens ity , and composition are extremely useful for 
a number of upper-atmospheric studie s ,  since they conven
iently summarize the large-scale structure of the thermo
sphere . The growing col lection of observed quantities 
should be used to periodically update and improve model 
performance . The pre ssure forces specified by these semi
empirical global model s  of neutral temperature and composi
tion can be compared with those deduced from incoherent
scatter radar , optical , and pos s ibly sate l l ite measurements 
of winds . These studies provide a consistent check on the 
longitud inal and latitudinal gradients of neutral tempera
ture and composition within the semiempirical models , since 
these variations primar ily govern the thermospheric wind 
structure . Particular emphasis should be placed on 
improving the time-dependent predictive capabil ities of 
the models by inc luding the e ffect s of tides propagat ing 
into the lower thermosphere and the re sponse to auroral 
heating . 

Planetary and gravity waves launched by weather fronts 
and other sources in the troposphere or stratosphere appear 
capable of propagating into the the rmosphere , where they 
dissipate their energy either by nonlinear or by vi scous 
effects . While it seems unlikely that these phenomena can 
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be incorporated into the models outlined above , their im
portance for creating motions in the thermosphere that 
give ri se to signif icant heating and/or transport effects 
remains uncertain and must be explored . 

The dynamics of the ionospheric plasma constitutes a 
separate but related sc ientific study to that of the 
neutral atmosphere .  At thermospheric heights , e lectrons 
ar e  set in motion only by electric fields . At midlatitudes 
these are generated by tidal winds that transport ions 
across magnetic-field lines and establish polarization 
e lectric fields , whi le at high latitudes electric field s  
are impressed into the ionosphere b y  the interac tion o f  . 
the solar wind with the earth ' s  magnetosphere . Ions can 
be transported horizontally by winds at altitudes below 
about 130  km, but at greate� heights winds drive them only 
in the magnetic-field direction . Above about 150 km, 
electric fields  drive ions across field lines in the same 
direction as the e lectrons . These ion motions serve as 
tracers of winds and electric fields for the incoherent
scatter radar technique . 

In the pre senc e of strong density gradient s combined 
with electric fie lds , ionospheric plasma can become unstable 
in the sense that small density perturbations grow , creat
ing large density fluctuations . Several irregular ity pro
cesses appear to exi st ,  and under appropriate conditions 
they can combine to create large irregularities in the 
plasma density with scale s of kilometers to centimeter s .  
Using means such as the energy deposited in the ionosphere 
by a large high-frequency (HF ) transmitter ,  it is poss ible 
to st imulate these irregularit ie s artific ial ly .  Re search 
on these phenomena contributes to the understanding of 
plasma processes in a way that is often difficult to 
achieve in the laboratory . 
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3 

THE ROLES OF THEORY 

AND MEASU REMENT 

The remarkable developments in physical sc ience and t ech
nology that have been especially striking in recent history 
are directly attributable to a logical procedure that has 
come to be called the scienti fic method . Its steps consist 
of the formulation of a hypothesis or prediction based on 
available facts followed by the testing of that hypothesis 
with measurements of the relevant predicted physica l  
quantitie s . 

In practice ,  when this method is applied to problems 
with the leve l  of complexity that one finds in the atmo
spheric sciences , one is never dealing with theore tical 
formulations that are direct ly comparable with the atmo
sphere . A mixture of theoretical approaches is then 
called for . There are the so-called mechanistic mode ls 
in which many of the intrinsic degrees of freedom of the 
atmosphere are suppressed with two goa ls in mind . These 
are to make the problem tractable and also to formulate 
the theoretical mode l in such a way that the solution , 
once obtained , can be interpreted in terms of the physical 
processes that are involved . Then there are the more 
comprehensive large-scale numerical model s in which many 
more physical processes are included in the formulation . 
Whereas the latter approach is eventually expected to 
yie ld the more realistic simulation , the mechanistic model s  
still enj oy some distinct advantages over the more compre
hens ive models . For example , in some instances it is 
impract ical to explore the dependence of model response on 
the model parameters in a comprehensive model . Also , the 
level of effort that is required to d iagnose the phys ical 
workings of a comprehensive model can be great . Finally , 
it may sometimes be the case that there is not enough data 
coverage available to check aginst a comprehensive model . 
Nonetheless , the ultimate test of our physical knowledge 
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is whether we can merge formulations of many physical pro
cesses into a comprehensive model whose output is found to 
behave in the same way as the atmosphere , both in morphology 
and in the manner of satisfying the physical balance re� 
quirement s .  

In dec id ing on various directions to be pursued , i t  is 
important that a proper research strategy be implemented , 
by keeping in mind our use of the scient ific method . For 
example , calculations or measurements made simply to add 
incrementally to a body of noncontroversial knowledge 
should be given low priority � efforts should be concen
trated instead on critical areas that provide increased 
understanding or improved ability to predict . 

Thus , there is an ever-increasing need for effective 
and con structive interplay between theory and observation 
in our approach to a scient ifically meaningful and soc ial ly 
useful understanding of the upper atmosphere . At present , 
this interplay in upper-atmosphere research i s  highly 
developed and is improving . Specifically , theories are 
being presented in terms of measurable variables , and 
measurement programs are being conceived to provide data 
to help in formulating and val idating theoretical mode l s  
that either are being developed or are planned for future 
development . 

There are and inevit ably wi l l  be stages during which 
the e xt ant theoretical and computational capabi lities are 
not adequate to interpret certain measurements , either 
because the theory has not been properly formulated or 
because the observed parameter has not been encompassed 
in the theory . Many observable features of atmospheric 
dynamic s and of auroral displays are beyond our present 
understanding . Similarly , there are times when theoretical 
calculations begin to pull too far ahead of experimental 
capabil ities , as was the case with the predicted existence 
of key stratospheric specie s  in the mid-197 0 ' s .  It must 
be understood that these seemingly i l logical imbalances  
are inevitable � they are part and parcel of  the sc ient ific 
method , and they are usually redressed quickly . 

Accompanying the need for even c loser interplay or 
tighte r feedback between theory and observat ion are 
healthy prospects for rapid progre ss in both . Powerful 
instruments are now in place , and other s are technically 
feasible . Recent advanc es in electronic s and optic s  have 
led to dramatically improved ability of radars , lidars , 
lasers , spectrometers , and resonance lamps to cover 
wider vistas with higher resolution . Breakthroughs in 
physical and analytical chemi stry and plasma physic s ,  for 
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example , have not only been adapted quickly to upper
atmosphere research , but some breakthroughs have resulted 
from it . on the theoretical side we are now armed with 
faster , more-versatile digita l  computers and with new 
insight into numerical methods of finite difference s ,  
finite elements , and allied areas o f  applied mathematic s ,  
and--not least--an increased awareness of the princ ipal 
input s and mechanisms in upper-atmosphere behavior . 

We recommend tha t a balanced program of upper-a tmosphere 
theoretical and diagnos ti c studies be supported tha t con
sis ts of both simpl e mechani sm-orien ted and comprehensi ve 
n umerical model s so tha t there wi l l  con tinue to be a 
heal thy in terplay between theory and experiment in the 
1 980 ' s .  
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4 

LABORATORY MEAS UREMENT S 

Laboratory studie s ,  in particular of chemical reaction 
rates and absorption cross sections , are extremely impor
tant to atmospheric science . They have and should continue 
to follow the new developments in both mode l ing and atmo
sphe ric measurements , tryin g to check the reasonableness 
of these developments . The two maj or areas in which labora
tory studies wil l  have an important impact in the next 
decade are ( 1 ) the rates and energetics of reactions and 
( 2 ) spectroscopic data , i . e . , wavelengths and l ine
inten sity information . 

Improved data should be obtained concerning the depen
dence o f  reaction rates on temperature and pre s sure , par
ticularly with regard to the e f fects of hydration on 
radical reactions . Data for photolytic processes are 
o ften sparse or total ly lacking , particularly photodi s so
ciation rates , the ir branchin g rat ios , and the temperature 
and wavelen gth dependences of the se proce sses . The chem
istry leading to aerosol formation and growth is only 
poorly known . An e f fort must be made to understand this 
chemistry and that of the possible heterogeneous reactions 
that may take place on the surfaces of ae rosols , particu
larly react ions of radical s l ike o 3  and H02 . There are 
ve ry few data available on the reactions o f  exc ited state s 
of both ions and neutral species . There are requirements 
for such data for species of interest all through the atmo
sphere , but the information is particularly sparse for 
species of intere st above 70 km. 

Because of the dramatic improvement in the technique s 
used in spectroscopy at al l wavelengths from microwave to 
UV ,  there is an especially important requirement for higher
re solution and more-accurate information on l ine positions 
and intensity data in this fie l d .  There now exist many 
absorption spectra of the atmosphere in the wavelength range 
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from 3 to 15 �m that undoubtedly contain informat ion 
regarding unknown species in the atmosphere as well as 
secular trends for some atmospheric gases . However , since 
many of the weak l ines of the maj or atmospheric gases 
( C02 , H20,  CH4 , and 03 , for example ) are not catalogued or 

measured , it is di fficult to make a unique identi fication 
of minor species in the combined spectra . There is there
fore a requirement for both experimental and theoretical 
work on the molecules of ma j or importance in determining 
the IR spectrum of the atmosphere . After such information 
is available , a much more nearly complete reduction of 
infrared spectra should be possible . 

A particular need for stratosphe ric research is the 
ability to obtain spectra at very long path lengths (many 
kilometers ) and at low pres sures and temperatures .  There 
is no such ce ll in operation at pre sent , low-temperature 
operation is defeated by convection currents that ruin the 
light beam. A facility incorporating a wel l-engineered 
long-path cel l and the be st available spectroscopic instru
ments would make a maj or contribution to our understanding 
of spectra and the ir application to atmospheric physics . 
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5 

CORRELAT IVE MON I TORING 

OBSE RVATIONS AND SECONDARY 

USE OF DATA 

Upper-atmosphere and solar-activity monitoring observat ions 
are re levant to upper-atmosphere re search , particularly as 
important correlative and supporting data to key experi
ment s . The se are in many instances obtained as a scientific 
service by institutions or groups not otherwise participat
ing in upper-atmosphere re search or else  as essentially 
unfunded piggyback activities . For data from geographical 
areas outside the United States ( including solar monitoring 
from other time zones ) ,  great rel iance has to be placed 
on international cooperation and on the mechanisms of data 
exchange through the Wor ld Data Center system . 

The relative importance to thermospheric and middle
atmosphere research of all the individual types of moni
toring separately is  difficult to establish . A broade r 
survey of the solar-terre strial-physics ( STP) and the solar
physics communitie s on the needs for STP monitoring in the 
1980 ' s  is being conducted . The early re sponse s indicate 
that STP monitoring activity provide s many e ssential 
data , and the following data types were mentioned in 
particular : 

{ a )  Auroral imagery , from the Defense Meteorological 
Satellite Program ( DMSP ) ; 

( b )  Pol ar-cap absorption ( PCA) data ; 
( c )  Asymme tric ring-current indices ( DS ) . 

It is important to achieve a condition of stable funding 
for approximately the pre sent level of monitoring , followed 
by mode st upgrading to bring monitoring techniques c loser 
to the state of the art , poss ibly with modest extensions . 
Solar-flux-variability monitoring is being initiated under 
several satellite programs , and thi s  wi ll  provide data essen
tial to the understanding of the energetics and structure of 
the upper atmosphere . 
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Funding agencies should consider proposals for monitoring 
work in a category of " scienti fic service s "  somewhat dis
tinct from research proj ect proposal s , and they should be 
reviewed accordingly . Care should be taken , however ,  not 
to perpetuate outmoded techniques or continue monitoring 
programs without maj or current or long-time-series j usti
fications . 

NOAA i s  urged to participate in the support of monitoring 
efforts essential to STP research generally in addition to 
those needed for the present techniques of solar-flare and 
geomagnetic forecasting and warnings , since future improve
ments in the se application programs as well as the evident 
need for "meteorological service s "  in the 1980 ' s  for the 
middle atmosphere wi ll depend on the success of these 
e fforts . This re sponsibility seems to lie directly in the 
NOAA mission ; certainly no other agency has this cent ra l  
responsibil ity . 

The role of data exchange and the secondary or multiple 
use of many kinds of data are important . Many kinds of 
data should be channeled through data centers , and in some 
cases data should be published promptly . The data centers 
could provide a further service by providing information 
about data suitable for secondary use but not centrally 
archived , acting either as a " switching center" for reque st s 
or through the issuance of directories of data repositories 
as has been done for the Geodynamic s Program . There are 
plans to take many new kinds of data re lated to the middle 
atmosphere and thermosphere that have potential multiple 
use and for which the archival and data retrieval problems 
remain to be worked out . It is noted that some work on 
thi s is being started by a Panel on Data Management for 
the internat ional Middle Atmosphere Program (MAP) . In this 
connection , NOAA is urged to strengthen its data activities 
in STP and in meteorology as regards providing data services 
in support of upper-atmosphere research ; this wi ll involve 
data types and data management problems that heretofore 
might have been regarded as unconventional . The NOAA data 
centers are urged to give more attention to compiling infor
mation about relevant data suitable for multiple use within 
the community and to providing suitable service s to the 
community ; a necessary corollary to this remark is encour
agement to the scientists who generate such data to cooper
ate in this effort . 

The intention of the SCOSTEP Steering Committe e for MAP 
to develop a data management plan for that program that 
will re sult in a deeper consideration of many of the data 
problems is applauded . 
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The needs for the upper-atmosphere-research community 
for monitoring and data services of various types are now 
genera lly apprec iated . The same apprec iation seems to be 
visible in companion fields of solar-terrestrial research , 
magnetospheric physics , solar activity , and interplanetary 
physics . It is not effective to treat these problems of 
the needs for scientific services as peripheral to the 
assessment s of research needs in each field separately ; 
rather the subject should be considered as a whole . Thus 
a National Plan for the scientific services integral to or 
supportive of STP research should be developed . 
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6 

THE ROLE OF GROUND-BASED 

REMOTE SENS I NG 

Ground-based remote sensing has , and will continue to have , 
an important role to play in upper-atmospheric re search . 
Whereas remote sensing from sate llites is ideal for ob
taining a global though intermittent view of the earth ' s  
atmosphere , ground-based remote sensing is  more effective 
for making continuous observations and for intensive 
observations of phenomena of l imited or small  scale . We 
have considered the oppor tunities for ground-based remote 
sensing and make the following recommendat ions , without 
necessarily trying to assign any prioritie s among them. 

6 . 1 SUBAURORAL INCOHERENT-SCATTER THERMOSPHERIC-WIND 
OBSERVATIONS 

Pre ssure variations that establish thermospheric wind s 
are created by solar EUV heating of the atmosphere and , 
at high latitudes ,  by energy deposition from part ic le 
precipitation and the auroral e lectroj et . Our present 
understanding of the average wind fie lds and their varia
tions with day , season , and sunspot cycle is  based on 
theoretical calculat ions that employ empirical mode ls for 
the pres sure variations (based on satellite data ) and on 
experimental obse rvat ions by means of incoherent -scatter 
and 6 30-nm airglow measurements .  Thermospheric winds are 
quite variable because of fluctuations in the amount of 
heating taking place at high latitudes .  The sudden onset 
of auroral heating deposits enerqy in the thermosphere that 
is transported to lower latitudes (and perhaps lower alti
tudes ) via planetary , gravity , and acoust ic waves . 

While a polar-cap radar is needed to provide the c apa
bility of monitoring the energy input in the auroral zone 
at all  local t ime s , the study of the resulting wind 
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fluctuations and the waves propagated toward lower latitudes 
requires a radar located south of the auroral oval with a 
scanning capabi lity . We recommend tha t an incoherent
sca t ter radar faci l i ty be establi shed for the observa tion 
of thermosphere winds over a range of subauroral l a ti tudes , 
provi ded tha t thi s  can be accompl i shed wi thin the next few 
gears . This could be accomplished relatively economically 
by placing a rece iver and antenna we ll to the north of the 
Millstone Hill radar ( in the vicinity of Roberval , Quebec ) 
to permit operation in a bistatic mode ( i . e . , by viewing 
the ionosphere from two directions ) .  It is pos sible that 
a suitable surplus antenna might be obtainable for this 
purpose . With this modificat ion , the fac i lity would 
measure N-S winds and e lectric fields s imultaneous ly over 
a range of subauroral latitudes in which both are expected 
to vary considerably . 

6 . 2 HIGH-LATITUDE MAGNETOSPHERIC/ATMOSPHERIC DYNAMICS 
OBSERVATORY 

The existing incoherent- scatter radar facility at Chatanika , 
Alaska (L = 5 . 6 ) , has proven to be an exceptionally valuable 
tool for studies of phenomena associated with portions of 
the auroral oval at night , the F-region trough , and the 
daytime plasmasphere . However ,  the fac ility is located 
too far south to monitor the auroral oval at all local 
times . The E ISCAT facility being built in Scandinavia will 
be able to view the auroral oval over a lon ger interval of 
local time and provide observat ions that are needed to 
better understand the role of auroral processes in control
ling the global circulation of the thermosphere and the 
behavior of the ionosphere . On the basis of present knowl
edge , it is c lear the maj or scientific. returns would accrue 
from the establishment of an incoherent-scatter radar 
facility at still higher magnetic latitudes near 76 ° to 
78 ° .  

Incoherent-scatter radar observations are critical for 
the measurement of the re lat ive ly intense heat input into 
the thermosphere be lieved to occur in the region of the 
midday auroral oval (the polar cusp and it s " throat " 
region ) , which may be a maj or source of fluctuations in 
the thermospheric wind field . Such observations wi l l  also 
contribute significant ly to the study of complex phenomena 
occurring at the poleward edge of the auroral oval , where 
direct l inkage of magnetopause field-aligned currents takes 
place , and over the polar cap ,  where extens ive neutral -gas 
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acceleration and solar-proton precipitation occur and where 
there exists direct linkage to the inte rplanetary environ
ment . An incoherent-scatter facility located near geomag
netic latitude 76-78 ° could probe these regions on a daily 
basis , providing direct measurements of ionospheric electric 
fie lds and c·urrents , particle prec ipitation , lower
thermosphere winds , and Joule and particle heating rates .  
It i s  reconunended tha t various opti ons for making incoheren t 
sca t ter radar observa tions a t  geomagnetic lati tude A = 

76-78 ° be explored and tha t an appropria te observa tory be 
es tabl i shed a t  the earl i est opport uni ty .  

6 . 3 MESOSPHERE-STRATOSPHERE-TROPOSPHERE AND 
STRATOSPHERE-TROPOSPHERE RADARS 

High-power coherent VHF radars have the demonstrated 
capability of measuring winds and waves in the troposphere 
and stratosphe re to 35-km altitude and in the mesosphere 
and lower thermosphere between 60 and 100 km. It is pro
bable that they can be extended to measure mot ions at all 
altitude s between 1 and 100 km and the dynamical coupling 
that exists between levels . Such observations would be 
of special value in the invest igation of the midlatitude 
stratosphere . We recommend tha t efforts be made to exploi t 
mesosphere-stra tosphere-troposphere (MST) radar capabi l i ty 
at mi dla ti tudes . An economical way of accomplishing this 
would be by upgrading an existing UHF radar , like that at 
Urbana , by adding additional antenna area . 

In 1974 , using the Jicamarca radar it was demonstrated 
that a powerful coherent radar is capable of measuring 
winds in the troposphere and lower stratosphere by measur
ing the Doppler shift s from echoe s that are due to turbulent 
irregularities in the refractive index of the c lean air . 
Additional measurements of this type have now been made 
at Chatanika (Alaska ) , Sunset Canyon ( Colorado ) , Urbana 
( Illinois ) ,  the Max-Planck Institute in the Federal Republic 

of Germany , and Arecibo ( Puerto Rico) . The implementat ion 
of this technique is al so planned at Mil l stone Hil l  (Mas sa
chusetts ) .  Most of these radars do not provide data of 
this type at levels above radiosonde leve l s  (about 30 km) , 
but they do provide wind profiles with alt itude cont inuously 
with a time re solution of minutes , vertical velocitie s with 
a precision of a few centimeters per second , and the oppor
tunity to examine interrelationships between the wind pro
file and the intensity of turbulence .  This technique wil l  
contribute signi ficantly t o  the study o f  wave phenomena 
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such as tides , gravity waves , and the instabilitie s  that 
lead to turbulence . Possible future deployment of such 
stratosphere-troposphere ( ST )  radars may prove valuable 
in studying such phenomena as mountain waves and those 
c i rculations in c lean air that lead to the formation of 
severe c lear-air turbulence . 

We recommend tha t the newl y demonstra ted capabi l i ties 
of ST radars be exploi ted using exi s ting radars in order 
to ga in a ful ler unders tanding of the importance of sma l l 
scale motions t o  the overal l  dynami cs o f  the upper tropo
sphere and lower stra tosphere . S tudi es should be under
taken to examine the po ten tial sci entifi c  re turn of a more 
extensi ve network of ST radars . Preliminary design s t udi es 
of a transportabl e ST radar shoul d be undertaken in order 
to es tabl i sh the specifications and cos t of an ST radar 
ne twork . 

6 . 4  APPLICATION OF NEW OPTICAL TECHNOLOGY TO UPPER
ATMOSPHERE STUDIES 

Maj or advances in our knowledge of the chemical ly active 
minor species in the stratosphere have come about through 
the use of optical absorption techniques in observations 
made from the ground , as wel l  as from bal loons and aircraft . 
New technique s that greatly increase the spectral resolu
t ion and sensitivity of instruments in the vi sible and 
near-in frared regions have been deve loped . While airglow 
technique s are applicable only at night , it is now possible 
to make quant itative monochromatic all-sky observations 
of low-latitude airglow structures and relate them to the 
re stricted sky coverage of incoherent-scatte r  measurements . 
At middle and high latitudes , digital maps of subauroral 
red ( SAR) arcs and auroral structure s can be produced by 
automated opt ical equipment . The rapid pulsations of 
auroral N2+ and atomic emissions can be determin ed to a 
time resolution of 0 . 02 se c by televis ion imaging systems . 
Neutral and ion temperatures over limited height intervals 
of the mesosphere and thermosphe re can be obtained with 
precision of about 10 percent and a time resolution of 
about 10 min . F-region neutral winds can also be deter
mined to about 10 m sec- 1 with a time re solution of 30 to 
60 min , and further substant ial improvement s are l ike ly .  
Wave motions in the me sosphere and the rmosphere can be 
e valuated from osc il lat ions in brightne ss of various 
features , as wel l  as oscillations in rotational tempe rature 
of OH and o2 < 1 E ) . 
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Examples of such new optical techniques are multiple 
Fabry-Perot etalons i combined interferometric and spectro
metric in strument s i  and the application of image orthicon s , 
image intensi fiers , and array detectors to existing instru
ments . The use of computers to control in strumental 
operat ion and permit on-line averaging of successive scan s  
o r  inversion of interferograms further enhances the return . 

The array detector is a technological development that 
is ripe for exploitation and appl ication to optical instru
ments for the study of atmospheric chemistry , energetics , 
and dynamics . Such a device (which comes in a variety of 
specialized forms and shapes )  is basically capable of 
recording simultaneously many spatial and/or spectral 
e lements of an optical image . This prope rty signi ficantly 
increase s the sensitivity of a system . The new detector 
is suitable for use with several in strument s--interfe rometers 
for the measurement of neutral winds and temperatures , ion 
drifts and ion temperature s i  all-sky imaging for studying 
the morphology and motion of airglow structures and auroral 
features i  and energy input by particle prec ipitation . In 
concert with an incoherent-scatte r radar , a high-re solution , 
high-sensitivity interferomete r  provide s a powerful tech
nique for long-te rm measurements of atmospheric chemistry , 
energetics , and dynamics .  

We recommend tha t advances in optical technology recentl y 
developed for use on spacecraft be expl oi ted by further 
devel opment and upgrading of instrumen tation for ground
based s t udies of the energy sources , chemi s try , and dynami cs 
of the upper a tmosphere . 

6 . 5  METEOR-WIND RADAR 

In the meteor-wind radar technique , a high-frequency (HF ) 
radar signal is transmi tted from the ground , reflected 
from a meteor ionization trail , and then detected at the 
ground . Winds acting on the trai l cause a Doppler fre
quency shift to be seen in the re turned s ignal . Thus one 
can measure the line-of-sight veloc ity component . Since 
ionizat ion trails typically extend over an alt itude range 
of about 75-105 km , the meteor radar can measure winds 
over that alti tude range . 

One may identify two basic c lasses of meteor-wind radars . 
One uses a relatively low transmitted power ( on the orde r 
of ten s of kilowatts in a pul sed mode ) , while the other 
uses transmitted power more than an order of magnitude 
greater .  The former class may be operated cont inuous ly 
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without great expense and can determine tides and prevailing 
winds averaged over several days . The latter type is more 
expensive to operate but can be used to study day-to-day 
variability of motions as well as gravity waves . 

The meteor-wind radar technique is the onl y ground
based technique that is capable of obtain ing winds con
tinuous ly over a 24-hour period in its applicable altitude 
range . Also , an international coordinating organization 
has existed now for some years and has already performed 
some network studie s of dynamics in the region of the 
mesopause . 

We recommend tha t presen t me teor-wind radar s t udies be 
con tin ued and tha t efforts be made to coordinate them wi th 
an emphasi s on de termining preva i l ing wind fi elds . We a l so 
recommend tha t considera tion be gi ven to incl uding me teor
wind radar capabi l i ty in newl y cons tructed ST and MST 
radars . In this connection , we believe that it would be 
most valuable to operate a meteor-wind radar at Jicamarca , 
where a proven MST capability exists at a unique tropical 
location and where the lower thermospheric extension of 
mountain wave s can be studied . 

6 . 6  AIRGLOW MEASUREMENTS OF F-REGION WINDS 

Interferometric observations of the Dopple r shi ft of the 
oxygen red line ( 6 3 0  nm) provide the only ground-based 
technique for the direct determinat ion of nighttime F
region neutral winds . Incoherent-scatter radars provide 
the ion-drift velocity from which meridional winds can be 
derived , together with the variation of the neutral temper
ature from which some information on the zonal wind can 
be inferred . The opt ical measurement s have a demonstrated 
capability for the measurement of nighttime winds with a 
precision of about 10 m sec- 1 and a t ime resolut ion of 30 
to 60 min under the low-s ignal conditions that exist out
side auroras , and new image -plane detector technology should 
lead to substantial increase s in precision or in time re so
lution in the near future . For bright auroral emi ssions , 
the c apabilitie s of the technique are greater .  

We recommend tha t red-line interferome ters be opera ted 
in conj uncti on wi th incoheren t-sca t ter radars in st udies 
of F-regi an dynami cs .  
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6 . 7  PARTIAL REFLECTION DRIFTS AND LIDARS 

Two new techniques offer the possibil ity of measuring the 
ve locity field in the mesosphere and lower thermosphere 
at reasonable cost , namely , sodium lidar veloc imetry 
(nighttime ) and partial-reflec tion drifts (daytime ) .  We 

recommend tha t sodi um l i dar and partial -reflecti on tech
niques be further s t udi ed and devel oped to determine their 
usefulness compared wi th MST and meteor-wind radars for 
de termining mesospheri c winds . 

6 . 8  PLASMA IRREGULARITY AND INSTABILITY STUDIES 

Radar observations of plasma instabi litie s and irregulari
ties have been fruitful and should be cont inued and 
expanded . Suffic ient progres s  has been made in the exper
imental and theoretical studie s  of plasma instabi lities 
and irregularities that intensive c ampaign-type operations 
involving rockets , radar , sc intil lation detectors , and 
other ground-based instruments hold great promise of in
creasing understanding of the nonl inear evolut ion of these 
processes . Since natural plasma-instabil ity processes 
operate in the saturated nonlinear regime , unde rstanding 
them is essential in order to gauge the anomalous transport 
effects of such phenomena . Furthermore , these studies 
wi l l  allow detailed testing of the computational model 
that is the maj or realistic theoret ical method avai lable 
for study of large-scale partially ionized systems . Exam
ple s of important studies of this type are an equator ial 
electroj et and spread-F campaign at Jicamarca , a campaign 
to study the artificially produced plasma waves and 
irregularities in heating experiments at Arec ibo and 
possible high- latitude sites , and a study of irregularities 
generated at high latitudes . In addition to the plasma
physic s inte rest and the test ing of computational models , 
each of these phenomena has importance in understanding 
the irregular structure observed in the ionospheric plasma 
on scales from fractions of a meter to tens of kilometers . 
The se irregularitie s severely affect propagat ion in VHF 
and even SHF communication systems . 

We . recommend tha t radar s tudi es of na t ural and artifi 
cia l l y  genera ted i rregulari ties and instabi l i ti es in the 
ionosphere con tinue to be supported . These studies shoul d  
be supplemen ted b y  soundi ng-rocke t measuremen ts a s  wel l  a s 
relevan t ground-based techni ques . 
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6 .  9 ACTIVE EXPERIMENTS 

Active e xpe riments in space al low the cause-and-effect 
methods of laboratory experimental physics to be appl ied 
to large-scale systems . The HF heating experiments at 
Platteville , Colorado , and Arecibo , Puerto Rico , have 
produced fruitful results for both aeronomy and plasma 
physics . The first detailed observations of parametric 
instabilities were made with high-power radio-wave inj ec
tions , and a wealth of effects remain s to be explained 
theoretically . Active expe riments involving . VLF wave 
inj ection into the magnetosphe re are being used to investi
gate energetic part icle dumping into the atmosphere . 
Chemical re leases from rockets have been used to st imulate 
large-scale plasma instabilities and to study thermospheric 
chemistry . These wi ll cont inue and will be expanded in 
the Space Shuttle era . During the Spac elab II fl ight , 
water vapor wi l l  be inj ected over the Arec ibo , Jicamarca , 
and Millstone Hill radar obse rvatories , as well as the 
Roberval VLF receiving station . Electron beams wil l  be 
used extensively from rockets and the Space Shuttle in 
the coming years � these experiments depend to a large 
degree on ground-based observations for their interpreta
tion . Rocket probing of perturbed regions has occurred 
and in some cases wil l  be neces sary in future experiments . 
A feas ibility study should be made of launching rockets 
into the region heated from Arec ibo carrying instruments 
such as Langmuir probes and ion-acoust ic wave detectors . 
Other important ground instruments that have been used in
clude scinti l lation detectors , coherent as we l l  as incoherent
scatter radars , digital ionosondes ,  and optical instruments . 

we recommend tha t acti ve experi ment s  be supported to 
appl y the ca use-and-effect approach to the study of upper
a tmospheri c phenomena .  Examples of experiments to produce 
an e ffect are the HF heating experiments , VLF stimulation 
of the magnetosphere , e lectron-beam experiment s ,  and 
chemical re leases from rocket s and the Space Shuttle . 
Examples of essent ial instruments to study the effects 
include coherent- and incoherent-scatter radars , optical 
instruments , and rocket probes .  

6 . 10 DYNAMICAL STUDIES OF THE MIDDLE ATMOSPHERE AT 
JICAMARCA 

The Jicamarca Radio Observatory was established with u . s .  
funds to study the equatorial ionosphere . It is also the 
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VHF facility where the mesosphere-stratosphere-troposphere 
(MST) radar capabil ity was first deve loped . Many groups 
in the world are proposing , building,  or planning to 
build MST radars at various locations . Jicamarca has a 
proven MST capability ,  a unique tropical location , and 
the ability to study the upward propagation of mountain 
waves . We recommend tha t Ji camarca be supported suffi 
cientl y to exploi t i ts unique capabi l i ty for dynami cal 
s t udies of the middle a tmosphere . 

6 . 11 MEASUREMENT OF TRACE CONSTITUENTS BY HIGH-RESOLUTION 
SPECTROSCOPY 

Ground-based mil limeter-wave length spectroscopic observa
tions have been used to determine the tota l column dens itie s 
and the crude altitude profiles of 0 3 ,  co , and HzO in the 
stratosphere and mesosphere . The extension of high
re solution spectroscopy to infrared and optical wavelengths 
whe re the line strengths are large , and to we ll mixed 
species like Oz , makes it possible to measure other spec ies 
and to deduce temperature profiles and velocities . We 
recommend the con tinuing developmen t of high-resol ution 
spectroscopy for the mea surement of trace consti tuen ts and 
physi cal condi tions in the stra tosphere an d mesosphere . 
In particular , we recommend practical demonstrations of 
these technique s by measurement programs to produc e both 
sc ienti fic data and estimates of their real performance , 
limitations , and cost . 

6 . 12 IMPROVED OZONE TOTAL-COLUMN MEASUREMENTS 

The most important ultimate test of our understanding of 
the effects of natural and man-made changes in atmospheric 
ozone will be provided by monitoring the long-term changes . 
We now have long-term data from the Dobson network , but 
it is c lear from the intercompari sons between Dobson data 
and the BUV data from satellites that the Dobson data are 
not so accurate as de sired or as previously thought . There 
are several possible ways of improving the precis ion of the 
ground-based total-ozone measurement s .  The new microwave 
measurements of ozone and improved UV techniques that use 
an automated fit to the full spectrum in the near ultraviole t 
offer the possibility of ozone total-column measurements to 
a prec ision of a few tenths of a pe rcent . we recommend tha t 
studi es be made of new mi crowave and uv techni ques for 
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ground-based measurement of total ozone wi th even t ual test
ing of a t  l ea s t  one of these i ns truments , i ncl uding compar
i son wi th a Dobson instrument . 

6 . 1 3 AIRGLOW DETERMINATION OF 03 ,  H ,  AND 0 DISTRIBUT IONS 

Important mesospheric chemical species such as 0 3 , H ,  and 
0 can be effectively studied by observations of metastable 
emiss ions in the nightglow that arise from luminescent 
reactions involving them. Such observat ions can be made 
from the ground over a considerable solid angle enclos ing 
some hundreds of kilometers horizontally . We recommend 
tha t ai rglow observa tions be exploi ted as an effecti ve 
me thod of de termining the dis tributions of 03 , o ,  and H .  

6 . 14 AIRGLOW STUDIES OF THERMOSPHERIC AND EXOSPHERIC 
PROCESSES 

Ground-based airglow observations provide useful in forma
tion on temporal variations of thermospheric composition . 
Example s are the study of changes in the O/N2 and 0/02 
ratios from auroral and twilight investigations of o ( l D )  
emission a t  6 3 0  nm .  A subtle interplay between direct 
observation , modeling ,  and laboratory measurements is 
involved , but the inferences can be made rather clear ly .  
I n  the case o f  twilight photometry , for e xample , one f inds 
a geomagnet ic dependence of the O/N2 ratio in the the rmo
sphere whose origin must lie in the mod ificat ion of vertical 
transport rates near the homopause . Even the profile of 
atomic oxygen can be monitored (under quiet condit ions ) 
as high as 500 km us ing twilight photometry of the emiss ion 
from o+ (

2
P )  at 7 3 2  nm. The effects of lower-thermospheric 

heating on composition (the O/N2 ratio)  can be studied 
where auroral photometry is combined with incoherent
backscatter measurements--an example of the usefulnes s  of 
coordinated measurements . 

Optical observations make a unique contribution to 
studie s of thermospheric photochemi stry by providing the 
only direct information on the dens itie s of chemically 
active metastable species and by providing the integrated 
rates at which particular photochemical reactions occur . 
E specially important is the information that can be 
obtained by optical means on the rate s of production o f  
ionization both by energetic particle bombardment and by 
solar EUV radiation . Optical measurements of the atmosphere 
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also provide information that i s  hard to obtain in labora
torie s on some bas ic atomic and molecular parameters and 
reaction mechanisms . 

As the exosphere i s  approached , the importance of ground
based photometry is  maintained through studie s  of twil ight 
helium emis sion and the geocoronal hydrogen glow .  These 
studie s have provided and wil l  continue to provide basic 
information on the outermost layer of the atmosphere , 
where large-scale transport dominat es the picture . 

We recommend tha t airglow observa t i ons be exploi t ed to 
determine the rol e of metas table species in thermospheri c 
photochemistry and the di stribution of heli um and hydrogen 
in the exosphere . 

6 . 15 ARCHIVING OF INFRARED SOLAR SPECTRA OBTAINED WITHIN 
THE ATMOSPHERE 

A number of molec ular species are being added to the tropo
sphere as a result of man ' s activitie s .  The possibility 
exists that some of them may become a pos sible threat to 
the ozone layer or otherwise detrimentally affect the 
upper atmosphere . The quest ion of whether such molecule s 
will be important in the chemistry of the ozone layer 
depends among other things on their tropospheric lifetimes . 
The accuracy of the estimates of the tropospheric lifetime 
of a molecule can be significant ly increased if data are 
available concerning its tropospheric concentration at 
earlier t imes . Infrared solar spec tra obtained from the 
ground at high-altitude "dry" sites or from balloons con
tain many features that have not been identi fied . Many 
of these are undoubtedly due to weak lines of such common 
constituents as CH4 , 03 , and H2 0 .  However ,  a significant 
number are due to as yet unident ified molecule s ,  includin g 
pollutants . The number and strength of such features wil l  
change with time , and the corresponding variations in 
concentration , especially secular trends , are important . 
I t  i s  recommended tha t a program of obtaining and a rchi vin g 
infrared solar spectra obtained wi thin the a tmosphere on 
a rou tine basis (several times a year) be start ed for the 
purpose of mon i toring total a tmospheri c con tent of mi nor 
consti tuents . 
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6 . 16 DATA MANAGEMENT FOR STRATOSPHERE CHEMISTRY AND 
AEROSOLS 

Observational programs involving surveys and repet itive 
measurements wil l  produce data set s  that should be available 
for intercomparison and reinterpretation at later t imes . 
I n  order to assure preservation of and accessibility of 
such data , i t  i s  recommended tha t NOAA carry out the neces
sary da ta-management functions to keep track of wha t  data 
exi s t  on stra tospheric composi tion and where they are 
archi ved . It i s  further recommended tha t funding agencies 
for stra tospheric chemical research prescribe tha t  inves
tiga tors maintain sui tabl e documentation of da ta sets and 
cooperate wi th NOAA da ta management and servi ces . 

6 . 17 CLUSTERING OF OBSERVATION FACILITIES 

Coincident and complementary measurements of various 
parameters characteriz ing the state of the atmosphere that 
utilize the unique capabi lities of various measurement 
technique s enhance the value of each individual measure
ment . We recommend tha t ,  where practicabl e ,  major in stal 
l a tions such as an incoherent -sca t ter radar be a ugmen ted 
wi th a cl us ter of facil i ties such as sounding-rocket and 
balloon la unch si tes , passi ve and active optical observa 
tories , and other electromagnetic sounding systems . 
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7 

THE ROL E OF IN S I T U  Z1EASUREMENTS 

FROM A IRCRAFT , BALLOONS , AND 
ROCKETS 

In si tu measurements from aircraft , bal loons , and sounding 
rockets are essent ial to the invest igation of the upper 
atmosphere , and they wil l  remain so regardless of the 
development of improved remot e sensing from the ground 
and from satellites .  The type s of in si t u  measurements 
that cannot be replaced by remote sensing include many 
measurements of concentrations of minor con stituents , the 
determination of vert ical profiles of quant itie s that can
not be remotely sensed from satellite s or from the ground , 
and the inve stigation of some small-scale phenomena . In 
some cases , in si tu measurements wil l  be required to 
es tablish the validity of remote-sensing techniques . 
Thus , even with the optimum deve lopment of satell ite and 
ground-based remote-sens ing techniques ,  it is essential 
that a strong capability for in si t u  measurements from 
aircraft , bal loons , and rocket s be preserved . In a few 
important cases it will also be valuable to employ remote
sensing techniques from these platforms , for  example , lidar 
in aircraft and spectrographs or photometers in balloons 
or rockets . And once again , it is  worth emphasizing that 
the coordination of such observations with remote sensing 
from the ground or from sate l l ites , will lead to more 
nearly complete results than can be obtained from the same 
observat ions made sporadically and independently . 

7 . 1 SOUNDING ROCKETS AND BALLOONS AND THEIR LAUNCH SITES 

Sounding rockets and balloons provide the on ly means of 
yie lding verticle profile s of atmospheric properties by 
direct probing in the alt itude range from about 20 to 1 3 5  
km . In s i t u  sampling wi ll continue t o  b e  necessary to 
complement remote sensing from satellite plat forms during 
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the 1980 ' s .  Sounding rockets and balloons provide the only 
means of observing some phenomena and measuring many atmo
spheric spec ies over certain ranges of alt itudes . Rockets 
also allow for measurements on spatial scales inacces s ible 
to satellites . For example , in plasma instability studies 
the small-scale structure s are difficult to measure on 
rapidly moving spacecraft . In addition , rockets can be 
held in read iness for long periods o f  time wait ing for the 
correct geophysical conditions . Sounding-rocket measure
ments must be made at many latitude s and t ime s . 

We recommend tha t the bal l oon and sounding-rocke t pro
gram be preserved during the Space Shu t tl e  era to make 
impor tant a tmospheri c measurements tha t cannot be made from 
sa tel l i tes . We further recommend the maintenance and , 
where requ i red , the expansion of rocket and bal loon l a unch 
faci l i ties to accommoda te the needs for da ta acqu i si tion 
a t  various geographical l oca t i ons . Provis ion should be 
made for fixed site s  as wel l  for remote c ampaign s . 

7 . 2  STRATOSPHERIC AND MESOSPHERIC COMPOS ITION AND 
PHOTOCHEMISTRY 

A promi sing start has been made during the past few years 
on the study of the chemistry and large-scale quasi
horizontal transport processes in the stratosphere . In 
large meas ure this  work has served to expose our ignorance 
of this  important and neglected region of the atmosphere , 
the one most closely coupled to the lowest port ion in 
which we live . We recommend tha t the moment um now estab
l i shed in stra tospheric inves t i ga ti ons be vigorousl y main
tained . To do thi s  we need to exploi t presen t  methods of 
bo th  in situ and remo te sensing of chemi ca l l y  a ct i ve minor 
consti tuents and to develop new methods . We a l so strongl y 
encourage s t udy and devel opment of methods , particularl y 
those using tracers , for examining the global -scal e hori 
zontal movemen t of air masses wi thi n the stratosphere . 

Knowledge of the concentration of minor species in the 
mesosphere is limited . The photochemistry of this region 
should be re latively simple . Yet the few measurements of 
such mesospheric species as OH and NO that exist and some 
for 0 3 are in strong disagreement with theoretical predic
tions . It i s  important that the photochemi stry and composi
tion of the mesosphere be understood i f  we are to hope to 
understand more complex regions . We recommend tha t a 
program be undertaken to de termine the di s tribu tion of 
mesospheri c consti tuents . Rel evant photol ysi s ra tes should 
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a l so be mea sured . Instruments carried on parachutes dropped 
from sounding rockets in the neighborhood of 90 km may pro
vide improved measurement s of spec ies such as O ,  0 3 , OH , 
HOz , and NO . 

7 . 3  STRATOSPHERIC-TROPOSPHERIC EXCHANGE 

While vertical exchange processes are fast in the tropo
sphere , they are on the average slow in the lower strato
sphere . The rate of transfer to the stratosphere of water 
vapor and many natural and man-made gases that are inert 
in the troposphere is determined by dynamical exchange 
between these regions of the atmosphere . Under the action 
of ultraviolet radiat ion , these gases are broken down at 
higher leve ls into highly reactive radicals that affect 
the photochemi stry and heat ing of the uppe r atmosphere . 
The residence time and integrated photochemical activity 
of these radicals is  determined by dynamical exchange 
processes between the stratosphere and troposphere . These 
e xchange processes , the composition of the air being 
exchanged , and interhemispheric differences are not wel l  
known a t  present . We recommend tha t more observa tional 
and theore tical studies be devoted to the stra tosphere
troposphere in terchange processes and tha t fast -response 
ins trumenta tion be developed for measurement s  of chemi cal 
consti tuents (e . g . , 0 3 , HzO , CO) in support of these 
s tudies . The combinations of these measurements can only 
be made employing in si t u  instrumentation or aircraftborne 
lidar . Some support may also be provided by ground-based 
radar observations . 

7 . 4  PLANETARY ELECTRODYNAMICS 

Electric fie lds are present at all height levels of the 
atmosphere and have a signi ficant impact on the energy 
budget in the thermosphere . Magnetospheric fields are 
most important at high latitude s ,  whe re they are driven 
by the solar-wind inte raction with the earth ' s  magnetic 
fie ld . The strength in the thermosphere is suffic iently 
large to cause momentum trans fer between the plasma and 
the neutral atmosphere . This driving force and the pres
sure gradient force due to partic le heating modify the 
wind patte rn s . High-altitude electric fields have been 
shown to penetrate to stratospheric leve ls and pe rturb 
the global atmospheric electric potential . This mapping 
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of electric fields is one of the few clear , almost instan
teous coupling mechanisms between upper- and lower-atmospheric 
processes . Quantitative model ing of the upward mapping of 
fair weathe r and thunderstorm-related electric fields has 
recently bequn . With the pos sible except ion of mesospheric 
e lectric fie lds , measurement techniques are wel l  developed , 
and a unified model of planetary e lectrodynamics should 
be a goal of the 1980 ' s . Example s of outstanding problems 
in planetary electrodynamic s inc lude mesospheric and strato
spheric electric fields , upward mapping of tropospheric 
fair-weather and thunderstorm fields , and polarization 
electric fields in the e lectroj et s ;  polar-cap , polar-cusp 
and auroral-zone electric fields and their penetration to 
lowe r latitudes and alt itudes are further example s .  We 
recommend investigation of a tmospheri c el ectric fi elds of 
ma gnetospheri c ,  i onospheric dynamo , and thunders torm origin 
to determine their role in mesospheri c transport and chemi 
cal processes . The investigation should use theoretical 
and experimental approaches inc ludin g  ground-based , bal loon , 
and rocket measurements .  Balloon platforms are an attrac
tive way to study in a coordinated way the parameters 
associated with observed perturbations in the middle 
atmosphere e lectric field due t o  prec ipitat ion events , 
thunderstorms , and conductivity variations . Payloads 
should measure quantities such as the vector electric 
field ; x-ray , ion , and e lectron fluxes ; and conductivity . 
NASA should be urged to support the study of mesospheric 
electrodynamics with rockets .  

The e lectrodynamics payloads for balloons and rockets 
will addre ss the problem of mesosphere and stratospheric 
conductivity enhancement s and their influence on the !air
weather elec tric field at high latitudes .  Such measurements 
wi ll yield a data base for understanding the global impact 
of electrical perturbations and their pos sible role in 
sun-weather phys ic s .  In addit ion to these middle
atmospheric proces ses , these payload s wil l  measure hori
zontal e lectric fields of magnetospheric origin in the 
polar cap and auroral oval . Flown in the southern hemi
sphere , the payloads would complement the extensive northern 
hemisphere measurements made by incoherent-scatter radar 
and the magnetospheric-physics investigations being con
ducted in the Antarctic regions . 

Incoherent-scatter radar is a powerful tool for measur
ing quasi-static electric fields above 100-km altitude and 
should be encouraged at existing observatories ; incr�ased 
capability for sensing at subauroral latitudes was recom
mended earlier , and the des irability of polar-cap and 
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polar-cusp measurements was also indicated . Since such 
facilities can also measure e lectron density , the Joule 
and particle precipitation heating can be evaluated . 

Event -type measurements of auroral microstructure and 
generation of strong neutral winds in auroral events 
require s rocket investigations , which implies a need for 
an auroral-zone rocket range ( e . g . , Poker Flat )  ·and a 
healthy sounding-rocket program. 

7 . 5  MESOSPHERIC ION COMPOS ITION 

Critical gaps sti l l  e xist in the understanding - of the pro
cesses controlling the formation of mesospheric ions , the 
recombination processes , and in some cases the ion compo
sition itse l f , part icularly negative ions . We recommend 
tha t measuremen ts of mesospheric i on composi tion be carri ed 
out under a variety of condi tions , wi th pa rti cular empha
sis on allevi a ting the pa uci ty of meaningful da ta on 
nega tive i ons . The measurement s require the use of sound
ing rockets both directly and for the deployment of 
parachuteborne packages . It is visualized that the 
primary instruments wi ll be mass spectrometers supplemented 
by measurements of other parameters such as conductivity , 
mobility , and electron concentration . 

7 . 6  CHEMISTRY IN THE LOWER THERMOSPHERE 

The region from 80 to 1 3 5  km remains one in which our 
knowledge of atmospheric composition and structure is 
meager .  A determination of the densities of species and 
understanding of the transport processes involved in this 
region are crucia l  for the understanding of a number of 
aeronomic problems . Examples are the distributions of the 
oxygen allotrope s , metals ,  and metal ions and the molecules 
and radical s (H20 , CHq , H2 , OH , H02 , and H )  involved in 
the generation of atomic hydrogen required to supply the 
hydrogen escape flux .  We recommend tha t efforts to develop 
me thods to determine the dis tribu tion of a tmospheri c 
speci es in the lower thermosphere and to understand trans
port processes in the 80- to 1 35-km range be encouraged . 

7 . 7 MESOSPHERE AND LOWER-THERMOSPHERE DISTURBANCES 

It is important to study disturbances in the lower iono
sphere both because they are associated with practical 
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e f fects , such as those affecting radio communications , and 
because we wish to understand these geophysical event s 
themselves and their effect s on the atmosphere . Although 
isolated measurements of one or a few parameters are 
interesting , understanding wi ll like ly be much further 
advanced by a concerted coordinated measurement program 
characterizing the energy input to the atmosphere and the 
resulting perturbations of composition , ionization , and 
excitation/emission . 

In si tu measurements of the perturbations and the dis
tribut ions of charged and neutral atmospheric species , 
coupled with measurements of IR, vi sible , and UV emiss ions 
by ground-based and rocketborne instruments , are important 
in the light of data on the energy- input mechanisms as 
determined grossly from the ground and detailed by rocket
borne instruments . The important geophysical events to 
be considered include (a) different types of auroral and 
other particle prec ipitation events such as polar-cap 
absorption events and (b )  lower-latitude event s such as 
magnetic-storm effects and the D-region winter anomaly . 
These event s will be more important and more eas ily 
observed in the ensuing years of increased solar activity . 

Much can be learned about atmospheric processes and 
atmospheric disturbances by coordinated measurements of 
the input-output type utilizing events such as auroras , 
solar proton events , and planetary-wave-induced anomalies 
as stimuli .  I t  i s  recommended tha t continued emphasi s be 
gi ven to meas uremen ts of energy inp u ts and other ca usa tive 
phenomena an d  the resul t ing effects on ioni za ti on , exci ta
tion radia tion ,  chemi cal composi tion ,  and hea ting . A 
coordinated program of in si t u  rocket measurements coupled 
with measurements from ground-based instruments will be 
required . 

7 .  8 MAINTENANCE OF THE METEOROLOO ICAL ROCKET NETWORK 

The meteorological rocket network is identi fied as an e s sen
tial tool for certain tasks such as the calibration and 
extension of satel l ite data and the measurement of temper
ature profi les dur ing time s of winter disturbances . We 
recommend tha t the exi sting meteorologica l rocket network 
be maintained , a t  least un til such time as al terna t i ve 
mea suremen t sys tems have been establ i shed and adequa tel y 
tested , to ensure the con tinui ty of hi gh-qua l i ty da ta . 
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7 .  9 SOURCES OF IMPORTANT STRATOSPHERIC REACTANTS AND 
INFRARED ACTIVE GASES 

Stratospheric ozone- layer photochemistry is strongly con
trolled by reactions involving highly reactive chemicals , 
espec ially radicals , that are present in smal l  concentra
tions ( 1 : 10 1 2 

to 1 : 10 8 ) and t hat act catalytically . These 
radicals of the nitrogen oxide , hydrogen oxide , and chlorine 
oxide families are produced by photochemical reactions in 
the upper atmosphere from H2 0 and other source molecules 
(e . g . , CH� , N20, CH 3Cl , CH3CCl 3 )  that are released at 
ground level largely by biospheric or industrial processes 
and that are relat ively inert in the troposphere . In many 
cases the strengths and even the identities and locat ions 
of the dominant ground-level sources are not known . Iden
tical remarks apply to some of the sources of the strato
spheric sulfate aerosol (e . g . , COS ) , for other halogenated 
species ,  and poss ibly for metal compounds . Similarly , the 
atmospheric sinks of these source molecul e s , other than 
reactions with OH , excited oxygen atoms , and ultraviolet 
photons ,  are not known quantitat ively.  We recommend both 
explora tory measuremen ts to l oca te and quan ti fy sources 
and sinks in the troposphere of s tabl e  source mol ecul es 
tha t gi ve ri se to hi ghl y reacti ve radi cal s  in the s tra to
sphere and regular moni toring of their tropospheri c abun
dances wi th adequa te frequency and coverage in bo th 
hemispheres . 

We also note that reaction with OH in the troposphere 
is the main atmospheric sink for many important trace gases 
that reach the stratosphere ( e . g . , CH� , CH 3 , Cl , CH 3 ,  and 
CCl 3 ) . The tropospheric OH concentrations are determined 
primarily by the tropospheric distribution of ozone , so 
that the origin of tropospheric ozone must be known ( strato
spheric origin versus in si t u  tropospheric production ) . 
To deduce whe ther tropospheri c 0 3  is primari l y  of s tra to
spheri c or of tropospheric ori gin , we recommend an expanded 
program of a i rborn e and s urface meas uremen ts of tropospheri c 
0 3 ,  especi al l y  in the sou thern hemi sphere . 

In the stratosphere many trace gases are further broken 
down by photochemical processes , and their vertical , 
latitudinal , and seasonal distributions are a use ful tool 
to clarify stratospheric photochemi stry and transport 
processes . At level s above about 30 km , the average odd
oxygen and the odd-hydrogen concentrations are determined 
by photocht:!lnical reactions . Especial ly in the lower strato
sphere , chemical interactions give rise to such molecules 
as HON02 , H02 , N02 , HOC! , and ClON02 , which do not react 
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with ozone , so ozone at its level of maximum concentration 
is  protected from othe rwise l arger photochemical destruc
t ion . We recommend tha t simul taneo us ai rborne measuremen ts 
be made of lower-s tra tospheri c radi cal s  and their recom
bina tion products incl uding 0 3 , o, OH , H02 , NO , N02 , Cl , 
ClO ,  ClON02 , HON02 , H02 , N02 1  HOCl , and HCl , along wi th 
tempera t ure and rel evan t photodi ssoci a tion ra tes , to tes t  
the compl eteness o f  schemes o f  s tra tospheri c photochemi s try 
in those regi ons where concen tra tions are mainl y deter
mined by photochemi cal processes . 

Possible temporal trends in the se stable source-molecule 
concentrat ions must be identified , not only because of 
possible stratospheric impact but also because of their 
ability to trap outgoing planetary radiation .  For these 
tropospheric measurements , methods such as whole-air 
sampling , infrared spectrometers , mass spectrometers , and 
gas chromatographs can be employed at ground locations or 
on aircraft and small balloons . 

It must also be emphasized that stratospheric ozone 
concentrations have importance beyond the ir contribution 
to the total ozone column and the UV shie ld . Stratospheric 
thermal structure and dynamical circulation patterns are 
strongly contro lled by the heat input due to UV absorption 
by 0 3 above 30-km altitude and by cooling from the 9 . 6 -�m
band of 0 3 . Surface c l imate mi ght be i n f luenced by these 
03 radiative processes . 

7 . 10 MEASUREMENT OF STRATOSPHERIC AEROSOLS 

The concentration of a worldwide layer of stratospheric 
aerosols is  greatly enhanced after maj or volcanic erup
tions , with maximum concentrations occurring at about 2 0  
km. Following such events , a s ignificant warming of the 
stratosphere has been observed , and records of global 
average temperature s suggest a surface cooling persist ing 
for several years . In order to understand the relation
ship between stratospheric aerosols and such c limatic 
e ffects , the ir ability to absorb and scatte r radiation 
must be known . 

Recent studies indicate that appreciable aerosol mixing 
ratios exist at altitudes much higher than the layer of 
maximum concentrat ion . The chemical composition of strato
spheric aerosol s has been reported to be variable � some
times they exist primarily as sul furic ac id and sometimes 
as ammonium sul fate . Since composition significant ly 
affects the optical properties of the aerosol , it should 
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be continually measured and efforts made to understand the 
cause s of such variabil ity . The formation mechanism of 
stratospheric aerosols is still not understood . Durinq 
periods of no volcanic inj ect ions above the tropopause ,  
it i s  bel ieved that diffusion of tropospheric sulfur
containing qases into the stratosphere provides the sub
stance for aerosol formation . The vertical distribution 
of such qases as water vapor , carbonyl sulfide , and sulfur 
dioxide should be determined . It has also been postulated 
that sulfuric acid aerosols evaporate above 30 km, qivinq 
rise to sulfuric ac id vapor . The existence of this vapor 
could be confirmed experimental ly . 

We recommend tha t the properties of stra tospheri c aerosol 
parti cl es tha t control thei r in teraction wi th vi sible and 
infrared radia tion (e . g . , the si ze di stribution , shape , 
and compl ex refracti ve index) be measured wi th instrumen ta
tion on high-al ti tude ai rcraft and balloons to provide a 
more accura te assessmen t of the effect of the particles 
on the energy budge t of the a tmosphere and on gas concen
tra tions and tempera ture profi l es .  We also recommend tha t 
the forma tion of s tra tospheri c aerosol parti cles be s tudi ed 
by using in situ da ta on aerosol chemi cal composi tion ,  
condensa tion nuclei , and gaseous aerosol precursors ( e . g . , 
H20 , COS , S02 , and possibl y H2S04 vapor) . 

7 . 11 MEASUREMENT OF DIRECT AND SCATTERED SOLAR ULTRAVIOLET 
RADIATION WITHIN THE UPPER ATMOSPHERE 

The atmospheric absorption spect rum in the ultraviolet 
and the structure of the solar spectrum make it difficult 
to calculate satis factorily the penetrat ion of solar ultra
violet radiat ion into the atmosphere , and , as a consequence , 
the altitude profile of rates at which various photopro
cesses proceed cannot be determined with the desired 
prec1s1on . This  present s a serious l imitat ion in many 
studies of photochemistry of the upper atmosphere . We 
recommend tha t observa t i ons of the direct and di ffuse 
solar ul tra viol et spectrum be made a s  a functi on of al ti 
t ude using ins trumentation on ba ll oons and rocke ts for 
val i dati on and improvemen t of calculations of chemi cal 
photodi ssociation ra tes and ra tes of energy deposi ti on in 
the upper atmosphere . 
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