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NOTICE : The project that is the subject of this report was 
approved by the Governing Board of the National Research 
Counc i l ,  whose member s  are drawn from the councils of the 
National Academy of Sciences , the Nat ional Academy of 
Eng ineer ing , and the Institute of Med icine . The members of 
the committee responsible for this report were chosen for 
their spec ial competence& and w ith regard for appropr iate 
balance . 

This repor t has been reviewed by a group other than the 
author s accord ing to procedures approved by a Repor t Review 
Committee consisting of member s  of the National Academy of 
SCiences , the National Academy of Eng ineer ing , and the 
I nstitute of Med ic ine . 

The Nat ional Research counc il was established by the 
Nat ional Academy of SC iences in 1916 to associate the broad 
community of science and technology with the Academy ' s  
purposes of further ing knowledge and of advis ing the federa1 
government . The Counc il operates in accordance with gener a1 
pol ic ies determined by the Academy under the author ity of 
its congressional char ter of 1863 , wh ich establishes the 
Academy as a pr ivate , nonprof it , self-govern ing membership 
corporation . The Counc il has become the pr inc ipal operat ing 
agency of both the Nat ional Academy of SC iences and the 
National Academy of Eng ineer ing in the conduct of their 
serv ices to the government , the public , and the sc ientific 
and eng ineer ing commun ities . I t  is administered jointly by 
both Academies and the Institute of Med ic ine . The National 
Academy of Eng ineer ing and the Institute of Medic ine were 
establ ished in 1964 and 1970 , respectively , under the 
charter of the Nat ional Academy of Sciences . 

The Committee on Solar-Ter restr ial Research is pleased to 
acknowledge the support of the National SCience Foundation , 
the Air Force , the Nat ional Aeronautics and Space 
Administration , and the National oceanic and Atmospher ic 
Administration . However , any op in ions , f ind ings , 
conclus ions, or recommendations expressed herein are those 
of the author s and do not necessar ily represent the v iews o f  
these agencies . 

Cop ies available from Committee on Solar-Ter restr ial 
Research, National Research Council , Washington , DC 204 18 
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PRBPACB 

In response to a request from several concerned federal 
agenc ies--the Department of Defense , the National Science 
Foundation , the National Oceanic and Atmospher ic Adminis­
t ration , and the National Aeronautics and Space Adminis­
trat ion--the Board on Atmospher ic Sc iences and Climate 
asked its Committee on Solar-Terrestrial Research to 
under take this study. It was requested now because of a 
strong shared conviction on the part of the federal agen­
c ies , the scientific community , and the Office of Science 
and Technology Policy that there is an urgent need to 
achieve a thorough under standing of our solar-ter restr ia l 
environment. In add ition , there is a belief that achiev­
ing such under standing will requir e a well-planned and 
organized effor t to elucidate the phys ical and chemical 
processes controlling the complex interactive behavior of 
the solar-ter restr ial system. 

Th is repor t recommends the formation of a National 
Solar-Terrestr ial Research Program to implement the recom­
mendations of the earlier Nat ional Research Council study 
Solar-Terrestrial Research for the 1980's (1981) . The 
ear lier study, which took over 18 months to complete and 
involved the par tic ipat ion of more than SO scientists, 
specifically identified the principal scientific and man­
agement recoamendat ions required for a balanced solar­
terrestrial program. The pr esent study was under taken by 
the Committee on Solar-Terr estrial Research in the fall 
of 1983 . Together, the two studies constitute a set that 
prescribes a broad-gauged solar-terrestrial program. 

Chapter l br iefly discusses solar-ter restrial research, 
including specif ic examples of the major sc ientific prob­
lem areas affecting our understanding of the coupled 
solar-ter restrial system. Chapter 2, as already mention­
ed, calls for the establishment of a National Solar-

vii 
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Terrestr ial Research Program and summar izes three recoa­
mendations that must be implemented for a well-balanced 
program. Chapter 3 descr ibes the recommendations eore 
fully, and Chapter 4 discusses the justifications for the 
recommendations. 

The Committee on Solar-Ter restr ial Research takes th is 
opportunity to thank the many contr ibutor s to the report. 
We gratefully acknowledge the cooperation and support of 
many people in the Nat ional Research Counc il, particular ly 
Herbert Fr iedman , Cha irman of the Commiss ion on Physical 
Sciences, Mathematics, and ResourcesJ Thomas F. Malone, 
Chairman of the Board on Atmospher ic Sc iences and Climate , 
and Thomas A. Donahue, Chairman of the Space Sc ience 
Board. We also acknowledge the cooperation and suppor t 
of var ious agency off ic ials, espec ially R. Behnke, B. w. 

B ierly, A. Chr istiansen, R. s. Greenf ield, and D. s. 

Peacock of the Nat ional Sc ience Foundation ; J. T. Lynch , 
J. D. Rosendhal , s. D. Shawhan, s. G. Tilford, and M. J. 
Wiskerchen of the National Aeronautics and Space Adminis­
tration, J. H. Allen , D. M. Hunt, and H. Leimbach of the 
Nat ional Oceanic and Atmospher ic Adm inistration, R. c. 

Sagalyn of the Air ForceJ and P. Try of the Depar tment of 
Defense. 
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BXBCOTIVB SUMMARY 

We reoo.aend a National Solar-Ter restr ial Research Program 
of t.por tance to the nation , as well as to its sc ientific 
coaaunity. This program will enable us to increase s ig­
n if icantly our under standing of the key phys ical mecha­
nisms coupling the solar-ter restr ial system. Solar-ter­
r estr ial research is the study of the essential processes 
by which energy in all forms is generated by the Sun , is 
transpor ted to Barth , and ultimately vitally influences 
the terrestr ial env ironment. The pr inc ipal sc ience issue 
today in solar-ter restr ial research is to understand th is 
coupled systea. we stress that the recommended science 
are not subsets of one another and that all requ ire fund­
ing in parallel for a balanced prograa. 

RBCCIIIII•EIAflC. 1. We rec0111111end an approved new star t 
for the International Solar-Ter restr ial Phys ics Program ,  a 
aajor observational miss ion that is already well along in 
NASA' s  planning. 

�C. 2. We rec0111111end an increase in annual 
solar-terrestr ial research fund ing above present levels 
by $65 mill ion in f iscal year 1986 , to be held level (in 
1984 dollar s )  over the next decade , to support other 
essential progr ams. 

�DA!'IC. 3. We recoamend that there be formal 
interagency coord ination among the interested federal 
agencies for the implementation and conduct of the 
National Solar-Terrestr ial Research Program discussed in 
this document. 

Only the fullest poss ible under standing of the phys ics 
and chemistry of the solar-ter restr ial system will make i t  

1 
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2 NATIONAL SOLAR-TERRESTRIAL RBSBARCII PROGRAM 

possible to evaluate the effects of growing huaan influ­
ences on our enviro.-.nt . Of all the planets , Bar th and 

its biosphere present the widest range of interacting 
phys ical and chemical processes . we now have the tech­
nical resources and the sk illed per sonnel to study this 
l iv ing systea on a day-to-day bas is and on a global scale. 
This is a challenge to which we aust respond without 
delay . 
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1 

IN'l'RODUCTION 

Almost all of the energy resources available to man-­
l ight , wood, water power , wind , coal , and oil--can be 
traced to the solar r ad iation intercepted by the Bar th. 
It is indeed prov ident ial that the Sun is so stable , for 
even minor var iations in solar illuaination of the Bar th  
have been found to be closely correlated with ice ages. 
The potentially hazardous inv is ible emanations from the 
Sun are auch aore var iable. Without proper shielding , 
astronauts and space-based systems could be exposed to 
catastroph ic doses of rad iation froa great flares. Sola r 
act ivity also produces d isturbances in communicat ions and 
in electr ical power d istr ibution , effects that are 
c lear ly important from both practical and national 
secur ity viewpo ints. 

More than ever , mank ind apprec iates that human activ ity 
can s ignif icantly affect the environment and that space 
is an essential par t  of econoaic and soc ial progress. 

Solar-ter restr ial research is the study of the essent ia l 
proceases by wh ich energy in d iver se forms is generated 
by the Sun , is transpor ted to Barth , and ultimately vital­
ly influences the ter restr ial env ironment. It deals with 
the direct ir rad iation of the upper atmosphere by the full 
spectrua of electromagnetic r adiation and with the trans­
por t of par t icles and f ields from the Sun , through the 
interplanetary med ium, to and through the magnetic f ield 
of the Barth and into its atmosphere. 

Solar-ter restr ial research is concerned with the cr it­
ical complex interplay of phys ical and chemical processes 
in every ele .. nt of the Sun-Bar th system. The pr incipal 
sc ience issue in solar-terrestr ial research today is the 
need for understanding the coupled system. 

3 
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4 NATIONAL SOLAR-TBRRBS'l'RIAL RBSBAJlCH PROGRAM 

THE SOLAR- TERRESTRIAL SYSTEM 

SOLAR WIND 

-
INTERPLANETARY 

--
MEDIUM 

ELECTROMAGNETIC 
RADIATION 

FIGURE 1 The Solar-terrestr ial system (cour tesy of 
o. s. Intr iligator , carmel Research Center) . 

The solar output r eaches the Ear th  e ither through elec­
tromagnetic radiation or the magnetized plasma streams of 
the solar wind (see Figure 1 ) . The electromagnetic r adi­
ation d irectly dr ives the circulation of the atmosphere , 
while the solar wind dr ives a d iver se collect ion of funda­
mental phenomena rang ing from the acceleration of part i­
c les in interplanterary space to geomagnet ic storms and 
the aurora. A further compl ication results because the 
Sun is a var iable star , with trans ient outbur sts such as 
solar flares and long-term cyclic changes in solar mag­
netism. 

There are major complex sc ientific dilemmas sur rounding 
our understand ing of the coupled solar-terrestr ial syst ... 
The following three exaaples illustrate these probl .. s. 

Prcicesses within the solar convection zone g ive r ise to 
the magnetic f ield , wh ich is car r ied toward the Earth by 
the solar-wind plasma. The solar wind is deflected by the 
Earth's intr ins ic magnetic f ield , thus produc ing the mag­
netosphere. The var iable or ientation of the interplanetary 
magnetic f ield with respect to the f ixed or ientation of 
the Earth's internal d ipole f ield determines the extent 
to which processes with in the magnetosphere and the auro­
ral zone per turb the ionosphere and atmosphere. In this 
complex chain of cause and effect it  is necessary to 
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Introduction 

deteraine the aajor aechanis .. responsible for the gener ­
ation of tbe solar aagnetic f ield , its t.por tant inter­
actions with the aagnetospber ic f ield ,  and the effect of 
the ionosphere and ataospbere on the resulting inter­
act ion . 

5 

As a second exaaple , it is known that saall changes in 
the solar rad iative output can s ignif icantly influence the 
ozone cheaistry of the atmosphere .  Despite its th inness 
(0 . 3  ca at ataospber ic pressure) , the ozone layer plays an 
essential role in the preservation of l ife on Barth s ince 
it absorbs near ly all of the potentially lethal solar­
ultrav iolet rad iation that enters the ataospher e .  In this 
cr itical chain of cause and effect it is necessary to 
deteraine the Sun's short-term and long-term var iabil ity 
in the relevant ( 175-24 2 na) wavelength range and the 
cor responding var iations in ataospber ic ozone . 

A th ird exaaple concerns the response of the coupled 
Sun-solar wind-aagnetospbere-ionosphere-ataospbere system 
to trans ient events or ig inat ing at the Sun . These g ive 
r ise to both rad iative and plasma effects . Solar extreae­
ultr aviolet and x-ray outputs can be dramatically 
increased for shor t per iods , producing substantial atao­
spher ic-cheaistry per turbations related to both the ozone 
budget response and the enhanced ionization . A travel ing 
shock wave in the solar wind tr iggers a v iolent magneto­
sphere response , resulting in strongly intens if ied auroral 
act iv ity .  To under stand th is sequence i t  is necessary to 

deteraine the nature of the flare process , the manner in 
wh ich a shock d isturbs the solar wind , including its local 
acceleration of par t icles and its perturbations of the 
interplanetary magnetic f ield ,  the impor tant and complex 
changes induced in the magnetosphere by the passage of 
the shock , and the major chemical consequences of sudden 
enhancements in the level of atmospher ic ionization from 
both radiative and particle energy . 

The solar-ter restr ial system also prov ides us with a 
unique laboratory for invest igating quest ions of astro­
phys ics and of many other branches of sc ience . For 
example , the increas ing prec is ion of measurements , numer­
ical modeling , and theory appl ied to space-plasma problems 
aaounts to a revolut ion in technique relative to 10 years 
ago . As a result , the study of space plasmas bas become 
one of the pr imary motivat ions and experimental areas for 
bas ic plasma research . The solar-terrestr ial systea is 
the pr imary laboratory in which astrophys ical processes 
of great generality can be studied in s itu . In addit ion , 
the Sun is the only star available for close-up, detailed 
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6 NATIOIIAL SOLAR-TBRRBSTRIAL RBSBAJICB PIOGRM 

stud ies . The phys ical processes respons ible for ita 
structure and dynaaic energy tranaforaation phenaaena are 
still not understood , but they are particularly t.portant 
to the under standing of other main-sequence star s ,  and 
they serve as a model of aany stellar phenomena . ror 
example , study of solar activity is provid ing ins ight into 
stellar wind flows from the Beta Cephe i class of pulsating 
stars such as S igaa SCorpiua . Also ,  the magnetosphere& 
of Barth and Jupiter are auch .ore accessible than the 
magnetosphere& of neutron stars or galaxies , and our 
knowledge of planetary magnetoapheres has y ielded �r ­
tant ins ights into how pulsar s and radio galax ies may 
behave . our studies provide knowledge of the evolutionary 
h istory of the Sun-Barth ayatea and of the solar system. 
Some of the plasma processes , wh ich are so important for 
the development of controlled ther.onuclear power , were 
f irst identif ied and analyzed within the context of solar ­
ter restr ial research . H igh-energy particle acceleration 
by shock waves--at the Sun and in the interplanetary 
plasma--is relevant to both astrophys ics and laboratory 
plasma phys ics . 

This report presents an impleaentation strategy for the 
recommendat ions conta ined in the NRC repor t Solar­

Terrestrial Research for the 1 980 's (see Appendix A) . 
That repor t emphas izes the need to develop a unif ied 
phys ical descr iption of th is coupled system. Other inde­
pendent NRC reports , such as Solar-System Space Physics 
in the 1 980 's: A Research Strategy and Space Plasma 

Physics: The Study of Solar-System Plasmas (see Appendix 
B) illustrate the unanimity of this conclus ion among 
solar-ter restr ial researchers and researcher s in aany 
r elated sc ienti f ic f ields . In responding to th is chal­
lenge , we are recomaending a National Solar-Terrestr ial 
Research Program for the unified study of the intr icate 
causal cha in by wh ich events on the Sun s ignif icantly 
influence our env ironment on Barth . 

In studying these important causal connections , we auat 
necessarily achieve a synthes is of many d isc iplines in-

. eluding solar phys ics, interplanetary phys ics , magneto­
spher ic phys ics , ionospher ic phys ics , aeronomy , and 
at.aspher ic phys ics and chemistry . The var ious eleaents 
of the solar-ter restr ial ayatea have been explored aggr••­
sively , and many of these elements are well under stood 
ind ividually . In some cases , major progress has been 
made in under standing the mutual interact ions of these 
elements . The t ime has come to put all the pieces of the 
puzzle together . Recent technolog ical advances and theo-
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Introduct1on 

r etical understanding of the individual aspects are such 
that a well-planned, adequately funded interdisc iplinary 
effort should lead to s ignificant advances in our under­
standing of the systea as a whole . Favorable action by 
the governaent beginning in f iscal year 1986 can bring 
this global initiative to pass . 

7 
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2 

SUMMARY OP RBCOMMBRDATIONS 

we recommend the establishment of a National Solar­
�errestrial Research (STR) Program . We present here only 
those el ... nts that we cons ider to be .est vital . We 
refer the reader to the reportSo1ar-�errestria1 Research 
for the 1 980 ' s  (see Appendix A) for additional sc ience 
j ustif ications and for a descr iption of other useful 
progrUlS needed for a broad-based effort .  other r ecent 
stud ies that are pertinent are l isted in Appendix B. 

This proposed program is f iscally conservative and 
rel ies heav ily on already existing or planned prograaa . 
I t  balances major observational efforts (Category A) with 
a vigorous program of theory , data analys is , and ground­
based and suborbital research (categor ies B and C) to 
maximize the results froa the whole progr am .  These cate­
gor ies (A , B, and C) have been established on the bas is 
of the scale of resources required for the ir �let ion . 
We eaphasize that this separation has been done for budget 
planning purposes only , with Category A components be ing 
•major• (over $100 aill ion) , Category B components 
•moderate• (each on the order of $10 mill ion per year ) , 
and Category C coaponents •modest• ($1 aill ion to $5 
aill ion per year each) . We stress that these categories 
are not subsets of one another, and all should be funded 
in parallel for a balanced program .  Pr ior ities bave been 
established with in the categor ies , with Pr ior ity 1 the 
h ighest pr ior ity and Pr ior ity 2 of very h igh pr ior ity .  
The increment o f  $65 million i n  f iscal year 1986 , to be 
held level ( in 1984 dollars)  over the next decade , should 
be allocated to the appropr iate federal agenc ies : the 
National SCience Foundation (NSF) , the National Aeronau­
tics and Space Adain istration (NASA) , the National Oceanic 
and Atmospher ic Ada inistration (NOAA) , and the Departaent 
of Defense (DOD) . 
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Sw.ary of R�ndat1ons 

RIDJMMMIOR 1. Jfe reco.-end an approved new .st:art 
for the International SOlar-rerrestrial Physics Program, 
a major observational mission that i s  already well along 
in NASA's planning. 

CATBGORY A.  Major Coaponents (each over $100 aillion 
in total) 

The International Solar-rerrestrial Physics Program 
(ISTP} (Pr ior ity 1) 

We acknowledge and are pleased that the federal govern­
ment has approved the Upper Ataosphere Research Satellite 
(OARS) and the Solar Optical Telesoope (SOT) aiss ions . 

' 

we view ISTP, OARS, and SOT as integral eleMnts of the 
National Solar-Terrestr ial Research Program. We urge that 
these approved aiss ions proceed exped itiously . 

JtE(WD!wriOR 2. Jfe recoJIIIIIend an increase in annual 
solar-terrestrial research funding above present levels by 
�65 million, to be held level (in 1984 dollars} over the 
next decade, to support Category B and c components . 

CATBGORr B. Moderate Components (each $10 aillion to 
$20 aill ion per year ) 

Initiative in Data Analysis (Pr ior ity l) 
Solar Variability (Pr ior ity l) 
Magnetosphere-Ionosphere Coupling (Pr ior ity l) 
Middle-Atmosphere Studies (Pr ior ity 1) 
Rapid-rurnaround Projects (Pr ior ity 2) 

CATBGORY c. Modest Coaponents (each $1 mill ion to 
$5 aill ion per year) 

Increased Acquisition of IMP-8 Data (Pr ior ity l) 
Coordinated Campaigns (Pr ior ity l) 
Ground-Based Synoptic Measurements (Pr ior ity l) 
Solar Seismology (Pr ior ity 2) 
Global Electric Circuit (Pr ior ity 2 ) 
Educational Programs (Pr ior ity 2) 
Thermospheric Measurements (Pr ior ity 2) 
Stokes Polarimeter [Pr ior ity 2) 
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10 NATIONAL SOLAR-TBRRBSTRIAL RBSBARCB PROGRAM 

RIIOO'NIIIIM'IOR 3. fie reconaend that there be fortttal 
interagency coordination among the interested federal 
agencies for the impleJDentation and conduct of the 
National Solar-Terrestrial Research Program discussed in 
this document . 
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BXPAHDBD PIOGIWI DBSCRIP'l'IOH AND RBCOIIIIBHDATIOHS 

CA'l'BGORY A. Major C011p0nents 

This category co.pr iaea approved , continuing , or previous­
ly reco�aended ujor spacecraft aiasiona . our recommenda­
t ion in this category is for a f iscal year 1986 new start 
for the International SOlar-Terrestr ial Physics Program . 
This aias ion baa equal pr ior ity with the previously ap­
proved Upper Ataoaphere Research Satell ite and the SOlar 
Optical Telescope aiaaiona . 

lfajor New Start : International Solar-'l'errestrial Physics 
Program ( IS'l'P) (Pr ior ity 1) 

The International SOlar-Ter restr ial Physics Program (IS'l'P) 
plana for six new spacecraft systeaa in key regions that 
will invest igate the chain of processes from the solar 
inter ior to the Barth ' s  ugnetoaphere and ionosphere . 
This is a joint U . S . -Buropean-Japaneae Program involving 
three u.s. spacecraft . The u.s. portion of this program 
was previously called the Or ig in of Plasmas in the Bar th ' s  
Neighborhood (OPBH) . It is proposed to launch the IS'l'P 
spacecraft in the per iod from 1989 to 1992 and that the 
resulting data base be access ible to the wor ldwide sc ien­
tific coaaunity . Measurements of the solar wind , the 
interplanetary aagnetic f ield , and related parameters ar e 
essential to uny phases of solar-terrestr ial research . 
The f ir st IS'l'P spacecraft , WIND (scheduled for launch in 
late 1989 ) , will conduct these fundamental interplanetary 
observations .  The SOLAR spacecraft will study the Sun ' s  
outputJ the MULTIPOINT aer ies will investigate the aicro­
physics of the ugnetopauae J and POLAR , EQUATOR, and TAIL 
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12 NATIONAL SOLAR-TBRRBSTRIAL RESBMCB PIIOGRAK 

spacecraft will survey the flow of energy and par ticles 
through the aagnetoapbere . The National Research Coun­
cil's Space Science Board baa strongly endorsed ISTP . I n  
v iew o f  the cr itical nature o f  all the ISTP measurements , 
we strongly recommend that the ISTP be g iven a f iscal year 
1986 new start .  

Upper Atmosphere Research Satellite (UARS) 

The .est effective means for acqu ir ing comprehensive data 
on the upper at.oapbere is the use of re.ote-aenaing 
instruments on a satellite .  Cur rent technology baa aade 
it poss ible to develop instruments that can measure , with 
h igh precision on a global scale , inc ident solar rad ia� 
tion, ozone and other chemical spec ies , and the tempera­
ture and .otion of the upper at.osphere .  The UARS prograa 
takes advantage of these capabilities and will prov ide for 
the f irst t ime the global data set required to probe chea­
iatry and dynamics and the rad iative and magnetospher ic 
inputs of the upper atmosphere .  The Space Sc ience Board 
strongly endor sed UARS . we strongly suppor t NASA ' s com­
mitment to UARS as an impor tant new star t program in f is­
cal year 1985 . 

Solar Optical �elescope (S�) 

The Solar Optical Telescope (SOT) will provide frontier 
observations of solar magnetic , veloc ity, and intensity 
f ields with unprecedented spatial resolution . The SOT 
observations will be fundamental for understanding the 
phys ical bases of both solar var iability (time scales from 
days to years )  and solar activ ity (seconds to hours) . 
After the in itial fl ight and two or three reflighta, each 
lasting 7 to 10 days, SOT is expected to become one of the 
major fac il ities of an Advanced Solar Observatory, wh ich 
would function for at least 6 to 12 months as a free flyer 
or on a space platform. The Space Sc ience Board strongly 
endorsed SOT . We strongly suppor t a timely launch of this 
sc ientif ically impor tant and cost-effective fac il ity . 

We recommend the implementation of the following Categor9 

B and Categor9 C components of the National Solar-�erres­
trial Research Program. 
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CATBGORY B. Moderate CQIIPC)nenta 

Initiative in Data Analysis (Pr ior ity 1) 

It is v ital that there be a new initiative in data analy­
sis to aake full use of existing and planned ground-baaed 
and apace-baaed data in order to investigate the aany 
connections that exist between var ious components of the 
solar-terrestr ial ayat.. . To achieve th is goal , the 
cognizant agenc ies , NSP, NOAA, and RASA , should undertake 
a substantial augaentation of existing prograaa . This 
initiative has three aajor el ... ntsa 

a .  llodeling, sillftllation ,  and analysis of existing data . 
An increment of approxt.ately $10 mill ion per year is 
requ ired for this important effort .  Preference should be 
g iven to research projects that invest igate the inter­
connect ion of the var ious elements of the solar-terres­
tr ial cha in .  This analys is effort should complement 
RASA ' s  Solar-Ter restr ial Theory Prograa and Guest Inves­
t igator Prograaa , wh ich should be continued . 

b .  Computer Networking . The establishment of a com­
puter network to enable scientists to interchange data and 
models more effectively is critical . An initial commit­
ment of about $10 aill ion per year in fiscal year 1986 and 
1987 in order to establ ish a •sTR network, • including 
ainica.puter hardware as necessary , and approximately $3 
aill ion per year thereafter is needed . The system should 
include NASA' s expanded Space Phys ics Analys is Network and 
National Space Sc ience Data Center , the HSI' incoherent­
scatter radar data base and the NOAA wor ld Data centers, 
as well as ind ividual sc ientists at var ious institutions . 
Forthcoming observational programs should be encouraged to 
incorporate the ir data into the system (see Appendix E) . 

c .  Workshops . A aer ies of workshops is vital to assim­
i late and analyze interdisc ipl inary data . A funding level 
near $2 million per year is necessary for supporting pre­
workshop and postworkahop studies and analyses as well as 
the workshops themselves . Stud ies that focus on the sig­
n if icant interconnection of l inks in the solar-ter restr ial 
chain should be emphasized . The Study of Traveling Inter­
planetary Phenomena (STIP) sponsored by the Sc ienti f ic 
Committee on Solar-Ter restr ial Phys ics (SCOSTEP) is a good 
example of such an interdisc iplinary study . The develop­
ment of computer ized data bases and analysis software i s  
technolog ically feas ible and necessary to maxim ize the 
sc ientific return .  These coats are included in our 
eatt.ate . 
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14 NATIONAL SOLAR-TBRRBSTRIAL RESEARCH PROGRAM 

Solar Variability (Pr ior ity 1] 

The initiation of a ayateaatic long-term study of the 
total solar irrad iance (the •solar constant•) and the 
solar ultrav iolet spectral irradiance is critical . A 
fund ing augmentation averaging about $10 million per yea r 
i s  needed . The moat direct l ink between the Sun and the 
Earth is the flow of radiative energy, and even aaall 
var iations can have profound effects on the atmosphere and 
ionosphere . Space-baaed observations through RASA, NOAA, 
and DOD should be enhanced by ground-baaed NSP- and NOAA­
sponsored observations . 

Hagnetosphere-Ionosphere Coupling (Pr ior ity 1] 

It is impor tant to enhance and upgrade the existing 
ground-based instruments studying the coupl ing among the 
magnetosphere , ionosphere, and ther.oapbere .  A funding 
augmentation of approximately $10 million per year is 
needed for a vigorous program of well-planned and coord­
inated ground-baaed and apaceborne measurements of key 
ionospher ic and atmospher ic parameter s .  Punda should be 
allocated to upgrade the chain of incoherent-scatter radar 
stations and other existing instruments (e . g . ,  aagnetom­
etera, photometers ) . Through NSP and NASA, funds should 
be used to develop new techniques and sensors for ground­
baaed and spaceborne measurements . 

Hiddle Atmosphere Studies (Pr ior ity 1] 

Support for the initiat ives recommended by the u. s. Panel 
on the Middle At.oaphere Program (MAP) is required . This 
includes an aggress ive theoret ical and ground-baaed pro­
gram of study of the r adiation, chemistry, and dynamics 
of the upper mesosphere , m iddle-atmosphere waves and 
turbulence, and long-term measurement of dynamically and 
chemically impor tant quantities . A funding augmentation 
of about $5 mill ion per year is needed . 

Rapid-Turnaround Projects (Pr ior ity 2] 

S ignificant str engthening of r apid-turnaround projects 
such as balloons, rockets, Spar tans , and other Shuttle 
payloads is needed . Th is increase in aaall-scale fl ight 
oppor tunities is essential to promote the development and 
testing of new instrumentation , for the more rapid testing 
of theoretical ideas, and to provide for tra ining in 
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expert.ental technique• for graduate and po•tdoctoral 
•tudent• . In addition , these activitie• will be u•efu l 
for coordinated c.-paign•. A funding aug.entation of $10 
aillion per year i• the aint.ua required. 

CATBGORY C. Mode•t eo.ponents 

Increased Acquisition of IIIP-8 Data (Pr ior ity 1) 

NASA should en•ure the aaxt.ua interplanetary data acqui­
sition froa IMP-8 , wh ich obtains the only near-Barth aeas­
ur ... nts currently available of interplanetary aagnetic 
field and solar-wind density , speed , and t.-perature . A 
funding level near $2 aillion per year is necessary to 
aa intain track ing . we consider this to be the highest 
pr ior ity in Category c. 

Coordinated Campaigns (Pr ior ity 1) 

A ser ies of coordinated caapaigns , tr iggered either by 
spec i f ic solar or interplanetary events or by predesig­
nated •wor ld days , •  to fac i l itate the study of intercon­
nections with in the Sun-Bar th systea is cr itical .  These 
caapaigns will coordinate data acquisition, postobserva­
tional studies, and data analysis . The requ ired funding 
is estt.ated to be $2 aillion per year . 

Ground-Based Synoptic Measurements (Pr ior ity 1) 

A long-tera program for the acquis ition of synoptic aeas­
urements of the solar-terrestr ial systea by means of 
ground-based facil ities is v ital . These measurements 
should include optical solar data (e .g . , spectrohelio­
grama) , rad io observations (e . g . ,  dynamic r ad io spectra, 
rad ioheliograma) , interplanetary radio sc intillations, 
terrestrial aagnetic activ ity ( e . g . ,  Auroral Electrojet 
Index) , ionospheric and ataospher ic par ... ter s (e . g . ,  den­
s ity , electr ic f ields) , and h igh-energy cosmic rays (e . g . ,  
neutron aonitors) . A funding augaentation o f  about $2 
m illion per year is required . 

Solar Seismology (Pr ior ity 2)  

An instrumentation and theory program in hel iose ia.ology 
for probing the convect ive zone of the Sun and for under­
standing the dynamics of the solar inter ior is needed . 
Funding at a level of about $2 million per year is needed .  
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Global •lectric Circuit (Pr ior ity 2) 

A coordinated theoretical and obaervational effor t is 
needed to explore the electrodynamic coupling ..eng the 
troposphere ,  the ionoaphere , and the aagnetoaphere .  A 
funding level near $1 million per year is needed to aug ­
aent balloon and rocket exper iments and global model ing 
efforts .• 

•ducational Programs (Pr ior ity 2) 

The NSP should enhance ita educational and research pro­
graa to train qual if ied scientists in solar-terrestr ial 
r esearch . A funding increase of at least $1 mill ion per 
year is necessary to enhance undergraduate , graduate , and 
postdoctoral education . 

Thermosphere Neasurements (Pr ior ity 2) 

A prograa is requ ired to measure neutral atmosphere paraa­
eter a in order to study the effects of electroaagnetic and 
particulate solar rad iation and the interaction between 
the ionosphere and the neutral atmosphere . A fund ing 
level near $2 million per year is required to develop 
innovative ground-baaed techniques . 

Stokes Polarimeter (Pr ior ity 2) 

The construction of a new generation Stokes polar imeter 
to be incorporated in a telescope w ith active optics at a 
ground-baaed site w ith very-high-qual ity seeing conditions 
is needed to measure the saall-acale aagnetic and velocity 
f ields on the Sun and to deteraine the ir relation to both 
solar var iabil ity and solar activity . Development and 
implementation of th is instrument is expected to coat 
about $2 mill ion per year . 

RBCaMBI1DA'l'IOH 3 

Interagency Coordination for the National Solar-Terres­
trial Research Program 

S ince the emphas is of the National SOlar-Terrestr ial 
Research Program is to understand the coupling between the 
var ious components of the system , efforts from individual 
groups or agenc ies cannot solve these complex problema in 
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isolation . Interagency coordination ia essential to aaxi­
aize the sc ientific outputs of this prograa. We believe 
that the scientific effectiveness of the National SOlar­
Ter restrial Research Prograa can be significantly 
increased by interagency coordination . Intergroup and 
international coordination will fur ther enhance the 
s ignificant scientific output of the national prograaa in 
solar-terrestr ial research . 
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JUSTII'ICATIOII POR TBB RBCCIIMBHDATIOIIS 

CATEGORY A .  Major C011p0nenta 

The National SOlar-Ter restr ial Research Program outlined 
here seeks to eaphaa ize the interconnections between dis­
c ipl ines by a coordinated observational and analytical 
study . Th is requires soph isticated at.ultaneoua measure­
menta of each of the key rec)iona , by in s itu aeaaureaenta 
or by remote sens ing as needed . The major spacecraft 
aiaa iona provide t.por tant observations and a focus for 
coordinating ground-baaed , rocket , balloon , and Shuttle 
expert.enta . we are conf ident that great new d iscover ies 
and ins ights w ill result from these improved meaaur ... nta 
and new instrumentat ion . 

The f ield of solar-terrestr ial r esearch has seen a rev­
olution in the last few years ,  with aany unexpected but 
iaportant coupling phenomena observed . Exc iting new d is­
cover ies have shown the impact on the magnetosphere of 
outflowing energ ized ionospher ic plaaaa . The existence 
of electrostatic double layer s have been demonstrated , 
leading to an alternative outlook baaed more on the con­
tinuity of electr ic cur rent than on the motion of magnetic 
f ield l inea . Such double layers may be of bas ic t.por­
tance on the Sun , and with in the auroral c ircu it ,  and g ive 
a new importance to aaall-scale phenomena in the global 
ayatea . The discovery of coronal holes as a major source 
of h igh-speed solar-w ind streams has led to a necessity 
for three-diaenaional models of solar-wind generation . 
Var iability in solar ultrav iolet flux can affect strato­
spher ic ozone levels , with ser ious consequences to the 
b io•phere . Magnetospher ic convection has been shown to 
drive upper-at.oapher ic motions v ia ion-neutral colli-
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s ions , and surpr isingly , the converse has also been shown 
to be true--the upper atmosphere keeps the aagnetospher e 
in motion . These and other discover ies of the past few 
years ,  wh ich would not have been poss ible w ithout latest­
generation instruments and techniques , have a.phas ized the 
interconnections a.ong the different reg ions of the solar ­
terrestr ial systea and the necessity of feedback among 
theory , data analys is , and state-of-the-art observations . 

Certain measurements are essential for investigating the 
coupl ing .. chanisaa . The aajor spacecraft missions , taken 
together , prov ide cr itical data w ith the h igh prec is ion 
and resolution requ ired . The specific measurements ar e 
descr ibed in detail in Appendix c, along with a descr ip­
t ion of the k inds of instruments and analysis techniques 
that are required . The combination of ISTP , OARS, and SOT 

will provide these cruc ial aeasurements . I t is urgent , 
therefore ,  both for sc ientific and practical benef its , 
that the federal government ensure that these major 
miss ions are flown in a timely manner . 

CATEGORY B. Moderate Components 

Initiative in Data Analysis (Pr ior ity l) 

There already exists a substantial data base for use in 
the National Solar-Terrestr ial Research Program . In l igh t 
of new ins ights into the pertinent phys ical mechanisms , 
new analytical techniques , and newly available technology 
for deal ing with th is vast a.ount of data , it is necessary 
to conduct analytical and theoretical stud ies that concen­
trate on the coupl ing between different physical reg imes . 
When a spacecraft is f irst flown , it is natural to concen­
trate on local phenomena . As our understanding of the 
coupl ing mechanisms (e . g . , aagnetic-f ield-aligned electr ic 
currents) increases , it becomes v i tal to analyze jointly 
data from many d ifferent sources: spacecraft , ground-based 
instrumentation , and rockets , for example . Theoretical 
IIOdels are now soph isticated enough that meaningful con­
frontations w ith data can be per formed . Lastly , synoptic 
surveys of data ( e . g . , par ticle prec ipitation patterns 
measured from aagnetospher ic spacecraft) are important in 
developing global models (e . g . , solar , interplanetary , and 
thermospher ic dynamic IIOdels) . 
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The initiative that we propose uaea three sophisticated 
tools for aining the lode of solar-terre•tr ial data& coa­
puter JIOdeling and aiaulation , �ter networking , and 
oo.puter-baaed workshops that �ine data froa apltiple 
sources . These are discussed further in Appendix D .  

Solar Variabilitg [Pr ior ity 2) 

The solar rad iant output appears to vary slightly in total 
power , and more s ignif icantly it var ies in ita distr ibu­
t ion with wavelength . However , both types of var iations 
have �rtant consequences for the Earth's upper atao­
aphere .  Therefore ,  a f ir st goal of any study of solar 
luainoaity is to aeaaure the var iation of the solar 
constant over tiae scales froa seconds to solar cycles. 
These aeaaureaenta are needed as inputs to cl iaate 80dela 
and eventually in cliaate prediction , if  solar variability 
can be predicted . Measurements aade with the Active­
Cavity Radiation I ntensity MOnitor (ACRDI) on the NASA 
Solar Maxiaua Mission (SMM) satellite have shown that the 
Sun's total irrad iance--rad iant output--var ies by as auch 
as 0 . 1  or 0 . 2  percent on a tiae scale of days . Th is 
var iation is �rtant and aay s ignif icantly affect the 
Earth's ataoaphere . In soae cases , decreases in solar 
irrad iance also seea to cor relate with the occur rence of. 
sunspots on the Sun's visible d isk . Much r..aina to be 
learned about th is cor relation , its underlying phys ical 
mechanisaa , and its influence on the Earth ' s ataoaphere .  

I n  v iew of the importance of total irradiance var iations 
to ter restr ial atmospher ic phenomena and their possible 
r elation to the 11-year sunspot cycle ,  it will be impor­
tant to extend the ACRIM measurements to over lap with even 
more-sens itive measurements planned from the UARS aiaa ion 
in 1989 . Supporting solar magnetograas , spectrohel io­
graas , and wh ite-l ight iaages are cruc ial for understand­
ing and interpret ing the spacecraft data . 

A continu ing program of ultrav iolet spectral irrad iance 
measurements is in progress and is also planned for the 
r..ainder of th is decade both from the Shuttle [Spacelab 
and Environment Observation Missions (BOM)), from UARS, 

and f rom the NOAA operational satell ites . It is essential 
to establish the credibil ity of w idely d iffer ing aeaaure­
aenta of the spectral irradiance , which aay be due to 
changes in the Sun or d ifferences in inatruaent cal ibra­
t ion or sensitivity .  Therefore ,  the planned NASA and NOAA 

programs should be augaented with strong support for both 
laboratory calibration , in-flight intercalibration , and 
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the additional calibration that can be der ived froa anal­
yz ing auppor ting solar aagnetograaa and apectrohel iograaa. 
Supporting extreme ultrav iolet apectrobeliographa would 
be of considerable value if they were obtained from each 
BOM flight . 

With this prograa of augaentation , more reliable infor­
aation concerning solar radiation w ill be available for 
studies of the Barth'• at.oaphere. 

Nagnetosphere-Ionosphere Coupl1ng (Prior ity 1) 

A vast por tion or the aagnetoaphere is electrically con­
nected to the polar region• through the aagnetic f ield 
l inea . The polar regions are truly a window to outer 
apace from which the solar wind-aagnetoaphere interact ions 
can be studied . The ionosphere is not a passive ele .. nt 
in this interaction--it playa a pr incipal role in the 
g lobal electric c ircuitry of the entire aagnetoaphere­
at.oaphere ayatea. Th is c ircuit is extremely aa.plex and 
constantly changing. Ground-baaed studies of the ayatea 
include both radio and optical techniques . Incoherent­
scatter radar .. aaur ... nta provide a wealth of inforaation 
about the ionosphere including electr ic f ields , cur rent 
dens ities , ionospher ic conductiv ities , Joule heating 
�atea , ion-neutral collision rates , ionospher ic coapoai­
t ion , neutral wind and temperature , and precipitating 
particle fluxes . A great deal of progress has been aade 
in r ecent years in establishing a meridional chain of 
radar s extend ing from the polar cap to the equator . Bow­
ever , par ts of the syatea employ old equipment that is in 
great need of repair and upgrad ing . Recent developments 
in electro-optical technology are stiaulating research in 
ionospher ic aapping , neutral dynam ics and compos ition , 
par ticle precipitation , and spectroscopy of the upper 
at.oaphere . Bach radar's usefulness can be enhanced by 
adding_a cluster of relevant sensors (e . g . , photometer s ,  
Pabry-Perot inter ferometers , all-sky imagers) , and funds 
are needed as well to develop and implement new instru­
mentation concepts fully . Cooperative efforts on an 
international scale involv ing radar and opt ical networ ks 
along with concerted global model ing of relevant phenomena 
can further enhance our under standing of the �rtant 
coupling mechanisaa . 

N1ddle Atmosphere Stud1es (Prior ity l) 

Two augmentations for the Middle Atmosphere Program are 
needed . The f i r st focuses on the mesospher e  and the 
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stratoephere , which is the frontier for de.onetrable 
penetration of effects of eolar var iability and on poss i­
ble solar-cycle effects that may iapact our knowledge of 
c l iaatically and cheaically s ignif icant anthropogenic per­
turbations. An array of either Msosphere-stratosphere- . 
troposphere (MST) or ST radar s and l idar systeas observing 
saall-scale structures will enhance understanding of 
c r itical physical mechanisms contr ibuting to the mainten­
ance of the structure and dynamics of the middle atmos­
phere. The second major augaentation relates to .. asure­
ment of var iations of constituents on time scales of the 
order of several solar cycles. Measurements of strato­
spher ic aerosol content and the radiat ively important 
long-lived ozone chemistry precursors (e .g. ,  H20 ,  CB4 , 
CPCl3 , CF%Cl2 , a2o) , includ ing particularly a tiae ser ie s 
of profiles from the ground to the upper stratosphere at 
selected locat ions , are necessary . 

Rap1d-TUrnaround Projects [Pr ior ity 2] 

There are two needs for r ap id-turnaround projects. The 
fir st is a need for study ing the coupling assoc iated with 
trans ient events that may have only a few hours• advance 
notice . The second is a need for observational projects 
that can be initiated and completed in a few year s .  Bal­
loon and rocketborne hardware are ideal for satisfying 
these requ ire .. nts . These should be launched , if pos­
sible , near clusters of ground-based instruments in orde r 
to study as many aspects of the coupled system at once as 
poss ible. These projects allow for prompt testing of 
theoretical models. For example , a launch into a pul­
sating aurora could distingu ish between competing models 
of the location of the instability that tr iggers it.  
These projects also provide a test ing ground for innova­
t ive instrumentation , including •space truth• for new 
ground-based instrumentation and a tra ining ground in both 
instrument development , fl ight , and data analysis for 
graduate and postdoctoral students. Shuttle exper iments 
and Shuttle-launched payloads such as Get-Away Specials , 
Spar tans , and Hitchh iker s are also useful in fulf ill ing 
this need . 

CATEGORY c. Modest Components 

Increased Acqu1s1t1on of IHP-8 Data [Pr ior ity 1] 

A continuing set of synopt ic in-s itu measurements of 
interplanetary par ... ter s is essential for the entire 
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solar-terrestr ial research ca.aunity. The only spacecraft 
currently in position to provide such data is IMP-8 , and 
we are pleaeed that it has per for-.4 long paet its des ign 
lifett.e .  Continued acquis ition of these data is i.pera­
t ive until a suitable replacement can be launched. The 
WIND spacecraft of IS'l'P is ideal but is not echedule4 to 
be launched until late 1989 and at present has no real­
tt.e capability. Operational/researc� spacecraft , us ing 
off-the-shelf epace-proven instruments , should be consid­
ered for prompt launch to supply these data on a continu­
ous quick-tt.e bas ieJ however , in the intert. , IMP-8 is 
in the solar wind 60 percent of the time and for a modest 
outlay of funds can prov ide necessary input parameters for 
solar-terrestr ial research . 

Coordinated Campaigns [Pr ior ity 1] 

It will be i.portant to coordinate our selected solar , 
interplanetary , magnetospher ic ,  ionospher ic , and atmo­
spher ic studies into an integrated program so that the 
entire Sun-Bar th l inkage is def ined and understood . Thi s  
w ill require not only joint obeervational efforts but also 
joint postobservational studies and data analyses . Coord­
ination of observations can be provided by coabining 
several of our recoamended activities .  Por example , in 
r esponse to a solar flare or a stable large coronal hole 
observed on the central solar mer idian , the network of 
incoherent-scatter r adar stations could be act ivated , and 
balloons and rockets studying tropospher ic ,  stratospher ic ,  
mesospher ic ,  and ionospher ic r esponses could be launched . 
An analogous program called STIP (Study of Traveling 
I nterplanetary Phenomena) has been successful , as was a 
global electr ic-f ield campaign dur ing the International 
Magnetospher ic Study . The present program of •world days• 
should be expanded to include these k inds of campa igns . 
I nternational cooperation in all phases of these efforts 
can maximize the sc ient ific retur n .  

Ground-Based Synoptic Measurements [Pr ior ity l] 

LOng-term synopt ic measurements should be per formed from 
ground-based s ites . These fac il ities should mainta in 
continu ity of observat ions at strateg ically placed s ites 
in national and international networks . A var iety of 
observations are impor tant for compar ison with in s itu 
measurements and other phenomena . Por example , ground­
based measureaents of type I I  rad io bur sts , &-alpha 
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observations of flares , and eruptive prominences can be 
correlated with interplanetary meaaur ... nts of events 
or ig inating on the Sun and their subsequent ionospher ic 
and atmospher ic consequences. Another example is iono­
spher ic conductivity enhancements , which are correlated 
with 10.7-ca solar radio flux , read ily measured from 
Barth .  

Solar Seismology [Pr ior ity 2] 

Belioaeia.ology provides the only ava ilable aeana for 
probing the dynamic reg ion beneath the Sun ' s  vis ible sur ­
face , espec ially the convection zone that holds the key 
to solar activ ity .  Essential information for understand­
ing global osc illation phenomena includes exc itation , 
damping , l ifet ime ,  and long-term var iations of normal 
modes , rotat ional spl itt ing ,  mer idional flows , and veloc­
ity-br ightness phase relationship . A global national and 
international networ k of appropr iately deployed stations 
can be expected to prov ide the almost continuous coverage 
that is required to exploit solar seismology to the ut­
most . A s ingle polar station offers extended data collec­
t ion for 3 months of the year . The global networ k should 
include at least two or three stations w ith the capability 
of spatial resolution ( r equired to scan the full r ange of 
depth w ith in the solar inter ior ) as well as a number of 
full-disk Dopplergrapha . 

Global Electric Circuit [Pr ior ity 2] 

The electr ical coupling among the magnetosphere ,  iono­
sphere , and troposphere is an impor tant aspect of solar­
ter restr ial research , and it needs to be studied . Poten­
tials on the order of 100 , 000 volta occur both between the 
ground and the upper atmosphere and between the dawn and 
dusk sides of the polar ionosphere .  The latter potential 
is known to be dependent on solar-wind electr ic f ields ; a 
coupling to the tropospher ic c ircuit has been suggested . 
Coordinated measurements ,  including balloon fl ights over 
h igh-latitude incoherent-scatter radar and other ground­
baaed fac il ities , along with global s imulations and other 
theoretical stud ies , w ill elucidate whether the postulated 
s ignificant coupl ing between these two cur rent systeaa 
exists . 
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Bduca�1onal Prograas [Pr ior ity 2 ) 

Training of the next generation of researchers is a h igh 
pr ior ity .  It is cr itical that students obta in a broad­
based interdiscipl inary knowlege of physical and chemica l 
processes that are bas ic not only to solar-terrestr ial 
research but to other d isciplines as well . Training 
should be increased in instruaent des ign and multidisc ip­
linary projects. 

Thermospheric Neasuremen�s [Pr ior ity 2] 

Several neutral at.ospher ic parameters will not be avail­
able with suffic ient accuracy in the next decade. Such 
parameter s include neutral w inds and the neutral atmos­
pher ic co.position in the ther.osphere .  Most of the 
energy involved in magnetosphere- ionosphere coupl ing is 
eventually deposited in the thermosphere . Lack of accur­
ate thermospher ic measureaents ( e . g . , oxygen concentra­
tion) is a ser ious def ic iency for the interpretation of 
ionospher ic measur ements and for the development of real­
istic theoretical models . A polar-orbit ing spacecraft at 
thermospher ic altitudes with a s ingle payload of off-the­
shelf instruaents such as those flown on Atmosphere Ex­
plorer-c or Dynamics Bxplorer-2 is needed for these 
neutral measurements and to provide the global pattern o f  
par ticle prec ipitat ion , convection electr ic f ields , and 
f ield-aligned cur rents to complement the ground-based 
instruaentat ion w ith h igh spat ial resolut ion but smaller 
field of view. An Explorer-class spacecraft or add itions 
to operational spacecraft could be used to fulf ill this 
need . In addition , these data r equirements may be satis­
f ied by the development of innovat ive ground-based tech­
niques . 

Stokes Polarimeter [Pr ior ity 2] 

The proper ties or solar magnet ic f ields underl ie virtually 
every aspect of solar var iabil ity , including changes of 
total irrad iance ( assoc iated w ith sunspots) , changes in 
ultraviolet spectral irrad iance (assoc iated with changes 
of chromospher ic emiss ion) , and disturbances of the inter­
planetary medium (assoc iated with coronal mass eject ions) . 
A new-generation Stokes polar imeter located on a telescope 
equ ipped w ith see ing-adaptive optics at a ground s ite with 
long per iods of subarc-second see ing cond itions will pro­
vide observat ions that are fundamental for understand ing 
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the basic ..chanisaa of solar var iabil ity. With a rapid 
access capability and availability to a broad range of 
user s-- including students--such a fac ility could be de­
voted to a wide range of probl... including preparation 
for , calibration of , and follow-up of the liaited 7- to 
10-day duration flights of SOT and of Sunlab ( reflights 
of Spacelab II instrumentation) . 

Interagency Coordination for the National Solar-�erres­
trial Research Program 

The National Solar-Terrestr ial Research Program will in­
volve signif icant coamitmenta by a number of federal agen­
c ies, good interagency coordination is therefore essential 
to max imize the scientific retur n .  National interagency 
coordination is necessary to ensure a proper mix between 
apaceborne and ground-baaed observations , as well as a 
good balance between data analys is , modeling , simulation , 
theory , and expert.ent . Exper ience has shown that efforts 
to broaden the observational base and the interactive 
par tic ipation of qualif ied sc ientists results in an impor ­
tant increase in sc ientific output for only small incre­
mental f inanc ial support .  Many of the major spaceflight 
miss ions and ground-based fac ilities that are operational 
or planned for solar-ter restr ial research have the char­
acter of national or international observator ies . sa.e 
informal interagency coord ination is already tak ing place , 
but strong foraal coordination is needed . Good inter­
agency coord inat ion and good coordination w ith the scien­
t i f ic community w ill max imize the scient ific output from 
these observational effor ts. The collection , arch iv ing , 
and wide d istr ibut ion of sc ient ific data from a large 
var iety of sources over long per iods of time has played 
an important role in advancing the f ield of solar-ter res­
tr ial research and in the future should play an even 
greater role . The continu ity of long-term observing 
programs tends to be g iven low pr ior ity by the sc ience 
agenc ies concerned . Th is wor k is so impor tant for the 
long-range health and sc ientific output of the f ield that 
a focused and well-coord inated national program must 
ensure the long-term coamitment for these observat ions . 
Close attention should also be g iven to poss ible inter­
national collaboration . Through well-coordinated inter­
agency and international cooperat ion we can maximize the 
short-term and long-term sc ientif ic benef its of the 
National Solar- Ter restr ial Research Program. 
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SUMMARY 

We recaa.end a National SOlar-Terrestr ial Research Program 
that is of i�rtance to the nation , as well as to ita 
scientific comaunity . This program is based on previous 
NRC reports that reflect the consensus of the coaaun ity .  
They show that solar-terrestr ial research has now reached 
a cr itical point , where a major step forward is poss ible . 
Dur ing the last decade , aajor discover ies and theoret ical 
advances related to the ind ividual components have taken 
place r these are now the base for the next step , wh ich is 
to understand how these individual components interact . 
Of all the planets , the Bar th and its biosphere presents 
the widest range of interacting physical and chemical 
p rocesses . We now have the technical resources to study 
the ent ire system as a whole on a day-to-day bas is and on 
a g lobal scale. we must take this oppor tunity to r ise to 
the challenge , for we l ive in the solar-ter restr ial 
system. 
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APPBIIDIX A 

Recoa.endationa froa Solar-Terrestrial Research for the 
1 980 's ,  B .  Fr iedaan and D .  s. Intr iligator , co-chairmen , 
Comaittee on SOlar-Terrestr ial Research , Rational Research 
Council , National Acad.-y Preas , washington , D . c. , 198 1 .  

1 . 7'h e  Solar Radiative Out:put 
a. We r�nd the initiation of a long-term national 

prograa to study var iations of solar luminosity and 
spectral irrad iance . 

b .  We r ecoa.end a broadly based prograa of theory and 
ground-baaed and spaceborne observations to under stand the 
fundamental .echanisaa of solar var iabil ity .  

2 . Linkage between the Sun, the Interplanetary lledium, 
and the llagnetosphere 

a .  We recoamend observational and theoretical studies 
of physical processes responsible for quasi-steady inter­
planetary flows , solar-wind acceleration and dynamics , and 
the three-dimensional structure of the hel iosphere . 

b . We r ecoaaend observational and theoretical studies 
of how trans ient events on the sun propagate into and 
through the interplanetary med ium . 

c .  We recommend a coordinated program of observational 
and theoretical studies to determine how energy and 
moaentum are transfer red between the solar w ind and 
magnetosphere , both for quas i-steady-state and transient 
conditions . 

3 . Linkage between the Magnetosphere , Ionosphere , and 
Atmosphere 

a .  We recoaaend a coord inated sc ient ific effor t to 
under stand the magnetosphere- ionosphere-atmosphere energy­
transfer processes in magnetic-f ield-line regions that 
pass through the auroral zone , the polar caps , and the 
geomagnetic ta il. 

b .  We recomaend a coordinated scient i f ic effor t to 
understand the global coupl ing of the magnetosphere­
ionosphere-atmosphere system . 

29 
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4 .  Linkage between the Sun and �lement:s of the 
Atmospheric System 

a .  We r�nd an effor t to determine the effects on 
the chemistry and energetics of the middle atmosphere of 
both ( i) exchange processes with the troposphere and 
ther.osphere and ( i i)  solar var iabil ity . 
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APPBRDIX B 

Studies Relevant to SOlar-Ter restr ial Research 

'l'he Upper Atmosphere and lfagnet:osphere , P. s. Johnson , 
chairaan , Geophys ics Study Coaaittee , National Research 
Counc il , National Acadeay of Sc iences , Washington , 
D . C. ,  168 pp . , 197 7 .  

Space Plasma Physics : 'l'he St:udy of Solar-Syst:em Plasmas , 
s. Colgate , cha irman , Space Sc ience Board , National 
Research Council , National Acadeay of Sciences , 
Wash ington , D.C. , 96 pp. , 197 8 .  

Upper Atmosphere Research i n  t:he 1 980 's :  Ground-Based, 
Airborne , and Rocket: Techniques , P .  S .  Johnson , chair­
aan , Comaittee on SOlar-Terrestr ial Research , National 
Research Council , National Academy of Sciences , 
Wash ington , D . C . , 60 pp . , 1979 . 

Solar-Syst:em Space Physics in t:he 1 980 ' s : A Research 
St:rat:egy , c. Kennel ,  cha irman ,  Committee on Solar and 
Space Phys ics , Space Science Board , National Research 
Counc il , National Academy of Sc iences , Wash ington , D . C . , 
82 pp . , 1980 . 

'l'he lfiddle Atmosphere Program : Prospect:s for u.s . 

Part:icipat:ion , G .  c. Reid , cha irman , Panel on MAP ,  Com­
mittee on SOlar-Terrestr ial Research , National Research 
Counc il , National Academy of Sc iences , washington , D . c . , 
24 pp. , 1980 • 

Solar-Terrest:rial Research for t:he 1 980 ' s , B .  Pr iedman and 
D .  s. Intr iligator , co-chairaen , Committee on SOlar­
Terrestr ial Research , National Research Council , 
National Academy Press , wash ington , D . C . , 143 pp . , 198 1 .  

Solar Variabilit:y, Weat:her , an d  Climat:e , J .  Eddy , cha ir­
man , Geophys ics Study Committee , Nat ional Research 
counc il , Nat ional Academy Press , wash ington , D . C . , 10 6 
pp . , 1982 . 
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s�udy of the Upper Atmosphere and Near-Barth Space in 
Polar Regions , J. G. Roederer , chairun , Polar Research 
Board , National Research COunc il ,  National Acaday 
P ress , wash ington , D.c. , 42 pp. , 1982 . 

Research Recommenda�ions for Increased u . s .  Pa�icipa�1on 
1n the lfiddle Atmosphere Progra:m (IIAP) , J. Mahl.Jian , 
chairman ,  Panel on MAP , Comaittee on Solar-Ter restr ia l 
Research , National Research Counc il , National Academy 
Press , washington , D . c . , 12 pp. , 1984 . 

Solar-Terre�r1al Da�a Access , D1s�r1bu�1on, and 
Archiving , M . Shea and D. Williaaa , co-chair .. n ,  Joint 
Data Panel of the Coaaittee on Solar and Space Phys ics 
and the Comaittee on Solar-Terrestr ial Research , 
National Research Counc il ,  National Acadeay Press , 
Washington , D . C . , 3 1  pp. , 1984 . 

IN PREPARATION 

Phys ics of the Sun , s. Colgate , chairun , Space Sc ience 
Board , National Research Counc il. 

Space and AStrophysical Plasaa Phys ics , c .  Kenne l ,  panel 
chairun , part of a major phys ics survey , Board on 
Phys ics and Astronoay , National Research Counc il . 
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APPBHDIX C 

Solar-Terreatr ial Data and Inatru.entation 

I. Required Data 

To conduct a fruitful and co.prehensive scientific 
research prograa to investigate the solar-terrestr ial 
systea , we have identified the following data as 
essential : 

Solar Measurements 
SOlar x-ray and/or ultraviolet imag ing 
SOlar radio eaiss ion ( the entire radio spectrua from 

microwave up to metr ic wavelengths) 
SOlar iaag ing coronal electron densities 
Solar magnetic f ields 

Interplanetary Measurements 
Plasma (bulk veloc ity , dens ity) 
Interplanetary magnetic-f ield vector 
I nterplanetary hecta.etr ic and k iloaetr ic radio emiss ion 
Interplanetary electr ic f ields 
Energetic particles 

Magnetospheric Measurements 
Magnetic f ields 
Electr ic f ields 
P lasma d istr ibution functions 
Energetic part icles 

Ionospheric Measurements 
Plasma currents parallel and perpendicular to the 

magnetic f ields 
E lectron dens ities and temperatures 
Wind veloc ities 
Thermospher ic gravity waves 

3 3  
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Particle co.po•ition 
Joule heating 
Auroral imaging 
Precipitating par ticles 

Atmospheric Measurements 
Stratospher ic ca.pos ition 
Mesospher ic ca.po• ition 
Ther.ospher ic ca.pos ition 
Atmospher ic densities , t.-perature• , and .otions 
wave structures and turbulence 

Soae of these data sets are readily available with aany 
of the sensor s developed and in operat ion . These will 
require routine aa intenance and no.inal upgrading costs 
in the next decade . Some sensors require extensive up­
grad ing and training of add itional per sonnel to provide 
adequate data coverage . 

Comparable .. asur.-ents in other planetary aagneto­
spheres and at other bod ies (e .g . , �ts) are useful and 
provide depth for solar-terrestr ial research stud ies . 

Of major concern are solar-ter restr ial data sets that 
are not read ily available . For example , a major gap 
ex ists in the availability of interplanetary-medium 
para.eter s ,  part icularly solar-wind and magnetic-f ield 
data , for the next 6 years .  Near-Barth ISBB-3 data have 
ceased being transmitted , as the spacecraft aoves toward 
the CODet G iacobini-Z inner . Coverage of IMP-8 data is 
expected to be reduced to 30 percent , and the ab ility to 
reactivate IMP-7 is uncerta in at this t ime .  Although we 
strongly endorse effor ts to increase the coverage of 
interplanetary data from existing and operative sensors ,  
we note that a small , s imple spacecraft , utiliz ing space­
proven instruments , could be bu ilt and launched in a 
t imely manner and should be actively pursued by interested 
agenc ies . 

Other key paraaeters that may not be available include 
the ionospher ic electr ic f ields , f ield-aligned currents , 
and character istics of the par t icle prec ipitat ion ( from 
wh ich the ionospher ic conductivity can be determined) . 
The ear ly re-entry of Dynamics Explorer 2 .. ana that cur­
rently no satell ite is able to aake these co.prehens ive , 
s imultaneous measurements . Present DOD and NOAA opera­
tional spacecraft rout inely include prec ipitation electron 
detector s ,  and the next satellite in the Defense Meteoro­
log ical Satell ite Program (DMSP) will include ionospher ic 
f low measurements . We applaud these enhanceaents and 
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strongly r ecciRend that inatrURenta to .. aaure ionoapher ic 
flowa and field-aligned currents be included in all DMSP 
and NOAA Tiroa apacecraft . These inexpensive and off-the­
shelf instrURents , when placed together in one satellite , 
provide a co.prehens ive set of observations that is essen­
t ial to truly under stand aagnetospbere- ionosphere coup­
l ing .  Thus the sc ientific usefulness of these miss ions 
can be substantially increased at low cost . Purther.ore ,  
these spaceborne aeasur ... nts of fundaaental ionospher ic 
parameter s ,  w ill enable the ISTP and OARS missions along 
w ith the ground-based observational prograaa to real ize 
their full potential . 

I I .  Required Instrumentation 

The following instrURentation is requ ired to prov'ide the 
data outlined above : 

Solar Instrumentation 
SOlar Dopplergrapb 
Four ier tacha.eter s 
Active solar-opt ics system 
Spaceborne iaager in x-ray and/or ultraviole t 

wavelengths 
Solar coronagrapb (both ground-based and spaceborne) 
SOlar rad io sensor s (both ground-based and spaceborne ) 
TwO-d imens ional rad io hel iograph telescope 
Swept-frequency solar radio sensor s 
Solar opt ical telescopes (both ground-based and 

spaceborne ) 
Vector magnetographs (both ground-based and spaceborne) 

Instrumentation to Measure the Interplanetary Nedium 
Satellite instrumentation to be carr ied on a spacecraft 
in the interplanetary med ium : 

SOlar-wind plasma analyzer 
Interplanetary magnetic f ield detector 
Long-wavelength solar rad io receiver 
Electr ic-f ield detector 
Energetic par ticle detector 

Ground-based interplanetary sc intillation array 

Copyright © National Academy of Sciences. All r ights reserved.

National Solar-Terrestrial Research Program
http://www.nap.edu/catalog.php?record_id=19351

http://www.nap.edu/catalog.php?record_id=19351


36 NATIONAL SOLAR-TERRESTRIAL RBSBA11CH PBOGIWI 

Magnetospheric Instrumentation 
Magnetometers (both ground-bued and spaceborne) 
3-D plasma analyzers 
E lectr ic-f ield senaors 
Energetic-par t icle detector s 

Ionospheric Detectors 
Pabry-Perot inter feroaet,rs 
All-sky camera iaagers 
Spectrometers 
Coherent and incoherent r adar systeas 
Riometer s 
Photoaeters 
Balloonborne electr ic-f ield , par ticle , and x-ray 

detector s 

Atmospheric Detectors 
MST or ST radars 
Lidar 
Pabry-Perot inter ferometer 

Ground-Based Cosmic-Ray Detectors 
Neutron .onitor s 

I II . Unattended Geophysical Observations 

Instrumentat ion for obtaining unattended ground-based 
measurements of electr ic and aagnetic f ields exists , bu t 
there is a need for suppor t for the construction and 
maintenance of stations , espec ially in the cr itical h igh­
latitude reg ions . A spec i f ic budgetary item earmarked for 
the erection and maintenance of a chain of electr ic and 
magnetic sensors is recommended in order to provide a 
comparatively inexpens ive yet invaluable solar-terrestr ia l 
synoptic data base . 

The MST rodar technology is cur rently used to obta in a 
long-term data base of auroral-zone middle-atmosphere 
neutral wind measurements . Preliminary analyses have 
detected effects of solar and magnetospher ic var iability 
down to the mesopause ( 86 km) . Further analysis will be 
used to search for effects in the mesosphere .  The pos­
s ibilty of such effects warrants continued support of 
these fac ilities . 
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APPDDIX D 

Bssential Methods for Coordinated Research 

I .  'l'heory , llodeling, and Data Anal I} si s 

The recent t.pl ... ntation or the RASA Solar-Terrestr ial 
Theory Prograa illustrates the value of a program separate 
f rom missions that is spec if ically attuned to the needs 
of analytical and nu.er ical sc ientif ic analyses . Purther , 
the success of the SCOSTBP SM! ,  STIP,  IMS , and MAP sym­
posia has draaatically illustrated the value of co�ining 
the analyt ical/nu.er ical studies with spec ific events in 
wh ich interd isciplinary data sets have been aerged for 
joint coord inated stud ies . The overwhelming response of 
the co..unity to the Announc ... nts of Opportunity for the 
funded RASA theory program has demonstrated the need for 
a greater effor t in this d irection and for a broadening 
of the scope of the program to include combined theory 
and data-analys is investigations . The latter should be 
encouraged by the ava ilab il ity of additional suppor t at 
NSP , NOAA, and NASA . 

I I .  Computer Networks 

Computer technology has reached the stage where vast new 
oppor tunities in interdiscipl inary , interactive data anal­
ysis , theoretical stud ies , and c�ined theory and data 
interpretation are poss ible through network ing .  In recog ­
n ition of this , several study committees have already 
dealt with the concepts of data manag ... nt and shar ing and 
the des ign of networks that l ink institutions involved in 
solar-ter restr ial research . One pilot progr am  (based at 
Marshall Space Pl ight Center)  is in operation as a result , 
and the des ign of a system for the ISTP era is under con­
s ideration . An augmentation to NASA and NSP fund ing for 
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computer fac ilities would suppor t t.pl..antat ion of a 
long-term organised SOlar-Terrestr ial Research Computer 
Network .  This network would be used to solve .cientific 
problema and at the aaae t i  .. establ ish the essential 
eleaents for do.eatic software and data shar ing and 
science coordination for the future ISTP per iod .  (See 
Appendix B . ) 

I I I .  Workshops 

Dedicated sc ience wor kshops that have been conducted under 
the Wllbrellaa of the IMS , STIP , and MAP prograas produced 
the environment that is essential for dr iving interdis­
c ipl inary prospect ive and retrospective stud ies . The need 
for the education , aotivat ion , and inspiration that 
results from regular wor kshops should be recognised as an 
integral par t of the solar-ter restr ial research program. 
Latest results of the theory and data-analys is effor ts 
collectively presented at a ded icated annual gather ing 
would dr ive future work including modif ications of the 
computer network .  Budgeting augaentations would be 
required to conduct annual workshops over the next 10 

year s .  These programs should include data analyses , 
numer ical s imulation , and theory--all focused on the 
unambiguous requirement of data confrontat ions for the 
entire Sun-Barth linkage . 
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APPBRDIX B 

Pr incipal Reca .. endation of Solar-Terrestrial Data Access , 

Distributi on ,  and Archiving , M .  A. Shea and D .  Willi ... , 
co-chairaen , Jo int Data Panel of the Coaaittee on SOlar 
and Space Physics and the Ca.aittee on SOlar-Terrestr ial 
Research , National Research Counc il , National Acad-y 
Preas , wash ington , D.c. , 1984 . 

We reconDend that a pi lot program be started by NASA that 

would lead to the establishment of a solar-terrestrial 
Central Data Catalog and Data Access Network (CDC/DAN) .  
The Central Data Catalog (CDC) should be established as a 
relational data base , should be suppor ted by a query lan­
guage , and should be accessible from remote terainals . 
This would allow data to be identif ied by relationships 
w ith other data ele��ents As a ainimum the CDC should 
contain inforaat ion as to data location , type , level of 
process ing , tiae per iods covered , quality ,  for��ats , cost , 
and availabil ity .  The CDC and the sources and user s of 
solar-terrestr ial data should be connected v ia co.puter 
network ing to create the Data Access Network (DAN) . The 
CDC will be the pr illary node for inforaation about the 
data . The incorporation of user and data base nodes into 
the CDC/DAN permits , as resources allow ,  the growth of the 
CDC/DAN from a query catalog to an electron ic mail and 
r equest service , to a browse capability of survey data 
sets includ ing graph ics , to the availability of on-l ine 
data sets throughout the networ k ,  to , f inally , a browse 
capabil ity of remote h igh-resolution data sets . In add i­
t ion to the catalog and networ k ,  the CDC/DAN must also 
have a staff to manage the creation and maintenance of 
the catalog . Thus the CDC/DAN concept def ines a data 
management organization . A possible location for the CDC 
node is the National Space Sc ience Data Center (NSSDC) , 
and the pilot program could beg in by using subsets of 
existing NSSDC and Nat ional Geophys ical Data Center (NGDC) 
data sets . 
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