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applications and may address the above areas, -although indirectly.

With as broad an area as still remained, it was imperative that an organized

app-oach be used in order to insure that a) all relevant portions b addressed,
and b) the report of the group be informative and useful. There are several

valid approaches to the topic: Types of useis (of .predictive techniques); U
types of phenomena of concern; and, types of particle involved in the

phenomena. The group selected the third approach, resulting in three

subgroups which considered the areas of Energetic Particles, Plasma,

and Neutral Atmosphere. Subsequent sections of this report deal with

the requirements of users, the current status of models and predictive'

techniques, and future areas for research in pach of these categories.
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A~ iWOR~~NM (MOiL1l' IMPOIT~l arepark-4l Its: A. I. siadoIfesgag*I.AtrJ:, .

Our wow;,in.' !-roup limited it,; wopt- Io tlho-e ire uWiili nro jnifilzee hiv .. ilar--
- ~~terre~.strial c(011)1311 t'1lccs ;and tire inatcrn:&l Io tile evsrtles m it! ; j~il)ptre. W~e 1,ld fit

00aI.idler. for jistance. Ili.-Itattituilt aitVrrt I Iit ltholr reg~io&s (.'xod tt solair
proton%- .11 tihaws of l:.r't flares) or t .'o'i"t the aie. sir other plafits, -;,lthoug.li

they. too, :t1,v espot%It to sigaaifietio ll&- of~a eat itr~r tit- -';iait* toas rowillii wi
tkir(c.. Ilowe'ver, fautons %,owsLiderted withiii the limaited ei p 5 ti.)tO haive! iotler soppliecatioms
and~ iii:. adre.s tlne abhove aveas. aaltiuheahidirectly. Three s.aihgroaitp)- were etabliui1l
wh'!ich eonsidered the ;aro'as of' Energetie Ta'rticle%, PI;ati, -aiaud Neutral Atifisjilier'.

sth-qaaeit ,;eetioras of this; reptwt th-al with the' reipiremnIet. f, ':,th ur'

stati, of maotleL' ;ad predictive tee*uilmiues. ii' fidiluc re asir~: for F reearch ill eC*S!ii of
thIi-e c ate.-orics. l;L'oIV we~ go inito the- sletauilotl *tis.,'ioes iaowevcr, m'. sitill brief(ly

ULse.% of predictive icchaiqucs oeall IV ehA,'-sifiei by. Ilk! imm~edi..ey of their
r~jauireaae~ut' O'ti l ~r*Uiie. hs wiajela tire eurreuatly efigugcei ill is

Ihis;ioaa Willii speerd it (a11uanaacd or ultanied) catrecacly -ill orbit, hiave thLe hiaghest
reqiuireiieiat for acrate short and muedium rioge ptredictioLs (24 lirs - I vj). Wnteuaad'1
0tjriols req~uire real-timne monitoring of %olar pcrmanaetters to 'i!:Il witi, tile possihile
threat of solar proton flares aind mcagietie field paraeters to predict hcrgc Seale
(eretic electron acclertion by maaajor mnagniic stormts. li the event of ai flare,
predictive tvuhaniq'tes mcus;t be avaailcabte which, with hsigh-confitilence, elan detail the I
evoluitsiai of partivlo' tiirilbutiom; tat the .piveeraft few inadaes to hours solid Ixwrhzp
thip; ;ahacad. If- large spavo structures at synliroaom :ahtitaic tort! serviced Ia vaca th
paredicrtive techmniques Would luivc to extend to tile evolutioni of tile eusergetic purticle
population ha the outer tuiagnotosphere duari% and *aal lowiirmag netic storms. Otlacr1

uannemid missions have similiir requairemcents for tilher -pcsrimit-ers. Another t las of'
isiL Which require real-timhe monituring antd short ltle predictive techiulus is

thint uihiech inchictes; verv low atitutic satellite orbit, ill whc he;tansphacric hocating
response to Solar events produces significcat increamses iii druag. For virtually civery
paramuiieter tinder coisidratiofl, a mssiona cana he envisioned wich would requir r- I-
lttlew or nea~r-rva:l-timiit m~onitorinig of tile p~arameter m icICcrat predirtive techlniquzes
describing the temaporal ;atitdor spatial evolution of tMot ptireaaater.

P'resenatly, the oaper::tiofls people hasve limiutedl pr4i-ilve capihiity. Indeed they 1
tire forL'ed to operate most~ often ii the rectio motNI a u nd isver suchi question~s
sins: i) hlow long will au proton or picasata event last? It) Wbunt is thle intensity of tife
event? 0) What effects will the event hlave oil u paurticulcar s;yitemi?



Tit 1 M tlt.&ias l:.'r - if ir- k ilut ,5i.*It .-lio-w t%- .-Ill .4fu i .. **'~~ e
~5V3.~t~lIt 1 jt LI lsia- l,t of lonavr thirati asti. hu ltiardwitro 0i- .itesrs ial-. :lit

ex..4:aejlo. After a Iaiiaa t' lvv; xvi tk'fine-l. s..*.* or it 1:11111t.1IL-4 #1114u1ai flighit 11111-1t66111
-irt kaaotvis. en-iive~IrS, r-irthe tok' ~l.iiit~j ho %Vt41u vti ta~ %*ill -.tWirvi iottit periate
ill the eaiviaoiaat.ilt. c: :aposhwtaat~~itw o'let. p' istui or sart.

~ . jtls-,,fi1~+4ler aeaaiti i% ~It sal ~si Jatwy. tit I'.
itvall.5i' tile require t.LIll k~ iat really for to j'r-viietive tet'aIiou' lout raotter 'ala I

t~l~&t~tiaU~of tile ujwhr anud lowe~r liatit! whuich a isar~aetvr iaay ble expeel('e to IA

:a~~. 'a~:?~'W p'.~'i~'ra.!'tatifl i Ie 'h!I is .111 ex.talple of this npliroateh.j

A1 thiud4 e'attaiw.4JTO tL.r is thet ati .:;sito pilanoef. lHe r.'ajnires: tistla :I tohtlkehili
capab,1ihity :1110 :uait ita to hasit, ran--.' 1wed...ti-iiis of s,,Izar t'ffet'.'. Otis selectjEin of orbit

j:slid :hi~.ioa duration tire governed to %oloe ctt'sIet il tile tyieat eiaViitutaiflst mwtih
.nv en'cacountered. provided hie knows fi tciently We'll Witast limit etiviroattseuit Iatigilt

M.",. is ,.elmcio.~ of laiutIVI dte~ (and perhalts dur.iaa iationa) will idepentlil Ipo Ilis
;Shilitv to pretliif Vic speific e'nvirjaasaaiut to hI' as'antrd ti th U ltte of Ilautiell.
X...5tSled aani'sit"14. for' insttit'i'. init 3101 l.'SItoWiKtiv d at aI te whenII L ca-rot~titit %u11W

'rw.soatace rc:-ioat iv:t" :active Oil the suit if the 11iaill It'ad vither a terrestrial Pilaer
ortit or vae *:oinag beyonid the aia.gavl'ospivhtre.

Hlere V. ean 'df lt-;'% unIV Utsa' i4tahusiena 1hIliell We' 0(1w lie'ieVL to IpiVi' M
iteietrk'% t'lfvt tikl u po 'at'cLratft, the~ir &tiLsitalI'1 aisif their oveaapuaaals. lk'eiua tiale toi

iaut' new srcas of concernFI .are idtntified,. Miter weasa'a' lte tvype of tu~issios or (jrjt is
ntew ror ;I new teelaittnity~ is used which is saa'rtepaibl' tit tistorbawie lby is 1;aaraumcter

~t~aat ~.sjia'i~mt~1h~n..rht to hat' either iatteajaaIiins or hM'tli. lia'It4.~
Vvi111phi' i'; tile Soft fatihire" of IttiL4 evinvuts its :atieruuiiistaizedl altetroiale' This

will he d! .eu,.seah below.

lky '#do'-;0 we refer to all j*eanotniia ill Whut'Is it is tile ctulswlative effect of
jonizatih Within all ek'inlent (haunial cell, scoicaoisduelor jwwionaj Which Clauses
id-taiagr. A~ reLated effect is tile zsei'ulnalatiOui of freet, uaare within istsutors (i.e.,

enbc i~lctic) zudsuseqen arin '~it~hPrl~s&' t~t)~ats itinthe spaecraft
eleetronics. The- perisx of asccum~ulation tuay I* very long, #I% ill cottsnauujcstiogL%
stellites~ whielt have a p;ilitead life extweecbanc of Seven, to ten yeitr%, or very shiort, -as

s1 it i*le ewof ;in astrotutut oxi .m EVA (E!Etraa-Vehieasr Activity) tit ae lttle wilet tile
tuiturat t'nvironinent tuhiaht suabject luau to as Skin - dose ritte of severilt Itullikied to t
timusan~d rens per hiour. 'l1w specific case of dose considerations in initned missions is I
~atkreksetl ill :a short 'ontribution by Atwell (19#79). Stassinoponlos (1979i) and briefly-by

tVt,.a -11a. (I 92'.) in ttie'. procceditis. We s ltal point ant timit grea~ter itsCL'Iiey as
rvqatired for calcaulat ions of %lose for wuted eik~ira than for utumuenneul, since there is
lcss. vsriatiou in dose toterance and the vonslxitte are itore criticaal ints atin tiata ill

In the presenco of a iavtt plasna, :a spaceecraft aii eurge to signsificanst negotive
pttetials tiue to the inucls greater mobility of tile eleetrons% Owna tile ionic constitulent
of th, plastua. The resulting chairge on the .1pacecraft can lead to a nunstxwr of
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(t teria effects, -.oiie of iter p~otentially lthld- flt- litordware. The- negative
poten~tial Infty elCI 'Iv -e(ill=4 th e l z us1laitiuia of viulbilliiauits l'y_ spiaecernaft- Surfucs

Iro'4 tile IndhInIal of oulgassing, phiotoionizhation of tthe out- '. ed molecule, ;ind!
rem-at tract ion by tile potential oil the Va~ccera.ft.- Thcraim!. contfrol- Nurfjice-;, es1weililly
seeond-surface mitrrors, opticeal devices :til vertaiin senisors are part icidarly vulnerable
to this type of degraidation. If the spaccecrft is ill suinlighit, pliotocianissioti of~ elcetrotis
from the sun~lit po~rtions of the veliele m~ay taivitralim4 flit- carg4 builti-up djue to III(
plusmia. The self-4lhadowed( portions of the vehiciv, unless they tire electricatlly
conducting and conticc *. -d to a sunlit conductor, will remain tit hg eaieptnil
11c poitential- diffe.rentc beween these differetitially clmirged surfaces -miy result -in i
tire whichl could- interf -ere with the opwration of the vehicle or evail destroy a critica-jl
'OIIt)ofl('It*. ANWN A~4t Synchronous orbit could rc-sult in smonicrtma' Gatc~li :s
perimps, trzivi) events if this phenomenott is not cous2idtred, in. the( desligi -of -the
-Spnctcsiiit aid the EV .A itkelf. l'erhaps real-timev mounitolrinar of electron pitch-iuagl':
distributions (scc Basker ct Ad., 1979) will Ix, required to predict the obnset -of substors
(and their injection!:.eceletatioa of hot pl-ain-m into the region of the Dirge -siac
struteture licint svcedj) it lte synchronious- orbit Itemacs i qpiihited1 boy structures
serviced by mian. crhcarging phenoluemiOn is not tow well - undetkrstood, but1 thle,
SCAThl:A (Spieecraft Chaiurg at Ihigh Altitude) prograspn. with le qmuasi-svzaeirohnm
spaccecra ft 11, -2. is now inivestigatig the p~rob~lem~ both in thle labt :sand ill space und will
perhaps event ualy provide both ;titmunderstanidi,' of tilie hioi'niii(!qzttatv
models for predictive puIrpo1ses.

1.2.5 Neutril Atmosphere

Xna ingivru~nt tus.' of modfels of tilt iietitral :atm-iu!)lwrt- t:m~vs111t:- louWillI
t IV i~Iirl :irta of01 j-ttdietil ofI %attllltte orfli! ev11hui on. 't.e 11ijie'niiii. 1l,-1ai:*f

Skvlaib 11:1- f'ii.'-'et plibmh :IttCIItioij Oil hk~ith till jImnpl.IIIaap :11111 lit it;to~ 'SF ou

ability to ptre-hiet satehlift- dr-a-'.. 11wjt .-imniv~ .s viaN jr egiue sitit g.;~

predit ion' .Il tcan stiltatitiml. ( )er important cate5'iit tind- cx.. VmltsIn. foiund inl siei
areasa:s Uiv pkaning of seienltific mvissionls; thel interprettioni. roductiovs, anid ilvi

- tiC~~ Ceri:,iental result-:- antI thle developmenit of vitub-is reibatin~tw ,etfdtp:
- atmnosphiere to tilt iuiitis-nWIei atid 111:igltt)5oiiere.

The AUSlS *11i~l Cledli et al.. 1 977a, 19771%) :tilt tit( mt~i reenilt .litechia~ niofl
Elf(ahz~ia, 197.) are bitl eapable of represenltinig the den-lsity and ogsit ion o)f the

thersltl~o. ;izid exosphiere with tin a.-curney appjroaeh11ilIn t!hit of lte :IV:,il:sfll
observatiar,;,1 omstaz it leoist for time-scales of a, day or inore. of ti1(v5'! two Iflcf~t:, tOw
Jiceihiii ;nt-f I repmnvsez tl t- gevomn:,um ie valri.innr smore amcra tvlv. While IN NNISi
Msodtel r j'rv ents tilt diuari:,1 vairiatims more ;,.-.-,r.itoly inl thei low-.r tbo.ericisph.-P.
110th :11i.141vs i!:Iii Im iiiijsovcal in thevse two areats ;tit work is in pruotrc-s-; to mmopi:
this. -fh ii IA IW? tmodel (COSIPARI, I 972) ct iinu~t ( iffl nfriih~~

-estiullates; of i.. atmiospheLrie dlensly for fiiei.; hti svv 21)11 kil. llommvi-r, tis -II,.
othier older niotel% doi not vor-ectly repri-st-it the stramr, doldecm! of the (. osr
met ic imri:oti'mis o em s; a:eie1i tae

£ trreiit fietitrail :atauos pfire moulek: rt.flert tilt available maw ;surtamt'-ufs very -wellI
aid zs. ,tilt. F1 Ii ;Id .1 or* h iithie" ito iidhate thle oii'tii f eae~ input into) tlli-

- theriimosphere. IIPreset 11 110ur~i demiity :nodek arm to b,- aas!! in ii n"n preditoms,
therefore. there, ann-at exist a :1 fj~n :ability to prwedie1 t1,e-4-m ileices. id-n N i-~ 'r
Wery limitl- Vt-l curre eal~itit v ill prvidict inl ls. t- itte.-: 114ui we- have- ziot mv isaf1

- ;1101foi51' b -arlly I improved pretlietion ability in) thi'-oer fi'stlir'.



It is clear that even with inmproved viii.hilitY 4 ) prediet A lid F substantial
model improvement must depend on aitilj4atiolI of pzirai terie ll more directly
llalsure t~he theruio.lterie intergy stilrves. If 0*Mls whih Uie thest improved

parameters are to be developed it is essential to ensure that future satellite missions
simultancOtsly meastre the energy input-; ,nd the ensjing latmospheric res.pons.t.

1.2.4 Soft Failures

The increasing use of very high density mierologie in spacecraft systems has

introduced u new conceru of solar influences- A relatively low energy C 2
.ic/lnucleon) high-Z (Fe, for instaiKe) eosmic ray Ias sufficient pifie ioniz tion rate

that the energy deposited in a microjunction can catse ai change 1f state of the device
-i 1bit-flip'). In some Cases, the result may ie it 'lateh-up) which destroys the device,
but usually the only result is a bit error in the spacecraft logic. The error may be
unnotieeat)le in the chita or may result in loss of a slceeraft function. Typical rysults

for so:me tested devices range from no susceptibility to one bit flip per bit per 10 days
(equivalent to 4 bit-errors per hour for ia megabit memory). This phenomenon is
discussed by Sivo et al. (1979) and test results are presented by Kolasiaski et al..(1979).
A prediction capability for solar flares rich in hi.It-Z nuclei should be developed to cope
with this effect.

1.2.i laei cground/Interference

rhese effects tre due to the same tyipe of interaction discussed uider Dose and
(Vhrrin:;. biut aire distinguished from them in that they result in nao aritii-ent (l:1inuhage
it) . syste-11. They mnerely degrade dt-ita or make it sprececraft subsystemi temporarily
inoperable. These subsystems usually include a sensitive detector of one sort or
another. The fbunous star-sensor tVvt Iot lock on Coinopus every time nit energetic
proton mimnicked the light output from tile star is :e gool example. Another is the X-rayk
telescope that was --Wanispd by backgrouind counts eacah tiic it went through the South
Atlantie Ano:maly. Usutilly, sensors -ire designied W) work in spite of these balckground
effects: however, the environment anel variations in it inrt be accurately predicted in
4)rder to do the nee-ssary design.

2. USIIR RI-hQUI EMIENTS OF SOlAII-TEll Iti.STltIAL Pi-I)IIM)oN5s
FO SP.ACE -RAiT APPLICATIONS: I-NERGiIC PARLTICIl i

Prclparcu by the Energetic Particles Subgroup.- A. I. Vampola, ClMir nan, W. Atwell, R.
C. l ick.tron, i. G. Johnson, K. II. Pereyaslova, I). Robbins, J. Srogn, E.ix'l.m'il|,on |mho and M3. "l'*-'Ii.e

In this section we co sider all particles which produce deleterious effects through
oner:;y u,-! isition. in -. uene-al, electrons below 50 keV and jirotoits below 100 keV are
tnt in this eit,' ory. Ilowever, for cert.in applications, these eneries are sufficient to
c-:,at. direct I:a..,-.: in those ilmttuiees. we include then| in our discus;ion of predictive
teehlilu, .s. t,'lin; is considered one form of pretietion mul will be treated as such.

W'e shll slu:livi:l.- the energ.tic particle discu.sion into ente.ories basd on two

d!stimet p-ramnit:rs: l'hysieal Iocatinimi, a! prtiehe ener..y/type. The reqire.ients for
redielive t.ehinia t.s :nd tie st.ate of the tort differ markedly for the iner :mn-suiacto-

.ph,-r,. t,. otl er :n;:-la-to.pli'r', law x)olir orlsit, interpl:asveter$ trajectories, and

4



planetary eneouiters. ,low polar orbit :and interil'aI,'..ry traj,tories share ji vomIio

eoiecri for solar proton flux predictions. M~t. ;ill ii.)t OtdrtN pliat'i..ry etls.U'aters.

Basically, particles wll, he divided up int, cl trous aidl protuis (:aul.I iher ious);

energies will be low (up to 50t0 key for ekectoriu"; id -' I,V for proto.r.), ueit.lil, -(to 't

%1eV for electrons and 50 NIeV for protolns) :lt- |li-I (,vAerylhil,r :lw !lnliiuia). -tf'it l1

will :also consider Zparticle origin and transtort ;'-S 1d.sl..

2.1 .M1, lieto,,Ilht',ie" 7.,111-

2.i.1 liner Zone

VFor our l)urpo se we slhall ctonsider the itmer zone to it :all altitude.s; :al l1titLudes

below !=2. (I. is MAllwain' ; parameter aiitl ill a diplole field corresixoud,; to the i'uli'1t

distantce from the center of tile carth to the equatorid 'ro.";iulq of a given field line.

Units tre in earth radii.) rlht eflcets which are important in this region ur- dose I
effecbt to maui and eouut ouelits, background effeets in sen. rs, nud trtsient upsets ii)
logic cue to hi-I. events as discussed in the introd€etion. If we initially limit ur

discu.siou to low inclination orbits, we don't lItve to conacilder solur luad t!alattie cosmic j
ratys. VPrcvitly. there is no knowledge of si.:aifieatit fluxes of high-Z snuelei with
t'eergi.es in the MeV per uuuuleon rangse in the iinnr zori,. lor ikl;ir orbits, .e will IluvC

to contsider these particles.

The predietion of ptirtiele fluxes ill the iiner zow is il excellent salulpe with tile

rncation tno.!el., issued by the National Space Scitlt Ince Data V'ter (see the review by
Vetle el tL, : t1.. a). The ilotleling of energetic proton.; ill the iller zone il to huldreds

of NleV h:as progressed to the point that the prediction is prohuily as rclinthe us Lily

,0ivt-ul .inlea ntsurcilt of tile flux. At the lower altitudes < !MOO111 kill) the latest
itodels ielude solar-cyele efleets. The predietiiOl of dosv due to !n!r~ettic I oton.
unter thick shiells is certainly better imih ii faetor of two nsid is prliuhly witlit tlhe
25't, reuqtg' lor reasonahly lon: duration iuissiot'. The low enerly iaroton linpul:tiont
(. : kM'V) is subject to si;.:tficant temporal variations h et tha: coumaul;tivc: effets frouua

this portion of the particle entvironntent are s.amll cojupiared to those from the higier
energy population. To summarize the state of predictive eap:tlility in the inner zone

proton population, the model,; are udequa-te for all prc.eut uissions and unusy be
ptresuated tl , eic correct unless new reliable dula tire obtained to tie contrary. The

weakest uren of knowledge is the regime covering the energy range ubove a few

lintidred MeV. Spectra, piteh-angle distributiows, ;and flux intensities could be used in

sensor desi;ma and b:aekgrouwtd estimation if they became iuvailable. However, we know
Of no present or future mission for which such information would provide prianury design
t~criteri..

In the inner zonc, the electron mtodeling situtiou is also excellent. Fluxes above

I MeV are sufficiently low at all times that for most purposCS; they ean be ignored.
Subst:mtial fluxes of lower energy electrons are subject to significant variations only on

time periods eommensurate with the solar cycle. At times of very large magnetic

storms, a small fruetion of the energetic outer zone flux succeeds in diffusing through

tile %lot re-rion. l-leetrows with energies up to .5 McV have been traced in to as far as

L=1.5S. But the contribution of these particles to the total dose in inner-zone orbits is

negligible. They can eoilstitute a significant increase in background for some sensor

systems. Prediction of such events would be useful but presently is not essential. Any

predictive technique would probably require as inputs it knowledge of the energetic

electron population in the outer zone Land a dv til.'d knowhdure of the behavior of tile
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~~ttla~ n~sgt'tc felddon ti th its fir-4.'& Ieri!hI (--iuue" it ill# the ia;innetit: twittivior tit-it
is Jrivig tile diff:Lsiolu). 1110 outer V-titie cIectron jItuiito is itscoIt . ritufi~e to
INdrlier uauapuwLic field belitvior. -Puedjetive Ie*Iniia.w wiliehl ire re~jaired to proVitle ii1

1lkzwwted1,e of thei otiter zouue CtteetronimuSI will lov olixerie.1I lzt.:. At oaur pjrclseutt tail
of Quole~ of interaietious bliet'l list. solar wind aund i laa:.etwohere. Wt is
tuvlikt'lv tha~t we will he able to prealitt. in tile fill' -0-10- i dSuurv.DfhulJ( activiity

Wijth stufficient :uccurav% to elumtale au jreditiNu iii' ent-r'-t.ie tolosetrion tru itot into4 thy
innewr zonue. (The :absoe statemuenit is Isarti.-sliv lha a ol t01w ewrocit laek of ai tZctauite'
s-alerMstatditi.: of inljW~5 Ilk. slo,~t It1gii.) It -41411111 lot! Ijtt (Alt Hlt nIatural
N411.1("C4 Of d4 4 i)Iwilli veigies aelh.e I 114-V westilti mihjbijy tirt.rs OiC liallpl~itu'l.. It-,.:
1Him in tit& liter /AUWt ttmzu Was iujeetd by lte Starii nud-lear evenut. Sjuteceraft iuid

setsoaz. er dei~t'snt to be operuele isa the reungiuaitt% tof that iiijetii durit. tile miid-
*i~tiC.% 311td COUlldM3l :It:ihu 11111A10- s0.

To su-nltiarl/.e his tile inner-to, wilits: 1Mitels are csurrenatly sicdetioutte ind
eI'1m%titute all of tile p~redictive teech tiqlav% eurrezatly rt-djutired. A lotutir untdcrstantditogj'
ol pa~rtieIe transport through tlie slot region into tiue inner YANiI'wouhel, iII special citsc~s,
I%- u.efiut. vdu tha~t tile oilier ?ANte lectron idi )pulatiotI were kno'wn it itte suamne
litte. This indic~ates .1 tzeed for either i sai~iistieaatedl predihlIii, st-eiuat* for "iur ?.oIIQ
etleetruut aceetleratioli anud trawqxiprt or :a reiaaltimu iicinitoring. systema. lilt iitii1i. or
Ilk hue aita for iunuer-zozie puurpotsLe dielt- noit warritIII thme expritudturt! tueees4s:.ry too 1tau)
it. C 1ehure ;ire-stroneg rex-~onu' for otitaiuuin;g tlk- damta fuir titer Yxine masisills; hiece, tit(
4Lit:o may v e :uilabh e~ztah're

L.i.'how xtitiude Polar

tFor plakr orbit... all of the allowr eoiilra tasapy.iteusstliei
poilar oriti spens, about -10,1 of its tittle iii tit& innewr 7zone. It nu~o spenuds about 25"' of
1111' tittle ill tilL outtvr z~one and 35".. ill potlar regioins. This culd llo cosasickrec a -

VOmpoixsite' oritit wilt insIutles :sjueets of tile- iiiner zonte, tit(: outer ?A141t, and~i
interplanietary mfissions5. The ackhitit-nuul requiremnits for this orbit cin toc: obtainedr~

rnout the folOt ing sti Wich aid dres"; the ouater zoeitt :i! itlterintietaary umiSslc1ltS.

2.1.3 Outer "one

1,u1 Situaltion~ in flue outer VZOne'I iu~ iiuiW4: 1te tollijplex I, liintil inn uer zone. 111t.
printcip'al reasoisu that it is IRIIIels niortWC yaunuir. liii' eleIrtin cosijuonemt lMIS it

relatiei- 4Awn re.-idence tinte iii tile suagetosp~hkre !de cay times; of tse order of u few
to) Itls of days) but theue3UL sictivity hItm; cosznsiusrts ii~ o Soures
he plartieles injeeted from 11w tail troultled with ra-ditll d.iffulsi-on its all :uececrator our in-
sit ave *1ration 1 unaahuai byass E thi leetronts its tile inner rtgion of the6
ounter naguetuosphcrte call change - y orolvr% of ingituth! ito flux level over periodls of -

less tans :1 -Illy. (.We WHtO et, al.. l19,9). Tesituation with regard to protos is

1-roi thle point of view of tile tiser, tile primanry arpim (if interest tee the
vwsriability .of thle energetic electron fills--.hteesofslr rtns oa
1otons dot not Constitute 21 signuificanut plortion of Ihe oe to i -sjuseeeraft for a lung

term inission except (or interphinetury missions. Hlow ver, fo hot, periods, thle clan
'7constihet a sizeable portion of the dose-rate. The predictive capaibility whichl is
- itekd ill thisauret i6 thle followingr: Given, a solr- fltire oxin tile still. prediet the flueuuce

ntil spectrunt as a funetion of time and 1. within tile uuuenpispiere. A tiesired goonl-is
tile cuaability to predict thte flare. itself. from the. fenfturcs on thle suua 111d the %sun's
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_ immediate ptast behavior. Both of Ilh..s pi'edietiv," eJ:tabilitio-s mety still lie fur it) the

future. However, at mittuedist toal .0 uuiei 'l to ubt~nn siffi ;ient uilirstiilia 0t
)tysics of the cistry proess to he able to iwrf-:rm the. first stated predictill onc. a

Mneasur'ieint of the proton flx Ihs tt-ia aislad iW inlt-rijilietniry .ivic4 It.tw,.eii tIs'

easrth iud the mll. At the present time, even this caplability does not exist. Our present

knowledge extends only to entry into, the xobir cal' asid entry to the synchronous

altitude. Even that capability is uncertain.

To obtain the lhysical unders-taiuling.. we seed amnore anly.mis of timr lt: l~tllut I.

bWen obtained which cian address the toi)ic (such its the Explorer 45 data, base) sand we~~~need a p rotperly instrumented saelelite: wbieh ecovers til , 1 ruge froml .*1 or 3.5" to ait

lea.t S. Pitch angle distribution dita tire required in order to determine the off-
quatorial rogression for solar proton flix injeetli"t.

2.2 The itequirements for Modeling: ;anad Prediction of (;iL.lh:loum etie Storms

'11w imtlrtviee of te:aipmral variatio s in the tralxll-d electron impulttioln in tile
slot and outer zone re.rion. is qualitaively well ktw,. h a.ssesmit tl- quailitative

eotsqaeacsof this on the modeling. foreating, saam r coan1iic1i '
importzrat to No as restrictive " possible bly focusiii.i ontse requiremnsiLa ins orler to
avoid ittineee.z.xnry :activitv in the todteliifig -laid ficurcastiagl ficlds. It is now retogsizped

that -here tare rrmrsdi:tion z.nes ins which the time s e - of tcuilral
vzri;ation, is of the s:aimae order as tIh uissiWi thrwation. As a res-lt, mi-sims which
:10etlatulate it signifiemit flux contribution from the-s, rr ,i s are not well si:rve_ by lhe
pareseuit generation of trapped electron moles whit-i contain ti me *avelrsged relreseita1-
ti os of the p:lrticle population. In this role we focus ona two sample ikss ion its this

itetg.ory (notiir tmt other.,-. exist) for whiclh the.? requiree s on the iiodcsling sand u

fore*.mi g eomnmunities tre radically different, partly on ;lragaiatie grounds iand partly

.a% a result )f differimi, ier needs. Tiha first k th, iliml mission mal.sis neivly

.tsver:l years tefore lanciich, which is. lp'rI iwr d to ;Ire'iet the ra hi'atioua eivirotauasetat.

Thl second is EV:A zietivity ierformed in msuriatim with :l;ails Pren. p at syn olmriou.s
altitulde.

In the fior-t eimse, inissios speitoing, sigtifiicat tiue i the! 1. re gion of 3 to i may
tloctnuintr in *W-ve flux over a 3-6 muonth iriki different bly a fNAtor or 4 or .5 froil

tlh" flux 'aredieted' by ti lnlel dieveloped with the eulrrelt. teclumaiqme of time :averagin 14

tlVie Atilt. The oeeurrelce or lack of at stortu event :an') the event size are the clecidiag
fietors . All tht is 1ositively known :at the presvti time i:s th:at the amiion luts l.cen
shielded for a situiation that is either umaily pe-siuaitie or optitiistie. The solutio:n is

its :itrotnt for the e-fleets of individual events. lil. to wh:at extl'.t? it is cleair fromIS
th" worl~in" grouO sessina s that it is lmpraeti:al to tryv to lireti t the crcuemree of a

siulagi, event ina a given 3-i naonth pcriod with a lead line of years. It is quetionable
whether this can even be done aesamna.afuly (i.e. avintitatively) with ai lead tilze of
hour. (lli, bie et :l. 1979), hence for the Ing-tern: planners- the question of prediction
tmv W Ilotit. This, however, tkus not mle ian that desilp.) simualol ertw wilh rc.9)Cet to it

worst eaz.se siltuttio l, As ai realistic objective it shiuid H! ilO.4ih1c to achieve two

situitions: 1) given) rapid access to a ground hIn,,d iumigntie index (lNt?) to infer the

lpeak s'lorm flux to wilhin a facto- of 2-3 at any given I, mid the time of occurrence or
the pealk flux, and 2) by mnodeliwij the depletiot Iluist oi the storm to develop te time
history of the flux at the saltelitc. "tis a. y hia prtetieal without an overwhhiaa.a
moelinl activity; however, does it heave v.lue, lo the saiN,o mU |litnr? In soae rm-cts
t lit :anwer In-y ic II%). The lission pkliuer -i:ay require a umodl which can provide -it.
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probability of occurrence of fl event of Itive size il the mi,ssion iMwriod (Ao ne'irily
an easy task for modelers because of the number of 4.crvnt ions -presently 7-1if) Mind
the event integrated flux restlting from the event. No per event prediction is iiivolved _

per se. In some respeets tile aiswer to the i'question asumy Ile yes. If tilt! alove uoiuiamd.ld
radiation environnient is assessed th. nomniua lifetimi comld lIe predictively Ulut(ed il
the event that a magnetic storm occurts; i.e., one could predict the demise ofq the
mission. This implies a more rapid respOinse froin the mao'lelers or tie model users than
presently exists. Ftrther the value of this preliet km to a military application is
questionubIc unless a rapid launch capability exists.

In the second application, EVA activity at synchronous altitude, the role -of
prediction is a little clearer. The prese~t generation of time-averaged models
indicates that :an EVA aetivity with .? |aal/eU- Al slhillii{ (equivzilmt of i., anverul.e
spIe.. suit) reaches the currently valid mi ,sittn rudintim limait for it 90-d:iy .kit doae of
105 REM (about 81 rads Al) after only 1.35 hours of cumulative exposure. At the same
tinte it is known tlat several orders of maignitutde eseursions of time flux occur around
the average. The implications of a positive excursion are severe. The corollary is that
the negative excursions, which persist for periods sufficient for individual -EVA activity,
have great potential. For this application ideally onue need% to predict the onset and
duration of a quiet period with sufficient lend time for scheduling EVA activity.
Predicting the onset is practical and involves the definition of the dpletionphase of a

previously occurring storm. Prediction of duration may not be feasible explicitly.
However, the working group on energetic particles has investigated the short-term
prediction of the onset of a storm. If this Ls feasible, the appropriate question is the
lead time of the prediction and the relationship to the time required for the- IVA
owerittor to reath shelter. Note thil the predietit of tl. amnlamplituk! of time lpt'tiolI
event is relktively initniportant since shelter itnttst W s ight irrespectively. However,
the magnitude of the event would relate to the predietion of the onset of a quiet p.riod.
tor he -olar arr~m.s several km in dinitnsiot the trnansit litte to reatih A eltcr-ny tie

several hours. Prediction of onset with this inudh k'nId tim.e .'ellm. to Ie difficult. For
large structures, transporters more heavily shielded than suits. may be required to
circumvent the problem.

The above applications relate to total dose. For rate depenident problems it may
be possible to provide stfficient prediction time to infiinee operationd scheduling inna
meaningful way. As with the EVA activity. iredietiou, of onset of it certain rate may
not be possible with sufficient lead tittle fur s l duling. Hlowever, a sufficient
prediction of the time for the flux to return to a rate coninctminrate with equiptuent
operation could be provided.

Almost all of the applications diset :ed above involve not only a predictive
capability but also the ability within the modeling community to generate model fluxes
on short notice. A new generation of model service is required in which models with
some per-event flux capability are on-line on a computer with close operational links to
both the mission project offices and the organizati6ns generating the parameters io be
used for prediction.

A-gain, almost til of the above applications require a knowledge of not only the
flux at a given point in time but also at a given point in space. The present models are
used in a local-time-averaged form by most users although a local time variation is
available. The shielding community .should investigate the use of the various L
parameters including, external magnetic field effect,; as it method of ordering particle
data in the outer zone, eliminating the need for a local time variable. An additional



benemt, would be a parameter simplificast ion of tile anoulels irne uslsne ti o
that tIS gCilieal ISO-it bIL% .igliteation to o_81mnnau VAatvity Nsinc.o nlHIMig
the satellite local time 1isveriags an a tdily hhJi, 1wtA uaeiiy o eea or

- - dwation may have a signafieat local tiue bias.

2.3 LIKasc:tie Fua lare l'rotwo l'rt tions

The integrated fluix aluring. the fa rst f(clue &vs :I ft r tie Asat %1117 soiw gwotmaevent c.%fttk-d the ,U'ev was I I-ya ee inte4r.te*1-4 flux. -in 44ek4! suiprovie we -the
ability to predict the occurrence of these asawnmtloibily -kiree (At.) evelNsit wud audlvantatgeous to investigate whether their toturrentca: a~urrcites to ny sola4r paamte
or other oh evalk sol:-r phenomentn -W event- and whether relint le precr
conclitions can be establshed, of the trifre of Ik.Ar-tkjy.%to hr used fioe jrdic. vjxarposes of Al. events.

Thw calculation of -event integrated ainnua.-l totals1 of-unaltee ledUcpaKtiI
sol-ir flare proton-fluxes att I AU for energies greater thai, 101 30, tond QO 11ey,(ninaiesmments obtaincul by'tlilt'M series o'ii tellitea tkzavntra~tcittths uul
tots do teot correlate well with stuis~iat saumbers it may -ireul t auste

whether thle WctWI occunnce Of Solar flare pro-tons :s I Umyhsnrrliayanaccurately -Correlated- to some Solar liaranictievr i gaenowimon other Hungt subnspt

Finally, pientrattai of soWa (Ian- partfrk',i into the uaun'nsaw in'sl~ -I.# I*-
comsidcruied in view of thc- folluwtig fact%. ai) losial limec variatitlis of gcosnnaietiC
by 111 to 4114)"t 2--I Ieiee a-1hW two viau*tiocts am-' addkitiv.:. WI'ig+itr .4 wglem."inctie slaieldiw., evatuntisas NIKM161 t-Ake he variations intoi arecigt.
Preluatwtury estiinate i- lfl'l.: tlat Wvgr '.linifiast £dhiffet'1n is, xime Valums *Isyresult fni:ta thais i'tijwiivemcimt. MY

For JawpoC.% of 1,1Wg-ranue Inis~ion ;tlanning (eCg. vitile crew -statiun periods.ete.), it May be useful to know whether a signifiriat ( z factor of 3) vartatan a the-I
eovironmtnt of critical duration (critiral 30 to 69 dhy diaration or petrioihety) cm lbe
est46lWirti. in orde-r to tiring cew scheduhr. uit pluvw With phenomnena

This IN'resetl y last lux"-1111 since these vuriatiow., which auty bp lWVarappea to
lies~c :asvtie. Ilowt1ver, etor*ltin WWIY far fstinc. fast solar sitras may -provicdea nU%4aana for plietitias. IJeCaty is at' isuPAUrtmt factor. Sificant work is

3. UNIX: ::l($tIRL;IEN'TS OF .AllI-TlllER#t,%TI;%. PKIjIIIM~Ns
Foil:11 *iA~W T APPhLICATIONS: PLASMA

Prqirtl try UK- ~ini a-, It. IL. I:wu..tu* (iininW.1 ~g, ml A. Vampuku

In theP last feW yraus an isrcAssing, eaapbuis lias bri placed on s ltetia.betwecen 41w e rgy (toI eV - too k-ey) uezsjr-eartl& ti~ts... civironrnatt a - .a
systitac We lirnaiI'l witha this ;-rowila in eiaaj4msi- lis; lus It skceel for pxrltiem of t"go



low livci-gy Illusion. -As dliseussed in the reio.w by l;mirttt (1979) these predictionts-air12
necessary because of the effects of it num )4,,r of lc',tot.Te 1l'isa iigru ?a
attemipted to sumamarize these intvirtatiots sand id entifyV tln( idelizeel mPier; ii)te's
neceded to uniderstandc and predict these iitteantiems.

3.1 Itii of lteqii mviiets

Tile number of known inltract ion meehewlisinls between tile low-energy plasma
- environent and space systems hais steadily grown. lHanig from tile effects of static

charge buildup onl satellites to the effects of largont Iwotis oit the jplaisliehre, thlese
interactions all hatve inl common the( necessity of know iem the distribution lunetioli of
thle ambient enviroitment and flow it evolve., inll tilte. The pilmizi subIgrotipj hlas reduced
the many interactions downt to two primary types of effects. The pimaary effects all(]
the specific aspects of the distributioni function required lire as% follows:

1. Spacceraft charging -tile process of (hargc buildup on spalcecraft is not
completely uniderstood (specifically the arcinig process lilt( the lplasitiii environment tire
not predictable at all). -%,, a result, detajiled knloWleafir(! of thc distribution funetions find
Comnposition as functions of ltme and position should be 'acquired kuntil thle critical
paratmceters are identified. As discussed inl ( arr'tt (1979) and (41arr~ett, et -if. (1979J),
howvver, thle ci ar-ging mod&l ittprstit reqluire only the( electron and1( ion currents and
i'lelron temiperature. Tlhese? utiitie van~ hei es~tintatil eit her ily staitisticail talos or
by A .The dletaniled mlodels of thle ciwiroui iiUit will be requtired~ if tilty impr~ ovemeti~ts
are 6~ be realized over these present models. It should be emlphalsized that ill addition

- to tile need to model tho latrge seale la~sma distributions within lte iii iitsphiere, it
is allso essenlti:1l to 1understand and to model thle Smaller sle ehlarnmeeristies of tit( hot
plasimeas (Johnson ot 1l., 1977'). For examiple, lit e hiangv (list rilit ioul onl a spacceraft
could~ 1Wt greatly iuiuiced 11V lite highlly aIisotiolpie fieldl-:iedel vIetron id e~ ionl

fl~e requent ly ol'"erVed m. a pilsm felittre.1 J-,% eosynch ron olls n1i tueile (Mel lwaeiln,
S175) and1% at lower ;alti tudes Over a wide ratuge of' L-shiells aaq1 local timles (Johnisonl et

1tI977). AlSO, the0 ionlospheric Componen11tS (0 linld If ) wich-I are somuetimecs
doikl i:teet Ill the hlot pl'uuas can be highly structured spatially stud/ur teonporiarily (C ihs
et al.. 197 ).

2.Contaminants - calculation of the deposition of ionized contaminants; on
-spacecraf t requires kitowledgef of thle ambient particle distribution to determine not

Only tile Charging onl Satellite surfaics to whik-h containants tire attracted, but also
thle rate of ionization (Cauffouan, 1973). The relatedl problemf of contaminaint cloudm
propqaation inl tile plasitiasphere and magnetosphecre Witt et ili., 1979) requires detailed
knowledge of the unbient population and, in order to estimate tile evolution of thleI
vonitaminlants, thle eletric and magnetic fields - para meters dependent onl geotmagnet ic

1,1t1it% user igroulps Call likewise be divided into tw W() bsic Ifgroups. Th'le first group)

ConlsiSts of ffhe desigriis Who tire primarily interecsted inl the'- specification of thle space
environment. Not only are they interested inl specifying thle geophysical environment
before buildinig a System in order to protect it front the nbove effects, but, its is often
thle clise, also tile Specification of thle environment for the purpose of investigating
Ltno0lmthlies i'esulting- from themu. Thle seond group i-, composed of forecasters - those
whto must predict when thle ainomalies may occur. This latter group is interested in two
time periods. First, there is long-terin predliction of 3 years or more for mission
platnning, lintisecond, there tire short-term (24 hour to I year) precdiations. This-last
group- Is Of most concern to this cer'lice. $ciiqustions to be answered
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He: a)Iow long will tile plasma event last? b) What are the characteristics
-composition, energy, and angular distributions, etc.) of the event? c) What effectsI
w,: the event have on a particular system?

3.2 Requirements

From the preceding descriptions of interaction phenomena and of the user groups
and required time scales, we believe it is evident the plasma distribution function and
its evolution in time (or equivalently the electric and magnetic fields) are-required in
great detail - detail that is clearly not attainable now or in the near future. Thus
simplification must be introduced. These are primarily real-time (either in-situ or from
solar wind parameters) estimates of the environment and/or detailed statistical models
of the plastna distribution function in terms of predictable parameters such as A . It is
to this end this subgroup recommend, current efforts he directed. Our sate of
knowledge in these areas is evaluated in the other working group reports.

4. USER REQUIREMENTS OF SOLAR-TERtRESTlIAL PREI)ICTIONS FOR
SPACE.CIIA'r APPLICATIONS: NI'UTIRAi, ATMOSPII IR

Prepared by Neutral Atmosphere Subgroup: W. A. Vaughan, Chairman, R. Altrock, D.
lickman, D. Robbins, and J. Slowey

Orbital altitude total density and constituent number density variations are a
direct function of the short- and long-term fluctuations in solar activity. These
variations are due to the heating of the Earth's upper atmosphere by solar radiation and
energetic particles. The importance of these variations is found in the requirement for
orbital performance capabilities which will insure design lifetime, definition of orbital
dynamics for nonspherical spacecraft, assessment of lifetime potential for spacecraft in
or)it, and scientific experiments. c stimates of short- and long-term solar activity~levels are critical inputs to tlhese calculation|s.

4.1 Basis of Ilequi.ement

StWhile there is a variety of users for neutral atmosphere models, we believe that
their needs are reflected by the requirements of those using the models for orbital
lifetime calculations. Therefore, this paper focuses on orbital lifetime prediction

: requirements.

A semi-analytical method is used in most spacecraft orbital lifetime prediction
models to estimate the decay history and the lifetime of a near-Earth orbiting
spacecraft perturbed by atmospheric drag. For most neitr-Earth orbits with small
eccentricity, the perturbations due to other forces (i.e., solar-lunar gravity perturba-
tions, scAar radiation pressure, and electromagnetic effects) are overshadowed by the~effects caused by uncertainties in the calculation of atmospheric dragr. For this reason,

efforts to incorporate additional perturbing forces are often unwarranted. The
approach used to estimate the orbital decay usually adopts a combination of general and
special perturbation techniques so that the analysis preserves sufficient rigor to insure
accuracy and adequate numerical emphasis to include a rather sophisticated
atmospheric density model in an efficient simulation. Basically, the procedure is to
extend a system of ordinary differential equations for a set of well-defined mean
orbital elements which describe the complete motion of a spacecraft about an oblate
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Earthi to include numerically the drag effect dueL to i8 rotitting atmosphiere. h
prograin is designed to estimate, with reasonable acciucy, thle orbital. decay hi-tory
and the orbital lifetimes efficienitly und quickly. Fio-mre I illustrates the principal
inputs and components of a spacceraft orbital lifetime saud dCema' pretlictiolI procedure.

SPACtC"At I

eao~cnoulVUNDITSAL STAII

SOLAR ACTIVITY

AIImjspIGKic 9ftIOICTIe ONSITAL $PACICRAFT
UO1ItATMIHERIC *(JNWIAt

WM6TV ISI INAL LII atfo ANU
OS CA V

GIORAMIITIC
ACTS VI TV

GINAVion

Fig. .Solr PrdictinsaD ScecatOriaILftm
A ajor difficuly in predicting rbialFetmsaie ecueteftr

~,haructeristics ofthe atmospheric denityarUndetrujsial nw.Ti ae
it ecesar tospeif~ obitl lfetmesin obaiitcm e.Cmaioso

Iw ~ ~ Fi.I SlrPedictiosad spacecraft dOa essata bevddcyreveal dieitiome hchcnb

attributed to an inadequate deterministic atmospheric mnodel, noisy trucking daita, orM
deviations~ in the stochastic variables associated with the lifetime prediction problem
(i.e., ballistic coefficient, solar flux, and geomagnetic activity). The ballistic
coefficient is a function of the spacecraft ass, drag coefficient, and effective cross
section area. It is observed to vary with the spacecraft orientation and flight region.
In addition, predictions of the solar flux and geomagnetic activity values, over either
short or long periods of time, are available only in termns of statistical predictions withW
significant uncertainties.

Straus and Ilickman (1979) describe the characteristics of several widely used
atmospheric density models and have reviewed studies in which the predictions of these
mnodels hatve been compared with observational data. Trhey also assess the -relative
advantages and limitations of the models iii current use. They conclude that models
produced prior to 1970 were developed froin data bases with significant limitations.
Th'le ove~rall accur acy of the recent models is summarized as being, on the average, as
good as thi umasurements of atmlospheric density and composition. This is evidenced
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by the fact that some measurements have a mean deviation slightly higher while other
measurehients have a mean deviation slightly lower than the model calculations. We
interpret this situation as being due to systematic instrumental inaccuracies. However,
instantaneous measurements show a scatter of about a factor of two compared with the
model calculations of atmospheric parameters.

The upper atmospheric density is strongly influenced by the changing levels of
solar activity. This, in turn, directly affects the spacecraft drag and orbital lifetime.
It is the ultraviolet solar radiation that heats and causes structural clanges in the
Earth's upper atmosphere. One component of this radiation relates to the active
regions on the solar disk and varies from day to day, whereas the other component
relates to the solar disk itself and varies more slowly with the 11-year solar cycle.
Another influence on atmospheric density is due to energetic particles emitted by the
sun as evie nced in the solar wind number density and velocity. These energetic
particles are ultimately respostsible for heating the Earth's upper atmosphere. The
atmosphere reacts differently to each of these parameters aid components (NASA,
1973 and Jacehia, 1977).

The 10.7 cm solar flux is generally used as a readily available index of solar
ultraviolet radiation. It also consists of a disk component and an active region
component. When the 10.7 cm flux increases, there is an increase in the upper
atmosphere density. For a given increase in the disk component of the 10.7 cm flux,
however, the density increases much more than for the same increase in the active
region component. For all practical purposes the active region component is linearly
related to the daily 10.7 cm flux and the disk component to the 10.7 cm flux averaged
over a few solar rotations (e.g., six is used by Jacchia (1977)). The planetary
geomagnetic index is generally used as a measure of the energetic particle heating.
When the ptonigretic index varies we observe a density variation with a time hig of
about 3 to 8 hours depending upon latitude.

An error, for example, of + 30 percent in the prediction of the maximum in the
mean 10.7 cm flux during the ascending slope of the solar cycle, for a spacecraft at
approximately 400 km altitude and having a nominal predicted lifetime of approximate-
ly 20 months, produces a decrease in the lifetime of approximately 30 percent. While
this linear error relationship does not hold for all combinations of variations in solar
activity, orbital altitudes, and balliqtic factors, the example does illustrate the
importance in 'the development of either a deterministic long-term solar activity
prediction procedure or a statistical procedure with much closer confidence (error)

U: Abounds thaan now exists.

4.2 Requirements For Solar Activity Predictions

There exists a critical need for more accurate predictions of short- and long-term
solar activity to use in atmospheric density models. This vill be required not only for
the monitoring and Leurate estimation of the orbital lifetine and decay for the large
numbers of spacecraft aid "junk" now in orbit but for the more economical and
efficient estimation of future spacecraft missions, especially in the near-Earth orbital
environment. The expected future state of the upper atmosphere plays an important -

part in the decisions associated with spacecraft inssions. The critical dependence onsolar activity predictions can easily be seen by looking at the flow chart shown in

Figure 1.

That a neutral atmosphere model must be accurate is obvious. Less obvious is
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how 111C. accuracy is to beL (h Iraceri?.ea for 21 partie iabr lit!. A prrftiet ife-Serijtipii or
the lit lflhvr-i th-' idi II, but-woni kinds, of' in,:celim~o am, ueteenportant for sj;&il i'

upplicntons. A p~l-draft designer whisE reqired to provide anobi idttd

-capability for a two ye-ir lifeteime may he Altite sat isfied with t iiiodef oitpilt Iau1vinl~ the(!
correct miew an U vit it'i helvei*ied over .iwith: 01114 ej'~ ven, if the errors :sVeitiffel
over it single orbit siio (ttitc largc. On the- otlir ai,Iatreiigttin opeo or
mission Mionitor conered with spiteecraft decav withIn it few days or wei!ks -may
attach no importance at all1 to the lon-term incurl bhhvilor of the aftniophcrip if tfic
model output can asccurastely predict the short-term varia tions.

Current ticttral atmiosphore 1mottels em:ploy 111.7 4-11 fluxc tni gotlinetie iladc:<
(A or U it fi lating indicators for motdel inputs. Thme solsar-terrcstrijl -pr#!diction
re~uire"AntS to Ict most ulsor noeds aire -iein Table 1.

Titble 1. Solair-lcrrest niat predtictinii reqmiresupcits.

\llro~ m '2'vdeCin ri tical Frequen~cy
- Period ____Paraincter Accuracey Resolution of Udt

Very lot-Tormi( I mo) 1  5i 1; solar rotamtion Weekly

P5% D~ay -DifilyI 0.7
A 51y, DIIy !haily

p
ihort-Tern: (1-2 uto) I-. C, f solar rotations 'lostbly

10.7

Week .Vctehlv
t.omig-'rrm ( 3 mo) P 7  4%6 solar rotatious Quarterly

111,1, Week AMonthly
A I 0%4 Qwstatr luarterly

l.ong-term: (-z I vr) 11 0 . )0 1; solar rotaltio.% Yea:rly-

A- 101,1 Year Yearly
* P

Vcrv Lo,o. Term: (1-2 cycles) 1 0  10%11 11,sola:r rotations Start N~
Ppuk of C(ye-

111%Year Start A.-,

I'ezalc of Cycele

Nlai.l:nl;:tid Miliimui Valhes of lParz,:ctor lus Mi):tes of Marlximum and mIinmm

yi it that neut ral at mo1sphere modvk do not d o n better joh (if predicting firsit:l
Alitift den,1sitv andi iunibor donsity of the co,:qtittuents? 'A very majqr part or the
.iiiSWer lies in the inatteurasle pr'edictioins o17 shorwt- a:nd long-term solar activity andf

7 r - _ - -0comagn~etiO, index values irsed as inputs in the iocle~l. lia t of the answer also lies 3
in the %ileetion of paura ietmr to chaacltoriAb coiditioii of the orbital neutroil *tlto--A
sphere. For* vxamph.', the aimount of E~I V heait ig is rep resented 4y the 10.7 enm solar
Ilux. The 10.7 cma flux cnnot signifieantly heat thr :atimosphiere. llowcvcr, it luas
lht'CI ('stnaished thamt there~ is a reasonsible correlation be~tween the WUV flux and time
li0.7 em flux. This4 correlation is onl-, appjroximamt; miid is not1 aeIitleaitb for mocdels

he~ i-g uil accuracy. l lowe vcer, tl:t I ii.. Cmil fll-( is umeasureud roegeilirly sand hece is



readily ,iaila le. A siiilai situiationi 'xisl t wihit , ', ti lhe.,.ur,',ti, -l, .I . "(i-

h1catiitr wich is often -measured by the gt'dinsigiitic itiiIex. This ise:itiiig is relsitctl to

disturbances in the cnrth's .1nu1letic field, hut till rehtilhoiriip illso tally not he *adeltuwt.

P- for high aceuracy models.

X -The future development of neutral thermosplierie models, aezble of providing KA

more accurate predictions depends critically- on reph, ei,,g sach indices !L, tile 1O. em
flux ind A with new par:meters based mre closely oil tilt! plysie.t ,iusitities whicth:

"ffect theupper atmosphere. Such new aramieters -mist directly Mhariectrize the

IV"/EUV flux which is the primary source of energy ilto ithe thermohpliere ma11d- nus

indicate the thermosphicric hecat input inito -high latitude iegions ejaU$C±( by purtiefr
precipit:ation. "l'ie imllns to develop these new parameters is available, bt eirel_
plannling of future missions is required if acquisition of adeqiuate iunformation is.to be

The exontiUosphlerie solar UV/ELJV flux-in the ratile from 300,A to 200O1A-shoulI be-

moaitored .to-determine directly -the major thermospheric Iheatilil. The preeipitatill,-,,
prtiele flux (in titn energy range from a few haumdred eV to several keV) ean be

Mensured from low .ltitude polar orbitiing sP0lllitdes is ,i: kmne oem TIitOS-N uud

AIlSi. This will allow a1 q!:u11t itative rm.h, tionship to be e.tsliislied rlities.,tmmo-

sphieric response- to high lattitude' hcal, souirces. Finally, in o.rd14er to understand- thle
precipitation meclhnisms, sol:r wind density jind vel,,eity should Jit,- monitored by
sensors sunwmrd of tie mnc11.1etQstliere. Tih resumsI) e of the iltmo.;hiere shoulid-b
monlitored by density- :'fa ln=iil-eisr1! illsh'illm..its hIlvill;. gi ,ill or .l iioll- h
lbOtll tilil' alid spee. It should b eiuliph:sizel th:t if mzlligaou' n; interpretatioli-is*:to

he made of the resullts of these ineasurem'iuents, :a11 i;mrumeters should be mmwisu',.,l
Si- i si 1ult~lI'4It~l.

Th'e iuaeasur.eu't which i1u1st be llamle- in order to ensure si. nificant i(: proV.--
tmt':it in leutral density aid Composition miels for b ethr iprediction of satellite orbit

evolution ire summ:iui:;t'd ill Table 24 laid it is strongly reeommended by this N(;titr:al

- - Atmosphaere Subgroup tlh;at future mission plans x. madle toe emsure simult;manom,,s:l

obtiimill.g :,ll of these silmnifietmt 1 rpramneters.

Table '. Measurements required for developme'nt of sih'itfiemtiVly improved liemlral
°- ~~den'.ity ,o ':

Parllmeter to P:ra;meter loet'ation of

SI.'ll.eaured ...... C .le:isurL'etlt i -u-rL -- --

Solar UV/I' Ut 3tA-2t0- tl:A Above z 2110 kili Measure primary source of
Flux e ..ervy into the :itl tIii= •

Spre~ilpilain,. Few Ulimrdml V low earth orbit -clmsmire hi;h iltitude henti

particle flux to few keV (Polir) slurt?' litng umi eti stormiis

Solar wilid Sunward or Unvlimrst.uii l reeipitti-in

density. velocity ,itgnetosPherc uilehlinis;s -

Atmosipiri" density - 1 3l-81 kii Determine atinspllcric -

Compoitioni reslmas.; to eni:r:, inpuellts

Note-: For-uniammbiguoums understandinig. of observed phienoieuu. :ill uijmiities should- ,

measured sinultaneoisly. 
MA
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The pred~ictton reqirttilentILIls gjvel ill iTI lI. I for '.a Ill., Vill fflu' :111d Il't

Ovolillgliitic index p'l"I Il0t'~s11 bise 5$d ollI~ &,id~'~'l: .asui-TjVi'Ilees of till

ieutral- tit inosphere sibroutilehlibers ais aSt'~. Consul t lilt-; t o linst rs,;ut tttus;' i.uet

developers. S-Cientists, expe~rimenlters, zuid prdtor's of solair activity tollina(t thne.ir oa-

loe iteetiq Ior it service or rescarelt orgatizutiit eq'tet-rh13tt with tir ittere.At.-i ill

tryail. to Ituiet t iLe r jv jirei lt s iti Io1givzIt qtiht ii4 t&# wdk v *tsuwii's IiseV :serioti aart;

the tser . %Vill the r in j i i lne t: sim ply 'fittde taway W ill-to a s it i ir M.c~ a~ei~

Will the-requiremoiiis-be -radivilv retltxe'i or itistaipoin whest 4.114. ofIivi!' ~lfnait~

s;Iy$ ta-ti specific user - give us tile funds atd we'll eamalrk oni ~a jproirwam to meiet~llea:

uuluireuu~a Th? *e atii,t i4, prohably Y.'S two oi or hiott 4'j14estiouis blls h ~r'

devendls tipoi how Critietil thle requniremlet i- Its tilt j,,artit-ulzr larojeet for which) IN~e

tisse neett; the preditions, thle risks hie's wiltg to V:dw. lilt iprfljee't seltiei, rat

iffs on- these -rejuirvsnteats verstis Other ojeet -reqjinireniuists, Ili, cuanfidvince the

proosal- will prdue- results he can aipply -for thll tu'iit it of -his projeet, siillthe costs.

UThterefore, thm.%c requiroehnt tire nlSot rigorolus5 for atll tLi~se bat dt'jhitil uponi IHUIIV

fietors unique ti caichti ser anid his imm~iedite fojevit itis. For examtples maijor1

.Icis.iois, aire ma~de- onl spzaeceraift orb'ital altitusdt~ whieh -ill-pend~ oli the eurreit

imitecurate-solhar activity predictiolis. li soniit efses thlis result.% inl less haw dsral

orbital altitudes relative t. the ~i'tfctX)rlWiur5r~lC~Cis ihrII5~

Stuecess risk%,, provisions for much longer lifetimes- thai~i -needed (file it) time larrg error

tfhunds o'il the orbital :altittils 10stiliftn. for the 1hiiili'ft. mid addedtt!( costs for-spttceeraft

miutrumientut ioni, epueraut otmil capabilities and decay itt's"toring to stay tiothingi of, time

onla rasaiSitt uvhiet rce.il s whuen ilt expected smallh risk s; umeeeraft Ii fetimeueiioll

I l esiga is Sig:nificantly differvunt thun expeeted p~rior I1-l:timeli of Ithe. siewertaft. Thilu..-

Ithese rtequtireinits should hec taken ats serious candiiiats for teetunuology andl~ suiclitifiv

researet prort % poirslpby responisible' serviee amid resenareli orgoiuiz::tiola:;.

SPACECRAFL T A :PPLICtATIONS:I RC Eu 1 lINDIATIONS

S, ~The I IIowhSit Conistitutes .1 S15tlary~I;V of tilt- rtrt*.ulilt it:intlit ions eolttiil(' ilill.1

previtits Nvetin-. It i% separated fly putrtivit, typet Its vontii with htlt previoms

dicu-;on.A wmrniiui: For til operMtinuaI programa thlt cost of ohstiainimg msini/or

tiing prethietive teelitiitjues aiis lie le-ss than thIK eust uf goiog, to~ auotht r hulardwuire or
unission diguwhitch anvoids tlh' haza.:rd. -E

1. A requirement exists for a predictive techhnique which relates somle solur -o

*,eOPhys.ictal p:.ramneter (smehu AIs solar wind spcced or 1) ) to ;accelerationi of elect ro-s to

high enermies in the outer -magnietosp~here. Thew - equired outpuit is: a)- Spatial

D~istrib~utions b) Energy Spectra, and c) Flux Intensities.

2. Given :i inpul: distribuion~ (spattial, esierily spectrnum, -flux intensity) of energetic

electroms ill the outter mai~giteospliere, in model is iteeded which will- detuil the

evolutioni of tile distribution.
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3. N-inazedI ,plj)icit ioIIs r.tqire it short te'ri jIttoat itm~ of maia:1 ptie Mo~rm it ad

4. A 'lDisturlaaiee NMote' for predieta''n 44 flux duI;twaait ie to solar or

:1agiIetsOSlIrke activity is required. It should luive two' fortits: I typ~ical storma, and4 ii
niairo storma.

j,,terancdiattc term (30-60l days) atvermpgeS of fluxes at synchrwonous altitudes exists.

6. A aiottel which caIlultes the lulirdeilii, of clettrimta eaa!rtf s3)i'tra in responise toI
raipid diffusloti caused by field-line loading is des~ired.

Cretmethods take several dlays to calulaethe enit~vironmsent sid (lose -ur~

new orbit. This mnust be shortened.

8. 'rfte 1oia lead time (typically several y'ears :njumua) to ne aew akits, into it4ut

bInse for anododing purposes musLt be shortenled.

5.2 Solar F lare Protons

A**' predietive teechnique must be tdeveloped wlaitd will wearit of aiom-lomsly large

events (e.t., Augumst 197 2) Itours or days in advsance. Idenmtification of precursors is tile

2. Ali accurate prediction of solar proton events balISLS onl soltir parameters should be
develope~d. It should give order-of-nagnitude or bttetr definition of tile intensities

cui nvr-,y% spectrai. Trimin- isi of cosseern.

3. tjvell all event 011 tile suit, predict tile evoluitionl of ana event fromt solar or
interpkitnet2y p:aanieters.I

4. NMels of solIar p~roton entry inito tile uumetospht-re Whle), ugellwh, loezl-tisnle andf

ussagnietic sltoriss effects in rigridity czalculatiuouli h101( e (Cvedojhd.

5. Decterminte tile solar paramectcrs which correlate well withe the anmniml integrated
fluences of unattenatted interplanietary protons with energies above 10, .30, iad 610

%ICV, sice sunspot ittmbors do not.5. 'in[

i.A statistical inodel of tile ambient low-energy pisasinti is required, (i.e.,L

percenstages of time certain condition:% will be caencountered).

2.A three-dimensional mot-i of magnetospheric plasm:t Iistribuition is needed.

3. Verification of plasmsa drift theoriesi and uniderstanding of tile processes whichi
energize ionospheric ions and inject them into the nuagnetosphaec is required in order
to detail the evolution of the hot plasmua distribution.

4. xpne raltn aurments (iii longitude ansd altitude) are desired for

predictions for operational programs.
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S. A better understindiwy of Sub~teir'n u their plailtsm efft'ets is recciiirecl ill order
to ultimately produtce p~reicLtive teelluitles. a

is. Nlcatjreineant: of ittrplaitu-try jparia lz mgid fi-11 z'e thit ~a4l I.irt re!.t:arieh
itit( predictive tcliitictaes. I

5.4 Neutral AtmosielIr.

1. Contiattitt svitoptiv tihiserviitioiI5 of the Ottawa 10- c-it. flux igatlex iaid tilt: A
,IC0 11:::glt.tic index aure req;uired. (Details of tile fretietteav and~ ae'urz'cy of uluiliatjgf
:are -.i ven in Taible 1.

2. Ili order to develop lietter predietive itlels of thie zet::osphiere, the following

Prteipita:ting~ par.ieic fill%-: 0 Solagr witidtit-iensity and volovjty stamwurd of tji,!
n~z~::to~pi~re;1) ~tno.piieric denlsityal 4ut! 'o:::jositioll tw-tweea I 130 1111( 800( kill.

fortimlyv :ietetu1leil. it is im:ittled hiere !h:eaq tof Owe utl::siomint willh whle!: it wr

;':vdt tie teelitits in -Not:r-terrestria 1 p1 aetonuela 1H- 4t.41slilislhe, ad ma~inliliea1 by
01 :)f thei predietiin tir la iarchival sterviev mrviivjt'; (suali as4 S,2S, WIWa -A, e
AI MC).

'The rational-! heititid this rcominea~ii u i. that the 'Corpoarate Memiory' ill
-im:eeeraift eat intierink- Nei'i) to rede ill old jwro'xw;-ls- awiil cositrit specificatioils.I

-~ * ti orn:u:l -voiui ionl Of :in engiiaveeiiig tvareer is Its I ,ea-mut p~art of aauanairjCialenit ;:fti'r
a tu:atut'r of yea:rs of t v:;:n 'l-itiverii. t4l4))iU b' tii~(ilt-e 21111 So 411)

models and predictive techitittes. A new t'nginteer i ; u.stilly forcc'd to rely ong
ti*)euI-ients inheritedl fromt tho jpreviotts .)':ja-an of h~i-;' 4Iat* who laus muoved on tint] is
lit- lon! e!r 'm-enin Iramk of the mnut atus of his oreviut; position. As a. result, it is nutl
.1111:0111tottt tq. c ientotk'ls ur predietive techniques wr-itten iauto co~nrites ten or maore
ye':,rs a:fter they ha:ve beent supplanted.

IVy li::viii!- a. Viltr::Ie1tal' for tiltse teeliiitju4".-! tites C, J14. liate!st vt'ixaonl wtold
!.c r ea iv i1eatifitd by w et i users. It iiibelw tijioti te modelers,

Di;tollno etimpitr progXramus or ln~e til lmase' re(liiired b~y %ouie ttodleN vwoli'l
%,oaitmue 1- tpresent: tbroatll direet vontaiet IX'twevii lt- loser ndthe 11 aamc1..r. 11,
tilt- of sull-;In:tti:l 013101.:it's ill limuIt or lprelietiVe Itllui:3ates, SmleC ilitp.Ftid
tismnal ts*rnap (Aiul.r to Mew present wosr~shaqb or e.dau:l' ialintvri!st suientific
110die'di teoliat 1. :umk tile th'eision to abatuudnn une motidel or teeclitcae inc Suppliant it I
Wit lluollwrl ill tit(- itzulti.'
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