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| USER REQUIRENENTS OF SOLARZTERRES LRIM, PREDIC FIONS FOR
SPACECRAFT MPLICATIONS

A WORKING GROUP REPORT propared by AL 1, Vienpola, Clmisaan, Ko Altrock, W,
Atwelt, K. C. Backstrom, i, B, Garrett, 1) Hickuwom, K. 0L Johnson, N, W, Pereyastova,
1, Robbins, J. S[m\-‘-y. J. Srowt, E. Stassineposdos, S, Ten e, and W W, V:all;:lc;ill

f. INTRODUC FION

Our workine group fimited its seope o those arcas whiel zre influeneed by solar-
terrestrial coupling effvets and are internat o the cartl's mapnetosphere, . We diil not
consider, for instaned, high altitude wareralt in the polar regions (oj’x;umcd to solar
protons at times of Large flares) or missions to the woon or other plansts, althougl
they, tou, are exposed to-significant fluves of energetie solar protons follawing proton
flares. However, factors considered within the himited seope do tmve othier applications
and may address the above areas, although indicectly. “Three subgiroups were establistiid
which considered the arcas of Energetice Particles, Plasma, -and Neutral Atmosphirs,
Subsequent seetions of this report deal with the roquirements of users, the eurrivit
status of maodels and predictive techaiques, wnd future areas for researeh in each of
these categorios,  Before we go into e detailed discussions however, we shall brief Iy
dimeuss the types of users o be considered aand the typees of phetiomen involved,

1.1 Users
Users of predictive teehniques ean e classified by the immeiliney of i

requirements.  Operational programs, e, those which are currently enguged in «
mission with spucceralt (numned or wtunanned) alfeady -in orbit, have tie hl:ﬂ't‘\!

requirement for aceurate short and medium ramge predietions (24 s - 1 ve). Manned’

operations require real-time monitoring of solar parameters to deal with the possible
threat of solar proton flres and magnetic ficld paruneters to prediet Inrge scale
cnergetie electron acceeleration by major magnetic storms,  In the eveat of a flare,
predictive techniqrues must be availnble which, with high: confidence, énn detail the
evolution of particle distributions at the spacecraft for minutes to hours and perhips
days ahead, I Large space struetures at synehronous altitwde are serviced by men, the
predictive teehniques would have to extend to the evolution of the energetie particle
population in the outer magnetosphere during and followiiy: mugmetic storms.  Othir

nannied missions have similar requirements for other -purameters,  Another eluss of

missions which require real-time monitoring and short tiime predicetive m‘muqucs i$
that which inchides very low altitude satellite orbits in-which the atmospheric heating
response o solar eveals produc.u significant increases in deag.  For wrumlly every
paramcter under consideration, a mission ean be envisioned which would require Féul-
time or near-real-time monitoring of the parameter anid aceurate predictive techitiques
deseribing the temporal aundior :,p.m.xl cvolution of that purameter.

Presently, the vperations ;wnplc have limited predictive eapability.  Indeed they
are foreed to operate most often in the reaction mode and answer such questions
as: a) How fomy will a proton or plasmi event lust? b) What is the intensity of the
event? ©) What effcets will the event have on u particular system?
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Tine seeampd elass of nsers 35 (et whibel eaeoanis ses e whio eequice aodels o
pramtifistic predictions of o longer duration,  Speesceraf U hugdware dissipoers are an
exainple,  Mter amission s heen detimed, e, orbit, Buneh date and (ight durstion
are hiown, Clegineers veguite the tools to design o systess whiieh will survive and operate
in the covironment,  \n approach which uses citlier a0 worst easis speeifiention or an. .
aversge-eapeeted-caviromineat-with-safety -Guetor model is usuedly satisfacetory, I this
instanee, the reguire tent s ot really for o predictive techinigque but rather an
understivnding of the upper and lower linits which a pariineter may be expeeted to
assumie, sacrrwtosphicric radiation belt madeling is an exiumple of this approach,

N therd cateory of eer is the i sion phames, He regquires both o modeling. |
capability i nediv g to fong range predictions of solare effeets,  His selection of orbit
and mission duration are governed to some extent by the typical enviromment vhich
May e encountered, nrovided hie Knows sefficicntly well what that eavironment might
be,  His seleetion of fuunell date Gud perhaps mission duration) witl depend upon his
ability to prodict the specifie environment 10 be encamtered ot the time of launch,
Manned siissions, Tor instames, might not be inehed at o tiae when o corotatiss solar
i protos souree tesion was aetive on the sun il the mission ased sither a terrestrial polare
orbit or wire Soing bevord the magnetosphere.

pows——

1.2 Phenmnenn

A BN)

Here we can discuss only  those phenomens which we aow  boelieve to have
deleterivus effeets upon spuoceralt, theie wissions, wnt Uwir occupants, From ti:ue to
tiime pew arcas of concern are identificd, cither boecause the type of mission or arbit is
pew or o tew technology is used whieh is suseeptible to disturlunee by a prameter
whiteh was previossly thought to e either inconscgquentint of beaign, The Eatest
cunnple s the Soft Tailure® of logie elements in aicrominiatucized eloctronies,  This
will e discussed below,

LT

—

‘ . ?o ! ’\'.\'l‘.

Hy ‘dose' we refer to all phepomena in which it is the cumulative effect of
ionization within an clement (human  cell, semicomuctor junction) which causes
damage, A related effeet is the aceumulation of free charge within insulators (i.e.,
eadble dieleetries) and subsequent arecityg which produces transients within the spacceraft
cleetronics.  The periad of accumulation may be very long, as in communications
siteflites which have @ planned life expectaney of seven to ten yeurs, or very short, as
i the ease of anastronaut ot an EVA (Extra-Vehicular Activity) at i time when the
aatural environment might subject him o a skin dose rate of several hundeed to 4
thousiund rems per bour,  The speeifie case of dose considerations in manned missions is
addressed in it short contribution by Atwell (1979), Stassinopoulos (1979) and briefly-by
Johtison ot al. (1979) in these proceedings. We should point aut thet greater aceursey is
requived for caleutations ol dose for manned missions than for unimanned, since there is
fess variation in dose tolerance and the conseguencees are more eritical in man than in
components,

L2.2 Clarging.

In the presence of a ‘hot® plasma, a2 spaeceraflt can charge 16 significunt negative
potentials due 1o the mueh greater mobility of the clectrons thun the jonie constituent
of the plasma,  The resulting charge on the spacecraft can lead to a number of
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deleterious effeets, some of them potentially lethal to the hardware.  The negative
potential may cananee the aecumulation of ¢ untmninants by spnecernft surfncos
mrow h the nu.vlmus.n of oul"assmg plmtowm/ulum of the outyassed motecule, :nd:

ﬂlmctmn by the potcmnl on the spaceeraft. Thermal control surfaces, especinlly
wwnd-surmcc mirrors, optical devices and cortain sensors are p»il‘ll(.’lﬂdl‘ly vulnerable
to this type of degradation, [f the spaceeraft is in sunlight, photocinission of eleetrons
from the sunlit portions of the vehicle may neutralize the charge build-up due to the
plasma,  The sclf-shadowed portions of the vehicle, unfess they ure cleetrically
condueting and ¢onnecied to a sunlit conductor, will remain at high negative: potvnu.ll
The poteitial differenee between these differentially charyed surfaces may resull -in-un
afe which could: interfere with the operation of the vehicle or even destroy a eriticnl
comporient. An EVA at synchronous orbit could result in some rather spectacular Giid
perhaps teagic) cvents il this phenomenon is not considered in. the design -of e
spacesuit and the EVA dtself.  Perhaps real-time monitoring of clectron pitch=ungle
distributions (sce Baker ot al, 1979) will be required.to pr(-dncl the onset-of substorins
(and their injeetion/wedeleration of hot plasima. into the region of the lurge space
structuré being serviced) if the synchronous. orhit becomes populated- by structlures
serviced by man.  The charging phonomum'x is not now well understood, but the
SCATHA (\p.uccr.m Charging at High Altitude) program, with the quasi-syneliroions
spuceeralt P78-2, is now m\'o.stxg:nmg the problem both in the lab and i spacee and will
perhaps eventually provide both an understanding of the phenomenon and quantitative
models for predietive purposes.

1.2.3 Neuatral Mmosphere

A\ inmert:ant useé of maodels of the neutrad atmaosphere above 100 kn: s been i
the general arca of predietion of satellite orbit cvolution,  The apeoming demise of
Skylab has focussad publie attention on both the importaee and fimitaition of our
ability to prediet satellite drag, The cconomic coxt of  fmecurate orbit dee: l;’
predictions ean be substantial, Other mqmrx.m! uses of e models et e found in sucl
afcas as the plnning of seicitifie missions; the interpretation, reduction, and analysis
of experimnental resultss and the development of models relating Cwe nenteasl unper
atmosphere o the jonosphiere and magnetosphiere,

The MSE nodel Cledin ot ad,, 19774, 1977D) and the most recent Jacehia aodel
(Jacchin, 1977) are both capable of representing the density and -compnsition of the
thepmosphere ad cxosphere with an accuraey  anproaching that of the available
observational data, at least for time-seales of a day or more. Of these two models, e
Jaceliia madel represents the geomagnetic variation more accurately, while the MSIS
model represents the divenal variations more aceurately in the lowsr thermospliere,
Roth :uadels can be improved ig these two arcas and work is in progress (o accomplish
this.  The CIRN 1972 model (COSPAR, 1972) continucs 1o he useful in providio:g
estimates of total atmospheriv density for heishis above 200 K, However, tiis and
other oldir models Jdo not correctly represeat the strong dependence of the ooz
netie variations on geoszeaetic ktitade,

l‘un'cnl nemtral atmosphere models eefleet the available weaarements very well
ard e the ¥, -~ and A or K indices to indieate the amount of cacrysy input into tha
thermosphere. I pr cxelﬂ neubial density models are o be usad i maiting predietions,
nu‘rcfnro. there must oxist a significant abilily o prediet these fdices. Ther:s is oinly
very limited current capability in predieting tese indiees o we lave not seen aauel
promise for greatly improved prediction ability in the near futare,




1t is clear that cven with improved capability to prediet A nnd F » Substantial
model improvement must depend on utilizution of parumeters which “fiore dircetly
measure the thermospherie energy  sources,  If models which use these fmproved
parameters are to be developed it is essential to ensure that future satellite missions
simultancously measure the energy inputs and the ensuing atmospheric response, .

1.2.4 Soft Failures

The increusing use of very high density micrologic in spaceeraft systems has
introduced u new concern of solar influcnces. A relatively low energy ( = 2
vieV/nueleon) high=Z (Fe, for instance) cosmic ray has sufficient specific ionization rate
that the energy deposited in a mierojunction ean cause a change of state of the device
{2 ‘bit-flip"). In some cases, the result may be a ‘lateh-up' which destroys the device,
but usually the only result is a bit orror in the spncecraft logic. The error may be
unnoticeable in the data or may result in loss of a spaceeraft (unction. Typicnlelﬁsulm
for so:ne tested devices range from no susecptibility to ane bit flip per bit per 10 days
{cquivalent to 4 bit-crrors per hour for a megabit memory). This phenomenon is
discussed by Sivo et al. (1979) and-test results are presented by Kolasiaski et al. (1979).
A prediction eapability for solar flares rich in high-Z nuclci should be developed:to cope
with this cffeet.

1.2.5 Background/Interference

These effeets are due to the same type of interanction discussed under Dose and
Charging, but are distinguished from them in that they result in no permanent damnugte
to a system,  They merely degrade data or muke a spaeceraft subsystem temporurily
inoperable. These subsystems usually include a sensitive detector of one sort or
another. The famous star-sensor that Inst lock on Canopus every time an energetic
proton mimicked the lizht output from tiwe stae is a good example, Another is the X-ray
telescope that was swamped by background counts each time it went through thie South
Atlaatie Anomaly. Usually, sensors are designed to work in spite of these background
effcets: however, the eavironment andd variations in it inust be accurately oredicted-in
order 1o do the necessary design.

2, USER REQUIBREMENTS OF SOLAR-TERRESTRIAL PREDICTIONS
FOIt APACECRAFT APPLICATIONS: ENERGETIC PARTICLES

Preparcd by the Energetie Particles Subgroup: A. L. Vampola, Chair nan, W. Atwell, R,
. Backstrom, R. G, Johmson, N. U, Pcrevasiova, 1. Robbins, J. 3rogs, E.
Stassinonoules, and M. Teae

Ia this seetion we consider all partiecles which produce deleterious effeets through
ener:zy depasition.  In genc-al, clectrons below 50 keV and protons helow 100 keV arc
not in this entezory, However, for ecrtain applieations, these encegzies are sufficient to
eause dircet dainas; in those instances, we include thein in our discussion of predietive
tochaibques,  Vodeling is considered one form of prediction nidd will be treated as such,

we shalt subsdividde the enersetic partiele discussion into eateyories based on two
distinet parametors: Physienl location and particle energv/type. The requirements for
prodictive teohnigques sand tae state of the art differ markedly for the inner mugmeto-
sphere, e ouler neactosphere, low polar orbit, interplinetary trajectlories, and
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planctary encounters. Low polar orbit and imterplanctaey trajectories sture.ai eammaon
concern for solur proton flux predictions.  We Wi ot addeess planetary encosnters,
Hasically, particles will. be divided up inteo cleetrons and protons (. other jonsk
cucr;’:ics will be low (up to 500 keV for electrons and H eV for protoms), medinm (1o 2
eV for electrons and 50 AleV for protons) e high {everything above modiun), We
will also consider purticle origin and transport s needed,

2.1 Mapnctospherice Zone
2.1.1 Imer Zone

For our purposes we shall consider the inner zone to be all altitudes and batitydes
below 132 (L is Mellwain's parameter and in 2 dipole field corresponds to the radial
distanee from the center of the carth to the equutorial crossing of a given ficld line.
Units are in earth radii,) The eficets which are important in this region arc dose
offects o man aad components, background effeets in sensors, and. transient upsets in
logie duc to high-7Z cveats as diseussed in the introduction,  If we initially limit our
discussion to low inelination orbits, we don't hmve to consider solur and galaetic cosmic
rays,  Preseatly, there is o kunowledge of significant fluxes of high-Z nuclei with
encrgics in the MeV per nueleon range in the inner zone, For palir orbits, we will hmve
to consider these partieles.

The predietion of particle fluxes in the inner zone is in execllent shape with the
raciiation molels issucd by the National Space Science Data Center (see the review by
vette et al, 1979). The modeling of energetie protons in the her zone up o hundreds
of MeV has progressed (o the poiat that the prediction is probubly as reliable as any

given single measurement of the flux. At the lower altitudes { < 1000 km) the fatest
models include solar-cyele ceifeets.  The prediction of dose due to energetic protons
under thick shickls is certainly better than a faetor of two s is probubly within the
25% range for reasonably long duration missions,  The low enerpry proton population
{+ 3 MeV) is subject to sipnificant temporal variations but the camulative effeets from
this portion of the particle environment are small compared to those from the higher
energy population.  To summarize the state of predictive capability in the inner zone
proton population, the models are adequate for all present missions and may be
presumied to be correet unless new reliable data are obtained to the contrary. The
weakest aren of knowledge is the regime covering the energy range above a few
hundred MeV,  Speetra, piteh-angle distributions, and flux intensities could be used in
sensor design and background estimation if they beeame uvailable. llowever, we know

of no present or future mission for which such information would provide primary design
criterin.

In the inner zone, the clectron modeling situution is also excellent. Fluxes above
1 MeV are sufficicatly low at all times that for most purposes they can be ignored.
Substantial fluxes of lower energy electrons are subject to significant variations only on
time periods commensurate with the solar cycle, At times of very large magnetic
storms, a small fraction of the energetic outer zone flux suceecds in diffusing through
the slot region.  Eleetrons with energies up to 1.5 MeV have been traced in to as fur as
L=1.55. But the contribution of these particles to the total dose in inner-zone orbits is
negligible. They can constitute a significant inerease in background for some sensor
systems. Prediction of such events would be useful but preseatly is not essenlial. Any
predietive technique would probably require as inputs a knowledge of the energetie
clectron population in the outer zone and a detail2d knowledge of the behavior of the
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carth's magnetie freld during the du Tusion poegiod (Sinee it s }!w fuu!:u(elif: lu:&n!vioi' .Uin}
is Jrivitgg the diffsion).  ihe outer zone cleetron popalition is itsell . respoiit 10
carlicr magnetie ficld behavior, P sdictive leehnigues which are required to provide i
hnowlegre of the vuter zone clectron Tlax will be disewssed Tater, AL our présent state
of kunowledre of interactions between the solar wind nd the magmetosphere, it s
unlihely that we will be able to prediet, in the foreseeabts Tuture, geomagnetic activily
with sﬁt’ficicut acceuracy o ciable o predietion of ciersetie cleetron eansport into thie
tnner zone,  (The above statement is partially bised on o ewrrent ek of g detailed
cordderatanding of loss processes in the slot region) 1t stiouded be pointed out that nuturat
saitrees of electrats with energics atwwve 1 MoV would supply orders of magnitude le:
thun in the anner zone than was injeeted by the Staclish nuetear event,  Spaeceraft awd
sensors woere designed to be operable in the remtints of that injection during the mid-
Sixties and could aggin be made so,

To summarize for the imer-zone orbits: Moedels are curvently sdequate and
comstitute all of the predictive teebniques currently required. A better understanding
ot marticle transport through the slot cegion into the inner zone would, in special cascs,
be aseful, providing that the outer zone cleetron population were known at the same
tume, This indicates a need for cither a sophisticated predietion sehetne for outer zone
clectron aceeleration and transport or a real-time monitoring System. The wtitity of
the diata for inner-zone prposes does mot warrmnt e expenditure necessacy to uhitain
it. (Fhere are steong reasons for obtainigg e data for outer zone wissions; henee, the
Lata may be available cssentially *frec)

DY Low \titade Polae

For polur orbits, all of the above considerations apply, since i satellite in low
polar orbit spends about A0 of its time in the inner zone, 1t also spends about 25 of
the time in the outer zone and 35 in polar regions.  This could be considered a
‘composite’ ordit which ineludes aspecets of the inner zone, the outer zone, und
mterplanctary mtissions,  The ackditional requirements for this orbit can be obtained
fram the follow iy seetions which address the onter zone and interplnctary missions.

2.1.3 Quter Zone

The situation in the ouler zone is much wove complex than in the inner zone, The
principal reason is that it is much more dynumie,  The cleetron component has a
vebliatively short residence time in the magnetosphiere {deeay times of the order of u few
to tens of duys) but the source activity has comuiensurate time periods, Sources may
be particles injected from the tail coupled with eadial-diffuxion us an accelerator or in-
sitig aeceleration by nen-adiabatic -means.  Energetie eleetrons in the inner region of the.
outer magnetosphere can change by orders of magnitude in flux level over periods of
less than o day.  (See Vette et al, 1979)  The situation with regard to protons is
somewhat better.

From the point of view of the user, the primury arcas of interest are the
variability of the cuergetic electron fluxes and the sceess of solur protons. Solur
protons do not constitute a significant portion of tlwe dose to u spaceeraft for a long
term nussion exceept for interplnctary missions.  However, for short periods, they cun
constitute a sizeable portion of the dose-rute. ‘The predictive eapability which is
ieeded in this area is the following:  Given a solar- flare on-the sun, prediet the fluence
and speetrum as a function of time and 1, within the maygmetosphere. A desired gonl is
" the eapability to prediet the flare, itself, from the features on the sun and the swi's -
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immediate past behavior.  Both of these predictive eapabilities may still lie far in the
future. However, an immediate goal should be to obtain sufficient understanding of the
physics of the entry process to be able to perferm the first stated prediction onee n
moeasurcment of the proton flux has been made in interplanetary space between the
carth :ind the sun. At the present time, even this capubility does not exist, Our present
knowledge extends only to entry into the polar caps and entry to the synclironous
altitude. Even that capability is uneertain, )

To obtain the physical understanding, we need more annlysis of the data that has
been obtained which can uddress the topic (such as the Explorer 45 data base) and we
nced a properly instrumented satellite which covers the L range from 3 or 3.5 to at
least 8. " Piteh angle distribution data are required in order to determine the off-
oquatorial progression for solar proton flux injections.

2.2 The itequircients for Modeling and Prediction of Geomagnetice Storms

The importanee of temporal variations in the trapped cleetron population in the
stot and outer zone revions is qualitatively well known,  In assessing the quulitative
consequences of this on the modeling, forecasting, and user communitics, itis
important o be as restrictive as possible by foeusing on user requircments- in order-to
avoid utmecessary activity in the modeling and foreeasting fields, It is now recopnized
that there are regions of the padintion zones in which the time seale of temporal

ariations is of the sauie order as the mission duration,  As a resull, missions which
aceumulate a significant flux contribution from these regions are not well scrved by the
present generation of trapped eleetron models which contain time averayred representis-
tions of the particle population. In this role we focus on twa sample missions in this
eatogory (noting that others exist) for which the requirements on the modeling and
foreeasting communities are radieally different, partly on pragmatic grounds atl purtly
as a result of differing user needs.  The first is the porinal mission analysis activily
several vears before launeh, whieh is performed to prediet the radiation environment.

The sceond is EVA activily performed in association with aam's presence at synehronous
altitude,

In the {irst case, missions spending sigmificant time in the L region of 3 1o 5 may
encounter an average {lux over a 3-6 wmonth period different by a faetor of 4 or 5 from
the fux redicted by a mode! developed with the current techuique of time averaging
e ditta.  The occeurrencee or lnek of a storm cvent and the event size are the deciding
factors . All that is positively known ut the present time is that the mission has heen
shielded for « situation that is cither unduly pessimistic or optimistie.  The solution is
to account for the offcets of individual cvents, Bul to what extent? It is elear from
the working group sessions that it is impractical to try lo prediet the occwrence of o
single event in a given 3-6 sonth period with a lead time of years, 1t is questionable
whether this can cven be done mcaningfully (i.e. quantitatively) with a Jead time .of
hours (Higbic ot al. 1979), henee for the long-term planners: the question of predietion
may be moot.  This, however, does not mean that design shoukl oceur with respeet o g
wourst ease situation,  As a realistic objeetive it should be possibie to achieve two
sitautions: 1) given rapid aceess o a ground based wingnetie index (Dst?) to infer tie
peak storm flux to within a factor of 2-3 at any given I, and the time of oceurrence of
the peak flux, and 2) by modeling the depletion phase oi the storm to develop the time
history of the flux at the satellite, “itis may be practical without an overwhelming
modeling aetivity; however, does it have value to the mission planer? In soane respects
the answer may e no. The mission planner nyn;z_v require a model which can provide the
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probability of occurrencee of an event of yriven size in the mission period {not necessarily
an casy task for modelers because of the number of ohservations - presently 7-10) nnd
the event integrated flux resulting from the cvent. No per event prediction is involved
per se. In some respeets the answer to the question mny be yes, If the above nomingd
radiation cavironment is assessed the nominal lifetime could be predictively upduted in
the cvent that a magnectic storm oceurs; i.e., onc could predict the demise of the
mission. This implics a more rapid response from the modelers or the model users than
presently exists. Further the value of this prediction to a militury application is
questionuble unless a rapid lnunch capability exists.

In the second application, EVA activity at synchronous altitude, the rolc--of
prediction is a little clearer. The presegt gencration of time-averaged models
indicates that an EVA netivity with .2 ginfem™ Al shiclding (equivalent of the avernge
spuce suit) reaches the currently valid mission eadintion limit for a 90-day skin dose of
105 REM (about 81 rads Al) after only 1.35 hours of cumulative cxposure. At the same
time it is known that several orders of magnitude excursions of the flux occur around
the average. The implications of a positive excursion are severe. ‘The corollury is that
the negative excursions, which persist for periods sufficient for individual -EVA activity,
have great potential. For this application ideally one needs to prediet the onset -and
duration of a quict period with sufficient lead time for scheduling EVA aectivity.
Predicting the onsct is practical and involves the definition of the depletion.phase of u
previously occurring storm. Predicétion of duration may not be feusible explicitly.
However, the working group on encrgetic particles has investigated the short-term
prediction of the onsct of a storm. If this is feasible, the appropriate question is the
lead time of the prediction and the relationship to the time required for the EVA
operator to reach shelter, Note that the prediction of the magnitude of the potentinl
cvent is relatively unimportant sinee shelter must be sought irrespectively.  However,
the magnitude of the cvent would relate to the prediction of the onset of a quiet period.
For Laryre solar arrays several km in diineasion the transit time to reach shelter-may be
several hours. Prediction of onset with this much lead time seews to be difficult. For
large structures, transporters more heavily shiclded than suits muy be required to
circumvent the problem.

The above applications relate to total dose. For rate dependent problems it may
be possible to provide sufficicnt prediction time to influcnce operational scheduling in.a
moenningful way. As with the EVA activity, prediction of onset of a certain rate may
not be possible with sufficient lead time for schoeduling.  However, a sufficient
prediction of the time for the flux to return to a eate commensurate with equipment
operation could be provided.

Almost ail of the applications discussed nbove 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-cvent {lux capability are on-line on a computer with close operational links-to
both the mission projcet offices and the organizations generating the parametess (o be
uscd for prediction.

Again, almost all of the above upplications 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 forma by most users although a local time variation .is
available. The shiclding community should investigate the use of the various L
parameters including external magnetic ficld effects as a incthod of ordering particle
data in the outer zone, climinating the need for a local time variable. An additional
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that this general point has application to eosyhehranos EVA ""“V“Y ites, witlodnghs
the satellite local time dverages on a daily basis, the EVA nelivity of Scﬁ'(}ﬁ,Ll_n’ ! <
duration may have a significant loeal time bias.

benefit would be a parameter simplificntion of the models in & spnting seise, Itis notéd”

2.3 Iergetic Solar Flare Proton Prediotions

The integrated flux during the first four days after thne Augrast 1972 solar proton
event excecded the previons §1-year eyele intigrasted . . 1o order to iinprove on the
ability to prediet the occurrence of these anomalously large (AL) évcﬂ!s.;it“__”jd"ggr,
udvantageous to investigate whether their occurrence correliites to nny solsr parsmeter
or other observable solar phenomenon or cvent, and whethier relinble  pro curs
comditions can be cstablished, of the order of hours=to=ikiys, 1o be used for predic. ive
purposes of AL cvents, ’

The caleulation of -event integrated ennual totals of ‘unaitenunted, interplanctary
solar flare proton fluxes at § AU for cnergics greater thasi 10, 30, and 60 McY, from
measurements obtained by ‘the IMP serics of satellites, demonsteated that these annunl
totals do not correlate well with sunspot sumbers, It may be useful 10 investigate
whether the actual occirence of solar flare protons at 1 AU may be more reliably and
accurately -correlated to some solur paranicler or phenoiicnon ofher then sunspot
numbers,

Finally, penciration of solar flare particles into the maginetosphiore needs o e
considered. in view of the followig fuets:  a) oenl time vatiations of geomaetic
culoff Latitude are about 3-3 devrees, aind b) stoem offeets ean elaige tese Bititudes
by up to about 2-1 degrecs,  These two variations ape mdditive,  Rigielity and
geommmetic  shiclding  evaluntions  shoubd  Gake Uwse  wnrintions inlo  secount,
Prelimimary estimates: indieat.: that very sipnific:ait differenecs i exposure values may
result from this inprovement,

2.4 Tine Variations

For purposes of long-rance mission planning (e, variable crew station petiods,
ete.), it may be useful to know whether o significant { = factor of 3) variation in the.
cavironmoent of critical duration {critical = 30 to 69 day duration or periodicity) enn be
established, in order to bring crew sebedules into phase with phenomaenn,

This is presently not pesible sinee these variations, which may be Laryre, appear to
be stochastie. However, correlation with, for instunce, fast solsr slreams mny provide

a mechanism for predictions,  Pecay is an important factar, Sigmificant work is
resairest in this aren,

3. USER ZEQUIREMENTS OF SOLAR-TERRESTRIAL PREDICTIONS
FOR SPACECRAFT APPLICATIONS: PLASMA

Prepared by the Plasmn Sulgzroupe 11 B. Garrett, Clmirasn, 3, Seaga, amd A, Vampala.

. In the last fow years an increasing cmplussis hns boen placed on interaction
between the low encrgy (10 oV - 100 keV) desr-carth plasma cavironneal and ace.

systears, In paralle] with this growth in cngleesis hns oo n nced for prodictions of e
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low energy plasma, A diseussed in the review by Gaperett (1979) these prediotions.are
necessary beeause of the effects of o number of internetions, ‘The Plasmn Subgroup has
attempted to summarize these interactions and identifly the idealized parameters
needed to understand and prediet these internetions,

3.1 Rasis of Requirenents

The number of known interaction mechanisms between the low-energy plasima
environment and space systems has steadily grown, Ranging from the effeets of static
charge buildup on satellites to the effeets of argon heams on the plasmasphere, these
interactions all have in common the necessity of knowing the distribution funetion of
the ambient environment and bow it evolves in time. The plasma subgroup has reduccd
the many interactions down to two primary types of effeets. The primary effeets and
the speeific aspeets of the distribution funetion required are as follows:

1. Spacceraft charging - the process of charge buildup on spacecraft is not
completely understood (speeifically the arcing process and the plasma environment are
not prodictable at all),  As a result, detailed knowledge of the distribution funetions and
composition as functions of time and position should be nequired until the eritical
paramoters are identified.  As discussed in Guerett (1979) and Garrett et al. (1979),
however, the charging models at present require only the cleetron and jon currents and
cleetron temperature, These quantitios can be estimated cither by statistical tables or
by A . ‘The detailed models of the environment will be required if any improvements
are tO be realized over these prosem models. 1t should be emphasized that in addition
to the need to model the targe seale plasma distributions within the magnctosphere, it
is also essential to undu\lund und to model the smaller seale eharacteristies of the hot
plasmas (Jolmson ot al,, 1977). For example, the charge distribution on a spuceeraft
could be greatly influenced by the highly anisotropie ficld=alizned eloetron and ion
fluses frequently observed o a plasma feature at geosynehronous altitude (Meltwain,
1973 and at lower altitudes over a wide range of L-sticlls and locud times (Johnson et
al,, 1997)  Also, the ionospherie components (O and 1) which are sometimoes
dominant in the hot plasmas ean be highly structured spatially and/or teaiporarity (Geiss
ot al, 1979,

2, Contaminants - calculation of the deposition of jonized contaminants on
spacecraft requires Knowledge of the ambient particle distribution to determine not
only the charging on satellite surfaces to which contaminants ure attracted, but also
the rate of ionization (Cauffman, 1973). ‘the related problem of contaminant cloud
propagation in the plasmasphere and magnetosphere (Chiu et al,, 1979) requires detaited
knowledge of the ambient population and, in order to estimate the evolution of the
contaminants, the eleetrie and maghetie fields - parameters dependent on geomagnetic
uetivity,

The user groups can likewise be divided into two basie groups, The first group
consists of the designers who are primarily interested in the specifieation of the spuce
environment, Not unly arc they interested in specifying the geophysical environment
before building a system in order to proteet it from the above effeets, but, as is often
the case, ut»o the speeification of the environment for the purpose of investigating
anomalies resulting from them, ‘The sccond group is composed of forecasters - those
who must prediet when the anomalies may oceur, ‘This latter group is interested in two
time periods. TFirst, there is long-term prediction of 3 years or more for mission
planning, and sccond, there are short -term (24 hour to 1 year) predictions. This last
group is of most concern to this conférénce. Specific questions to be answered
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¢t e: a) Mow long will the plasma cvent lust? b) What are the characteristics
(composition, energy, and angular distributions, etc.) of the event? c¢) What effects
wi') the event have on a particular system?

3.2 Requirements

From the preccding descriptions of interaetion phenoinena and of the user groups
and required time scales, we believe it is evident the plasma distribution function and
its ovolution in time (or cquivalently the cleetrie 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) cstimates of the environment and/or detailed statistical models
of the plasma distribution function in terms of predictable parameters such as A, Itis
to this end this subgroup recommends current efforts be directed. Our stite of
knowledge in these areas is evaluated in the other working group reports,

4. USER REQUIREMENTS OF SOLAR-TERRESTRIAL PREDICTIONS FOR
SPACECRAFT APPLICATIONS: NEUTRAL ATMOSPUHERE

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

Orbital altitude total density and constitucnt number density variations are a
dircet function of the short- and long-term fluctuations in solar activity, ‘Thesc
variations are due to the heating of the Earth's upper atmosphere by solar radiation and
energetic purtieles. The importance of these variations is found in the requirement for
orbital performance capabilities which will insure design lifetime, definition of orbital
dynamies for nonspherical spacecraft, assessment of lifetime potential for spacecraft in
orbit, and seientifie experiments, Estimates of short- and long-term solar activity
levels are eritical inputs to these caleulations,

4.1 Basis of Requivement

While there is a varicty of users for neutral atimosphere models, we belicve 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 ost spacecraft orbital lifetime prediction
models to estimate the decay history and the lifetime of a near-Earth orbiting
spacecraft perturbed by atmospherie drag. For most near-Earth orbits with. small
cecentricity, the perturbations due to other forces (i.e., solar-lunar gravity perturba~
tions, sclar radiation pressure, and electromagnetic effects) are overshadowed by the
effects caused by uncertainties in the calculation of atmospheric drag. 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
orbita! elements which deseribe the complete motion of a spacecraft about an oblaie




Earth to include numerically the drag effect due to a rotating atmosphere. The -
program is designed to estimate, with reasonuble accuracy, the orbital decay history .
and the orbital lifetimes efficiently and quickly. Figure 1 illustrates the prineipal

inputs and components of a spaceeralt orbital lifetime and decay prediction procedure,
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Fig. 1. Solar Predictions and Spacecraft Orbital Lifetime

A major difficulty in predicting orbital lifetimes arises beeause the future
characteristics of the atmospheric density are not deterministically known, This mukes
it necessary to specify orbital lifetimes in a probubilistic manner., Comparisons of
predicted spacecraflt decay versus actual observed decay reveal deviations which can be
attributed to an inadeguate deterministic atmospherie model, noisy tracking data, or
deviations in the stochastic variables associated with the lifetime prediction problem
(i.e., ballistic coefficient, solar flux, and geomagnctic activity), The ballistic
cocfficient is a function of the spacecraft mass, drag coefficient, and effective cross
scetion area. It is observed to vary with the spacecraft orientation and flight region.
In addition, predictions of the solar flux and geoinagnetic activity values, over either
short or long periods of time, are available only in terms of statistical predictions with
significant uncertaintics.

Straus and Hickman (1979) describe the eharacteristics of several widely used
atmospherie density models and have reviewed studies in which the predictions of these
models have been compared with observational data.  ‘They also assess the relative ’
advantages and limitations of the models in current use. They conclude that models
produced prior to 1970 were developed {rom data bases with significant limitations.
The overall accuracy of the recent models is summarized as being, on the average, as
rood as the measurcments of atmospherie density and composition, This is evidenced
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by the fact that some measurements have a inean deviation slightly higher while other
measureinents have a mean deviation shghtly lower than the model calculations., We
interpret this situation as being due to systematic instrumental inaccuracies. However,
instantancous measurements show a seatter of about a factor of two comparcd with the
model caleulations of atmospherie parameters,

The upper atmospheric density is strongly influenced by the changing levels of
solar activity. This, in turn, direetly affcets the spacecraft drag and orbital lifetime.
It is the ultraviolet solar radiation thut heats and causes struetural changes 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 eyele,
Another influence on atmospherie density is due to energetice particles emitted by the
sun as evicneed in the solar wind number density and velocity, ‘These energetic
particles are ultimately respousible for heating the Earth's upper atmosphere. The
atmosphere reacts differently to each of these parameters and components (NASA,
1973 and Jacchia, 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 em flux mcreases, there is an increase in the upper
atmosphere density, For a given inerease in the disk component of the 10.7 em flux,
however, the density inereases 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 em flux and the disk component to the 10.7 em 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 energetie particle heating.
Whea the oomu;vncuc index varies we observe a density varmtmn with a tiine lag of
about 3 to 8 hours depending upon latitude,

An crror, for example, of + 30 percent in the prediction of the maximum in the
mean 10.7 em flux during the ascending slope of the solar cyele, for a spacecraft at
approximately 400 km altitude and havmg 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
aclivity, orbital altitudes, and ballistic factors, the example does illustrate the
importance in ‘the development of cither a deterministie long-termn solar activity
prediction procedurc or a statistical proecdure with much ecloser confidence (error)
bounds than now exists.

4.2 Requirements For Solar Activity Predictions

There exists a eritical need for more accurate predictions of short- and long-term
solar activity to use in atmospherie density models. This will be required.not only for
the monitoring and wceurate estimation of the orbital lifetime and decay for the large
numbers of spacecruft mid "junk" now in orbit but for the more economieal and
efficient estimation of future spaceeraft 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 spaceeraft iissions. The critical dependenee on
solar activity predictions can easily be scen by looking at the flow chart shown in
Figure 1,

That a neutral atmosphere ‘model must be accurate is obvious. Less obvious is
(3
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how thé accuracy is to be characterized for u particular use. A perfeet dnsm‘:puon of
the atmospherd:is e ideal, butsome kinds of inaccuraeics are untinportant for specific
upplications. A spicecraft designer who is required to provide afi ofbital altitude
capability for a two yeur lifetime may be quite satisficd with a model output having the
correct mean value when averagoed over aomont!i's time span even if the errors uvmuuvd
over smglc orbit are quite large. On the other hand, a tracking station operator or
mission monitor concerned with spacceraft deeay within a few days or weiks 1uy
attach no importance at all to the long-term mean beluvior of the atmosphere if the
mode! output can accurately prediet the short-term variations,

Current neuteal atmosphore models employ 1.7 @ flux and geomapgnetie index
or k) as heating indieators for maodel mpuh The solar-terrestrial prediction.
x‘o&mrcm}-’nh to meet most user needs are given in Table 1,

Table 1. Solar-Terrestrial prediction requirements,

\pproximatePredietion Critical Frequeney
Period Paraineter  Aceuracy Resolution of Update

. 1 i e — e v o i p —

Peak of Cyele

*
Maxiomea and AMinimum Valbies of Parametor Plus Dates of Maximum and Minimumn
Oecurrencee

Why is it that neatial atmosphere maodels do not do a hetter job of predicting orbital
altitude density and number density of the constituents? - A very major purt of the
answor lies in the inaceurate prodwmm.a of short- and long-tern solar aetivity and
Jeomagmetie index values used as inputs in the models, Part of the answer also lies
in the seleetion of para neters to cliaractorize conditions of the orbital neutral utmo-
sphere, For exa 'nph‘, the amount of EUV heating is represented by the 10.7 cin solar
flus.  The 10.7 em flux cannot signifieantly heat the atmosphere,  lowever, it has
been established that there is a reasonable correlation between the EUV flux and the
HLT ew flux,  This corrclation is only approximats and is not adequate for wmodels
vielding high aceuracy, However, the 10,7 em flug is measured eegulaly and henee is

1

Very Short-Term (- 1 mo) l-“ 0.7 3% 6 solar rotations Weekly
FN.? HRY Day Duily
A p 5% Day Daily
Short=Term (1-2 mo) 2’”)..‘. % b solar rotations Monthly
F 10.5 HE Dy Weaitly
:\'p 5% Week Weokly
Long-Term ( > 3 mo) FH).’I 0% 6 solar rotations Quarterly
¥ 10.7 1% Week Monthly
.-\l 3 10°% Quarter Quarterly
Long-term (2 1 vr) r 10.7 10% 6 solar rotations Yearly-
. .-\—p 10% Yenr Yearly
Very Lomr Term (1-2 eyeles) ¥ 10.7 107% 0 solar rotations  Start X
Penk of Cycle-
-\p 1 Yeur Start &
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readily available. A similar situation exists with respeet 1o the encrgetic particle
heating wiieh is often ‘measured Ly the gebmagnetic inde. This heating is related 1o
disturbunces in the carth's magnetic field, but the relutionship nlso may not be adequnte
for high.accuracy models,

The future development of neutral thermospherie models cupuble of providing -

more accurate predictions depends critieally on replacing such indices as, the 10.7. cm

flux and A_ with new parameters based more closely on the physical quantities which:

affeet the fupper atmosphere.  Such new parameters ‘nust directly charneterize -the

UV/EUV flux which is the primary source of cnergy into the thermosphere: and. must

indicate the thermospherie heat input into -high latitude reggions caused by particle
peecipitation.  The means to develop these new parameters is availuble, but curcful
planning of future missions is required il acquisition of adequate information is.to be
ensured.

O (g B

The exontmospherie solar UV/EUV [lux.in the range from 300A to 2000A-should be-
monitored to-determine dircetly -the major thermospherie heating.,  The precipitating
purticle flux (in an cnergy range from i few hmdred eV to several keV) cean be
measured from low altitude polar orbiting satellites as is beingg done on TIROS-N . and
PAISP.  This will allow a- quantitative relationship to be established rg:):dim:uulmc)—
spherie response o high latitude heat sources,  Finally, .in-arder to understand. the
preeipitation mechanisms, solar wind density and veloeity should be- monitored by
sensors sumward of the magnctosphere.  The response of the atmosphere, should:ihe
monitored by density- and composition-measuring instruments havime ;soorl_ resotution -in
both time and space. 1t should be emphasized that if unambiguous interpretation-is-to
pe made of the results ol these measurcments, all purnmeters should be measured
simultancously.

The measarcn.ents which must be nmude in order to ensure significant improve-
meat in neatral density and composition maodels for better prediction of sutellite orbit
cvolution are summarized in Table 2 and it is strongly recommended by this Neutral
Atmosphere Subgroup that future mission plans be made to ensure simultaneousty
obtaining all of these sigrnilicant parineters, '

Table 2. Measurements required for development of signifienntly improved acutral
density anodels

Parameter to Parameter Location of

bemeaswred  Range  Measurement | Purpose

o o

Solar UV/EUF 300A-2000A Above =200 km Measure primary source of

Flux enoerey into the atinosphere
Precipitating Foew lundead eV Low carthorbit  Measure higgh Lititude hieat

particle flux to few keV (Polar) souree during magmetie storms
Sofar wind S Sunward of Understand precipitation
density, velocity magnetosphere meehisms '
Atmosphérie deasity —- > 130-800-km Determine atmospherie -
composition response o encrgy- inputs-

Note: l"pr‘un:uubiguous understanding of observed phenomena, all quantitios shouldibe -
nicasured simultancously. = :
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4.3 Coneludimg Remarke

The prediction requirements given in Table 1 for ol HLT em flux :c_m! pl:uw(m‘_\' - P
geomagnetic index parameters are based on (irst Bzt hnowedee and experienees of tee .
neutral atmosphere subgroup-metbers as users, consult nts 1o users, atmosplicrie nodel B
developers, seicntists, experimenters, and predietors of solar activity to-meet their own-: .

usor poeds.  For a service or research organizution eoncerned with or interestod in
trying (o miset these-fequirements o Jogriedi! question Lo ask coneerns bow Seriols are
the users. Will the requirements simply fute away when o speeifie user is chublengad?
Will thesrequiremnts be radically: relaxed or disappear when ene of thes: organizations.
says o-n speeifie user - give us the funds and we'll emdark ona progeam to meet.these
requirements?  The answes is probably yos tu-one or hoth questions but the dejrec
depetds upon how eritical the requirement i to the pureticalar projecet for which the
user needs the predictions, the risks he's willimg to Cike, the projeet’s schedule, teade-
oaffs on- these requirements versus other projeet -requirenients, his eonfidence the
proposal will praduce results he can apply for the benefit of his project, und the costs,

Therefore, these requirements are not riggorous for all users but depend upon many
factors unique to cnch user and his immodiite project necds,  For exumple, major
Jecisions dre made- on- spucceraft orbital altitudes which depend on the current’
mnecurate-solir activity predictions: In some chses this results in less than desirable
orbital altitudes relative to the seientific-experimenter's reqgriréments; ligher-mission
suceess risks, provisions for much longer lifetimes - thun needad due to the large eiror
bounds on the orbital altitudes estimates for tie mission, ind added costs for-spacecraft
mstrumentation, cperational capabilities and decay- monitoring to say nothing of the
cibarrassient which results when an expeeted small risk spaceeraft lifetime nission
design is significantly different than expected prior (o launeh of the spaceeraft, T .
these pequirements should be taken as serious candidates for technology and scientifie .
researel program sponsorship=by responsible seevice and research erganizations,

5. USER REQUINEYMENTS OF SOLAR-TERRESTRIAL PREDICTIONS FOR
SPACECRAFT APPLICATIONS: RECOMMENDATIONS

The following constitutes a summary of the recommendntions contained i Une
proevious seetions, U is separated by particle type to confortm witin the previous
discussions. A warning: For oan operational nrogram, the cost of obitaining und/ur
usiyg predictive teehniques must tie less than the cost of woitys to another hardwiire or
mission Jdesisn which avoids the hazard.

5.0 Encrgetic Particles

1. A requircment cxists for a predietive teehnique which relates some solar off
geophysical parameter (such as soldr wind speed or D ) to aceeleration of cleetrons to
high cnergics in the outer amagnetosphere. The “required output is:  a). Spatiul
Distribution, b) Encrgy Speetra, and ¢) Flux Intensities,

7. Given aninput distribution (spatial; energy speetrum, flux.intensity) of cnergetic
cleetrons in the outer magnetosphere, n model is nceded which will -detuil the
evolution of the distribution.
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3. Mmnned applications require a short tevin predietion of mminetie storms and
) substorms, Particle acceleration and plasma injestion are both major coneerns,

4. A 'bisturbance Model' for prediction of flux colimeements due to solar or
; mugnctospherie activity is required. 18 should lave two forams: a typical storm, und u
’ maero storu.

5. A requirement for synoptic measurements of solar wind parameters to prediet
intermediate term (30-60 days) averages of fluxes at synchronous altitudes exists,

6. A model which caleulates the hardening of cleetron energy speetra in response to
rapid dif fusion caused by field-line loading is desired.

2. Current methods take several days to esleuliute the environment and dose for-u
new orbit. This must be shortened,

8. The long fead time (typically several years minimum) to get new data into a data
base for modeling purposes inust be shortened.

5.2 Soluar Flare Protons
1. A predictive teehnique must be developed which will warn of anomalously large

events (.., August 1972) hours or days in advance. Identification of precursors is the
most probable method.

> 2, An accurate prediction of solar proton events bascd on solar parameters should be
developed. 1t should give order-of-magnitude or better definition of the intensities
and energy speetra. Timing is of concern.

3. tiven an event on the sun, predict the evolution of an cevent from solar or
interplanctary parameters,

4. Models of solar proton entry into the magnetosphere which include locat-time und
magnetie storm effeets in pigidity caleulations should be developed,

5. Determine the solar parameters which correlate well with the annual integrated
flucnees of unattenuated interplanctary protons with encrgics above 10, 20, and 60
MeV, sinee sunspot numbers do not.

5.3 Plasma

1. A statistical model of the ambient low-energy plusma is required, (i.c.,
pereentages of time certain conditions will e encountered),

2, A three-dimensional model of magnetospherie plasma distribution is needed.

3. Verification of plasma drift theories and understanding of the processes which
energize ionospheric ions and injeet them into the magnetosphere is required in order
. to detail the evolution of the hot plasma distribution.

4. Expanded real-time measurements (in longitude and altitude) are desired for
. predictions for operational programs.
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5. A better understanding of substorms andd their plasmn effeets is required in order
to ultimately produce predictive teehniques,

. Measurements of interplanctary partieles and fiekt. are desired to st resesreh
into predictive technigues.

5.4 Neutrad Atmosphere

1. Continuing synoptic observations of the Ottaw:a 10.7 em flux index and the A ,
geo magnetic index are required. (Details of the frequeney and aceuraey of updating
are given in Table 1,

2. In order to develop better predietive models of the atwosphere, the follawing
parameters should be measured simulticously:  a) Solar GV/EUY above 200 kg 1)
Precipitating pardele flux: ¢) Solar wind  dessity and veloeity sunward of the
augrnetosphoere; d) Atmospicrie density and composition bhetween 130 and 800 k.,

6. MINORUTY REPORY
Al Ll Vampola

The following reconuncendation was considered by the working grroup bt was not
tormally acecpted, 1t is wmeluded here becuse of the enthusinsm with whiely it wer.
reccivedd by some participants in some of the other sroups and beennse an essentially
identical recomendation was offered for the group's consideration by o tiodeler,

Recommoendation:  Fhat a eentralized cataloy of State of the Art' models and
predictive techniques in solar-terrestrial phicnomen:a e established and snsintained by
one of the prediction or Jdata archival serviee mfencios (sueh gz SESC, WINC-A, oF
AFGWE),

The rationale behind this recommendation is that the 'Corporate Memory' in
sprreceriaft enginesring seems 10 reside in old proposals and contenet specifications.,
The normal cvolution of an engineering earcer is o become part of mnnagement aftr
o omnber of years of desion enginecring.,  CTeebiologies become obsolete nnd so do
models and predictive techniques, A new engineer is usually foreed to rely on
docuents inherited from the previous ocenpunt of his <lot' who has moved on und is
ne longer heepting rack of the minutiae of his previous position.  As o result, it is not
uncommon to see models or predictive techniques written into contrnels ten or wmore
vears after they have been supplanted. T

Ry having o central eatalog for these teehniques/models, the tntest version would
beoreadity identified by potential users. It would e incumbent upon the modelers,
themselves, to ensure that the Iatest versions of their works were listed in the catulos,
Ditedhuation of computer programs or krge data bases required by some models woitled
cantimie s at present: through diceet contiiet between the user anil the wodéler,  In
the case of substantial changes in nodelingg or predictive leeliques, some internii-
Gonal group Gimilar (o the present workshop or established single interest scientific
hodies) could make the decision to abandon one madel or teehnique and supplant it
with another in the catalos.
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