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I INTRODUCTTON

Ionization i~n the earth's atmosphere can have significant effects -

on radio-wave propagation and satellite communications. Adequate collmpen-

sation of these effects can only be made if the glJobal distribution of

ionization can be specified at any instant in time. One of the more

promising means by which this global distribution can be estimated is

remote sensing. Remote sensing can he done either by directly detecting

the ionization or by indirectly specifying the source anid then computing

the result.i ionization using physical models. At low- and a ,id-Latitudes

the primary sourcc of ionization is ultraviolet (tUV) radiation from the

sun. At hiqh latitudes, the ionization produced by particle precipitation

can be comparable to or greater than that produced by solar UV. In gen-

eral, auroral. par.ticle precipitation is highly dynamic so that specifi-

cation of the sources at high latitudes is extremely complex. Fortunately,

however, the. nest common type o1 auroral p~recipitation is also the m,,ost

.z;L ady and . pati alI y uniform. The aurora produced by this steady and

spatially uniforii precipitaition has been referred to as the continuous

aurora [Whalen. PJIY31

In contrast to the discrete auroia, the continuous aurora is the

-rte of F-region ionization that is fairly constant over scale lengths of

t(<n 0t k. 1 Iomet'r> a nd Fo r tinrc, on the o rdecr of hou rs. The continuous

aurora has beecn altcrniativeiv referred to as the diffuse aurora or th(,

mantle aurora. The distinction between these terms has been discussed

T.y Whalen t~~3.In cin:-ral, the continuous aurora is Produced by

c lcectronI and proton prec ipitatlon fromi the cenitral plasma -shee-t throug h

*tC1-a IIad ~so ~abrI9l owever, the inrinclpal conte:,bu-

Lr to L - r ,on ioniz~iti ill CI tieCOntin)uous aurZOV"Ira r-Cllr'e0tatin4,

eeCL rOT .ith of'r[( 0 I to I9 r) k . Clnnhnet atI. I19Th].

P) * 'In(! Shar) I .h, t IT- 1 1' io.( d th,1 1 I0 r pet a of tin

t. toT) - , i I- 1) 1 1( (1 11 l!. I-1() r;I



Because it is the most common and widely distributed form of aurora,

it is important to understand the continuous aurora in terms of its dis-

tribution and its sources. In this paper, we use ground-based radar and

satellite measurements to study the characteristics and sources of ioniza-

tion Ln the continuous aurora. The radar data were obtained by the

incoherent-scatter radar at Chatanika, Alaska. The satellite data include

measurements made by the DMSP and NOAA satellites. The data used in this

study is described in the next section. We then discuss the characteris-

tics and sources of the continuous aurora using statistical analysis of

the radar data as well as case studies involving coordinated satellite

measurements.

2



II FXPERIMENrAI TECIINIQUE.

The radar data used in this study were obtained by thc Chatanika

incoherent-scatter radar. The invariant latitude of Chatanika, Alaska

is 64.80 , which makes it ideal for studying the continuous aurora in thc

evening and morning local-time sectors. A useful operating rode for

this type of study is an elevation scm!n in which the radar scans between

the north and south horizons in the magnetic meridian plane. Each scan

takes 12 to 15 min to complete. Electron density and line-of-sight ion-

drift velocity is r-ceasured as a function of latitude and altitude. As

the earth rotates, the measurements provide a series oif mecridonal cuts

through the auroral zone. If the auroral pattern is stationary, both

the latitudinal and longitudinal structure of the aurora can be determined.

The meridian scan is also useful For coordinated experiments with

polar-orbiting satellites. Polar-orbiting satellites provide measurements

as a function of latitude across the aurorat zone. Thce measurements

can bc directly rclatcd to the latitudinal profiles of ionization and

electric field dedi;ccd froi, the radar data. In tiis study, we used data

frou the D.ISP and NOAA satellites. These are polar-orbiting, sun-

snchironous . atellit( s that carrv instrumentation to measure precipitating

Farticlc fluxes . The, detectors are sensitive to particles in the energy

ravage that i- ,ost i :1portant for production of ionization in the auroral

IL cd F c ,, hnIdrcd s ot- eLectron volts to 20 keV). The DMSP satel-

I data u lC Urc consi -t only of measurements of precipitating clec-

trn ". -A I I i Lata include measuremrents of precipitating

rdmn Ix, - .)I- the sateltites used in this study are

,3 e: or a ur;:1- ,) itch-angle distribution of the incoming particles. -

ii , p;-,ton purcc itp' -ation in the continuous aurora is

a r 1i; i l9 i1



ILI CHARACTERISTICS O 7 THE CONTINUOUS AURORA

An example of electron densit, data obtained during one scan through

the continuous aurora is shown in t~igure 1. The figure shows contours of

constant electron density in the mignetic meridian plan. The horizontal

axis is invariant latitude, so that magnetic field lines are approximately

vertical. The data in Figure 1 wece obtained during a coordinated experi-

ment involving four rocket launche;, the Chatanika radar, and the Air

Force Geophysics Laboratory's airborne ionospheric observatory. Results

of this experiment have been discu:,sed by Swider and Narcissi [19811,

Robinson 11982], McMahon et al. [1982], and Strickland and Daniell [1982].

Apparent in the contour plot of Figure I are several enhancements in

electron density. In the E region, there is an enhancement to the north
5 3with a peak density of 3 X 10 el/cm 3

. The large latitudinal gradients

at the edges of this enhancement indicate that it was probably an auroral

arc. In contrast, the E-region ionization south of this arc has a peak
5 3

density of 1.4 x 10 el/cm and has much smaller latitudinal gradients.

The latitudinal variation of the weaker enihancement is typical of the

continuous aurora. Radar data from scans before and after the one shown

confirrm the steadiness of this feature. Because it was apparent in con-

tour plots over a period of several hours, we may conclude that this

aurora was extended in the cast-west direction.

The ionization in the continuous aurora has a characteristic latitu-

dlinal distribution that iH exemiplifled in Figure 1. That is, there is

a .inple feak in latitude with a symmetric Call-off on either

S hi - vT:,r c try has beein itudicd by Whalen [ 19831 who used iono-

[,ht >ound( r data to show that the latitudinal distribution of ioni-

,a t lv U if ia rian. By using a chain of sounder stations,

l .bl to Thow, that the paraleters of the Gaussian do not

v'ir-, rcatIv ',itb I on'itude . Exarnination of data from successive radar

-cjas con .-ir:- tt lon,, i tudinal hovoGc nc ity of the continuous aurora.

- . - o . .



is cons istent Wi di the COnIClUS ions Ot Sliarber [1981 jwho observed that.

the latiLtudinal profile of proton precipitation was approximately

(oauss ian. C~ombined with the si milari ty between the al titude prof iles

in the elect ron and proton aurora, *we conclude that the ion izat ion pro-

diiced by the two sources, is very similar.

14e hay,- utsed t he radar aind 4atLe I1I i I e dat a I r lo tecoihr 19H81 to

asess the accuracy of two existing codes that compute electron-density

prot il1es from prec ipit ating proton fluxes. One code is based on the

we rIK olm Rees, I 1N821 who used an empirical approach that assume,; coot i1cm0,-

e'i~'r)g lass. An al1 ernate formuli sm has been developed by l1asperse aniA

Baso F19H21 using linear transport theory. Our assessment of these codes.

howev-r, is not definitive for two reasons. First, the uncertainties in

thr cal ibrat ion of the NOAA 6 proton detectors are fairly large. A COC.-

plari-on ()f the responses of the NOAA 6 detectors with proton detectors

m th D>ISP F6~ satulIi tu during conjunctions of the two vehicles indicate

thtit tii Io1x es mea sured 1)y NOAA 6 may be too low by about a f ac tor 0f

Ihe, seconid re~son that. our comparison is not. defini ive is that tWe

NOA tIsad I Vwas d isplateed from the radhar meridian. Because w, (;an-

M)t s ay if the hdcal -tine variat ion displayed in Figure 7 is spatihal or

~lkxpralI, the ion izat ion actually produced by the fluxes measured by the

"ate iit i somewhat uincertain. hDespi te these problems, it is possible

I- mk( IWt Wiiite I at ins about the relative accuracy of the two coi

FRximplt (sI- three proton spec tra measured by NO/IA 6 in the 9 December

)af shi)wn in F iguire 9. T[hey were obtained at three different lat i-

'hswithin the pro~ton aurora and were chosen to provid an indication

., t-il r ;u,o t f spec tr rbi0)served in thaL event. Al though spectral in for-

IV, hbl from tihe NO/IA 6 proton detectors is limnitedl to the

lo IIx es a t houk Ir t inor g ie L , p r otLon flIu xe a t o t I Ier en er g i Es ar e

I i a ) d'y a d ingf to W( "Idd Ii t i o nai c onrst r i n ts s 1)pp1i ied b y t ime s at elli te

I1 It oltI,. he,;e inc lode the integra ted nergv f luox bietween 300 e%

in~ k-' And h lb nv-riy it wli ih th protont lox maxiiZes,. lihe

1')i1 'I .Olist I ts al 1()w,, a reasonably i Lk coate reiostructL illn

I8

a . . . . . . . . . . .
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ii, whitch the proton fluxes were measured by the NOAA 6 satellite. The

p er ;haW Isow" the electron density distribution measured by the

it in ki reli.ir it about 1600 local t ime on 9 December 1981. The NOAA 6

,1 irt .1.,-W11 In th. bottom panel . The total energy flux carried by

.r .,'i. pr,.1t ns is shown as a function of invariant latitude.

, t t - rw ti.t between 64' and 68' the proton precipitation had

t .tm.-t 6.5 tergs/cm 2s. The corresponding flux carried by

.2 - r,.t.n is less than 0.01 ergs/cm 2s. Comparison with

I .i *uni. shows ti,"it this flux of precipitating protons

5 3
, i-, ii-t ion with a peak of about 1 x 10 el/cm

. ,..i. i I iel the ionization measured by the radar during the

,y.- tginring at 0332 Ur as being produced by proton precipi-

, i l, to follow the development of the proton aurora in

r., n t radar scans. Figure 8 summarizes the data from

,,ginning at 0332 IT. The figure shows the electron

.- !v . i Iib-: alt itude as a function of invariant latitude and local

l. loti l int, inticate the locations actually sampled by the

r ,t r eg th '.hir, wi th the starting time of the s can given at the

t ttr,. -,t the trace . Also shown in the figure is the location of the

OA),A r sate lite pass in invariant-latitude and magnetic-local-time coor-

I ,inies. rl, ' It it ud i na I range within which protons dominated th, pre-

iit i on i ,hIwn by the cross-hatching superimposed on the trajectory.

At tli t i1tt. 01 te I pass, the radar was executing the scan beginning at

11)1 lcal time. Thus, the satellite was displaced one to two hours in

l,, al time to, the west of the radar.

fhiere are several features to note in Figure 8. First, the equator-

w. r, e.dge fTf the proton aurora is slanted, extending to lower latitudes

it I ter oc.1 t imes. This slant is consistent with that of the stat is-

tjcal aurora I oval . Second, the proton aurora is more intense at later

1-ia l times. This is either a real spatial variation or is the result

tf .iL temporal varitat ion over the two or three hours required by the radar -

to sa mple tbe lical times. Finally, the latitudinal variations in the

i or l I. ii a re s imi iar at different local t ime . That is, the ionization

hlast en trail peak witit a gridua l decrease on either side. Tbhis behavior

16
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contours of electron diensity computed from the l)MSP ele.-tron -pectro-

meter data. Only the fluxes of elect runs wi th energies greater than-

I keV were used. The c(mputed profile,;s agree very wellI wi th those

measured.

B. Protons

PFle ca lcul 1at ions; used in Figure 5have. been pertormed on numerous

data sets when good c-oordinated measurements were availIable over the

continuous aurora. In general , the agreement between cal cula ted and

observed ionization is excellent. However, on several occasions the

radar data 1-as indicated the presence of si gnif icantly more ioni zat ion

than can be explained bv the measured electron fluxes. Examples of two

such data sets are shown in Figure 6. Figures 6 (n) and 6(b) are electron

density contour plots constructed from radar elevation scan dlata. F ipurcs

6( c) and 6(d ) show t he electron dens ity der ived f rom s irniml tane-ous el (ctt ron

flux measurements from the DMSP F4 satellite, assuming that precipitating

electrons were the only source of ion iza t ions. Inr c on tras t to F i gor

these two examples indicaie the existence of substantial F-region ioniza-

tion equatorward of electron precipitation. We attribute thpe (xcess

i on I za t i on to prec ip itat ig proton flIuxes lec ause proto-n sw ar 1wh oni Iv

other s ign i f ic an t ioni1zatLi on source i n t i ni I~i t Ii me iocnosphe re . III

both cases the transit ion between proton airora and ie(ctIron aurora is

apparent as a ledge in the lowest a1lt itude oritnur . lM" t la, e I oc t ron

prec ipi tat ion produces i"Ntzat ion at lower -, t I itudes I han tie ro-

prec ipitat ion. Thie ion i ia ion w ithiin the region of prnoq im-r. i pi :at ion

pe'aks at about I x 11) elP/cm 3at 130-km alti tude. Except tor tb d itfer-

ercre in ItIhe ;Ilt i f ule of maximum p('n('t rat ion , Ite I irri .r J!"Y(r V

I ! ? s t r11, ;m o em' 
1 or thIte 1; at i tum I d i '. I i III !i ''rl

t i I( to ' i a v, i i, n i i pert k detn s i t y i n t~m h ' t on .in u n. P a" I i . i lar

m'm u iil thatl in t) *A -,, r'' ia ' r. i at11- i t woit I t mut to if iI ii-

n gu i si t Ihe. t wo f rom 'p i i zit or me.:i s rim n ' , a oin)

rT, '' e 10t a (.\,fle~aMt s t he p ro e 'FI p I I't ()I p I. i T)it tat i on coulId

t),' I. , i m 'w'. r- 1im , 7 A)tw- 1m xm'q t'i 1) 1 't1in 11
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auroras. We see immediately that the differences between the two are

attributable to the different energy fluxes and characteristic energies

of precipitating electrons in these two local-time sectors.

An alternate set of paramete s that are useful in charac ter izing

the ionization in the continuous aurora is the height-integrated Hall and

Pedersen conductivities computed from the ionization profile. in addi- -.

tion to being useful in estimating the electron source characteristics

they also have application to problems in which auroral electrodynamics

are important. The relations between Hall and Pedersen conductance and

the properties of a Maxwellian electron beam have been described by

Vickrey et al. [1981]. These relations indicate that ionization in

the evening-sector continuous aurora can be attributed to a source of

3
density between 0.1 and 0.6 el/cm and characteristic energies between

0.8 and 1.6 keV.

An additional ramification of the Maxwellian nature of continuous

aurral prec i pit nt i on is that spei trophotomet r ic techn iques for deter-

mination of the ionization profile work especially well. These techniques

use measurements of auroral emissions at two wavelengths to infer the

average energy and energy flux of the precipitating electrons [Rees and

Luckey, 1974]. When the incoming spectrum is Maxwellian, the ambiguities

involved in these calculations are minimizod. Examples of ionization

profiles deduced from photometric measurements at two wavelengths have

been presented by Vondrak and Sears [19783 and Mende et al. [1984].

The energy deposition codes described above can also he used to

reconstruct the altitudt. profile of ionization from high-altitude measure-

ments of precipitating electron fluxes. Vondrak [1981] has demonstrated

the capability of deriving E-region ionization profiles from satellite

measurements of electron fluxes. An example of these calculations for

electron fluxes measured over a cont inuous aurora is shnwn in F i gur, 5.

Cc,retours of- electron density ineasured by the Chatanika radar during an

e levation scan in tie magnetic meridi in plane are shown in the upper

pa.,I of the figure. Simultaneous wi h the scan was a pass of the DMSP

F!* -atel tc. the locat ion of the pa-.s was approximately along the

ma, n t, T mer iian wi thin 1(0 km of Ch;tanika. The bottom pane, showq

1!Tilj

............................................



where E is in keV. The density at the peak is relatively insensitive
0

to characteristic energy but increases as tie square root of the energy

flux. Approximate expressions relating f E and n E to energy flux
imax

independent of the characteristic energy are

f E 3.18 (D [MHz] (2)

and

-3 +-
nmaxE 1.25 x 10 (D [cm ] (3)

2where 0 is the energy flux in ergs/cm s. Equation (2) is very close to

the relation between f E and energy flux derived experimentally by
0

Sharber [1981].

As a demonstration ot the way in which these relations can be used

to characterize the continuous aurora, we show in Figure 4 the range in

h E and n E observed in the evening- and morning-sector continuous
max max

ENERGY FLUX - ergs/cm 2 sFLU. •

1 2 4 8 16 32 64
160

EVENING SECTOR
CONTINUOUS AURORA

140 MORNING SECTOR 05

CONTINUOUS AURORA 0.'

E1

120 2,,, 2
M >

E
a= ~4. I""

I

100

16

80 _j
0 1 2 3 4 5 6 7 8 9 10

53-

nma E - 10 - 
cm

3

FIGURE 4 COMPARISON OF THE RANGE OF nmaxE AND hmaxE
FOUND IN THE MORNING- AND EVENING-SECTOR
CONTINUOUS AURORAS
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IV SOURCESO THE CONTINUOUS AURORA

A. El ct inns

:>hiirht-r 1198) presentedl ISIS 2 satel I ite data to show that the

-i~it i nous aunrri Iprimar ily produced by prec ipita ting electrons whose

diI I tr ro i-il nu;iiher s pec-trum i s approx ira tel y Maxwe 1 1ian for energies

V're'iter thanl -ibot I ke-V. We can calculate tire ionization prof ile pro-

dio~ed by pre, i pitt ing electrons in the al titude range up to about 200 km

u-ig any ot mVe'ral aurora]I energy deps ition codes [ Rees , 1963; Walt

et, a . , 1409; Berge.r et al. , 1970; Banks et al., 1974; Jasperse and

S t ricklIand , 1 981 1. An example is shown by the solid curve in F igure 2,

which was oinputtd using a Maxwell ian energy spectrum With a character-

2
istic energy (F ) of I kvV and an cn-rgy flux (0) of 2 ergs/cr mS. The

C)

resulting prof ile is ve-ry similar to those observed.

The signi fif Ian( e ot the Maxwel I I an natoure of prec ip itat ion in the

cont i uons; aurora is, that Lte spec I rim andl the result inrg ioni zat ion pro-

c c, 1 (cn be o-kin i ( uie I Yd (e -c r i b)e-d b)y t w p)a ir am etLe rs. For example, a useful

s;et of parameters is the electron denisity at the F-region peak (n E)
max

and E) iue3sosfEthe alti~tudle of the peak (Ii E.Fgr sosfE E, and
max o max

It E as, a f unc ion of- the charac te ris tic energy of the, Maxwell ian. [he
max

c-alculations were clone using an energy deposition code based on the tech-

nique described by Rees [1963]. The results show that the height of

the maximum E-region density depends only on the iliaracteristic energy.

Flt- ai Litudes; atiove and below the peak at which. the dlens i ty fallIs to

* .0 pe-rcent of thet peak density are a Iso shown. For smaller values of

F lihe peik 5 at betroadler and highie r. An a pp-ox imate express ion rel1at ing

11 F to hoiiactorit ic energy independent of e-nergy flox is

It F -13.6 ln(E ) + 128 I kin](l
ma x Ca
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The altitude distribution of ionization in the continuous aurora is

shown in Figure 2, in which data from five profiles in Figure 1 have been

superimposed. The range in n E is from I to 2 x 105 el/cm 3 . The alti-. max

tude of peak density, h maxE, is from 120 to 140 km. The peak is often

broad and difficult to identify. Below the peak the ionization falls oft

rapidly while ab.vu the peak a much slower decrease is observed. Electron

densities in the continuous aurora below 90 km are usually less than

4 3
10 el/cm

6
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5
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- x

~10
3
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ENERGY - keV

FIGURE 9 PRECIPITATING PROTON ENERGY

SPECTRA MEASURED BY NOAA-6 AT

THREE SELECTED LATITUDES

of the actual spcctrum. The spectra shown in Figure 9 are approximately

Mtaxwellian with temperatures between 5 and 7 keV. The energy flux varies

between 0.1 and 0.6 crgs/cm 2

Electron density profiles computed from the two codes using these

three spectra as input are shown in Figure 10 (a), (b), and (c). Also

shown in Figure 10 are electron density profiles measured by the radar

in the proton aurora. Becaus e of the displacemient between the radar

meridian and the satellite ground tra k, the correct profile to use for

comparison cannot be deteriiine.d. Rat ier than try to choosc a profile at

the san-o i nvariant latitude, we chosc instead profilcs whose peak densities

-" were approximately equal to those coinj utcd frorl the cod -. For prui le

n whLch tih ic ak dcns 'it c" coi:,,p uL . d v .th the two Cod( - 1d lot aieec,

0 we.M c1hoso a profil e alt-i p1a- d]-sity equal to the aIV en;' of- the two.

AIthouJh thi ; telectiton proces is somewha t arbitrary, it ailois u5 to

rake ot - taten-ents about the accuracy o!' .aIch 'odel . 1i) particu iar,

wC no0te, fIroP' F",lUre 10 that thc (2k Oi ( on I ncod( tin I,1 urt thl k I'V

mtodcls the dc ee-(a ' cn denill ty with a titude ahov thc eak I Lich -Ir'

1 9
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accurately than the continuous eneigy loss approach. In addition, the

continuous energy loss approach yidlds E-rogion peak altitudes signifi-

cantly lower than those indicated by the radar profiles. Thus, this

comparison indicates that the linear transport theory gives- a rorc accurate

r(-prc.-enrtatLon of the altitudc distribution of- Lo(nizati)1 produced by ~re--

cipitating protons.

c Pho to) ionl I za t i on

A t hinrd pass, ih l)1e o irkut of c n t irr1UousL -regpi on ()I ilt i oni ~t0
ioni~ation. V'o a iss t i e coit r ibri t i oi t roi L ti so-o we (, Ix-imn 1

r
Cliatanika raudar data obtaj inred on I d i flerent dlay,, drir i lig! t 1we past t errt

years [Rot)inserr ,indl Vondriik, N84j To 'Fe itnrv the ioni / itijon pril( o.

exlusively by Phrotoriorri zat ion , We :IlorC, ilagnret il yI I (pIIaet dIVs I 1lIi!

ensured the absevnce o)f pa--rt iceI o prec i pi tilt ion . We svortfel th. data

I accord ing to solar :,enithl angle and solar flux. Four solar flux ctt-

gor tes Were fie'f 1 medlse so t he 10. 7-cm so la r f lox. Sa 80) to 121),

S a 120 to It)(). Sa 160 to 200, and So = 200 to 240. ''llie reult of

aiveraging the profilIes wi thin each bin is shown in Figure 11. Average

profiles for each of tire four soliar fILuX initervails are shown for solar

7enith anglesi of 4)' , 6 and 8)' .These reul ts s.how tha t for sol or

zenri t h an gle I eIS s iL 1,- W-) , pliito i oiizat i oil lt-)d(l E-region densi t ies-

(onparahle to those obiservedl iii the( uont inuolis- aurra,. Alo,, the ion i za t i in

it tire It- -reg i on pea,;k caon c hange by mlore thaoln1 a fac(t or tf two he I W('( t Ilie

l oWest and 11ii giest L e ve I s o f s;o lar fl1u1x.

Wke cornp. rke t IIIe io(n 170i t i oil lirodirt L-d fw ';ol ior i I I urn) not ion tor tihe

eqol i vi lent f I iix o)f pr em i p)i ta t i rig elIco.trons; i n F i go re 12. Our i rig t ie

. Aif:Ixjlii yce-irs (d tioc solartit . whern thit. 7 -cnT siilirt I lI arr 11 eX~ceu

* ~20)0, phoit )0 ) 7.zit ion caon lie ,s ('If(-( t i y inl ion izilig Illi. r leg ion as In

ec ( Ie run beamlt() of 1 ,,/( m s V' l Ii h)i- ;iir 7en) ir LigI i ia large a-i ~-

A t a g('o,r.apoti c 1a ; ul mi)t 70)' ini ;uimir'r, thr tar 7cr) !I I anl uripsc!

1.10- t3 'o Iru i t t lei 'I'; Io Ios t1  In I /0 ! io o rfr! liy slur 4'd 1 -I

Iinmi lilt i r , I vire' sii k ( w IV Wi tll lilt i tilde, trii Sotto( r liciiri p ro r i 'a~-. -
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V CONCLUSIONS

Although precipitating electrons account for most of the ionization

in the continuous aurora, other sources may also be present that contri-

bute com-,parably to E-region electron density. Proton precipitation can
D 3

produce an L region with densities greater than 10 el/cm at altitudes

bctwcen 120 and 130 kmi. ln the examples shown here, this occurred close

to local dusk at latitudes equatorward of the electron precipitation.

However, we have little information about what combination of circum-

stances create such intense fluxes. Photojonization can also produce E-

region densities comparable to those found in the continuous aurora.

The ionization produced by these three sources can be fairly accur-

ately determined when information is available about the intensity of the

source. For precipitating electrons, a straightforward energy deposition

code can be used to compute the electron density profile between 90- and

160-kmi altitude. Because the energy distribution of precipitating elec-

trons is approximately Maxwellian, accurate spectral information can be

obtained by spectrophotometric techniques. For precipitating protons,

purthcr testing of the codes that compute altitude profiles of ionization

from proton spectral information needs to be performed. Our preliminary

b enalysis indicates that linear transport theory provides more accurate

results than codes based on continuous energy loss. Precipitating proton

e ne ry spectra are also approximately Naxwellian. However, spectrophoto-

ietric techniques for determining the parameters of the Maxwellian have

yet to be developed. Finally, ionization produced by solar illumination

depends on solar zenith angle and F 10.7-n solar flux. A statistical

study based on Chatanika radar data indicates that the altitude profile

ot ionization from photoionization can be accurately determined from

these two quantities.
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