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SOME WINTER CHARACTERISTICS OF THE NORTHERN

HIGH LATITUDE IONOSPHERE
N. J. Miller and L. H. Brace
ABSTRACT

Langmuir probe measurements of the winter diurnal bohavier of the elec~
tron donsity (N,) and temperaturce (T ) at 1000 km at high latitudes are pro-
sonted, Tho data are ropresented by contour plots of N and T, on a grid of
geomagnetic latitude and local time. The time period studied is Nov, 1, 1965
through Feb, 12, 19608, The N, distribution 18 charactorized by a zonal structure
where the auroraloval is the transition region between the midlatitude and polar
zones, N_ in the midlatitude zone exhibits a quasi-steady state through most of
the night and both N, and T  Increase in value to an afternoon marimum. N,
in the daxk polar zone decays until midnight after which the ionization increases
toward a daytime level. The transition region, represented by the oval, shows
enhancements in N suggestive of particle flux sources. In general, the dayside
T, contours do not correlate with the N, contours., Limited comparisons bhe-
tween winter and summer indicate strong seasonal effects in the N pattern and
unusually large values of T, in the winter midlatitude zone. Characterisiic
troughs in N, appear on the nightside for both seasons. Possible ionization
sources which would be consistent with the observed ionization patterns are

considered.
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SOME WINTER CHARACTERISTICS OF THE NORTHERN

HIGH LATITUDE IONOSPHERE

INTRODUCTION

Data pertaining specifically to the ionosphere at northern high latitudes
hag been documented in many papers, Duncan (1962), Hill (1963) and Ogutl and
Marubaghl (1946) studled £, F, In the Arctic and Antaretic zones. Sharp (1966)
ohserved an ion density trough at high latitudes in enrly Nov, '63 and Liszka
(1967) reported a similar trough In the total electron content, Muldrew (1965),
Calvert (1966), Iagg (1967), Nishida (1967), Thomas and Andrews (1968) and
Andrews and Thomas (1969) used topside sounder records to Investigate the
high latitude eleetron density behavior, Among these authors, Muldrew (1965)
and Nishida (19067) dorived density contours from Alouette T sounder data in
order to study high latitude clectron donsity distributions 1. the topside
fonosphere. Muldrew showed the geographie distribution of £ F, at high lati-
tudes for Oct, '02, Nishida showed the cleetron density behavior at several
altitudes in the high latitudes for the autumnal equinoxes of 1962-03,

This papor presents high latitude satellite observations of the winter
diurnal behavior of sleetron density (N,) and temperature (T,) at 1000 km, For
scasonal contrast, some summer data is also included. The measurements
employed in this study are from the Explorer 22 Langmuir probe experiment.

The data are represented by contours of constant N, and T, on coordinates of



loeal time and geomagnetie lntliude, Ta reduce longitudinal effects, only data
taken within narrow longltudinal ranges are plotted together, The longltudes
consldered were determined hy the lacation of the telemetry stationg at Grand
Forks (=30* to ~40° geomagnotie longitude) and Newfoundiand (20° to H0* goo=
magnotie longliude).

The form of presentation is Intended to provide a synopile view of the time=
averaged lonization structure of the high latitude ionosphere, Through the use
of contour plote, the general strueture and the dovelopment of special features,
such as jonization troughs, can be followed In loeal tima. Since the contour plots
uso coordinates of local {ime and geomagnetic latitucdo, any montion of time and
latitude In the body of this paper refers to theso quantities unless otherwise

specified,

EXPERIMENTAL METHOD

The Explorer 22 Langmuir probe experiment consists of a palr of cylindrical
electrostatic probes mounted on opposite ends of the satellite. A sawtooth
voltage is alternately applied to the probes and the resulting current i8 meus~
ured. N, and T, are deduced from the volt-ampere characteristics using the
Langmuir probe equations. The equations, details of the measurement technique
and accuracies of the experiment have been discussed in previous papers (Brace
and Reddy, 1965; Brace, et al., 1967; Brace, et al., 1968)., The absolute accuracy
of the deduced T, and N_ values is believed to be hetter than 10% and 20% re-

spectively while relative accuracies are 5% and 10%.
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RESULTS

R i, e s

Flgure 1 {Hustrutes the type of data dispisy from which contours were ob=
tained, The locus of o satellite pach Is shown for several pamses by joining con~
secutive data poinie with straight lines. The [ieid of duta puints represents meus=
urements made over hulf of an orbital precession perivd. The [igure demonstratus
the density .f data points und the resolution of measuremonts during u sutellite
pass. A sample contour representing 3 - 10 /ce i indicated by the dottud curve,
Since three months was required for the sutellite orbit to pass through 24 hours
of local time, some long term effects are necessarily included In the time
averagad results,

The contours In Figure 2 are typicul for the winter polar ionosphere, ‘The
reglon labelled "auroral oval (Feldstein, 1963) appeurs to coinclde with the
transition between two zones of behavior in the N, contours., In the midlatitude
zone, latitudes below the oval, the nightside N, contours are neurly concentric
about the pole whereas these contours become more vadial on the dayside. ‘Lypi~-
cal nighttime N, values for this zone wers 1-7 » 10 3/ce, N, incrensing towards

the equator. Typleal dayside densities ranged from 7 . 103/ce at sunrise to

2 » 10%/ce in the afternoon maximum,

In the zone poleward of the oval, N, contours tend to be radial at all times.
The nighttime N, continues to decay until ;nidnight. This is a contrast to the
quasi-steady state of N, in the nightside midlatitude zone. Typical nighttime
densities ranged from 3 » 103/cc near 1800 hours to 0.2 = 103/ce in the midnight

minimum. Winter daytime snlar radiation in the polar zone propagates from
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large zonith angles henve N, dous not undergo a great diurnal change through the
period of illumination. A typical daytime value of N, in the polar zune Is
1.2 ~10%/0c.

Several enhancement ; nre evident within the transition region. ‘These are
outlined by jagged boundarios,

As the Newfoundland data in Figure 3 shows, the genorval tronds displuyed
at Grand Forks by Figure 2 are not limited to that longitude, Iowever, the iso~-
lated ephancements in the oval do not vecur at the same times as at Grand Forks.

Figures 4 and 5, containing T, distributions for Grand Forks and Newfound-
land, show only slight similarity to the corresponding N, contours. The nighttime
T, contours for the midlatitude zone bear some resemblance to the N, behavior,
but the dayside 'I', contours do not follow the dayside N, contours. There are
common trends in N_ and T, ; for example the afterncon maximum oceurs simi=-
Jarly in both parametors.

Figures 6 and 7 display N, and T, contours for the June '65 solstico at firand
Forks as a contrast to the winter contours of Figures 2 and 4. The gonoral bae~

havior is glaringly different from that in the winter, as will be discussed later.
DISCUSSION

General Ionospheric Structure

Figures 2 and 3 demonstrate how the winter high latitude N, distribution at
1000 km can be separated into two zones where the auroral oval generally marks

a transition between them. The zonal nature of $he fonization pattern is



reasonable when the differinsg tonie composithn aued mogoetie Hebd e con-
figurations for the zones sre consithered, The midintitwde zone e primapeih a
closed tiell Hae region whieh contains the plismapatsas (W ons amd Meald,
1863: Brinton, et al., 18053, AL the altitude of these mensurements the Intitudes
helow 60° are generally within the protanosplicre (Tavlar, of al,, sy, B
contrast, most of the polar zone is teaversed by open Held Hnes (Willinms ad
Mend, 1963%) and ix primarily compored of O° (Tavior, ot al,, =y, The
compuosition difference betwern zones implies that the response of the lonizution
te changes at the F, peak will by different beeause the diffusion properties for
the zones differ, The geomagnetie field Hne difference tmplies that any source
and loss mechanisms associated with the magnetotail may influence the loniza-

tion In the pelar zone but not that in the midiatitude zone,

The Charactoristic Polar Troughs

Minima in nightside fonization such as those shown in Figures 2, 3 and ¢
have heen observed by many authors (Thomas and Sader, 1904; Yonezawn, 1905;
Liszka, 1966: Muidrew, 19656; Thomas, et al,, 1906; Sharp, 1966). The contours
at Grand Forks in Figure 7 show a midlatitude N, trough at 60° on the nightside,
This midlatitude irough was also evident In the equinox data presentod hy
Nishida (1967). In winter, at both Grand Forks and Newfoundland, the northern
boundlary of the midiatitude trough falls in the polur trough reglon. Therefore,

the two troughs merge Into a broad polar depression. A small remnant of the



mipdhatibucde trough dppoirs af hoth stations (Figures £ snd g bobwoon 00 il
i houps, Both Figures 5 und 7, roprosonting summer amd winter cobfurs,
inneclibe o nraximum in T with the mbdhatitwde N trough. The implication (=
thut the mochanism which produces this trough is st aetive i winter wvon

though the offuct on D Is moditiod, Aw shiown by Figore 7, the summoer midiutitwlo
N, trough porsists into times when the F, rogien e illuniinateds This chursetors
Pntie mugeunts thit the midintitude trough muy be euumed by o nugnobically cone
trolled moechunimm which operates coutinunusly but whose offeets wre muskad

by photolonizution,

‘The polur deprossion Is & wintor phenomoenon which wus Tirst fduntilicd by
Huogyg (1067 ut slightly highov ultitudes, It is not avident In the oquinox duta of
Nishida (1067) or In our summer contours ut Grind Forks (Figure 6), T, valuos
ampocintod with this Lrough arve not avallable as the concontridons are too low
te pormit o tomperature to he dorlved, ‘The various high lutitude winter troughs
which have been reported may bo purt of the sume trough, as cun be seen by
compuring Flgures 2 and 3 corresponding to different longltudes. Figure 3 von=
tains onlinncomont periods which distort the trough shupo. A latitude profile
taken through this structure would soem to contrin geveral troughs. It g poa=
sible that the formation mechunism for the polur depression g similar to that
for the midiatitude trough even though the two phenomena nye located within dif-
ferent zones of lonospheric behavior, The investigation of Brace, et. al, (1069)
Incdientos that the sensonal behuvior In the nightside polur rogion Is o zenith angle

offcet and hencethe Increasad lonizution polowinrd of 0% Is due to photolonization,
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The Afternoon Maximum

In winter, an afternoon maxinum In N, and T, oceurs in the midlatitude
zone, This maximum {8 nctually a double maximum which falls roughly hetweon
1300 and 1700 hours. Its double nature shows more clearly In the N_ contours
than InT, . The m¢  aum In T, and N which appears in the summer contours
at Grand Forks falls at noon for latitudes above 60* hut at 0900 hours for lati-
tudes below 0% Those featurer are consistont with radar backscattor observa=
tons by Evans (1965) for 1063 which showed an aftornoon N, maximum ot mid-
intitudes In all seasons and a morning maximum in summer. Tho measurements
of Liszka (1907) show that this trend of lonization also occurs in the total eleetron
contant and henee does not represent only a okenge in eloetron seale helght.,
The identifleation of a summer aftornoon T, and N, maximum within the Grand

Forks data wns not possible hacanse data for those hours was not available,

Soasonal Comparisons

Contrasting tho general wintcr behavior with that of the more limited sum~
mer data (Vigures 6 and 7) emphasizes the strong seasonal variation, The
seasonal variation in the nightside trough system has been discussed previously,
The pattern of behavior shown by Nishida (1967) is apparently transitional gince
| ii does not resomble the patterns for cither summer or winter as shown in this
paper, Nishida's September equinox data shows neither the characteristic

winter polar depression nor the summer daytime structure of Iigure 7.



Further seasonal sffects at midlatitudes are evident in Figure 9, Winter
T, vilues are higher than summer values, especlally in the afternoon, The data
suggests that wintor nighttitae T, values exceed summer values, but too few
winter data polnte are avallable to make this characteristic conclusive, A
differenee in phase hotween the time of the summeor and winter afternoon foniza=-
tion maxima produces winter N, valuos in exeess of summer valuos near noon
hut this feature does not continue through a wide range of loeal timos as in the
Te values, Similarly high, winter T, values have heen observed at lower alti~
tudes by Evans (1965), He specifically showed that, near the F, peak nighttime
T, in November 1643 were 500°K higher thun those in July '63. Fvans (1967) also

showcd that the mean winter daytime T, was higher than for summer.

Short Enhancement Periods in the Auroral Oval

Hartz and Brice (1967) define a zone of soft electron precipitations cor~-
responding approximately to the auroral aval, which has been identified as a
transition region in this study. The enhancements in N, which occur in winter
within the oval may represent the lonospheric response to these auroral precipi~
tations. Such enhancements appear in Figure 2 at 2000 hours and 1400 houxrs and
in Figure 3 near midnight, The summeyr contours do not show simiiar events,
but they are probably less prominent because of the high level of summertime

photoionization.



High Latitudo Sourco Mechanisms

Any general modol of polar lonospherie processes sghould he able to account
for the winter average behavior described earlior. Apparently the isolated en-
hancemonts just diseussed can be related to the procipitation o, energotic

auroral particles.

During soliur maximum, Thomas (1906) Indlcated that photolonization con-
tributes significantly to winter polar daytime N, up to within 10° of the geo-
graphic pole but that an additional source is needed for solar minimum condi-
tiong. Our data suggests that the behavior of this additional souree must be
guch as to generato an afternoon maximum in N, and T, as well as to supply
the extra ionization required by Thomas.

Mcchanisms proposed for maintenance of the nighttime midlatitude F region
have included corpuscular fonization sources (Antonova and Ivanov-Kholodnii,
1061), downward diffusion of lonization stored in the protonosphere (Rishoth,
1963; Yonezawa, 1965) and horizontal winds (Hanson and Pattcerson, 1964) or
clectrodynamic drifts (Stubbe, 1968) which 1ift the ionization and thereby mini~-
mize recombination effects. It appears that the only mechanism which can be
simultancously consistent with the time variation of N in both the polar and
midlatitude zones is electrodynamic drifts.

Stubbe (1968) proposed an electrodynamic model for midlatitude nighttime
F, maintenance which contained an electric field with castward and southward

components., The eastward field provided a vertical E x B drift which raised



the fonization along field lines to altitudes where the recombination eacfficient
is lower, The deiftx eaused by the southward fleld were from west te oast and
supplicd lonization from the davside to replenisl thee nigldtime fondzation,

If this model 1s oxtended to it the obgerved N, helinvior at high latitudes a
northward oleetrie fleld serves better than the southward one which stubbe in-
voked, The midlatitude zone 18 then maintained as in the orisginal model exeept
that the nightside fonization supplied from the dayside [onosphere comes from
the dawn portion rather than the evening portion. As before the recombination
coefficiont Is less cffcetive heeause the lonization has been raised to a higher
altitude and the midlatitude nightside N loss s balaneed by the flow of {oniza~
tion from the dayside.

In the polar zone the altitude of ionlzation is not raised by the horizontal
electrie field heecause the geomagnetie fleld lnes are nearly vertieal. There~
fore, recombination procecds rapidly. However, fonization is supplied from
the dawn ionosphore through the plasma drifts caused by the northward electrie
fleld, This plasma drift may produce the post-midnight inereasc in ionization
that is a characteristic of the nightside polar zone. A further test of the
reasonableness of the eleetrodynamic mechanism will be the measurement of

eleetrie fields in the topside lonosphere.

SUMMARY AND CONCLUSIONS

The data which have been analyzed describe the winter ionogphere above
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50* at 1000 km during solar minimum, The N, distribution ean be characterized
ar zonal with the auvoral oval serving ns the transition region hetween the mid-
Iatitucde and polar zones, Through most of the night, the midlatitude N, {s Ina
qunsi-stondy state in which N contours are approximately magnetically aligned.
In tho daytimo, N, and T, both digplay an afternoon maximum. The polar zone
fonlzation shows continuous nighttime decay until midnight, After midnight

this ionization inerousos monotonienlly.

Comparisons of winter data with limited summer data show strong scasonal
differences in the nightside N. conftours. Taking Into account the equinox data of
Nishida afffrmed that even the transitional period between the two seasons has
an N, disteibution unique to that period. Further seasonal compurisons showed
that the midlatitude zone eontained afternoon '.I; values that were higher in
winter than during summenr,

Characteristic troughs in N occurred on the nightskle both in the winter
polar zone and near 60° in the midlatitude zone in both summer and winter. A
maximum of T, 18 correlated with the position of the midlatitude Nc trough during
both scasons, The midlatitude trough 18 considered to be the result of some type
of magnetically eontrolled mechanism whose effects are more obvious in the
nightside ionosphere.

In the auroral oval were a numbor of isolated enhancements in N,, The
presence of enhancements at this location is consistent with the measurements
reporied by Hariz and Brice (1967) who defined a zone of soft electron precipita-

tions resembling the oval.
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Some of the fonization source mechunisms for lower lutitudes can he ox-
tended to the high latitude ionosphere, Among the mechanisms consldered, only
electrodynamie drifts could qualitativoly reproduce the observed nighttime high
latitude ionosphere. Daytime lonization at high latitudes requires photolonization
plus an unknown gource to account for the afternoon maximum and tho gonerully
high level of lonization at solar minimum,

Since the winter daty were takon over limited longltudinal rangoes, the differ-
ences between N, contours at different stations point up that tho propertios of an
event may have important longitudinal dependences, All of the data were taken
near solar minimum and therclore some differences shg_xﬂd ba expectad at golar

maximum, though the general pattern may persist.
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Figure 1, A sample point plot upon which contours are drawn. N in units of 10%7¢e is plotted
on coordinates of geomagnetic latitude and local time. The points from a few Individual passes
ore connected by lines to demonstrate how the field of points is generated,
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Figure 2. N, in units of 10% ‘ce ot 1000 km at Grand Forks during Nov. 1, 1965 to Feb, 12, 1966,
L des;gmms ¢ minimum value and H designates o maximum value, Jagged [ines bound areas of
N, enhancemant. Coordinates are geomagnetic latitude and local time.,
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Figura 3, N, in units of 10% ‘cc at 1000 km at Newfoundland Letwesn Nov. 1, 1965 and Feb. 12,
1966 L des:gmtes a minimum value and H designates @ maximum value. Jagged lines bound
areas of N, enhancement. Coordinates are geomagnetic latitude and lncal time.
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Figure 4. T, in °K at 1000 km at Grand Forks betwaon Nov, 1, 1965 and Feb. 12, 1966,
Coordinates are geomagnetic latitude and ]ocul time,
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Figure 5. T, in °K at 1000 km at Newfoundland between Nov, 1, 1965~Feb. 12, 1966, H is a
maximum value, coordinat . are geomagnetic latitude and local time.
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Figure 6, 1073 N, at 1000 km at Grand Forks during May~June ‘65, L is o minimum value and
H is a maximum value. Coordinates are geomagnetic latitude and local time.
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Figure 8. Winter and summer diurnal behavior at Grané Forks between 58~62° latitude,
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