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POLAR CAP PLASMA CONVECTION MEASUREMENTS
AND THEIR RELEVANCE TO THE REAL-TIME MODELING

OF THE HIGH LATITUDE IONOSPHERE

Jurgen Buchau, David N. Anderson and Edward J. Weber
Air Forcrp nnhvsics Laboratory

Hanscom AFB, MA 01731-5000

Bodo W. Reinisch and Claude Dozois
University of Lowell

Center for Atmospheric Research
Lowell, MA 01854

ABSTRACT

Plasma convection measurements, using Digisonde ionospheric sounders, have been conducted in
the central polar cap at Thule, Greenland (860 CGL) and more recently at Qaanaaq, Greenland (870
CGL), in the oval at the AFGL Goose Bay Ionospheric Observatory (650 CGL), and at suboval latitudes
at Argentia NAS (570 CGL). The plasma convection or ionospheric drift measurements conducted at
Thule and Qaanaaq during campaigns from Winter 1983/84 to present provide evidence, that antisunward
convection dominates in the polar cap with velocities typically between 300 and 900 msec "I . Drift
s,0-Ars waere observed during periods of arc-transition (quiet magnetic conditions). Observations of
the plasma drift at Goose Bay show, as expected, a drift reversal from westward to eastward around
midnight CGLT, indicating the transit of Goose Bay from the evening to the morning convection cell.
Observations at Argentia, typically a suboval/trough station, provide evidence under magnetically
disturbed conditions for the midnight reversal of the antisunward flow pattern. However, the data
are less consistent under magnetically quiet conditions. The proximity of the station to the
boundary between corotating and convecting plasma may at times affect the consistency of the
measurements.

Recent theoretical calculations of electron density profiles within the high latitude/polar cap
ionosphere demonstrate that the diurnal foF2 variation observed at Thule, is controlled by the
plasma convection pattern and the associated drift velocities. The model calculations for Bz < 0
and Bz - 0 show factor 2 to 3 differences in Nmax over Thule, supporting the stated importance of
convection pattern and velocity measurements for the modelling of the high latitude ionosphere.

INTRODUCTION

The lIT dependence of the winter polar cap ionosphere (Sato and Rourke, 1964, Buchau et al.,
1985), the longitudinal variation in F-region densities in the nightside auroral zone (de la
Beaujardiere et al., 1985) and the formation of the main F-layer trough are either entirely or to a
large extent the result of large scale plasma convection across the polar cap. (Knudsen, 1974, Knudsen
et al., 1977, Watkins, 1978, Sojka et al., 1981) and of the displacement of the geomagnetic and
geographic poles (Sojka et al., 1979).

The existencp of polar plasma convection has been inferred from electric field measurements from
satellites (Caufman and Gurnett, 1982), or by directly measuring the convection with satellite-borne
plasma drift measurements (Hanson and Heelis, 1975). Ground based high latitude plasma convection
measlirements have heen conducted during the decade-long measuring campaign of the Chatenika Incoherent
Scatter Radar - ISR (Foster, 1983) and looking northward by the Millstone Hill ISR (Evans et al., 1980).
The large body of plasma convection data shows that in its simplest form the convection occurs in a
two cell pattern. Models of this two cell convection pattern developed by Volland (1975) and improved
by Heelis et al. (1q82) have been used extensively to model the ionosphere under the influence of the
convection (abovw references). Figure 1 from Heelis et al. (1982) shows the two cell confiouration,
with antistinward plasma flow across the polar cap, and sunward return flow along the morning and
evening flanks of the auroral oval.
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Figure 1. Polar Plasma Convection Pattern (Heelis et al ., 1982) in CGL/CGLT coordinate system.
The locations of the drift measuring stations Qaanaaq, Goose Bay and Argentia are indicated by
dlashed circles.

Past observations and modelling efforts have shown that knowledge of the convection pattern is a
prereAuisite for accurately modelling the ionosphere over the full high latitude region. The two
cell pattern occurs most clearly when the Interplanetary Magnetic Field (IMF) has a southward component
(Bz < 0), while the exact flow geometry is controlled by By (Heelis 1984). For Bz > 0, dusk to dawn
polar cap electric fields have been measured, which cause sunward plasma flow across the central
polar cap (Burke et al ., 1979) and leads to an interpretation of the existence of a four cell con-
vection pattern. Satellite magnetometer measurements (Zanetti et al ., 1984) suggest a three or four
cell pattern depending of the sign of By,. Lassen (1979) interpreted the polar cap auroral arcs,
observed during maynetically quiet periods, as being the result of a shear between a third central
polar cap cell occuring either at the edge of the morning (when By < 0) or the evening cell (when

By>0). Recent analysis of DE2 data (Heppner and Maynard, 1987) indicates, that it is possible to
explain the data for the full range of Bz and By with a basic two cell pattern. For the Bz 0
condition this approach results in substantial distortion of the two cells, in order to explain
sunward flow in the central polar cap, but the resulting pattern agrees with observations in other
regions of the high latitude ionosphere.

In this paper we describe a ground based coherent HF radar (digital lonosonde) technique, which
allows continuous, relatively low cost measurement of the plasm convection at selected sites. Early
observations (Reinisch et a1., 1987) show good agreement between the measurements and the major
features of the plasma convection. The analysis presented here indicates, that not only the major
features, but also details such as shears and drift reversals in response to quiet magnetic conditions
are observed. The measurements suggest that the continuous monitoring of the convection pattern with
a yroundl based technique will be possible.

SPACED ANTENNA DOPPLER DRIFT TECHNIQUE

The drift technique, which has been developed for a digital ionosonde, the Digisonde (Bibl and
Reinisch, 197P), is based on a technique using spectral analysis of ionospheric drift data, developed
by Pfister (1974 a, b). This technique-*has been refined for automatic data processing (Dozois,
1q83), and is an integrated capability of all modern Digisondes (Reinisch 1986).

The drift measurements are conducted using phase coherent pulse transmission on two HF fre-
quencies, which are selected to sample desired heights in the F-region. These vertically transmitted
HIF waves illuminate a large area of several hundred kilometers diameter in the F-region; an array of
4 or 7 antennas (depending on the site) deployed in a 100 mn baseline triangle receives the signals
reflected froii the ionosphere (the technique is equally applicable to E-region studies). The indi-
vidual antennds of the receiving arrary are multiplexed at the pulse repetition rate (200 Hz). The
time series received at each of the antennas is Fourier transformed in real time, resulting in four
(or seven) complex spectra at the end of each measurement period.
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Cross-correlation P of complex Doppler spectrum F from 4 antennas:
I- spectral line

kg ~ 4a - antenna
ki j I , ex 11 1 1 a- antenna postion

yields angle of arrival of each reflected spectral line.

SKYMAP

s i i
neg dopp

Least Squares Fit for Drift Velocity V:

I 2 Oft- unit positioi vector of reflector 4

2 V 8 5 2 f! C) a V~ Doppler frequency of reftector a2___ __ _2 __ I - sounding frequency

WS via- weighteig factor
c - speed of fight i vacuO

Figure 3. Drift Skymap showing 12 sources with positive Doppler and 5 sources with negative Doppler.

As will be shown later, the size (or diameter) of the convection pattern and the actual convec-
tion velocities are important quantities in modeling the polar ionosphere. Three Digisonde equipped
stations, namely Qaanaaq, Greenland (870 CGL), Goose Bay, Labrador (650 CGL) and Argentia, NAS,
Newfoundland (570 CGL) provide a first step at defining these parameters, at least for a large part
of the day. Their respective locations over a full day are indicated in Figure 1, by dashed circles
marked Q (Qaanaaq), G (Goose Bay) and A (Argentia). The figure shows that for the conditions repre-
sented by this pattern, Qaanaaq is fully embedded in the anti-sunward flow in the central polar cap,
while Goose Bay is under the influence of westward (sunward) flow before midnight, and observes
eastward (sunward) flow after midnight. In the example chosen, Argentia would be outside the high
latitude convection and would observe mid-latitude co-rotating plasma. Under more active conditions
(in response to Bz << 0), the convection pattern expands in diameter, bringing Argentia under its
influence for part of the night, and extending the duration, during which Goose Bay observes sunward

return flow. Figure 4 shows in a CG direction/CG local time diagram the approximate drift direction
changes, which over a 24 hour day would be observed at Qaanaaq (top) and Goose Bay (bottom), assuming
the convection pattern shown in Figure 1. The top graph shows the 3600 rotation in 24 hours of the
anti-sunward drift at Qaanaaq, while the bottom graph shows the westward drift before midnight and
the transition to eastward flow through south at/or near midnight CGLT observed at Goose Bay. The
coordinate system of Figure 4 has been chosen for the following discussion of the drift observations.
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DRIFT MEASUREMENTS

a. Tmie - M!agnetically Active Period, 1983/1984 Measurements

Several winter measurements campaigns were conducted by the Airborne Ionospheric Observatory,
whYiil or tp ground at Thule AR, Greenland (860 CGL) to study the structure and dynamics of the polar
ca. io'osph"ere, uring these measurements the antisunward convection of large non-- oral plasma
patchos was observed wit an All Sky Imaging Photometer - ASIP, (Weber et al., Iq84), and the (IT
<'. eo " ' + of the maximum electron densities in these patches was documented (Ruchau et al., 1983).
Fo' t- can-aiq-'s in Gecemher 1983, January/February 1984 and March 19R5 a four-antenna array was
,lerlny,- near the aircraft, to provide measurements of the plasma drift independent of the optical
observations (the patches observable by the ASIP are generally absent in the 00-12 UT time window).

,lilo the spaced antenna Doppler drift measurements were developed at the AFGL Goose Bay
In-nsvn"-ric nservatory, the best evidence that this technique actually allows the measurement of
,las r fts was olLained from the initial central polar cap observations (winter 83/84). Figure 5
slows the drift results in the data format discussed in Figure 4, for measurements taken during fnir

st ,rbecl to -ioderately disturbed days between 30 January and 4 February 1984 (E Kp for 30,
31 ia ., 1, 2, 3, 4 Feb tqcs 34, 29-, 23+, 22-, 23, 41+ respectively). The data show predominantely
artj-s!,-wrj drift (the anti-sunward direction, rotating through 3600 in 24 hours is indicated),
crro :'oetinq coincident optical observation for 3/4 February 1984 (Weber et al., 1986), and earlier
reoo't; I rived from optical data of ontisunward plasma transport under disturbed conditions (Weber
rt. ,i ,, lU>)). The observed velocities shown in the top panel of Figure 5 (median velocity and
-a-cVf 2l Iotmiate between 150 and 900 msec- 1 , well within range of previous satellite measurements and
im :,;e-al a;reeonent with the optical observations. With the confidence in the technique gained from
t-oso ' emts, permanent digital sounding capabilities were deployed at the Oaanaaq Geophysical
2ohSorvitnry of the Daiish Meteorological Institute, in Northern Greenland (870 CGL), and at a suboval
otAt'-,- 'Arqpomia, Newfoundland, 580 CGL). With the AFGL Goose Bay Ionospheric Observatory (650 CGL)
these station form a meridian chain along approximately 200 East CG Longitude.

WAN . " ,JlJJ

.. .1- ... . 'NWST
,' AZMiJ4T , A

* , 4' t 7

I- - " oS ,; + \I

-. "'J ,rfcir ' ."~ ,~~ / ~ SOUTH

l¢" I'ill I "&-tZIRATHl Or D]'PT V"OR WN~ISUN I'i!
D  

C )~ ON CTIO

EAST

.............. ............... ..-.........9 .... 21 NOTH

21 00 03 06 09 12 15 18 21 UT
F-REGION DRIFT 11 'All, rrTUEG ELN I UP R 4

MtIGSONDCt O SERVAIONS ; ,, :r:
?I4JLE.GREENLAND '4 ' p

Fiqjre 5. F-reqion drift direction (bottom) and velocity (top, showing mean velocity and range of
observations) taken during four moderately disturbed days in Janurary and February 1984 at Thule AR,
(reenlard. The antisunward direction is indicated for reference.

h. ThuIn - mannetically Ouiet Period

The Parlior polar cap campaigns had already established that sunaligned polar cap arcs, espe-
cially suhvisual F-layer arcs, populate the polar cap under magnetically quiet conditions (Weber and

663

Nor-iI U illl lI I



Buchau, 1981, Buchau et al., 1983). Reitt et al. (1978) had shown that current continuity at plasma
flow shears requires upward (or downward) Birkeland currents, therefore producing (sub) visual signa-
tures i.e. auroras in the region of upward currents. Conversely Lassen (1979) concluded that polar
cap arcs should be plasma shear demarcation lines. The analysis of Sondrestrom ISR data in the
context of ASIP arc observations has confirmed this hypothesis (Carlson et al., 1983).

The Thule drift data taken on 9/10 December 1983 cover a nine-hour period at the end of a 27
hour long quiet period (9 December E Kp =5+), during which subvisual and visual arcs typical for
quiet periods were observed, occupying major parts of the sky and drifting from dawn to dusk from 1900
to 2300 UT on 9 December 1983. The concurrent drift measurements are shown in Figure 6, lower half.
The drift direction oscillates wildly throughout the three magnetically quite three-hour periods
at the beginning of the data sample (K is indicated below the abscissa), suggesting the transit of
several shear boundaries through the station zenith. As magnetic activity increases, the convection
direction becomes more orderly, with a general direction of 300 to 450 towards later times from due
antisunward. The drift velocities are low (150 - 300 msec-1 ) during the quiet period, and increase
somewhat (150 - 600 msec-l) during the disturbed period.

Also of significance here is the first comparison of drift data with Interplanetary Magentic
Field (IMF) data, shown in the top half of Figure 6. The large fluctuations in drift direction,
indicating the presence of shears, and the arc observations occur during times when Bz > 0, By . 0,
and Bx >> 0. As B. decreases and By increases with still (strongly) positive Bz, the plasna drift
becomes more orderly, but skewed by 600 to 900 towards later times from straight antisunward. For
the steady B < 0 conditons from 11 to 21 UT, the flow is steady antisunward (skewed 300 to later
times). As z becomes positive again after 21 UT, shears start to dominate again. No clear effects
of By and Bx on the drift direction (under Bz < 0 conditions) can be derived from this short
meaSurem;ent.

Since for the drift analysis the convection is assumed to be uniform across the sky map, which
clearly is not the case during the 9 hour period of arc observation, the resulting drift directions
and velocities are not meaninyful but merely give an indication of the existence of shears. A pre-
liminary attempt to separate skymaps into regions within and on either side of arcs, using ASIP
images as d juide, shows evidence of shears. The detailed discussion of this analysis is beyond the
scope of this paper.

DIRECTIONREIIO

KP 1- o a 3 4 4o 40

Figure S. First comparison of F-region drift measurements, taken on 9/10 DeL(.,,uer 1983 at Thule, and
interplanetary magnetic field (IMF) data (for discussion see text). Also shown are the Kp values for
the measurement period.
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c. Qaanaaq - First Extended Drift Measurements

Drift measurements until early 1986 had been made by mannually selecting frequencies and setting
sampling gates, therefore requiring around the clock manning of the Digisonde. Since 1986 this pro-
cedure has been automated for all Digisonde 256 stations. The automation is based on the ARTIST
trace identification software for the Digisonde (Reinisch and Huang, 1982, Reinisch et al, 1982)
residing in an IBM AT microcomputer, which is part of the Digisonde 256. The automatic drift program
also resides in the ARTIST computer (a report on this important advance is in preparation). After
completing the 0-trace identification the program automatically selects appropriate frequencies and
sets the gates. Throughout each measurement (between two ionograms) the gates automatically follow
the changes of the echo height using a two-gate scheme.

The data (Figure 7) cover a continuous period of almost 6 days of drift measurements, from
29 October to 3 November 1986. A cursory inspection suggests at least for the first four days steady
antinsunward drift direction. However, clear deviations are seen for the period 15 - 18 UT on
29 October, and 12 - 16 UT on 1 November. Substantial direction oscillations similar to those dis-
cussed in section b and suggesting the presence of shears/arcs are observed, starting 17 UT on
I November under quiet conditions, continuing more or less unabated through the end of the
measurement.
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Figure 7. Continuous F-region drift measurements taken at Qaanaaq, Greenland, from 28 October 1986
(21 UT) to 3 November 1986 (15 UT). Kp values are shown between corresponding 3 hour tickmarks.
Superimposed on the presentation of the drift velocity is for comparison an analog representation
of the Kp time variation.

Along the time axis (abscissa) we have indicated the respective Kp values. A comparison shows
that during the more disturbed periods (Kp > 3) on 29 October and early 30 October, antisunward
convection at velocities greater than 300 msec-1 exists. This active period is interrupted by a
3 hour quiet period, (Kp = 1) during which the drift turns sunward, in agreement with the previously
discussed satellite observation for Bz > 0. A second quiet period following a disturbed period with
steady antisunward drift started at 12 UT on 1 November 1986 (Kp = 1-). Again rather stable sunward
drift is observed. From here to the end of the measurements the magnetic activity remained generally
quiet and clear evidence of shears was observed throughout, even though a short period of moderate
activity (K - 3+, 3-) within this quiet period tended to show a somewhat more antisunward organization
of the drif. The only puzz'lnq observations are those taken on 31 October 1986, where inspite of
extended rather quiet magnetic conditions the drift is consistently antisunward.

The (horizontal) drift velocities are shown above the respective drift direction panels. Super-
imposed is the variation of Kp as a function of time in analog presentation (continuous line). While
the correlation between drift velocity and K is far from convincing, there is evidence, that higher
K values correlate with higher velocites and lower K values with lover velocities (e.g. 21 liT on
3T October to 15 UT on I November). The correlation reaks down during the extended period of shear
observation (2nd half of I November, and all of 2/3 November 1986).
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0. $, indaq - Drift Measurewents Under Sunlit Conditions

A I irited set of drift measurements taken at Oaanaaq under fully sunlit conditions corroborates
tne observations in darkness. Drift Measurements conducted at Qaanaaq on 29/30/31 July 1966 (data
not presentec, here' snow consistent antisunward convection with velocities between 150 to 450 msec- I

,or tie ,,reviailing moderately active conditions (E Kp ? ?6-, 20, 20+, respectively, or,'D>? 2).
fijr ;ejs~rc' ents ta~er, jnder ma.;netical ly quiet conditions, in full sunl ight on April 19et6 (Fig-
rc ', 1itn ,, = I-, It, It, ?t for the period of measurements (00 to 12 HT on H ApriI 196 or 22 to

,.-I CCLT tre convectio is initially sunwarl, as expected for quiet or >interred) b> 0 conditions.
Sra,j'etiC 't ivt', increases tnrougn Kp = 1- to 2+, the drift direction turns antisunward, skewed

to later ti",-,s 0y 3, 0 to t o.

i s clear fro;, toe set of )aanaaq observations discussed so far, that Kp is at beSt a codrse
orderi ,j r eter uf trn dri ft observations, especially since 1 z ; 0 does not necessarily corre-

i Ir! , , %, jvjnlt , ' iCit ons, as Fiiure t) indicates, where a jump from Kiz  = +3 nT to + C fT
Sjrres, s t,; I i , troW; ')3 to 3., contrary to exp-ctation of continir-d ,uiu-t conditions.

P0

~ . "- - .

{.

I.

a '.. . ..... ,

j r, -. -r,, n r t 1 r :,! ,rv;tso s trv oow 0aanaaj, reenlan , take on 7/'1 April I' ,n taker uifer
-I~c~ .1 i C j nt'0

, , L r :.;r C! servatiuns

, 9 r .s 1 in, 4 1niicate, l;oose Bay for the selected average convection pattern is under toe
*,i' ,.re.2 A th, s,nwawri retturn plasma flow for i six hours around CC midnight, with westerly flow

, a1: ri r to in,! easterly flow ,ast IIdnI jht . At other times Goose !lay is under the influence
Sr t irt r p >: j , ",,asr In' toe lower drift velocities of the mid latitude ionosphere (Kent and

I ty 'dcl I'a;ple of Goose hay drift ireasur--,e-ts are the data from 14/15 January 1983 (Fig-
ire 4 , taen ,n,-r m'oderately disturbed conditions (E Kp = 16+ and 28+ for 14 and lb January,
res etteiy'. e convect~o !n the pre-midnight sector is consistent and towards the west (sun-
ward. Tie convction swtcies towards the east, moving smoothly through the expected southerly
dIre, tIjr . A vil 1, ,easreriet indicating a quick switch hack to westerly drift at 0? AST inter-
rupts tot. s!,iuotri transition towards easterly flow. It should be noted that the velocities are
con; de'ra: l 1ower than those observed in the polar cap, with premidnight velocities measured at

7'-1'-_ a, ian, 1>St ridnight velocities at 100il rsec
1  

.

A sudstantial data Set (3d full or partial days) collected hetween 191 and 1185 during the
d oeop:' ert of the Iritt technique is not of the same quality and consistency as the polar cap data
set. ThIs is due to a.) manual data colIection, b.) interference with the F-layer measurements by
blanketing Es duringj magnetically disturbed periods, and c.) lack of solid echoes under low foF2

(trougn) conditions, coinciding with quiet magnetic activity and small oval and convection-pattern
d Idieter. hut throughout the measurement set, consistent premuidnight westward/postmidnight eastward
drift jirect7on is observed. Short 15 minutes to one hour drift reversals are however not uncommon,
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especially in the post-midnight sector. The drift velocities shown in Figure 9 are typical for the
hidner velocitius observed in the full data set, however these higher velocities may be observed
dtter ridnlgflit, as Well as before. Low velocities (< 50 msec-1) are more routinely observed, and are
"ore tyPical for ti'~res aWay fr-om midnight. A thorough analysis of the data in the context of avail-
atle IIjFdat is planned, tocusing specifically on the exact time of midnight switch, the relation of
-.i~ortl ivt ,d dr-itt reversal to IMF conditions, and the daily duration of measurements of distinct con-

ction corniitiris. This latter measurement may provide information on the diameter of the convection

t. Ar-gent ia ,AS , NewfoundlIand , Observat ions

0~r southernmost measurerments have been taken at Argentia NAS (570 CGL). Here a Digisonde 256
rld t'-_,71 Ito support the EastL Coast OlH-B Radar arnd AWS, unattended since suiiunier of 1985 with

.cj-inal vi, its fly a local enyineer for data tape changes or to reset the ARTIST computer after a
..,r L~t oj. Trie Dijisondle is controlled remotely via a dial-op telephone capability, and drift

~uin ttie automatic mode can also be innitiated and supervised remotely.

qu'r iet and moderate magnetic conditions, Argentia is likely to remain under the influence
,, rL ,rrutotingj ioilosphk-re, at or south of the plasma pause (Figure 1). For low magnetic activity

< r.-,Lryud drift dlrections to date do not exhibit any recognizable patterns. Measured
ar! in the gp0 to Mi 1isec-I range. Figure 10, however provides evidence that for the

'l; ci'Caly jctivt period of 9 to 12 February 1986 the diameter of the convection pattern expands to

f: r,o t aa into tfle area of sunward return flow. For this station, magnetic midnight occurs at

lur ~. ior tie 3 hour periods marked on the time axes of the three panels, the Kp values are as

i/j Fen)ruary panel , starting at 18 UT: 5+, 40, 3+, 20, 10, 2o, 1o, 2-
1 /' Ftruar-y panl , starting at 18 UT: 3o, 3±, 2±, 3-, 2-, 3-, 4o, 5-

i in:rLuury ),inell , starting at 18 UT: 4-, 4±, 4+, 3±, (ending 06 UT)

n, in pc i.ofFigure 10 in the context of the listed magnetic activity shows evidence for
-~jj . ,t rij) dri ft at 75S to 150 msec- 1 prior to local magnetic midnight, with occasional velo-
-It 1!Cr-'j"s '- 3j f'oec 1 l for K >4. The data on 10/11 February show for less active conditions
/ ;iji Lten sun rd (westward) and eastward flow prior to magnetcimdihsL
t ut,-o a sy .nrice, of coitractioms and expansions of the convection patittern, alternatingly shit-

ri tri c urw ~tiur i pttern or the co-rotating plasina over the station. With regard to post-miidnight
Stin 11 1,.r Jry nr.easurevi'entS show 'steady sunward (eastward) flow with velocities between 75 and
w , -- for enrianCed activity, while the morning data on 10 February show low speeds C-50 m

idlbu.,L11 urgani.,vd drift direction under quiet condition.
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Figure 10. F-region drift observations at Argentia, Newfoundland on 9-12 February 1986 during
moderately disturbed conditions.

DISCUSSION OF DRIFT MEASUREMENTS

A newly developed ground based technique to measure plasma drift at high latitudes has produced
data, which essentially agree with previous observations from satellites, and from incoherent scatter
rad ars :

a. In the central polar cap we find antisunward convection for Bz <0, or for KP> 3.
b. During quiet conditions, especially when following an active period, sunward convection

is observed in the polar cap.
c. For extended quiet periods and B2 > 0, shear conditions typical for the sunaligned polar

cap arcs are observed.
d. At oval/suboval latitudes we observe sunward flow (westerly before midnight and easterly

after midnight), under magretically disturbed conditions.
e. Argentia (570 CGL), and to some extent also Goose Bay (650 CGL) show random switches

from westerly to easterly and back under more moderate (Kp 2) conditions, suggesting,
that the station(s) move alternatingly under the influence of convecting or co-rotating
plIasmas.

Important parameters of the plasma convection, namely the antisunward convection velocity and
the approximate diameter of the convection pattern can be estimated for at least part of the day.
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DRIFT MEASUREMENTS AND MODELING OF IHE HIGH LATITUDE IONOSPHERE

The importance of polar convection measurements lies in the relation of the convection pattern
and the convection velocities (magnit!ide and direction) to the condition of the Interplanetary
Maonptic Field (I1F) , which control, the polar cap potential Ppc, through the solar wind-
maonetospheric enerjy coipl ing function . (Akasoft , 1981, 1984, Reiff et al., 1981). Ionospheric
model inq has shown that polar cap and auroral oval ionization and the development of the F-layer
trouqh to the sooth of the oval are controlled (location and intensity) by the magnitude of the polar
cap potential, and therefore related to th- polar cap convection velocities. We expect that future
st idies will lead to the drweIv pmrent n pi* hr r ( leF) or tpc ( IMF) dependent high latitude iono-
spheric models which can, in the ah "Q1s,jr,-rents for either parameter, be driven by polar
cap piasmo convection measiret-ents.

As an example, wp have invesriiltp .'' prts of R. on the electron densities in the central
polar cao. Isinl solar product7on For 1'- ' lipondent modeling of the ionization buildup (and
decay) within a flux tihe (for detail, s - ,Trr' n et al., 1IqR7, this volume) as it travels along a
trajectory descrihed hy a R. deped,,nt crv ion model (Heel is, 1984), the time history of the maxi-
mom electron (dnity (%' maxf in flu * , os weich cross Thule at selected times has been computed.
The effects due to particle precipitatinn hVaw heen neglected, since the contribution to rATaax by the
cusp precipitation is small ( -2.4 x I1' crr-3 ) due to the high cusp traversing velocities of be-
tween 500 to 1000 msec" I , (Knudsen et al., 1077).

Fijure 11 shows the trajectories of the flux tuhes which cross over Thule at 1400 CGLT (E) and
2000 CGLT (A), in a CGL/CGLT coordinate system for Rz < 0 and Bz - 0 condition, respectively.
Other trajectories are also shown, hut are not discussed further. The location of the flux tubes are
indicated in At = 30 min increments; the starting point of each trajectory is six hours before the
time of crossing over Thule. The figure illustrates the large difference in convection pattern dia-
meter and in the convection velocities (v is proportional to the distance between half hour marks)
for the two selected 3z conditions. Of special importance is the exposure of the relevant flux tubes
to solar UV. The relation of the flux tube trajectories to the terminator for December is shown in
Figure 12. or Bz < 0, the flux tubes arriving at Thule at 1400 and 2000 CGLT, spend at least 4.5
hours in sunlight, much of that time at solar zenith angels of < 800. Due to the high convection
velocities, it takes the flux tubes only between 15 and 30 minutes to reach Thule, after crossing the
terminator into darkness, a time short compared to the recombination time of the F-layer ionization.
In contrast, for Rz - 0, the respective flux tubes experience sunlight for only 1.5 to 3.5 hours, and
only with solar zenith angles of > 850. As a consequence of the low convection velocities, it takes
the flux tubes between 45 minutes and 1.5 hours to move from the terminator to Thule. Figure 13 shows
the results of the modeling of the ionization time histories, as the flux tubes travel along the re-
spective trajectories. The results indicate a difference of a factor 3 (2) in N max for ionization
observed at Thule at 14 (20) CGLT, for the two considered conditions, Bz = 0 and Bz < 0, respectively.

13,,0  CPPzCTED GE)MAG NETIC LOCAL TIME COR!ECTED GEOMAGNETIC LOCAL TIME
CORRECTED GEOMAGNETC LATITUDE CORRECTED GEOMAGNETIC LATITUDE

I /2

'0.0

AA

07
/ ./,. ./

Figure 11. Convection trajectories for flux tubes crossing Thule at 02 CGLT (x), 08 CGLT (0),
14 CGLT ([I) and 20 CGLT (A ), for Bz < 0 and Bz - 0 conditions, in CGL/CGLT coordindates
(At = 30 min). The 20 CGLT trajectory has not been shown in the left diagram, for clarity,
since it follows closely the 14 CGLT trajectory.

669



LOCAL SOLAR TIME LOC& SOLAR TIM
eo GEQO;APHICAJL LArITuDE 8'0 GEOGIAPtIsCAL. LArITL"

4.11

Figure 1?. The same convection trajectories as in Figure 11, here in geographic latitude, local
soldr time coordinates. Also shown is the terminator CX 900).
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* 'Figure 13. Calculated W'ax values along convection trajectories crossing Thule at 14 and 20 CGLT.

CONCLUS ION

It has been shown, that a chain of Digisondes, using a newly developed automatic drift capabil-
ity, is able to measure important parameters of the polar convection patern, such as magnitude and
direction of the polar cap convection and the approximate diameter of the convection pattern. The

* importance of this new technique is that it permits affordable, continuous plasma drift measurements.
With well considered additions to the current chain these measurements can provide sufficient infor-
mation to lead to real time duefinition/monitorng of the polar convection pattern. or coults as a mini-
mum provide the time dependence and spatial extension for the sporadic, but large scale transpolar
satell i te dift measurements.
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The dependence of the polar cap, oval and trough F-layers on the magnitude and structure of the
polar cap potential has been well established through modeling (see discussion in the Introduction).
Since the drift velocity in the polar cap is directly related to the polar cap electric field (polar
cap potential), this quantity is considered a likely candidate for a driver of future physical or
enpirical high latitude ionosphere models. A model study sketched out in this paper shows, that for
different Rz conditions (Bz < 0 and Bz - 0), the drastically different convection patterns and velo-
cities )Heelis, 19q2) result in substantial differences in the plasma densities in the polar cap.
This is in good agreement with observations. We will persue the outlined strategy in the hope to
fino in the polar cap plasma drift a new, measureable parameter to drive future hiqh latitude
ionosphere models.
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