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The Sundial-86 campaign obtained simultaneous ionosonde measurements of N,,F2 from 41
mid-latitude sites geographically dispersed around the world from September 21 to October 5,
1986. A three-dimensional, time-dependent model of Earth’s ionosphere has been used to fit the
variations in N,,F2 obtained from these sites. The model successfully reproduced the measure-
ments in both the northern and southern hemispheres using the vertical plasma drift as a free
parameter. During geomagnetically quiet conditions this drift is primarily due to the meridional
neutral wind. The vertical plasma drift required to fit the data is consistent from location to
location and the deduced meridional neutral wind is also consistent with previous neutral wind
measurements and models. However, it is shown that a lack of knowledge of the variation of the
O+ flux at the top of the atmosphere introduces a large uncertainty in the deduced thermospheric

winds.

1. INTRODUCTION

The goal of the Sundial program is to further our under-
standing of Earth’s ionosphere and its interaction with the
neutral atmosphere and the magnetosphere [Szuszczewicz et
al., 1988]. The Sundial program is centered around global
ionosonde measurements obtained during campaigns spaced
9 months apart. In addition to ionosonde measurements,
satellite and ground-based measurements of solar and ge-
omagnetic parameters, incoherent scatter measurements of
the ionosphere and optical measurements of thermospheric
dynamics are obtained.

One goal of the program is to infer the dynamic behav-
ior of the neutral atmosphere via a detailed understanding
of the ionosphere. Since ionosondes are inexpensive, eas-
ily maintained, geographically dispersed, and able to op-
erate regardless of tropospheric weather conditions, there
have been attempts in the past to infer thermospheric dy-
namics from them. Rister and Dudeney [1972), Rishbeth
[1972], and Rishbeth et al. [1978] attempted to estimate
neutral winds using measurements of N,,F2 and h,,F2 at
single sites. In the latter study the authors showed that the
variation in h,,F2 with changes in the meridional wind was
approximately linear for “small” winds under “steady state”
conditions.

Recently, this linear relationship has been used by Miller
et al. [1986] to deduce the horizontal component of the neu-
tral wind along a magnetic meridian from measurements of
hmF2. Specifically, the meridional wind component is ob-
tained from the relation 4 = (hmex — ho)/c, where u is the
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meridional wind, Agax is the measured value of k., F2, ho
is hmF2 for u = 0, and « is a constant. The quantities o
and ho are calculated using an interhemispheric ionospheric
model as follows. For a specified location and time, three
model runs are conducted with “constant” wind speeds of
50, 0, and —50 m/s. This provides calculated values of h,, F2
at each of the three wind speeds, from which ho and « can
be determined by a linear regression. Once hy and « are
calculated, the measurement of hmax yields the meridional
wind via the above simple formula that relates these two
parameters. This relatively simple method for obtaining
meridional winds was tested against winds calculated from
Millstone Hill and Arecibo incoherent scatter measurements
of electron density profiles for several quiet days. The simple
method appeared to be more reliable during the day than
at night, where the uncertainty approached a factor of 2.
More recently, the simple method has been used to obtain
“average” meridional winds from averaged ionosonde data
as well as from the International Reference Ionosphere and
during the Equinox Transition Study [Miller et al., 1988;
Crowley et al., 1989]. Recently, the linear method has been
favorably compared to the nonlinear method of Rishbeth et
al. [1978] using equinox measurements from Millstone Hill
[Buonsanto et al., 1989).

In general, the calculation of mid-latitude winds from
ground-based measurements of ionospheric parameters is not
straightforward. During magnetic storms and substorms,
magnetospheric electric fields can penetrate to mid-latitudes
and the zonal component of these fields can affect h,,F2,
which is why Miller et al. [1986)] restricted their model tests
to quiet days, although with concurrent incoherent scatter
radar measurements of the electric field the winds derived
from h,»F2 can be corrected [Miller et al., 1987]. Also, near
sunrise and sunset the F' layer grows and decays, respec-
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Fig. 1. Sundial stations contributing measurements used in this study. The station names and locations

are listed in Table 1.

tively, and there are corresponding A, F2 variations at these
times. Another process that affects both A, F2 and N, F2
is a flow of plasma between the ionosphere and the overly-
ing plasmasphere. Finally, on a shorter time scale, upward
propagating gravity waves affect h, F2.

In this study, we used a three-dimensional time-dependent
ionospheric model, coupled with a geographically dispersed,
simultaneous set of “typical” ionosonde measurements, in
order to determine whether the data can be uniquely inter-
preted. The adjustable input parameters in the model were
the vertical plasma drift and the ionosphere-plasmasphere
exchange flux.

2. SUNDIAL-86 IONOSONDE MEASUREMENTS

The Sundial-86 campaign took place from September 21
(day 264) to October 5 (day 278) in 1986. During this pe-
riod, geomagnetic activity varied from low (Ap = 4) to mod-
erate (Ap = 43) conditions. Figure 1 shows the geographic
distribution of the 41 mid-latitude ionosonde stations that
participated in the campaign. The most reliable ionospheric
parameter obtained from the stations was N,;F2, and this
parameter was typically recorded on an hourly basis. Un-
fortunately, measurements of h,,F2 were not available from
this campaign.

Figure 2 shows N,,,F2 values for the entire Sundial-86 pe-
riod, as recorded by the ionosonde in Canberra, Australia.
A very marked diurnal cycle is evident, but the variation
from day to day can be very large. Typically, when data
of this nature are used in the international reference iono-
sphere, the different diurnal cycles are averaged. Likewise,
in deducing meridional winds from ionosonde Am,F2 values,
Miller et al. [1988] averaged the data to obtain “average”
diurnally varying winds for several individual stations. How-
ever, even during quiet periods, the difference between the

average and actual diurnal variations can be large. Figure
3a shows the difference between the average diurnal varia-
tion of N, F2 at Canberra for the Sundial-86 period and the
actual variation for day 271. On this quiet day the difference
approaches a factor of 2. The empirical formula of Dudeney
[1983] was used to estimate hp,,F2 from M(3000)F2. The
difference between the average of the Sundial-86 period and
actual h,,F2 values obtained can also be large, as shown in
Figure 3b for Canberra.

Our interest was in the actual diurnal variation at the
various ionosonde stations, and our goal was to determine
whether the data, as currently processed, can be unam-
biguously interpreted in terms of a meridional wind or a
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Fig. 2. Hourly Ny,,F2 values from Canberra, Australia, for

the 14-day Sundial-86 period (September 21 to October 5,
1986).
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Fig. 3. The diurnal variation of average and actual (a)

N F2 and (b) hnF2 values for day 271 at Canberra. The

average is computed for the entire Sundial-86 campaign.

The hnF2 values are calculated using the formula given by
Dudeney [1983).

plasmasphere-ionosphere coupling flux. The relatively quiet
days 271 and 272 were chosen for the study in order to min-
imize the possible effects of magnetospheric or dynamo elec-
tric fields. In addition to being halfway between the dis-
turbed periods of days 267 and 275, days 271 and 272 also
contained data from the largest number of stations.

It was not practical to make 41 separate computer simu-
lations for the 41 stations, and furthermore, it was unlikely
that sufficient new information would be obtained for this
number of simulations to be warranted. Hence the data
were consolidated into groups that best reflected regions
where the model was most sensitive. Experience has shown
that the ionospheric model is more sensitive during quiet
times to latitudinal rather than longitudinal effects, hence
groupings were chosen to emphasize latitudinal differences
(such as groups 1 and 2 in Europe). To facilitate assimila-
tion of a large number of measurements from the 41 sites,
nearby locations with similar diurnal variations of Ny, F2
were grouped together by geographic latitude and longi-
tude. The average position of each group, shown in Table
1, was used for the model calculations. The selection crite-
ria used in the northern hemisphere was, in the European
sector (350° to 60° longitude), 50° to 60° latitude (group
1), and 30° to 50° (group 2). The next groups were in the
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Asian sector (60° to 180° longitude) and were at latitudes
of 50° to 60° (group 3), 40° to 50° (group 4), and 30° to
40° latitude (group 5). The final northern hemisphere sites
from 250° to 300° longitude in North America were 40° to
60° (group 6) and 30° to 40° latitude (group 7). Groups 8
to 11 were in the southern hemisphere (see Table 1).

The measurements from each group were averaged and
weighted by the variance of the individual measurements.
The deviations between measurements from the individual
stations, relative to the mean, were expressed as the root-
mean-square (rms) deviation [Bevington, 1969]. When the
stations contributing to the average at a given time had ap-
proximately the same value of N,F2, the rms deviations
were small, and vice versa. Measurements flagged with a
URSI descriptive letter D or E (corresponding to measure-
ments exceeding the frequency limits of the ionosonde) were
not included in the averages.

3. MODEL STUDIES

3.1. The Ionospheric Model

The ionospheric model was initially developed as a mid-
latitude, multi-ion (NO*, OF, NJ, and O*) model by Schunk
and Walker [1973]. The time-dependent ion continuity and
momentum equations were solved as a function of altitude
for a corotating plasma flux tube including diurnal varia-
tions and all relevant E and F region processes. This model
was extended to include high-latitude effects due to con-
vection electric fields and particle precipitation by Schunk
et al. [1975, 1976]. A simplified ion energy equation was
also added, which was based on the assumption that lo-
cal heating and cooling processes dominate (valid below 500
km). Flux tubes of plasma were followed as they moved
in response to convection electric fields. A further exten-
sion of the model to include the minor ions N* and He*,
an updated photochemical scheme, and the mass spectrom-
eter/incoherent scatter (MSIS) atmospheric model [Hedin et
al., 1977] is described by Schunk and Raitt [1980].

The addition of plasma convection and particle precipi-
tation models is described by Sojka et al. [1981a, b]. The
ionospheric model has been extended by Schunk and So-
jka [1982] to include ion thermal conduction and diffusion-
thermal heat flow, so that the ion temperature is now rig-
orously calculated at all altitudes between 120 and 1000
km. The adopted ion energy equation and conductivities
are those given by Conrad and Schunk [1979]. Also, the elec-
tron energy equation has been included recently by Schunk
et al. [1986], and consequently, the electron temperature is
now rigorously calculated at all altitudes. The electron en-
ergy equation and the heating and cooling rates were taken
from Schunk and Nagy [1978], and the conductivities were
taken from Schunk and Walker [1970]. The incorporation of
the Sterling et al. [1969] equatorial ionospheric model and
the various improvements to this model are described by
Sojka and Schunk [1985].

3.2. Physical Processes Which Affect NmF2 and h F2

The drift velocity of the ionospheric plasma can change
the peak of the F region electron density (NmF2) and the
height of the peak (hmF2). The drift velocity of the plasma
is related to the time derivative of the density through the
continuity equation
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TABLE 1. Ionosonde Stations TABLE 1. (continued)
Geographic Centered Dipole Geographic Centered Dipole
Latitude Longitude Latitude Longitude Latitude Longitude Latitude Longitude
Group 1 Group 9
Leningrad 60.0 30.7 56.2 118.0 La Reunion -21.2 55.6 -25.6 283.1
Uppsala 59.8 17.6 58.4 106.5 Johannesburg -26.1 28.1 -23.0 255.1
South Uist 57.4 352.7 61.0 80.8 Cape Town -34.4 19.2 -28.7 244.3
Gorky 56.2 44.3 50.3 127.3 Average -27.3 34.3 -25.8 260.5
Moscow 55.5 37.3 50.8 121.1 Average I 612
Kalingrad 54.6 20.6 53.1 106.0
St. Peter-Ording 54.3 8.6 55.0 94.6 Group 10
Slough 515 359.4 52.2 83.9 Mundaring 320 1162 a2 a4n7
Average 56.2 18.9 54.8 105.3 Canberra -35.3 1490  -493 29.2
Average I 69.8 Hobart -42.9 147.3 -57.0 29.2
Average -36.7 137. -51.8 15.0
G'roup £ Average I -68.4 ’
Lannion 48.8 356.6 52.2 79.7
Sl A R B
Rome a8 195 428 92.6 Falkland Island ~ -51.7 3022 -36.2 177.1
Cape Zevgari 34.6 33.0 31.4 110.0 Argentine Island  -65.2 295.7 -49.9 173.3
Average 437 12.7 441 93.5 Average -58.4 299.0 -43.0 175.0
Average I 59.3 Average [ -53.2
Group §
Tomsk 56.5 84.9 45.9 160.2
Irkutsk 52.5 104.0 41.1 175.0 aN
Karaganda 49.8 73.1 40.3 149.3 — =qg—-L(N)-V-(NV) )
Manchouli 49.6 117.4 38.2 185.9 ot
Average 52.1 94.9 41.0 167.6 where g (L) is the rate of production (loss) of electrons,
Average I 70.4 and V is the plasma drift velocity. An excellent review of
the physical meaning of this equation in the F' region has
Growp 4 recently been presented by Rishbeth [1986].
Novo Kazulinsk 45.8 62.1 37.6 139.0 Rishbeth [1986] lists the major physical processes that con-
Alma Alta 43.2 76.9 334 151.3 . . . . .
Tashkent 4.3 69.0 323 1441 tribute to the drift velocity at mid-latitude. When the con-
Peiping 40.0 116.3 28.6 185.3 tribution of these processes to the V . (NV) term of the
Average 426 81.1 39.4 154.9 continuity equation is a significant fraction of the chemical
Average I 60.8 losses due to recombination, N,F2 can be significantly al-
tered. The important processes are, first, thermal expansion
Group § and contraction of the atmosphere, which does not affect the
Khabarousk 48.5 135.2 38.0 200.8 pressure level of a parcel of air but will change its height.
Wakkanai 45.4 141.7 35.4 206.7 Second are neutral winds, which can move the plasma up
Akita 39.7 140.1 29.6 206.1 and down the magnetic field, which changes both N,,F2
Seoul 374 127.0 26.4 194.9 . . 2
Tokyo 35.7 139.5 25.6 206.1 and hp,, F2. Third, zonal electric fields can cause E x B/B
Avera 413 136.7 30.9 263.0 vertical drifts of the plasma (where E and B are the iono-
ge . . . . . . . . .
Average | 55.6 spheric electric and magnetic field vectors). At mid-latitudes
this effect can be particularly important at sunrise and sun-
Group 6 set. Fourth, plasma diffusion acts to smooth out inhomo-
Churchill 58.7 265.8 68.6 324.0 geneities caused by other processes, such as plasma insta-
Ottawa 45.4 284.1 56.7 352.2 bilities. Fifth, flux into and out of the plasmasphere can
Boulder 40.0 254.7 48.9 317.4 increase or decrease Ny,F2 and slightly alter h,F2. For
Average 48.0 268.2 58.3 3315 filled flux tubes at night, the downward flow of H*, which
Average I 75.8 then undergoes charge exchange to become O*, is deposited
Group 7 in tt!e.ionosphere to help maintain the nighttime F region
Wallops Island ~ 37.8 2845 492 353  densities.
Point Arguello  35.6 2394 422 301.6
Average 36.7 262.0 46.5 826.6 3.3. Comparisons With Measurements,
Average I 65.8 Neutral Wind Effects
Group 8 The ionospheric model was run for each of the 11 groups
Townsville -19.6 146.8 -34.0 23.8 using the geophysical parameters listed in Table 2. As this
Norfolk Island -29.0 168.0 -39.9 49.7 was a period of low geomagnetic activity and the site selec-
Average -24.3 157.4 -37.2 36.6 tion was limited to mid-latitudes, substorm effects due to
Average 1 -52.8 convection electric fields and auroral particle precipitation
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Fig. 4. The diurnal variation of hourly Np,F2 values for the 11 groups of stations (solid circles in
lower panel). The line through each point is 2 root-mean-square deviations in length. The calculated
N F2 values are shown by the solid lines in the lower panels, and the vertical plasma drift used in the
calculations is shown in the upper panels. (@) northern hemisphere stations and (b) southern hemisphere
stations.
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TABLE 2. Geophysical Parameters for
September 28 and 29, 1986

Value

Previous day’s 10.7 cm flux 69.6 x 10722 W m~2 Hz™!
3-month mean 10.7 cm fux 74.0 x 10722 W m~2 Hz ™!
Ap 13

Parameter

are negligible. In addition to assuming a model atmosphere,
a meridional neutral wind is required, which acts to raise or
lower the ionosphere [Rishbeth and Garriott, 1969]. For this
study, the induced vertical plasma drift was varied as a func-
tion of time and model calculations were performed until the
calculated NrnF2 variations agreed with the measured diur-
nal variation for each of the 11 groups of sites. For these
simulations the ionosphere was allowed to “breathe,” i.e.,
the Ot flux through the upper boundary (1000 km) var-
ied during expansion and contraction of the F layer. This
boundary condition is appropriate for full lux tubes. How-
ever, for the usual case of partially depleted flux tubes, the
O* flux to or from the plasmasphere can be appreciably
different than that which occurs for full flux tubes. This
problem will be discussed in more detail in the next subsec-
tion.

The results of this study for the 11 groups are shown in
Figures 4a (northern hemisphere) and 4b (southern hemi-
sphere). The ionosonde measurements of N, F2 are plotted
as points in the lower row, with the vertical line through
the points 2-rms deviations in length, as discussed in the
previous section. The model calculation is the solid line.
Above each of these plots is the vertical plasma drift re-
quired to reproduce the measurements. The vertical plasma
drift is shown in a coordinate system with upward positive.
For these mid-latitude sites, MLT and solar local time are
within an hour of each other.

If the vertical plasma drift (v) is due only to the merid-
ional neutral wind (u), then v = —v/(sinJcosI), where
I is the dip angle. The meridional wind obtained in this
way for each site seems reasonable, with daytime poleward
winds generally less than 100 m/s and nighttime equator-
ward winds of less than 300 m/s. The direction and magni-
tude of the wind is consistent with measurements and mod-
els of the F region [e.g., Hernandez and Killeen, 1989]. To
better judge whether the winds from the individual locations
form a consistent wind pattern when viewed simultaneously,
Figure 5 shows the meridional wind as vectors at four uni-
versal times (0300, 0900, 1500, and 2100 UT) on a magnetic
dial plot. The number at the head of each vector indicates
the group number. Both the northern and southern hemi-
sphere winds are consistent with current global models of
the upper thermosphere (see, for instance, Roble [1983]) but
with some variability from location to location. The night-
time meridional wind blows equatorward, and in the north-
ern hemisphere it is stronger in the morning. The daytime
winds are typically small and poleward. This diurnal wind
pattern is necessary to balance production in the daytime
ionosphere and prevent the nighttime F region from disap-
pearing. As discussed previously, the wind is interpreted as
only blowing in the meridional direction. This assumption
is likely incorrect, particularly at dawn and dusk, but does
not affect the model results which only use the wind to raise
or lower the layer.
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Fig. 5. Wind vectors at 0300, 0900, 1500, and 2100 UT for
the (a) northern and (b) southern hemispheres as determined
from the vertical plasma drifts used to reproduce the N,,,F2
measurements.

3.4. Comparisons with Measurements,
O* Fluz Effects

It is tempting at this point to conclude that this com-
prehensive mid-latitude data set has allowed a large-scale
picture of the neutral dynamics of the upper thermosphere
to be obtained. Unfortunately, the neutral wind is not the
only process that controls the variation of N,,F2. Plasma
flows to and from the plasmasphere are known to have a
marked effect on N,,F2 and a smaller effect on h,F2 [see
Schunk and Walker, 1972; Schunk and Nagy, 1980; and ref-
erences therein]. During equinox and under full flux tube
conditions, O flows up from the ionosphere during the day,
charge exchanges with neutral hydrogen to produce H*, and
H* is then stored in the outer plasmasphere. At night the
reverse process occurs, and therefore the diurnal variation
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consists of an ebb and flow of plasma between the ionosphere
and plasmasphere. During the summer months, on the other
hand, the full flux tube situation may produce a flow that
is upward in the northern hemisphere and downward in the
southern hemisphere both during the day and at night.

If the real ionosphere-plasmasphere system always behaved
in the simple manner described above, it would be rela-
tively easy to include ionosphere-plasmasphere coupling in
the routine modeling of ionosonde data. Unfortunately, the
frequent occurrence of magnetic storms precludes this. Dur-
ing magnetic storms the plasma in the outer plasmasphere is
stripped away by convection electric fields, and left behind
are partially depleted or empty plasma flux tubes. Since
the refilling time is longer than the time between magnetic
storms, most mid-latitude flux tubes are always in a par-
tially depleted state. Unfortunately, the plasma flux cou-
pling between the ionosphere and the outer plasmasphere
depends on the state of the refilling. Furthermore, a lack of
knowledge of the state of the refilling precludes any simple
description of the behavior of the flux at conjugate sites,
particularly at equinox when solar production on both ends
of the tubes is approximately equal.

From the modeling point of view, a rigorous inclusion of
ionosphere-plasmasphere coupling would require modeling
each station for at least the 11-day refilling period tak-
ing into account magnetic storm effects. Since informa-
tion on storm electric fields is not routinely available, rig-
orous ionosphere-plasmasphere modeling is not possible at
the present time. Therefore it is important to determine
the extent to which ionosphere-plasmasphere flows can affect
N, F2 and hence the earlier determination of the meridional
winds.

The calculation of Ny, F2 for group 1 shown in Figure 4a
is shown again in Figure 6a. To highlight the importance
of the neutral wind in maintaining the nighttime F region,
Figure 6b shows a similar calculation with no vertical plasma
drift at night. With no neutral wind to drive plasma up the
field line, where it has a longer lifetime against recombina-
tion, the densities decrease to 5.3 x 10° ¢cm~2, an order of
magnitude lower than in Figure 4a. In contrast, how impor-
tant is the contribution of O flux from the plasmasphere?

Figure 6¢ shows a computation of N, F2 for group 1 using
a crude approximation to a reasonable mid-latitude O* flux
between the ionosphere and plasmasphere and no vertical
plasma drift. The O* flux was chosen to be 3x10% cm™2 5!
when the Sun was above the horizon, and —=1x10® cm~2% 51
when the Sun was below the horizon [e.g., Evans and Holt,
1978]. No attempt was made to include a smooth transition
between the two extremes. Even using this crude diurnal
dependence for the O% flux at the top of the atmosphere,
reasonable agreement with the measurements is obtained
(for comparison, the computation with a vertical plasma
drift and no O% flux at the top is replotted in Figure 6a).

Fig. 6. Calculated versus measured Ny,F2 values for group
1 using (a) vertical plasma drift and no O* flux at the top
of the atmosphere, (b) no vertical plasma drift and no O%
flux, (¢) no vertical plasma drift and an O* flux of 3 x 108
cm~% 37! during the day and —1 x 10® cm™2 s™! at night,
and (d) vertical plasma drift as in Figure 6a but at half the
speed at night supplemented with an O* flux of —5 x 107
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Fig. 7. Model calculations of h,,F2 for the cases in Figure
6a (solid line), Figure 6¢ (short-dashed line), and Figure 6d
(long-dashed line).

Although the Ny,F2 computations for the two cases are
similar, some differences can be seen in hnF2 (Figure 7).
Here, h,F2 as a function of time is shown for the vertical
drift case (solid line) and the O% flux case (short-dashed
line). During the daytime the difference between the two
curves is smaller than the typical 25-km uncertainty in re-
trieving h, F2 from ionograms [Rishbeth and Garriott, 1969).
In the postmidnight region the difference between the two
curves is about 45 km for a few hours.

The real thermosphere is, of course, likely to have a neu-
tral wind and O* flux present simultaneously. The merid-
ional wind driving the vertical plasma drift in Figure 6a for
group 1 peaked 2 hours after midnight at about —150 m/s.
If the same wind variation is used, but halved at night, and
an O% flux of —5x 107 cm™2 57! is imposed at night, Ny, F2
varies as shown in Figure 6d. There exists very little differ-
ence between the calculation assuming a maximum wind of
—150 m/s at night and that assuming —75 m/s coupled with
a reasonable (and, in fact, small) value for the Ot flux at
the top of the atmosphere.

Unfortunately, having ~,,F2 estimates from the ionoson-
des would not likely alleviate this situation. Figure 7 shows
the additional hn,F2 curve from the composite run (long-
dashed line). These values of hnF2 fall between the two
extreme cases in the postmidnight sector. With the geophys-
ical and instrumental variations inherent in real ionosonde
measurements, it would be difficult to differentiate between
the three curves. Hence the estimates of the neutral wind
obtained in section 3.3 from measurements of N, F2 could
be in error by a factor of 2 (or more).

4. SUMMARY AND CONCLUSION

A global ionospheric model has been used to calculate the
diurnal variations of N,hF2 for 41 mid-latitude ionosonde
stations during a geomagnetically quiet period. By assum-
ing reasonable variations of the vertical plasma drift and
the MSIS atmosphere for the appropriate geophysical con-
ditions, the measured diurnal variations of N,,,F2 have been
successfully reproduced in both the northern and southern
hemispheres.
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Although the neutral winds deduced from the vertical
plasma drifts used to reproduce the N,,F2 values are qual-
itatively consistent with currently available measurements
and model computations, the assumption that N,,F2 is con-
trolled primarily by the neutral wind is probably not valid.
Moderate values of the O flux at the top of the atmosphere
can also successfully reproduce the measurements, while as-
suming no vertical plasma drift. In addition, a model study
using half the vertical plasma drift at night as that used
to successfully reproduce the group 1 measurements, com-
bined with a small Ot flux at the top of the atmosphere,
was also able to reasonably fit the measurements. Further-
more, the change in h,F2 between this simulation and the
drift-only case was less than 20 km and in the evening and
at sunrise less than 5 km. Typically, a routine derivation of
hmF2 from scaling ionograms or the Dudeney [1983] empir-
ical formula have errors of about 20 km and hence would
be inadequate in this case for distinguishing whether or not
a plasmaspheric flux was present.

To improve the situation, better techniques are needed
to extract h,F2 values from ionograms in order to reduce
the uncertainty in this parameter to less than +5 km for
individual observations. To determine neutral winds, it is
important to have satellite or incoherent scatter radar de-
terminations of the O flux at the top of the atmosphere
(= 1000 km). Conversely, to obtain ground-based estimates
of OF flux from the plasmasphere requires accurate mea-
surements of meridional neutral winds (in addition to elec-
tric fields). Finally, to better determine the accuracy of
ionosonde-deduced meridional winds, simultaneous measure-
ments of the winds by techniques such as high-resolution
ground-based optical interferometry are necessary.

The Sundial program will eventually obtain measurements
from over 70 ionosonde sites for campaigns of 1 month dura-
tion. If routine modeling of these measurements to provide
neutral wind or plasmaspheric flux is envisioned, improve-
ments in the data acquisition and analysis are necessary to
provide sufficiently more accurate evaluations of AnF2, in
addition to high-quality measurements of N, F2.
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