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Effects of zonal and meridional neutral winds on the electron density
and temperature at the height of 600 km

By

Koh-ichiro Ovama' and Shigeto Waraxase”

Abstract : Electron temperature (Te) and density (Ne) data which were obtained with equator-
orbiting satellite Hinotori in 1981-1982 at the height of 600 km are used to study the local time,
latitude, longitude, and seasonal variations of the topside ionosphere at low latitudes. The study
shows that difference of behavior of the daytime Te and Ne between two hemispheres is well
understood by the effect of neutral wind.

Electron density in the summer hemisphere is higher than that in winter hemisphere due to
meridional wind component (seasonal variation) which blows from summer hemisphere to
winter hemisphere and consequently electron temperature is lower in summer hemisphere than in
winter hemisphere. In addition to this effect, effect of the zonal wind component (diurnal change)
is superposed at the regions where magnetic meridian plane tilts. Especially in the American
sector. where magnetic meridian plane tilts about 20 degrees westward, zonal wind effect is

comparable to the meridional wind effect.

Key words : Ionosphere (Neutral wind and plasma interaction; Electron density and temperature;

Topside ionosphere)

1. Introduction

The efforts to revise International Reference Ionosphere (IRI) are still being continued based on the observations.
The IRI reproduces Te and Ne of bottomside ionosphere basically well, whilst model of Ne and Te in the topside
ionosphere is still very poor because only small amount of data are used to construct the model. For example, IRI
predicts plasma density much higher than the real one in the topside ionosphere.

Past Te observations which are used to construct IRl model are from AE-C at 300 km and 400 km (Brace and
Theis, 1981), from AEROS at 600 km (Spenner and Plugge,1979), from ISIS - 2 at 1400km (Brace and Theis,1981) , and
from ISIS-1 at 3000km (Brace and Theis, 1981). In spite of the existence of many satellite measurements, especially Te
data is not well archived to improve the IRI and it is stili difficult for us to draw the realistic picture of basic parameters

of topside ionosphere from the IRI .
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In February 1981, Japan's first sun observation satellite was launched with the inclination of 31 degrees at a
circular orbit of 600km. Electron temperature probe (Hirao and Oyama, 1970; Oyama and Hirao, 1982) was put at the
end of one of the solar cell paddles and a cylinder probe for Ne (Ova et al., 1986) was put at another end of the solar
cell paddle which was orthogonally placed to the solar cell paddle for the electron temperature probe. When a solar
flare was detected, the data recorder onboard was totally allocated to store transient flare phenomena and Ne/Te data
were not recorded. However Ne/Te data of 3 to 4 satellite passes are recorded per day until the spacecraft stopped the
operation in June ,1982 due to a battery problem.

The Ne/Te data thus obtained turned out to be the most beautiful data set at the height of 600 km and many
papers have been published (Watanabe and Oya, 1986; Takahashi et al, 1987; Oyama and Schlegel 1988; Schlegel et
al., 1989; Gyama 1991, 1994; Oyama et al., 1993, 1996a; Watanabe and Oyama, 1995; Watanabe et al., 1995a; Watanabe
and Oyama, 1996; Su et al, 1995, 1996a, 1996b; Balan, 1997, Dabas et al.,2000).

In 1996, we had reported longitudinal variation of Te alone (Watanabe and Oyama,1996). In this paper we
describe features of both Te and Ne at two different longitude zones for three seasons in order to show the significant
role of both zonal and meridional winds. Data for these three seasons are equinox (February, March , April in 1981
and 1982, September and October in 1981, denoted as E.Q.X hereafter) summer in the northern hemisphere (May,
June in 1981 and 1982, and July in 1981, denoted as M.J.J hereafter), and summer in the southern hemisphere
(November, December and January, denoted as N.D.J hereafter). The results which are summarized here are
expected to contribute to the revision of the IRI of Te/Ne and to serve as a reference to other Te/Ne observations at
the height of 600 km in the equatorial region ( within 30 degrees in geomagnetic latitudes). The results can also be
used for educational purpose because they show very clear and ideal neutral wind effects on the topside ionosphere.
In chapters 2, 3, and 4, data which are processed irrespective of solar flux F10.7 are used because the number of the
data otherwise becomes insufficient for the discussion. However brief description is given about the solar flux
dependence in chapter 5 ,because the effect of solar flux intensity F10.7 can be seen in spite of the small range of the

solar activity variation during the satellite observation.

2. Local time variation of Ne at three seasons in two Iongitude zones

Figures 1a, 1b, and 1c show the local time variation of Ne for three seasons for the longitude zone of 210-285
degrees where magnetic meridional plane tilts about maximum 10 degrees toward east. Ne values which are plotted
in the figure are the data averaged during individual 3 seasons. One feature which is common to all three figures is
that Ne takes minimum value around 4 local time which is right before sunrise, increases toward daytime, and finally
reduces in the evening.

It is noted in these figures that two equator clefts of both hemispheres are smeared out as a result of averaging
many satellite passes.

During the equinox (upper panel) when wind blows toward high latitudes, local time variation is roughly
symmetric in the northern and southern hemispheres. It is, however, noted that Ne around 7-11 LT is higher in the
northern hemisphere than in the southern hemisphere and higher in the southern hemisphere than in the northern
hemisphere around 17-20 LT. During northern summer season (middle panel), Ne in the northern hemisphere is
higher than in the southern hemisphere.

Whilst in northern winter, Ne in the southern hemisphere is higher than in the northern hemisphere. Among the
three panels, Ne is the lowest in northern summer, which shows the seasonal anomaly.

In Figures 2a, 2b, and 2c¢ Ne profiles are shown for the longitude zone of 285-360, where magnetic meridional
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Figure.l Local time variation of Ne for three seasons; (a) equinox, (b)summer in northern hemisphere and
(c) winter in northern hemisphere for the longitude zone of 210-285.
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Figure.2 Same as figure 1 but for the longitude zone of 285-360
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plane tilts westwards by about a maximum of 20 degrees. General behavior of Ne in this latitude zone is nearly the
same as for 210-285,but a clear difference exists between two longitude zones. For example Fig.2a (equinox) Ne in the
southern hemisphere is higher than in the northern hemisphere and in the afternoon Ne in the northern hemisphere
is higher than in the southern hemisphere, which is the opposite to the Figure 1a. This is attributed to the difference
of the declination of the magnetic meridian plane in two longitude zones. Another factor for the difference of Ne might
be due to the difference of neutral wind velocity at two different longitudes. The difference between two longitude

zones can be recognized more clearly in Te behavior than Ne as we show later.
Table 1 LogwNe at the morning overshoot and afiernoon overshoot. Ne are the values during morning overshoot between
6-7:30 LT and during the afternoon overshoot between 16:30-18:00 LT at the geomagnetic latitudes of 20

degrees in both hemispheres. Boxes where both zonal and meridional wind components are enhanced are
surrounded by thick line .

Ne at Morning overshoot of Te

210-285 285-360
Seaso ] North 1 Soutﬁh» North South
M1 T 1 aisos i
ND.J _ [5315.4L 536551 cn | 525559  |5.385.58 dn |
E.QX 5.11-5.34 517524 en | 518 .22 507525 fn
Ne at Afternoon overshoot of Te
210-285 285-360
Seaso
M.J.J _ [4.905.03 hn
N.D.J 573586 in
E.Q.X 5.69-5.78 In

Table 1 summarizes typical Ne values in both hemispheres, where Ne at morning overshoot of Te as well as at
afternoon overshoot (see next paragraph) are listed for the two longitude zones of 210-285 degrees and 283-360
degrees for three seasons. These values are taken from Research Note (Watanabe et.al., 1995b; Oyama et al., 1994).
Two boxes which are surrounded with thick line (marked as an and dn for the morning overshoot and hn and in for
the afternoon overshoot) are the cases where both zonal and meridional winds drive plasma to the same direction
along magnetic line of force and as a result the effect of two winds is enhanced as we describe in section 3. Other
boxes (marked as bn, en, en, and fa for the morning overshoot and gn ,jn kn, and In for the afternoon overshoot in the
boxes at the right end of the boxes) are the cases where zonal and meridional wind.components weaken their effect

each other.

3. Local time variation of Te at two longitude zones 210-285 and 285-360 degrees

Figures 3a, 3b, and 3¢ show local time variation of Te for three seasons for the longitude zone of 210-285 degrees

corresponding to Ne shown in Figures 1a,1b, and 1c.
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Figure.3 Local time variation of Te for the longitude zone of 210-285;(a) equinox,(b) summer in northern hemisphere,
and ( c¢) winter in northern hemisphere

General features of local time variation of Te are as followings. Te shows the lowest value around 4:00 LT, rising
steeply, and takes the peak value at about 6 LT (which is, well known "morning overshoot"). After the morning
overshoot, Te decreases, and again takes the high value around 16 LT; the peak value increases as we move to the
higher latitude (hereafter, we call "afternoon overshoot"). As shown in Figure 3a(equinox), high Te region in the
northern hemisphere is smaller than in the southern hemispheres. In the northern summer (Fig. 3b), there is a single
peak in northern hemisphere and an extended period (06LT to 18 LT) of high temperature in the southern
hemisphere, whereas in the northern winter (Fig. 3c) there appears to be two peaks in the northern hemisphere and
only one in the southern hemisphere.

Figures 4a, 4b, and 4c show Te in the same format as for Figure 3 for three seasons but in the longitude zone of
285-360, corresponding to the Ne behaviors which are shown in Figures 2a,2b,and 2c. Although the gross features are
same as for the longitude zone of 210 - 285 degrees, a slight, but still geophysically meaningful difference of Te exists
between two longitude zones. Te at the morning overshoot as well as afternoon overshoot as typical examples of the
difference are summarized in table 2 for two longitude zones and for three seasons. Similar to table 1, boxes which are
surrounded by thick line ( marked as at and dt for the morning overshoot and it and ht for the afternoon overshoot at
the end of the boxes) indicates the cases where both meridional and zonal wind components drive plasma to the same
direction and consequently two effects is enhanced, while other boxes (marked as bt, ct ,et, and ft for the morning
overshoot and gt, jt, kt and It for the afternoon overshoot in the boxes ) show the cases where two wind components

suppress the effects each other.
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Figure.d Same as Figure 3 but for the longitude 285-360

Table 2 Te at morning overshoot and afternoon overshoot at two longitude zones. Columns surrounded by thick lines
indicate that both zonal and meridional winds drive plasma in the same direction and as a result the effects of two

winds is enhanced.

Te (K) at Morning overshoot

24

24

210-285 285-360
Seaso North South North South
M.J.J 3250 3300 bt
N.D.J 2960 2320 ct 2290 dt |
E.QX 2630 2860 et | 3200 2900 ft
Te(K) at Afternoon overshoot
210-285 285-360
Seaso North South North South
M.J.J 2070 2870 gt
N.D.J
E.Q.X
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4, Effect of neuntral wind on Ne/ Te

Basic chemical reactions which are working in the topside ionosphere are:
O°+0. - 0.+0

0, +e — 0-+0 ki (1)
0" +N; = NO™+N Lk=6.0X10""(600/T) cm’s™ @
NO*4e — N+O o, 3

Detail value of «,is given by M.Torr and D. Torr (1979) and roughly is expressed as «,=(4.3) X107’
(Te/300) " cm® 7. The features of Ne which appeared in Figures 1a,1b,and 1c and 2a,2b,and 2¢ can be well
explained by the effects of neutral wind which blows at the height which we are discussing. Major effect is
produced by meridional wind component, which generates the difference between two hemispheres depending on
seasons ,while zonal wind component produces the difference between two longitude zones. Figure 5 shows
schematic picture on the effect of meridional wind components on the plasma motion, (a) winter in northern
hemisphere, (b} equinox, and {c} summer in northern hemisphere . In the Figure 5, B is an earth magnetic field. Vu
is the horizontal wind component in the wetward tilted magnetic meridian plane. Vi is the velocity component along

the geomagnetic line force.

Figure.5 Effect of the meridional wind on the electron density increase /decrease in the topside ionosphere : (a) northern
winter,(b) eguinox, and(cjnorthern summer. Arrows indicate the direction of neutral wind Vv and plasma drift Veu
along geomagnetic line of force.

In the following we discuss the effect of meridional and zonal winds following the treatment of Hedin et al., (1991)
for wind system in 10-30 degrees latitude. For northern summer season when the neutral wind blows from the
northern hemisphere to the southern hemisphere as shown in Figure 5a,the ions are pushed up to the high altitude
in the northern hemisphere along the magnetic line of force by the force which is generated as a result of the collision
between ions and neutral particles. Consequently, recombination of neutral nitrogen reduces and as a result electron
density increases because recombination of the reactions (2) and (3) is less. Whilst in the southern hemisphere, ions
are pushed down along the geomagnetic line of force, and as the result electron density decreases because the
reactions (2) and (3) becomes more effective,

In the northern winter hemisphere, ions are pushed up in the southern hemisphere and pushed down in the
northern hemisphere and consequently electron density increases in the southern hemisphere and decreases in the
northern hemisphere.

In addition to the meridional wind effect, zonal wind influences on the behaviors of plasma density.
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Figure.6 Effect of the declining magnetic meridional plane caused by zonal wind in the morning at two different longitude

zones (a) longitude 210-285,and(o) longitude 285-360.

Table 3 Effect of meridional and zonal winds on the Ne at 600 km. & and & shows the upward(downward) motions of ions
caused by meridioal wind 1T and [J. show the upward (downward Jmotion caused by zonal wind .

Morning
210~285 285~360
Hemisp: North South North South
Season
N.D.J £ T o~ n cd 8 0 T T dd
pax i g 0 48 8 g o i
Afternoon
210~285 285~360
Hemisp.
North South North South
Season
M.J.Jd 1 hd
T 0 g o | ® 0 8 O
N.D.J id jd
g 1 T T £ T T 4
EQX o kd 1d
£ & 7T £ 7 g 1
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Figure 6 a and b show the effect of tilting angle of the magnetic meridian plane, where V; is the zonal wind
velocity, Vv, is the component of zonal wind Vz, which is vertical to the magnetic meridian plane and Vs along the
magnetic field line, respectively. When the neutral wind blows westward (that is, from east to west) in the early
morning in the Asian sector where magnetic meridional plane tilts toward eastward as shown in Figure 6a,ions are
pushed up in the northern hemisphere and pushed down . in the southern hemisphere. By the same chemical
reactions as mentioned for meridional wind component, electron density increases in the northern hemisphere and
reduces in the southern hemisphere. When the wind blows eastward (that is ,from west to east), ions are pushed up in
the southern hemisphere and pushed down in the northern hemisphere. Consequently electron density increases in
the southern hemisphere and reduces in the northern hemisphere.

Magnetic meridional plane tilts toward westward in the latitude range of 285-360. When wind blows westward in
the morning as shown in Figure 6b, ions are pushed down in the northern hemisphere and pushed up in the southern
hemisphere. Consequently electron density increases in the southern hemisphere ‘and reduces in the northern
hemisphere. When the wind blows eastward in the afternoon, electron density changes are just the other way.

In order to summarize the description above, the combined effects of zonal and meridional winds for two different
longitude zones is tabulated in Table 3.

The same direction of black and white arrows in the Table 3 indicate that both zonal and meridional winds drive
plasma in the same direction and, therefore, enhances the increase of electron density or the decrease, depending on
the angle between geomagnetic field and neutral wind direction.

In the morning hours two cases exist, (ad and dd) of Table 3, where both meridional and zonal winds drive
plasma in the same direction. The first one, denoted as ad in the column is northern summer season in the longitude
zone of 210-285, where plasma is pushed up in the northern hemisphere and pushed down in the southern
hemisphere. As a result plasma density increases in the northern hemisphere and reduces in the southern
hemisphere. Therefore it is predicted that difference of Ne between northern hemisphere and southern hemisphere
becomes the highest in the morning in May,June and July in 210-285 longitude .

The second case, denoted as dd is N.D.J season in the longitude zone of 285-360, where both zonal and
meridional winds push the plasma down in the northern hemisphere and push it upward in the southern hemisphere.

For afternoon hours,two cases exist where both zonal and meridional winds drive plasma in the same direction
(columns id and hd) and difference of Ne between both hemispheres should be enhanced. The first case denoted as
id in the longitude zone of 210-285, where plasma is pushed down in northern hemisphere, and pushed up in the
southern hemisphere by both winds. The second case, denoted as hd occures in M.]J.J season in the longitude zone of
285-360 . The plasma is pushed up in the northern hemisphere and pushed down in the southern hemisphere. In
other columns (bd, cd, ed, and fd for the morning overshoot and gd ,jd, kd, and ld for the afternoon overshoot), two

neutral wind components suppress the effect each other.

5. Solar activity dependence of Te/Ne profile

In order to see the solar activity dependence of Te/Ne, we have grouped Te/Ne data into two solar flux levels, (a)
F10.7 flux is less than 200 and (b) when it is larger than 200. As shown in Figures 7 and 8 for Ne and Te, respectively,
Te is sensitive even to a slight variation of electron density, which is produced by the difference of solar flux intensity.
In Figures 7 and 8, we have plotted the Ne/Te variations for three seasons (M.].J, N.D.J and E.Q.X) including all
longitudes. Two features are seen clearly from these figures. First, the morning overshoot is enhanced over equator

for larger solar flux especially for two seasons, N.ID.J and M.J.J. During the equinox period, the morning overshoot is
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less remarkable than other two seasons (Oyama et al.,, 1996b). The second feature is that the difference between

northern and southern hemispheres becomes larger as solar flux increases.
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Figure.7(a) Local time variation of Ne for the solar flux , F10.7 smaller than 200 for three seasons: from the top to the
bottom of each figures, equinox, northern summer, and northern winter.
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Figure.7(b) The same as Figure 7(a) but for F10.7 larger than 200.
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Figure.8(a) Local time variation of Te for F10.7 less than 200 for three seasons:from the top to the bottom of each figures,
equinox, northern summer, and northern winter.
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Figure.8(b) The same as Fig.8(a) but for F10.7 larger than 200.
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6. Discussion

We discuss the behavior of Te and Ne, by using Tables 2 and 3. During the morning overshoot period, in the
longitude zone of 210-285,according to the column ( et), Te in the southern hemisphere-is 230 K higher than in the
northern hemisphere in the E.Q.X season, although both hemispheres should be symmetric from the point of the
solar energy absorption in the ionosphere. The difference can be explained by the zonal wind, which blows from east
to west in the morning. As one can understand from table 3, plasma density in the northern hemisphere increases and
decreases in the southern hemisphere and as a result Te decreases in the northern hemisphere and increases in the
southern hemisphere, as Te is inversely proportional to Ne during daytime.. Te .of M.J.J (N.D.]) season which is
higher (lower) in northern:(southern) hemisphere than in southern (northern) hemisphere is qualitatively
understood by the meridional wind. Difference of Te (3140K - 2170 K) between northern and southern hemispheres
in M.J.] season, which is larger than N.D.] season(column ct}, might be explained as a result of the combined effect of
meridional and zonal components.

In the longitude range of 285-360, in E.Q.X season (where Te should be the same if no zonal wind component
exist), Te of the northern hemisphere which is 300 K higher than in northern hemisphere (column ff) can be
explained by the effect of zonal wind which hits the magnetic meridian tilting it toward west as about 10 degrees
larger than in 210-285 longitude region. Nearly equal Te between northern and southern hemispheres in M.J.J season
(column bt) suggests that the effect of zonal wind is strong enough to cancel the meridional wind effect. Large
difference of Te between two hemispheres in N.D.J season(column d¢) is consistent with the enhanced combination of
zonal and meridional wind components.

For the afternoon overshoot in the longitude range of 210-285, nearly equal Te between northern and southern
hemispheres in the E.Q.X season {column kt) suggests that in the afternoon zonal component is smaller than in the
morning. In N.D.J season (column it) Te in the northern hemisphere is higher than in the southern hemisphere,
which is consistent from the point of wind direction. Te behavior in M.J.J season(gt) is understood from table 3 as due
to meridional wind component mainly.

In the longitude zone of 285-360,in the E.Q.X season the difference of northern /southern hemispheres is 130
K{(column 1t),which is 170 K lower than the difference of Te in the E.Q.X morning overshoot(ft) This again suggests
that zonal wind is weak in the afternoon as we suggested from column k¢.

In contrast to the E.Q.X season, the Te in N.D.J season (column §t) is nearly the same between two hemispheres,
which means that zonal wind effect is strong enough to cancel meridional wind effect. .Big difference of Te between
two hemispheres(ht) which is intensified as.a combined result of meridional and zonal wind effects supports the
above statement. k

From the description above, the following statement can be drawn; (1)meridional wind component produces the
Te difference between two hemispheres, (2) effects of declination of the magnetic meridional plane on Te is
detectable, especially, in the 285-360 longitude. (3).zonal wind during M.J.J and N.D.J season (column it, and ht) is
stronger than in E.Q.X and in the E.Q.X, west to east wind which blows in the afternoon is weaker than the east to
west wind in the morning. k

The fact that the difference of Te between two hemispheres is enhanced at higher solar activity suggests that

meridional neutral wind blows more intensely in higher solar flux period.
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7. Conclusions

Diurnal, latitudinal, and longitudinal variations of Te/Ne in the equatorial ionosphere at 600 km during daytime

are discussed. Even a small difference of both paramieters in two different longitude zones 210-285 and 285-360,

where magnetic meridional plane tilts eastward and westward, respectively, are explained by the effect of neutral wind

. Especially the effect of zonal wind is almost comparable to the effect of meridional wind in the longitude zone of 285-

360. Present study suggesis the possibility to calculate nospheric neuiral wind system from the Te/Ne data Su

et al., 1995). The Te data set which was used here are available from NSSDC.

The Ne was measured by Professors H. Oya and A.Morioka Tohoku University. The authors would like to
express their thanks to Professor T. Takahashi of Gunma University for his tremendous effort to compile Ne data.
The authors also express their sincere thanks to the rocket launching staff of ISAS for their successtul launch. One of
the authors (K. - I. Oyama) would like to express his sincere thanks to Professor Y. Tanaka, Manager of Hinotori
satellite, who exceptionally instalied Ne/Te plasma instruments in spite of the sun observation mission. Without him,

this excellent data set could not come out to the world.
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