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THE MESOSPHERIC SODIUM LAYER AT 23°S: NOCTURNAL AND SEASONAL VARIATIONS

by

D.M. Simonich, B.R. Clemesha and V.W.J.H. Kirchhoff
Instituto de Pesquisas Espaciais - INPE
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico - CNPq

12200 - Sao Jose dos Campos, SP, Brasil

ABSTRACT

The vertical profile of mesospheric sodium has been measured
by laser radar at Sao Jose dos Campos (2308, 4GOW) on 344 nights since
1972. Very large day to day variations are observed, both in the total
abundance of sodium and in its vertical distribution but, by averaging over
a large number of measurements, consistent nocturnal and seasonal trends
are observed. An annual variation by a factor of two is observed in the
sodium abundance, with maximum in Tocal winter, but no consistent annual
variation is seen in the height or shape of the layer, nor in its nocturnal
variation. The average nocturnal variation shows a small decrease in |
abundance before midnight followed by a post-midnight increase. The
height of maximum sodium concentration decreases by 2 km during the night,
and the scale height of the topside of the layer increases from
2.4 km to 4.7 km. Although the peak concentration of the layer increases
slightly during the night, the density at heights below 88 km decreases.
These results are consistent with photochemical control of the bottomside
of the layer and diffusive control of the topside. Comparison of our

results with twilight and daytime absorption abundances, measured at Tow



northern latitudes, shows a latitudinal assymmetry in the seasonal
variation of abundance, suggesting an annual variation in the input of
sodium to the upper atmosphere, with a maximum in northern summer.
Variations observed on individual nights appear to be mainly dynamic in
origin. Vertical structure with a characteristic wavelength of the order
of 10 km is frequently seen to propagate downwards through the layer at
rates between 1 and 4 km hr !, This structure appears to be the result

of gravity wave and/or tidal perturbations.

1. INTRODUCTION

1.1 - Lidar Characteristics

The mesospheric sodium layer has been observed at Sao Jose
dos Campos, Brazil (2305, 46°N) since March 1972. Some preliminary results
of these measurements were presented by Kirchhoff and Clemesha (1973).

In this paper we present a considerably more complete study, based on 344

nights of measurements made up to August 12, 1977.

The observations have been made using a laser radar tuned
to the D, line of sodium. The main characteristics of the laser radar are

given in Table 1.
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TABLE 1

SPECIFICATIONS OF THE LASER RADAR

Transmitted energy 20 md
Pulse duration 2 us
Maximum Repetition rate 0.5 s !
Wavelength 589.0 nm
Total transmitted bandwidth 12 pm
Receiver area 0.39 m?
Receiver bandwidth 1 nm
Receiver efficiency 2 %
Normal height interval 2 km

The laser is kept tuned to the D, line by an automatic
tuning system (Clemesha et al., 1975). This system uses a piezoelectric
Fabry-Perot interferometer in a servo loop to tune the laser to a sodium

lamp reference.

1.2 - Lidar Calibration

Following Kent et al. (1967) we may express the signal
produced in the receiver of a lidar by scattering from atmospheric

molecules as

n(h) p K T2
h2

c(h) = (M



where C(h) = the number of photons detected from height h per km per shot;
n(h) = the number density of scattering molecules at height h;
0 = the Rayleigh backscatter function per molecule;
T = the total atmospheric transmission from the lidar to
height h;
K = a constant of the lidar.

Our lidar simultaneously measures the resonant scattering from the

sodium layer and the Rayleigh scattering from the stratosphere. Since
almost all of the atmospheric attenuation takes place in the troposphere,
taking the ratio of these two signals causes the factor KT2 to cancel out

giving

2
C(hy)  Na(hy) oy, h2

- 2 (2)
C(hZ) D(h ) DR hl
2
C(hy) D(h2) pp M
Na(hl) = 5 (3)
where
Na(h,) = the number density of sodium atoms at height hy;

D(h,) = the atmospheric molecular number density at height hy;

PNa = the effective resonant backscatter function for sodium
atoms;

PR = the average Rayleigh backscatter function for atmospheric

molecules in the stratosphere.



We have used an average value for D(h,) obtained from
lTocal radiosonde measurements. Seasonal and day to day variations in the
density at 25 km, the value usually chosen for h,, are only a few
percent at our latitude, and have been neglected. A more serious error
might be introduced by aerosol scattering. This has been taken into
account by fitting our measured stratospheric scattering profile,
typically extending from 14 km to 44 km, to a standard atmosphere in
order to determine the aerosol scattering ratio at the height h,.

Details of this procedure have been given by Clemesha and Simonich (1978).

In order to determine the effective resonant backscatter

function for the sodium atoms, equal to Geff/qn’ where o is the

eff
effective resonant scattering cross-section, we must accurately determine
the transmitted spectrum. The bandwidth for the early data was obtained
by measurements of the laser spectrum using spectrographic techniques.
After December 1974 a sodium vapor cell and a total energy monitor were
added to the system. These measure both the total energy of the laser
and the energy available for resonant scattering. The scattering cell is

used to measure the laser bandwidth as well as to monitor short term

changes in the laser spectrum during actual data taking.

The laser bandwi dth is obtained by sweeping the laser
through the D, line in known wavelength increments using the piezoelectric
Fabry-Perot interferometer. If the laser spectrum is assumed to be gaussian
and the absorption cross-section for the sodium D, line is represented by
a double gaussian (Chamberlain, 1961), the analytic expression resulting

from the convolution S(t) of the laser spectrum with the absorption



cross-section is

WeR
s(t) = 2— N, exp[-(t - 1,)2/(a248%)]+
02 +82
+ Ny expl-(t+2)2/(a?4+82)]} 3)

where

T = wavelength displacement from 589 nm in pm;

wo = the transmitted enerqgy;

a = the 1/e half-width of the laser spectrum in pm;

B = the 1/e half-width of the Doppler broadened D, line
(5.28 x 10°2/1 pm);

N, = 1.33 x 107 /T e

Aa = 0.73 pm;

N, = 7.965 x 107'%/ /T o

Ab =1.23 pm;

T = the temperature of the sodium atoms in Ok.

The experimental data can be fitted to this equation to get the laser

bandwidth. The effective scattering cross-section is given by

Oge JN(A) L(A) dn / J L(A) dr

where

N(L)

the resonant scattering cross-section of the sodium atoms;

1]

L(X) = the laser spectrum.



Using the previous assumptions, this can be calculated as

Caff = = N, exp[-l%/(u2+82)] +
Vo2+p2
+ Ny exp[-A2/(a2+82)]} (5)

where B, Na and N, are evaluated at the mesospheric temperature (200O K).

The scattering cell system is é]so used during measurements
to monitor short term changes in the laser. If the ratio of the energy
scattered by the sodium vapor to the total laser energy increases as
compared to the ratio obtained during the bandwidth measurement, the
bandwidth of the laser must have decreased. If the ratio decreases, it is
due either to an increase in the bandwidth of the laser or to the laser
being s1ightly off the center of the D, line. These effects are taken

into account by a correction to the effective scattering cross-section:

Na/W 0
Teoff ~ o o eff (6)
Na~ /W
where

Ooff = the corrected effective cross-section;

Na = the average scattered signal from vapor cell during sodium
measurement;
W = the average laser energy during sodium measurement;

Na® = the scattered signal from the vapor cell during bandwidth
measurement,

W = the laser energy during bandwidth measurement;
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cgff = the effective cross-section obtained during bandwidth

measurement.

Equation 6 would be exact only if the temperature of the
sodium atoms in the scattering cell were equal to that in the mesosphere.
In practice our scattering cell operates at 420°K, as against a typical
mesospheric temperature of 200°K. We calculate, however, that the error
introduced by this difference does not exceed 1%, mainly because the

bandwidth of our laser is much larger than that of the measured line.

The main source of error in our calibration procedure lies
in the determination of the laser bandwidth, which we believe to be
accurate to approximately + 10%. Other sources of error, such as the
uncertainty in the stratospheric scattering, are much smaller and can
be neqlected. Before the installation of the scattering cell, errors in
the bandwidth determination may have been as large as + 40% for
individual measurements, although for averages over many days it is

unlikely that the error would have been more than * 20%.

2. RESULTS

2.1 - General Characteristics of the Layer

Figure 1 shows a series of profiles of the sodium layer
averaged over different time intervals. Individual profiles are
generally obtained by accumulating the returns from 50 shots of the

laser during a time interval of approximately 3 minutes. The error



bars shown in the fiqure are proportional to the square root of the
photon count at each height and thus correspond to the probable
statistical error in the measurement. The data have been corrected for
resonant absorption in the layer. The altitudes shown in the figures

are height above sea level.

Figure la shows a single 50 shot profile from the night
of July 31, 1975, taken at 2218 LST. The profile shows a considerable
amount of structure with 2 distinct peaks. Profiles with this

integration time (v 3 min) generally show complex structure.

Figure 1b shows an average of 6 profiles taken on the
same night between 2200 and 2300 LST. The small scale structure has
disappeared but the two peaks remain. This double peaked structure is
quite common in our data averaged over short time periods. On occasions
as many as three peaks may be maintained for several hours, but never
over an entire night. In this respect our results are quite similar to
those of Sandford and Gibson (1970) in England, and Blamont et al.

(1972) in France.

Figure 1c shows the average of all the profiles obtained on
the night of July 31, 1975, over a period of seven hours. The distinct
double peaked structure continues to be visible, although the minimum
between the peaks has been filled in. The maintenance of a minimum
between two peaks when the data is averaged over many hours is not

common, although the plateau type structure shown occurs frequently.
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Figure 1d shows the average of the nights of July 30 and
31, 1975. Observations were made during only 4 hours on July 30 but the
general shape of the layer was similar to that seen on July 31. Normally
there is a certain amount of continuity of the profile from night to night,
although radical changes in the layer are not uncommon. Sometimes the

layer structure remains similar for three or four consecutive nights.

Figure le is the average for all the days on which
observations were made in July of 1975. This curve shows a very smooth
variation with height with the plateau type structure still in evidence.
Finally, in Figure 1f, we show the average profile for 1975. It is
interesting to note that although the average layer shows a sharp
maximum at 94 km, a tendency towards a secondary maximum at 85 km is

still visible,

2.2 - Seasonal Variation

The bottom part of Figure 2 shows the mean monthly
profiles in the form of a contour plot where the averaging was carried
out over all five years of data. In determining the monthly means,
equal weight was given to each night's data regardless of the duration
of measurement. Note that the January data is repeated in order to
show the complete annual cycle. Because of freauent cloud cover
during summer, the number of nights of data included in each monthly
average varies from a minimum of 11 in December to a maximum of 56 in
July with an average value of 28.7 days. The dashed curve is the height

of the maximum density for each monthly average. The upper part
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of Figure 2 is the monthly mean abundance curve.

There appears to be no significant seasonal variation in
the height or structure of the layer. Minimum densities occur in
December at the beginning of summer. Subsequently the density increases
proportionally at all heights reaching a broad maximum beginning in
April. The densities remain high until October when the layer begins its
decrease to the summer minimum. The abundance shows the same general
behavior, a relatively sharp minimum at the beginning of summer and a

broad maximum almost from equinox to equinox.

Figure 3 shows a mass plot of the average nightly
abundance for all available data. The smooth curve drawn through these
points is a three point running mean of the monthly average abundance.
The summer minimum in abundance is clearly evident for each year in
which we have made measurements. Also evident are the large day to
day variations of the abundance. The form of the annual variation also

changes considerably from year to year.

The dashed curve in Figure 3 is a least mean squares fit
of a function containing 1 year and 11 year periods. This curve

represents the function

365 4015

4015

+ 0.61 cos (2
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where

2

A(t) = the abundance in units of 1013 m~

1]

(o
"

the time in days from January 1, 1973

The yearly cycle shows a minimum very close to the beginning of the
year. The 11 year cycle has a minimum in early 1978. The minimum of
the solar cycle occurred in 1976. Our choice of an eleven year cycle

to represent the long term variation visible in Fiqure 3 is, of course,
arbitrary, and more data will be necessary in order to determine whether

there really exists a sunspot cycle variation in the sodium layer.

2.3 - Day to Day Variations

Figure 4 shows a contour plot of sodium densities for the
period of 15 days from July 20 to Augqust 3, 1976, during which period
observations were made on every night except July 21. The contours are
plotted through the nightly averages, each of which represents the mean
of at least 9 hours of observations. It can be seen from Figure 4,
that the distribution shows appreciable continuity over a period of
several days, although large changes sometimes occur from one night to
the next, as in the case of the 28th - 29th July, where an abundance
increase by a factor of 1.35 is accompanied by a major change in the

vertical distribution of sodium.

2.4 - Nocturnal Variations

Figure 5 shows a contour plot of the half-hour average
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profiles for the night of July 25-26, 1976. Also shown is the abundance
curve for these half-hour values. The predominant feature visible in

this figure is the decrease in the height of peak density throughout

the night. Less obvious is the existence of secondary peaks, approximately
10 km below the main peak, from 1900 to 2200 hours, and 10 km above the
main peak between 0200 and 0600 hours, descending at the same rate as the
main peak. The descending structure appears to represent a wave motion
with a vertical wavelength of the order of 10 to 12 km, whose phase descends
at the rate of 1 km hr™!.  Although the night of July 25-26, 1976, was
chosen as a particularly clear example of a descending wave motion, most
of our measurements show a structure which descends with time at a rate
between 1 and 4 km hr'l, and with a vertical wavelength of the order of

10 km. The phase of this wave varies greatly from night to night,

however, and its existence is not apparent in the average nightly

behaviour shown in Figure 6.

The derivation of an average nocturnal variation is
complicated by the fact that most of our observations refer to time
periods of only a few hours for any given night. As a result of this,
the very large night to night variations which frequently occur will
tend to introduce spurious nocturnal variations if a simple average is
taken. In order to overcome this problem we have averaged the fractional
rate of change of total abundance measured at hourly intervals, and have
integrated these average values to give a mean nocturnal variation of
total abundance. Individual profiles were subsequently normalized to
this mean abundance variation and then averaged to obtain the mean

nocturnal variation of the sodium distribution.
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The average abundance curve shown in the upper part of
Figure 6, shows only a very small nocturnal variation of about 4% with
a minimum abundance of 4.8 x 1013m™2 just before midnight. The vertical
distribution of sodium undergoes significant changes during the night.
At heights above 100 km there is a considerable increase in density,
mainly after midnight. Between 1900 and 0500 LST the density increases
by a factor of 4 at 104 km and by a factor of 19 at 106 km. At heights
below 90 km there is a steady decrease in density throughout the night.
At 84 km, for example, the density at 0500 LST is only 50 % of that at
1900 LST. The peak density changes by about 12 % during the night,
with a maximum occurring at 0300 LST. The height at which the maximum
density occurs decreases monotonically from about 95 km at 1900 LST to

93 km at 0500 LST.

2.5 - Correlation with Geophysical Parameters

The mean nightly abundance was compared with ZKp
(centered on local midnight), solar flux and sunspot number with time
shifts of up to + 30 days. No significant correlation was found between
abundance and geomagnetic activity. A small correlation with the other
two parameters was found. The correlation coefficient between abundance
and solar flux varies between 0.106 and 0.189 with a mean value of

0.15. With sunspot number the correlation coefficient varies between
0.116 and 0.26 with a mean of 0.18. Both of these correlations are
significant at the 1 % level. These correlations are undoubtably the

result of the long term trend in sodium abundance and the solar cycle

variations in solar flux and sunspot number. As our data are insufficient
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to determine whether or not the trend is part of a solar cycle variation,

we cannot know whether or not the correlations are physically significant.

3 - DISCUSSION

3.1 - Vertical Structure

Individual profiles, which normally represent a time
average of 3 to 5 min, show a considerable amount of fine structure
which disappears when longer averaging times are considered. These
fluctuations could either be caused by a wave disturbance, or by the
horizontal movement of spatial irreqularities in the layer. The
existence of horizontal structure in the mesosphere has been shown by
observations of the OH nightglow (Krassovsky, 1977). Attempts to
investigate the horizontal structure in the sodium layer have been made
by Thomas et al., (1976), who used a steerable laser radar to measure
the vertical distribution of sodium at locations separated by distances
from 15 to 100 km. Their results showed 1ittle small scale spatial or
temporal variation over periods up to 1 hour, other than a vertical
oscillation of the entire layer. We have also made spaced observations
at 3 positions with the intention of measuring horizontal motions by
the technique first developed for ionospheric drift measurements by
Mitra (1949). These measurements were made in early 1974, before the
installation of the scattering cell calibration system, and thus their
analysis is hampered by the apparent fluctuations in sodium abundance
produced by the uncompensated short term fluctuations in the spectral

output of the laser. They do show, however, that the detailed structure
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3.2 - Seasonal Behavior

Our observation of a winter maximum in abundance is in
agreement with the twilight observations as summarized by Hunten (1967)
and the lidar measurements of Gibson and Sandford (1971) and Megie and
Blamont (1977). The details of the seasonal variation are, however, rather
different. BRoth Gibson and Sandford, working at Winkfield, England
(51°N), and Megie and Blamont, at Haute-Provence, France (44°N), find
that the winter maximum is confined to a few months of the year only,
with little change outside of these months. Our observations indicate
a broad maximum from early autumn to late sprina. The winter maximum in
density observed at northern midlatitudes appears to result from a large
increase in sodium density on the bottomside of the layer. This is
particularly evident in the case of the Winkfield results, and is implied
by a winter lowering of the layer observed at Haute-Provence. We
observe no significant seasonal variation in the vertical distribution
of sodium at our latitude. Although the Winkfield results are for only
one year, the Haute-Provence observations cover a period of nearly 3
years, and it seems probable that the differences noted above are genuine

latitudinal effects.

The sodium abundance varies by about a factor of 2 from
summer to winter at our latitude. This ratio appears to be about 3:1
at Haute-Provence, and 4:1 at Winkfield. Twilight observations made at
Tamanrassett (23°N) show no significant seasonal variation, which is
surprising, since one would expect to see a seasonal effect similar to

that at 2308, with a 6 month phase lag.
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There appears to be a northern to southern hemisphere
assymmetry in the magnitude of the seasonal variation in sodium
abundance. In Figure 7, we present the ratio of the average December-
January abundance to the average June-July abundance for a number of
stations. Table II gives the observational data for each station. The
dots are data from twilight resonant scattering measurements. The
data have been reduced (or rereduced where necessary) to sodium abundance
using Figure 5 of Hunten (1967), with a day to twilight abundance ratio
of 1. Hunten et al. (1964) report that their data for Christchurch has
some uncertainty in the calibration as well as other problems. Therefore
the sparse data of Tinsley and Vallance Jones (1962) are included (circle).
Note that this point is much closer to the ratio at Lauder, at almost
the same latitude, and therefore we tend to discount the Hunten et al.
data point. The squares are daytime solar absorption measurements.
Because of the large error bars compared to the variation of the data
points, the Boca Raton ratio was obtained by averaging the bimonthly
values covering the appropriate two month periods. The crosses are the

laser radar data.

It can be seen from Figure 7 that there is an appreciable
difference in the winter/summer ratios between low latitude stations in
the northern and southerh hemispheres. This difference could either result
from the different measuring techniques used, or could point to an annual
variation in sodium input. The low latitude northern hemisphere results
are from daytime absorption or twilight measurements. If there exists an
appreciable difference between the seasonal variations of the daytime

and nighttime abundances then this would appear in Figure 7 as an apparent
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latitudinal effect. The dayglow measurements (Blamont and Donahue, 1961)
originally suggested a considerable enhancement of sodium abundance
during the day, but it now appears that the interpretation of these
measurements was in error (Chanin and Goutail, 1975). Both the absorption
and dayglow measurements reported by Burnett et al. (1972) and Burnett et
al. (1975), show no diurnal variation. On the other hand Partowmah and
Roesler (1977) consider that their absorption measurements show a diurnal
variation which is strongest in winter. The sense of Partowmah and
Roesler's diurnal variation is such, however, as to suggest that the
seasonal variation of the nighttime abundance is less than that of the
daytime abundance. This would indicate a seasonal variation smaller than
that observed by other techniques at latitudes around 44°N, and thus
would increase, rather than decrease the latitudinal assymmetry. Gibson
and Sandford (1972) have made a limited number of daytime lidar
measurements and also find no consistent difference between daytime

and nighttime abundance. It is also significant that the seasonal
variation in the twilight abundance of Haute Provence is very similar

to the seasonal variation in the nighttime abundance measured by lidar.

Although the evidence is not conclusive it does appear
to point to a latitudinal assymmetry in the seasonal variation of sodium
abundance. If such an assymmetry exists it suggests an annual variation
in the input of sodium, with a maximum input in northern summer, so
that the annual and seasonal variations would tend to cancel at low
northern latitudes and reinforce each other at low southern latitudes.
One of the possible sources for the sodium layer is meteoric influx.

Radio meteor studies do, in fact, show an annual variation in meteor
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rates (Hawkins, 1956; Elford, 1967). Unfortunately the variation does
not appear to be in the right phase, since it shows a maximum influx
between July and December, rather than in northern summer. Possibly
incoming particles which contribute most to the sodium layer have an

annual variation different from that of radic meteors.

The seasonal variation of mesospheric sodium might be
explained, at least in part, by the séasona1 temperature variations in
this region. From the US Standard Atmosphere Supplements, 1966, we
estimate that the yearly temperature variation at an altitude of 90 km
is 11°k (174 - 1859%K) at 23° latitude, while it is 38°K (163-2019K) at
51° latitude. The main photochemical reactions of sodium are thought

to be (Hunten, 1967)

Na + 03 - Na0 + 0,; k,

5.16 x 1071° exp[7§Z§-] cm’s ! (7)
T

NaO + 0 » Na* + 0,5 k, = 3 x 107/ exp|- 1129—] cm3s™! (8)
T

where the values for the temperature dependent rate coefficients are

from Megie (1976). In equilibrium

[Na] ka [0]

[Na0] _ ky[04]

(9)

where the brackets indicate densities. Model calculations by Shimazaki
and Laird (1972) suggest that there is no seasonal variation in the [0]/
[0;] ratio. The ratio k,/k,, and therefore the ratio [Na]/[Na0] changes

by a factor of 1.3 from summer to winter at 23° 1atitude, while at 51°
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latitude it changes by a factor of 2.9 for the temperature variations
given above. The main difficulty with this argument is the fact that if
the absolute values of k; and k, normally accepted are correct, only a
small fraction of the sodium would be in the form of the oxide, so that
changes in the [Na]/[Nad] ratio would have little effect on the abundance.
It should be pointed out, however, that Kolb and Elgin (1976) have
suggested that the reactions between sodium and oxygen proceed by the
electron jump mechanism, and this would imply a value for k; about 50
times larger than that normally used. Since k, would be increased by
only a factor of 4, the ratio of NaO to 0 would be increased by more than
a factor of 10, with the result that photochemical changes could have a
greater effect on the sodium density. It appears to us to be particularly
significant that the large winter increase in sodium abundance, observed
at mid-latitudes, results mainly from an increase in density on the
bottomside of the layer, where photochemistry is most 1ikely to be

important.

3.3 - Nocturnal Variation

The average nocturnal variation shown in Figure 6 appears
to be the result of various processes occurring in different height
regions. Perhaps the most notable feature of the average nocturnal
variation is the increase in the topside scale height during the night.
The scale height measured at a height of 100 Km, increases from 2.4 km
at 1812 LST to 4.7 km at 0506 LST. Since the scale height of the Na
layer is much smaller than that of the main constituents of the

atmosphere, it is possible to explain its increase as being caused by
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diffusion. The fact that the topside scale height of the sodium layer
is much less than the atmospheric scale height has received considerable
attention in the literature. Attempts to explain the smallness of the
scale height on the basis of a thin source layer have been made by
Hunten and Wallace (1967) and Donahue (1966). The source layer is
supposed to consist of aerosols from which sodium evaporates, mainly
during the day. An alternative explanation on the basis of the
ionization of sodium has been suggested by Hanson and Donaldson (1967).
An increase in scale height during the night, when the aerosol source
or ionization sink mechanism would be turned off, is consistent with
either of these two mechanisms, and thus our observations do not help

to distinguish between them.

The decrease of approximately 2 km in the height of
peak sodium density during the night, visible in Figure 6, can also be
explained on the basis of diffusion. The height of maximum mixing ratio,
97 km, does not, in fact, change by more than 0.5 km from 1900 LST to
0500 LST.

As in the case of the seasonal variation, the loss of
sodium on the bottomside of the layer during the night could be due to
a decrease in the [Na]/[NaD]ratio. Model calculations (Shimazaki and
Laird, 1972) suggest that a large nocturnal decrease in the atomic
oxygen density occurs at heights below 88 km, and thus the lack of
sodium oxide, which photochemical equilibrium using the normally
accepted rate coefficients suggests, is not quite so serious an objection

as in the case of the seasonal variation. Nevertheless, model calculations
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by Megie (1976) show neqligible nocturnal variation in sodium density

on the bottomside of the layer. The cessation of both 0, dissociation
and 03 photolysis should result in a large decrease in the [0] / [0j]
ratio at sunset, but photochemical model calculations do not suggest
that this ratio should continue to decrease during the night. It seems,
then, that although the day to micht change in the [0] / [03]

ratio is in the right sense to explain a decrease in sodium density at
sunset, it is difficult to see why this decrease should continue

throughout the night.

Although the density on the bottomside of the sodium
layer generally decreases during the night, the peak density reaches
a maximum at about 0300 LST. The total variation of the peak density
is quite small, being about 7% in the case of the all-season average
shown in Figure 6. Takahashi et al. (1977) have reported average
nocturnal variations in the OH (8,3) band and 0Ol 55778 nightglow
emissions showing maximum intensities just after 0300 LST. These
workers point out that the eﬁw’z fundamental mode of the solar
cemi-diurnal tide should result in maximum atmospheric density at
0300 LST, and suggest that the tide may be responsible for a major
part of the nocturnal variation in the emission intensities. The
eim’z mode at our latitude should have an amplitude of about 8% at

94 km, and thus is of the right order of magnitude to explain the

sodium peak density variation as well.

The total abundance of sodium varies by about 2.5%

reaching a minimum just before midnight. Although this variation is
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small, it should be pointed out that it is the result of a comparatively
large decrease on the bottom of the layer and an increase at the top.
The sodium content below 90 km decreases during the night from 7.0 to
5.4 x 1013 p~2 (23%), whereas the content above this height increases
from 17.8 to 19.4 x 10'3m™2 (9%). The post-midnight increase in
abundance means that the loss of sodium below 88 km must be more than
compensated by an increase at greater heights. This increase could either
be due to recombination of Na' ions, or could result from increased
meteoric input. It appears to be difficult to distinquish between these
two possibilities because both would lead to increased sodium density

on the topside of the layer. The meteoric influx mechanism is, perhaps,
favored by the fact that the sporadic meteor flux should have its

maximum strength at 0600 LST.

The features of the nocturnal behavior of the sodium
layer discussed above are consistently distinguishable only in the
average of many nights data. On individual nights the behaviour of the
layer appears to be dominated by dynamical effects. It has been
suggested that the descending wave structure may be due to gravity waves
(Blamont et al., 1972) or tides (Kirchhoff and Clemesha, 1973). The
principal diurnal tidal modes which we expect to observe in the
mesosphere at our latitude are the @?’1 and G?’I modes , with vertical
wavelengths of 25km and 12 km respectively. A detailed analysis of
the dynamical behavior of the sodium layer will be presented elsewhere,
but it is worth mentioning here that the main characteristic
wavelengths which we observe are about 20 km and 11 km. The phase of

the oscillation varies greatly from night to night and it is not
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observed in the average variation presented in Figure 6. Large phase
and amplitude variations in the diurnal tide are observed in Tow

Tatitude meteor wind measurements (Scholefield and Alleyne, 1975).

4. CONCLUSIONS

The average sodium layer measured at 23°S shows a peak
sodium density of 3.6 x 109 m™> at about 94 Km, and a width of 13.7 km
between 1/e points. The average total abundance of sodium in a vertical
column is 4.4 x 1013 m~2, There is a tendency for a subsidiary peak
to occur at a height of about 85 km. If this subsidiary peak is
related to a minimum in the mesospheric ozone distribution, then it is

inconsistent with presently accepted ozone models.

The nocturnal variation in the sodium layer on
individual nights, shows the existence of vertical structure which
propagates downwards at rates between 1 and 4 km hr~!. This structure

shows characteristic lengths of about 11 and 20 km.

The average nocturnal variation shows an increase in the
topside scale height (measured at 100 km) from 2.4 km at 1812 LST to
4.7 km at 0506 LST. Both this increase in the scale height and a
decrease of 2 km in the height of the peak sodium density are
consistent with diffusive control of the upper part of the layer
during the night. At heights below 88 km the sodium density decreases
during the night. 1In the region of 80 to 82 km the density at 0500 LST
is less than one half of the density at 1900 LST.
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The seasonal variation in total abundance shows a winter
maximum when the abundance is about twice its value at the summer
minimum. The variation for individual years is irreqular, but the
average for 5 years shows a fairly sinusoidal seasonal behavior,
and does not present the sharp winter increase seen at midlatitudes in
the northern hemisphere. e see no consistent seasonal variation in
the height or the shape of the layer. Although there is some day to day
continuity, both in the layer shape and abundance, changes in the

abundance by a factor of more than two can occur over a period of a

few days.

Comparing our results with the twilight and daytime
absorption abundances measured at low northern latitudes, we find a
latitudinal assymmetry in the seasonal behavior. Assuming that there
are no large differences between the daytime or twilight abundances
and the nighttime abundances, there appears to be an annual variation

in sodium input, with a maximum occurring during northern summer.
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FIGURE CAPTIONS

Sodium profiles for different averaging times: (a) 3 minutes;
(b) 1 hour; (c) 7 hours (all from July 31, 1975); (d) July 30 and
31, 1975; (e) month of July, 1975; (f) 1975 average.

Average seasonal variation of sodium density and abundance.
The density contour interval is 0.5 x 102 m~3. The broken

curve is the height of maximum density.

Mass plot of mean nightly abundances. The solid curve represents
a 3 month running mean and the broken curve is the best fit

sinusoid.

Average nightly abundance and density variation for the period

July 20 to August 3, 1976. The contour interval is 0.5 x 10° m™".

Nocturnal variation of abundance and density, July 25-26, 1976.

The contour interval is 0.5 x 10° m~3.

Mean nocturnal abundance and density variations derived from all

=3

data. The contour interval is 0.5 x 109 m™° except for the

broken curves which are as indicated.

Variation of the ratio of December - January to June-July
abundances with latitude. Source references are given in Table

1.
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