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ABSTRACT

In earlier studies, an analysis of the long-term variation in the centroid height of the atmospheric sodium layer sug-
gested the existence of a secular decrease in the height of the layer. The analysis of lidar data obtained between
1972 and 1994 indicated a fall of 740 m over this 22 year time period. A possible solar cycle variation with an
amplitude of 170 m was also detected, although with low statistical significance. A new analysis, in which care
was taken to exclude days in which sporadic sodium layers were present, and including measurements made up to
the end of 2001, shows that the linear trend has not continued. The fall in centroid height observed in the early
data is found to be compensated by a higher values observed since 1988, and the overall linear trend for 1972 to
the end of 2001 is now only 93153 metres/decade. This new result strongly suggests that the previously detected
trend was not a consequence of long-term global cooling of the upper atmosphere. © 2003 COSPAR. Published by
Elsevier Ltd. All rights reserved.

INTRODUCTION

It is believed that the observed long-term increase in the concentration of greenhouse gases in the atmosphere
should lead to atmospheric cooling at heights above the tropopause. A number of workers have attempted to model
such an effect. These studies have generally aimed at the so-called "doubled CO, scenario". One of the earliest of
such studies was that of Roble and Dickinson (1989). For a doubling in the concentration of atmospheric CO, Ro-
ble and Dickinson (1989) found a temperature decrease of 15 K at 50 km and more than 50 K at 400 km.

In recent years a number of workers have developed more detailed atmospheric models allowing predictions
to be made for the effect of increased greenhouse gas concentrations. Brasseur et al. (1990) presented a chemical-
dynamical-radiative model that includes Rossby wave absorption and gravity wave breaking. For the doubled CO,
scenario they found maximum cooling at around 50 km, with temperature changes between -16 K at the winter
pole to 8 K at the equator. This model gave a small increase in temperature below 20 km, and zero effect at 70 km.
Akmaev and Fomichev (2000) have modeled the effects of the increase in CO, known to have occurred over the
past 3-4 decades. For a change in CO, concentration from 331 to 360 ppm, they found temperature changes going
from 0 at 20 km to about -10 K at 180 km. The trend did not increase monotonically with height, and was close to
zero at 120 km. The trend modeled by Akmaev and Fomichev (2000) provides a convenient basis for comparison
with measured trends. Portmann et al. (1995) studied the effects of including dynamical feedbacks in the Garcia
and Solomon (1985) two-dimensional model. They found that such feedbacks have a major effect, especially at
the summer pole, where the doubled-CO, scenario produced net heating of about 14 K without feedbacks, but
cooling of around 6 K with. Portmann et al. obtained typical trends, with dynamical feedbacks included, of 0 K at
20 km to -25 K at 110 km.

A number of workers have attempted to detect a long-term trend in experimental data pertaining to the meso-
sphere and lower thermosphere. Rocket measurements, for example, made over a period of around 30 years, have
been analyzed by various groups (Kokin and Lysenko, 1994; Keckhut et al., 1999; Dunkerton et al.,1998; Lubken
et al., 2000). Most of these analyses have shown negative trends, but the reliability of the measurements is ques-
tionable in view of calibration problems and technical changes that occurred within the time series. Other studies
have been based on satellite radiometer measurements (Aikin et al., 1991), lidar (Aikin et al., 1991; Keckhut et al.,
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1995; 2001), the height of radio wave reflection (Bremer, 1992; Jarvis, 1998; Taubenheim,1997) and airglow
measurements of rotational temperature (Golitsyn et al., 1996; Bittner et al., 2000). Most, although not all, of
these studies have shown decreasing temperatures in the mesosphere and thermosphere.

Ten years ago we published a paper (Clemesha et al., 1992) which demonstrated the existence of a statisti-
cally significant long term trend in the centroid height of the atmospheric sodium layer measured by a sodium lidar
operating at Sdo José dos Campos (46° W, 23° §). We pointed out that the decrease in the centroid height, ob-
served from 1972 to 1986 could be interpreted as evidence for a decrease in the height of isobaric levels in the at-
mosphere, resulting from global cooling. In a later paper (Clemesha et al., 1997) we analyzed an extended data
set, going up to 1994. The new analysis continued to show a negative trend (although somewhat reduced in mag-
nitude) together with a possible solar cycle variation. This study showed, however, that the decrease in height of
the centroid did not result from a simple lowering of the layer, but involved a change in its shape, which we sug-
gested might be the result of a change in the phase of the solar diurnal tide. In the present report we analyze data
up to 2001, thus covering more than two complete solar cycles.

DATA AND ANALYSIS

The sodium data were obtained by the INPE lidar, located 93 ' ' '
at S3o José dos Campos (23° S, 46 ° W). Details of the lidar . 01 I
can be found in Clemesha et al. (2001) and Simonich et al. £ 9255 X
(1979). Although the equipment has suffered numerous modi- -
fications over the years, these should not affect the determina- 5 92.0- -
tion of the centroid height, which is based on a simple and ac- £
curate "time of flight" measurement. For further discussion of 2 91.54 I
this point see our earlier papers (Clemesha et al., 1992; Cle- £ 9101 |
mesha et al., 1997). The centroid height of the sodium layer 3
undergoes strong diurnal and seasonal variations, and any at- 90.5 . . .
tempt to extract a long term trend should take these into ac- 0 6 12 18 24
count. The diurnal variation of the centroid height, shown in Local Time

Figurel, taken from Clemesha et al. (1982), shows a maximum

excursion of just over 2 km. In our 1992 paper we corrected Fig. 1 Diurnal variation in the centroid height of

the atmospheric sodium layer at Sdo José dos

for this variation by applying an adjustment to the centroid Campos. (Redrawn from Clemesha et al.
heights according to the time of day. We also computed cen-  1982). '
troids for the restricted time period 19:00 to 22:00 LT, and

showed that the long-term trends obtained by the two methods 95— - : : : ‘
are similar. In the present work we will limit our analysis to 94. . |

19:00 to 22:00 LT, during which interval the hourly average

centroid height changes by only about 300 m. In view of the ~931 " & " .. . . _.: L
fact that many of the centroids used in the analysis refer to the E 1 Nhw v L et o, .t
average layer over the entire 19:00 - 22:00 period, and the rest 7_,-:7 924, ""?3, LI = w =\ ‘.:‘
are distributed fairly randomly within this period, any residual D gq] i _' :1. "; -.1: .t ' R
I L a ..

effect of the diumal variation must be very small indeed.
Monthly average centroid heights for this time period, from
March 1972 to October 2001, are shown in Figure 2. This
figure shows considerable month to month dispersion in the
centroid heights, but no obvious long-term trend. Note that
the heights shown in this paper are referred to the lidar, which
is 600 m above sea level. In our previous papers the heights
were referred to sea level.

As mentioned previously, there is a significant seasonal
variation in the height of the sodium layer at our location. In
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Fig. 2 Monthly average centroid heights for

data taken between 19:00 and 22:00 L.T.

Figure 3 we show the average seasonal variation in the centroid height, based on all available 19:00 to 22:00 data.
This figure shows a seasonal variation with a total excursion of 1.8 km. This has been taken into account in our
trend analysis by subtracting from each data point the appropriate average monthly deviation from the annual
mean. The results are shown in Figure 4. In comparison with Figure 2, it is clear that the removal of the seasonal
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variation has reduced the scatter in height of the data points, but
there is still no strong long-term linear trend. A linear regres-
sion analysis gives a trend of 93153 meters/decade. An attempt
to fit an 11-year oscillation gives negligible amplitude, showing
that there is no detectable sunspot cycle component in the cen-
troid height. This new linear trend is much smaller than that ob-
served in our earlier analysis of a shorter data series. The lack of
a solar cycle component is not significantly different from our
earlier result, since the solar cycle component presented in our
1997 paper was of low statistical significance in any case.

DISCUSSION

The change in the long-term trend in the centroid height of
the atmospheric sodium layer is unexpected. The data up till
1987 appeared to suggest a trend that might be associated with
global cooling of the upper atmosphere. After that date there is
an abrupt change, with a group of very high centroids between
1988 and 1992. Our data is somewhat sparse in this region and,
for this reason, it did not strongly influence the trend reported in
our 1997 paper. The centroids from about 1995 on are not
greatly different from those observed around 1975. The greatly
reduced trend seen in the extended data set, as compared to the
strong trend observed in shorter series, strongly suggests that the
trends we reported earlier are not associated with long-term
changes in the upper atmosphere.

A complicating factor, which could affect the centroid
height of the sodium layer, is the occurrence of sporadic layers.
Such layers occur mainly on the topside of the layer, so the pres-
ence of a sporadic layer will normally increase the centroid
height. Care was taken in analyzing the data to exclude profiles
in which sporadic layers were detected. Because the early data
generally had a rather poor signal to noise ratio, it is possible
that small sporadic layers were not always identified. It is possi-
ble that this could have led to a tendency for higher centroids
before about 1980. On the other hand, the pre-1980 centroids are
not greatly different to those seen in recent years. The trend ob-
served from 1972 to 1986, in fact, mainly stems from the low
centroids seen during the later part of this period, from 1980 to
1986.

In our 1997 paper we analyzed the long-term changes which
had occurred in the shape of the sodium layer, showing that the
decrease in centroid height observed up to 1994 appeared to have
resulted from a change in the form of the layer, rather than a
simple displacement of the entire layer. On the basis of this we
suggested that the observed trend might be the result of a long
term change in the phase of the diurnal and semi-diurnal tides,
which have been shown to strongly influence the sodium layer
(Batista et al., 1985, Clemesha et al., 2002). In view of the fact
that the extended data set analyzed here no longer shows a sig-
nificant trend in the centroid height, it is worth taking another
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Fig. 3 Seasonal variation in the centroid
height of the atmospheric sodium layer.
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Fig. 4 Monthly average centroids, cor-
rected for seasonal variation, together
with linear trend.
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Fig. 5 Average Na profiles for 1972-1986

(closed circles) and 1987-2001 (open cir-
cles) respectively.

look at the layer shape. To this end we have averaged our normalized monthly mean sodium profiles in two
groups: 1972 to 1986, and 1987 to 2001. Since we do not have data for all months, the averages are effectively
centered on July 1979 and June 1995. The results are shown in Figure 5, where the normalized sodium density is
plotted on a logarithmic scale as a function of height. Over most of the height range the average profiles are al-
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most identical. Lower densities below 77 km for the early data could be the result of a small error in the noise sub-
traction in the data reduction routine used. This would have arisen because for part of that time we were unable to
measure the noise for heights above the layer, so the signal between 70 and 75 km was used as the noise level.
The small signal from Rayleigh scattering in this height region would make the noise subtracted slightly greater
than it should have been. This effect, however, cannot explain the low sodium concentrations seen above about
103 km in the 1972 to 1986 average. It should be noted, incidentally, that the sodium density in this region is quite
low, and has little influence on the centroid height of the layer. We believe that the increase in density above 103
km might be related to an apparent increase in the incidence of sporadic sodium layers. Although care was taken
to eliminate data in which strong sporadic layers were present, small sporadic layers above 100 km might well
have been included in the analysis. This possibility will be explored elsewhere.

The lack of any significant trend in the centroid height of the atmospheric sodium layer, together with the
negligible change in the form of the layer, except at heights above 103 km, suggest that any changes that might
have occurred in atmospheric structure in the region of the mesopause over the past 30 years must be very small.
We believe it to be particularly significant that the detailed form of the bottomside of the layer, which is believed
to be controlled by photochemistry, is almost identical for the two 15-year average profiles separated by 16 years.
Of course, it must not be forgotten that changes in atmospheric structure could influence the sodium chemistry,
which might tend to cancel out the direct effect of the subsidence of the isobaric levels. We intend to investigate
this possibility in a later paper but, in view of the fact that the heights of the average layers shown in Figure 5
agree to within a small fraction of a km, we believe that our results offer strong evidence for a lack of any major
trend in temperature in the region of the mesopause at our location.

CONCLUSION

The long-term negative trend in the centroid height of the atmospheric sodium layer observed in previous
studies does not appear to have been maintained. A new analysis, based on measurements made between 1972 and
2001, shows a trend of only -93+53 metres/decade. Fifteen-year average profiles of the vertical distribution of so-
dium, centered on 1979 and 1995 respectively, are almost identical over most of the height range. This new result
appears to greatly diminish the possibility that the previously detected trend might be a direct consequence of long-
term global cooling of the upper atmosphere.
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