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Abstract. A large number of mesospheric temperature
inversion layers have been observed locally in recent decades,
notably by the network of French lidars. It is shown in this
paper that the Improved Stratospheric and Mesospheric
Sounder on board the Upper Atmosphere Research Satellite is
able to detect the presence of temperature inversions, and thus
allows the study of their occurrence and characteristics on a
global scale. During December 1991, inversions of large
amplitude (greater than 20 K) are seen almost every day,
especially in mid latitudes, with extent varying typically from
105 to 106 km2. Several particularly large inversions were
observed at the end of the month. Their correlation with
assimilated stratospheric winds is consistent with the
interpretation that gravity waves propagate unfiltered through
the stratosphere in the regions of strong winds, and break in
the mesosphere.

The combination of high resolution lidar measurements and
global satellite coverage is expected to lead to a better
understanding of this significant feature of the winter
mesosphere at middle latitudes.

Introduction.

Significant inversions of the vertical temperature gradient,
from negative to positive, are often observed in the
mesosphere around 70 km. This feature was first measured by
rocketsondes and reported by Schmidlin [1976]. Since 1981,
when inversion layers were clearly observed by lidar, many
such inversions have been seen between 65 and 80 km, using
lidar measurements above two sites in France. An initial
statistical analysis of the occurrence of inversions was carried
out by Hauchecorne et al. {1987] and showed that at least over
these sites (44°N, 1°W-6°E), they are very frequent (about one
day on two in winter). The authors interpreted the mesospheric
temperature inversions as due to gravity waves breaking in the
mesosphere, and were able to reproduce their formation with a
2D model [Hauchecorne and Maillard, 1990].

To date, very little is known about the global distribution
of mesospheric inversions: monthly averaged temperature
profiles obtained by the Solar Mesosphere Explorer (SME)
during the 1982-1986 period indicated their presence in
January at 45°N latitude [Clancy and Rusch, 1989]. However,
until recently, it was impossible to describe their global
distribution, and compare it with the output of models.
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After the launch of the Upper Atmosphere Research Satellite
(UARS) by NASA in September 1991, temperature
measurements were performed by the Improved Stratospheric
and Mesospheric Sounder [Taylor et al., 1993] from 30 to 80
km until July 1992. The comparison with simultaneous and
co-located French lidar data helped to improve the retrieval
algorithm and provided confidence in the validity of the
profiles up to at least 70 km [Dudhia et al.,1993]. This
triggered the search for inversion layers on a global scale
between 65 and 80 km.

The present study was performed for the Northern
Hemisphere during the winter period from 0°N to 76°N for
December 1991 where the occurrence of the inversions,
according to lidar observations, is most frequent. First, a brief
description is given of the data validation, then the method of
data analysis is summarised, and finally, we present the results
obtained, and their interpretation.

Data validation: Comparison between the ISAMS
and the OHP lidar temperature measurements.

The satellite data used in this work is ISAMS Level 3AL
temperature profiles, processing versions 5 and 7. It consists
of temperature measurements interpolated onto a grid of 4
degrees of latitude along the track of the observation point
seen from the satellite. The data is presented on the standard
UARS vertical grid, which is uniformly spaced in
log(pressure),with 6 points in each decade:

p(k) = pox 107K/

where pg is 1000 hPa, and the index k runs from 6 to typically
35 (100 hPa to 0.00147 hPa) for ISAMS temperature retrievals
at level 3AL.

The characteristics of the ISAMS V0007 temperature
retrieval are shown in figure 1. This indicates that the random
error on the retrieved temperatures has a minimum of about 4 K
at 50 km increasing to an error of 12 K at about 80 km. The
widths of the averaging kernels indicate the vertical resolution
of the measurements, and the integrated response indicates the
fraction of the information in the retrieval which comes from
the measurements. The remainder comes from climatology.
The combination of the measurements and the climatology
allows to minimise the final data error[ Rodgers, 1990].
Above about 80 km, the retrieval contains a significant
fraction of climatology.

Figure 2 illustrates typical comparisons between the lidar
and ISAMS profiles. The lidar is located at Observatoire de
Haute-Provence (44°N, 6°E) and the ISAMS data is interpolated
along the measurement track to 44°N. The lidar and ISAMS
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Figure 1. Characteristics of the ISAMS VQ007 temperature
retrieval. The solid lines are the "averaging kernels" which
indicate the response of the retrieved profile to unit
perturbations at the indicated levels of the "true” profile. The
dotted line represents the sumaation of this response over all
the levels. The dashed line indicates the ratio of the retrieved
error to the climatological error (20 K), as produced by the
error analysis, while the dashed-dot line indicates the ratio as
taken from a typical day of V0007 data.

profiles were obtained on the nights of December 10/11th,
11/12th and 12/13th, 1991.

These comparisons show a general good agreement. They
also indicate that the finer structure is not seen by ISAMS.
However, ISAMS is able to detect inversion layers as observed
by the Rayleigh lidar around 70-75 km (December 10th and
12th: 0.04-0.012 hPa), but with smaller amplitude, due to its
vertical resolution of 3-4 km at that height, to the horizontal
smoothing of 200-400 km due to the limb observation and to
the horizontal interpolation in the 3AL grid. It is thus
possible to study the global extent of inversion layers of this
size.

Data analysis.

The initial data was interpolated, for each day of December,
onto a grid of 5° of longitude for the whole Northern
Hemisphere, between 0°N and 76°N. The method used is
similar to the 2-D Shepard's method, [Shepard, 1968] giving
to each data point a weight inversely proportional to the
square of the distance from the grid location. This method was
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chosen because of the strong spatial heterogeneity of the
measurements on the track of the satellite.

Moreover, to homogenise the data field, a smoothing over
five points (25° of longitude, corresponding approximately to
the distance between two northward tracks or two southward
tracks) was carried out. This somewhat reduces the effects of
the atmospheric tides [Dudhia et al., 1993], as between the
southward and northward tracks the local solar time differs at
low latitudes by more than 9 hours. Though this smoothing
does not completely remove the tidal effects on the
temperature field, particularly in the mesosphere, it can be
considered as adequate for the study of inversion layers whose
amplitude should not be much affected by tides.

The interpolated data now comprises one 3-D temperature
field per day from December 5th to 31st, 1991, on a grid of
73x20x24 points from 0° to 360° longitude, 0° ta 76° latitude,
and level 12 (10 hPa, about 32 km) to level 35 (0.00147 hPa,
about 94 km), in altitude.

An algorithm was developed to identify the presence of an
inversion in the vertical temperature gradient between the
stratopause and level 30 (0.01 hPa). Higher levels are not
used, as the inclusion of a significant fraction of climatology
in the retrieved profile can sometimes generate spurious
inversions. At each 2-D latitude-longitude grid point, the
temperature difference Tpyax-Tmin between the top and the
base of the strongest inversion layer of each profile was
calculated. Considering the various sources of uncertainties on
the temperature, only inversions with amplitude greater than
12 K are considered significant.

Results and discussion

An examination of the inversion layers seen by ISAMS in
the Northern Hemisphere each day of December 1991 shows
that:

1. Inversion layers are present almost every day somewhere in
the hemisphere.

2. Inversion regions seem to exist mostly in a mid-latitude
belt.

3. The amplitude of the inversions often reaches more than 20
K.

4. The horizontal extent of the regions of inversion is
variable, from 107 to 106 km2.

The polar maps of figure 3 show the existence, the position
and amplitude of the inversions during 5 selected days in
December. Few inversions are observed the 13th, but many
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T T T T T T T T
280 160 200 240
Temperature (K)
ISAMS 44°N, 358 1°E

T T T
160 200 240 280 160

ISAMS  44°N, 3 3°E

T T T
200 240 280

ISAMS  44°N, 352 4°E

—+30
lidar profiles (Observatoire de Haute Provence,

44°N, 6°E).



LEBLANC ET AL.: MESOSPHERIC TEMPERATURE INVERSIONS

DECEMBER 13, %01

occur during the other days presented. These maps show the
strong day to day variability of the temperature inversions.
This variability could be due either to the data analysis
(existence of a “criteria" which can generate a "threshold
effect” in the research of the inversions), or to physical
processes (strong variability of the gravity waves forcing for
example).

Looking at the last three days of December, we can observe
the generation and then the eastward motion of large
inversions. This motion is likely to be due to the eastward
advection of the inversions by the mesospheric mean flow, as
we will see later.

The observed scales of the inversions seem to be consistent
with the possible role of gravity waves and their breaking in
the mesosphere. This led us to investigate the meteorological
situation in the troposphere and stratosphere, where the mean
flow can play a very important role for filtering gravity
waves.

We used the UKMO assimilated winds for the same period,
for the first 22 UARS pressure levels (from the ground to
0.316 hPa). The two maps shown in figure 4 give the monthly
mean amplitade of mesospheric inversions and the monthly
mean strength of the zonal wind at 1 hPa. The similarity
observed between them seems to confirm the relationship to
the propagation and breaking of gravity waves. A strong
westerly jet at this altitude is favourable to the propagation of
gravity waves, because there will be no critical level, and
favourable to the efficiency of their breaking just above,
because friction on a zonal mean flow proportional is to 1U-c3
[Lindzen et al., 1981], with Icl<10 ms-1 for most orographic
waves.

However, this similarity is not systematic on a day-to-day
basis, notably for the smallest inversions. This may be due to
the complex role of sources, filtering and breaking of gravity
waves, which cannot be resolved by examination of a simple
assimilated zonal wind field. Moreover, the smallest scales
involved in the theory of gravity wave propagation are not
resolved in this global study.

While good correlation is observed between the inversions
and the 1 hPa wind on the 29th, the data shows less correlation
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Figure 3. Daily mean amplitude of
mesospheric temperature inversions seen
by ISAMS for five days of

December 1991 (K).
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on the 30th and 31st, in particular the set of inversions above
China. This can be explained by the eastward advection of the
inversions generated three days before above Central Asia and
not yet eroded by radiative transfer (damping rate of less than
03 day'l for perturbations with vertical wavelength of about
20 km at 75 km altitude) [Andrews et al., 1987]. The inversion
layers of smaller amplitude may have shorter life-time due to
cither shorter damping rates or to the variability of gravity
waves activity.

Finally, inversion layers can be observed South of the jet.
We recently developed a 2-D mesoscale (20°N-70°N)
mechanistic model to try to produce inversion layers in mid-
latitudes. In this model, a localised drag (about 48°N, 70 km
altitude) generates a local 2-D circulation cell, with adiabatic
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Figure 4. Monthly Mean (December 5th-31st) amplitude of
mesospheric temperature inversions seen by ISAMS ans
assimilated zonal winds at 1 hPa (from UKMO).
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Figure 5. Mean amplitude of temperature inversions seen by
ISAMS and propagation index of gravity waves calculated
from UKMO winds (December 24th-27th).

heating (respectively cooling) in the southern descending
(respectively ascending) branch of the cell. This combined
heating and cooling leads to the generation of an inversion
layer South of the jet which could explain the occurrence of
temperature inversions in mid-latitudes.

These first results, while not explaining the mechanism of
generation of mesospheric temperature inversions, show
nevertheless that gravity waves may play a role in their
characteristics. More investigations, particularly concerning
the sources and the upward propagation of gravity waves are
necessary. To this end we calculated several very simplified
normalised indexes of vertical transmission of orographic
waves, to take account of the filtering in the low winds layers,
generally at the surface and about 50 hPa. One of these indexes
is given, for each day and each point of the longitude-latitude

grid, by:

1=Ymia U1 j¢0.
Umin UT

where Up, is the minimum intensity of the wind in the
profile, U; the intensity of the wind at 1 hPa, and the asterisk
represents the maximum of these intensities in the hemisphere
during the given day. Thus, for low minimum winds and low
winds at 1 hPa, the index is near to O (total filtering), but for
high minimum winds and strong jets at 1 hPa, the index is near
to 100 (total transmission and efficiency). Figure 5 shows a
good correlation between the amplitude of inversions and the
index of transmission during the period of 24th-27th of
December. It shows that both the strong jet of the lower
mesosphere and weak winds in the lower stratosphere may
generate a favourable pattern for the propagation of the
gravity waves with a minimum of dissipation, but shows that a
more sophisticated index is necessary to take into account of
all the processes involving gravity waves.

Moreover, the planetary waves, their breaking or their
interaction with gravity waves may play an important role in
the generation of inversion layers. This question has to be
developed in the future.

Conclusion.

It is shown in this paper that temperature data provided by
ISAMS aboard UARS are able to provide a global distribution
of inversion layers with a quite high degree of confidence. The
temperature inversions seem to occur frequently, with variable
amplitude and extent. The limited number of data which have
been treated so far does not allow the complete explanation of
the observed phenomena, but indicates nevertheless that the
occurrence of such inversions relates to the circulation pattern
in the stratosphere, confirming a possible role of gravity
wave filtering. More cases need to be studied using both
ground based lidar data and data from ISAMS or other
instruments on board UARS to confirm this relationship and
to find a possible way of predicting the presence of inversions
in the mesosphere.
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