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The temporal and altitude temperature variations in troposphere, stratosphere, and mesosphere
for the Irkutsk region (52°N, 104°E) over the period from August, 2004 to March, 2008 have been
analyzed. We used satellite data of the vertical temperature distribution obtained with MLS
(Microwave Limb Sounder) aboard the satellite EOS Aura. Diurnal, inter-diurnal, and seasonal
variations of the temperature were considered for height levels of 11, 50, and 80 km. The annual
mean temperature variations at given heights were obtained by averaging for each day of year for the
investigated period. The temporal variations of the temperature and the height of the stratopause and
mesopause for day and night conditions were studied. We have plotted and analyzed altitude-
temporal maps of the atmospheric temperature distribution for each month of the period under

consideration.

Introduction

Temperature plays central role in atmospheric
physics. It is the key parameter in radiative budget of
the atmosphere. The atmospheric temperature is the
parameter, which determines or affects many other
parameters (for example, density, rate of chemical
reactions) and processes (dynamical, chemical, heat
transfer) in the atmosphere and ionosphere.
Temperature is especially important in hydrological
cycle, because it governs the cloud formation and
distribution of the atmospheric humidity.

Main features of the stratified structure of the
atmosphere are determined first of all by the
peculiarities of the temperature vertical distribution.!?
Temperature decreases with height. Then, in the
stratosphere temperature increases, because ozone
absorbs solar radiation and heats the stratosphere.
Heating due to ozone decreases above 50 km, and
temperature decreases again. Above 80 km, the solar
radiation of very high energy again heats the
atmosphere.

When studying the Earth atmosphere as a unified
system, the vertical sensing is very important
instrument. The methods of vertical sensing are
various®: optical sensing by a laser beam, acoustic
sensing by sound, as well as radiosonde, radar,
rocket, and satellite sensing.

Since the ground-based sensing methods provide
for only 20% of the information, necessary for
meteorological and climatic forecast of the weather?
leaving uncovered vast oceanic polar and mountain
regions, the sensing of the atmosphere from artificial
satellites of the Earth, capable of collecting data over
all regions, plays the most important role.

The important advantage of the remote sensing
from space is the real-time determination of the field
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of vertical profiles of the Earth’s atmosphere (chemical
composition, wind, humidity, temperature, etc.)’. The
vertical profile of temperature can be calculated from
measurements of the spectral distribution of the
outgoing thermal radiation of the “Earth —
atmosphere” system, because its intensity definitely
depends on the temperature. Measurements are
carried out in narrow spectral regions corresponding
to the absorption bands of gases, the vertical
distribution of which in the atmosphere is stable and
well studied.

As the methods of sensing of the atmosphere,
especially satellite sensing, are developed and
improved, the interest of researchers to the study of
spatial-temporal  structure of the atmospheric
temperature at different height levels is resumed.® '
A lot of papers are published, in which periodicities
of different temporal scales are analyzed (from inner
gravitational waves, flood-tides, and planetary waves
to half-year, annual, quasi-biannual, etc.).'%13 The
works on revealing many-year trends of temperature
of the Earth’s atmosphere both in lower atmosphere
(troposphere) and in the middle atmosphere (stratosphere
and mesosphere)'* are carried out.

In this paper we study temporal and altitudinal
variations of temperature in the troposphere, stratosphere,
and mesosphere during the period from August, 2004
to March, 2008 in the region of Irkutsk (52°N, 104°E)
from the satellite data.

Data under analysis

Data on the vertical profiles of the atmospheric
temperature, obtained by means of the Microwave
Limb Sounder (MLS) installed onboard the satellite
Aura EOS® were used for analysis. The Aura satellite
was launched in July 15, 2004.
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The Aura EOS satellite is a part of the “A-Train”
mission. These satellites, intended for observation of
the Earth and situated on the orbits with close
parameters make it possible to carry out unique
comprehensive investigations. They fly one after
another above the same regions of the Earth with an
interval of 15 min, and form the database for creation
of a common image of the global climate changes.

The satellites have a polar orbit (a period of
rotation is about 100 min, and a height of 705 km).
The spatial coverage is almost global (from —82° to
82° by the latitude). Vertical profiles are measured
with an interval of ~25 s every 1.5° (~165 km) along
the orbital trajectory. About 15 flies of the satellite
are carried out during a day. The MLS scans
the Earth limb in the flight direction, recording
the microwave emission in five spectral bands (at
frequencies of 118, 190, 240, and 640 GHz and
2.5 THz). The data of MLS measurements are used
for retrieval of profiles of the chemical composition,
relative humidity and temperature of atmospheric
areas from the troposphere and stratosphere up to the
upper mesosphere as functions of height of isobaric
surfaces represented in hPa.

The MLS Aura data on temperature are shown in
the form of vertical profiles from the ground surface
to a height of 107> hPa (0—130 km)." The working
area is height range 316—0.001 hPa (approximately
9—-92 km), the error in measuring temperature is
0.5—1+1-2 K, and the vertical resolution is about 3 km.

The database on atmospheric temperature assessed
from the satellite MLS Aura data from August, 2004
up to now is formed. The initial data files contain
information about the global distribution of
temperature for each day of the considered time
interval. The computer code is developed, which
enables obtaining the vertical profile of temperature
for the preset input parameters:

— geographical  coordinates
longitude);

— local time (day or night), i.e.,
ascending or descending satellite orbit;

— distance to the satellite orbit.

(latitude  and

a choice of

Analysis of the observational results
and discussion

To analyze the temporal and altitudinal variations
of the atmospheric temperature, the diurnal, inter-
diurnal, seasonal (annual) and annual average
variations of temperature at height levels of about
11, 50, and 80 km were used, which approximately
corresponded to heights of tropopause, stratopause,
and mesopause.

A strong inter-diurnal temperature variability is
observed at all considered heights. Daily mean values
of the temperature under daytime conditions at the
considered height levels are shown in Fig. 1 as an
example (symbols), as well as the curves of one-
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month sliding mean temperature under daytime
(approximately 14 LT) and nighttime (approximately
03 LT) conditions for the whole considered time
interval.

The well pronounced annual (seasonal) temperature
behavior is observed. The annual variation at heights
of the troposphere and stratosphere has a maximum
in summer and a minimum in winter. Temperature at
heights of the mesosphere varies in opposite phase
with the stratosphere and troposphere: with minimum
in summer and maximum in winter. Diurnal variations
of temperature are observed in the majority of cases
as the temperature decrease at night as compared to
daytime values. This is best pronounced at heights of
the upper mesosphere.

A strong difference in atmospheric temperature
variations at heights of stratopause under summer
(Vyx1.4+1.5%) and winter (V,=~3.8+4.3%)
conditions is observed (see Table).

Height, X, K o, K V, = o/X -100%
km day ‘ night | day ‘ night | day ‘ night
summer
11 219 218.2 4.1 4.0 1.9 1.8

50 269.5 268.9 3.7 4.1 1.4 1.5
80 172.5 164.3 8.9 8.5 5.2 5.2
winter

11 211.4  212.5 5.1 5.2 2.4 2.4
50 256.7 254.4 9.8 10.9 3.8 4.3
80 206.3 203.5 8.9 9.8 4.3 4.8

Possibly, this difference is caused by the fact
that the abrupt stratospheric warmings, i.e., anomalous
warmings of air in the stratosphere by tens of
degrees, are observed in the considered region of the
south of East Siberia almost each winter. Sometimes
the temperature can exceed the summer maximum.
Geographical inhomogeneity of the distribution over
the Earth is characteristic of stratospheric warmings,
and their concentration over Asia is high'®.

Annual mean temperature variations at the
considered height levels were calculated by means of
averaging the initial data for each day of an year
over all years and then they were smoothed by the
one-month sliding mean (Fig. 2).

The mean seasonal variation of the greatest
amplitude is observed at heights of mesopause
(about 40°) and stratopause (up to 20°). The
amplitude of seasonal variation at tropopause heights
is about 10°. Mean maximal temperature in winter
(December, January) at mesopause heights (~ 80 km)
is approximately equal to the mean minimal
temperature at tropopause heights (about 11 km) and
equals 210°K.

Temporal variations of temperature and heights
of the stratopause and mesopause were analyzed
separately, and their seasonal, diurnal and inter-
diurnal variability was also observed.
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Fig. 1. Diurnal daytime values of temperature (symbols) and one-month-smoothed sliding mean temperature curves for
daytime (solid line) and nighttime (dot line) conditions at the considered height levels.
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Fig. 2. Annual mean variations of temperature at the
considered height levels under daytime (solid line) and
nighttime (dot line) conditions.

Seasonal temperature variation in stratopause in
summer (April — October) has a regular manner, but
in winter (November — March) these variations are
extremely irregular. Temperature of the winter
stratopause very often reaches summer values and
even exceeds them (top in Fig. 3).

The histograms confirm this fact: the most
probable temperature for summer and winter is about
260—270°K (Fig. 4a).

Most probable stratopause height is 48—52 km
throughout a year (Fig. 4c¢), however, a wide scatter
of heights is observed in winter period. Temperature
of the mesopause shows a better pronounced seasonal
variation, although the inter-diurnal variations are
also great (Fig. 3, bottom). The winter mesopause
(the most probable T, = 180 + 190 K) is warmer
than the summer one (T = 170 + 180 K) (Fig. 4b).

The most probable height of the mesopause in
winter is 88—96 km, and in summer it decreases to
80 km (Fig. 4d).

The built and analyzed altitudinal-temporal
distributions of atmospheric temperature for each
month of the considered time period made it possible
to confirm the conclusion about essentially different
temperature regimes in the middle atmosphere in
summer and winter. They are shown for June, 2007 and
January, 2008 in Fig. 5, as well as the vertical profiles
of temperature for June 15, 2007 and January 7, 2008
(see website of Aura satellite (http://disc.sci.gsfc.nasa.
gov/Aura/MLS/).
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Fig. 3. Temporal variations of stratopause and mesopause temperature under daytime and nighttime conditions.

The temperature regime of the atmosphere in
summer is irregular with well pronounces warm
stratopause and cold mesopause (Fig. 5a). The
altitudinal-temporal distributions of the temperature
in winter in the considered height interval have
irregular structure; well pronounced stratopause and
mesopause are absent. Range of enhanced temperature
values of stratopause is extended to 10 km and more,
and decreases to heights of about 30 km. Several
maxima are observed in the vertical temperature
profiles (Fig. 5b).

These peculiarities of winter temperature regime
of the middle atmosphere can be related, in our
opinion, with the appearance of the known effect of
enhanced winter variability of the parameters in
stratosphere and mesosphere.'”!® This effect lies in
intensification of the wave activity of different
temporal scales in the middle and upper atmosphere
and, as a rule, is accompanied by a complex of
phenomena: the abrupt winter stratospheric warming,
intensification of vertical transport, turbulent
processes, break of atmospheric circulation, etc. Some
of the aforementioned phenomena can be observed as
regional or longitudinal peculiarities of the
characteristics of the middle and upper atmosphere.
To date, the longitudinal (or regional) effects were
observed for components of prevalent wind and
flood-tides at heights of ~ 80—100 km,'®!® for radiance
of the upper atmosphere at a line of 557.7 nm (the
radiance at 85—115 km heights).?*!

These effects are explained by quasi-stationary
planetary waves, the sources of which can be
temperature contrasts of the Earth surface and

orographic effects. Peculiarities of the planetary
waves lie in their global length during cold periods
and very small amplitudes in summer.>? This gives a
reason to assume that the longitudinal effects can
also be observed for temperature distributions at
heights of the mesosphere and lower thermosphere.
Regional effects of the temperature regime can be the
subject of an independent study.

Variations of the atmospheric parameters at
heights of the troposphere, stratosphere, mesosphere,
and lower thermosphere with periods of several
(2—40) days are mostly related with moving
planetary waves.?>3171822 Temporal variations with
periods of several (3—10) days are quite often
observed in winter period and can be found in the
analyzed MLS Ayra temperature data, in particular,
at heights of mesosphere.

Such temperature disturbances have been noted
earlier in the papers:

—on the study of the effect of atmospheric
processes on ionization of the F2-layer of ionosphere,
using data on slant and vertical sensing at the
Irkutsk station®3;

—on revealing the regression between the
intensity of the upper atmosphere green emission
from data of the Geophysical observatory of ISTP SB
RAS at the atmospheric temperature at height levels
of 30 and 95 km [Ref. 24];

— on the study of simultaneous intensifications
of atmospheric emission at 557.7 nm [OI] and formation
of sporadic layers during the periods of temperature
disturbances in strato- and mesosphere.?
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Fig. 4. Histograms of the stratopause (a) and mesopause (b) temperature distribution, as well as heights of stratopause (¢) and

mesopause (d) in winter and summer.

Conclusions

In the course of investigation of temporal and
altitudinal temperature variations by the MAL Aura
satellite data on vertical profiles of atmospheric
temperature between August, 2004 and March, 2008
over Irkutsk region (52°N, 104°E), the diurnal, inter-
diurnal, and seasonal (annual) variations of temperature
at height levels of tropopause, stratopause, and

mesopause have been analyzed, as well as temporal
variations of the temperature and the height there in
summer and winter.

Based on the performed analysis, the presence of
essentially different temperature regimes in the middle
atmosphere in summer and winter has been noted. In
summer, temporal-altitudinal variations of temperature
in the considered height range are regular with well
pronounced warm stratopause and cold mesopause.
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Height, km

Nearest measurements to lat = 52.00, lon = 104.00

280 0.001 gy
270 :
2 0.010f .
250 :

< E
ggg S 0.100F ]
220 &

2 1.000F :
w £
fo0  10.000f ;
180
170 100.000 F
160 :
150 1000.000° ' ‘

100 150 200 250 300

100
90 1
80
70
60
50
40
30
20

Height, km

10

§ 10 15 20 25
Day of month

a
MLS Temperature (ML2T.002) for Jan 07, 2008
275 Nearest measurements to lat = 52.00, lon = 104.00
265 0.001 T -~I| T ]
255 0.010¢ E
245 ]
235 & L 3
% 0.100
225
215 2 1.000F E
&
205 &£
~ 10.000f 3
195
= 100.000¢ :
175
165 1000.000 : L L 3
30 100 150 200 250 300
T, K
b

Fig. 5. Temporal-altitudinal distributions and vertical profiles of atmospheric temperature in June, 2007 («) and January,

2008 (b).

Temperature distribution in winter has an irregular
structure, the pronounced stratopause and mesopause
are absent.
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