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Abstract. We present the temperature database for 

the mesopause region, which was collected from spec-
tral measurements of bands O2(0-1) and OH(6-2) with 
the infrared spectrograph SP-50 at the Maimaga station 
(63° N; 129.5° E) in 2002–2014. The temperature time 
series covers 11-year solar cycle. It is compared with 
the temperature obtained with the Sounding of the At-
mosphere using Broadband Emission Radiometry in-
strument (SABER, v.1.07 and v.2.0), installed onboard 
the TIMED satellite. We compare temperatures meas-
ured during satellite passes at distances under 500 km 
from the intersection of the spectrograph sighting line 
with the hydroxyl emitting layer (~87 km) and oxygen 
emitting layer (~95 km). The time criterion is 30 min. 

We observe that there is a seasonal dependence of the 
difference between the ground-based and satellite meas-
urements. The data obtained using SABER v2.0 show 
good agreement with the temperatures measured with 
the infrared digital spectrograph. The analysis we car-
ried out allows us to conclude that a series of rotational 
temperatures obtained at the Maimaga station can be 
used to study temperature variations on different time 
scales including long-term trends at the mesopause 
height. 
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INTRODUCTION 
At present, the comparison between ground and sat-

ellite measurements is of topical interest. It is necessary 
to evaluate possible differences between them for a long 
period. We compare OH(6-2) and O2(0-1) rotational 
temperatures measured during 2002–2014 (the 
Maimaga high-latitude station (63° N; 129.5° E) infra-
red spectrograph) with mesopause kinetic temperatures 
at ~87 and ~95 km heights measured with the Sounding 
of the Atmosphere using Broadband Emission Radiome-
try (SABER) instrument onboard NASA’s TIMED 
(Thermosphere, Ionosphere, Mesosphere Energetics and 
Dynamics) spacecraft [Mertens et al., 2001]. Many stud-
ies on the comparison between SABER temperatures 
and those measured with ground-based techniques and 
instruments have been published in recent years [Rems-
berg et al., 2008; Smith et al., 2010; French, Mulligan, 
2010; Gavrilyeva et al., 2011]. They give an estimate of 
the offset or bias between data from SABER and 
ground-based instruments. All of these studies involve 
relatively short data runs [French and Mulligan, 2010]. 
We use ground-based data on OH(6-2) and O2(0-1) rota-
tional temperatures for 2002–2014, which allow us to 
examine biases between SABER and Maimaga data 
obtained over this period. 

 
INSTRUMENTATION AND DATA 

The Infrared Digital Spectrograph (IDS) includes the 
SP-50 diffraction spectrograph and CCD camera. The 
CCD detector with a thermo-electronic cooling system, 

which maintains temperature up to –50 °С, makes it 
possible to perform measurements at the Yakutsk lati-
tude from August to May. IDS simultaneously registers 
P-branches of the bands of OH(6-2) (the emission 
height is ~87 km [Baker and Stair, 1988]) and О2(0-1) 
molecular oxygen (the emission height is ~95 km [Yee 
et al., 1997]). The spectrograph’s angle of sight is ~9° 
and is directed westward at a zenith angle of 49° (the 
field of view is 32×13.7 km at a height of 87 km). The 
instrument function has an approximate Gaussian form 
and a half width of ~0.8 nm. The signal-to-noise ratio is 
~250. The method for estimating the rotational tempera-
ture of molecular emissions is based on the least squares 
fit of model spectra constructed with regard to the in-
strument function for different previously specified 
temperatures to an actually measured spectrum [Gav-
rilyeva, Ammosov, 2002]. The model spectrum whose 
deviation from the actual one is less than the registration 
noise is considered to correspond most closely to the 
reality; and the rotational temperature determined based 
on this spectrum corresponds to the temperature at the 
mesopause height. During such sampling, rotational 
temperature values with systematic errors exceeding 
random ones are excluded from further processing. The 
estimates indicate that random errors in temperature 
measurements vary from 2 to 10 K depending on the 
signal-to-noise ratio. The transition probabilities calcu-
lated in [Mies, 1974] have been used to estimate the 
rotational temperature from the hydroxyl band. The 
transition probabilities employed to determine the rota-
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tional temperature from the O2 band (0-1) have been 
taken from the Atlas of the Airglow Spectrum 3000–
12400 Å [Krassovsky et al., 1962]. For data to be ho-
mogeneous it is necessary to acquire them with one de-
vice at a single geographic point and process the data 
using the same transition probabilities throughout the 
research.  

As was indicated above, IDS is installed at the 
Maimaga optical station, which is located 150 km north 
of Yakutsk. The observations were made at night at a 
solar declination angle of >9°. The location of the ob-
servation station makes it possible to perform measure-
ments only from the middle of August to the middle of 
May since the summer mesopause is constantly sunlit at 
the Yakutsk latitude. The molecular band emission 
spectra were exposed with a time resolution of 10 min.  

The ten-channel infrared radiometer SABER, which 
facilitates limb measurements of the atmosphere from 
the troposphere to 350 km, is installed onboard NASA’s 
TIMED spacecraft. The TIMED mission was launched 
on December 7, 2001. It has a circular orbit inclined at 
an angle of 74° to the equator. The vertical profile of the 
kinetic temperature is calculated from CO2 15 µm emis-
sions under the condition of non-local thermodynamic 
equilibrium (non-LTE) at these heights. The algorithm 
for calculating the temperature profile (which takes into 
account the non-LTE effect), including all collisional 
and radiative processes, is described in detail in 
[Kutepov et al., 2006]. The comparison of SABER 
measurements with other measurements is used to im-
prove the non-LTE model, which results in a change in 
the calculated temperature profiles. Our work adopts 
two versions of SABER temperature profiles v1.07 and 
v.2.0 (http//saber.larc.nasa.gov). The temperature is 
measured at 10–120 km with vertical and horizontal 
resolutions of 2 and 400 km respectively.  

As is known, there are no data on the emission 
layer height and shape during observations when ro-
tational temperatures are measured with ground-
based instruments from nightglow emissions. Propa-
gation of wave oscillations can evidently cause verti-
cal variations in the emission layer. For example, 
Winick et al. [Winick et al. 2009] indicate that plane-
tary waves can change the emission height by 10 km 
during major stratospheric warming events, which 
can occur with temperature variations up to 90 K. 
Similar wave-like disturbances can lead to a consid-
erable difference in temperatures measured with IDS 
and SABER radiometer. The effect of large-scale 
waves such as tidal and planetary ones can be de-
creased by making the angles of sight of both the 
devices closer to each other. Therefore, we use here 
the SABER data obtained when the device scanned 
the OH(6-2) hydroxyl emitting layer (~87 km) and 
oxygen emitting layer (~95 km) with a radius along 
the layer not larger than 500 km from the intersection 
of the IDC line of sight with the OH emitting layer 
when the spectrum was exposed. The time selection 
criterion for the temperature measurements is not 
more than 30 minutes. 

DATA ANALYSIS  
We have analyzed the observation data acquired 

from 2002 to 2014. Surveys of the nightglow spectrum 
are carried out from the middle of August to the middle 
of May. We have compared the temperatures measured 
when the spacecraft passes at distances not larger than 
500 km from the intersection of the spectrograph’s line 
of sight with the hydroxyl emitting layer (~87 km) and 
oxygen emitting layer (~95 km).  

The ground-based optical device integrates emission 
along its field of view; and the rotational temperature, 
which is determined from the ratio of hydroxyl band 
intensities, reflects the weighted average rotational 
temperature of the atmosphere over the emitting layer 
thickness. It is necessary to distinguish the SABER 
vertical temperature profile part that would be equiv-
alent to the hydroxyl rotational temperature. The 
convolution of the volumetric emission vertical pro-
file and the temperature profile gives a temperature 
equivalent to that measured with the ground-based 
device. In many works, it is assumed that the density 
of emitting hydroxyl molecules has a Gaussian verti-
cal distribution in a layer with a thickness of approx-
imately 7–8 km, the maximum of which is centered at 
a height of 87 km. We use both the theoretical Gauss-
ian hydroxyl emission profile and measured vertical 
profiles of the hydroxyl emission. The two channels 
of SABER are intended to make vertical scanning of 
the airglow in the 1.6 µm region, where OH(5-3) and 
OH(4-2) bands are emitted, and in the 2.0 µm region 
of the OH(9-7) and OH(8-6) band emissions. Using 
vertical distributions of emission intensities in these 
channels as weight functions for averaging SABER 
temperatures, we can obtain a temperature equivalent 
to the temperature measured with the ground-based 
device. For oxygen, the situation is similar. However, 
in this case SABER measured only one O2(0-1) band 
emission at 95 km.  

The spacecraft’s orbit is such that the measurements 
coincident in time and space with the Maimaga meas-
urements can be made only from September to the end 
of March and are interrupted from December to the sec-
ond half of January. During the period when the spec-
trum was exposed with the ground-based spectrograph, 
SABER scanned the limb three–four times. Scanning 
results were averaged during the analysis. From 2002 to 
2014, 997 measurements coincided in time and space for 
the OH(6-2) band; and 857 measurements, for O2(0-1). 
The time selection criterion for temperature meas-
urements is not more than 30 minutes due to high 
nighttime hydroxyl and oxygen temperature varia-
tions. Moreover, rotational temperature variations in 
O2(0-1) are more significant than hydroxyl band (6-2) 
rotational temperature variations. Figure 1 shows 
randomly selected nights of 2007. As you can see, at 
some nights two averaged values obtained from the 
spacecraft were recorded. 

We are interested here in comparing temperatures at 
87 and 95 km, typical heights of the emission peak of 
the OH and O2 atmospheric emission layers respectively. 



Сomparing temperature of subauroral mesopause over Yakutia with SABER radiometer data for 2002–2014 

56 

 

 

Figure 1. Random nights 2007. Black dots indicate OH (6-2) temperatures with spectrograph errors; black circles mark the 
temperature measured with SABER at 87 km; the gray triangle is the O2(0-1) temperature with errors; the gray big triangle is the 
temperature measured by SABER at 95 km 

 
We should consider also that SP-50 gives infor-

mation on the rotational temperatures of the OH(6-2) 
Meinel band and of the O2(0-1) atmospheric band, ob-
taining an average temperature at the height region 
where these emission layers are located. To take into 
account this effect, we have also calculated weighted 
SABER temperatures at 87 and 95 km by convolving 
the SABER temperature profiles with typical airglow 
emission layers of a 10 km width at half the emission 
maximum. 

Figure 2, a shows the temperature obtained with 
SABER at 87 km and the hydroxyl temperature meas-
ured by the spectrograph as a function of the day for 
each year. Figure 2, b illustrates the difference between 
them and the trend line characterized by seasonal varia-
tions. At 87 km for OH(6-2) in the autumn-winter sea-
son, there is no pronounced difference between readings 
of the instruments. The SABER temperature is higher 
by 4–5 K than that measured by the spectrograph in 
spring. The first day of measurements is August 1 as 
there are no measurements made in summer because of 
geographical features of the region. Figure 3, a shows 
the temperature obtained with SABER at 95 km and the 
oxygen temperature measured at the Maimaga station as 

a function of the day for each year. Figure 3, b illus-
trates the difference between them and the trend line. 
The SABER temperature is higher by up to 9 K than the 
temperature obtained with the spectrograph in the au-
tumn-winter season and by 5–6 K in spring. 

We should also consider that SP-50 provides infor-
mation on O2(0-1) rotational temperatures, measuring 
the average temperature at the height region, where this 
emission layer is located. To take into account this ef-
fect, we have also calculated weighted SABER tempera-
tures at 95 km by convolving the SABER temperature 
profiles with typical airglow emission layers of a 10 km 
width at half the emission maximum. 

Figure 4, a illustrates the difference between the av-
erage temperature obtained with SABER at 95 km and 
the average annual temperature of O2(0-1) measured by 
the spectrograph. Figure 4, b shows the difference be-
tween the average temperature obtained with SABER at 
87 km and the average annual temperature OH(6-2) 
measured with the spectrograph. The trend line is de-
scribed by the equation: T=0.8·year–1660 (R2=0.66). 
The temperature difference increases by 0.8 K per year, 
coinciding with the increase in the temperature dif-
ference obtained with SABER and ground-based instru- 
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Figure 2. The temperature measured by SABER (gray circles) at 87 km and the OH(6-2) temperature measured by the digital 
infrared spectrograph (black circles) (a). Temperature difference with a linear trend (b) 

 

 

Figure 3. The temperature measured with SABER (gray circles) at 95 km and the O2(0-1) temperature measured with the dig-
ital infrared spectrograph (black circles) (a). Temperature difference with a linear trend (b) 
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Figure 4. Difference of average annual temperatures obtained with SABER at 95 km and O2(0-1) measured with ground-
based instruments (a). Difference of average annual temperatures obtained with SABER at 87 km and OH(6-2) measured with 
the spectrograph (b). Black dots indicate the temperature difference obtained with the new SABER version v.2.0. For compari-
son, the Figure shows the temperature difference between SABER v.1.07 and the OH(6-2) temperature measured in Antarctica 
from 2002 to 2009 (c) [French, Mulligan, 2010] 

 
ments, which amounts to ~0.7 K per year [French, Mul-
ligan, 2010]. French and Mulligan compared tempera-
tures measured with SABER v1.07 with the OH(6-2) 
hydroxyl temperature measured in Antarctica (68° S; 
78° E) from 2002 to 2009. 

In conclusion, the authors [French and Mulligan, 
2010] advised being careful when using SABER data 
with long time series; however, this concerns the old 
SABER version v1.07. A new SABER version 2.0 ap-
peared in 2013; developers state that the new version 
improves algorithms for obtaining temperature profiles. 
Therefore, the temperature measured with SABER (ver-
sion v2.0) in 2013 and 2014 is virtually identical to the 
temperature obtained with our digital infrared spectro-
graph at both 87 and 95 km. 

 
CONCLUSIONS 

From 2002 to 2014, 997 measurements coincided in 
time and space for the OH(6-2) band and 857 measure-
ments coincided in time and space for O2(0-1). The tem-
perature obtained with SABER (version 1.07) is higher 
than that obtained with the spectrograph. The new im-
proved version v2.0 of SABER temperature data for 2013–
2014 agrees well with IDS temperature data. The analysis 
carried out allows us to conclude that a series of hydroxyl 

and oxygen rotational temperatures can be used to study 
temperature variations on different time scales, including 
long-term trends at a temperature emission height 

The reported study was funded by RFBR under the 
research project Nos 16-35-00121 mol_a, 16-35-00204 
mol_a, 17-05-00855 A, 15-05-05320 A. 
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