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Abstract. More than 3 years of airglow observations with a
Spectral Airglow Temperature Imager (SATI) installed at the
Sierra Nevada Observatory (37.06◦ N, 3.38◦ W) at 2900 m
height have been analyzed. Values of the column emission
rate and vertically averaged temperature of the O2 atmos-
pheric (0–1) band and of the OH Meinel (6–2) band from
1998 to 2002 have been presented. From these observations a
clear seasonal variation of both emission rates and rotational
temperatures is inferred at this latitude. It is found that the
annual variation of the temperatures is larger than the semi-
annual variation, while for the emission rates the amplitudes
are comparable.

Key words. Atmospheric composition and structure (air-
glow and aurora; pressure density and temperature; instru-
ments and techniques)

1 Introduction

Airglow emissions give important information on the dynam-
ics and chemistry of the upper atmosphere. After the discov-
ery of the vibration-rotation of the OH Meinel system in the
night airglow by Meinel (1950a), a great number of works
have been devoted to the observation of the temporal varia-
tions of the emission rates and rotational temperatures of the
OH Meinel bands (e.g. Shefov, 1969, 1971a; Takahashi et
al., 1977; Mulligan et al., 1995). These measurements have
shown a great variability for the different OH Meinel bands.
On the other hand, measurements of volume emission pro-
file have shown the peak of the maximum emission rate at
around 87 km (Baker and Stair, 1988). Rotational tempera-
tures from the OH Meinel bands have been used as indicators
of atmospheric temperature at 87 km height.

Since the O2(0–1) atmospheric band at 8645 A is free from
absorption, it can be observed by ground-based optical tech-
niques. Meinel (1950b) observed it using a spectrograph and
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obtained the rotational temperature TO2. The nocturnal emis-
sion variation of this band has been observed at different lati-
tudes by different investigators (e.g. Misawa and Takeuchi,
1977, 1982; Takahashi et al., 1986; Burrage et al., 1994).
Rocket and satellite measurements have shown that the peak
of maximum emission rate of the O2 atmospheric emission is
placed at about 95 km (e.g. Witt et al., 1979, 1984; Greer et
al., 1986). So, rotational temperatures from the O2(0–1) at-
mospheric band are good indicators of the atmospheric tem-
perature at around 95 km height.

The Spectral Airglow Temperature Imager (SATI) is an
instrument able to measure the column emission rate and
vertically averaged rotational temperature of both the O2 at-
mospheric (0–1) band, and the OH Meinel (6–2) band, us-
ing the technique of interference filter spectral imaging with
a cooled-CCD detector. The technique was first developed
by the Mesopause Oxygen Rotational Temperature Imager
(MORTI) instrument (Wiens et al., 1991). The new adapta-
tion on SATI is described by Wiens et al. (1997).

In this paper we introduce briefly the SATI instrument and
the method of SATI image reduction. Then we show ini-
tial results from the SATI airglow observations at 37.06◦ N
latitude after more than three years of data. Seasonal varia-
tions of the temperature and airglow emission rates of the O2
atmospheric (0–1) band and the OH Meinel (6–2) band are
presented and compared with previous results.

2 Instrument

SATI is a spatial and spectral imaging Fabry-Perot spec-
trometer in which the etalon is a narrow band interference
filter and the detector is a CCD camera. SATI represents
an improved adaptation of the MORTI instrument. The
SATI instrumental concept and optical configuration is that
of MORTI. Its field of view is an annulus of 30◦ average ra-
dius and 7.1◦ angular width centered on the zenith. Thus, an
annulus of average radius of 55 km and 16 km width at 95 km
of altitude (or an average radius of 49 km and 14 km width at
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Fig. 1. (a) Typical OH SATI image. (b) Calculated (solid line) and observed (points) radial signal distribution for above OH image.
Parameters are: A=920 R, B=2.0 R A−1, T=190◦ K . (c) Standard deviation of the fit versus temperature.

85 km) is observed in the sky. SATI uses two interference
filters, one centred at 867.689 nm (in the spectral region of
the O2 atmospheric (0–1) band) and the second one centred
at 836.813 nm (in the spectral region of the OH Meinel (6–2)
band).

The images are disks where the azimuth dimension corre-
sponds to the azimuth of the ring of the sky observed, while
the radial distribution of the images contains the spectral dis-
tribution, from which the rotational temperature is inferred.

The images obtained from SATI can be analyzed as a
whole, obtaining an average of the rotational temperature and
emission rate of the airglow band from the whole sky ring;
this allows for a good monitoring of the behaviour of the ro-
tational temperature and emission rate for long periods of
time, or by dividing the images into different sectors thus,
obtaining information of rotational temperatures and emis-
sion rates of each sector of the sky ring, from which the hori-
zontal velocity of a disturbance can be determined (Zhang et
al., 1993).

2.1 O2(0–1) atmospheric system

The PP and PQ branches of the spectrum of the O2 at-
mospheric (0–1) band appear as pairs of lines of 0.13 nm in
separation, and these pairs are separated from each other by
0.32 nm. These line pairs, in convolution with the 0.230 nm
band-pass of the interference O2 filter, appear as single lines.
Since the spectral pattern is symmetrical about the optical
axis, the CCD records the lines as rings, corresponding to
the K′′=3, 5, 7, 9, 11 and 13 transitions.

2.2 OH(6–2) Meinel band

The first three pairs of lines of theQ branch of the OH(6–2)
Meinel band appear as pairs of lines with a separation from
0.1 to 0.3 nm, and these pairs are separated from each other
by about 0.7 nm. These line pairs, in convolution with the
0.182 nm band-pass of the interference filter, produce two

single lines corresponding to the transition K=1 and K=2;
the pair of lines corresponding to the transition K=3 appears
as two single rings, one of which,Q2(3), is of an extremely
low emission rate.

2.3 Image reduction

An interference filter, centred atλ0 and having a refractive in-
dexµ, transmits the spectral lines of increasing wavelength,
λ, at decreasing incidence angles according to the equation:

sinθ = µ

√
1 −

(
λ0

λ

)2

. (1)

This equation is manipulated to represent sin2 θ=f (λ).
Then, the two parametersµ andλ0 are found for the rings
by a least-squares fitting. The results generally vary from the
design values ofλ0 andµ by no more than 0.05 nm and 0.02,
respectively.

2.4 Method of rotational temperature and emission rate de-
termination

The method of temperature and emission rate determination
is described in detail by Wiens et al. (1991) for the case of
the O2 atmospheric system. Here it is briefly introduced as
applied to the temperatures and emission rates, determination
from the OH(6–2) Meinel band from one typical OH image.

Figure 1a shows a typical OH image. In order to deduce
temperatures and emission rates the airglow spectrum is ob-
tained from the OH image. To obtain the spectrum we need
to know the position on the CCD of the ring centre, the wave-
length of maximum filter transmission,λ0, and the effective
index of refraction,µ, of the filter. Once the centre is deter-
mined the angular radius of each pixel is obtained. The radial
variation of the signal of the OH image obtained is shown
in Fig. 1b. The radial dimension is changed to wavelength
dimension by using Eq. (1). Once the spectral distribution
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of the signal is obtained, we use modelled spectra,mod(λ),
to find the spectrum that best fits the observed spectrum,
exp(λ). The modelled spectra,mod(λ), are obtained by con-
volving the pure emission spectrum with the finite passband
of the OH interference filter. The Gattinger (1984) spectrum
for a specific temperature,T , is convolved with the measured
passband of the OH interference filter.

The observed spectrum,exp(λ), is the result of multiply-
ing this normalized spectrum,mod(λ), by some factor,A,
and adding a spectrally constant background,B. A least-
squares solution of this equation,exp(λ) = A×mod(λ)+B,
for all the radial points from radii 20 to radii 115 provides a
estimation of the unknownA andB for each spectrum at the
assumed temperature. A library of 150 synthetic spectra, for
temperatures between 110◦ K to 260◦ K, is used in the least-
squares fitting.

The fitting is performed for each spectrum, and the one
that yields the minimum fitting error gives its temperature
value, T , the emission rate,A, and the continuum back-
ground,B. Figure 1c shows the standard deviation of the fit
versus temperature and shows that the precision with which
the minimum can be specified is±1◦ K, or ±2◦ K at the
worst. The fitting of the above OH image is shown in Fig. 1b
as a solid line, while the measured values,exp(λ), appear as
points.

The accuracy involves systematic error, which includes the
transition probabilities, errors in the flat field determination,
and any possible biases in the fitting of the synthetic spec-
trum. These matters are currently being investigated in order
to make a quantitative estimation of these errors (see Sar-
goytchev et al., 2004). Sargoytchev et al. (2004) also study
the problems associated with the fitting of the lines of theQ

branch of the OH(6–2) band. Some of these difficulties are
discussed in the next section.

3 Observations

SATI was installed at Sierra Nevada Observatory (37.06◦ N,
3.38◦ W), Granada, Spain, at 2900 m height. It has been
working continuously since October 1998. Table 1 shows the
monthly averaged values presented in this work. The months,
with the total number of days, Nd , and hours, Nh, of cover-
age of each month, the average day of the observations,day,
with 9 October 1998 as the first day of observations. There
is a short day of data during August 1998 that has also been
included.

Table 1 lists the average rotational temperature and emis-
sion rate deduced from both the OH(6–2) Meinel band and
the O2(0–1) atmospheric band for each month. The data ana-
lyzed in this work are those corresponding to good observing
conditions, days of poor quality of observing conditions have
not been considered.

The OH rotational temperatures deduced from the SATI
instrument are obtained from theQ branch of the OH(6–2)
band. Pendleton and Taylor (2002), based on recent exper-
imental determinations (French et al., 2000), show that the

Table 1. Airglow observations

Date Nd Nh day TOHc IOH TO2 IO2
(K) (R) (K) (R)

Aug. 1998 1 2 -62.9 195± 5 470± 50 183± 3 370± 30
Sept. 1998
Oct. 1998 19 78 14.2 211± 7 880±100 201± 6 620±150
Nov. 1998 19 121 42.9 212± 8 850±120 195± 8 410±130
Dec. 1998 10 78 67.3 206± 9 640±130 195±11 460±260
Jan. 1999
Feb. 1999 17 80 127.3 209± 8 760±120 193± 7 370±100
Mar. 1999 12 76 158.9 204± 9 640±100 196± 6 410±100
Apr. 1999 10 59 187.9 199± 8 600±180 193± 5 360±100
May 1999 5 29 218.0 195± 8 730±110 193± 5 390± 70
June 1999 5 22 247.0 187± 4 690±100 185± 5 460± 70
July 1999 15 52 279.2 179± 6 640±150 184± 5 380± 80
Aug. 1999 5 17 301.9 195± 5 680±100 175± 7 270± 50
Sept. 1999
Oct. 1999 5 29 366.0 208± 7 590±130 203± 7 440±120
Nov. 1999 9 77 394.0 216± 7 880±160 210± 9 660±150
Dec. 1999 10 75 425.6 215± 8 800±140 201± 9 520±130
Jan. 2000 2 16 460.5 216± 8 970±180 198±10 350±110
Feb. 2000 17 133 485.0 208± 7 750±130 192± 8 340±140
Mar. 2000 14 102 515.5 209± 8 720±140 199± 8 480±130
Apr. 2000 8 48 542.0 207± 7 750±130 196± 6 400± 90
May 2000
June 2000
July 2000 4 13 639.8 194± 4 670± 60 176± 5 370± 40
Aug. 2000 18 92 663.5 203± 6 630±120 191± 6 340± 90
Sept. 2000 10 57 697.2 204± 5 640±120 189± 5 320± 80
Oct. 2000 15 79 723.9 207± 7 670±120 194± 7 470±180
Nov. 2000
Dec. 2000
Jan. 2001 3 15 834.3 212±13 860±160 188± 9 300± 80
Feb. 2001
Mar. 2001 15 95 896.5 203± 5 680±130 188± 6 340± 80
Apr. 2001 10 55 927.5 199± 5 590±200 186± 6 290± 70
May 2001 13 61 955.5 194± 8 720±150 181± 7 350± 90
June 2001 8 31 980.5 193± 9 640±120 176± 6 310± 50
July 2001 5 22 1013.0 181± 4 640±120 170± 5 320± 70
Aug. 2001 5 24 1052.1 193± 4 510± 70 182± 7 210± 50
Sept. 2001 10 74 1076.0 195± 6 570±120 187± 6 320± 60
Oct. 2001 14 77 1105.5 204± 7 670±120 197± 6 430± 90
Nov. 2001
Dec. 2001 5 16 1156.7 212± 7 1000±160 194± 5 330± 60
Jan. 2002 11 81 1196.1 206± 7 650±140 195±12 360± 70
Feb. 2002 13 95 1223.2 203± 6 560±120 190± 8 300±100
Mar. 2002 8 53 1254.8 202± 8 560±150 192± 7 300± 50

202±6 690±130 190±7 380±100

Einstein coefficients for theQ branch of the OH(6–2) band
decrease faster withJ than previously published coefficients.
They have shown that the OH rotational temperatures and
emission rates deduced from theQ branch of this band are
affected by errors if these previous values are used.

The values of the OH rotational temperatures and emis-
sion rates that we report in this paper were obtained using the
earlierA(Q) coefficients, but we have applied the correction
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Fig. 2. Rotational temperatures and emission rates.

used by Pendleton and Taylor (2002), before finding a most
appropriate correction, to estimate rotational temperatures
from the OH(6–2) Meinel band. Thus, the OH rotational
temperatures have been corrected (TOHc) by comparing the
temperature obtained from the relative intensities of the
Q1(1) andQ1(3) 3-doublets calculated using the theoretical
Einstein coefficients with the one obtained using the exper-
imental Einstein coefficients. We will continue to explore
this problem with our SATI colleagues at other locations,
before making comparisons of the airglow results from other
sites. Ultimately, the comparison of our results with those

obtained with other similar SATI (Shiokawa et al., 1999)
and MORTI (Aushev et al., 2000) instruments, also placed
at mid-latitude locations, will be interesting, in order to
make a study of the global behaviour of the mesosphere at
middle latitudes. In this way, we will contribute to one of
the scientific objectives of the Planetary Scale Mesopause
Observing System (PSMOS), a project of the Commitee
on Solar-Terrestrial Physics (SCOSTEP), and its expected
continuation in the Climate And Weather of the Sun-Earth
System (CAWSES) project.
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Fig. 3. Rotational temperatures and emission. Dark circles: from the O2(0–1) atmospheric band. Points: from the OH(6–2) Meinel band.

Figure 2 shows the rotational temperatures and emission
rates deduced from both the OH(6–2) Meinel band and from
the O2(0–1) atmospheric band from October 1998 to March
2002. These temperatures and emission rates have been ob-
tained after analysing SATI images as a whole, obtaining
then an average of the rotational temperature and emission
rate of these airglow bands from the whole sky ring. The
vertical scatter of the results indicates the extent of the short-
term geophysical variability, but in spite of that there are
clear annual and/or semiannual variations.

Figure 3 shows the rotational temperatures and emission
rates deduced from the OH(6–2) Meinel band and from the
O2(0–1) atmospheric band during individual nights of Octo-
ber 1998 and November 1998. Looking at Fig. 3 one can see
different temporal structures throughout the different nights
in temperature and the emission rate, from both OH and O2
airglow bands. Both rotational temperatures and emission
rates vary throughout the night, sometimes in a correlative
way, but not always.

The particular features of each day obtained from the
whole field of view (see Fig. 3) also appear when the dif-
ferent sectors of the images are analyzed. The analysis of
the particular features in the different sectors lets us obtain

the characterization of the different waves present during the
time of observation and this will be the subject of a future
work. Here we characterize the seasonal behaviour in rota-
tional temperature and emission rate from October 1998 to
March 2002 taking into account the seasonal tendencies.

4 Results

Mean annual values at different latitudes for TOH and TO2

have been reported (e.g. Shefov, 1971b, 1972; Tepley et al.,
1981; Scheer and Reisin, 1990; Takahashi et al., 1995; Greet
et al., 1998). At mid latitudes mean annual values of TOH
of 204◦ K at 42.5◦ N (Niciejewski and Killeen, 1995), and of
190◦ K at 42◦ N, with a maximum in winter, 220◦ K, and a
minimum in summer, 160◦ K, (Choi et al., 1998) have been
reported.

Here we find a mean annual value for OH rotational tem-
perature, TOHc, at 37.06◦ N of 202±6◦ K. This mean annual
OH rotational temperature, TOHc, is in the range of values
at mid latitudes previously reported and also is in the range
of values of WINDII upper mesospheric temperatures (She-
pherd et al., 1993), from which a mean annual temperature
of 198◦ K at 87 km height and 35◦ N is derived (Shepherd et
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Table 2. Annual and semiannual variations

Temperature Emission Rate
OHc O2 OH O2

Mean 202±6 190±7 690±130 380±100

Period Amp. Pha. Amp. Pha. Amp. Pha. Amp. Pha.
(years) (K) (rad) (K) (rad) (R) (rad) (R) (rad)

1 14±1 1.7±0.1 9±1 1.7±0.1 90±30 1.6±0.2 50±20 2.3±0.4
1/2 3±1 4.3±0.5 5±1 4.1±0.2 80±20 2.5±0.3 60±20 3.4±0.3

al., 2001, 2004). A mean annual value of 190±7◦ K from
the O2(0–1) atmospheric band, with maxima temperatures in
winter and minima temperatures in summer, is obtained at
our latitude.

4.1 Seasonal variations

The seasonal tendencies in the rotational temperature and
emission rate are clearly present in Fig. 4, where the monthly
averaged night rotational temperature and emission rate de-
duced from both the OH(6–2) Meinel and the O2(0–1) atmo-
spheric bands are plotted as a function of the day number. We
have only considered nights with at least 1 h of continuous
measurements, to obtain a night averaged value, which have
then been used to obtain an average value for each month.

To avoid shorter periodicities, we have analyzed the sea-
sonal behaviour of the monthly averaged data. A Fourier
analysis of these data clearly shows the presence of a modu-
lation at a time period close to one year, indicating a clear an-
nual variation in the temperatures deduced from both O2 and
OH emissions. This annual variation is also present in both
emissions. Other periodic components seem to be present,
together with this annual variation. For example, a semian-
nual variation is present in both emission rates (IOH and IO2),
with a degree of confidence greater than 80%, and also this
semiannual component could be present in the temperatures.

The amplitudes that best fit these data for the annual and
the semiannual variations are shown in Table 2. These am-
plitudes have been obtained using a least-squares procedure,
to obtain the amplitudes that best fit the data by imposing
simultaneously an annual and a semiannual variation. Fig-
ure 4 shows the numerical reproductions obtained with these
amplitudes.

Figure 4 shows that the annual modulation produces
maxima in rotational temperature and emission rate in
November–January (winter solstice) and minima in June–
August (summer solstice). However, the semiannual varia-
tion, produces broader maxima (October–April) and sharper
minima (June–August) in temperatures, while for the emis-
sions the opposite is true, sharper maxima (October–
December) and broader minima (February–August) in both
emission rates (IOH and IO2) are found. SATI will continue
working, and hopefully a large set of data will help us to

confirm these seasonal tendencies in both temperatures and
emission rates.

The annual component is the most significant in the tempe-
ratures deduced from both OH and O2 emissions. The annual
variation in TO2 is almost two times larger than the semian-
nual variation and the annual variation in TOH is about five
times larger than the possible semiannual variation. How-
ever, the amplitude of the annual and semiannual variations
are of similar magnitude in both emissions.

4.1.1 Temperature

The peak-to-peak amplitude of the temperatures inferred
from the OH and O2 measurements are of about 29◦ K and
25◦ K, respectively. TOH variations of 60◦ K at 42◦ N (Choi
et al., 1998), of 37.5◦ K at 41◦ N (She and Lowe, 1998) and
of 27◦ K at 53◦ N (Mulligan et al., 1995), have been reported.
At the mid-latitude Southern Hemisphere TOH variations of
about 10◦ K to 20◦ K have been reported by Scheer and
Reisin (1990) and Hecht et al. (1997). Smaller annual am-
plitudes have been deduced at low latitudes. In all the cases
the annual variations in TOH are strongly present, and a max-
imum in the winter temperature and a minimum in the sum-
mer temperature are reported (e.g. Offermann and Gerndt,
1990; Niciejewski and Killeen, 1995; Bittner et al., 2000),
in agreement with the seasonal behaviour found for TOH in
this work. Niciejewski and Killeen (1995), from a long-term
study of the hydroxyl emission at 42.5◦ N, found a strong an-
nual behaviour with an amplitude 7 times greater than the
amplitude of the semiannual variation also detected. They
found a maximum temperature in December (for the annual
behaviour) and a maximum at late March and September (for
the semiannual variation), with 20◦ K of amplitude for the
annual variation and 3◦ K of amplitude for the semiannual
variation.

We find a strong annual behaviour in TOH with maxima
in winter and minima in summer, the maxima are more flat-
tened, while the minima are sharpened (see Fig. 4), in agree-
ment with previous works at mid latitudes. The amplitude for
the annual variation of TOHc found is about five times greater
than the amplitude for the semiannual variation (see Table 2).

The seasonal behaviour throughout the year of the TO2,
found here, with maxima in the O2 rotational temperatures
in winter and minima in summer, agrees with that found in
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Fig. 4. Average rotational temperatures and emission rates. Open circle: from O2. Full circle: from OH. Dotted Line: numerical reproduc-
tion.

previous measurements at northern latitudes (Shefov, 1971b;
Tepley, 1985) but is the opposite of the one found by Scheer
and Reisin (1990) at 32◦S and by Hecht et al. (1997) at
35◦ S. Both of them report maximum temperatures in Sou-
thern Hemisphere summer and minimum in winter, a beha-
viour opposite to the one found here.

In the later years, many works have been devoted to the
study of the seasonal behaviour of the atmospheric temper-
ature close to the mesopause (She and von Zahn, 1998; She
and Lowe, 1998; She et al., 2000). These lidar studies have
shown that the mesopause is at an altitude near 100 km in
winter and usually also in spring and autumn. At this alti-
tude the annual variation of the temperature is at a minimum.
However, the mesopause is found at an altitude near 88 km
in summer. At this altitude there exists a maximum annual
temperature variation, with the smallest temperatures in sum-
mer and larger temperatures in winter. This maximum annual
temperature variation decreases from this altitude, where the
summer mesopause is found, towards higher altitudes. These
studies have also confirmed that the annual temperature vari-
ation at this altitude increases with latitude. She et al. (2000),
from sodium lidar measurements at (41◦ N, 105◦ W) repor-
ted maximum annual temperature variations of 41.8◦ K at

85.5 km (and minimum variation of 9.2◦ K at 99.5 km), while
annual variations of the temperature of about 15◦ K at 95 km
are estimated.

Here we find that the seasonal variation of the OH tempe-
rature is about 29◦ K, while the seasonal variation of the O2
temperatures is about 25◦ K. The difference in the seasonal
variation of the temperature at about 87 km (OH-layer) and
at about 95 km (O2-layer) is not as great as could be inferred
from lidar measurements at (41◦ N, 105◦ W). Here, the dif-
ference in the seasonal variation of the temperatures inferred
from the OH and O2 airglow layers, can be smoothed in the
average process of obtaining the OH and O2 temperatures
from the corresponding airglow layers. Although it might
be that the seasonal variation of TOHc reported in this work
could be even greater after finding an improved correction in
our OH temperature calculations, it is also true that at 87 km
and at 37◦ N, a little smaller annual variation of temperature
than the one at 41◦ N is expected, and also, the difference in
the seasonal variation of the temperatures inferred here, from
the OH and O2 airglow layers could be explained by the ap-
proximate 100◦ longitude difference between the two sites.
On the other hand, the similar seasonal behaviour of both
O2 and OH temperatures indicates that the higher or winter



826 M. J. Ĺopez-Gonźalez et al.: Seasonal airglow variations at mid-latitudes

Fig. 5. Relation among emission rates and rotational temperatures. Point: the average value for midnight Circle: the average value for the
month.(a) IOH versus TOH. (b) IO2 versus TO2. (c)TO2 versus TOH. (d) IO2 versus IOH.

mesopause is above the O2 emission layer peak during that
period of the year.

The behaviour of the temperature in the altitude region of
80 to 100 km is a very interesting subject. Thus, one of our
aims is to obtain a large set of OH and O2 temperatures with
the SATI instrument at our latitude region, to establish the
temperature behaviour in this location.

4.1.2 Emission rates

The seasonal behaviour of IOH emission shows different pat-
terns at different latitudes. OH emission measurements, at
different latitudes, have shown that there is a semiannual sea-
sonal behaviour for IOH at equatorial latitudes that evolves to
an annual behaviour at high latitudes (e.g. Wiens and Weill,
1973; Shefov and Piterskaya, 1984; Takahashi et al., 1995;
Melo et al., 1999). Here we obtain an annual behaviour with
a semiannual component, that produces a great maximum to-
wards December and a small maximum in June, in agreement
with the results obtained by Wiens and Weill (1973) at 44◦ N
latitude.

Many O2(0–1) airglow observations have shown that the
seasonal behaviour of O2(0–1) emission is also dependent
on latitude (e.g. Shefov, 1971b; Misawa and Takeuchi, 1982;
Burrage et al., 1994; Yee et al., 1997). These observations
have shown that the seasonal variation of the O2(0–1) emis-
sion is predominantly semiannual at low latitudes, evolving
to a stronger annual variation at high latitudes. The behaviour

found in the O2(0–1) emission obtained from the SATI in-
strument follows this pattern. We find an annual variation
with maximum in winter (November–December), but toge-
ther an almost equal powerful semiannual component that
produces smaller maxima towards May.

4.2 Relations between OH and O2 emission rates and rota-
tional temperatures

Figure 5 shows scatter plots of the rotational temperatures
and emission rates after the seasonal dependences have been
removed from the data, for the annual and semiannual com-
ponent listed in Table 2. Figure 5a shows IOH as function
of TOH; as can be seen the general tendency is that IOH in-
creases with TOH (the correlation index for a possible linear
relation between TOH and IOH is of about of 45%–55%).

However, a clearer dependence seems to exist between IO2

and TO2 (see Fig. 5b), with a correlation coefficient of about
65%–70% for a linear relation. The dependency of IOH with
TOH is not as clear; it could be an indication that the OH(6–2)
emission is more affected by other atmospheric parameters,
while the IO2 emission has a stronger dependence on the tem-
perature. After removing the seasonal dependences of TO2

and TOH, there still remains a certain relation between both
temperatures. A correlation coefficient of 40%–45% for a li-
near relation between both rotational temperatures is found
(see Fig. 5c). There is not any clear relation between IO2 and
IOH (see Fig. 5d).
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5 Conclusions

The results for temperatures and emission rates deduced from
the OH(6–2) Meinel and O2(0–1) atmospheric bands after
more than three years of SATI operation have been presented.
Seasonal variations in emission rates and rotational tempera-
tures have been obtained for a latitude of 37.06◦ N.

A clear annual variation is found in temperatures and an
annual variation, together with a semiannual variation of sim-
ilar magnitude, is found in the emission rates. The range of
variability detected in both emissions and temperatures is in
agreement with the ones reported at mid latitudes in previ-
ous works. The mean temperature of TOHc is a little greater
than that obtained for TO2, and both show a similar seasonal
behaviour. The magnitude of the seasonal variation of the
temperature at about 87 km (TOH) is a little greater than that
at about 95 km (TO2). Sodium lidar measurements at mid lat-
itudes have shown a larger difference in the magnitude of the
seasonal variation of the temperature at 87 km and 95 km,
than from our data. Although it might be that the annual
amplitude variation of TOH could be larger after finding a
better method for the OH temperature calculations, the sea-
sonal variation of the temperature presented here is recorded
at (37◦ N, 3◦ W) and the one reported from mid latitude lidar
measurements at (41◦ N, 105◦ W), so the differences could
be the result of the different location of the two sites.

A stronger dependence seems to exist between TO2 and IO2

than the dependence between IOH and TOH. This could indi-
cate that OH emission is more affected by other influences,
while O2(0–1) atmospheric emission is more temperature de-
pendent.

6 Future work

The necessity of long-term programs of observing airglow
emissions from low, middle and high latitudes in a simultane-
ous coverage is pointed out in order to know the global sea-
sonal behaviour of different atmospheric parameters, inclu-
ding temperature and chemical constituents. In this sense,
one of the objectives of the PSMOS project was to cover low,
mid and high latitudes, to study the long-term behaviour of
the upper atmosphere. This objective will be continued in the
CAWSES project. Data are needed to understand the chemi-
cal and dynamical processes that are producing the seasonal
tendencies observed at different latitudes. In this sense, data
from SATI of emission rates and rotational temperatures of
O2 and OH emissions will be added to other sets of data ob-
tained at similar latitudes (Almaty, London, Shigaraki), to-
gether with other sets of data coming from lower and higher
latitudes, with the object of making a global study to under-
stand the processes that are producing the variabilities de-
tected in the upper atmosphere. We still have to find a way
to more precisely deduce OH rotational temperatures from
theQ branch of the (6–2) band, in order to make compatible
the results obtained with this SATI instrument and the ones
obtained from other instruments.
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