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Abstract. OH rotational temperatures have been observedl988) and more recently using satellites (Zhang and Shep-
at the Syowa Station, Antarctica (68, 39 E), which is  herd, 1999; Liu and Shepherd, 2006), the mean altitude of
located in the middle of the auroral zone and has a highthe OH airglow layer has been measured to be 87 km, while
sensitivity spectrometer for the spectral region of the OH 8-4the mean thickness has been measured to be 8 km. Since re-
band. A dataset of 153 nights was acquired during the 2008iable atmospheric temperature of the mesopause region can
austral winter season. Of the 153 nights, the weather and awbe remotely derived from the spectrum of the OH airglow,
rora conditions were only suitable on 6 nights to study the re-many observations of OH airglow have been performed in
lationship between auroral activity and OH airglow variation. observatories around the world using various spectrometers
Of these 6 nights, a significant increase in the rotational tem-and imagers (Sivjee et al., 1972; Krassovsky, 1972). How-
perature and a decrease in the intensity related to an auromver, few observations have aimed to detect an auroral ef-
activity were identified on the night of 27/28 March 2008, fect on the OH airglow or rotational temperature. Harrison
but no such variations were seen during the other nights. Th¢1970) and Stubbs et al. (1983) reported on the relationship
horizontal magnetic field disturbance on the night of 27/28between aurora and OH airglow. However, Harrison (1970)
March was the largest of that winter, while the cosmic radiofound no considerable effect on OH airglow intensity cor-
noise absorption was also very strong. These facts indicateelated with the auroral 557.7 nm emission, which reached
that, compared with the other nights, a large flux of high-a luminosity of 10 to 20kR. On the other hand, Stubbs et
energy auroral particles precipitated during the night. It isal. (1983) showed a 40K increase in the rotational tempera-
suggested that the observed variations in the OH rotationature after an active auroral event. However, they compared
temperature and airglow intensity were caused by a loweringotational temperatures recorded before and after active au-
of the average airglow height as a result of OH depletion inroral events whose interval was 4 h. This time interval is too
the upper part of the layer where high-energy auroral partidong to distinguish temperature perturbations induced by at-
cles can reach. mospheric gravity waves from those caused by auroral activ-
Keywords. Atmospheric composition and structure (Air- fties.
glow and aurora; Middle atmosphere composition and chem- The local effects of auroral precipitations on OH bright-
istry) — lonosphere (Auroral ionosphere) ness or rotational temperature are not clear. Due the spectral
overlap of the auroral and airglow emissions, it is difficult to
study the relationship between aurora and OH airglow using
optical methods. To study the relationship between the OH
airglow and auroral activity, a fast spectrometer with a mod-

OH airglow, which was first discovered by Meinel (1950) erate spectral resolution is required. It was determined that .
as spectral line emissions followed by vibrational-rotational e OH 8-4 band is most suitable for OH rotational temper-

transitions, is one of the strongest emissions in the nigh@{Ure measurements in the auroral zone. Thus, a spectrom-

sky. Using rocket-borne observations (e.g., Baker and StairStér that could measure the OH 8-4 band was developed to
measure the OH rotational temperature at the Syowa Station, ©

_ Antarctica (69 S, 39 E) (Suzuki et al., 2009). Given the O
Correspondence td:. Suzuki equipment’s good spectral resolution and sensitivity, the OH O
BY (hsuzuki@nipr.ac.jp) rotational temperature can be derived every minute with an
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Fig. 1. Sample spectrum of the OH 8-4 band obtained with a 1-min a 200 £
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The spectrometer consists of a fast optical system (F1.7), fg’ - 1 E 3
a transmission grating as dispersion optics, and a high-L"o)‘
sensitivity CCD camera. The operating spectral region just 0¢ :
covers the OH 8-4 band (900-990 nm), and a moderate spec 16 17 18 19 20 21 22 23 24 25 26
tral resolution of 0.27 nm is obtained. A back-illuminated Universal time [UT]
CCD with an infrared enhanced QE is used as the imaging 23:16

device. Sensitivity and spectral resolution of the spectrome-

ter have been calibrated at the optical calibration facility in Fig. 2. Variations in the OH rotational temperature and intensity

the National Institute of Polar Research, Japan. The instrufupper two panels) observed on 27/28 March 2008. The intensity of

ment was installed in the Optical Building at the Syowa Sta-the Q-branch, K2), P1(3), and R(5) are also plotted in the upper

tion (69 S, 3% E) in February 2008 by the 49th Japanese Panel. The second panel is the intensity of the Q-branch, which is

Antarctic Research Expedition. The narrow instrumentalthe same as in the upper panel, but at a different scale. The hori-

field-of-view, 4.3 perpendicular to the magnetic meridian zontal component of the magnetic field and cosmic radio noise ab-

and 0.002 along the magnetic meridian, is fixed at the local sorption (CNA) observed at the Syowa Station are displayed in the
L . . S . - bottom two panels.

magnetic zenith. Nominal exposure time is 1 min. Figure 1

shows sample spectra of the OH 8-4 band obtained under

quiet and active auroral conditions. Peak counts of the Qiwo pairs of rotational lines&(2)/P1(5) and P1(3)/Py(5)).

branch are used as the measure of OH airglow intensity. The yneir gifference is larger than 10K, the temperatures are

intensities of the rotational line#y(2), P1(3), andPy(5), are  gnitted as inaccurate values due to auroral contamination.
used to derive the rotational temperature. The details of the

method used to derive rotational temperature are described

in Suzuki et al. (2009). Note that a weak auroral emission3 Results

by N2 1PG overlaps the OH band. This auroral emission

may cause contamination in the rotational temperature mean 2008, OH airglow observations were performed for 153
surement. Two rotational temperatures were derived fromnights, of which only 6 nights satisfied the requirement of
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clear weather and high auroral activity. Among these nights,
variations of the rotational temperature and intensity of OH M
airglow that correlated with auroral activity were only seen
on 27/28 March 2008, when the most active aurora during
the 2008 winter period occurred. The highest K-index at the
Syowa Station in 2008 was also recorded that night.

Figure 2 shows the variations in the OH rotational tem-
perature and intensity observed on 27/28 March 2008. The &
horizontal component of the magnetic field and cosmic radio
noise absorption (CNA) observed at the Syowa Station are MN e
displayed in the lower two panels. On this night, there was an
auroral break-up which started at around 19:20 UT, followed 2 30
by an even stronger break-up that started at around 21:50 UT %,
There were no remarkable variations in both intensity and
rotational temperature during the first auroral break-up that 5
lasted until 20:00 UT. The maximum variation recorded in
the horizontal component of the magnetic field was about = 10
1000 nT during this period. The maximum drop of the cos- ’
mic radio noise level was about 1.8dB (3.0mV to 2.0 mV). 0
On the other hand, rapid and large variations were seen in 20
both intensity and rotational temperature during the second U.T. [hrs]
auroral break-up that continued until 23:15 UT. Fortunately,
the auroral arcs temporarily exited the field-of-view of the Fig. 3. Visible aurora activity on the night of 27/28 March 2008
spectrometer for two short time periods around 23:00 UT andPPserved by CDC (upper panel) and ASI (lower panel). M.N. rep-
23:16 UT, and valid temperatures were determined durin esents the magr'wetlc n_orth pole', M.S. the mggnetlc south pole, and
these periods. Although there are no temperature data durirﬁ'z' the magnetic zenith. The lines plotted in the lower panel are
most of the second auroral break-up period because of au. e_Iummgsny of the representative auroral emissions from the mag-

S o . . netic zenith observed by the ASI. Note that vertical scales for the
roral contamination, it is obvious that the rotational temper-;..citias at 557.7 nm and 630.0 (or 427.8) nm are different.
ature increased during the second break-up. The maximum
variation recorded in the horizontal component of magnetic
field was about 1500 nT, while the maximum drop in the cos-(o| emission), and 427.8 nm (N2emission). The details of
mic radio noise level was about 4.3dB (3.2mV to 1.2mV) the AS| are described in Okada et al. (1997). The broken line
during the period. shown in the upper panel of Fig. 3 indicates the field-of-view

The temperature around 22:57 UT was about 215K, bufof the spectrometer corresponding to the magnetic zenith di-
it was not much different from that just before the break-uprection. The temporal disappearance of the visible aurora
at 21:55 UT. The rapid increase in temperature that occurregrom the field-of-view of the spectrometer at around 22:57
after 22:57 UT is remarkable and reached a peak temperaand 23:16 UT is confirmed in both the CDC and the ASI
ture of about 225K at 23:16 UT. In addition to the increase gata. When Fig. 2 and the CNA data at the'NZ27.8 nm)
in temperature, a significant decrease in the intensity of OHntensity shown in Fig. 3 are compared, it is seen that they
airglow was also seen. The minimum of the OH airglow gre well-correlated and have a peak around 22:30 UT. These
intensity corresponds almost to the maximum of the rota-facts suggest that the auroral particle precipitation in the D-

tional temperature at 23:16 UT. The rapid increase in rotayegion (about 90 km) was enhanced at around 22:30 UT.
tional temperature during the period from 22:00 to 23:40 UT

seems to be related to the deep CNA event.

The visible auroral activity on this night is shown in Fig. 3. 4 Discussion
The color image shown in the upper panel is a keogram of
visible aurora along the magnetic meridian. This keogramAccording to theoretical works conducted by Gattinger and
was made from a dataset obtained by a color digital camVallance Jones (1972) and Rees and Luckey (1974), param-
era (CDC) equipped with an all-sky fisheye lens. The curveseters of auroral precipitation such as an average energy and
plotted in the lower panel are luminosities of representativea total energy flux can be estimated by using ground-based
auroral emissions at the magnetic zenith observed by an allebservations of auroral emission intensities. The most fa-
sky imager (ASI). ASl is equipped with a cooled CCD cam- miliar method is to use the intensity ratio of Ol 630.0 nm
era, a fast fisheye leng' €6 mm, F1.4), and a motor-driven (1(630.0)) to l\glNG 427.8nm (1(427.8)), because the ra-
filter turret with three band pass filters. The center wave-tio depends on the energy of the incoming auroral electrons
lengths of the filters are 557.7 nm (Ol emission), 630.0 nm(Rees and Lucky, 1974; Ono, 1993). In the case shown in

Magnetic meridian image of the color digital camera
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Atmospheric temperature [K] ergy flux depositions by the electron precipitations. Accord-
140 180 200 220 240 260 280 ing to Berger et al. (1970), the energy deposition of an ener-
[ N getic particle that has an incident energy of 20 keV and pitch
- \SABER profile ] angle of 0 deposits about 13°J per unit meter of pene-
\ \ e 00UT Mareh 27,2008 4 tration at an altitude of around 90km. Thus, a flux on the
] order of 16*m~—2s~1 can maintain the required energy de-
it profte 1 position of 10°° J/s n¥. However, this flux is also too large
1 for highly energetic electrons-Q0 keV) compared to those
e 1 Peak calculated in previous work, which showed a flux on the or-
3-85km der of less than ¥ m—2s-1keV~1 at energies over 10 keV
1 (e.g. Brekke, 1983).

A typical mechanism that explains the fluctuations in the
OH rotational temperature with a period of several minutes
to hours is the passing of atmospheric gravity waves through
SABER profile 1 the layer. In fact, the amplitudes and time scales of the order
(DOYs: 72-102) = \ ] of the observed case (about 10 K/15min) are often seen on

7000 BN ] auroral quiet nights at Syowa Station. However, as shown
0 0.2 0.4 0.6 0.8 1.0 by Cho et al. (2006) and many ground observers, the phase
Relative intensity of OH airglow value of the ground-observed intensity of the OH airglow
and the rotational temperature show mostly a positive cor-
Fig. 4. lllustration of mechanisms which modify observable varia- relation with a small phase shift. This is due to the passing
tions in rotational temperature and intensity of the OH airglow. The of an atmospheric gravity wave through the airglow layer ac-
SABER temperature obtained near the Syowa station (dotted line)eompanied by compression (expansion) and adiabatic heat-
the 30-day averaged (thin solid line with error bars) tgmperature,ing (cooling) of the atmosphere. This relationship between
and the zongl mean temperature (dot-dashed .Ilne) profile for Marcflhe OH rotational temperature and the intensity of the OH
at 70" S obtained from the CIRA86 atmospheric model are plotted. _. . . .
The initial profile of the OH airglow emission rate is based on the airglow is discussed through a modeling study by Ll.u arld
data from the SABER/TIMED (see text). Swenson.(2003). The obser\(eq phgse values shown in Fig. 2
are negatively correlated. This implies that the observed case
is not caused by passing atmospheric gravity waves.

. . A possible mechanism that explains both the increase in
the lower panel of Fig. 3, the ratio, 1(630.0)/1(427.8) shows tational temperature and the decrease in the intensity of
roughly 0.2 to 0.3 during 22:0623:00 UT. This means the oy airglow is related to a change in the height distribution
average energy of precipitating electron in this night reachedst the OH airglow emission. The rotational temperature de-
from 10 to 20keV according to the model by Ono (1993). viyeqd from a ground-based observation is an averaged value
In ad.dltlon the mten.sr['y o_f 427.8 nm, wh!Ch IS S»ef1S|"[|Ve 0 over the OH airglow layer. Therefore, if temperature changes
the high energy precipitations, was also hightkR) during  |inearly with height, and a volume emission profile of the OH
22:00~23:00 UT in the night. This fact indicates that both 4irg10w has a symmetric shape relative to the peak height, the
precipitating energy and flux were especially high during thepejght integrated rotational temperature is equal to the tem-
auroral event on 27/28 March. perature at the peak height. However, if the emission weak-

Joule heating and particle heating by auroral precipitationsens in the upper part of the emission layer by hard auroral
are significant energy sources in the polar thermosphereprecipitations, the weighting profile of the OH layer is bi-
However, in general, it is unlikely that these processes carased to the lower altitude relative to the peak height. Since
raise the temperature at the mesopause height (about 90 kma)typical vertical temperature gradient of this region is nega-
because of the higher density of the atmosphere. The hedive, the lowering of the weight of an OH distribution causes
capacity of the neutral atmosphere at an altitude of 90 kman increase in the rotational temperature.
is about 3«10-3J/Kmd. This implies that the heating rate Figure 4 illustrates this mechanism. The initial profile is
required to explain the temperature increase of 10K durthe OH volume emission rates synthesized from the data ob-
ing the 15 min, which is the case shown in Fig. 2, is abouttained by the SABER instrument onboard the TIMED satel-
3.8x10°°J/sn?. This value is too high compared to pre- lite (details in Russell et al., 1999) on 27 March 2008. The
vious Joule heating rates obtained using radar observatiordata used to make the initial OH profile are averaged over
For example, the Joule heating rate observed by the EISCAThe horizontal region within 500 km from the Syowa Station.
(European Incoherent Scatter) radar at an altitude of 90 km i§he OH volume emission rate profile is then fitted by a Gaus-
variable but has an order of 18J/s n? (e.g., Brekke, 1997). sian function. The Gaussian function is characterized by a
Particle heating by direct collision of auroral particles within peak of 85km, and a layer thickness of 8 km is plotted with
the neutral atmosphere is possible if there are enough era dashed line in Fig. 4. An example of the disturbed layer
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profile is also shown in Fig. 4 with a thick solid line where tional temperature is a height variation of the OH layer, such
the upper part of the layer is decreased, and the total amounariations do not have to appear as a temperature increase all
of the layer is 20% less than that of the initial conditions.  the time, but can appear as a temperature decrease depending

In addition to the background temperature, local dynam-on the local background temperature profile. Thus, simulta-
ical effects such as gravity waves might be important. Theneous temperature profile observations combined with a lidar
temperature profile plotted with a dotted line is the SABER system are needed to further study this mechanism.
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