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GROUND-BASED OBSERVATIONS OF THERM OSPHERIC/IONOSPHERIC WAVES
AND LOW-LATITUDE AURORASUSING ALL-SKY COOLED-CCD IMAGERS
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BOJIHAMMU U 3A HU3KOIINPOTHBIM CBEYEHUEM ATMOC®EPHI C
MOMOIbIO MTAHOPAMHBIX OXJIAZKJAEMBIX II3C ®OTOINPUEMHHUKOB
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Ms1 3amyctunu et nanopamubix [13C kamep B Snonun (Ha 4 cranumwm), Ascrpanuu (1
cranums), Munonesnn (1 crannus), Kanage (2 cranummn) u B CILIA (1 craHums), KOTOpbIe SBISIOTCS
YaCThIO ONTHYECKHX (OTONPUEMHHKOB isi HaOmoaeHus 3a Mesocdepoirt u Tepmochepoit (OMTI,
http://stdb2.stelab.nagoya-u.ac.jp/omti/index.html). doronpueMHUKH H3MEPSIFOT HW3JIyYSHHUE CBEYCHHUS
aTMocepbl Ha cieayloumx aiuHax BonH: 557.7 M (kucnopon, Beicota: 90-100 kM), 630.0 HM
(xucmopom, 200-300 kM), u 720-910 am (u3aydenue nosocs! Tuapokcuia, 80-90 km). Tlpu n3MepeHusx ¢
MOMOIIIBIO (DOTOMPUEMHUKA MOXKHO TIOJYYHTh JBYX MPOCTPAHCTBEHHBIC H300pPaKEHUS TPaBUTAIIMOHHBIX
BOJH HeOonbimod mkanbl (MeHee 100 kM) B obnacTé Me3omnaysbl, TepeMellaroimecs HOHOC(hepHbIe
BO3MYIICHUS CpPEAHEH U OOMNbIIOH MIKalbl B TepMochepe/nonocdepe, U sSBICHUS CBEUYCHHS aTMOC(HEpbI
Ha HU3KUX HIMPOTaxX BO BPEeMs MarHUTHBIX Oypb. B 3ToM nokmaze Mbl gaeM 0030p XapaKTEpPHBIX YepT
STHX BOJH W CBEUEHHH aTMoc(ephl, KOTOpbIe HAOIIOAI0TCS C TTOMOMIBIO (POTOMPUEMHHUKOB. MBI Takke
NpPEJCTABISIEM Hall IUIAH YCTAaHOBKH HOBBIX (DOTONMPHEMHHMKOB M WHAYKIMOHHBIX MAarHUTOMETPOB Ha
Hanmsunem Boctoke Poccum B corpyannmdectBe ¢ MHCTHUTYTOM KOCMO(H3MUYECKHX HCCIICAOBAaHUNA |
pacnpoctpanenus paanosons (MKHUP) JIBO PAH.

1. Introduction

The Earth’s atmosphere at high altitudes (above 80 km) emits weak light at night at
several line wavelengths. They are called nocturnal airglow. Figure 1 shows a schematic picture
of the typical airglow emission layers and their relations to the atmospheric temperature and
ionospheric ion density.

The oxygen green line at a wavelength of 557.7 nm and hydroxyl (OH) band emissions
(many lines at near-infrared wavelengths) have airglow layers near the mesopause region, where
the atmospheric temperature is lowest in the Earth’s atmosphere.  Since the electron density is
very low at this altitude range, the variations of these airglow emissions are controlled by
variations in the atmosphere, mostly due to atmospheric gravity waves. The emission of oxygen
red line at a wavelength of 630.0 nm comes from the lower thermosphere at altitudes of 200-300
km. Since this emission is basically excited by
interactions of oxygen ion (O") and molecular B .
oxygen (O,) (e.g, Sobral et al., 1993), the ;
intensity of 630-nm airglow is a sensitive el .
indicator to the changes in ionospheric ion O (630.0nm)
density and in the height of the ionosphere. By
using highly-sensitive all-sky imagers with
cooled charge coupled device (CCD) cameras St
and narrow band-pass filters, one can obtain two-
dimensional images of these airglow emissions
and hence the atmospheric and ionospheric
variations.
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Fig.1. Schematic pictures of the three airglow
layers, aurora, atmospheric temperature profile,
and ionospheric ion density profile.
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2. The Optical M esosphere Thermosphere Imagers (OMTIs)

The Optical Mesosphere Thermosphere Imagers (OMTIs) have been made airglow
imaging observations since 1997 (Shiokawaet a., 1999). The OMTIs consist of all-sky imagers,
a Fabry-Perot interferometer, meridian scanning photometers, and airglow temperature
photometers. In this paper we mostly focus on the results obtained by the all-sky imagers. The
imager uses thinned and back-illuminated cooled-CCD with 512x512 pixels. All the OMTIs
imagers have at least four filters on a wheel to measure 557.7-nm, 630.0-nm and OH-band
emissions, and sky background emissions at 572.5 nm. The time resolution and exposure times
to obtain these emissions are ~2-5 min and 10-165 s, respectively.  Some imagers have
additional filtersto measure emissions 3. e e

from thermospheric oxygen (777.4 ?ﬁ;--—’ e . L — @;T;_ﬁ@:“
nm), mesospheric sodium (589.3 nm) &3 k_:fjh [
and auroral oxygen (844.6 nm) and 4 : ﬂ L N R
hydrogen  (486.1 nm). The =2 ;5° 1;{:;%? L
bandwidths of the band-pass filtersfor 125 . ey<ra SR
the measurement are ~1.5-2.0 nm. £ TS 5 el
For details of the imagers, please see & _rﬁ}l_‘jj?; e, ¢
Shiokawa et al. (2000). G5 0 PNy '
The imagers and other optical 25 S _ L
instruments have been installed at  3: A T

various places in the world. Figure 2 s 0020 140 160 18D 200 220 240 260 280 300
shows the current and planned Ceograshic Langltude

stations of all-sky imagers. Table 1 lists Fig.2. Stations of the Optical Mesosphere Thermisphere
the latitudes and longitudes of the Imagers (OMTIs). Theimager at YNG belongs to the
sations. The imager a Resolute Bay Electronic Navigation Research Institute (ENRI).

(RSB) measures sun-aligned auroral

arcs and polar cap patches (Hosokawa et a., 2006). The imagers at Athabasca (ATH) measures

auroras at subauroral latitudes (Sakaguchi et al., 2007). The imagers at mid- and low-latitudesin
Japan (RIK, SGK, STA,
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Table 1. List of stations shown in Figure 2. Geomagnetic values are ionosphere through the
calculated using the IGRF-10 mode at epoch 2005 at an altitude of 0 km. airglow emissions in

Figure 1.

3. Someimages obtained by OMTls

Figure 3 shows typical examples of airglow and auroral images obtained by the imagers
of OMTIs. Thetop left panel shows the gravity waves in the mesopause region observed by the
all-sky imager at Shigaraki, Japan at 14:05 UT (23:05 LT) on May 20, 2007 with an exposure
time of 15s. The gravity wave was seen in the OH-band images (emission altitudes: 80-90 km).
The wave has phase front of ESE-WNW with a wavelength of ~20-30 km propagate toward
NNE throughout the night.
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Fig.3. Typical
airglow/aurora
images obtained by
the imagers of
OMTIs. Top left:

gravity wavein the
mesopalLise region,
top right: low-latitude
red aurora during a
geomagnetic storm,
and bottom nine
panels: large-scale
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The top right panels of Figure 3 is an event of low-latitude red aurora observed at
Rikubetsu, Japan at 18:28 UT (03:28 LT) during the severe geomagnetic storm of October 30,
2001. The aurorain red (630-nm) emission approached to Rikubetsu from the northern horizon,
as the storm develops. Using this highly-sensitive all-sky imager, we have succeeded to observe
20 events of low-latitude red auroras in Japan during the last solar maximum of 1999-2004.
Details of these observations were reported by Shiokawa et al. [2005].

The bottom nine images in Figure 3 show a passage of large-scale traveling ionospheric
disturbance from north to south during the moderate geomagnetic storm of September 15, 1999
(Shiokawa et al., 2002). During geomagnetic storms, we often observe such large scale (>~1000
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km) ionospheric waves in the 630-nm airglow images (e.g., Shiokawa et al., 2003; 2007). They
are probably large scale atmospheric waves in the thermosphere caused by auroral energy input
to the high latitude auroral zone and propagating to lower latitudes.

4. Observation plan in far-eastern Russa

As shown by the examples in the previous section, OMTIs are capable of imaging various
atmospheric/ionospheric waves and auroras. These waves are indications of energy flow from
gpace into the high-altitude atmosphere and propagation of the energy to lower latitudes. In
order to connect the disturbances at high latitudes to those at low latitudes, such as Japan, we
plan to install two imagers in far-eastern Russia in collaboration with the Institute of
Cosmophysical Research and Radiowave Propagation (IKIR), Far Eastern Branch of the Russian
Academy of Sciences. Figure 4 is a schematic diagram showing the configurations of
measurements. As shown in Figure 2, we plan to install two all-sky airglow/auroral imagers in
the far-eastern Russia. The aurora, sorm-time red aurora at lower latitudes, and thermospheric
waves produced by auroral energy input and by other atmospheric/ionospheric disturbances, can
be monitored by the chain of all-sky imagers. These imaging measurements will be combined
with other related measurements, such as (1) SuperDARN HF radar at Rikubetsu, Japan, which
has been started routine observations of the plasma drift in the ionosphere since December 2007,
(2) GEONET network, which consists of more than 1000 GPS receivers to measure total electron
content over Japan, MAGDAS/CPMN/210MM magnetometer networks, and many satellites at
the ionospheric and magnetospheric altitudes. These combined measurements will give new
insights into dynamics of the upper atmosphere and the ionosphere and their relation to the
energy input from the magnetosphere.
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Fig.4. Schematic diagram showing the configuration of the measurements using stations in Japan
and far-eastern Russia.
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