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2021年10月12日 極域データの保全・公開と利活用に関する研究集会-II 

‣ 超高層大気の分光学的研究 - 組成の同定、エネルギーや物質の輸送・収支 

‣ オーロラ：宇宙空間から流入する粒子エネルギーに対する大気応答（高度100-300 km） 

‣ 大気光：放射や熱・大気波動に駆動される化学過程による発光（高度 80-100 km） 

‣ 1867年にÅngströmがオーロラスペクトルの取得 

‣ 以降も可視域（~800 nm）での観測が主流 

‣ 70-80年代に短波長赤外 (SWIR, 1.0-1.6 µm)での調査があるものの、　　　　　　　　　　　　　　　　　　
それ以降、基礎的な分光学データの更新は行われていない。

Introduction
Spectroscopy of aurora and airglow
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Fig. Auroral spectra in a 
wavelength range from 
4500 to 9000 Å 
[Swenson et al., 1998]

but it provided a good signal-to-noise ratio. Front-
illuminated CCD reduced sensitivity at the !1,0"
band. Combining that attribute with the increased
scattering loss with large slant paths, it is best to use
a red nitrogen ion emission, such as Meinel bands.
This will be discussed further in a future publication
involving the analysis of auroral spectral observa-
tion. The soft emission profiles shown in Fig. 17!a"

resulted in an altitude of peak volume emission of
#130 km whereas the hard arc penetrated to #105
km, resulting primarily from the larger characteristic
energy of the primary electrons associated with the
hard arc. The altitude range for the spectra is 80–
320 km. Figure 17!b" is the difference of the two
spectra compared in Fig. 17!a". The features that
stand out between the two arcs are the oxygen emis-
sion features at 630, 777.4, and 844.6 nm. The dif-
ference in the spectra indicates some change in 557.7
nm, but the change was small relative to its spectal
brightness. The relative amount of oxygen at the
lower altitudes is less. For a harder spectrum, the
region from which most of the emissions arise is lower
in the atmosphere where a smaller percentage of the
particle energy is lost to O because of the smaller
relative abundance of O. In addition to volume
emission studies, depletions of relative amounts of
oxygen can be investigated as has been described by
Hecht et al.15 The O2 atmospheric band !1,1" at
770.8 nm varies also, presumably because it has a
high-altitude source and is quenched below 150 km.

5. Summary
A fast optical spectrometer system has been devel-
oped to measure auroral emissions from along B and
from the slant path, simultaneously. Although the
system has limitations in repeating spectral expo-
sures that are due to the clocking speeds required by
a low readout noise, this is relatively small compared
with the 30 s of integration accumulated for quality
auroral spectrograms. The method provides a mea-
sure of brightness versus altitude for bright and faint
source auroral emissions in the visible and near-IR
wavelengths. Key attributes of the method include
simultaneous recording of all emissions at all ob-
served altitudes. Consequently, all the emissions
are observed for a common auroral precipitation con-
dition. The ISR radar simultaneously observes the
altitude distribution of ionization along the precipi-
tating beam from which the characteristic energy and
energy flux can be derived.

Observations from both 1996 and 1997 at Sondre-
strom and Godhavn, Greenland, are being analyzed
and compared with model predictions. Future re-
search includes two-dimensional inversion with a
scaled, two-dimensional tomographic inversion of the
volume emissions. This research is patterned after
Semeter16 who described a similar analysis for mid-
latitude stable auroral red arcs.

The authors are indebted to S. Geller for software
support and to S. Mende for optical guidance. Both
are formerly from Lockheed and are now at the Uni-
versity of California, Berkeley. We are also in-
debted to the Danish Meteorological Institute for the
outstanding support from the Godhavn, Greenland,
facility. The Sondrestrom incoherent scatter radar
facility is supported by the National Science Founda-
tion !NSF". This research was supported by NSF
grant ATM-9523643 to Lockheed Martin Palo Alto for
the first years of operations and transferred grant

Fig. 16. Electron density and electron and ion temperatures on 15
March 1996 at 03:28 UT obtained from the Sondrestrom ISR. The
radar was pointed along B !in the magnetic zenith" and operated in
a mixed-pulse mode with 1-min integration times. Temperature-
corrected electron densities were obtained by use of the method
described in the text.

Fig. 17. !a" Spectra taken along B of a soft arc !dashed curve" and
hard arc !solid curve". The two spectra are normalized for energy
flux !i.e., for the N2$ 4708 Å". !b" A plot of the difference between
the two spectra shown in !a".

20 August 1998 ! Vol. 37, No. 24 ! APPLIED OPTICS 5769

https://www.physics.unlv.edu/~jeffery/astro/earth/atmosphere/
noaa_aurora_line_spectrum.html
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‣ 2000年以降：検出器（InGaAs）の性能向上と大気光観測での利用 

‣ JARE59の重点観測としてNIRASの導入（科研費ベース） 

‣ 科学目的： 
‣ オーロラスペクトル情報のアップデート 
‣ オーロラと大気光の相互比較・分離 
‣ 大気光を用いた中間圏界面の温度モニタ 

‣ Czerney-Turner型の分光器（HORIBA, iHR 320）と検出器に
InGaAs 1-D FPAを用いた分光計 

‣ 観測実施概要 

‣ 昭和基地とスウェーデン・キルナの2地点 
‣ 1.5 µmにおけるスペクトル取得を中心に運用（全観測の80%）

Introduction
NIRAS: Near InfraRed Aurora and airglow Spectrograph
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is important to understand the MLT thermal structure, 
dynamics, and compositions that are closely connected 
to the whole atmosphere system. However, the MLT is 
hardly accessible, and therefore a method of diagnostic is 
essentially limited to optical/radio remote sensing, except 
for direct but transit in-situ measurements by sounding 
rockets.

Hydroxyl (OH) vibration-rotation emission bands, 
which were discovered by Meinel (1950), is still glow-
ing its importance as a tracer of the dynamics and the 
long term trends of the MLT. OH airglow intensity and 
its rotational temperature have been extensively investi-
gated in the past over 60 years, and consequently they are 
known to have a variability such as 11-year solar cycle, 
annual, seasonal, 27-day (Pertsev and Perminov 2008; 
Shapiro et  al. 2012; von Savigny 2015), and planetary-
scale wave (Espy et al. 2003; French et al. 2011). It is also 
noted that short-lived OH enhancements due to solar 
energetic particle (Damiani et  al. 2008; Jackman et  al. 
2011) and sudden stratospheric warming (Damiani et al. 
2010) were reported by satellite-borne measurements.

A variety of OH Meinel bands have been observed for 
the estimation of OH rotational temperatures; (6,2) band 
(e.g. Pendleton et al. 2000; Sigernes et al. 2003) and (8,3) 
band (Phillips et al. 2004) were generally used. In addi-
tion, a robust method to auroral contaminations using 
(8,4) band was presented (Suzuki et  al. 2009). OH air-
glow in Meinel (3,1) band around 1.5 μm is character-
ized as brighter emission lines than other OH bands and 
less affected by water vapor absorptions. OH rotational 
temperatures have been estimated from P-branch in 
OH (3,1) band by Fourier transform spectrometer and 
Michelson Interferometer (e.g. Dewan et al. 1992; Sivjee 
and Walterscheid 1994; Mulligan et al. 1995; Espy et al. 
2003; Azeem et al. 2007) since the end of 1980s. From the 
space, temperatures were retrieved from OH (3,1) band 
limb emissions with near-global coverage and tangen-
tial height steps of 3.3 km (von Savigny et al. 2004; von 
Savigny 2015). Recent advances in indium gallium arse-
nide (InGaAs) focal plane array allow to measure inten-
sity of OH (3,1) band with high temporal resolutions by 
1-D imaging spectrograph (Schmidt et al. 2013) and 2-D 
imager with narrow full width at half maximum (FWHM) 
optical filters, which is capable to “map” OH rotational 
temperature distributions (Pautet et al. 2018).

Aurora emissions in a wavelength of OH (3,1) band are 
assumed to be negligible or much weaker than those in 
visible subrange (Azeem et al. 2007; Pautet et al. 2014), 
meanwhile, their contribution was not discussed quan-
titatively so far. Spectroscopic surveys for auroral spec-
trum in near and short-wavelength infrared regions 
( ∼ 1.6μm) have already been done in the 1970s (e.g. 
Gattinger and Jones 1973; Jones and Gattinger 1976; 

Gattinger and Jones 1981; Espy et  al. 1987), and many 
auroral emissions were found such as N+

2
 , Meinel (1,2) 

band around 1.5 μm (Gattinger and Jones 1973). In this 
paper, detailed spectral characteristics in OH Meinel 
(3,1) band and N+

2
 Meinel band are presented based on 

ground-based observations of Near-InfraRed Aurora and 
airglow Spectrograph, hereafter NIRAS. We also quan-
titatively evaluate auroral contaminations to OH (3,1) 
band and discuss about their effects on OH rotational 
temperature estimations.

Observations
General description
NIRAS is a narrow field imaging spectrograph with a 
320 mm focal length and a medium spectral resolution. 
Figure 1 shows a photo of the NIRAS system in a labo-
ratory for sensitivity calibrations. Main scientific pur-
poses of the NIRAS are as follows: an updating spectral 
features and absolute intensities in near infrared-short 
wavelength infrared aurora (0.9–1.6 μm), a precise 
evaluation of auroral contaminations to OH Meinel 
(3,1) band, and continuous measurements of OH rota-
tional temperatures. $e NIRAS has been installed at 
Syowa station, Antarctic ( 69.0◦S , 39.6◦E ) by 59th Japa-
nese Antarctic Research Expedition (JARE) in February 
2018. NIRAS observations at Syowa were carried out in 
an austral winter season, and spectral measurements 
for a total of 235 nights succeeded. After the operation 
at Syowa by JARE, the NIRAS was moved and installed 
again at an optical laboratory in the Swedish Institute 
of Space Physics (Institutet för rymdfysik, IRF), Kiruna 
( 67.8◦N , 20.4◦E ) in late August 2019. $e NIRAS opera-
tion at Kiruna focused on OH (3,1) band measurements 
and monitoring of arctic mesopause temperatures. 
However, the operation was unfortunately stopped 

Fig. 1 A photo of the NIRAS system in a laboratory
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in mid-January 2020 due to a trouble in a detector. A 
history of the  NIRAS observations is summarized in 
Table 1. 

Instrument
"e NIRAS mainly consists of a Czerny-Turner type 
spectrometer (HORIBA, iHR320), collecting optics, a 
detector and a control system. "e spectrometer has an 
entrance slit, a shutter, two mirrors and diffractive grat-
ings (up to three) in a rotating turret. We mainly used 
two gratings with of groove density of 600 lines per mm 
(lpmm) and 150 lpmm, which correspond to spectral 
sampling of 0.11 nm/pixel and 0.50 nm/pixel, respec-
tively. "e gratings can be switched remotely via soft-
ware. "e collecting optics, mounted in front of a slit, 
are a gold coated off-axis parabolic mirror and a long-
pass filter for removal of secondary diffracted light in 
visible wavelength. "e detector is 1-D InGaAs array 
(HORIBA, Symphony IGA) that has thermoelectric 
cooling system (about −50◦C ) and 1024 pixels with a 
pixel size of 25 μm × 250 μm. It has a sensitivity to light 
from 0.8 to 1.7 μm at a room temperature. Since clari-
fying absolute intensity of aurora emissions from 0.9 to 
1.6 μm is one of main subjects, the NIRAS sensitivity 
has been calibrated before transportation to Syowa. For 
the calibration, a 12-inch integrating half-sphere, a Kr 
lamp, and two different multi-channel spectrometers 
with Charge Coupled Device (CCD, 360–1100 nm) 
and InGaAs (900–1600 nm) were used. Continuum 
and spatially uniform light can be made by the half-
sphere and the lamp, and the NIRAS and the multi-
channel spectrometers, which are capable of measuring 
the absolute light intensity between 360 and 1600 nm, 
simultaneously measured the light from an open port of 
the half-sphere. Based on the calibration, we confirmed 
that the NIRAS with both of the two gratings had an 
enough sensitivity for airglow and aurora emissions 
from 0.9 to 1.6 μm. "e detailed specifications of the 
NIRAS are presented in Table 2. "e NIRAS was oper-
ated automatically when Solar Zenith Angle (SZA) is 
greater than 100◦ at Syowa and 96◦ at Kiruna, according 

to a provided schedule, and ran routinely regardless of 
moon phases and meteorological conditions.

Results
OH 3,1 band measurements and temperature estimations
Typical nightly mean spectrum obtained from NIRAS 
measurements on May 29 and May 6, 2018 are shown 
in Fig. 2; Fig. 2 a is a spectra with the 600-lpmm grating 
and a center wavelength of 1504 nm. Q- and P-branches 
in OH (3,1) band are from 1500 to 1555 nm in the spec-
tra. On the other hands, Fig.  2 b is a spectra with the 
150-lpmm grating and a center wavelength of 1371 nm. 
Q-branches in OH (6,3), (7,4), (8,5), (2,0), (3,1), and (4,2) 
bands and O2 ( 1! ) band are identified. Water vapor 
absorptions, which are significant from 1350 to 1450 nm 
in lower latitudes, seem to be not serious, although no 
emissions are found from 1350 to 1400 nm in the spec-
tra. It should be noted that data near the edge on a short 
wavelength side is not reliable due to low sensitivity of 
the NIRAS and water vapor absorption, and therefore 
not used for quantitative discussions.

Figure 3 is a summary plot for the NIRAS observations 
in austral winter 2018 that only shows nightly means 
of spectral measurements for OH (3,1) band. Results 
obtained by measurements with the 600-lpmm grat-
ing are only shown. Figure 3a is total exposure time for 
nightly mean OH (3,1) band intensities and temperature 
on each night. We only used good Signal-to-Noise Ratio 
(SNR) spectral data for calculating the nightly mean. Cri-
teria are as follows: SNR of P1(2) and P1(4) line intensi-
ties are greater than 1.3 and 1.0 before March 24, 2018 
because focus of the NIRAS was not fully adjusted yet. 
After focus adjustment on March 24, 2018, the criteria 
are changed to SNR of 2.0 and 1.6. Zero exposure time 
means either no good SNR data mainly due to meteoro-
logical conditions or running in different target modes. 
A dashed curve indicates amount of time when SZA is 
greater than 100 degrees on each night. Note that the 
time is multiplied by a factor of 5/6 because a cycle of 
measurement has one dark frame and five sky frames. As 
shown in Fig.  3a, continuous measurements with good 
SNR were done from the middle to the end of May 2018.

Figure 3b shows seasonal variability of nightly mean 
of P1(2), P1(3), and P1(4) line intensities in OH (3,1) 

Table 1 A summary of locations and period for NIRAS observations

Syowa Station, Antarctic IRF, Sweden

Location 69.0◦S , 39.6◦E (Magnetic latitude: 66.9◦S) 67.8◦N , 20.4◦E (Magnetic latitude: 65.2◦N)

Period March 7–November 2, 2018 (austral winter) August 28, 2019–January 10, 2020

# of observations 235 nights (168 nights, a 600-lpmm grating for OH (3,1) band) 133 nights (127 nights, a 600-lpmm grat-
ing for OH (3,1) band)
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‣ OH大気光 3-1 bandの観測例 

‣ オーロラスペクトルの高時間分解能観測とOH大気光との比較（Nishiyama et al., 2021）

Introduction
NIRAS results
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in every 3 min (black diamonds) and 30-min smoothed 
temperatures (red line). Errors of estimated temperatures 
are mostly less than 4 K in this case. Figure 4g is same as 
f but 15-min averaged temperatures by the same error-
weighted scheme as in Schmidt et al. (2013) (black dia-
monds) and 60-min smoothed temperatures (red line). 
Temperature variations with long-periods (longer than a 
few hours) can be identified as well as those with short-
periods (shorter than 1 h).

Auroral contamination to OH (3,1) band
We present two cases in which OH (3,1) band was con-
taminated by N+

2
 Meinel (1,2) aurora band. Figure 5 is a 

first case of NIRAS measurements with the 150-lpmm 
grating on May 6, 2018 and comparisons to observed 
aurora activity. Figure 5a is geomagnetic field variations 
in H, D, and Z components showing a rapid depletion 
( ∼ −900 nT ) in H component at 22:10 UT. Figure  5b 
and c are keograms along magnetic latitudinal direc-
tions obtained from co-located all-sky aurora imagers for 
N

+

2
 427.8 nm and O 557.7 nm, respectively. "ese indi-

cate that aurora breakup took place at the same time as 
the H-component depletion. Figure  5d is aurora inten-
sity of O 557.7 nm at magnetic zenith as a function of 

time. "e intensity of O 557.7 nm reached ∼ 200 kR ( N+

2
 

427.8 nm ∼ 100 kR , not shown), which indicated strong 
aurora intensification. Figure  5e is dynamic spectrum 
from 1114 to 1624 nm obtained by the NIRAS. At the 
beginning of the observation, a strong enhancement of 
O2 ( 1! ) band at 1270-1280 nm in twilight conditions was 
observed. Q-branches in OH (3,1) and (4,2) bands around 
1500 nm and 1580 nm can be identified throughout the 
night. At the moment of the aurora breakup, N2 1st posi-
tive (0,1) band was noticeable at 1220-1240 nm. At the 
same time faint emissions from 1450 to 1540 nm, corre-
sponding to N+

2
 Meinel (0,1) and (1,2) bands, were over-

lapped with OH (2,0) and (3,1) bands. P1(2), P1(3), and P1
(4) line intensities in OH (3,1) band as a function of time 
are shown in Fig. 5f. Focusing on a period at the aurora 
breakup, the intensity in P1(2) and P1(3) lines showed 
spike-like increases up to 10 kR. On the other hand, no 
clear change was found in P1(4) line. More detailed spec-
tral features are shown and discussed later. 

A second case was NIRAS observation at IRF, Kiruna 
on September 21, 2019, which is summarized in Fig. 6. 
Figure  6a is local K-index based on geomagnetic field 
observations at Kiruna. "e K-index was 5 from 2100 

1440 1460 1480 1500 1520 1540 1560
Wavelength [nm]

a  2018-05-29

0

10

20

30

In
te

ns
ity

 [k
R

/n
m

]

Time: 2018-05-29/13:17:59 -
      2018-05-30/05:22:29
Average sensor temp. [deg]: -52.1029

Total Integartion time [min]:  802.5

Ent. SW [mm]: 0.10

Grating [lpmm]: 600

Blaze wavelngth [nm]: 1500

Wavelength @ central pixel [nm]: 1504.651

OH(2,0)
P1(3)

OH(2,0)
P1(4)

OH(3,1)
R1(2)

OH(3,1)
R1(1)

OH(3,1)
Q1(1)

OH(3,1)
P2(2)

OH(3,1)
P1(2)

OH(3,1)
P1(3)

OH(3,1)
P1(4)

OH(3,1)
P1(5)

1100 1200 1300 1400 1500 1600
Wavelength [nm]

b  2018-05-06

-5

0

5

10

15

20

In
te

ns
ity

 [k
R

/n
m

]

Time: 2018-05-06/14:16:59 -
      2018-05-07/04:21:29
Average sensor temp. [deg]: -52.0945

Total Integartion time [min]:  702.5

Ent. SW [mm]: 0.10

Grating [lpmm]: 150

Blaze wavelngth [nm]: 1200

Wavelength @ central pixel [nm]: 1371.857

OH(6,3)
Q1(1)

OH(7,4)
Q1(1)

OH(8,5)
Q1(1)

OH(2,0)
P1(2)

OH(3,1)
Q1(1)

OH(4,2)
Q1(1)

Fig. 2 Typical nightly mean spectrum obtained from NIRAS 
measurements on May 29 and May 6, 2018. a A spectra with the 
600-lpmm grating and a center wavelength of 1504 nm. b A spectra 
with the 150-lpmm grating and a center wavelength of 1371 nm. It 
should be noted that data near the edge on a short wavelength side 
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Temporal evolutions of N+

2
 Meinel (1,2) band 

near 1.5.µm associated with aurora breakup 
and their e"ects on mesopause temperature 
estimations from OH Meinel (3,1) band
Takanori Nishiyama1,2* , Makoto Taguchi3, Hidehiko Suzuki4, Peter Dalin5, Yasunobu Ogawa1,2,6, 
Urban Brändström5 and Takeshi Sakanoi7

Abstract 
We have carried out ground-based NIRAS (Near-InfraRed Aurora and airglow Spectrograph) observations at Syowa 
station, Antarctic ( 69.0◦S , 39.6◦E ) and Kiruna ( 67.8◦N , 20.4◦E ), Sweden for continuous measurements of hydroxyl 
(OH) rotational temperatures and a precise evaluation of auroral contaminations to OH Meinel (3,1) band. A total of 
368-nights observations succeeded for 2 winter seasons, and 3 cases in which N+

2
 Meinel (1,2) band around 1.5µm 

was significant were identified. Focusing on two specific cases, detailed spectral characteristics with high temporal 
resolutions of 30 s are presented. Intensities of N+

2
 band were estimated to be 228 kR and 217 kR just at the moment 

of the aurora breakup and arc intensification during pseudo breakup, respectively. At a wavelength of P1(2) line 
( ∼ 1523 nm ), N+

2
 emissions were almost equal to or greater than the OH line intensity. On the other hand, at a wave-

length of P1(4) line ( ∼ 1542 nm ), the OH line was not seriously contaminated and still dominant to N+

2
 emissions. 

Furthermore, we evaluated N+

2
 (1,2) band effects on OH rotational temperature estimations quantitatively for the first 

time. Auroral contaminations from N+

2
 (1,2) band basically lead negative bias in OH rotational temperature estimated 

by line-pair-ratio method with P1(2) and P1(4) lines in OH (3,1) band. They possibly cause underestimations of OH 
rotational temperatures up to 40 K. In addition, N+

2
 (1,2) band contaminations were temporally limited to a moment 

around the aurora breakup. This is consistent with proceeding studies reporting that enhancements of N+

2
 (1,2) 

band were observed associated with International Brightness Coefficient 2–3 auroras. It is also suggested that the 
contaminations would be neglected in the polar cap and the sub-auroral zone, where strong aurora intensification 
is less observed. Further spectroscopic investigations at these wavelengths are needed especially for more precise 
evaluations of N+

2
 (1,2) band contaminations. For example, simultaneous 2-D imaging observation and spectroscopic 

measurement with high spectral resolutions for airglow in OH (3,1) band will make great advances in more robust 
temperature estimations in the auroral zone.

Keywords: Ground-based spectroscopic observations, OH airglow, Aurora, The Mesosphere and Lower 
Thermosphere, OH rotational temperature, Short wavelength infrared
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Introduction
!e mesosphere and lower thermosphere (MLT), from 
80 to 120 km altitude in the terrestrial atmosphere, is 
affected not only by general wind circulation and atmos-
pheric waves with various scales but also solar radiation 
and energetic particle precipitations from the space. It 
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spectrum in a wavelength range from 1400 to 1600 nm; 
black lines are nightly mean spectrum, and therefore 
OH airglow contributions to the spectrum are thought 
to be dominant. On the other hand, red and blue lines 
are nominal aurora spectrum that were obtained from 
subtracting the nightly mean from the observed spec-
trum at active aurora periods (e.g. Gattinger and Jones 
1973; Espy et al. 1987). Time resolutions of those spec-
trum are 3 min (1 cycle, red) and 30 s (1 sky frame, blue), 
respectively. "is analysis assumes that the OH spectrum 
at the time of the auroral breakups were the  same as 
the nightly mean spectrum. However, the OH emission 
intensity should vary during nights. Actually, intensity in 
P1(2) and P1(4) lines in OH (3,1) band varied with ampli-
tudes of about 10–20 kR in the two nights as shown in 
Figs. 5f and 6f. We have checked hourly mean OH (3,1) 
band spectrum just before the auroral intensification in 
the two events. Spectral intensity differences between 
the nightly means and the hourly means are less than 
2 kR/nm, and they typically range from 0.3 to 0.5 kR/
nm in 1510–1550 nm. "is suggests that these differ-
ences are thought to be insignificant to spectral shapes 

of N+

2
 (1,2) Meinel band leading to auroral contamina-

tions in OH (3,1) band in the presented cases. Figure 7a 
are nightly mean spectra and nominal aurora spectrum 
with different time windows (from 2210 to 2213 UT and 
from 2211:00 to 2211:30 UT) on May 6, 2018. "ey dem-
onstrate that OH (3,1) band, mainly P2(2), P1(2), P2(3), P1
(3), P2(4), and P1(4), was spectrally overlapped with N+

2
 

(1,2) band. Intensity of the band, which is integrated in a 
wavelength from 1508 to 1540 nm, was 79.5 kR in 3-min 
average (2.5-min exposures). In 30-s resolution data, the 
intensity was estimated to be 228 kR just at the moment 
of the aurora breakup, which causes severe contamina-
tions to OH (3,1) band and subsequently leads signifi-
cant errors of OH rotational temperatures. In particular, 
intensity of P1(2) and P1(3) lines were almost the same or 
less than that of N+

2
 (1,2) band.

Figure 7b is the same plot as Fig. 7a but obtained on 
September 21, 2019. Nominal aurora spectrum indicated 
by red and blue lines are corresponding to time windows 
from 2152 to 2155 UT and from 2154:30 to 2155:00 UT, 
respectively. In a comparison to the previous case, a spec-
tral shape of N+

2
 (1,2) band seems to be not well-defined. 

"is is partly because focus adjustment was not com-
pletely done. "e estimated intensities in 3 min and 30 
s resolutions were 160 kR and 217 kR, respectively. "e 
two intensities in different time resolutions are not so dif-
ferent, which suggests that the aurora arc did not change 
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Fig. 6 NIRAS measurements with the 150-lpmm grating at IRF, Kiruna 
on September 21, 2019. a Local K-index obtained from geomagnetic 
field observations at Kiruna. b and c are keograms along 
geomagnetic north–south and east–west directions, respectively. 
d Auroral intensity at a geographic zenith as a function of time e 
Dynamic spectrum from 1114 to 1624 nm obtained by the NIRAS. f 
P1(2), P1(3), and P1(4) line intensities in OH (3,1) band as a function of 
time

P1(2) P1(3) P1(4)

P2(2) P2(3) P2(4)

a

b
Fig. 7 Spectrum in a wavelength range from 1400 to 1600 nm 
obtained a at Syowa station, on May 6, 2018 and b at IRF on 
September 21, 2019. A black solid line is nightly mean spectrum, 
and therefore OH airglow emissions are thought to be dominant. 
Red and blue lines are spectrum observed at aurora breakup with 
time resolutions of 3 min (2210:00 UT on May 6, 2018 and 2152:00 
UT on September 21, 2019) and 30 s (2211:00 UT on May 6, 2018 and 
2154:30 UT on September 21, 2019), respectively

Nishiyama et al., 2021

Blue: aurora (30s) 
Red: aurora (3 min) 

Black: airglow
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in every 3 min (black diamonds) and 30-min smoothed 
temperatures (red line). Errors of estimated temperatures 
are mostly less than 4 K in this case. Figure 4g is same as 
f but 15-min averaged temperatures by the same error-
weighted scheme as in Schmidt et al. (2013) (black dia-
monds) and 60-min smoothed temperatures (red line). 
Temperature variations with long-periods (longer than a 
few hours) can be identified as well as those with short-
periods (shorter than 1 h).

Auroral contamination to OH (3,1) band
We present two cases in which OH (3,1) band was con-
taminated by N+

2
 Meinel (1,2) aurora band. Figure 5 is a 

first case of NIRAS measurements with the 150-lpmm 
grating on May 6, 2018 and comparisons to observed 
aurora activity. Figure 5a is geomagnetic field variations 
in H, D, and Z components showing a rapid depletion 
( ∼ −900 nT ) in H component at 22:10 UT. Figure  5b 
and c are keograms along magnetic latitudinal direc-
tions obtained from co-located all-sky aurora imagers for 
N

+

2
 427.8 nm and O 557.7 nm, respectively. "ese indi-

cate that aurora breakup took place at the same time as 
the H-component depletion. Figure  5d is aurora inten-
sity of O 557.7 nm at magnetic zenith as a function of 

time. "e intensity of O 557.7 nm reached ∼ 200 kR ( N+

2
 

427.8 nm ∼ 100 kR , not shown), which indicated strong 
aurora intensification. Figure  5e is dynamic spectrum 
from 1114 to 1624 nm obtained by the NIRAS. At the 
beginning of the observation, a strong enhancement of 
O2 ( 1! ) band at 1270-1280 nm in twilight conditions was 
observed. Q-branches in OH (3,1) and (4,2) bands around 
1500 nm and 1580 nm can be identified throughout the 
night. At the moment of the aurora breakup, N2 1st posi-
tive (0,1) band was noticeable at 1220-1240 nm. At the 
same time faint emissions from 1450 to 1540 nm, corre-
sponding to N+

2
 Meinel (0,1) and (1,2) bands, were over-

lapped with OH (2,0) and (3,1) bands. P1(2), P1(3), and P1
(4) line intensities in OH (3,1) band as a function of time 
are shown in Fig. 5f. Focusing on a period at the aurora 
breakup, the intensity in P1(2) and P1(3) lines showed 
spike-like increases up to 10 kR. On the other hand, no 
clear change was found in P1(4) line. More detailed spec-
tral features are shown and discussed later. 

A second case was NIRAS observation at IRF, Kiruna 
on September 21, 2019, which is summarized in Fig. 6. 
Figure  6a is local K-index based on geomagnetic field 
observations at Kiruna. "e K-index was 5 from 2100 
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Dynamic Spectrum

P1(2), P1(4), and P1(3) line intensities

OH rotational temp.: ΔT 3 min 

OH rotational temp.: ΔT 15 min

Data quality flags (0:good, 1:bad)

Geomagnetic field

非公開

公開

非公開

公開

公開

別プロジェクト

About Data
Data information
‣ 公開データ：1.5 µm帯の大気光スペクトル, version 5.1 

‣ 物理量（時系列 1次元） 

‣ Level-2：OH 3-1 band P1(2), P1(3), P1(4) 強度、3分値 

‣ Level-3：中間圏温度（フラグ付き）、15分値 

‣ データ形式：netCDF 

‣ 容量：1ファイル最大で 8 kB, 3 kB 

‣ DOI：10.17592/002.2021030390 

‣ Landing Page：https://scidbase.nipr.ac.jp/modules/

metadata/index.php?content_id=390&ml_lang=en
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About Data
Data header
‣ Candidate: N2+ Meinel (0,0) band around 1.1 µm 
‣ N2+ Meinel (1,0) band around 0.9 µm is the strongest 
‣ severe H2O absorption and strong sky background intensity 

in low SZA situation  
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Level-2：大気光発光強度

Level-3：中間圏温度
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About Data
Publication status
‣ Numerical data： 

‣ 1.5 µmにおける大気光スペクトルデータは公開済み  

‣ http://polaris.nipr.ac.jp/~niras/index.html#!
data.md 

‣ オーロラおよび他の波長の大気光スペクトル：　　
リクエストベースの提供 
‣ キルナで取得したデータに関しても公開準備中 

‣ IUGONETと協力して，IDL用のデータロードプロ
シージャの提供予定 

‣ Quick look plot： 

‣ 1晩平均スペクトル・時系列プロットを同ページで
閲覧可能
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Conclusion
And future works
‣ 超高層大気の研究において分光スペクトルは基本的なデータ 

‣ 近年，SWIR波長領域における観測の充実化 

‣ JAREおよびスウェーデンでの共同研究によるNIRASの観測実施 

‣ データ公開状況 

‣ OH 3-1 bandの大気光スペクトルデータを公開 

‣ それ以外のデータはリクエストベースでの提供 
‣ データの実態 

‣ netCDF, 1ファイル 数 kB程度, 特定の波長での発光強度および温度（フラグ付き） 

‣ DOI取得済み，プロジェクトHPでデータおよびQLプロット公開中 

‣ Future work 
‣ 2次元（時間・波長）スペクトルデータの公開（ただし1.5 µm付近のデータのみ） 

‣ IUGONETと連携したデータロードプロシージャの提供 

‣ スウェーデンにおける観測データの公開・NIRAS後継機のデータの整備準備
8


