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• メソスケール 数100 - 数1000 km

• 中間圏は地上イメージャーでは小さなスケールまでしかみれない。　
( ~ 100 km)

• 過去の衛星観測では平均化された大きな構造が注目されている。潮
汐のスケール。WINDIIなど。

• メソスケールの中間圏での波動は、地上観測の観測量の時間変化で見
られているが、2次元的な構造は不明。

• 2次元的な構造がわかると波の生成機構などの議論が進められる。

地上イメージャー

1km10100100010000全球

衛星観測

A-IMAP mission

• Astronaut - Ionosphere, Mesosphere, upper 
Atmosphere, and Plasmasphere mapping mission

• ISSの窓から高感度デジタルカメラNikon D3s

で大気光をリム方向に撮影。

• 2014年で 1/30、3/4、3/29、5/28、7/3、7/25、
8/26、10/24の8回の観測を実施済み。

Broadfoot and Bellaire 1999
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下層(NaD、OH) 
によるカウント

OI 557.7 nm  
によるカウント

過去の観測による 
大気光高度 
OI ~96 km 
NaD ~89km 
OH ~89km

Shepherd et al.,2012 
DM  Packer 1958 など 

O557.7 nm 2014-08-26 15:11-15:44 下層 2014-08-26 15:11-15:44
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Z

96 km

89 km
下層 

NaD+OH 

OI 557.7 nm

~1000 km

下層NaD+OHの構造 

真のOIの構造 
③ = ① - k*②

Green Channelで 
観測された構造 
① = ③ + k*②

①

②

③

下層発光のGreen Channelへの寄与

議論
どのような現象を考えれば
観測を説明できるか？

発光層高度差の1/2の鉛直波長を持つ波動
Atmospheric waves observed by nightglow 383 

L-l I I I I I I I 
20 2b 0 2 4 h 

I 

LOCAL TIME 

FIG. 3. NOCTU~NALINTENSITYVARIATIONSOF~ 015577& 
O,[O,l) AT~~P~~CBA~ (OO,A),NaD AND OH@, 3) BAND 

E~~~IONSO~S~~ON 13-14JUNE1983. 

appeared for Of 5577 at around 22.30 L.T. with an 
amplitude of variation more than 50%. This 
enhancement was followed by enhancements in the 
O,A, NaD and OH@, 3) emissions at 23.00,23.30 and 
00.15 L.T., respectively. Assuming that the OI5577E, 
O,A, NaD and OH(8,3) peak emission heights are 
located around 97,94,89 and 87 km, respectively, on the 
basis of rocket observations (e.g. Greer and Best, 1967; 
Witt et al., 1979), the estimated downw~d phase 
propagation velocity is about 6 km h-‘. 

DISCUSSION 

The photometer set-up used provides spatial 
scanning only along a single plane passing through the 
zenith In the present study, meridional scanning 
observations were carried out. Therefore, the propaga- 
tion characteristics observed on 11-12 May and 13-14 
June 1983 are projections of the airglow movements on 
the meridian. Armstrong (1982), using an imaging 
detector, observed wavelike East-West extended 
015577 and OH emissions with a ~vavelen~b of about 
240 km propagating towards the South. A phase velo- 
city of about 70 m s-l, perpendicular to the extension 
of the emission pattern, was deduced from the move- 
ment of the wave structure. The wavelike structures 
observed in the present study are probably similar to 
those observed by Armstrong. 

It should be noted here that the airglow movement 

observed on 11-12 May 1983 was only in the NaD 
emission. No such variation was observed in the 
OH(8,3) emission. Also, the zenith observations of the 
015577 and 0,A band did not show any time lagged 
intensity variations. This indicates that the observed 
NaD variations were not the result of a pro~agat~g 
atmospheric perturbation. It is plausible, tberefore, to 
interpret such movement as a consequence of some 
spatial irreg~arity in sodium density moving with the 
horizontal wind system. The existence of spatial 
irregularities with regions of high sodium density 
(sodium clouds) and large enhancements in the NaD 
nightglow intensities have been reported by Clemesha 
et al. (1980) and Kirchhoff and Takahashi (19843, 
respectively, and the present data indicates horizontal 
movement of these irregularities. On the other hand, 
the airglow movements observed on 13-14 June 1983 
were in both the NaD and OH@, 3) emissions. Vertical 
phase propagation was also observed as mentioned 
earlier. These horizontal and vertical propagation 
patterns strongly suggest the presence of an 
atmospheric ~rturbation produced by the passage of 
internal gravity waves (IGWs) in the mesopause region. 

The nature of the sources of such atmospheric 
perturbations are still in question. Several sources have 
been suggested such as meteorological perturbations 
and solar tides (Hines, 1960), lunar tides (Peterson, 
1979) and aurora1 activity (Testud, 1970). It is 
interesting to note that the night 13-14 June 1983 was 
magneticalty disturbed, the K, index varying from 8 to 
4 before and during the observations. Also, on this 
night, the meridional scanning observations of the 01 
6300 emission from the same observation site showed a 
wavelikei~tensity variation propagating from South to 
North (Sob& 1984, private commu~cation). We do 
not yet have sufficient data to investigate any possible 
relationship between the 016300 F-region airglow and 
the upper mesospher~c and lower thermospheric 
emissions discussed in this paper, but the measure- 
ments are being continued and we hope to be able to 
investigate this aspect of the observations in the future. 
Recently, Misawa et al. (1984) presented a good 
correlation between the nocturnal variations of the 01 
6300 and Of 5577 emissions and aurora1 activity. They 
proposed that the IGWs induced by aurora1 substorms 
at the high latitudes propagate towards the lower 
latitudes. The present observations also suggest the 
propagation ofIGWs related to magnetic disturbances. 

CONCLUSIONS 

The meridional scanning observations of the NaD 
and OH(8,3) emissions show that on most ofthe nights 
of observation the intensities vary uniformly along the 

Takahashi et al., 1995
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Figure 1. OH and OI airglow all-sky images from Haleakala, October 10, 1993, 1057 tIT [Taylor et 
al. 1995] showing sharp frontal event. 

To our knowledge, this is the first observation of m• observations in a rather quantitative manner. In effect we 
internal bore in the mesosphere. If we hypothesize (1) that will develop a simplified mathematical model which 
there was a horizontal waveguiding channel in the region predicts possible future experimental outcomes and which 
between 90 and 94 •km on which a bore propagated and (2) suggests critical experi•nents to perform to test the theory. 
that the channel and bore structure were such that when the 
OII m•d Na layers were depressed (so that they bcco•ne 
warmer, denser, and prestonably brighter), the uppcr layers 
(02 and OI) were synnctrically pushed upward 0naking 
them darker), then one would have an explanation for the 
reciprocal or complementary quality of the lower-versus the 
higher-altitude images. The purpose of this paper is to 
examine the theory of bores and to try to explain the 

2. Mathematical Theory of Tidal Bores 
The first mathematical treatment of a tidal bore was 

given by Lord Rayleigh [1908] for channel flow. Figure 5 
shows a schematic picture of a bore of height h• above the 
bottom of the horizontal channel moving into still water of 
depth ho. At this point, Rayleigh introduced a work-saving 
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Figure 2. Scan of relative intensity versus position taken normal to wavefronts in OH and OI images 
of Figure 1 by Taylor et al. [1995]. 
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Figure 1. Sequence of all-sky CCD images showing the rapid transit of the wave event at NIR OH and 
OI(557.7 nm) wavelengths (integration time for OH = 20s and Ol = 90s). Note the reversal in contrast of the 
wave pattern and the presence of the second, fainter wave motion (•h = 15 km) in the Ol images. 
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Figure 2. Relative intensity scan across the camera field normal 
to the wave crests for the OH and OI data at ~10:57 UT when 
the front passed overhead. Both images have been fiat-fielded 
to remove contributions due to line of sight integration through 
the nightglow layers and lens vignetting. The OI scan has been 
shifted horizontally by 8 pixels to compensate for the mean time 
interval (~1 min) between the two images. Note the alignment 
of the peaks in OH with troughs in OI and vice versa. 

depicts this effect well but the magnitude of the contrast is 
somewhat exaggerated due to the limited dynamic range of the 
photographic reproduction. Intensity measurements across the 
camera field in a direction normal to wave crests (Figure 2) 
quantify the impact of the front on these two emissions. A 
significant increase in the broad band OH signal (~33%), in the 
wake of the front, and a corresponding decrease (~24%) in OI 
signal intensity was found. In both cases the amplitudes of the 
coherent waves trailing the front were considerably less (~8- 

Table 1. Horizontal wave parameters derived from the image 
data for each of the four nightglow emissions. 

Emission Assumed X h (km) v h (ms 4) Toi • (min) 
Height (kin) 

OH 87 19.3 a: 0.7 75 a: 2 4.3 a: 0.2 
Na 90 18.8 a: 0.7 77 a: 2 4.1 a: 0.2 

O:• 94 18.8 a: 0.9 76 a: 3 4.1 a: 0.3 
OI 96 20.1 a: 0.7 77 a: 2 4.4 a: 0.2 

Average 19.3 a: 0.7 76 a: 2 4.2 a: 0.2 

Taylor et al., 1995

O558nm  
上層

OH  
下層
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There are four main differences between internal bores 
and the surface bores discussed by Lighthill [1979]. These 
are (1) internal bores can be stronger than surface bores 
before breaking must occur, (2) the acceleration of gravity, 
g, in the equations, must be modified to the buoyant 
acceleration called g' below, (3) the possibility of mixing 
of the lower fluid with the upper fluid exists, and (4) under 
certain circumstances, waves can carry energy vertically 
from an internal bore thus providing an additional source of 
dissipation. The last mentioned item can cause the wave 
amplitude, a, to be an even more difficult pmmneter to 
estimate than is the case for surface bores, since a depends 
very sensitively on dissipation. See Rottman and Simpson 
[1989]. Lighthill [1979] emphasizes that measurements of 
"a" are very unpredictable experimentally. 

4. Simple Quantitative Model 
for the Mesospheric Bore 

Figure 6 shows a vertical profile of the Bmnt-Vaisaia 
frequency, N, corresponding roughly to the inversion 
mentioned above observed by Dao et al. [1995]. As can be 
seen, the value of N is much lower on each side of the 
inversion region, as is required to produce the guiding 
structure. This picture resembles somewhat the cases of 
bores in the lower atmosphere and bores on the thermocline 
in the upper ocean, except that in the case of the 
thermocline, there is a neutrally stable region (N -- 0) 
above the channel and a region of reduced stability below, 
while in the lower atmosphere there could be neutrally 
stable regions both above and below the channel. Figure 7 
shows the previously descril• internal bore with its 
symmetric displacements upward and downward about S, 
the central plane of symmetry. The plane S, as was 
mentioned, replaces the rigid bottom condition for water 
bores in channels. The displacements change the 
undisturbed height of the guiding channel from 2h0 to 2h• 
by symmetrically displacing the top boundary upward and 
the bottom boundary downward by an amount h• - h0, with 
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Figure 6. A much simplified representation of the 
inversion layer reported by Dao et al. [1995]. The 
parameter plotted is N, the buoyancy frequency, versus 
altitude. 
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Figure 7. Depiction of a syrmnetrical undular bore with 
symmetry plane S, where the displacement is zero in 
analogy with the rigid bottom in channel bores. 

the transition region propagating toward the right at a speed 
c. In addition, there are varicose undulations of the top and 
bottom boundaries. 

While Figure 6 would provide the ideal model for the 
undular bore, we shall use a simpler, but closely relate.• 
version for masons of convenience. Consider the situation 
shown in Figure 8. This represents the simplest case one 
can imagine of a guiding structure that could support an 
internal bore. As can be seen, there are thr• layers with 
each succeeding one upward being of lower density. This 
profile is, of course, stable. Let us imagine layers 1 and 3 
having semi-infinite extents in the vertical and layer 2 
having a finite extent. Layer 2 is thin, with an undisturbed 
width of 2ho. We will consider all variations above and 
below S as symmetrical with respect to the plane. Thus a 
bore or wave on the 03 - 02 surface would have a mirror- 
image bore or wave on the p• - 1>2 surface. 

For convenience, we shall henceforth confine our 
attention exclusively to the top half of Figure 8 realizing 
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Figure 8. Idealized density profile used in the shnplified 
•nodel of this paper 
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Z

96 km

89 km 下層 NaD+OH

OI 557.7 nm

~1000 km

• 発光層高度差の1/2の鉛直波長を持つ波動

• 2層の間を伝搬する波。(Mesospheric Bores)

生成機構　２つの可能性

今後

• 地上イメージャー、ライダー、レーダーなどと同時
観測。時間発展、高さ方向の構造、風速などがわ
かる。

• 分散関係や波のソースの議論ができるようになる。

まとめ
• ISSからのデジカメ画像で中間圏大気光のメソス
ケール構造を捉えることに成功した。

• 発行高度の上下動を伴う発光強度の増減の波状構
造を見つけた。約2000 km x 3000 kmの範囲で、波
長は1000 km弱。上層、下層大気光は逆位相を持
つ。

• 発光層高度差の1/2の鉛直波長を持つ波動、2層の
間を伝搬すると２つの生成機構の可能性を示し
た。


