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Abstract. Emissions of the 557.7 nm green line airglow ob- 1 Introduction

served by the ISUAL (Imager of Sprites and Upper Atmo-

spheric Lightning) instrument on board the FORMOSAT-2 The green line emission at the wavelength 557.7 nm (here-
satellite in May and November 2008 are studied here to deinafter referred to as 558 nm) arising from the"&¢'D) tran-

rive the density distributions of the atomic oxygen by using sition is one of the prominent nightglow features in the meso-
atmospheric parameters from MSISE-00 model and TIMEDSPhere. The production of the excited oxygen atortSpo6f
(Thermosphere lonosphere Mesosphere Energetics and Dy energy 4.2 eV was first proposed by Chapman in terms of
namics)/SABER (Sounding of the Atmosphere using Broad-2 three body recombination of O atoms (Bates, 1988). How-
band Emission Radiometry) measurements. The May obse€Vver, a two-step mechanism involving an excited statexof O
vations were made in 10 days from a fixed orbit of longitude Was proposed later by Barth (1961). The Barth Mechanism
(100 E) with the results showing emission rate and O atominvolves the following steps:

de_nsity bgth peaked at height; of about 90 km ovérta @0 0+0+M— O5+M (R1)
latitudes in the Northern Hemisphere (NH). In the Southern
Hemisphere (SH), the emission rate and density of O aton+ O} — O(*S) + O2. (R2)

are both low compared with those in NH. In November, the

observations were made as the satellite traveled over all 1 tudies of the green line and O atoms by various measure-
i . . . ents have generally favored the Barth mechanism. Previous
orbits around the earth, covering all longitudes and latitudes

o ground based and rocket measurements have provided useful
of 25° S—-45 N. Strong peaks of emission rates and O atoms: . : . Lo
. ) : . . inf h I I h I
are found at heights of about 95km in the mid-latitudes |nIn ormation about the green line airglow, they are limited in

both hemispher In th tor. the airalow laver h spatial and time domains. The latest development of space
oth hemISpheres. € equator, The airglow 1ayer Nas g, ments such as WINDII (Wind Imaging Interferometer)
weaker emission rate but with higher altitude compared Wlthand SABER have provided extended information about the
those_ of mid-latitudes. In the lower and upper mesospher lobal and temporal variations of the airglow. For exam-
at helghts_ below 85 km_ and gbove 105_km, there are mor le, Zhang and Shepherd (1999) have shown green line had a
O atoms n the equatorial regions than in the mld'l"’lt'tUdes'midnight enhancement and peaked in mid latitudes based on
And there is a good correlation between the O atom and th INDII observations. In the same study, they have found the

temperature structure. A comparison with O atom distribu- . : .
) . . OH Meinel band airglow peaked in the equator. In fact, OH
tion derived from OH airglow observed by TIMED/SABER airglow is also related to the chemistry of O atom through

at about the same time shows similar results. ozone by the chemical reaction
Keywords. Atmospheric composition and structure (Air-

k
glow and aurora; Middle atmosphere — composition andH+o3_) OH" +0, (R3)
chemistry; Pressure, density, and temperature) with O3 produced from O atom by the three body recombi-
nation process:
O+02+M — O3+ M. (R4)
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Therefore, the measurements of OH airglow can also pro2 Instrument description and data processing

vide information about abundance of O atom. The differ-

ence in the latitudinal distributions of the ¥%) and OH air-  The ISUAL instrument on board the FORMOSAT-2 satel-

glow reveals dynamic features governing their global distri-lite was launched in May 2004 to a sun-synchronous orbit of

butions. A study of O atom from OH airglow observed by 890 km with an inclination angle of 98.9 The satellite has

TIMED/SABER instruments is also studied in this paper to 14 orbits a day circling around the earth and can observe the

compare with results from green line airglow. same region of the atmosphere at a fixed latitude and longi-
McDade et al. (1986) has discussed the mechanism for théude at the same local time. This type of observation provides

production of the green line based on Reactions (R1) andt unique opportunity to study the upper atmosphere in detail

(R2) and derived an expression of the emission rate with the&¢ompared with other non-sun-synchronous satellites which

following equation require months to return to the same local time at the same
place.
V558nm = A558nm[o <1S>] 1) The ISUAL instrument includes a CCD camera which
3 looks through one of six interference filters to observe the
Assgnic1 [O]"[M] atmospheric emissions in limb view (Nee et al., 2010). In

{(A(19) +«5[02]) (C'O+C'D[O] +C'@[07])}  this research, Filter #4 at 558 nm (FWHM 6nm) is used to
capture images of the green line airglow layer. The CCD
takes 20 to 41 pictures of the atmosphere as the satellite trav-
els along a specific orbit by looking out a distant window of
3300 km away. Each CCD picture has 524 (horizontal)
128 (vertical) pixels corresponding to a window of 1200 km
(width) x 270 km (height) of the upper atmosphere. A spatial
resolution of about 2.14km per pixel has been determined
from the calibration.

Over the period of 7-16 May 2008, the green line was
observed along the #10 orbit every night at midnight (local
time). Forty one pictures were taken as the satellite traveled
From Eq. (1), we findVssgnm is proportional to O atom alongfthi”s Orbit' Asan exa;]mple, F_ig.llalgivesgcombilned im-
to a cubic power: [O). The ratest; andks are temperature age of all 41 pictures to show a single ayer o SYairglow
dependent such that the net emission rate is inversely relate0 served on 10 .May 2008. T_he obs_ervat|ons started from the

H and ended in NH, covering latitudes ofL1° S—20 N.

o the temperature while O atom is posmvely related o th.eThe orbit 10 covers longitudes of about3B-107 E (briefly
temperature of the atmosphere. By measuring the emissior} . . .
femgnated as 10& in this paper). For the second green

where [] means number densifisssnmis the emission rate
in photons cm3s~1, [M] is the density of air including
both @ and N. The rate constant with the three body
recombination of O atoms is1 = 4.7 x 10733300/ T2,
and the quenching rate of @8) by O, is x5=232x
10 2exp((—812— 1.82x 10737'2)/T) (Capetanakis et al.,
1993). In our study, the Einstein coefficiemMssgnm and
A(1S) are set as 1.263 and 1.3451, respectively, which
were given by Martin et al. (1999) and used in the study of
Nakayama et al. (2006). Constanits?, C'® andC'®@ are
given in McDade (1986).

rate at 558 nm, we should be able to derive the density of. . .
. : ine observations for 1-2 November 2008, images have been
O atom with knowledge of the atmospheric temperature an K | bit with orbi b
density aken along every orbit with orbits on 1 November from #9
’ . to 14 and on 2 November from #1 to 8 and also #10. There-

sifr;ssng(;]svaen?j%:éislii}geaitagtr:;g;?(gZSt(uZ%(e)g bzyo(e)g'%re, these two day observations in November have covered
X bast, j X all regions around the earth. The orbits which the satellite

have investigated the O atom distribution based on the greel  cled to observe 558 nm airglow in this period are shown

line data from WINDII measurements. Smith et al. (2010) in Fig. 1b where one point on a track represents that one pic-

have extepsively studied the characteristic height of O atorrIure was recorded there. There are 21 pictures taken along
over aregion of 80-95km by using the OH airglow me"Ju;uerevery orbit (except the #14 orbit on Nov.1 and the #7 orbit

by SABER instrument. on 2 November in which 20 pictures were taken because of

In this paper, we will study the green line and O atom dis- _ | . L - .
tributions based on measurements made by the ISUAL in_orblt connectivity. In addition, on 2 November, the #10 orbit

strument on board the FORMOSAT-2 satellite. In the nextrecorded 41 pictures).

section, we will discuss the ISUAL instrument and measure-em'?gslijosr']n%;n rgz;gg-cl:oaenelaeprrgtisasvz dtrf]r?)r%rfheeni::;e Zglggndee_
ments of the green line. In the third section, results of O1558 P 9

emission rate and distributions of O atoms are presenteas.cr'bed in Nee et al. (2010). Although there are 512 column

Results of O atoms by using different atmospheric param_plxels in one picture, we just use the 10 central column pix-

eters and the derivation by using SABER OH airglow are els to produce a profile of the emission rate. Thes_e emission
. ; L2 : . rates are then used to calculate the O atom distributions by
discussed. Finally, a summary is given in the last section.

using Eq. (1) described in the first section.

The SABER instrument on board the TIMED satellite was
launched in December 2001 to an altitude of 625 km with an
inclination angle 74.1 The satellite travels around the earth

Ann. Geophys., 30, 695701, 2012 www.ann-geophys.net/30/695/2012/
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Fig. 1. (a) An image of a layer of d(S) airglow measured on ) ) L

10 May 2008. (b) The latitudes and longitudes of ISUAL orbits. Fig. 2. Eorty one sgattered profiles of OI55.8 nm volume emission
For 12 November 2008, one point in the figure represents one pic-rate retrieved from images tal_<en from orbit 10 on 10 May .2008'
ture of the OI558 nm airglow emission was taken there. The 41 data are marked by different colors and symbols with the

average profile in black solid line.

by about 15 orbits and takes about 60 days to cover the Who'ﬁerd 1999° Liu et al.. 2008a: Yee et al. 1997- Skinner et

earth in every 24h |OC¢':'l| time. The. SABER instrument is aal., 1998) and rocket measurements (Melo et al., 1996). The
10 channel infrared radiometer designed to measure the radi- ;
ation, energy and structures of the MLT region (mesospherea\/(—:‘r"’lg.]e peak height seems to b_e about 96 km. Our May (.)b'

' Servation shows a lower peak height of about 92 km. The dif-

and lower thermosphere). SABER observations cover fro o ; .
. . . erence may be related to the variations of airglow with the
the winter hemisphere 830 the summer hemisphere83 .. . : . L
time, season and dynamics, as discussed extensively in Liu

For every 585, SABER scans from 0 to 180km to take at_et al. (2008a) by using WINDII measurement. Long term

T e e show OF) can vary e 64104 depencing
y g 9 OHMon the season and time (Liu et al., 2008a). The HRDI (High

and 2.0 um (see Russell et al,, 1999). In this paper, we usﬁesolution Doppler Imager) instrument also shows seasonal
the SABER 2.0 um OH emission and ozone to derive the O P 9

atom by using the method introduced by Smith et al. (201O)Iand local time variations of green line airglow (Skinner et al.,

1998).
A contour diagram for green line in terms of height ver-
3 Results sus latitude can be made by averaging the emission rate in
grids of 5 degree latitudes as shown in Fig. 3a and b for May
3.1 558 nm emission rate and November data. For May data the measurements were

made over a fixed longitude of about 2@and latitudes of

As an example, Fig. 2 shows the scattered diagrams of th&(® S—20 N. We find the peak height is about 92 km and the
height distributions of the emission rates derived from all 41 peak emission in the NH is higher than that in the SH. For
images measured on 10 May. Each image can derive a heigiNovember data, the measurements were made over the lati-
profile separated by about 0.latitudes from the neighbor- tudes of 28 S—45 N but over all longitudes. The results of
ing images. The black line in Fig. 2 is the average profile averaging all longitudes gives a global distribution, showing
of all 41 data. From this figure we can see all data can fit agreen line emission at the equator is high in altitude but weak
Gaussian distribution over a height range of 80—110 km within intensity compared with those of mid-latitudes which have
an average peak height of 92km. As shown in Fig. 2, thelower peak heights but stronger emission intensity. The two
peak height is quite stable for all data despite that the emismid-latitude maxima are at about 95 km af&band 93 km
sion intensity can vary by about a factor of two. Such stableat 30 N with emission rates of 180 photonscés ! and
height distribution was not observed in OH airglow (Nee et 240 photons cm3s ™1, respectively. Our results are basically
al., 2010). consistent with WINDII/UARS data of Zhang and Shepherd

The peak height of GE) airglow has been reported by (1999) who have shown OI558 nm emission rates are low
many groups using different instruments (Zhang and Shepnear equator but high in the mid-latitudes for March 1992,

www.ann-geophys.net/30/695/2012/ Ann. Geophys., 30, 696% 2012
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@V, (Photons cm?® S']) in May (O (Photons cm? 5'1) in Nov. (a) 41 profiles in orbit 10 on 10 May (b) 2 profiles in orbit 10 on 10 May
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L
“0 5 0 5 10 15 20 O 2 0 0 10 2 B 4 Fig. 4. (a)Height distributions of O atom derived from forty-one
Latitude (deg) Latiude (deg) 558 nm emission rates observed along orbit 10 on 10 May 2008 (in

Fig. 3. The height-latitudinal distributions of green line emission different symbols and colors). The solid black line represents the

rates observed by ISUAL ifa) May 2008 along orbit 10 (longitude ~ 2verage profile(b) Two profiles of specific Iati_tudes and Ion_gitt_;des
~100° E) and(b) November 2008 averaging over all longitudes. ~ (7-2° S, 104 E) and (12.2N, 100" E) (doted lines), and their sim-
ulated results (solid lines) by using Eq. (2).

Decembgr 1992, and February 1993 at rr_1idnight conditionset al. (2001) reported their distributions for the mesospheric
We also find the magnitudes of the emission rates of ISUAL S atoms:

and WINDII data are close (Shepherd et al., 1999; Wang et
al., 2002; Liu et al., 2008Db).
' ' ’ O1,=[Olmaxexp{0.5[1—(z—h —expd—(z—h .
We notice that the global measurement reveals a sym—[ Je=[Olmax@XP{O.5[1= (2 ~hmad /w]— €XPL—(z~hmax /w]}
metric distribution with respect to the equator with the NH @
and SH peaks, appearing as mirror images of each other as . : . .
shown in Fig. 3b. The symmetric distribution is also foundaln Eq. (2), [O} is the atomic oxygen density at an altitude

in WINDII observation as shown in Zhang and Shepherdz; [Olmax and imax are the peak density and height of the
(1999) atomic oxygen, respectively, andis the width of profile.

By using Eq. (2), we have simulated the O atom distribu-
tion in 70-120 km by a least-square fit. In Fig. 4b, the dots
are the height distributions of two observations at {62

As di dab h . 104 E) and (12.2N, 10@ E) and solid lines for the fitting
s discussed above, we can use the 558 nm emission rate Rsults. In this figure, we find the height distributions of O

derive the density distribution of O atoms by using Eq. (1) atoms in the NH and SH are different, which should result

with the knowledge of background atmospheric temperaturg, ., qjigntly un-symmetric distribution of airglow intensi-
and density. Russell et al. (2003, 2004) used the MSIS mode} < i, NH and SH. as can be seen in Fig. 3a

o cglcl\;ljlsitselzooz%tom téalsed gn WINé)II 558 nbm da.ta. Y?U?AI\SLO It is known that MSISE-00 as an empirical model pro-
use -00 model to derive O atom by using vides a good representation of the atmosphere in the region

Ol 55_38nm emission rate. W? have selected_ the modgl Calbf middle to lower mesosphere but is not very accurate in the
culations by using the same time and geological coordinate

Thesopause region (Xu et al., 2006). Recently by comparin
corresponding to the observations. Figure 4a shows 41 scal he TIFI)\/IED da’?a wit(h MSISE,-OO X)u et al (2)6031) havg re- 9
tered diagrams of height distributions of O atom measure ' !

. . e orted the deviations of MSISE-00 model. They also found
along the longitude 10 corresponding to the emissions

h in Fia. 2. Th file is sh h I,dinconsistency for cases of temperature inversions and some
shown In F1g. 2. € average protile IS Snown as In€ Solldg 5| scale deviations at different seasons.

black line. From Fig. 4a we can see O atom on 10 May has

a peak at about 92km and a minimum at about 112km. O3 3 Mesospheric temperatures based on SABER

atom increases with altitude above 112km, reaching a sec-  gpservations

ondary peak above 120 km. However, we must be reminded

there are also more errors at heights below 80 km and above/e have employed TIMED/SABER temperature and density

110 km where emission rates are low and standard deviationgata as an alternative to the MSIS model for the calculations

are high. of O atom. One of the problems of using SABER mea-
Based on results shown in Fig. 4a, the O atom distributionsurements with ISUAL is related to their different orbits and

can be fitted with a Chapman profile as described in Eq. (2observation strategies. It is rare that both satellites will be

below. This is the way Reed and Chandra (1975) and Meldocated at the same region to observe the same atmosphere

3.2 Derivation of O atom density based on MSIS model

Ann. Geophys., 30, 695701, 2012 www.ann-geophys.net/30/695/2012/
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(2) Temperature (K) in May (b) Temperature (K) in Nov. 3.4 O atom based on SABER observations
|

o
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110

110 ———r—

By using SABER temperature and density data in Eq. (1), we
have calculated O atom distributions for May and November
with results shown in Fig. 6. Figure 6a indicates a layer of
O atoms exists in May at 85-95 km with the peak height in-
creasing with latitude even though the emission rate is rela-
tively unchanged in height distribution as shown in Fig. 3a.
> O This difference should be attributed to the temperature distri-
L bution as shown in Fig. 5a. The number density of O atomsin
ﬂ m the NH is more and higher than those in the SH. A maximum
EeRmet W n] el of O atom appears at 10 at 90 km. Besides these trends,
Latitude (deg) Latitude (deg) there is a low value of O atom at about 95 km at $0n the
Fig. 5. SABER temperatures correspond to the same orbital condi-SH related to the temperature conditions shown In Fig. 56‘.'
tions for(a) May and(b) November airglow observations. . In_NO\_/ember, O atom ShOW_S several maxima and min-
ima in different heights and latitudes. Below 85km, more
O atoms are found at the equator than other regions. In the

at the same time. Fortunately, SABER observations werghid-latitudes there are two minima found at about S5N.
made around midnight in both periods of 7-16 May and 1-In the region of 85-100 km, there is a peak of O atom at about
2 November 2008. We have therefore selected SABER ob93km at 30 N. The corresponding peak in the SH should
servations for heights of 80-110 km during 7-16 May 2008lie at 30" but was partially cut in the diagram. These two
with the longitudes between 9 and 110 E and during 1-  mid-latitude peaks form mirror images similar to the emis-
2 November 2008 in all longitudes in the time interval of sion double shown in Fig. 3b. A major peak of O atom is
—02:00LT to 02:00 LT local time to construct bins of 5 de- located at about TN at 110km, and a secondary peak at
gree latitudes. We then used ISUAL Ol 558 nm emission ratel0° S at 104 km. The last two peaks lying above 100 km are
to calculate O atom density within these bins. correlated with the temperature structure in this region as can
We will first look at the SABER temperature data since it be seenin Fig. 5b. The secondary peak atStay be a split
is an important parameter in the calculations. Figure 5 showdrom the major peak.
contour diagrams of SABER temperatures for both May and In terms of absolute number density, O atoms in May or
November in 2008. We find from Fig. 5a the mesopause inNovember are both in the level of ¥axm=2 which is close
May is located at about 97 km with a low temperature of to other results reported in the literatures (e.g. Smith et al.,
about 160 K. Below the mesopause, there is a warm laye?010; Russell et al., 2003). We also calculated the volume
with a local temperature maximum of about 220K at aboutmixing ratio (vmr) of O. The altitude—latitude distribution of
83km at 10S. The height of this warm layer increases the vmr below 100 km is very similar to the calculations of
to 92km at 20N. Higher temperatures also appear aboveSmith et al. (2010) who used SABER OH(2.0 um) airglow
105 km. to derive the O atom density and mixing ratio. In addition,
For November, the temperature structure shows a complegur results indicate that the O atom at” N (109 km) has
pattern in terms of multiple highs and lows. The mesopaused mixing ratio about 0.4 compared with less than 0.3 at all
height is at 95 km over the equatorial region and increases t@ther latitudes and heights.
about 100 km at mid-latitudes in the SH and NH as shown in
Fig. 5b. In the lower mesosphere at about 85km, the tem3.5 Discussion
perature in the equatorial region is higher than those in the
mid-latitudes. But in the upper mesosphere at heights 100Following Smith et al. (2008, 2010) and using the new co-
110km, there is a warm layer corresponding to the thermo-£fficients given by Xu et al. (2012), we also calculated the
sphere. In November, high temperatures in the mesospher@ atoms in the 80-100 km height region based on SABER
can be found in three regions: 81 km over the equator, 90 knPH(2.0 um) airglow emission rate and ozone density mea-

at both 28'S and 30N. The highest temperature appears sured in the period of 7-16 May 2008 #02:00-02:00 LT
above the mesosphere at 110 km &t N0 and in longitudes 90E-110 E. Another calculation has

By Comparing F|g 5b with F|g 3b, we can see the Strongerbeen made for 1-2 November 2008-222:00-02:00 LT but

558 nm airgk)w |ayer lies near the mesopause. We must héver all |0ngitudes. The altitude—latitude distribution of the
reminded that emission is negatively correlated and O atonf? atom retrieved from SABER May data shows O atoms
is positively correlated with temperature as given in Eq. (1), Peaks over the latitudes 18—20' N and heights 80—-100 km

so that peak emission and O atom are correlated with col@imilar to what are displayed in Fig. 6a. There are more O
and warm regions7 respective|y_ atom in the NH than the SH and the peak helght increases

in general toward mid-latitudes in the NH. SABER data also

105

=
1)
S)

Altitude (km)

www.ann-geophys.net/30/695/2012/ Ann. Geophys., 30, 696% 2012
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(@) [O] (em?) in May (b) [O] (cm®) in Nov.
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Fig. 7. (a)Altitudinal distributions of [O] at three latitudes derived
by using three sets of values' ® andc' @, 0.9¢'® andc'@,
' and 0.7¢’'D, and(b) the percentage errors of [O] derived by
using the second and third sets of coefficients.

&

8

Latitude Latitude
Fig. 6. Atomic oxygen density in latitude-height contour for
(a) May and(b) November.
We use the new values to derive the [O] at three latitudes:
25°N/S and the equator, by using the atmospheric tempera-

find low O atoms in the SH and equator at about 95 km. Forture and density from SABER. We also calculate the percent-
SABER November data over the latitudes’ 35-45 N and  age errors as follows:
heights above 85 km, peak O atoms are lying higher but with
less density in the equator than those in the mid-latitudesl00% x |[Olg gcw cr@ — [Ol e @ | /[Ol e e » 100%
similar to what is shown in Fig. 6b. Below 85km, O atom x ’[O]C/(l),OJC’(Z) —[Olew @ |/[o]c,(1)’c/(2).
has higher density in the equatorial region than that at mid-
latitudes. SABER results also show O atom density is in theThe results are shown in Fig. 7a and b. From this figure, we
level of 10t cm3, can see that the derived [O] decreases Wit or '@,

We also analyzed the altitude—latitude distributions of O decreasing at all altitudes and latitudes. And all uncertainties
atom derived from the green line emission by using the atmo-of [O] are less than 11 % as shown in Fig. 7b.
spheric density and temperature from MSISE-00 model. The
results indicate the distributions in both May and November
are generally similar to those derived based on SABER ob4  Summary
servations as shown in Fig. 6. Meanwhile some small differ-
ences exist. For example, calculations made with MSISE-OBy using the ISUAL instrument on board the sun-
model show constant altitudinal and latitudinal variations of synchronous satellite FORMOSAT-2, the images of the
O atom density and there is not a low density region aroundo| 558 nm green line airglow emission was measured on
95km in the SH in May. This can be attributed to that there7_16 May 2008 and 1-2 November 2008. The profiles of
is not such structure in the distribution of temperature fromQ| 558 nm emission rates are derived from the observation by
MSISE-00 model. using an “onion-peel” process. Furthermore, the O atom den-

It is worth mentioning that two coefficients® andC'®  sity profiles are retrieved from the Ol 558 nm emission rates
in Eqg. (1) are taken as 211 and 15 in our study. In fact, Mc-by using atmospheric temperature and density from SABER
Dade et al. (1986) got four different sets of values for theand MSISE-00 model, respectively.
two coefficients by fitting the green line emission rate pro- The May 2008 observation made at an averaged longitude
files from ETON rocket experiments using Eq. (1). In the fit- of 100° E shows emission rates peaked at about 92 km over
ting, they used four different sets of [O] which were obtained the latitudes 19S—20 N. The retrieved O atoms have peak
based on the [O] from CIRA 1972 and MSIS-83 atmosphericheights increasing toward the NH. Both the emission rate and
models, respectively. In this work, we use the value€ 69 O density are higher in NH.
andC'® obtained based on MSIS-83 model. However, the  For 1-2 November 2008, ISUAL observations were made
atmospheric temperature and density from MSISE-00 modejobally by traveling over all longitudes and a latitude range
and SABER are used, which are different from MSIS-83 of 25° S_45 N. In November, the Ol 558 nm emission rates
model. We will discuss the Uncertainty in the derivation of and O atoms show double maxima at about 95 km in the mid-
[0] using new data and model due to the values'déP and  |atitudes. The double peaks at mid-latitudes are symmetri-
€@ from MSIS-83 model. cally distributed with respect to the equator. In the equato-

According to the maximum and minimum & @ and rial region, peak O atom density was found arounél N @t
C'@ given in Table 3 of McDade et al. (1986), we assume 110 km in the lower thermosphere. In the lower mesosphere
C'D and '@ decreasing by 10 % and 30 %, which means around 82 km, there are double minima of O atoms in the
C'D andC’@ are setas 0.8"D and 0.7C'@, respectively.  mid-latitudes also symmetrically located.

Ann. Geophys., 30, 695701, 2012 www.ann-geophys.net/30/695/2012/



H. Gao et al.: Emission of oxygen green line and density of O atom 701

We also calculate O atom by using SABER OH airglow. Nee, J.-B., Tsai, S.-D., Peng, T.-H., Hsu, R.-R., Chen, A. B.-C.,
The results show similar distribution to that from ISUAL  Zhang, S., Huang, T.-Y., Rajesh, P. K., Liu, J.-Y., Frey, H. U.,

green line observations. and Mende, S. B.: OH Airglow and Equatorial Variations Ob-
served by ISUAL Instrument on Board the FORMOSAT-2 Satel-
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