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Abstract. A 1-D fluid/kinetic code is used to model WIND niques, and modeling. We focus on the thermospheric day-
Imaging Interferometer measurements of the atomic oxygerglow. Most of the available data were obtained either from
(®P-1D) red and ¥D-1S) green thermospheric dayglows at the visible airglow instrument (Hays et al., 1973), or from the
630.0 nm and 557.7 nm. This modelling is performed for dif- WIND Imaging Interferometer (WINDII) (Shepherd et al.,
ferent latitude and solar zenith angle conditions, in order t01993), that we will use here. Ground-based daytime ob-
reproduce the measurements all along the satellite orbit. Reservations are more recent because of detection problems
sults are successfully compared to the interferometer’s obdue to the presence of a high solar background against a
servations, reproducing the measured volume emission ratefint dayglow emission. The first studies were made pos-
together with the maximum emission altitude. A good agree-sible with the development of dayglow photometers (DGP)
ment is found regardless of the position considered along théNarayanan et al., 1989) and multi-wavelength daytime pho-
satellite orbit, meaning that the solar flux and the solar zenithtometers (MWDPM) (Sridharan et al., 1998). In a very recent
angle influences were successfully taken into account. Topaper, Taori et al. (2003) discussed simultaneous ground-
gether with this model study, a four-year red and green oxy-based observations of red and green dayglow and outlined
gen lines set of WINDII data is analysed with regards to thosethe significant importance of the thermospheric contribution
geophysical parameters. Correlations between volume emido the 557.7 nm emission, as already shown by rocket and
sion rates and solar flux are evaluated and it is found that theatellite measurements.

Mgl index is better suited to this kind of study than the

o7 decimetric index The complementary approach to measurements is mod-
107 .

eling: the different line excitation processes begin to be
Key words. Atmospheric composition and structure (air- well understood, as shown by the confrontation of the mod-
glow and aurora; thermosphere — composition and chemelling to the observations. Several papers review such works,
istry) — lonosphere (modeling and forecasting) among them (Solomon and Abreu, 1989) for the red line and
(Singh et al., 1996) for the green line. Most of the recent
studies try to model WINDII observations whose database
i covers several years, including all geophysical conditions.
1 Introduction However, most of these studies focus on a limited set of data.
_ ) o _ Among the most recent ones, Tyagi and Singh (1998), using
Studying the atmosphere’s airglow emissions is a broad resha solomon’s glow model, have shown a reasonable agree-
search topic, which provides valuable information about the, o nt between modelled data and a morphological picture of
chemical and dynamical processes controlling the state o{yNDII observations of the greenline dayglow obtained be-
the upper mesosphere and lower thermosphere. Even if thigy een pecember 1992 and April 1993. Witasse et al. (1999)
aeronomic research field is quite new (the word “airglow” n,qqeled hoth the red and green lines emissions for EISCAT-
was first used by Chamberlain (1961)), a number of studyNp correlated observations and highlighted the need for

ies have been done to examine the various upper atmosphefgne\yed measurements of the EUV solar spectrum, that is
emissions. Among those emissions, the'f)(630.0 nm one of the main input to any glow model.

red and OYS) 557.7 nm green atomic oxygen lines are the - o . _
most intense and, therefore, have been the subject of nu- In addition to this input, some of the reaction rate coeffi-

servations involving ground-based rocket and satellite techdependant rate coefficient for the reactiog(A°=)+0, is
proposed by Hill et al. (2000). The Upadhayaya and Singh

Correspondence tdr. Culot (2002) and the Singh and Tyagi (2002) papers outline the
(frederic.culot@obs.ujf-grenoble.fr) resulting ambiguity. They discuss both the EUV spectrum
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be extended to mid- and low-latitudes is included after the

model presentation.

2.1 Model description
TRANSCAR To give a brief overview of the code, one can say that TRAN-
INPUTS : . H .
SO s, 0oty Kinetic SCAR is based on the coupling of two models:
thermosphere Transport — A one-dimensional time-dependant fluid model of the

magnetosphere

Fluid
Transport

particle precipitations ionosphere which solves the temporal evolution of the
BY-PRODUCTS lower moments: concentration, velocity, temperature
Airglow and heat flow of the isotropic distribution function of
e Neutral atmosphere six ions (G}, N3, NOt, O*, HT and N*) and electrons

TEC

F2 region parameters

— A kinetic model which solves the energetic electron
transport equation and provides electron heating and ion

Fig. 1. Synopsis of the TRANSCAR model. production rates.

The dynamically coupling of both parts of TRANSCAR is
illustrated by the synopsis in Fig. 1.

model and the Hill et al. (2000) new temperature dependant

coefficient for best representing WINDII dayglow emissions.  Concerning the photochemical model used to simulate the

Our work comes naturally in this modelling perspective red and green oxygen lines emissions, all of the production
but aims to give a more global picture of the thermosphericand loss processes with the corresponding rates for tH2)O(
WINDII measurements over its 5 first years of observations,and O¢S) states are given in Witasse et al. (1999). The main
and moreover to discuss the current ability to model the mairreactions used in the model are summarized in Table 1. Fig-
features that are observed. For this purpose, we focus oHre 2 is a scheme that shows the relative contributions of
the altitude and intensity (Volume Emission Rate - VER) these major processes. This scheme represents the oxygen
of the 630.0 nm dayglow and of the thermospheric layer ofred and green lines at mid-latitudes (around)4at around
the 555.7 nm dayglow, for which a statistical analysis over 512:00 local time, and for weak solar activity:67~120) and
years is done. We model the WINDII observations along theweak magnetic activity4, <10). The most important pro-
satellite orbit meaning that we take into account the coupledduction processes at the maximum of the layers are the pho-
influence of local time (or Solar Zenith Angle — SZA) and toelectron impacts and the collisional deactivation gffdr

latitude. This is done for high and low solar activity and for the 557.7 nm thermospheric emission, and the dissociative
both emissions. recombination, together with the photoelectron impacts for

The TRANSCAR model and its glow added software the 630.0nm emission. .

(Witasse et al., 1999) that we use here, is presented in the first USing the TRANSCAR model, Witasse et al. (1999) com-
section. It has shown its ability to correctly describe high lat- Puted the oxygen thermospheric dayglow at high latitude
itude measurements but needs to be tested against other gdd/oms@, 69.6N). They first compared the modelled iono-
physical conditions and latitudes. The calculation of the peakSPNere to European Incoherent Scatter (EISCAT) radar mea-
and intensity of the thermospheric emissions from WINDII Surements.  This allowed one to calibrate the neutral at-
instrument is described in the second section. Then, the rgl'0SPhere. Then, they compared the airglow results with
sults obtained from the modelling of the oxygen emissions//NDI! data. In the present work, no calibration of the
along the WINDII orbit are discussed. Finally, the statistical "€Utral atmosphere is performed. The vertical profiles of the
behaviour of the thermospheric red and green oxygen lindn&/or neutral components are taken directly from the empir-
emissions is presented, as a function of the two main geolcal model MSIS-90 (Hedin, 1991), and the EUVAC model

physical parameters that characterize them: the solar zenitfRichards etal., 1994) is used to provide the solar EUV flux.
angle and the solar activity. This statistical study is limited E'€ctron density and temperature, ion densities and temper-

to periods of quiet magnetic activity. atures, as W(_all as élD)_ a_nd Ots) emission rates, are cal-
culated consistently within the model throughout the whole

thermosphere altitude range without the use of any other em-

pirical model than the two cited above. Lathuillere et al.
2 TRANSCAR model (2002) have shown that the MSIS-90 model was fully consis-

tent with thermospheric temperatures deduced froftDP(
A complete description of TRANSCAR can be found in WINDII measurements for quiet magnetic activity periods
Lilensten and Blelly (2002), including the most recent en- and have pointed out that the MSIS-90 model underestimates
hancements. Only the global structure of the code will bethese temperatures for large magnetic activity. Therefore, we
recalled here. However, the model was run only for high lat-have limited the present study to days with low magnetic ac-
itudes until now, and thus a discussion about why it's use cartivity. A discussion about the choice of the solar EUV model
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Table 1. Main production processes used in TRANSCAR for the red and green atomic oxygen lines.

630 nm red line

557.7 nm green line

Electron impact
O+ eph — O(ID) + e

Electron impact
O+ eph — O1S) + epn

Photodissociation of ©@molecules
0, +hv — 0+ 0(D)

Photodissociation ob@nolecules
0, + hv - 0+ 0O(1)

Dissociative recombination
O +an— 0+ 0(D)

Collisional deactivation of N
N2(A3Z() + 0 — N2+ O('S)

Altitude Altitude 630.0 nm
N 557.7 nm s red line
green line

I50km  —— 200 km « ——

160km |
1
I
|
|
{
1okm L

electron impact o electron impact o

photodissociation of O , molecules I photodissociation of O , molecules .

collisional deactivationof N , ~ _ .. _. dissociative recombination
Fig. 2. Relative contributions of processes involved in the green (left-hand side) and red (right-hand side) atomic oxygen day time emissions
(after Witasse et al., 1999). This scheme stands for solar conditiongfygti~~120, low magnetic activity4 , <10) and at 12:00 LT.

in TRANSCAR can be found in Lilensten and Blelly (2002) netic line. The secondary electron angular phase function
and Witasse et al. (1999). is strongly forward peaked, while the primary electron keeps

In this study, we model the oxygen emissions along aits initial direction (Opal et al., 1971). The movement may be
whole satellite orbit, that corresponds to the zonal mean otupward or downward. The pitch angle under which the inci-
a given day as described below. Each point was obtainedent electron collide with a neutral target is reflecting the fact
after the TRANSCAR simulation was run for 10 h (in local that the electrons rotate around the local line of force, while
time) in order to reduce dependence on initial conditions andhe centre of mass follows the line of force. Therefore, in
to be sure to be in a steady-state situation. The fluid equathe nightside, the natural geometry is to describe the move-
tions are solved every second to provide the electron tempement along th field. Any projection along the altitude axis
ature and concentration, and the kinetic code is called everjs not possible when the two are perpendicular. At low lati-
five minutes, in order to regenerate the heating rates and iotude, the fact that the line of force is almost perpendicular to
productions. the pressure gradient introduces some error that has not been
carefully quantified yet.

The problem has to be reconsidered in the dayside of the
Earth. The reason is that the primary source of electrons
The geometry of the physics is different in the nightside andis the solar XUV-EUV flux. The natural geometry is then
in the dayside. In the nightside, the electrons are cominghe line of sight between the observation altitude and the
along the geomagnetic lines and any secondary electron dusun. The projection along the vertical axis is taken into ac-
to ionisation through impact is driven along the geomag-count through a Chapman function. When a photoionisation

2.2 Use of TRANSCAR at mid- and low-latitudes
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electron coming from the point’DThis is a consequence of
the isotropy of the photoelectrons (which are now the ion-
ization source). This is also a consequence of the fact that
we suppose that the atmosphere is horizontally stratified (or,
as in Fig. 3, stratified parallel to the surface of the Earth).
Therefore, there is no information in the horizontal axis on
the variation of the stationary electron flux.

In Fig. 4b, we look at the vertical projection. An elec-
tron which escapes the point & a given altitude slab to
the lower (respectively larger) altitudes meets a denser (or
weaker) atmosphere. Its absorption by inelastic collision in-
creases as the collision depth increases. Therefore, it cannot
be compensated by an electron coming from a paiiin Ehe
closest lower slab. In short, the electron flux variations occur
in the vertical axis (or in the axis perpendicular to the atmo-
spheric slab). When the magnetic field is also horizontal, the
Fig. 3. Problem Geometry. The axis s is the solar-terrestrial axis.Problem becomes simply local at the scale of the free mean
At an observation point at the surface of the Earth, the solar zenitfPath of the electrons.
angle isy. The vertical axis at this point is z. The local magnetic ~ This explains why the TRANSCAR model is still valid at
field line is represented by the symtiland we consider an atmo- middle and low latitudes in the dayside of the Earth, as the
spheric slab of thickness dz. results shown in Sect. 4.1 will confirm. This configuration
had already been used to forecast the ionospheric production

in the ionosphere of Titan (Galand et al., 1999).
occurs, the primary photoelectron is created in any direc-

tion: the angular phase function is simply isotropic. Then,
when this primary electron creates a secondary productio® WINDII observations
through impact, the secondary electron is forward peaked )

but since the primary electron comes from any direction, the3-1 The instrument

result is that on average, the secondary electrons have e dayglow measurements are derived from the WIND
isotropic distribution. This fact has a tremendous impact on maging Interferometer (WINDII), flying on board the

the physics. We may consider 2 steps illustrated in Figs. ASA UARS satellite launched on 12 September 1991
and 4'. . . and dedicated to middle atmosphere studies (Reber et al.,
. In Fig. 3,_we conS|d§r an atmosphere slab. Itis char_acter—lg%)_ The WINDII instrument is based on the concept of
|z_ed by a single density Vall_Je (actually, one per Species), 2 field-widened Michelson interferometer first described by
s_,mgle ‘?‘mp?rat“re' and a smgl_e _magnetlc angle value. Th%ouchareine and Connes (1963), and implemented in a con-
Imedo_f tht IS 5, the(;/ertlc;';ll axis 1 Zb A @ﬁtoelectrfon cre- figuration later conceived by Hilliard and Shepherd (1966).
ated in , Is projected on the z axis by a Chapman functionrpe st detailed description of the instrument can be found
(point A). Therg, the m°“°!" of its centre of force is .anrllg in Shepherd et al. (1993). WINDII, which was jointly spon-
the Ioc.al'magne.tlc I|ne: The ISotropy means h_ere that '.ts pItCrEored by the Canadian Space Agency and the French Centre
angle |s.|sotrop|cally dIS.tI’IbUted.. LeF us consider that it 9oes\ational d’Etudes Spatiales, in collaboration with NASA, al-
down with an angle: _(W'th a prolectlon)._ In the_same slab, s one to obtain the volume emission rates of théSp(

an elec_tron Cfea_ted n C. would be projected _(_nv@h an O(*D), OH and Q lines, corresponding to an altitude rang-
isotropically distributed pitch a_mg_le. Its_probab||_|ty to go up- ing from 80 to 300 km. Error bars on the volume emission
ward along the local magnetic line with the pitch angle rates are about 1 to 10 photons:chsL. All the data pre-

Ids exactly dthg samg (#4 asl theTfr']rSt eIecltro.n to ?Sﬁ,""pé A sented here are produced by the WINDII software version
ownwar P:N't. a p'tﬁ ang'g. the conzusmln Ofthis g€- 5 11 and extracted from L2FD files that contain for a given
ometry is that in A there are as many photoelectrons going day the field of view observations, i.e. altitude profiles of

Inany d|r§9t|on. _ _ _ emission rates, temperatures and line of sight velocity along
To envision the following, we consider Fig. 4. The ques- o4ch orpit.

tion is now “on which projection is there a variation in the

stationary electron flux?”. This means that we are now not3.2 Altitude and emission at the maximum of the thermo-
dealing with the photoproduction but with the electron trans- spheric layers

port, i.e. with the Boltzmann equation. In Fig. 4a, we con-

sider an horizontal projection. On the basis of what precedesin order to calculate the intensity and altitude at the maxi-
the horizontal projection of a secondary electron created irmum of the OfD) and OtS) thermospheric layer, a least-
A’ by a collision between a photoelectron (isotropically cre- squares fitting is performed on the emission rate altitude pro-
ated) and a neutral is exactly compensated by a secondaffiles, with respect to the shape of the considered emission.
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b) E

Fig. 4. Problem Geometry. The magnetic field has an magnetic dip @natehe observation point’A The axis z represents the vertical
axis and the abscissa is the horizontal.
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Fig. 5. The (top) 630.0 nm Volume Emission Rate fitted by a Gaussian function and (bottom) 557.7 nm thermospheric peak fitted by a
chapman function.
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Fig. 6. WINDII data of the oxygen red emission measured on 1 April 199213, f107=1914). Dots represent the WINDII 630.0 nm
VER data plotted versus latitude, and the line represents the corresponding zonal average. Error bars indicate the standard deviation.

For the 630.0 nm red line emission, an asymmetrical Gaus3.3 Zonal average

sian profile was used to describe the measurements (Thuillier
et al., 1992). This function is represented by: The WINDII data sampling pattern is determined by the in-

terferometer viewing geometry and the UARS orbit charac-
1 /7~ zmax\? teristics. As described in Shepherd et al. (1993), WINDII
1(2) = Nmaxexp ) (m) 1) observations are performed at the Earth limb in two direc-
tions, 45 and 135with respect to the UARS velocity vector.
wheren is the volume emission rate,is the altitude of the The satellite orbit is circular (radius585 km) and inclined

emission,x; and x, are calculated fromv; andw, which &t ~57°. lts period is 96 min and its precession is about
represent the lower and upper width of the profile (see Fig. 5)20 min per day. This means that under ideal circumstances,
For the 557.7 nm green line thermospheric peak, the pro& given latitude would be uniformly sampled (in Universal

files are best fitted with a Chapman-like function written as time and longitude) at about the same local time, about 15
follows: times a day, for each of the upleg and downleg orbit seg-

ments, the data from each leg being about 12 h local time
n(z) = nmaxexp (1 — b — exp(—b)), 2) apart. In order to study the statistical variability of the day-
glow with solar flux (solar activity and solar zenith angle),
whereb=*=mx, with H as the scale height of the Chapman one has used a zonal average. This process averaged out any
profile. longitudinal variability associated with the dynamical pro-
This Chapman function was first exposed in Chapmancesses, like tides and planetary waves, whose influence has
(1931), and its ability to describe the oxygen green line ther-been clearly identified on the &) night-time emission rate
mospheric peak was discussed in Maharaj-Sharma and ShefShepherd et al., 1997) and on the'D) nightglow in the
herd (2002). intertropical zone (Thuillier et al., 2002). Longitudinal vari-
The examples in Fig. 5 show the good agreement betweeations of the O(S) dayglow are also presented in Shepherd
the theoretical profiles and the oxygen red and green linegt al. (1997) and Maharaj-Sharma (2003), and discussed in
layers. The top panel corresponds to the red line emissioterms of planetary waves influence. This zonal average con-
and the bottom one to the green line, with plus markers repsists first in the interpolation of the measurements to regu-
resenting the WINDII data and the plain line representing thelarly spaced latitudes, and then in taking a mean value at
corresponding fit. For the entire set of data, we found a maxthose given latitudes. This average requires a two-step pro-
imum deviation of less than 10% in the worst cases, betweermess: one with all the peak data (height and intensity) for a
the WINDII measurements and the corresponding fit. given latitude, and thereafter a second step only taking into
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630.0 nm oxygen emission — 29 April 1992
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Fig. 7. 630.0nm oxygen line — 29 April 1992 £107=1285, A,=7. Dots correspond to WINDII measurements and line/diamonds
correspond to TRANSCAR results.

account the measurements withie,2 being the standard 4.1.1 Thered line
deviation. This second mean allows us to remove a few bad
data points. One example of a zonal mean can be seen iRigures 7 and 8 show red line measurements taken on 29
Fig. 6, which represents the 630.0 nm volume emission ratéApril 1992, and 9 January 1995. Th&q7 index for the
maximum, measured by WINDII on 1 April 1992. Individ- first day was equal to 128.5, and tig index was 7, and
ual measurements used in the mean being at most 20 min Lfor the second day we haflo7=73.7 andA ,=7. The upper
apart, correspond to Solar Zenith Angle values less than 3panel shows the evolution of the latitude with regards to the
apart at the equator and 8part at a latitude of 60north or ~ SZA, the mid panel shows the maximum volume emission
south. rate in photons.cm?.s~! and the bottom panel corresponds
to the altitude in kilometers of the red line emission maxi-
mum, both extracted using Eqg. (1). For the VER and altitude
4 Results panels, the dots represent the WINDII data and the diamond-
shape curve corresponds to the TRANSCAR results. Those
diamonds indicate the SZA for which the code was run, and
the line is a linear interpolation of the model results between

4.1 Modelling of the volume emission rate along the
WINDII orbit

In this section we have chosen to present simulations ofW0 runs.

WINDII observations on two days for each thermospheric  The first noticeable characteristic is a reasonable agree-
layer, one corresponding to low solar activity and the otherment between the model results and WINDII data: TRAN-
to high solar activity. The results are presented as a functioPCAR reproduces correctly the variation of the measure-
of SZA, which is one of the main parameters that controlsments with solar zenith angle, and this, for weak solar ac-
the dayglow, together with solar activity. However, one hastivity (on 9 January 1995), or for strong solar activity (on 29
to keep in mind that each SZA corresponds to a given lati-April 1992).

tude, depending on the satellite orientation, and that the lat- When taking a closer look at the small solar zenith angles,
itude is another parameter that influences the emission rate3ne can notice a small discrepancy, with modeled VER being
through the latitudinal variation of the neutral atmosphere.weaker than the ones measured by WINDII, by about 10%.
This is why on the following figures, the latitudinal extent of ~ This underestimation corresponds to low latitudes on 29
the measurements is also indicated. The WINDII data haveApril and on 9 January, the underestimation occurs on
not been zonally averaged to show the extent of the variabilthe contrary, at middle latitudes, which makes it impossi-
ity of the measurements along the different orbits. ble to explain the observed discrepancy with a variation in
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630.0 nm oxygen emission — 9 January 1995
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Fig. 8. 630.0nm oxygen line — 9 January 1995f1q7=73.7, A,=7. Dots correspond to WINDII measurements and line/diamonds
correspond to TRANSCAR results.

latitudes. Another point is that TRANSCAR does not yet 4.1.2 The green line
take into account the influence of the photoelectrons pro-

duced in the conjugate hemisphere and transported along the ) _
magnetic field lines. But Torr et al. (1990) showed, taking As for the red line, two dates are presented in order to study

the example of the ©(2P) 732 nm and the N2P) 337.1nm the variations of the 557.7 nm oxygen green emission: 25

emissions which are mainly produced by the action of thoseOCtOber 1992 and 23 December 1995. Figures 9 and 10

energetic electrons, that the conjugate photoelectrons influ§hOW TRANSCAR results and WINDI! data for those two

ence can only be seen during the night in the winter hemi-d2ys: @nd we remind the reader here that only the maximum
sphere. Thus, including a proper treatment of conjugate ph09f thg thermospher_|c layer is presented on those plots. The
toelectrons in TRANSCAR would not have been significant f107 index for the first day was equal to 146.8, and g

in the calculation of dayglow emissions. On the other hand,"d€X wash?, and fo(; the secondhday W]? baﬁ7:_71'_i2 and

a possible cause of the discrepancy observed on the red lindp=8- Those two days were chosen for the similarities in

would be the weak representativity of thgg- index with the satellite orbits, with low solar zenith angles correspond-
respect to the solar EUV activity. comparéd to thier 11 ing to low latitudes, and solar zenith angles greater th&n 60

index. as discussed in Sect. 4.2. As the solar EUV influ_corresponding to latitudes below38outh, as shown on the

ence is the most important for small solar zenith angles, thig!PPer panels of Figs. 9 and 10. The magnetic activity is also

would explain why the discrepancy is mainly noticeable be_nearly identical, meaning that the main difference between
low SZA=45 those two sets of measurements comes from the solar flux

TRANSCAR also over-evaluates slightly the peak altitude,intenSity' For the strong solar fI_ux_conditions (25 Octobe_r

with modelled altitudes higher than the measured ones 011992)’ the measured volume emission rates are almost twice
about 10 km. We note that 10 km is the order of magnitude ofaS strong as for the IOV_V solar conditions day (23 December
the variable altitude step of the model in the F-region, but wel992). Those large differences were properly reproduced

cannot assert that the 10 km discrepancy is due to the mod@y the TR_ANSCAR model.. However,_a small overestlmg—
height resolution. In Fig. 7 and Fig. 8, one can also noticetion is noticeable at low latitudes, but it represents a devia-

the very low scattering of the measurements. Only for hight"n Of Iessv\t/rllsgl}o%l) frothhe mear? ag_d remains "]|'S|:I2d:[\}he
latitudes on 9 April, this scattering increases. This low scat-maximum | vzues. espltebtl IS ||'T‘crr]epancy, I-'
tering which corresponds to very low longitudinal variations, SCAR results reproduce reasonably well the maximum alti-

justifies the zonal means used in the following statistics.  de and VER observed by WINDII, particularly on 23 De-
cember, where observations are less scattered. The larger
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557.7 nm thermospheric peak — 25 October 1992
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Fig. 9. 557.7 nm oxygen thermospheric line — 25 October 1992 57=1468, A,=7. Dots correspond to WINDII measurements and
line/diamonds correspond to TRANSCAR results.

557.7 nm thermospheric peak — 23 December 1995
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Fig. 10. 557.7 nm oxygen thermospheric line — 23 December 199%7=712, A,=8. Dots correspond to WINDII measurements and
line/diamonds correspond to TRANSCAR results.
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Table 2. Geophysical parameters for the three selected days repre230 aty 0:700 (bottqm panel). This means a (:!ecrease of
sented in the frame in Fig. 12. The first date corresponds to the poin@?@Ut 25% when going from a Sun almost at zenith to a graz-

at the top of the frame and the last date to the point at the bottom. INg Sun. This result is not surprising because the larger the
solar zenith angle, the larger the atmosphere layer and thus,

day 630.0nm VER peak Mgl fig7 A, Latitude the EUV flux decreases and the reaction involving electron
(cm3.s7Y o (degrees) impacts weakens. As previously seen in Fig. 2 this reaction
is one of the preponderant production process involved in the

;i gec. ggj igég 8-;222 ;g-i 160 jg red line emission. The solar zenith angle influence is very
9 Jan. 1995 1767 00585 737 7 -5 weak on the emission altitude, and the red line peak remains

around 210 km high when solar zenith angle is smaller or
equal to 70.

) ) Regarding the influence of th& o7 index, one can say that
scattering of WINDII data observed in &), as compared o \yhen the solar activity and then the EUV flux increases, a

.
O('D), is a general feature of the measurements and may bgreater importance is given to the reaction involving elec-

related to the greater importance of dynamical phenomenayqn jmpacts, and then the thermospheric peak is enhanced,
such as tides and planetary waves in the lower thermosphergg expected. When considering a solar zenith angle 4f 30

the variation is quite strong: it increases from 230 to about
350 photons.cm?.s™1, which is about 50% more, and we

The atomic oxygen emissions data obtained with the WINDII have variation; of. the same order for solar zenith angle's of
interferometer from 1992 to 1995 are shown hereafter,50 and 70. This rise with solar flux can also be seen with
and we stress that only quiet magnetic days are analysel'® a!titudeZmax Of the emission maximum, even if itis less
(A,<10). This represents 22 days for the oxygen red emisPronouced th_an for t_he peak |nten3|ty,_W|th a variation of
sion line, and 97 for the green line. This small amount of 200Ut 10% with the increase of th&o7 index, no matter
red emission line data is due to the typical WINDII weekly which solar zgnlth a.ngle is con3|d¢red. The results of the
schedule, with one day for the red line observations and thred RANSCAR simulation presented in Sect. 4.1.1 have been
days for the green line observations, but with several periog@dded in Fig. 11, as green diamonds. Additionnal TRAN-
without 630.0 nm measurements. We have chosen to preser?tCAR simulations for |ntern_1e<_j|ate solar activity cgndmon_s
the zonal means of the maximum volume emission rates and"€ Shown as red F:wples. Within the more global plctu_re dis-
maximum altitudes as a function of solar activity for three Played by the statistics, one can say that TRANCAR is able
different solar zenith angles: 30, 50 and 78s was done in  (© 9ive a good picture of the main variations of the' DY
the simulations we used th&g index to represent the solar 12Yer maximum, despite an offset present in the maximum
activity. We also chose to use thiég/ 7 index (Cebula and €Mission altitude, as already noticed in Sect. 4.1.
DeLand, 1998) which is an alternative proxy for EUV solar ~ Figure 12 shows the same WINDII volume emission rate
flux. Thuillier and Bruinsma (2001) pointed out the superi- @nd altitude data plotted this time versus g/ index.
ority of the Mg 11 index over thefig7 index with respect to Correlations coefﬁqents are glgnlflcantly higher for the_ two
upper atmosphere heating processes, suggesting to use trﬁ@allgst solar zeplth angles, i.e. wheq t_he solar E_UV influ-
former proxy for thermospheric modelling. Maharaj-Sharma&Nce is the most important. The remaining scattering of the
and Shepherd (2003) in their study of the mesospheric and@oints can be a_ttrlbuted tq Iatltu_dlnal and seasonal va_rlatlons.
thermospheric 36) dayglow examined 5 different proxies e have examined all points with nearly the sabfig! / in-
of the solar EUV flux, and found also slightly higher correla- Qex but different vollume emission rates and have vgrlfled that
tions with Mg 1 than with f107 for the thermospheric layer. i all cases the latitude and/or the season were different. A

good example is given by the three points encircled in Fig. 12
421 Thered line (bottom panel). In Table 2 the,,, fio7 andMgII indices

for those days are indicated, together with the latitude corre-
Figure 11 shows the volume emission ratg@sax and  sponding to the solar zenith angle of°7@ne can see that
the emission maximum altitudZmay, extracted from the  when the latitude and season are the same (two first points),
WINDII data using the method described in Sect. 3.2, as ahe maximum VER are almost identical, however, this is not
function of f197. Each one of the three plots stands for a dif- the case for the last point. Using thfgy7 index would not
ferent solar zenith angle, respectively, 30, 50 and frOm have allowed such an analysis.
top to bottom. Correlation coefficients of VER fag7 (as-
suming a linear relationship) are indicated on the plots. 4.2.2 The greenline

Looking at Fig. 11 and considering the intensity of the

emission maximum, i.eymax, ONE can see that it decreases In Fig. 13 the results are presented for the atomic oxygen
with the increase of solar zenith angle. On the top panel (forgreen thermospheric peak, in the same format as the red
a solar zenith angle of=30°), we have a mean value of line. The green line behavior regarding the solar zenith an-
roughly 300 photons.cr?.s ™1, while we have on the middle gle is quite similar to the 630.0 nm emission comportment,
panel =50°) roughly 250 photons.cnt.s™t, and roughly ~ with a decrease in the emission intensity and an increase

4.2 Statistical results
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630.0 nm red atomic oxygen emission line

1957

400 240
‘N c=0.85 ‘N
€ 350 : £ 230
< . t < 220
300 i
@’é : ° @ézlo o, ° :
£250 _— 200 P
200 190
50 100 150 200 50 100 150 200
f1(17 f10.7
350 240
i
N ¢=0.87 N
S 300 . t G 230
% % 220 ° i
250 . ;
e P s £ 210 °of 4 1y
3 =0 3
5200 2 NE200 _
150 190
50 100 150 200 50 100 150 200
f1(17 f10.7
300 240
c'v'g‘ c=0.93 {I oc’2 230 5 .
1 250 x 1220 o { 1
N i N f 1}
%) £ 210 5
%200 ER2S 3 H ; it
s:E & o° NEZOO k3
150 190
50 100 150 200 50 100 150 200

10.7

10.7

Fig. 11. WINDII measurements of the 630.0 nm volume emission rates and maximum emission altitudes for quiet geomagnetic days
(Ap<10), from 1992 to 1995. Data are plotted versus the7 index, and error bars correspond to the standard deviation. Diamonds
correspond to the TRANSCAR simulation results presented in Sect. 4.1.1, and circles are simulations results for intermediate solar activity.
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Fig. 12. WINDII measurements of the 630.0 nm volume emission rates and maximum emission altitudes for quiet geomagnetic days

(Ap<10), from 1992 to 1995. Data are plotted versusiAhgl I index, and error bars correspond to the standard deviation.
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557.7 nm green atomic oxygen emission line
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Fig. 13. WINDII measurements of the 557.7 nm (thermospheric peak) volume emission rates and maximum emission altitudes for quiet
geomagnetic daysi(, <10), from 1992 to 1995. Data are plotted versustiygz index, and error bars correspond to the standard deviation.
Diamonds correspond to the TRANSCAR simulation results presented in Sect. 4.1.2, and circles are simulations results for intermediate
solar activity.

557.7 nm green atomic oxygen emission line
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Fig. 14. WINDII measurements of the 557.7 nm (thermospheric peak) volume emission rates and maximum emission altitudes for quiet
geomagnetic daysi(, <10), from 1992 to 1995. Data are plotted versusihgl I index, and error bars correspond to the standard deviation.
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in the emission altitude with solar zenith angle. The de- sions and the solar EUV activity, demonstrated by better
crease in emission intensity is strong, starting with a mean  correlations than with the o7 proxy.
value of roughly 600 photons.cr.s™1 at a solar zenith an-
gle of x=30 (upper panel), and ending with a mean value Those comportments related to the solar zenith angle and
of roughly 200 photons.cr?.s™! at a solar zenith angle of solar flux variations are appropriately reproduced by our 1-D
x=70C (lower panel). For the emission altitude, a weak in- fluid/kinetic model TRANSCAR, even if small dissimilar-
crease with solar zenith angle is noticeable, with an averagéies are noticeable. Those discrepancies were mainly dis-
peak altitude going up by 20 km when the solar zenith anglecussed in terms of the ability of thA o7 index to represent
goes from 30 to 7Q the solar EUV thermosphere input. Future simulation works
For the variations with solar activity, we have quite will try to introduce a different proxy, such adg/1, as in-
a strong fluctuation on the peak intensity: it goes from put to the neutral atmosphere model. It is likely to be done
500 photons.cm?.s™1 to 750 at solar zenith anglg=30°, by using the new DTM-2000 model (Bruinsma et al., 2003)
and we have variations of the same order for solar zenith anwhich uses this proxy, instead of the MSIS model which in-
gles of 50 and 70 For the emission altitude, the variation volves f1g7.
with the solar flux is quite similar to the red line, with an in- Possible continuations for statistical data analysis could be
crease of about 10%. Simulations results have been added fisst to quantify the influence of other geophysical parame-
diamonds and circles in Fig. 13, as was done for the red lineters such as the latitude or seasonal variations. This can be
As previously mentioned in Sect. 4.1.2, one immediately no-performed only for the thermospheric ¥3) layer, with the
tices an overestimation of the intensities at SZA=30his  O(*D) database being too small. A second interesting study
overestimation is about 10% for three cases over four. Fowould be to look at the oxygen dayglow variations during
larger solar zenith angles, simulations and observations agre&ctive magnetic periods. Reaching a better understanding
within about 10%. Concerning the maximum emission alti- of how the airglow fluctuates during magnetic disturbances
tude, TRANSCAR gives a good representation of the meawould lead to a better knowledge of the high atmosphere re-
surements. sponse to geomagnetic activity, which is important for space
Figure 14 show the same data as a function ofphgl / weather users.
proxy. The correlation coefficients are significantly higher
for SZA, equal to 30 and 70. At 50°, where the scatter-  AcknowledgementsThe WINDII project is sponsored by the Cana-
ing of data is the largest, no real improvement is, howeverdian Space Agency and the Centre National d’Etudes Spatiales
observed. (CNES). The authors would like to acknowledge the members of
the WINDII team. Thanks are due to P.-L. Blelly for helpful discus-
sions and to the reviewer for his assistance in evaluating the paper.
5 Summary and conclusions Topical Editor U.-P. Hoppe thanks J. Makela for his help in eval-
uating this paper.
In order to summarize the behavior of the atomic oxygen
emissions with regards to the solar zenith angle and the so-
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