
HAL Id: insu-00356049
https://insu.hal.science/insu-00356049

Submitted on 19 Feb 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Influence of geomagnetic activity on the O I 630.0 and
557.7 nm dayglow

F. Culot, Chantal Lathuillere, Jean Lilensten

To cite this version:
F. Culot, Chantal Lathuillere, Jean Lilensten. Influence of geomagnetic activity on the O I 630.0
and 557.7 nm dayglow. Journal of Geophysical Research Space Physics, 2005, 110, pp.A01304.
�10.1029/2004JA010667�. �insu-00356049�

https://insu.hal.science/insu-00356049
https://hal.archives-ouvertes.fr


Influence of geomagnetic activity on the O I 630.0

and 557.7 nm dayglow

F. Culot, C. Lathuillère, and J. Lilensten
Laboratoire de Planétologie de Grenoble, Grenoble, France

Received 7 July 2004; revised 24 September 2004; accepted 9 November 2004; published 15 January 2005.

[1] The one-dimensional fluid/kinetic code TRANSCAR is used to simulate the effects of
geomagnetic activity on the atomic oxygen (3P-1D) red and (1D-1S) green thermospheric
dayglows at 630.0 and 557.7 nm, associated with the modification of the density
structure of the neutral atmosphere. It is found that when magnetic activity increases from
quiet to strong, the altitude of the peak of both emissions increases by <10%, the peak
intensity of the 557.7 nm thermospheric layer decreases by about 40%, and the peak
intensity of the 630.0 nm layer remains almost constant. The prevailing production and
quenching processes are reviewed and their variations are explained in terms of changes in
the ionospheric and thermospheric parameters which are induced by the rise of the
geomagnetic activity. Together with this model study a 4-year set of WINDII data is
analyzed. The measurements confirm the trends previously revealed by the TRANSCAR
model. No statistical variation of the 630.0 nm peak emission is seen, while the
anticorrelation between the 557.7 nm thermospheric peak intensity and the magnetic
activity is clearly found.
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J. Geophys. Res., 110, A01304, doi:10.1029/2004JA010667.

1. Introduction

[2] The mechanisms responsible for the perturbations
appearing in the Earth’s high atmosphere during an increase
of the geomagnetic activity are well understood today. At
high latitudes, energetic particle precipitations increase in
the auroral oval, and ionospheric currents intensify, result-
ing, among other things, in heating by Joule effect. In terms
of energy budget this second process is preponderant, the
energy supply by Joule heating being at least 2 times greater
than the energy supplied during particle precipitation [Ahn
et al., 1983; Knipp et al., 2004]. A detailed explanation of
the geomagnetic storm effects on the thermosphere can be
found in several papers [see, e.g., Burns et al., 1995; Fuller-
Rowell et al., 1997], and therefore the major processes that
drive changes in the upper atmospheric composition will not
be described again here.
[3] However, to summarize the expected changes, one

can say that the global disturbances of the thermosphere
during magnetically active conditions lead to the heating
and expansion of the thermosphere, bringing higher exo-
spheric temperatures and a larger total density. This has
been known for 3 decades [Taeusch et al., 1971] and has
been statistically described in empirical models [Jacchia,
1971; Barlier et al., 1978; Hedin, 1983].
[4] These modifications of the neutral atmosphere asso-

ciated with magnetic activity result in ionospheric changes.
At middle latitudes, negative storms prevail in the summer
(i.e., decrease in the peak electron density), and positive
storms prevail in the winter [Fuller-Rowell et al., 1996].

Development of empirical modeling of storm-time iono-
spheric response is under way [Araujo-Pradere et al., 2004].
[5] Ionospheric and thermospheric changes, associated

with magnetic activity, are expected to induce modifications
in the thermospheric dayglow. This is the case for the O I
557.7 nm thermospheric emission: Zhang and Shepherd
[2000] reported a severe depletion in the thermospheric
O(1S) dayglow during the 4–5 April 1993 storm, when Kp
reached values of nearly 8. Wiens et al. [2002] also reported
changes in the 557.7 nm daytime volume emission rate at
250 km during magnetically active conditions, but this work
was constrained to low latitudes at equinox.
[6] Our work aims to evaluate if the thermospheric

emissions, which represent tracers of the state of the
atmosphere, could be used to quantify the influence of
geomagnetic activity. It wants to give a global picture of
both the red and thermospheric green oxygen emission
answer to geomagnetic activity, apart from the effects of
precipitations at high latitudes, which will not be investi-
gated here. This study relies on the use of the TRANSCAR
model, which allows us to evaluate the emission variations
during magnetically active periods. These trends are then
compared with a 4-year set of WINDII measurements. Both
the modeling and the measurements analysis are limited to
low and middle latitudes in order to avoid the particle
precipitation influence.

2. TRANSCAR Modeling

2.1. Presentation and Conditions of Use

[7] The TRANSCAR model used in this study is a one-
dimensional time-dependent fluid model coupled to a ki-
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netic suprathermal electron transport model. A complete
description of TRANSCAR can be found in work by
Lilensten and Blelly [2002], including the mathematical
formulation, inputs, outputs, and limitations. This model,
which describes the ionosphere between 100 and 3000 km
altitude, has been extended to calculate the entire profile of
the 630.0 and 557.7 nm thermospheric dayglows. It has
already shown its ability to describe the high-latitude
dayglow [Witasse et al., 1999], and Culot et al. [2004]
showed that its use can be extended to midlatitudes and low
latitudes.
[8] The main inputs of TRANSCAR are the neutral

atmosphere, described by the Mass Spectrometer Incoherent
Scatter-90 (MSIS-90) empirical model [Hedin, 1991], and
the EUV solar spectrum, described by the EUVAC model
[Richards et al., 1994]. The solar activity index f10.7 is used
to specify the EUV spectrum. It is also an input to the
neutral atmosphere model. In addition, the daily Ap index or
the 3-hour indices ap are used in MSIS-90 for describing
the magnetic activity dependence of the neutral constituents
and temperature.
[9] For this study it was chosen to run the TRANSCAR

model in such conditions that the influence of the magnetic
activity would be clearly noticeable. For that purpose the
MSIS model was used first to select the period of year and
the location that would be favorable to such a study, that is,
for which the differences of the atmosphere parameters due
to magnetic activity would be as large as possible. We used
a solar flux index f10.7 equal to 150 (medium solar activity
conditions).
[10] Figure 1 shows the difference in exospheric temper-

ature between quiet and very strong magnetic activity. For
quiet conditions we run MSIS-90 with a daily Ap index

equal to 10 and for very disturbed conditions with an Ap
index of 200 (Araujo-Pradere et al. [2004] consider there to
be a magnetic storm when Ap > 150). The different latitudes
50�, 0�, and �50� are represented by a solid line, a dotted
line, and a dashed line, respectively. The temperature
perturbation is plotted versus the local time, and this run
was performed for the June solstice so that the summer
hemisphere is represented by the solid line, while the winter
hemisphere is represented by the dashed line. It is noticeable
that when approaching the equator, the temperature pertur-
bation diminishes. At greater latitudes the temperature
perturbation is more important in the summer hemisphere.
[11] In this study, it was chosen to perform the

TRANSCAR model runs at a latitude of 50� during the
June solstice, for f10.7 = 150, and with Ap = 10 and Ap =
200. Using two different Ap values in TRANSCAR induced
changes only in the density structure of the atmosphere,
while maintaining identical solar EUV ionizing radiation.
This procedure will therefore allow us to evaluate the
changes in the thermospheric dayglows due to magnetic
activity. However, it relies on the ability of the MSIS model
to correctly describe the magnetic activity neutral atmo-
sphere perturbations, and it is known that empirical models
most often underestimate these perturbations [see, e.g.,
Richards, 2002; Lathuillère and Menvielle, 2004]. This will
be kept in mind while comparing simulation results and
experimental data.

2.2. Results

2.2.1. Atomic Oxygen Red Emission
[12] Figure 2 shows the inputs and the results of

TRANSCAR runs related to the red line emission. On the
left side of Figure 2, from top to bottom, are shown the

Figure 1. MSIS-90 modeling of the exospheric temperature difference between Ap = 200 and Ap = 10
on the June solstice day. The different curves represent three different latitudes: 50� (solid line), 0�
(dotted line), and �50� (dashed line). These temperature differences are plotted versus local time.
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exospheric temperature, the concentration ratios (concen-
trations at Ap = 200 over concentrations at Ap = 10) for O
and O2, and the electron density at an altitude of 250 km.
These parameters are plotted versus the solar zenith angle
(SZA), which is one of the main parameters that influences
the intensity of the dayglow [see Culot et al., 2004]. On the
right side of Figure 2 are shown the red line peak intensity
(taken at the altitude of the maximum) and peak altitude,
together with the preponderant production processes at
SZA = 50�, the solar zenith angle for which the largest
changes are observed with respect to magnetic activity. The
solid lines represent parameters calculated with Ap = 10,
while the dashed lines stand for parameters calculated with
Ap = 200.
[13] In the top right plot of Figure 2 one can see that the

red line peak intensity remains almost identical when
changing from a weak to a strong magnetic activity. The
largest difference is noticeable around SZA = 50�, with an
emission intensity greater by about 5% when Ap = 200.
Concerning the maximum emission altitude (middle right
plot of Figure 2), when magnetic activity increases, the
emission gets higher by about 10%, whatever the SZA. A
closer look at the variations in production and loss processes
is needed to understand these trends. Regarding the pro-
duction processes, the bottom right plot of Figure 2 shows
the three main reactions responsible for the red line: the
dissociative recombination (in green) (O2

+ + eth ! O +
O(1D)), the photoelectron impacts on atomic oxygen (in
blue) (O + eph ! O(1D) +eph), and photodissociation of
molecular oxygen (in cyan) (O2+ hn ! O + O(1D)).
[14] Around the emission peak maximum the reaction

involving the photoelectron impacts has a volume emission
rate that remains almost constant but with a contribution
shifted by about 40 km upward. The dissociative recombi-
nation decreases below 270 km but increases above, and the
photodissociation increases whatever the altitude consid-
ered. The large increase in photodissociation of molecular
oxygen is due to the rise in O2 concentration, which is
multiplied by almost 4 at 250 km, as seen in the middle left
plot of Figure 2. On the other hand, the decrease in
dissociative recombination below 270 km is due to the
strong diminution of the electron concentration at these
altitudes (corresponding to negative storm conditions), as
shown in the bottom left plot of Figure 2 with a loss of more
than 60% for SZA smaller than 70�.
[15] At the peak altitude and below, quenching of the

O1D excited state with molecular nitrogen is the prevailing
deactivation process. The rise in N2 concentration (see the
middle left plot in Figure 2) will therefore induce an
increase in losses. This loss increase and the opposite
variations of the main production processes result in an
almost constant red line peak emission intensity, even
though the maximum emission altitude increases slightly
(by about 10%) mainly because of the upward shift of the
dissociative recombination and the reaction involving the
photoelectron impacts.
2.2.2. Atomic Oxygen Green Thermospheric Emission
[16] Figure 3 shows the results of TRANSCAR runs

related to the green line thermospheric emission. The bottom
plots indicate the green line volume emission rates (taken at
the altitude of the maximum), together with the preponder-
ant production processes, for SZA = 30� (left) and SZA =

70� (right). These production processes are as follows:
collisional deactivation of N2 (in cyan) (N2(A

3Su
+) + O! N2

+ O(1S)), the photoelectron impacts on atomic oxygen (in
blue) (O + eph ! O(1S) + eph), and the dissociative
recombination (in green) (O2

+ + eth ! O + O(1S)).
[17] The plots on the left side of Figure 3 show the

concentration ratios of the main concerned species ([O],
[N2], [N2]*, and Ne), in the same way as for the red
emission, but for an altitude of 150 km. Also shown are
the photoelectron profiles at an energy of 6 eV, which is the
energy needed to get the excitation of the N2 Vegard-Kaplan
band involved in the reaction of collisional deactivation
[Meier, 1991]. The plots on the right side of Figure 3
indicate the intensity and altitude of the green line thermo-
spheric peak.
[18] As for the O I 630.0 nm emission, the peak altitude

gets higher with the increase of the geomagnetic activity,
and this rise is also about 10%. Concerning the intensity of
the thermospheric peak, a strong decrease is noticeable,
which represents a loss of about 40% at all the different
SZAs.
[19] When looking at the production processes, one can

see that the collisional deactivation of N2 is the major
production process. Its decrease in intensity can be under-
stood when looking at the variation in N2(A

3Su
+) in the top

left plot of Figure 3: While the N2 concentration rises by a
factor of 1.5, the concentration in N2 excited state declines
significantly with the SZA. This excited state is produced
by photoelectron impacts, and it is shown in the middle left
plot of Figure 3 that their concentration becomes less
important when Ap increases, and then the impacts on N2

molecules become more sporadic.
[20] The second important reaction, which involves the

photoelectron impacts, also becomes weaker at low altitudes
with the rise of the magnetic activity, and this is once again
due to the decrease in photoelectron concentration below
200 km. When looking at higher altitudes, the contribution
of these two prevailing reactions increases because of the
rise in photoelectron flux above 200–240 km, depending on
the considered SZA (see the middle left plot of Figure 3).
This photoelectron flux acts directly on the reaction involv-
ing impacts on atomic oxygen and, as explained above, is
also responsible for the N2(A

3Su
+) concentration.

[21] The last reaction, namely, the dissociative recombi-
nation, sees its contribution diminishing because of the
decrease in electronic density, as shown in the top left plot
of Figure 3. Regarding the loss processes, since the radiative
lifetime of the O(1) state is only about 1 s, the collisional
deactivation can be neglected compared with emission.
[22] We have seen now that the three major production

reactions involved in the production of the 557.7 nm
thermospheric peak become weaker below about 200 km
and rise above when the geomagnetic activity increases. As
a result, the thermospheric peak intensity decreases also
when the geomagnetic activity becomes stronger, and the
emission altitude shifts upward by about 10%.

3. WINDII Measurements

3.1. Instrument

[23] The dayglow measurements are derived from the
WIND Imaging Interferometer (WINDII), which was
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Figure 2. TRANSCAR modeling of the atomic oxygen red line emission and related parameters for
quiet magnetic activity (solid lines) and strong magnetic activity (dashed lines). The top and middle plots
on the right show the emission at the peak of the layer and the peak altitude as a function of solar zenith
angle (SZA). The bottom right plot shows the three main reactions responsible for the 630.0 nm emission
(in red) for an SZA of 50�: the dissociative recombination (green), the photoelectron impacts on atomic
oxygen (blue), and the photodissociation of molecular oxygen (cyan). The three plots on the left show
(from top to bottom) the exospheric temperature, the ratio of the neutral densities for strong magnetic
activity to their values for quiet magnetic activity at 250 km altitude, and the electron densities at 250 km
altitude. See color version of this figure at back of this issue.
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Figure 3. TRANSCAR modeling of the atomic oxygen green line emission and related parameters for
quiet magnetic activity (solid lines) and strong magnetic activity (dashed lines). The top and middle panels
on the right show the emission at the peak of the layer and the peak altitude as a function of solar zenith angle
(SZA). The bottom plots show the three main reactions responsible for the 557.7 nm emission (in red) for
(left) an SZA of 30� and (right) an SZA of 70�: the collisional deactivation of N2 (cyan), the photoelectron
impacts on atomic oxygen (blue), and the dissociative recombination (green). The top left plot shows the
ratio of O, N2, and N2 excited state and electron densities for strong magnetic activity to their values for
quiet magnetic activity at 150 km altitude. The middle left plot shows the photoelectron flux at an energy of
6 eV for SZA = 30� and SZA = 70�. See color version of this figure at back of this issue.
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launched on 12 September 1991 on NASA’s UARS, a
satellite dedicated to upper atmosphere studies [Reber et
al., 1993]. The most detailed description of the instrument
can be found in work by Shepherd et al. [1993]. WINDII
allows us to obtain the volume emission rates of the O(1S),
O(1D), OH, and O2 lines, corresponding to an altitude
ranging from 80 to 300 km. Error bars on the volume
emission rates are about 1–10 photons cm�3 s�1.

3.2. Volume Emission Rates Obtained Using Zonal
Average

[24] In a previous paper [Culot et al., 2004], statistical
results obtained using zonally averaged WINDII data
showed the evolution of the oxygen emissions with the
solar flux. This previous study concerns quiet magnetic
days (Ap � 10). The same study is performed here but for
stronger magnetic activity.
3.2.1. Atomic Oxygen Red Emission
[25] Figure 4 shows the intensity and altitude of the

630.0 nm red line peak versus the Mg II proxy [Heath and
Schlesinger, 1986], which has been shown to better
characterize the solar activity effect on O1D as compared
with f10.7 [Culot et al., 2004]. The Mg II range (0.26–
0.28) used in Figure 4 corresponds to an f10.7 range going
from 70 to about 200. The black dots correspond to quiet
magnetic days, and this data set is identical to the one
previously published by Culot et al. [2004], while the
green data set corresponds to days for which Ap > 10.
[26] The two separated categories of magnetic activity do

not show clear discrepancies while looking at the intensity
and altitude of maximum emission, while we had a 10%
increase in altitude with TRANSCAR modeling. This is
not incompatible with the model results as long as the
WINDII data set for the red line is not large enough to
draw clear conclusions. However, this trend showing an
almost constant emission rate intensity is similar to the one
found by TRANSCAR for negative storm conditions (see
section 2.2.1).
3.2.2. Atomic Oxygen Green Thermospheric Emission
[27] No differences could be found on the oxygen red

emission, but on the other hand, variations can be found
when looking at Figure 5, which represents thermospheric
green line data. Again, the black dots correspond to the data
set previously published for which the magnetic activity
was quiet (Ap � 10), and the green data set stands for more
magnetically active conditions (Ap > 30), that is, about
30 days with 5 days around Ap � 200.
[28] At SZA = 30� (top plots in Figure 5) the small

number of available days is not sufficient to draw any
conclusion, and at 70� (bottom plots in Figure 5) the
differences between the two data sets are not visible,
which was expected when looking at the TRANSCAR
results in the top right plot of Figure 3. However, for
50� (middle plots in Figure 5), it is noticeable that the
peak emission intensity becomes weaker and the maxi-
mum emission altitude increases when magnetic activity
rises.
[29] We find again here the trends we had been able to

exhibit in section 2.2 using the TRANSCAR model, which
makes us believe that the variations induced by the rise in
magnetic activity were properly taken into account. To
make a quantitative comparison with TRANSCAR results,

a more precise study using green line data from each orbit,
and without any zonal averaging, was performed.

3.3. Green Line Trends

[30] A great variability is noticeable in the intensity and
altitude of the emissions when looking at the different
WINDII orbits, and using a zonal averaging smooths this
variability. Thus, to obtain a better quantification of the
influence of the magnetic activity on the intensity and
altitude of the green line thermospheric peak, data around
50� in latitude from each orbit were taken into account and
were analyzed as explained in this section. Three steps are
involved in this analysis: (1) subtraction of the solar flux
and SZA influence, (2) linking of each orbit and the
magnetic activity index, and (3) computation of the confi-
dence intervals.
[31] First, it was necessary to subtract the solar flux and

SZA influence. To do so, a linear regression was performed
on the green line data using the quiet magnetic days
obtained by Culot et al. [2004] and presented in Figure 5
as the red line. The obtained linear fits are as follows: for
SZA = 30�, hhmaxi = 17,915 � Mg II � 4102 and hZmaxi =
369 � Mg II � 43.8; for SZA = 50�, hhmaxi = 12610 �
Mg II � 2911 and hZmaxi = 687.2 � Mg II � 34.8; and
for SZA = 70�, hhmaxi = 6077 �Mg II � 1419 and hZmaxi =
826.1 � Mg II � 54.7. This regression was then subtracted
from the measurements done during geomagnetically
active days so that only the variations due to this
magnetic activity remain.
[32] The second step consisted of getting the magnetic

index Kp corresponding to the 3 hours preceding the
considered orbit. The Kp index follows a logarithmic scale,
and the conversion from Kp to Ap can be found in work by
Menvielle and Berthelier [1991]. To give an example, a Kp
of 2 is equal to an Ap of about 7, and a Kp of 8 is equal to an
Ap of about 200.
[33] The 3-hour magnetic index is a key input to specify

the geomagnetic activity, as exposed by Hedin [1983].
Moreover, Hecht et al. [1991] showed that the MSIS model
gives better results when used with a 3-hour magnetic index
because during storm periods, large changes occur over
short time periods, and these changes are best transcribed
with this proxy. Last, considering the previous 3-hour
period allows us to take into account the delay in the
thermospheric density and temperature response after a
heating event, as was chosen by Holt et al. [2002] in their
ionospheric model, as well as Lathuillère and Menvielle
[2004] in their study on characterizing geomagnetic activity
in subauroral regions. This time lag is also estimated by
Berger et al. [1998] to be between 3 hours at the poles and
6 hours at the equator, and thus the 3-hour delay corre-
sponds to the latitudes around 50� considered in this study.
[34] The last step in this analysis consisted of computing

the expected values with a 95% confidence interval, assum-
ing that the actual data statistical distribution can be
considered as a Student one. Large confidence intervals
correspond to situations for which few observations were
available.
[35] Figure 6 shows the obtained results for the intensity

of the thermospheric peak. One can notice a decrease in the
peak intensity with the increase in magnetic activity. This
decrease is roughly 40% when going from very weak
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Figure 4. WINDII measurements of the 630.0 nm volume emission rates (taken at the altitude of the
maximum) and peak altitudes from 1992 to 1995. The volume emission rate (h) is expressed in photons
cm�3 s�1, and the altitude Zmax is expressed in km. Data are plotted versus the Mg II proxy, and error bars
correspond to the standard deviation. The black data set corresponds to quiet geomagnetic days (Ap �
10), while the green data set corresponds to stronger geomagnetic activity (Ap > 10). See color version of
this figure at back of this issue.
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Figure 5. WINDII measurements of the thermospheric peak of the 557.7 nm emission from 1992 to
1995. The volume emission rate (h) is expressed in photons cm�3 s�1, and the altitude Zmax is expressed
in km. Data are plotted versus the Mg II proxy, and error bars correspond to the standard deviation. The
black data set corresponds to quiet geomagnetic days (Ap � 10), the red line being the related linear
regression, while the green data set corresponds to stronger geomagnetic activity (Ap > 30). See color
version of this figure at back of this issue.
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activity to Kp > 6. The same work was done on the emission
altitude, showing a small increase which did not exceed
10% and thus was not plotted here.
[36] TRANSCAR results exposed in section 2.2.2, and

corresponding to 50� in latitude, show a green line
thermospheric intensity decreasing by about 40% with
the increase in geomagnetic activity to an Ap of 200,
whatever the SZA considered. This 40% decrease in the
observed emissions is found for Kp = 6. This Kp of 6 is
equivalent to an Ap of about 90, which is smaller than the
Ap = 200 for which TRANSCAR was run. This is not
surprising because for strong magnetic conditions, neutral
atmosphere models are known to underestimate tempera-
ture [Lathuillère and Menvielle, 2004] and density pertur-
bations [Burns et al., 1991]. The fact that TRANSCAR is
able to reproduce these trends observed during magnetic
storms indicates that this model represents a useful tool
to study the high-atmosphere response to geomagnetic
activity, which is important for space weather users.

4. Summary and Conclusion

[37] In summarizing the behavior of the atomic oxygen
emissions with regard to the geomagnetic activity, there are
two estimations of this parameter’s influence:
[38] 1. The influence of geomagnetic activity is notice-

able on the altitude and intensity of the oxygen green line
thermospheric peak, while it has very little effect on the
oxygen red line.
[39] 2. When the magnetic index Kp increases from 0 to

>6, the intensity of the green line thermospheric peak
decreases by about 40%, and the emission altitude increases
by <10%. This behavior is mainly caused by the diminution
of the production process involving the collisional deacti-
vation of N2(A

3Su
+).

[40] This behavior related to the geomagnetic activity is
appropriately estimated by our one-dimensional fluid/kinetic
model TRANSCAR. This work takes place in the frame of
space weather research. One issue of space weather is to
monitor the thermosphere in order to ameliorate satellite
drag models and forecasts. A possible way to do so is to use

the emission lines of the thermosphere, especially the two of
interest in this study, namely, the red and green ones, since
they are among the most intense. From this study it turns out
that the intensity of the green line thermospheric peak could
be a good candidate as a thermosphere proxy, but the red line
can hardly be used for this purpose. In the near future we
will explore how the information given by the green line can
be used along with the total electron content values from
global positioning systems in order to monitor the coupled
ionosphere-thermosphere system.

[41] Acknowledgments. ArthurRichmond thanksDirk Lummerzheim
and Jonathan Makela for their assistance in evaluating this paper.
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Figure 2. TRANSCAR modeling of the atomic oxygen red line emission and related parameters for
quiet magnetic activity (solid lines) and strong magnetic activity (dashed lines). The top and middle plots
on the right show the emission at the peak of the layer and the peak altitude as a function of solar zenith
angle (SZA). The bottom right plot shows the three main reactions responsible for the 630.0 nm emission
(in red) for an SZA of 50�: the dissociative recombination (green), the photoelectron impacts on atomic
oxygen (blue), and the photodissociation of molecular oxygen (cyan). The three plots on the left show
(from top to bottom) the exospheric temperature, the ratio of the neutral densities for strong magnetic
activity to their values for quiet magnetic activity at 250 km altitude, and the electron densities at 250 km
altitude.
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Figure 3. TRANSCAR modeling of the atomic oxygen green line emission and related parameters for
quiet magnetic activity (solid lines) and strong magnetic activity (dashed lines). The top and middle
panels on the right show the emission at the peak of the layer and the peak altitude as a function of solar
zenith angle (SZA). The bottom plots show the three main reactions responsible for the 557.7 nm
emission (in red) for (left) an SZA of 30� and (right) an SZA of 70�: the collisional deactivation of N2

(cyan), the photoelectron impacts on atomic oxygen (blue), and the dissociative recombination (green).
The top left plot shows the ratio of O, N2, and N2 excited state and electron densities for strong magnetic
activity to their values for quiet magnetic activity at 150 km altitude. The middle left plot shows the
photoelectron flux at an energy of 6 eV for SZA = 30� and SZA = 70�.
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Figure 4. WINDII measurements of the 630.0 nm volume emission rates (taken at the altitude of the
maximum) and peak altitudes from 1992 to 1995. The volume emission rate (h) is expressed in photons
cm�3 s�1, and the altitude Zmax is expressed in km. Data are plotted versus the Mg II proxy, and error bars
correspond to the standard deviation. The black data set corresponds to quiet geomagnetic days (Ap �
10), while the green data set corresponds to stronger geomagnetic activity (Ap > 10).
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Figure 5. WINDII measurements of the thermospheric peak of the 557.7 nm emission from 1992 to
1995. The volume emission rate (h) is expressed in photons cm�3 s�1, and the altitude Zmax is expressed
in km. Data are plotted versus the Mg II proxy, and error bars correspond to the standard deviation. The
black data set corresponds to quiet geomagnetic days (Ap � 10), the red line being the related linear
regression, while the green data set corresponds to stronger geomagnetic activity (Ap > 30).
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