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Abstract: Traveling planetary waves, such as the quasi-two-day wave (QTDW), are one essential element of the mesosphere and lower thermosphere dynamics. These planetary waves have been observed to cause 
strong ionospheric day-to-day variations. We have understood that the QTDW can impact the thermosphere and ionosphere either by directly penetrating into the lower thermosphere and modulating E-region 
dynamo in a period of about 2-days, or by enhancing mixing and decreasing thermosphere O/N2 and in ionospheric electron density. In this work, we introduce the third mechanism of how the QTDW impacts the 
ionosphere, the QTDW-tidal interactions occurring in the mesosphere and lower thermosphere (MLT). We employ the NCAR TIME-GCM to simulate the interaction between the QTDW and tides, and the impact 
of this interaction on the ionospheric E-region dynamo, equatorial fountain effect, and F-region plasma density. We find that the tidal amplitudes and phases are dramatically altered during strong QTDW events 
during post-solstice. In particular, the amplitudes of the migrating tides can decrease as much as 20-30%. The changed tides result in different dynamo electric field, vertical ion drift, and thus different diurnal and 
semidiurnal cycles in F-region electron density.  

The QTDW couples the MLT and ionosphere/
thermosphere together in three mechanisms  

Numerical experiments using TIME-GCM: 
•  A pair of runs with and without QTDW forcing at the lower model boundary ~30 

km. 
•  Runs with and without migrating diurnal and semidurnal tides 
•  The differences in zonal mean fields are caused by the QTDW. 

•  Under solar minimum and geomagnetic quiet condition. 
•  Resolution: 2.5 degrees in longitude and latitude, 4 grid points per scale height. 

•  Migrating tides specified by GSWM outputs at the low boundary. 
•  No nonmigrating tides or other planetary waves. 

•  Perpetual run in the state of January 15 when peak QTDWs were observed. 

 

 

1. Modulating the Ionopsheric Euatorial Anomaly and 
fountain effect via modulaing the E-region wind 
dynamo in a period of two days [Yue et al., 2012]  

Changes of tidal amplitude caused by the QTDW 

Chang et al. [2011] 

!

Changes in TEC at 15E 

Summary 
Along with the two 

direct mechanisms for 
the QTDW to influence 

the ionosphere and 
thermosphere, the 

third way is indirect: by 
changing the tides 

through tidal-QTDW 
interactions, then 

modulating the O/N2 
and TEC.   

Changes in O/N2 at 15E 
Background wind 

changes due to 
QTDW forcing 

Diurnal and semidiurnal tidal 
amplitudes increase or decrease 

Tidal phase shifted 
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2. Decreasing overall O/N2 and TEC via QTDW 
dissipation induced residual circulation and enhanced 

mixing [Yue et al., 2014]  

negligible here. The QTDW itself present in the E region
modulates the neutral wind dynamo effect.
[10] Figure 2 shows the W3 QTDW in zonal and meridi-

onal winds as a function of model day and latitude at 105 km
near the peak of the ionospheric Hall conductivity. The peak
QTDW response occurs around model day 25 after the
QTDW forcing is gradually ramped down at the lower
boundary. An enhanced QTDW in zonal wind of 22 m/s on
days 21–28 can be found at !60S. Another QTDW peak in
zonal wind of 8 m/s is around days 18–30 at low latitudes.
The QTDW in meridional wind has a peak of 45 m/s near
day 27 at 10S and a secondary peak of 30 m/s at 60S. The
dissipation of the QTDW can certainly accelerate the mean
westward background wind [Yue et al., 2012], but this does
not have a period of two days. The QTDW wind super-
imposed on the background wind field in the E region causes
additional plasma motion across the magnetic field lines
with a period of two days. This modifies the E region
dynamo electric field in a period of 2 days and with a wave
number of 3.
[11] Figure 3 displays the 2-day and wave number-3

oscillation of the electric potential F at 120 km from the
control run. As with the case of neutral wind and tempera-
ture fields, there is no QTDO signature in the dynamo
electric field in the base run. Two peaks of 240–280 V can

be found near magnetic latitude (Mlat) 40S and 40N
between days 22 and 27. This corresponds well to the large
QTDW zonal and meridional winds at southern midlatitudes
(!60S). The QTDW of the winds at southern midlatitudes

Figure 3. The QTD oscillation (QTDO) of the electric
potential (V) in zonal wave number 3 at 120 km. The con-
tour interval is 20 V.

Figure 2. The QTDW in (top) zonal and (bottom) meridional wind as a function of model day and
latitude at the height of 105 km. The interval for the zonal wind component is 2 m/s and 5 m/s for
the meridional component. The color scales are different on top and bottom panels.
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QTDW amplitude 
in zonal wind 

QTDO in 
electrical field 

modulates the background wind field and sets up the 2-day
oscillation of the electric potential in the E region. Since the
ionospheric conductivity is higher and the geomagnetic field
strength is weaker at low latitudes, the peak of the QTDO of
electric potential shifts equatorward from the QTDW wind
peak at Mlat 60S and occurs at a lower latitude of about Mlat
40S. The detailed electrodynamics responsible for this peak
shift from the QTDW wind to the QTDO electric potential
will be further investigated in future work. Both the QTDW
in zonal and meridional wind contribute significantly to the
QTDO of the electric field at southern midlatitudes. The
TIME-GCM assumes that the electric field is electrostatic,
and that the magnetic field lines are equipotential between
conjugate points at the base of the ionosphere at middle and
low latitudes, because of the high conductivity along mag-
netic field lines. Thus, the QTDO in electric potential gen-
erated in the southern hemisphere is mapped into the
northern hemisphere, as shown in Figure 3. Slight differ-
ences of the amplitude between the two hemispheres (280 V
and 240 V) can be attributed to the conversion between
geomagnetic and geographic coordinates and the least
square fitting, and they are physically insignificant. Fur-
thermore, the QTDW of the zonal wind in the tropics (see
Figure 2) contributes little to the QTDO in electric potential
at geomagnetically low latitudes (40–60 V). To understand
this, we point out that significant potential differences are
built up by the dynamo in those regions where winds gen-
erate electric fields over large distances perpendicular to the
geomagnetic field. Near the magnetic equator the field lines
are nearly horizontal, and the electric field produced by the
zonal wind is nearly vertical, but the electric field exists only
over a limited vertical distance, on the order of 100 km, on
those geomagnetic field lines that have a significant zonal
wind somewhere along them. The integral of this electric
field across the geomagnetic field lines (i.e., the potential
difference) is therefore relatively small, in comparison with
midlatitudes, where the zonal and meridional wind are active
over a distance perpendicular to the geomagnetic field on the
order of 1000 km. Therefore, the QTDO of the electric
potential at midlatitudes is much greater than that near the
magnetic equator. The electric field is calculated from ~E ¼
"rF. Figure 4 gives the resultant QTDO of the electric field

in the magnetic zonal direction, Ex, as a function of day and
geomagnetic latitude at 120 km. The strongest QTDO in Ex
of 0.18 mV/m is near #50 Mlat. We also note that a small
QTDO of Ex of 0.02 mV/m is found near the magnetic
equator. The QTDO of the electric field at the dip equator
is unlikely locally generated, but is transmitted from the
midlatitudes. The midlatitude electric fields spread out from
their source region in all directions and reach the dip
equator, but the spreading in latitude is attenuated rapidly
with increasing zonal wave numbers (wave number 3 for
the QTDW) [Gagnepain et al., 1976]. Therefore, the QTDO
of the electric field near the equator is of minor significance
to drive the oscillation of the fountain effect.
[12] The QTDO of the electric fields in the E region is

transmitted along the magnetic field lines to the F region and
leads to the QTDO of the vertical ion drift. The resultant
vertical component of the QTDO of E $ B/B2 at 300 km is
shown in Figure 5. Compared to Figure 4 in which the zonal
electric field QTDO is shown to peak slightly poleward of
40%, the peaks of the strongest ion drift (&1 m/s) are shifted
equatorward to #25 Mlat. This is due to the magnetic dip
angle effect as well as the decrease of the magnetic field
strength toward the magnetic equator. The vertical ion E$ B
drift depends on the horizontal component of B. At high
latitudes, the magnetic field is nearly vertical and over the
magnetic dip equator, the magnetic field is horizontal.
Unlike the electric fields, the QTDO of the vertical ion drift
is significant near the magnetic equator (0.9 m/s) and has a
small latitudinal variation between #40 Mlat. Its phase in
Figure 5b is relatively invariant (20 to 28 h) between days 15
and 30 at mid and low latitudes. Again, a slight interhemi-
spheric asymmetry in the vertical ion drift is due to the
coordination conversion and least square fitting and is not
physically important.
[13] The QTDO of the vertical ion drift near the dip

equator leads to the 2-day oscillation of the fountain effect as
Chen [1992] suggested. This can be observed as a QTDO of
the Total Electron Content (TEC) in Figure 6. A strong
QTDO in TEC of 0.3 TECU can be seen between days 20
and 27 near Mlat 25N. A weaker QTDO in TEC of about
0.1 TECU occurs near Mlat 25S. The large interhemispheric
asymmetry between the two peaks of the QTDO in TEC is
evidently not the result of interhemispheric differences in
the QTDO of the electric field and vertical ion drift, which
are relatively small. This hemispheric difference of QTDO
in TEC is related to the interhemispheric difference of the
background ionospheric/thermospheric density and thus
molecular recombination rate during the solstice. It is also
related to the scale height differences between the summer
and winter ionospheres (with the winter scale height being
smaller) such that the winter hemisphere ionosphere has a
stronger response to electric field perturbations than the
summer ionosphere does [Lei et al., 2008;Wang et al., 2010].
A third QTDO peak of 0.2 TECU is near the dip equator.
The phase (Figure 6b) of the peak at the magnetic equator
(40–48 h indicated by orange and red color) is approximately
24 h off from the phases of peaks at #25 Mlat (20–24 h,
green area), which agrees well with the observational results
in Chen [1992]. Note that the TEC peaks at #25 Mlat are in
phase with the vertical ion drift in Figure 5 and the peak at
the dip equator is out of phase with the vertical ion drift. This
is typical for the fountain effect. During the eastward phase

Figure 4. The QTDO of electrical field in zonal direction
(mV/m) at 120 km. The contour interval is 0.02 mV/m.
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upward phase of the 2-day vertical ion drift perturbation,
more plasma is lifted up at and transported away from
the dip equator. Thus maxima of the TEC are formed at
!25 Mlat and the minimum occurs at the dip equator.
During the westward phase of the 2-day electric field and the
downward phase of the 2-day vertical ion drift, less plasma
is lifted up at and transported away from the dip equator.
Thus a maximum of TEC is formed at the magnetic equator.
This is similar to the way that the lunar tide modulates the
EIA [Stening et al., 1999, Figure 6].
[14] More importantly, the strong QTDO of the vertical

ion updraft at midlatitudes ("1 m/s) in Figure 5 also
enhances the local QTDO of the TEC at midlatitudes. This is
supported by the fact that the QTDO of the TEC and the
vertical ion drift are in phase (0–4 h difference) at midlati-
tudes. As a result, the 2-day TEC oscillation is not just
limited to the EIA region, but extends to !40 Mlat. This in
some degree agrees with the QTDO of foF2 at various

latitudes (#50$ to 50$) observed from ionosonde data
[Forbes and Zhang, 1997]. This QTDO induced three-peak
latitudinal structure is consistent with that from the Global
Ionosphere Map (GIM) observation reported by Chang et al.
[2011b, Figure 3d] during a strong QTDW event, between
UT days 55 and 60. However, their strongest peak was
located in the southern hemisphere, rather than in the
northern hemisphere as the TIME-GCM predicted. Further
model simulations and more observations are needed to fully
understand the hemispheric response to the QTDW.
[15] It is worth emphasizing here that the mechanism for

the QTDO signature in TEC seen in model simulations is
driven by a global scale perturbation of the neutral wind
dynamo field, including that at low and mid latitudes. The
QTDW produces the midlatitude QTDO in E region electric
fields and vertical ion drift, as clearly shown in Figures 4
and 5. The vertical ion drift at low latitudes has local influ-
ence on the fountain effect and EIA. However, the fountain
effect is limited to the equatorial and relatively low magnetic

Figure 5. (a) Amplitude (m/s) and (b) phase (UT hour) of the QTDO of the vertical ion drift in the
F region. The phase is defined as the UT when the maximum amplitude is obtained. The interval is 0.1 m/s
and 4 h, respectively.
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latitude regions and peaks at !15 Mlat [Chen, 1992]. The
midlatitude QTDO in vertical ion drift contributes substan-
tially to the TEC QTDO beyond !15 Mlat. This well
explains why the QTDO of foF2 can be observed at mid and
high latitudes [Forbes and Zhang, 1997].

4. Discussions and Conclusions

[16] For the first time, the modulation of the global neutral
wind dynamo and the F region ionosphere by the QTDW is
demonstrated, confirmed and clarified in this work using the
TIME-GCM simulation results, following the suggestions by
previous observational work [Altadill and Apostolov, 1998;
Altadill et al., 2001; Apostolov et al., 1995; Laštovička, 2006;
Pancheva et al., 1994, 2006]. The resultant QTDO structures
in the modeled TEC are consistent with global ground-based
ionosonde observations [Forbes and Zhang, 1997; Chang
et al., 2011b]. Since the thermospheric background west-
ward wind is overestimated in the TIME-GCM, a critical
layer is formed and the upward penetration of the QTDW
beyond 120 km is blocked [Yue et al., 2012]. With a more
realistic lower thermospheric wind, the QTDW zonal wind
will have larger magnitude in the tropical E region and the

contributions of the QTDW to the F region ionosphere can
be larger. Note that Chang et al. [2011b] observed a maxi-
mum QTDO of 0.5 TECU in TEC, while a peak QTDO of
0.3 TECU is simulated here using the TIME-GCM. We can
see that the QTDW peak of the temperature in the TIME-
GCM (10 K) is smaller than the W3 QTDW of 18K
observed in Chang et al. [2011b] using the SABER data.
Therefore, the magnitude of the QTDO in TEC is consistent
between the model and the observation result in Chang et al.
[2011b]. On the other hand, a two-day oscillation of as large
as 10 TECU is reported in Chen [1992] at the crest of the
EIA. Following Yue et al. [2012], the structure of the QTDW
in the lower thermosphere largely follows the (3,0) Rossby
normal mode; the QTDW in zonal wind has two peaks at
midlatitudes with a stronger peak in the southern hemi-
sphere. Even though the QTDW of the zonal wind in the
tropical lower thermosphere is underestimated in the TIME-
GCM by a factor of two at most, a QTDO of 10 TECU
seems too large to be reproduced in the current model.
[17] To summarize, the major and novel findings in this

paper involve the QTDW modulation of the neutral wind
dynamo at midlatitudes and the mapping of the resultant
QTDO of electric fields between two hemispheres. Both the

Figure 6. (a) Amplitude (TECU) and (b) phase (UT hour) of the QTDO of TEC as a function of day and
latitude. The contour interval is 0.02 TECU and 4 h, respectively. The color scale for the amplitude and
phase is 0–0.3 TECU and 0 to 48 h.
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the altered dissipations of tides and gravity waves can also contribute to the overall mean wind changes in the
lower thermosphere. The overall change inmeanwinds leads to changes in the thermospheric composition.We
consider the net mean wind changes caused by the QTDW forcing at the model’s lower boundary, whether

these changes are directly driven by
the QTDW dissipation or not.

Combining the QTDW-induced
meridional and vertical winds, a
characteristic circulation pattern is
formed in the lower thermosphere, as
shown in Figure 3. This circulation
pattern is found by taking the 2-D
(meridional and vertical) winds and
subtracting the winds of the base run
from those of the QTDW run. A strong
equator-to-pole circulation cell is
evident in the southern lower
thermosphere. This circulation pattern
is superposed onto the interhemispheric
general circulation of the thermosphere
caused by the asymmetric solar
heating [Fuller-Rowell, 1998]. In the
present work, we investigate the

5 m/s

20 cm/s

Figure 3. Mean circulation (vector wind) induced by the QTDW combined
with meridional wind in m s!1 and vertical wind in cm s!1. The scale of
the vector is marked at the upper right corner.

(a) Zonal wind (b) Meridional wind

(c) Vertical wind (d) Divergence of meridional wind

m/s

cm/s m/s/km

m/s

Figure 2. Differences between the QTDW and base runs for the zonal mean (a) zonal, (b) meridional, and (c) vertical
winds as well as the difference between the QTDW and the base runs for the latitudinal (d) divergence of the meri-
dional wind. The contour intervals for the zonal, meridional, and vertical winds are 5m s!1, 2m s!1, and 1 cm s!1,
respectively. The contour interval for the meridional wind divergence is 0.1m s!1 km!1. Dashed lines denote negative
values. Positive values in Figures 2a–2d denote the eastward wind, northward wind, upward wind, and the divergence
of the meridional wind, respectively.
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Residual circulation 
and mixing 

(a) Temperature (b) O

(c) O2 (d) N2

% %

% %

Figure 4. Percentage changes of (a) mean temperature, as well as (b) O, (c) O2, and (d) N2 mixing ratios caused by the
QTDW dissipation. The contour interval for the temperature is 1% and for the compositions 2%. Positive values denote
increases in temperature and mass mixing ratios. The heavy black line denotes hmF2 as a function of latitude.

(c) O/N2 and electron density at 120 km (d) O/N2 and electron density at 300 km

% %

Figure 5. Percentage changes of zonal daily mean (a) O/N2 ratio and (b) electron density with the QTDW forcing. The
contour interval is 4%. Line plots of percentage changes of zonal daily mean O/N2 ratio and electron density at (c)
120 km and (d) 300 km. The dashed line denotes electron density, and the solid line denotes O/N2. The heavy black line
denotes hmF2 as a function of latitude.
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3. The third mechanism: changes of tides through tidal-
QTDW interactions, then the thermosphre and 

ionosphere are altered with different tides 
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they vary with time and external forcings. Several new scientific outcomes of the latest limb database
include delineation of long-term trends in the solar EUV energy flux as well as seasonal and temporal
variability of thermospheric density, composition, and temperature.

2. GUVI Instrument and Operations
2.1. Overview

The TIMED satellite was launched on 7 December 2001 into a near-circular (621 km apogee and 644km
perigee), 74.1° inclination orbit. Aboard is the GUVI instrument, an FUV spectroradiometer that measures the
terrestrial dayglow from 120 to 180nm divided into 176 spectral pixels [Christensen et al., 2003]. The instrument
is a Roland circle mount with an f/3, 0.125m focal length, concave, spherical toroidal holographic grating
ruled at 1200 grooves/mm. A brief summary of the GUVI instrument characteristics is given in Table 1, which
reflects updates described in this paper. The entrance aperture consists of a slit of effective dimension
0.8°× 11.2° that is subdivided into 14pixels, each of which records all 176 spectral pixels simultaneously.
Christensen et al. [1994], Humm et al. [1998, 1999], Paxton et al. [1999, 2004], and the GUVI website (see
Acknowledgments) provide additional details about the GUVI instrument, its operations, and data products.

From launch in 2001 until December 2007, the principal GUVI measurement mode consisted of imaging the
FUV dayglow from both the Earth limb and disk. Every 15 s, a scan mirror swept the 14pixel fields of view
from~500 km tangent height (defined as altitude of closest approach to the Earth surface along the instrument
line of sight) downward by 80° to nadir (0°) and across the disk by another 60° toward, but not up to the opposite
limb. Figure 1 illustrates the scan geometry (adapted from Christensen et al. [2003]). The 14 linear pixels are
oriented perpendicular to the scan motion. Light from each pixel is dispersed by the grating to form a spectrum
on the detector focal plane. Mirror steps on the limb were incremented by 0.4° every 0.068 s, but data were
only taken for half the time to allow for damping of the mirror motion. This procedure resulted in 32 limb
samples between about 510 and 110 kmon the limb. On the disk, themirror steps were the same angular size as
the limb steps, but incremented twice every 0.068 s. Disk data were taken 0.064 s of the 0.068 s interval. This
resulted in 159 samples taken on the disk. Christensen et al. [2003] describe other less frequent observingmodes.

Since December 2007 when the scan mirror failed after ~10 million scans, GUVI only operates in the spectral
stare mode at about 47° from nadir. In this mode, data are recorded continuously from all 176 spectral pixels

Figure 1. Illustration of GUVI nadir and limb view directions. The 14 spatial imaging pixels across the entrance slit each
generate a spectrum on the detector focal plane. The scan mirror sweeps the slit across the limb and disk. There are 32
slit positions in a limb scan between approximately 510 and 110 km, and 159 samples on the disk, for a total of 191 angular
slit positions in a complete cross-track scan. The upper right insert shows a typical GUVI spectrum averaged over the central
five pixels for Day 274 of 2002. The blue shading identifies GUVI’s five spectral bands or colors.

Earth and Space Science 10.1002/2014EA000035
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GUVI nadir and limb view schematics. The 14 spatial imaging pixels across the 
entrance slit each generate a spectrum on the detector focal plane. The scan 
mirror sweeps the slit across the limb and disc. There are 32 slit positions in a 
limb scan between approximately 510 and 110 km, and 159 samples on the 
disk, for a total of 191 angular slit positions in a complete cross-track scan 
[Meier et al., 2015].   



GUVI DISC O/N2 (Qian et al., 2009)

neutral density—upwelling associated with heating results in
reduced O/N2. Globally, the large-scale circulation transports
energy and mass between the summer hemisphere and the
winter hemisphere and result in large latitude dependence in
temperature and O/N2. However, much of the effect on
neutral density is canceled in the global mean sense: areas
of upwelling compensate for areas of downwelling. Unlike
the large-scale circulation, the effect of eddy diffusion on
temperature compounds the effect of eddy diffusion on
composition in changing neutral density as increased eddy
diffusivity reduces both O/N2 and temperature, and thus
neutral density.

6. Results

[34] TIE-GCM simulations using the modified eddy dif-
fusion coefficient shown in Figure 6 were compared to
satellite drag data and to TIMED/GUVI composition data.
Example global density maps representative of these simu-
lations are shown in Figure 8 for 4 days during 2006, rep-
resentative of the two solstice periods and the two equinox
periods. 2006was a fairly quiet year near solar minimum, and
there was no significant geomagnetic activity during the three
days prior to and including the example days, so that the
seasonal effects are isolated. The solstice-to-equinox change
in overall density and its morphology is clear, as is the large
difference between southern summer solstice and northern
summer solstice. In Figure 9, a comparison between the
model simulation of O/N2 column density and data from

TIMED/GUVI is shown for these same 4 days. In this case,
the model is sampled at constant local solar time over the
course of the day, so as to approximate the satellite observa-
tional pattern. GUVI performs this measurement over sunlit,
non-auroral regions, so the latitude sampling is incomplete,
but the comparison for the latitudes shown at the selected
solar times is reasonable.
[35] Figure 10a shows the ratios of the TIE-GCM neutral

density to satellite drag derived density. The ratios are
average ratio for the five satellites. The results demonstrate
consistent improvement in annual/semiannual density vari-
ation, especially during the July minima, for all the years.
Figure 10b compares TIE-GCM O/N2 to TIMED/GUVI
O/N2 measurements in the same manner as Figure 3. Impo-
sition of an annual/semiannual variation of eddy diffusion
causes the TIE-GCM O/N2 to exhibit an annual/semiannual
pattern that is more consistent with TIMED/GUVI observa-
tion, similar to the case for the neutral density. Since the
satellite drag measurements were used to derive annual
variation of the eddy diffusion coefficient, the improvement
in agreement with density is expected; the similar improve-
ment with composition measurements implies support for
this adjustment, and support for the suggestion that compo-
sition change is the primary mechanism.
[36] Some discrepancies remain between model simula-

tions and observations. The annual eddy diffusion function
employed is constant from year to year, representing essen-
tially an annual average, but there are clearly interannual
variations in the data. The observed O/N2 has a strong

Figure 10. (top) Ratios of neutral density simulated by the TIE-GCM to satellite drag measurements.
The average density ratio for the five satellites (see Figure 2) is plotted. (blue) TIE-GCM simulation using
constant eddy diffusion at the lower boundary. (red) TIE-GCM simulation using the variation of eddy
diffusion at the lower boundary shown in Figure 6. (bottom) Column number density ratio O/N2 as
described in Figure 3. (black) TIMED/GUVI measurements; (blue) TIE-GCM simulation using constant
eddy diffusion at the lower boundary; (red) TIE-GCM simulation using the variation of eddy diffusion at
the lower boundary shown in Figure 6.
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GUVI limb data (2002-2007) is daytime only
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Data distribution vary from month to month
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Impact of incomplete GUVI local time/latitude
tested with MSIS global mean outputs

The sampling does not change the main patterns  
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GUVI O in the lower thermosphere and 
upper thermosphere
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• At midlatitudes, the amplitude of annual 
variation decreases with solar cycle

• Semiannual variation is more important at 
low latitudes.

• No apparent O trend in the lower 
thermosphere

• Upper thermosphere O density increases 
with declining solar activity, following ideal 
gas law 



GUVI N2 in the lower thermosphere and upper 
thermosphere

Both lower and upper thermosphere N2 density 
shows a negative correlation with solar cycle.
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GUVI O2 in the lower thermosphere and 
upper thermosphere
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GUVI ∑O/N2 variations from 2002 to 2008 
(adapted from Zhang and Paxton [2011]).



• O/N2 in the upper thermosphere shows a strong 
annual variation with maximum in January and 
minimum in July, and the annual variation phases 
follow those in the lower thermosphere.

• The annual variation amplitude of O/N2 is stronger 
near solar maximum than solar minimum, 
following the annual variation amplitude of O 

• global O/N2 decreases with the declining solar 
phase from 2003 to 2007. This can be explained 
by the species dependent vertical density 
gradients: heavy species change more than light 
species [Burns et al., 2015]. The decrease of N2
density with solar flux at a constant pressure is 
larger than that in O. N2 is heavier than O, thus 
responding stronger to varying temperature. 



Vertical profiles of GUVI limb composition
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Conclusions
• GUVI	limb	column	composition	data	is	a	useful	dataset.	
Could	be	available	from	ICON.

• O	and	O/N2	in	the	lower	thermosphere	show	a	strong	
annual	variation	at	mid	latitudes	and	a	clear	
semiannual	variation	at	lower	latitudes.	

• global	mean	GUVI	O/N2 shows	the	well-known	annual	
variation,	with	slightly	larger	values	in	January	than	in	
July,	and	a	semiannual	variation	with	O/N2 greater	
during	equinoxes	than	at	the	solstices.

• O	and	N2 densities	on	fixed	pressure	levels	in	the	upper	
thermosphere	are	anti-correlated	with	solar	flux,	and	
O/N2 follows	the	solar	cycle.


