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Abstract. This paper investigates the latest version 1.07
SABER (Sounding of the Atmosphere using Broadband
Emission Radiometry) tropical ozone from the 1.27 µm as
well as from the 9.6 µm retrieval and temperature data with
respect to day time variations in the upper mesosphere. The
processes involved are compared to day time variations of the
three-dimensional general circulation and chemistry model
HAMMONIA (Hamburg Model of the Neutral and Ionized
Atmosphere). The results show a good qualitative agreement for ozone. The amplitude of daytime variations is in
both cases approximately 60% of the daytime mean. During equinox the daytime maximum ozone abundance is for
both, the observations and the model, higher than during solstice, especially above 0.01 hPa (approx. 80 km). The influence of tidal signatures either directly in ozone or indirectly
via a temperature response above 0.01 hPa can not be fully
eliminated. Below 0.01 hPa (photo-)chemistry is the main
driver for variations. We also use the HAMMONIA output of daytime variation patterns of several other different
trace gas species, e.g., water vapor and atomic oxygen, to
discuss the daytime pattern in ozone. In contrast to ozone,
temperature data show little daytime variations between 65
and 90 km and their amplitudes are on the order of less than
1.5%. In addition, SABER and HAMMONIA temperatures
show significant differences above 80 km.
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1

Introduction

The sun influences the thermal structure, dynamics, and
chemistry of the Earth’s middle atmosphere. If ultraviolet
(UV) radiation levels alter, middle atmospheric ozone is affected as well as other trace gases formed by photolysis from
a direct radiation effect and due to a dynamical response
to solar variability (indirect effect). In particular, the response of ozone above 60 km to variations in UV radiation
is not well established. In comparison with the 27-day solar rotation signal (e.g., Chen et al., 1997; Hood and Zhou,
1998; Ruzmaikin et al., 2007; Gruzdev et al., 2009; Dikty et
al., 2010) and the 11-year solar cycle response (e.g., Haigh,
2003; Hood, 2004; Crooks and Gray, 2005; Soukharev and
Hood, 2006; Marsh et al., 2007) in the middle atmosphere,
the daytime variation of UV radiation inflicts a by far greater
response in mesospheric ozone.
In the following we will refer to “daytime” variations as to
(ozone and temperature) variations between sunrise and sunset, i.e. in the tropics approx. between 06:00 h and 18:00 h
solar local time. The daytime patterns will be the main focus
of this paper. The term “diurnal” will be reserved for variations on the 24 h time scale. The amplitude of daytime ozone
variations in the upper mesosphere from sunrise to sunset is
about 60% of the daytime mean with extreme ozone values
between 0.01 to 0.4 ppm at 77.5 km and 0.1 to more than
1 ppm for altitudes 85 km and above.
In this study we use version 1.07 SABER ozone and temperature vertical profiles from 2003 to 2006 to derive daytime
variations in the tropical upper mesosphere and to compare
them with the output of the HAMMONIA model and to previous studies. In addition, version 1.07 SABER ozone data
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are compared to the previous version 1.06 data that was used
in Huang et al. (2008a), especially since the ozone retrieval
at 1.27 µm was updated with respect to non-LTE processes,
and the 9.6 µm ozone retrieval was improved by reducing the
physical quenching rates of the ozone vibrational levels by
a factor of 3. In addition to Huang et al. (2008a), we also
include SABER temperature data in our analysis and discuss
our results with respect to the chemistry responsible for the
daytime pattern from HAMMONIA ozone, temperature, and
other trace gases. Another focus of this paper is the introduction to the relatively easy method of reassigning local time
to measurements in order to retrieve daytime variations. In
Sect. 2 we will first summarize the data sources before we
will briefly explain in Sect. 3 the methods used to extract the
daytime pattern in ozone and temperature. The presentation
of the results (Sect. 4) and their discussion in Sect. 5 is followed by a summary in Sect. 6.
An early study by Vaughan (1984) summarizes the basics
of mesospheric ozone chemistry. He used ozone data from
rocket-borne instrumentation and temperature data from
SAMS on Nimbus-7 and compared these with the output
of a radiative photochemical model. Other early references
to mesospheric ozone chemistry are the papers by Allen et
al. (1984a, b), wherein they pointed out the significance of
oxygen and hydrogen-containing species and the temperature profile on the diurnal variability of ozone. Data used
in these papers are from ground-based and rocket borne instrumentation at mid-latitudes. Several other studies investigated diurnal ozone variations in the mesosphere, including nighttime, with satellites (Ricaud et al., 1996; Marsh
et al., 2002; Huang et al., 2008a; Smith et al., 2008) and
ground-based observations (Connor et al., 1994; Haefele et
al., 2008). Ricaud et al. (1996) also compared their observations with model results. Ground-based observations done in
the Bordeaux area were compared to a one-dimensional photochemical model by Schneider et al. (2005). They clearly
saw a diurnal pattern and a semi-annual oscillation (SAO)
signal above 50km altitude. All of the above mentioned
studies show that with nightfall when the photo-destruction
of ozone stops and ozone quickly reaches a high nighttime
equilibrium in the mesosphere. The models used by Ricaud
et al. (1996) and Sinnhuber et al. (2003) did not show any
variations during night, and observations showed little to no
variations.
Marsh et al. (2002) studied diurnal ozone variations from
the High Resolution Doppler Imager (HRDI) on board the
Upper Atmosphere Research Satellite (UARS) in the altitude
range between 70 and 95 km. They attributed the increase
in ozone in the afternoon in the upper mesosphere to the
migrating diurnal tide. Air that is rich in atomic oxygen is
believed to be pumped down from the lower thermosphere
and to form ozone on recombination with molecular oxygen.
SABER temperature data have been used, e.g., by Zhang et
al. (2006) and Mukhtarov et al. (2009) to study tidal signatures between 20 and 120 km altitude within ±50◦ latitude.
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The solar diurnal tide has also been investigated by Achatz et
al. (2008) who utilized a combination of HAMMONIA and
a linear model.
Smith et al. (2008) were recently reporting on high ozone
values at the nighttime mesopause observed in SABER version 1.07 ozone derived from 9.6 µm radiance. They used
a simplified model of the diurnal migrating tide to show that
the high nighttime ozone values (up to 40 ppm) are a result of
an upward motion of air low in atomic hydrogen and atomic
oxygen combined with low temperatures, as a result of adiabatic cooling.
The paper by Huang et al. (2008a) can be seen as a precursor to the present study. They reported on SABER version
1.06 diurnal ozone variations (derived from 9.6 µm radiance)
over 24 h with the help of a two-dimensional Fourier least
squares analysis. They were able to determine the diurnal
variation as a function of latitude (up to 48◦ ), altitude and
day of year. The analysis was however limited to at least
one year of data. Beig et al. (2008) gave an overview of the
temperature response to solar activity in the mesosphere and
lower thermosphere. They assumed that the temperature response to solar activity is mainly due to the vertical distribution of chemically active gases near the mesopause and due
to changes in the UV radiation.

2
2.1

Data sources
SABER satellite data

The TIMED (Thermosphere, Ionosphere, Mesosphere, Energetics and Dynamics) satellite has been launched on 12 July,
2001 (Russel III et al., 1999; Remsberg et al., 2008). It circles the Earth in a low orbit of 628 km mean altitude with
an inclination of 74◦ . The TIMED satellite is in a non-sun
synchronous or drifting orbit with a mean orbital time of 97
min. The equator crossing time shifts by approx. 12 min per
day.
SABER on board TIMED is an infrared spectrometer measuring limb emission with a spectral range from 1.27 µm to
16.9 µm. The time required to make one “up” or “down”
scan of the limb is slightly less than one minute. The instrument scans up to about 400 km in altitude, although the
only channel that measures above 180 km tangent height is
the NO channel at 5.3 µm. The vertical resolution is approximately 2 km and the instrument has a vertical sampling of
0.4 km (Russel III et al., 1999).
The scanning direction of the SABER instrument is perpendicular to the flight direction of TIMED. Once approximately every 60 days, the TIMED satellite performs a yaw
maneuver reversing the scanning direction of SABER by
180◦ . This measuring geometry limits the latitudinal coverage to 83◦ S to 52◦ N and 52◦ S to 83◦ N, respectively. Continuous time series for high latitudes are therefore not available. Figure 1 shows the spatial coverage for one day of
www.atmos-chem-phys.net/10/8331/2010/
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Fig. 1. Example of daily global coverage of SABER measurements. On 25 March (left panel), 2003, the instrument was facing south and on
25 May (right panel), 2003, SABER was facing north. Each asterisk resembles one profile. Profiles between 20◦ S and 20◦ N are highlighted
in red.

SABER measurements on 25 March, 2003, pointing south
and on 25 May, 2003, pointing north. The overall yield
is roughly 40 000 profiles per month as SABER solely performs limb measurements.
Many parameters related to the odd-oxygen photochemistry and the energy budget of the mesosphere can be derived from measurements of the dayglow emissions and are
used to infer ozone from the 1.27 µm airglow as described in
Mlynczak et al. (2007). Depending on wavelength (320 nm<
λ <1180 nm) the photochemical destruction of ozone can
lead to molecular oxygen in its ground state (Eq. 1), at wavelengths shortward of 320 nm, and to oxygen in its first exited
state (Eq. 2). The de-excitation leads to airglow emissions at
1.27 µm (Eq. 3) which can be detected by SABER and other
spectrometers in orbit, e.g., SCIAMACHY aboard ENVISAT
(Bovensmann et al., 1999) and OSIRIS on Odin (Llewellyn
et al., 2004):
O3 + hν(λ > 320 nm) → O2 (3 6) + O(3 P)

(1)

O3 + hν(λ < 320 nm) → O2 (1 1) + O(1 D)

(2)

O2 (1 1) → O2 (3 6) + hν(1.27 µm)

(3)

In addition to the retrieval of ozone at 1.27 µm that is limited to daytime, the thermal emissions of ozone at 9.6 µm
from vibration-rotational energy release can be detected by
SABER as described in Rong et al. (2008). The retrieval in
the 9.6 µm region permits measurements of ozone not only
during daylight but at night as well and the vertical coverage is not limited to the mesosphere and lower thermosphere.
Huang et al. (2008a) studied diurnal variations of ozone retrieved at 9.6 µm. Differences to Huang et al. (2008a) will
be highlighted throughout this study. One of which is the
www.atmos-chem-phys.net/10/8331/2010/

emphasis on the daytime (06:00 h–18:00 h solar local time)
ozone pattern, in addition to comparisons to the HAMMONIA model. In this paper we will use ozone data retrieved
at 1.27 µm and at 9.6 µm, and we also include temperature
data available from SABER. The temperature is retrieved using the spectral information from the two CO2 channels at
14.9 µm and 15.2 µm (Remsberg et al., 2004).

2.2

Description of HAMMONIA model

In this study we use the output from the three-dimensional
general circulation and chemistry model HAMMONIA
(Schmidt et al., 2006) to compare to SABER observations.
HAMMONIA treats atmospheric dynamics, radiation and
chemistry interactively. It was developed as an extension
of the atmospheric general circulation model MAECHAM5
(Giorgetta et al., 2006; Manzini et al., 2006) and additionally
accounts for radiative and dynamical processes in the upper
atmosphere. HAMMONIA includes 153 gas phase reactions
and 48 chemical compounds. It is a spectral model with (in
the current configuration) triangular truncation at wave number 31 (T31) and with 67 levels between the surface and
1.7×10–7 hPa (∼250 km). The model includes a full dynamic and radiative coupling with the MOZART3 chemical
module (Kinnison et al., 2007). In addition, it accounts for
solar heating in the ultraviolet and extreme ultraviolet wavelength regime, a non-LTE radiative (i.e. radiative cooling)
scheme, energy deposition and eddy diffusion generated by
gravity wave breaking, vertical molecular diffusion and conduction, and a simple parameterization of electromagnetic
forces in the thermosphere. The processing of the model output is described in Sect. 3.
Atmos. Chem. Phys., 10, 8331–8339, 2010
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Fig. 2. Distribution of solar local times of SABER measurements
between 20◦ S and 20◦ N for the year 2003. Each dot represents
one profile. The vertical dotted lines with dates indicated mark yaw
maneuvers. The red line shows daily mean of the solar local time of
measurements.

3
3.1

Data analysis
SABER ozone and temperature data processing

All daytime time series have a strong signal with a periodicity of approximately 60 days which corresponds to the
drift of measurements with local time and the yaw maneuver
TIMED is performing. In the tropics this drift in local time
is plotted in Fig. 2 for 2003. Yaw maneuvers are indicated as
vertical dotted lines. Each dot in the plot represents a single
profile and the red solid line indicates the mean local time of
measurement. The fairly small spread of about half an hour
gives us the uncertainty with which we determine the mean
local time. The variability of the solar local time of approximately half an hour on a given day is mainly due to the fact
that the solar local time is slightly different at each latitude
in the tropics (movement of the satellite). So by reassigning
each day’s area weighted zonal mean profile to its mean local
time of measurement (with an error of approximately 30 min
around the mean) the analysis of daytime variations becomes
possible. The daytime variation is derived from data covering 60 days of measurements between yaw maneuvers. Due
to the properties of the TIMED orbit measurements between
11:00 h and 13:00 h solar local time are not possible.
The SABER ozone profiles retrieved from the 1.27 µm and
9.6 µm radiometer measurements as well as temperature profiles were interpolated to a regular height grid of 0.5 km using
spline interpolation, accounting for errors in the mixing ratios. All profiles were also gritted in the same fashion to a
logarithmic pressure scale with an approximate height step
of 1 km. Up to 200 profiles per day from within 20◦ S to
20◦ N were available for the calculation of an area weighted
zonal mean profile per day. Days with less than 10 profiles
were treated as days with no data. At each pressure level outliers in the time series were identified as being outside the 3σ
Atmos. Chem. Phys., 10, 8331–8339, 2010

Fig. 3. SABER (dots) and HAMMONIA (solid lines) daytime
ozone (1.27 µm retrieval) variations at 69.5, 74.5, 79.5, 84, and
88.5 km (i.e. 0.03, 0.02, 0.01, 0.0061, and 0.003 hPa) sorted by
month (20◦ S and 20◦ N). Months close to equinox are highlighted
in red and months close to solstice are marked in blue.

value of the whole time series. Small data gaps were closed
by the use of a spline interpolation. Fortunately, there were
no large data gaps from 2003 to 2006.
The resulting daytime variation of ozone is shown in Fig. 3
at geometric heights of 69.5, 74.5, 79.5, 84, and 88.5 km
(dots) in absolute quantities of volume mixing ratio. Each
dot represents a daily area weighted zonal mean value. The
daytime variations of ozone are also shown in Figs. 4 and 5
(color coding). Here the variation is given as deviation from
the daytime (06:00 h to 18:00 h) mean in % for pressure levels between 0.1 to 0.001 hPa. Averaged values were computed in 30 min steps. SABER temperature anomalies can
be seen in Fig. 6 (color coding).
3.2

HAMMONIA model output processing

The HAMMONIA model output used in this study is a
20 year-average from a timeslice simulation for present
day greenhouse gas concentrations and solar minimum
www.atmos-chem-phys.net/10/8331/2010/
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Fig. 4. SABER (retrieved at 9.6 µm, color coding) and HAMMONIA (contour lines) daytime ozone variations (deviation from the
daytime mean in %) between 0.1 and 0.001 hPa.

conditions as described by Schmidt et al. (2006). The output
is available covering all longitudes in 3.75◦ -steps and all latitudes in 3.75◦ -steps. There are 67 model levels in HAMMONIA ranging from the surface to 1.7×10–7 hPa (∼250 km).
The vertical resolution in the mesosphere is about 3 km.
Along latitude circles all solar local times are covered, which
makes it possible to derive diurnal and daytime variations.
As the 3-D model output is available each 3 h, results presented here for specific local times are calculated as an average of 8 locations spaced by 45 degrees of longitude. All
latitude steps between 20◦ S and 20◦ N were chosen to derive an area weighted meridional mean profile. Sunrise and
sunset were identified by the sharp decrease and increase in
ozone at 0.01 hPa, respectively, at the equator and defined as
06:00 h and 18:00 h solar local time, accordingly. HAMMONIA ozone and temperature daytime variations are shown in
Figs. 4, 5 and 6 along with SABER ozone and temperature
observations. Figure 7 shows model results for atomic hydrogen, water vapor, hydroxyl, nitric oxide, atomic oxygen,
and molecular oxygen in terms of a relative deviation from
the daytime mean in %.

4

Results

As can be seen in Figs. 4 and 5, SABER and HAMMONIA
ozone have distinct and very similar patterns of daytime variation between 0.1 and 0.001 hPa. SABER ozone results are
color coded and the HAMMONIA model results are drawn
with line contours. While Fig. 4 shows the results for ozone
retrieved at 9.6 µm, Fig. 5 shows the results for ozone retrieved at 1.27 µm. For both retrievals and model output,
ozone variation from sunrise to sunset can be up to 60% from
the daytime mean value. The daytime mean is altitude dependent and considers all years (2003–2006). Both observation
www.atmos-chem-phys.net/10/8331/2010/
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Fig. 5. Same as Fig. 4, but for SABER 1.27 µm retrieval.

Fig. 6. SABER (color coding) and HAMMONIA (contour lines)
daytime temperature variations (deviation from the daytime mean
in %) between 0.1 and 0.001 hPa.

and model have in common that below about 0.01 hPa ozone
values peak in the morning and decrease towards the afternoon. This peak shifts towards the afternoon with increasing
altitude.
SABER and HAMMONIA ozone show good agreement
in the daytime pattern as shown in Figs. 4, 5 and 8. The maximum daytime peak anomaly observed at 0.05 hPa (∼70 km)
in the morning shifts its altitude to about 0.007 hPa (∼80 km)
in the afternoon. This daytime shift is in very good agreement with the model, however the peak anomaly reaches a
maximum of 40–50% of the daytime mean, which is higher
than HAMMONIA (30–40%). Negative anomalies are observed in the early morning hours at 0.007 hPa and in the late
afternoon near 0.015 hPa in quite good agreement with the
model (Fig. 4). In contrast the 1.27 µm retrieval (Fig. 5) does
not show this negative anomaly, which could be a SABER
retrieval artifact due to twilight conditions (Zhu et al., 2007).
Atmos. Chem. Phys., 10, 8331–8339, 2010
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Fig. 7. HAMMONIA daytime variations of atomic hydrogen, water
vapor (top row, left to right), hydroxyl, nitric oxide (middle row,
left to right), atomic oxygen, and oxygen (bottom row, left to right)
between 0.1 and 0.001 hPa, given as deviation from the daytime
mean in %.

The positive anomaly in the morning hours is also much
weaker for the 1.27 µm retrieval (∼10%) than for the 9.6 µm
(∼40%). Generally the agreement with the model is better
for the thermal infrared retrieval.
In the case of temperature, the daytime behavior of
SABER and HAMMONIA is out of phase for pressure levels
above 0.01 hPa (Fig. 6). SABER observes low temperatures
in the morning and high values in the afternoon, whereas
HAMMONIA predicts high values in the morning and low
temperatures in the afternoon. Below 0.01 hPa the agreement is better, yet HAMMONIA does not predict the spurious peak just before the SABER data gap at noon. This
might be an artifact in the observations due to averaging effects close to the data gap around noon.
The daytime ozone variations depend on the season as
is shown in Fig. 3. Especially in the afternoon and above
80 km, ozone reaches up to about 1 ppm in March, April,
and May and again in September, October, and November,
close to the equinox with increased solar input into the mesosphere. A similar seasonal dependence (albeit with weaker
Atmos. Chem. Phys., 10, 8331–8339, 2010

Fig. 8. Daytime ozone (1.27 µm retrieval) variations as seen by
SABER (dots) and HAMMONIA (red solid line) at 69.5 74.5 79.5,
84, and 88.5 km (i.e. 0.03, 0.02, 0.01, 0.0061, and 0.003 hPa). A
30 min running mean was calculated for SABER ozone (green solid
line) and the difference to HAMMONIA was plotted below each
plot.

amplitude at high altitudes) is also produced by the HAMMONIA model. Another point is that the ozone minima
in the morning do not occur at the same time at 79.5 and
74.5 km. SABER observes the minimum approximately 30–
60 min later than HAMMONIA.
5

Discussion

Huang et al. (2008a) reported on diurnal patterns from 9.6 µm
data, version 1.06, including day and night time ozone values. Their method to obtain the diurnal pattern is to perform a least squares estimate of a two-dimensional Fourier
series with at least one year of data. With the coefficients
from the least squares fit the diurnal variations can be calculated. So, the method is different but the daytime patterns of
Huang et al. (2008a) and ours are qualitatively in agreement
as described in the previous chapter. The main distinction
of our method is the focus on daytime rather than diurnal
www.atmos-chem-phys.net/10/8331/2010/
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variations, whereas Huang et al. (2008a) concentrated on the
ozone shifts at daybreak and nightfall.
The seasonal variation in ozone that can be seen in Fig. 3
is likely due to the variation of the angle of the incident light.
At equinox the sun has the shortest path through the atmosphere in the tropics and thus the strongest potential to photodissociate molecular oxygen. At solstice these light paths are
slightly longer in the tropics. Huang et al. (2008b) saw large
amplitudes in the temperature semi-annual oscillation (SAO)
at 75 and again at 85 km with a distinct minimum in between,
and small SAO amplitudes below 80 km, above rising to peak
at 95 km. So, a temperature dependency of the ozone SAO
in the lower thermosphere cannot be ruled out which on the
other hand is linked to the amplitude of the solar diurnal tide.
Tidal amplitudes are stronger during equinox than during solstice.
We have shown the good agreement between the SABER
and HAMMONIA daytime ozone pattern. In the following, we discuss this pattern with the help of other simulated
species (e.g., H, O and OH). Ricaud et al. (1996) explain
rising ozone values below 0.01 hPa in the morning with the
increased photo-dissociation of O2 and consequently with a
higher production of O3 due to the high abundance of O radicals. Figure 7 shows the daytime pattern of O radicals between 0.1 and 0.001 hPa (i.e., 65 to 95 km) as seen by HAMMONIA. The amplitude rises as high as 160% from the daytime mean in the afternoon slightly below 0.01 hPa, where
HAMMONIA ozone reaches its minimum. The decrease of
ozone towards the afternoon below approximately 0.01 hPa is
assumed by Ricaud et al. (1996) to have its origin in the HOx
catalytic cycles and the net destruction of ozone. HAMMONIA results of the daytime pattern show increasing values of
OH and decreasing levels of atomic hydrogen below 0.01 hPa
towards the afternoon (Fig. 7). Above 0.01 hPa other mechanisms must be of importance because the O and H radical
abundances show almost no daytime pattern. Although we
see daytime patterns in H2 O and O2 , the amplitude is rather
small compared to O, OH and H. Also compared to O, H
and OH, NO is the only shown species with strong daytime
variations that does not have different amplitudes below and
above 0.01 hPa, which indicates that for the mechanisms involved no distinction can be made between both altitude regions. According to Marsh et al. (2002), the shift of the
ozone maximum towards late afternoon with increasing altitude, is accounted for by the temperature (altitude) dependent production rate of HOx and the associated ozone loss.
Notice that there is a sharp edge towards low values in the
observational data below 0.01 hPa (∼80 km) and some data
are scattered to higher volume mixing ratios (Fig. 8). This
lower boundary may be attributed to an upper limit in H2 O
abundances around 75–80 km. An anti-correlation at these
heights between O3 and HOx has been concluded by Marsh
et al. (2003) after having investigated data from the Halogen
Occultation Experiment (HALOE).

www.atmos-chem-phys.net/10/8331/2010/
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Marsh et al. (2002) suggested that the solar diurnal tide
“pumps” down atomic oxygen for the ozone production in
the afternoon (>85 km). It is interesting to note that the daytime variation of ozone is well reproduced by HAMMONIA
in contrast to the temperature that is not. This may indicate
that chemistry itself may have a larger impact on the abundance of ozone rather than transport affects involving the
lower thermosphere. The model, however, underestimates
ozone in the afternoon above approximately 0.01 hPa, so the
remaining difference could be attributed to solar tides. The
minimum early in the morning is caused by the direct photolysis of ozone before enough atomic oxygen is produced to
counteract the ozone destruction. It is also assumed by Marsh
et al. (2002) that the rise of ozone in the morning hours is due
to tides transporting ozone rich air from below. At 0.01 hPa
tropical ozone reaches its minimum. At the end of the day
ozone rises to its high nighttime equilibrium shortly after
sunset, the photochemistry being shut off.
Concerning tides, it is interesting to note that Achatz et
al. (2008) have analyzed solar diurnal tides in HAMMONIA and found in general a good agreement with observed
tides both in amplitude and in phase. The amplitude of the
migrating diurnal tide in the equatorial region was however
analyzed to be smaller than inferred from SABER data by
Zhang et al. (2006). This supports our conclusion from above
concerning the too low afternoon ozone concentrations above
0.01 hPa.
The amplitudes for temperatures from SABER observations and HAMMONIA model are relatively small. They
only deviate about 1–1.5% (i.e. 1.2–2 K) from the mean at
maximum. It remains to be explained why model and observations show a different sign in the daytime pattern. Despite
the general similarity of tidal patterns in HAMMONIA and
observations as stated by Achatz et al. (2008), our comparison of temperature data suggests a difference in the vertical
wavelength of tides in HAMMONIA and SABER. However,
the exact analysis of the tides in HAMMONIA is not subject
of this study.
6

Summary

Within this study we have compared SABER measurements
and HAMMONIA model simulations of upper mesospheric
daytime ozone and temperature variations in the tropics between 20◦ S and 20◦ N.
HAMMONIA and SABER daytime ozone variations show
a qualitatively good agreement, particularly for the 9.6 µm
retrieval. As the agreement is worse in the case of temperature, this suggests that the daytime ozone variations are
mainly driven by (photo)-chemical processes and less influenced by transport. The underestimation of HAMMONIA
ozone above 0.01 hPa in the afternoon may be due to tidal
amplitudes being too weak and associated weak downward
transport of air rich in atomic oxygen.
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Daytime ozone values above 0.01 hPa are higher close to
equinox than close to solstice. Volume mixing ratios can
even go as high as 1–1.5 ppm in the afternoon for heights
above 85 km. Upcoming SABER version 1.08 data will also
include water vapor, which will be helpful to constrain the
HOx budget and its influence on daytime ozone.
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Piché, L., Smith, 30 K., Warshaw, G., Deslauniers, D.-L., Marchand, P., Richardson, E. H., King, R. A., Wevers, I., McCreath,
W., Kyölä, E., Oikarinen, L., Leppelmeier, G. W., Auvinen, H.,
Mégie, G., Hauchecorne, A., Lefévrel, F., de La Nöe, J., Ricaud,
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