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Abstract. This paper investigates the latest version 1.071 Introduction

SABER (Sounding of the Atmosphere using Broadband

Emission Radiometry) tropical ozone from the 1.27 um asThe sun influences the thermal structure, dynamics, and
well as from the 9.6 pm retrieval and temperature data withchemistry of the Earth’s middle atmosphere. If ultraviolet
respect to day time variations in the upper mesosphere. Theyv) radiation levels alter, middle atmospheric ozone is af-
processes involved are compared to day time variations of théected as well as other trace gases formed by photolysis from
three-dimensional general circulation and chemistry model direct radiation effect and due to a dynamical response
HAMMONIA (Hamburg Model of the Neutral and lonized to solar variability (indirect effect). In particular, the re-
Atmosphere). The results show a good qualitative agreesponse of ozone above 60 km to variations in UV radiation
ment for ozone. The amplitude of daytime variations is in js not well established. In comparison with the 27-day so-
both cases approximately 60% of the daytime mean. Dur{ar rotation signal (e.g., Chen et al., 1997; Hood and Zhou,
ing equinox the daytime maximum ozone abundance is for1998; Ruzmaikin et al., 2007; Gruzdev et al., 2009; Dikty et
both, the observations and the model, higher than during solal., 2010) and the 11-year solar cycle response (e.g., Haigh,
stice, especially above 0.01 hPa (approx. 80 km). The influ2003; Hood, 2004; Crooks and Gray, 2005; Soukharev and
ence of tidal signatures either directly in ozone or indirectly Hood, 2006; Marsh et al., 2007) in the middle atmosphere,

via a temperature response above 0.01hPa can not be fullfhe daytime variation of UV radiation inflicts a by far greater
eliminated. Below 0.01 hPa (photo-)chemistry is the mainresponse in mesospheric ozone.

driver for variations. We also use the HAMMONIA out- |, the following we will refer to “daytime” variations as to

put of daytime variation patterns of several other different o;one and temperature) variations between sunrise and sun-
trace gas species, e.g., water vapor and atomic oxygen, g j.e. in the tropics approx. between 06:00h and 18:00 h
discuss the daytime pattern in ozone. In contrast t0 0Z0N€gq|ar |ocal time. The daytime patterns will be the main focus
temperature data show little daytime variations between 63 ihis paper. The term “diurnal” will be reserved for varia-
and 90km and their amplitudes are on the order of less thagons on the 24 h time scale. The amplitude of daytime ozone
1.5%. In addition, SABER and HAMMONIA temperatures \ariations in the upper mesosphere from sunrise to sunset is
show significant differences above 80 km. about 60% of the daytime mean with extreme ozone values
between 0.01 to 0.4 ppm at 77.5km 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 tem-
perature vertical profiles from 2003 to 2006 to derive daytime
variations in the tropical upper mesosphere and to compare

Correspondence tdS. Dikty them with the output of the HAMMONIA model and to pre-
BY (dikty@iup.physik.uni-bremen.de) vious studies. In addition, version 1.07 SABER ozone data
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are compared to the previous version 1.06 data that was usethe solar diurnal tide has also been investigated by Achatz et
in Huang et al. (2008a), especially since the ozone retrievahl. (2008) who utilized a combination of HAMMONIA and
at 1.27 um was updated with respect to non-LTE processes linear model.
and the 9.6 um ozone retrieval was improved by reducing the Smith et al. (2008) were recently reporting on high ozone
physical quenching rates of the ozone vibrational levels byvalues at the nighttime mesopause observed in SABER ver-
a factor of 3. In addition to Huang et al. (2008a), we also sion 1.07 ozone derived from 9.6 um radiance. They used
include SABER temperature data in our analysis and discusa simplified model of the diurnal migrating tide to show that
our results with respect to the chemistry responsible for thethe high nighttime ozone values (up to 40 ppm) are a result of
daytime pattern from HAMMONIA ozone, temperature, and an upward motion of air low in atomic hydrogen and atomic
other trace gases. Another focus of this paper is the introducexygen combined with low temperatures, as a result of adia-
tion to the relatively easy method of reassigning local timebatic cooling.
to measurements in order to retrieve daytime variations. In The paper by Huang et al. (2008a) can be seen as a precur-
Sect. 2 we will first summarize the data sources before wesor to the present study. They reported on SABER version
will briefly explain in Sect. 3 the methods used to extract the1.06 diurnal ozone variations (derived from 9.6 um radiance)
daytime pattern in ozone and temperature. The presentatiopver 24 h with the help of a two-dimensional Fourier least
of the results (Sect. 4) and their discussion in Sect. 5 is fO|-squares analysis. They were able to determine the diurnal
lowed by a summary in Sect. 6. variation as a function of latitude (up to %8 altitude and
An early study by Vaughan (1984) summarizes the basicsiay of year. The analysis was however limited to at least
of mesospheric ozone chemistry. He used ozone data frorane year of data. Beig et al. (2008) gave an overview of the
rocket-borne instrumentation and temperature data fromemperature response to solar activity in the mesosphere and
SAMS on Nimbus-7 and compared these with the outputlower thermosphere. They assumed that the temperature re-
of a radiative photochemical model. Other early referencessponse to solar activity is mainly due to the vertical distribu-
to mesospheric ozone chemistry are the papers by Allen efion of chemically active gases near the mesopause and due
al. (1984a, b), wherein they pointed out the significance ofto changes in the UV radiation.
oxygen and hydrogen-containing species and the tempera-
ture profile on the diurnal variability of ozone. Data used
in these papers are from ground-based and rocket borne ir2  Data sources
strumentation at mid-latitudes. Several other studies inves-
tigated diurnal ozone variations in the mesosphere, includ2.1 SABER satellite data
ing nighttime, with satellites (Ricaud et al., 1996; Marsh
et al., 2002; Huang et al., 2008a; Smith et al., 2008) andThe TIMED (Thermosphere, lonosphere, Mesosphere, Ener-
ground-based observations (Connor et al., 1994; Haefele egetics and Dynamics) satellite has been launched on 12 July,
al., 2008). Ricaud et al. (1996) also compared their observa2001 (Russel Il et al., 1999; Remsberg et al., 2008). It cir-
tions with model results. Ground-based observations done igles the Earth in a low orbit of 628 km mean altitude with
the Bordeaux area were compared to a one-dimensional ph@n inclination of 74. The TIMED satellite is in a non-sun
tochemical model by Schneider et al. (2005). They clearlysynchronous or drifting orbit with a mean orbital time of 97
saw a diurnal pattern and a semi-annual oscillation (SAO)MIn. The equator crossing time shifts by approx. 12 min per
signal above 50km altitude. All of the above mentioned day.
studies show that with nightfall when the photo-destruction SABER on board TIMED is an infrared spectrometer mea-
of ozone stops and ozone quickly reaches a high nighttimesuring limb emission with a spectral range from 1.27 pm to
equilibrium in the mesosphere. The models used by Ricaud 6.9 um. The time required to make one “up” or “down”
et al. (1996) and Sinnhuber et al. (2003) did not show anyscan of the limb is slightly less than one minute. The in-
variations during night, and observations showed little to nostrument scans up to about 400 km in altitude, although the
variations. only channel that measures above 180 km tangent height is
Marsh et al. (2002) studied diurnal ozone variations fromthe NO channel at 5.3 pm. The vertical resolution is approx-
the High Resolution Doppler Imager (HRDI) on board the imately 2km and the instrument has a vertical sampling of
Upper Atmosphere Research Satellite (UARS) in the altitude0.4 km (Russel Il et al., 1999).
range between 70 and 95km. They attributed the increase The scanning direction of the SABER instrument is per-
in ozone in the afternoon in the upper mesosphere to thgendicular to the flight direction of TIMED. Once approxi-
migrating diurnal tide. Air that is rich in atomic oxygen is mately every 60 days, the TIMED satellite performs a yaw
believed to be pumped down from the lower thermospheremaneuver reversing the scanning direction of SABER by
and to form ozone on recombination with molecular oxygen.18C°. This measuring geometry limits the latitudinal cover-
SABER temperature data have been used, e.g., by Zhang ege to 83S to 52 N and 52 S to 83 N, respectively. Con-
al. (2006) and Mukhtarov et al. (2009) to study tidal signa- tinuous time series for high latitudes are therefore not avail-
tures between 20 and 120 km altitude withi#®0° latitude. able. Figure 1 shows the spatial coverage for one day of
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a) SABER global coverage, 25 March 2003 b) SABER global coverage, 25 May 2003
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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 betv&an®20 N are highlighted
in red.

SABER measurements on 25 March, 2003, pointing southemphasis on the daytime (06:00 h—18:00 h solar local time)

and on 25 May, 2003, pointing north. The overall yield ozone pattern, in addition to comparisons to the HAMMO-

is roughly 40000 profiles per month as SABER solely per-NIA model. In this paper we will use ozone data retrieved

forms limb measurements. at 1.27 um and at 9.6 um, and we also include temperature
Many parameters related to the odd-oxygen photochemeata available from SABER. The temperature is retrieved us-

istry and the energy budget of the mesosphere can be deng the spectral information from the two G@hannels at

rived from measurements of the dayglow emissions and ard4.9 um and 15.2 um (Remsberg et al., 2004).

used to infer ozone from the 1.27 pm airglow as described in

Mlynczak et al. (2007). Depending on wavelength (326snm

A <1180nm) the photochemical destruction of ozone can2.2 Description of HAMMONIA model

lead to molecular oxygen in its ground state (Eq. 1), at wave-

lengths shortward of 320 nm, and to oxygen in its first exited

state (Eqg. 2). The de-excitation leads to airglow emissions atn this study we use the output from the three-dimensional

1.27 um (Eg. 3) which can be detected by SABER and otheigeneral circulation and chemistry model HAMMONIA

spectrometers in orbit, e.g., SCIAMACHY aboard ENVISAT (Schmidt et al., 2006) to compare to SABER observations.

(Bovensmann et al., 1999) and OSIRIS on Odin (Llewellyn HAMMONIA treats atmospheric dynamics, radiation and

etal., 2004): chemistry interactively. It was developed as an extension

of the atmospheric general circulation model MAECHAMS

3 3
O +hv(h > 320nMm — O2(°%) + OCP) @) (Giorgetta et al., 2006; Manzini et al., 2006) and additionally
accounts for radiative and dynamical processes in the upper
O3+ hv(h <320nm — 02(*A)+0O(*D) (2)  atmosphere. HAMMONIA includes 153 gas phase reactions
and 48 chemical compounds. It is a spectral model with (in
Os(tA) = 02(3%) +hv(1.27 um 3) the current configuration) triangular truncation at wave num-

ber 31 (T31) and with 67 levels between the surface and
In addition to the retrieval of ozone at 1.27 um that is lim- 1.7x10-7 hPa £250km). The model includes a full dy-
ited to daytime, the thermal emissions of ozone at 9.6 prnamic and radiative coupling with the MOZART3 chemical
from vibration-rotational energy release can be detected bynodule (Kinnison et al., 2007). In addition, it accounts for
SABER as described in Rong et al. (2008). The retrieval insolar heating in the ultraviolet and extreme ultraviolet wave-
the 9.6 um region permits measurements of ozone not onlyength regime, a non-LTE radiative (i.e. radiative cooling)
during daylight but at night as well and the vertical cover- scheme, energy deposition and eddy diffusion generated by
age is not limited to the mesosphere and lower thermospheregravity wave breaking, vertical molecular diffusion and con-
Huang et al. (2008a) studied diurnal variations of ozone re-duction, and a simple parameterization of electromagnetic
trieved at 9.6 um. Differences to Huang et al. (2008a) will forces in the thermosphere. The processing of the model out-
be highlighted throughout this study. One of which is the put is described in Sect. 3.
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SABER local time vs. date, 2003, 20°S to 20°N tropical ozone, HAMMONIA (solid lines) ond SABER (dots)
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Fig. 2. Distribution of solar local times of SABER measurements
between 20S 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 ?3;“
measurements. :
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3 Data analysis

3.1 SABER ozone and temperature data processing

All daytime time series have a strong signal with a peri-
odicity of approximately 60 days which corresponds to the -
drift of measurements with local time and the yaw maneuver ° L £
TIMED is performing. In the tropics this drift in local time — s 10
is plotted in Fig. 2 for 2003. Yaw maneuvers are indicated as

vertical dotted lines. Each dot in the plot represents a single_.

fil dth d solid line indi h | i fﬁ‘:,g_ 3. SABER (dots) and HAMMONIA (solid lines) daytime
profile and the red solid line indicates the mean local time o ozone (1.27 pum retrieval) variations at 69.5, 74.5, 79.5, 84, and

measurement. The fairly small spread of about half an hougg 5m (ie. 0.03, 0.02, 0.01, 0.0061, and 0.003hPa) sorted by

gives us the uncertainty with which we determine the meanmonth (20 S and 26 N). Months close to equinox are highlighted
local time. The variability of the solar local time of approxi- in red and months close to solstice are marked in blue.

mately 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 reassigningvalue of the whole time series. Small data gaps were closed

each day’s area weighted zonal mean profile to its mean locaby the use of a spline interpolation. Fortunately, there were

time of measurement (with an error of approximately 30 min no large data gaps from 2003 to 2006.

around the mean) the analysis of daytime variations becomes The resulting daytime variation of ozone is shown in Fig. 3

possible. The daytime variation is derived from data cover-at geometric heights of 69.5, 74.5, 79.5, 84, and 88.5km

ing 60 days of measurements between yaw maneuvers. Duglots) in absolute quantities of volume mixing ratio. Each

to the properties of the TIMED orbit measurements betweerdot represents a daily area weighted zonal mean value. The

11:00 h and 13:00 h solar local time are not possible. daytime variations of ozone are also shown in Figs. 4 and 5
The SABER ozone profiles retrieved from the 1.27 um and(color coding). Here the variation is given as deviation from

9.6 um radiometer measurements as well as temperature prthe daytime (06:00 h to 18:00 h) mean in % for pressure lev-

files were interpolated to a regular height grid of 0.5 km usingels between 0.1 to 0.001 hPa. Averaged values were com-

spline interpolation, accounting for errors in the mixing ra- puted in 30 min steps. SABER temperature anomalies can

tios. All profiles were also gritted in the same fashion to abe seen in Fig. 6 (color coding).

logarithmic pressure scale with an approximate height step

of 1km. Up to 200 profiles per day from within 2C to 3.2 HAMMONIA model output processing

2(° N were available for the calculation of an area weighted

zonal mean profile per day. Days with less than 10 profilesThe HAMMONIA model output used in this study is a

were treated as days with no data. At each pressure level ouR0 year-average from a timeslice simulation for present

liers in the time series were identified as being outside éhe 3 day greenhouse gas concentrations and solar minimum

ozone vmr [ppm]

12 14 16 18
locol time [hh)
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SABER vs. HAMMONIA tropical ozone, 9.6um SABER vs. HAMMONIA tropical ozone, 1.27um
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Fig. 4. SABER (retrieved at 9.6 um, color coding) and HAMMO- Fig. 5. Same as Fig. 4, but for SABER 1.27 um retrieval.

NIA (contour lines) daytime ozone variations (deviation from the
daytime mean in %) between 0.1 and 0.001 hPa.

0.001

conditions as described by Schmidt et al. (2006). The output
is available covering all longitudes in 3Steps and all lati-
tudes in 3.75-steps. There are 67 model levels in HAMMO-
NIA ranging from the surface to 1x710—7 hPa £250 km).

The vertical resolution in the mesosphere is about 3km.
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 pre-
sented here for specific local times are calculated as an av:
erage of 8 locations spaced by 45 degrees of longitude. All

0.010

pressure [hPa]

latitude steps between 28 and 20N were chosen to de- > 006 7 8 9
rive an area weighted meridional mean profile. Sunrise and
sunset were identified by the sharp decrease and increase in

SABER temperature anomaly [%]

10 11 12 13 14 15 16 17 18

solar local time [hh]

8335

ozone at 0.01 hPa, respectively, at the equator and defined &g 6. SABER (color coding) and HAMMONIA (contour lines)
06:00 h and 18:00 h solar local time, accordingly. HAMMO- daytime temperature variations (deviation from the daytime mean
NIA ozone and temperature daytime variations are shown i %) between 0.1 and 0.001 hPa.

Figs. 4, 5 and 6 along with SABER ozone and temperature
observations. Figure 7 shows model results for atomic hy-

drogen, water vapor, hydroxyl, nitric oxide, atomic oxygen, and model ha}ve in common that below about 0.01 hPa ozone
and molecular oxygen in terms of a relative deviation from values peak in the morning and decrease towards the after-

the daytime mean in %.
altitude.

noon. This peak shifts towards the afternoon with increasing

SABER and HAMMONIA ozone show good agreement

4 Results

in the daytime pattern as shown in Figs. 4, 5 and 8. The max-
imum daytime peak anomaly observed at 0.05 RPE)Xkm)

As can be seen in Figs. 4 and 5, SABER and HAMMONIA in the morning shifts its altitude to about 0.007 hR&0 km)
ozone have distinct and very similar patterns of daytime vari-in the afternoon. This daytime shift is in very good agree-
ation between 0.1 and 0.001 hPa. SABER ozone results arment with the model, however the peak anomaly reaches a
color coded and the HAMMONIA model results are drawn maximum of 40-50% of the daytime mean, which is higher
with line contours. While Fig. 4 shows the results for ozonethan HAMMONIA (30-40%). Negative anomalies are ob-
retrieved at 9.6 um, Fig. 5 shows the results for ozone reserved in the early morning hours at 0.007 hPa and in the late
trieved at 1.27 um. For both retrievals and model output,afternoon near 0.015hPa in quite good agreement with the
ozone variation from sunrise to sunset can be up to 60% frommodel (Fig. 4). In contrast the 1.27 um retrieval (Fig. 5) does
the daytime mean value. The daytime mean is altitude depemot show this negative anomaly, which could be a SABER
dent and considers all years (2003—2006). Both observationetrieval artifact due to twilight conditions (Zhu et al., 2007).

www.atmos-chem-phys.net/10/8331/2010/
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Fig. 7. HAMMONIA daytime variations of atomic hydrogen, water i g - pavtime ozone (1.27 um retrieval) variations as seen by

vapor (top row, left to right), hydroxyl, nitric oxide (middle row, - gABER (dots) and HAMMONIA (red solid line) at 69.5 74.5 79.5,
left to right), atomic oxygen, and oxygen (bottom row, left to right) 84, and 88.5km (i.e. 0.03, 0.02, 0.01, 0.0061, and 0.003hPa). A

betwegnoo.l and 0.001hPa, given as deviation from the daytimeyg in rynning mean was calculated for SABER ozone (green solid
mean in %. line) and the difference to HAMMONIA was plotted below each
plot.
The positive anomaly in the morning hours is also much
I 0,
weakoer for the 1.27um retrieval-(0 A))_than for the 9:6 Hm amplitude at high altitudes) is also produced by the HAM-
(~40%). Generally the agreement with the model is betterMONlA model. Another point is that the ozone minima

for the thermal infrared retrieval. in the morning do not occur at the same time at 79.5 and

In the case of temperature, the daytime behavior of L -
. 74.5km. SABER observes the minimum approximately 30—
SABER and HAMMONIA is out of phase for pressure levels 60 min later than HAMMONIA.

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 5 Discussion
temperatures in the afternoon. Below 0.01 hPa the agree-
ment is better, yet HAMMONIA does not predict the spu- Huang etal. (2008a) reported on diurnal patterns from 9.6 um
rious peak just before the SABER data gap at noon. Thisdata, version 1.06, including day and night time ozone val-
might be an artifact in the observations due to averaging efues. Their method to obtain the diurnal pattern is to per-
fects close to the data gap around noon. form a least squares estimate of a two-dimensional Fourier
The daytime ozone variations depend on the season aseries with at least one year of data. With the coefficients
is shown in Fig. 3. Especially in the afternoon and abovefrom the least squares fit the diurnal variations can be calcu-
80km, ozone reaches up to about 1ppm in March, April,lated. So, the method is different but the daytime patterns of
and May and again in September, October, and NovembetHuang et al. (2008a) and ours are qualitatively in agreement
close to the equinox with increased solar input into the mesoas described in the previous chapter. The main distinction
sphere. A similar seasonal dependence (albeit with weakeof our method is the focus on daytime rather than diurnal

Atmos. Chem. Phys., 10, 8333339 2010 www.atmos-chem-phys.net/10/8331/2010/
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variations, whereas Huang et al. (2008a) concentrated on the Marsh et al. (2002) suggested that the solar diurnal tide
ozone shifts at daybreak and nightfall. “pumps” down atomic oxygen for the ozone production in
The seasonal variation in ozone that can be seen in Fig. &he afternoon£85 km). It is interesting to note that the day-
is likely due to the variation of the angle of the incident light. time variation of ozone is well reproduced by HAMMONIA
At equinox the sun has the shortest path through the atmoin contrast to the temperature that is not. This may indicate
sphere in the tropics and thus the strongest potential to photahat chemistry itself may have a larger impact on the abun-
dissociate molecular oxygen. At solstice these light paths arelance of ozone rather than transport affects involving the
slightly longer in the tropics. Huang et al. (2008b) saw largelower thermosphere. The model, however, underestimates
amplitudes in the temperature semi-annual oscillation (SAO)ozone in the afternoon above approximately 0.01 hPa, so the
at 75 and again at 85 km with a distinct minimum in between,remaining difference could be attributed to solar tides. The
and small SAO amplitudes below 80 km, above rising to peakminimum early in the morning is caused by the direct pho-
at 95km. So, a temperature dependency of the ozone SA@lysis of ozone before enough atomic oxygen is produced to
in the lower thermosphere cannot be ruled out which on thecounteract the ozone destruction. Itis also assumed by Marsh
other hand is linked to the amplitude of the solar diurnal tide.et al. (2002) that the rise of ozone in the morning hours is due
Tidal amplitudes are stronger during equinox than during sol-to tides transporting ozone rich air from below. At 0.01 hPa
stice. tropical ozone reaches its minimum. At the end of the day
We have shown the good agreement between the SABERzone rises to its high nighttime equilibrium shortly after
and HAMMONIA daytime ozone pattern. In the follow- sunset, the photochemistry being shut off.
ing, we discuss this pattern with the help of other simulated Concerning tides, it is interesting to note that Achatz et
species (e.g., H, O and OH). Ricaud et al. (1996) explainal. (2008) have analyzed solar diurnal tides in HAMMO-
rising ozone values below 0.01 hPa in the morning with theNIA and found in general a good agreement with observed
increased photo-dissociation ob@nd consequently with a tides both in amplitude and in phase. The amplitude of the
higher production of @due to the high abundance of O rad- migrating diurnal tide in the equatorial region was however
icals. Figure 7 shows the daytime pattern of O radicals be-analyzed to be smaller than inferred from SABER data by
tween 0.1 and 0.001 hPa (i.e., 65 to 95 km) as seen by HAMZhang et al. (2006). This supports our conclusion from above
MONIA. The amplitude rises as high as 160% from the day- concerning the too low afternoon ozone concentrations above
time mean in the afternoon slightly below 0.01 hPa, where0.01 hPa.
HAMMONIA ozone reaches its minimum. The decrease of The amplitudes for temperatures from SABER observa-
ozone towards the afternoon below approximately 0.01 hPa isions and HAMMONIA model are relatively small. They
assumed by Ricaud et al. (1996) to have its origin in thg HO only deviate about 1-1.5% (i.e. 1.2-2 K) from the mean at
catalytic cycles and the net destruction of ozone. HAMMO- maximum. It remains to be explained why model and obser-
NIA results of the daytime pattern show increasing values ofvations show a different sign in the daytime pattern. Despite
OH and decreasing levels of atomic hydrogen below 0.01 hP#&he general similarity of tidal patterns in HAMMONIA and
towards the afternoon (Fig. 7). Above 0.01 hPa other mech-observations as stated by Achatz et al. (2008), our compari-
anisms must be of importance because the O and H radicalon of temperature data suggests a difference in the vertical
abundances show almost no daytime pattern. Although wevavelength of tides in HAMMONIA and SABER. However,
see daytime patterns in @ and @, the amplitude is rather the exact analysis of the tides in HAMMONIA is not subject
small compared to O, OH and H. Also compared to O, H of this study.
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 in® Summary

volved no distinction can be made between both altitude re<, .., . . .
) . : Within this study we have compared SABER measurements
gions. According to Marsh et al. (2002), the shift of the : . .
. o . and HAMMONIA model simulations of upper mesospheric
ozone maximum towards late afternoon with increasing al-

titude, is accounted for by the temperature (altitude) depen-d aytime ozone and temperature variations in the tropics be-

dent production rate of HOand the associated ozone loss tween 20 S and 20N. . .
. : " HAMMONIA and SABER daytime ozone variations show
Notice that there is a sharp edge towards low values in the

observational data below 0.01 hPa80 km) and some data a q_ualltanvely good agreemer_wt, partlcu_larly for the 9.6 pm

. S . . ._retrieval. As the agreement is worse in the case of tem-
are scattered to higher volume mixing ratios (Fig. &). This erature, this suggests that the daytime ozone variations are
lower boundary may be attributed to an upper limit ipQH P ’ 99 y

abundances around 75-80km. An anti-correlation at thes{:‘n ainly driven by (photo)-chemical processes and less influ-

heights between ©and HQ, has been concluded by Marsh énced by transport. The underestimation of HAMMONIA

o : ozone above 0.01 hPa in the afternoon may be due to tidal
et al. (2003) after having investigated data from the Halogenam litudes beina too weak and associated weak downward
Occultation Experiment (HALOE). P g

transport of air rich in atomic oxygen.
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Daytime ozone values above 0.01 hPa are higher close telaefele, A., Hocke, K., Empfer, N., Keckhut, P., Marchand, M.,
equinox than close to solstice. Volume mixing ratios can Bekki, S., Morel, B., Egorova, T., and Rozanov, E.. Diurnal
even go as high as 1-1.5ppm in the afternoon for heights changes in the middle atmospherig® and Q: Observations
above 85 km. Upcoming SABER version 1.08 data will also  in the Alpine region and climate models, J. Geophys. Res., 113,
include water vapor, which will be helpful to constrain the H 1_31;3:]035 (.j%loifoz?lza%iDoogsgéi-tzogf'the Earth's climate
H0x budgt and s fluence o dayime ozone i e 1 it
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