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Abstract

Colocated temperature profiles from the Constellation Observing System for Meteo-
rology, Ionosphere and Climate (COSMIC), High Resolution Dynamics Limb Sounder
(HIRDLS) and the Sounding of the Atmosphere by Broadband Emission Radiometry
(SABER) mission are compared over the years 2006–2007 to assess their relative per-5

formances for the detection of stratospheric gravity waves. Two methods are used, one
based on a simple comparison of the standard deviations and correlation coefficients
of high-pass filtered profiles from each instrument, and the other based on Stockwell
transform analyses of the profiles for vertical wavelength and temperature perturbation
scales. It is concluded, when allowing for their different vertical resolution capabilites,10

that the three instruments reproduce each other’s results for magnitude and vertical
scale of perturbations to within their resolution limits in approximately 50% of cases,
but with a positive frequency and temperature bias in the case of COSMIC. This is pos-
sibly indicative of a slightly higher vertical resolution being available to the constellation
than estimated.15

1 Introduction

Atmospheric gravity waves contribute significantly to the behaviour of the atmosphere,
making up an essential part of the dynamics of the atmosphere on all meteorological
scales (Nappo, 2002). They strongly affect the circulation of the middle atmosphere
by transporting and redistributing momentum, and are believed to largely determine20

the large-scale structure of the middle atmosphere (Fritts, 1984), accounting for the
majority of temperature and velocity variances at small- and mesoscales (Fritts and
Luo, 1992). Vertically-propagating gravity waves carry a flux of horizontal momentum,
transferring it away from low altitudes and returning it to the mean flow at altitudes
and locations far removed from the region of wave generation, via processes such as25

dissipation, saturation, wave-breaking and critical-level absorption (Lane et al., 2001).
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Inclusion of parameterisations of these processes into numerical weather prediction
and climate models have significantly improved their predictive capability (Karoly et al.,
1996). Accordingly, an improved understanding of gravity wave processes is important
to our understanding of the climate system as a whole.

Recent studies (e.g. Fetzer and Gille, 1994; Wu and Waters, 1997; Eckermann and5

Preusse, 1999; Alexander and Barnet, 2007; Eckermann et al., 2006; Alexander et al.,
2008; Wright et al., 2010) have highlighted the use of satellite remote sensing for the
identification and study of gravity waves in the terrestrial stratosphere, via analysis of
the thermal structure of the atmosphere. Two important features which can be derived
for a given atmospheric temperature profile are the vertical wavelength and the scale of10

the temperature perturbations associated with these waves. In this study, we compare
the results obtained from spatially colocated profiles over the same altitude range for
three high resolution limb-sounding instruments – COSMIC, HIRDLS and SABER.

2 Instruments

2.1 COSMIC15

The Constellation Observing System for Meteorology, Ionosphere and Climate (COS-
MIC), a joint US/Taiwanese mission, is based on a constellation of six identical mi-
crosatellites at an orbital altitude of 800 km in circular orbits with a 72◦ inclination. Each
satellite carries a radio occultation receiver, which is used to intercept GPS signals
transmitted through the atmosphere. The phase delay in these signals allows the bend-20

ing angle of the signal path through the atmosphere to be computed, which can then
be analysed to produce profiles of stratospheric dry temperature (Anthes et al., 2008;
Barnett et al., 2008).

COSMIC measurements require an optical path between a GPS and a COSMIC
satellite, and hence the profiles obtained are distributed pseudo-randomly across25

the globe. Around 1000–2500 profiles are obtained globally on any given day, with
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temperature soundings obtained for the 5–40 km range (Anthes et al., 2008). Vertical
resolution estimates, based on the size of the signal Fresnel zone in typical atmo-
spheric conditions, range from ∼1 km in the stratosphere to ∼100 m in the lower tropo-
sphere (C. Rocken, personal communication, 2010), with a precision of ∼0.5 K (Anthes
et al., 2008). This study uses dry temperature profiles, COSMIC version 2007.3200,5

from the beginning of data availability in mid-2006 until the end of 2007.

2.2 HIRDLS

The High Resolution Dynamics Limb Sounder (Gille et al., 2003, 2008) is a 21-channel
limb-scanning infrared radiometer aboard NASA’s Aura satellite, designed to measure
atmospheric radiances globally at a high vertical resolution ∼1 km. Aura is in a sun-10

synchronous low polar orbit with a period of 99 min and is part of the A-Train satellite
constellation.

HIRDLS suffered a partial failure during launch, which further tests concluded was
due to a piece of Kapton insulating material which came loose during launch covering
part of the viewing window (Barnett et al., 2005). Significant work has been under-15

taken to correct for the errors introduced by this (Gille et al., 2008), and data products
including temperature and pressure are now available for scientific use.

The original HIRDLS specification called for the satellite to scan horizontally in az-
imuth, with a two dimensional mesh of profiles along the orbit track at 500 km spacing.
However, due to the blockage, measurements can only be made at an azimuth of 47◦

20

to the orbital plane of the satellite on the side facing away from the sun. As a result
of this, the profiles obtained from the instrument in operation have a much closer hor-
izontal spacing than originally planned, with an along-track distance between profiles
of ∼75–100 km. This allows the detection of much smaller-scale along-track horizontal
structures than would have been made under the original mission profile, strongly fa-25

cilitating gravity wave studies. The vertical projection of the field of view at the limb is
∼1 km in the vertical, and can be oversampled for vertical resolution <1 km (Alexander
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et al., 2008; Gille et al., 2008, 2010). Around 5600 vertical profiles are measured per
day.

Due to the orbital path of the satellite and the effects of the obscuration, the greatest
density of profiles are around the northern and southern turnarounds at ∼80 N and
∼65 S. The orbital path of Aura remains the same throughout the year. After revisions to5

the scanning pattern to minimise the effects of the blockage, HIRDLS began collecting
data on the 21 January 2005 (Gille et al., 2010), with some intermittency in the data
coverage for a few weeks after this. This study uses HIRDLS V005 data for the period
2006–2007: this is the most current version available. Temperature values have a
precision of ∼0.5 K over the height range under consideration.10

2.3 SABER

The Sounding of the Atmosphere by Broadband Emission Radiometry (SABER) mis-
sion is one of four instruments on NASA’s TIMED satellite, intended primarily to mea-
sure and characterise the mesosphere and lower thermosphere on a global scale.
SABER is a 10-channel limb-sounding infrared radiometer, which provides ∼2200 ver-15

tical profiles per day with a vertical resolution, again based on the projection of the field
of view, of approximately 2 km (Mertens et al., 2009) and an along-track profile spacing
of ∼370 km.

SABER’s scanning routine incorporates the TIMED spacecraft’s yaw cycle, with the
coverage region shifting north and south every sixty days to cover the poles alternately.20

Accordingly, while the coverage of the instrument in the tropics and at midlatitudes
remains constant throughout the year, high northerly and southerly latitudes are only
covered for 60 in every 120 days, in a 60-days on, 60-days off cycle, with coverage in
the the “off” hemisphere extending to 54◦ and in the “on” hemisphere to 87◦. Kinetic
temperature profiles cover the altitude range from ∼15 km–∼120 km (Mertens et al.,25

2009; Wrasse et al., 2008). This study uses SABER version 1.07 temperature data for
2006–2007, with a precision of ∼1 K.
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3 Profile colocation and height range

In this study, two-instrument pairs of profiles are directly compared, with stringent cri-
teria applied to determine colocation.

3.1 Colocation criteria

When analysing for transient features such as gravity waves in data from multiple5

sources, it is important to consider only closely-spaced profiles. This can be demon-
strated by considering the propagation of a midfrequency gravity wave with time.

For midfrequency waves, the dispersion relation

ω̂=N
∣∣∣∣khm

∣∣∣∣=N
∣∣∣∣λzλh

∣∣∣∣, (1)

applies, for intrinsic frequency ω̂, horizontal and vertical wavenumbers kh and m, and10

horizontal and vertical wavelengths λh and λz (Fritts and Alexander, 2003). For mid-
frequency gravity waves, typically λz ∼10 km, λh ∼200 km, and a typical stratospheric
Brunt-Väisälä frequency N of 0.02 s−1, we estimate an intrinsic frequency ω̂∼1e−3 s−1.

The group velocity of a wave packet in a background flow of velocity ūh is[
cg,h,cg,z

]
= (ūh,0)+

(
ω̂
kh

,
−ω̂
m

)
, (2)15

where cg,h is the horizontal group velocity and cg,z the vertical. Waves of this type will

hence have a horizontal group velocity cg,h ∼200 ms−1 and a vertical group velocity

cg,z ∼10 ms−1. If we consider a time period of a quarter of an hour (900 s) then, in the
absence of a background wind, waves travelling with this group velocity will propagate
9 km vertically, well within the height range covered by our three instruments. We have20

hence adopted this temporal separation criterion of 900 s.
In the same time, our waves will propagate around 180 km in the horizontal. This

horizontal distance is of a similar order of magnitude to the horizontal wavelength of
742
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our theoretical midfrequency waves, and also to the atmospheric path length our three
instruments average over. To allow for these properties, we shall adopt a spatial colo-
cation requirement of ten times this, requiring colocated profiles to be within 180 km
spatially.

3.2 Height range5

The three instruments considered are all capable of carrying out stratospheric tempera-
ture measurements, but the height range covered by their scanning capabilities differs.
Table 1 illustrates these. Based upon these ranges, we adopt a range for our study
from 100 hPa–8 hPa. This equates approximately to a height range from 16 km–34 km,
or twice the vertical range we would expect a midfrequency gravity wave to propagate10

vertically in the maximum time between our paired measurements.

3.3 Number and distribution of colocations

Figure 1 illustrates the distribution of colocations between the instruments both spatially
and temporally over the two-year period 2006 and 2007. We shall consider each of
these instrument pairs individually.15

3.3.1 HIRDLS-COSMIC

The left column of Fig. 1 illustrates colocations between HIRDLS and COSMIC. Due
to the broad spatial distribution of the profiles produced by both instruments, the ge-
ographic profile distribution is generally good across the whole globe and is clearly
representative of the input data; the distribution is peaked at the northern and southern20

turnaround latitudes for HIRDLS, and there are fewer coincidences at tropical latitudes.
A large number of colocations are recorded between the two instruments, and these
are fairly evenly distributed across the overlapping time period of the two datasets,
ramping up initially over a period of months during the commissioning of the COS-
MIC constellation before reaching a level of 800-1400 coincidences per month. The25
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total number of coincidences between the two instruments over the period is 19973,
of which 19555 provide data over the full height range under consideration and conse-
quently are used in our analysis.

3.3.2 HIRDLS-SABER

The centre column of Fig. 1 illustrates HIRDLS-SABER coincidences over the period5

2006-2007. As with the HIRDLS-COSMIC coincidences, these are evenly distributed
across most latitudes. Although both instruments follow a regular sun-synchronous
orbit, they have frequently-intersecting orbits which precess relative to each other. This
precession leads to colocations occuring over the full range of latitudes covered by
HIRDLS. There is an alternating two-month pattern to the number of coincidences per10

month; as HIRDLS has good coverage at high northern latitudes but not high southern
latitudes, this corresponds directly to the SABER yaw cycle discussed above. 27801
coincidences occur between the instruments, of which 19233 provide data over the full
height range for our analysis.

3.3.3 COSMIC-SABER15

Finally, the right column of Fig. 1 shows COSMIC-SABER coincidences. Once again,
the number of colocations ramps up as the COSMIC constellation enters formation,
reaching a rate of over 200 coincidences per month. The matches are distributed
globally, but with clear peaks at 60N and 60S due to the yaw pattern of TIMED shifting
the satellite turnaround to these latitudes at different times of year. 3950 colocations20

occur between COSMIC and SABER, of which 2288 are suitable for analysis.
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4 Correlation/standard deviation analysis

4.1 Methodology

We shall initially consider our data in terms of the correlation coefficient and standard
deviation of colocated profile pairs about their respective smoothed means. In each
case, we use the correlation coefficient as a measure of the similarity of the two colo-5

cated profiles, and the standard deviation as a proxy to the magnitude of fine structure
in the profile. This methodology has previously been used to compare HIRDLS and
COSMIC profiles by Barnett et al. (2008).

Initially, each profile is interpolated onto a 200 m altitude scale, to provide a common
scale across all three instruments. The profiles are then convolved with a 7 km cosine10

half-bell filter, effectively filtering out any features greater than 14 km in vertical extent.
The new profiles are subtracted from the original (post-interpolation) profiles to produce
perturbation profiles; this process acts as a high-pass filter on the data. The high
resolution is used in order to represent the half-bell as smoothly as possible. The
height region we wish to consider is then extracted.15

Fig. 2 illustrates this process with a colocated HIRDLS-COSMIC profile pair. From
left to right, the first panel shows the original profiles, the second the data interpolated
onto the 200 m scale with the half-bell-smoothed profiles overplotted with dashed lines,
the third the perturbation profiles remaining after the half-bell smoothing, and the fourth
the height region under investigation extracted. In each case, the coloured lines at the20

right indicate the height levels under consideration at that stage of the analysis, with
orange indicating HIRDLS levels and green COSMIC levels. The standard deviations
of the perturbation profiles about their means are then computed, and the profiles are
correlated using the linear Pearson correlation coefficient.

This analysis is limited in several ways. Firstly, the interpolation of the datasets to25

new vertical scales inherently alters the structure of the data. It is necessary for the
data to be on the same vertical scale for the correlation and for the standard deviations
to be fully comparable, but in performing this step we are adding structural information
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to the data which was not originally present. Since all the datasets are already over-
sampled to some degree, however, this step is less of a problem than it could be.

Secondly, and more importantly, this analysis does not tell us what the fine struc-
ture under consideration actually is. All that is being considered is the variability of the
small-scale vertical structure profiles and their similarity to colocated data: the analysis5

cannot tell us whether what we are seeing arises due to gravity-wave type features or
due to other small-scale atmospheric features such as fine temperature layers. Accord-
ingly, it can only provide us with useful information when considered alongside other
analyses.

Finally, it does not take into account the variation between the two profiles due to10

their time and distance separation. This difference is hopefully minimised by our small
time and distance separation criteria, but will lead to differences, particularly in the
correlation coefficients between the profile-pairs.

4.2 Comparisons

We shall now discuss the results of the above analysis method as applied to profiles15

colocated between each pair of instruments (Fig. 3). In each case, we shall consider
the number density of correlations and the mean correlation at a given standard devia-
tion for each instrument.

These analyses allow us to consider the correspondence between the correlation
quality and the degree of fine structure in the signal. Generalising broadly, we would20

expect gravity wave signals to be of greater amplitude than background noise, and
accordingly would expect profiles with larger amplitudes, and hence larger standard
deviations, to be made up to a greater degree of signal rather than noise. Hence, we
would expect larger-standard-deviation profiles to be better correlated.

746

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/4/737/2011/amtd-4-737-2011-print.pdf
http://www.atmos-meas-tech-discuss.net/4/737/2011/amtd-4-737-2011-discussion.html
http://creativecommons.org/licenses/by/3.0/


AMTD
4, 737–764, 2011

Gravity wave
detection

comparisons

C. J. Wright et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

4.2.1 HIRDLS-COSMIC

The first row of Fig. 3 illustrates the results of our analysis for colocated HIRDLS and
COSMIC profiles.

Considering first the number density plot (left) we observe a cluster of high num-
ber densities at low standard deviations in both instruments, corresponding to a region5

made up of uncorrelated profiles (right). This is consistent with low-structure noise pro-
files: profiles with low standard deviations are more likely to represent low-level noise
rather than meaningful activity, and consequently would be expected to correlate more
weakly. The standard deviations of this cluster are approximately equal to or less than
the temperature precision levels of the two instruments, suggesting that the detailed10

structure of these profiles is close to the noise limits of the two instruments. We also
see a bias towards slightly larger standard deviations in the COSMIC data, with the
distribution as a whole being skewed towards higher COSMIC values. This is consis-
tent with the results shown in Fig. 4 of Barnett et al. (2008), despite the significantly
different colocation criteria and different height sampling used. This is indicative of dif-15

fering resolutions for the two instruments and may be a tail of small-scale fine structure
which HIRDLS cannot resolve.

4.2.2 HIRDLS-SABER

We next consider the second row of Fig. 3, the comparison between HIRDLS and
SABER correlation/standard deviation results. We once again see a pattern of in-20

creasing correlation with increasing standard deviation along the 1:1 correspondence
line, and a large cluster of low-correlation profiles at low standard deviations. A “tail” of
poorly-correlated results at high SABER standard deviations and low HIRDLS standard
deviations is observed: this tail only amounts to a few percent of the profiles considered
and is most probably due to the precision and resolution limits of SABER, represent-25

ing outliers on the dataset. The best-correlating profiles are once again those with
the highest standard deviations in both instruments, again suggesting that the profiles
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with most variability, that is to say the ones with large-amplitude structure rather than
low-amplitude noise are the closest in agreement between the two instruments.

4.2.3 COSMIC-SABER

Finally, the third row of Fig. 3 illustrates the results for COSMIC-SABER colocations.
We again see a pattern of highly-correlated high-standard deviation profiles with a large5

cluster at low standard deviations of uncorrelated profiles. There is a skew towards
higher standard deviations in the COSMIC results, consistent with the expected higher
vertical resolution of COSMIC.

4.3 Conclusions

Whilst the correlation/standard deviation analyses discussed here cannot show un-10

ambiguously whether we are correctly detecting gravity wave signals as opposed to
atmospheric layering or other similar phenomena, they do show that the three instru-
ments reproduce each others’ small-scale structure well, and accordingly could be ex-
pected to have similar gravity wave structure. Deviations from agreement between the
datasets are generally focused at low standard-deviations, consistent with unstructured15

noise.

5 Stockwell transform analysis

5.1 Methodology

Several recent studies, such as those of Alexander et al. (2008); Alexander et al.
(2009); Wright et al. (2010), have used the S-Transform (ST, Stockwell et al., 1996),20

an extension of the continuous wavelet transform based on a scaling movable Gaus-
sian window which provides a time-frequency (or, in the cases of atmospheric profile
analysis, height-frequency) representation, to examine satellite temperature profiles for
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evidence of gravity wave signals. Accordingly, we shall apply this method to compare
our profiles for use in gravity wave detection.

Since we are considering only individual profiles, we cannot apply the cospectral
analysis used in, e.g., Alexander et al. (2008); Wright et al. (2010) to analyse the
horizontal wavelength of and momentum flux carried by gravity wave signals, and to5

select only for signals present across multiple profiles. Instead, we consider only the
vertical wavelengths and temperature perturbations detected in single S-Transformed
profiles; this yields an estimate of the activity in the individual profile rather than that
present across both profiles of an adjacent pair, and hence emphasises significantly
more spatially-localised gravity waves. The purpose of this is to assess how well the10

three instruments estimate the vertical wavelengths and temperature perturbations of
the profiles under consideration relative to each other.

Figure 4 illustrates the method used to carry out this analysis. Two ideal waves are
shown, but the same approach is used for the real data, with colocated profile pairs
filtered using the half-cosine bell approach outlined above used as the input. The15

profiles are individually S-Transformed (figures in second and third columns from left).
We then extract the peak temperature perturbation at each height level in the profile
(second figure from right), and the vertical wavelength of this signal (right). We repeat
this analysis for each colocated profile-pair.

Figure 5 show the results of these analyses on a whole-dataset scale. For each row,20

the left-hand figure shows, on each axis, the peak temperature perturbation in each in-
dividual profile, as indicated by the arrows on Fig. 4, with results binned on a 0.075 K by
0.075 K scale. These points are not necessarily at the same height level; they indicate
only the individual peaks in the profiles. This selection makes sense if considered in
terms of an individual gravity wavepacket propagating between the two measurements:25

in the time between the two profiles being measured, the wavepacket will propagate
some distance vertically (and also horizontally), and accordingly a measurement at the
same height would fail to detect the corresponding signal. By selecting in this way,
any wave packets with temperature amplitude significantly above the local mean will
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accordingly be associated with each other across the profile pair. The right-hand plots
indicate the measured vertical frequency of this temperature maximum in each profile,
binned on a 0.035 km−1 by 0.035 km−1; applying the same logic, this should show a
good match for high-amplitude wavepackets separated in height but representing the
same wave signal. On both of these plots, the solid diagonal line indicates a 1:1 corre-5

spondence between the two datasets.
To perform this analysis, we have considered only the subset of profiles from the

previous analysis which showed indications of significant activity. Specifically, only
profile-pairs where the standard deviation in each profile is greater than 0.8 K have
been considered. This criterion, rather than one based on their correlation coefficients10

as previously computed, is used to allow for variation of wavepacket height between the
two measurements: to take an extreme case, a perfectly-resolved gravity wavepacket
with no background noise which was reproduced perfectly between the two measure-
ments except for a large height change would return a correlation coefficient of zero,
but identical standard deviations, from our previous analysis. This serves to remove15

the large peak of low-amplitude noise present in our previous analysis from the data,
hopefully providing a better test of our analysis method.

Figure 6 shows the distribution of profiles remaining after this selection has taken
place. This distribution, weighted towards tropical regions, is representative spatially
of the gravity wave climatology as observed by detection methods focusing upon short20

vertical wavelength waves (Alexander and Barnet, 2007). All three instruments retain
their global coverage; the temporal distribution of the pairings remains broadly similar,
but with a much stronger reduction in alternate months of HIRDLS-SABER colocations
due to the TIMED yaw cycle. There is also a stronger emphasis on midlatitudinal and
tropical results than with the unfiltered data, with a much smaller proportion of results25

at Arctic and Antarctic latitudes.
It should be noted that, due to the decrease of atmospheric density with height, we

would expect the magnitude of temperature perturbations due to gravity waves to in-
crease with increasing altitude; for example, Alexander et al. (2008) show perturbations
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growing by ∼50–60% over this range. Such an increase is also observed in our results
(not shown). Accordingly, basing our analysis on the largest temperature perturbation
present in each profile will inevitably bias our results towards signals at higher alti-
tudes. Nevertheless, this process still compares like-with-like across each profile-pair,
and hence provides useful comparative results. In particular, for a gravity wavepacket5

of significantly greater amplitude than the mean we should still resolve the same feature
at all heights.

5.2 Comparisons

5.2.1 HIRDLS-COSMIC

The top row of Fig. 5 illustrates the results obtained from the ST comparison of HIRDLS10

and COSMIC. Considering first the temperature analysis in the left-hand figure, we ob-
serve the same bias in the temperature perturbations measured towards COSMIC as
in the first row of Fig. 3: the profile-peak temperature perturbation scatterplot shows a
marked bias in favour of higher values in COSMIC, with the distribution skewing away
from the 1:1 correspondence line. The scatterplot for frequency shows good agree-15

ment, with the bulk of pairings tightly distributed about the 1:1 correspondence line but
with a slight bias towards higher frequencies (shorter wavelengths) being observed by
COSMIC: in particular, no results are observed for HIRDLS with a frequency greater
than 0.35 km−1, whereas COSMIC results continue to be observed up to 0.5 km−1,
albeit in very small numbers. These results are consistent with COSMIC potentially20

having a slightly higher vertical resolution than estimated: some small-scale features
which would be fully resolved at the resolution of COSMIC will not be observed by
HIRDLS, leading to this result.
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5.2.2 HIRDLS-SABER

The middle row of Fig. 5 shows results for the ST comparison of HIRDLS and SABER.
The temperature scatterplot shows general agreement, although with a wider spread
of values than the previous HIRDLS-COSMIC comparison. The frequency scatterplot
shows much less agreement, with the distribution heavily skewed towards lower fre-5

quencies (longer wavelengths) in the SABER data, and a cutoff at 0.25 km−1. The bulk
of results obtained, however, remain on the 1:1 correspondence line. This is consistent
with the coarser vertical resolution of SABER by comparison with HIRDLS and COS-
MIC: for a wave to be Nyquist sampled by the 2 km vertical resolution of SABER, the
maximum frequency of the wave would be 0.25 cycles per kilometre, in agreement with10

the results observed, and highlights that SABER cannot be used to detect waves with
vertical frequencies greater than this. This also explains the poorer fit for temperature
perturbations: many of the results obtained will in fact be for a wavelike feature which
may be properly observed only by HIRDLS in this pairing.

5.2.3 COSMIC-SABER15

Finally, we consider COSMIC-SABER pairings (bottom row of Fig. 5). The significantly
smaller number of colocations as compared to the other two instrument pairings makes
this analysis weaker, but similar results to the HIRDLS-SABER comparisons are ob-
tained, with a sharp skew towards smaller-scale structure in COSMIC and results much
more divergent than in the HIRDLS-COSMIC and HIRDLS-SABER comparisons.20

5.3 Conclusions

From our S-Transform analyses, we conclude that the three results reproduce each
others’ results reasonably to within their resolution limits. Temperature perturbation
comparisons for each instrument pair hew generally to the 1:1 correspondence line,
with slight skews towards larger perturbations observed for pairs involving COSMIC25
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results, but with fairly broad distributions. Vertical wavelength comparisons are also
generally distributed about the 1:1 correspondence line in the bulk of cases, with sig-
nificant deviations due to the lower resolution of SABER as compared to the other two
instruments. A slight deviation in favour of COSMIC having a slightly higher vertical
resolution than HIRDLS is observed, but the distribution is again fairly wide.5

6 Discussion and conclusions

Based upon our analyses, we conclude that the three instruments reproduce each oth-
ers’ results recognisably, but not exactly: while the three datasets reproduce each other
fairly closely when considered in terms of their standard deviations and correlations at
large amplitudes (Sect. 4.2.1), the more detailed S-transform analyses of these high-10

amplitude profiles return a broad distribution of results. Whilst more than 50% of the
results lie distributed on or close to the correspondence line in all cases, a significant
proportion do not.

The datasets were also analysed for three-way coincidences between HIRDLS,
COSMIC and SABER. Only 13 three-way colocations with standard deviations in all15

three instruments greater than 0.8 K were found, too small a number to draw meaning-
ful conclusions from, and accordingly these results have been omitted. Comparisons
were also undertaken between the three instruments shown, the Michelson Interfer-
ometer for Passive Atmospheric Sounding (MIPAS, Fischer et al., 2000) and the Solar
Occultation for Ice Experiment (SOFIE, Gordley et al., 2009). These two instruments20

have significantly coarser stratospheric vertical resolutions than SABER, HIRDLS, and
COSMIC (∼3 km for MIPAS, ∼3.5 km for SOFIE), and accordingly gave significantly
poorer comparative results for both analyses, with no significant correlations for their
standard deviations, temperature perturbations or vertical wavelengths.

Based upon our results, we can proceed to draw some additional conclusions with25

regards to gravity wave analysis with the three instruments.
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The comparatively low vertical resolution of SABER makes it the weakest for this type
of analysis, with significant parts of the small-scale frequency spectrum being omitted
from the results obtained. SABER does, however, have the longest data record, run-
ning continuously from 2001 to the present day, and can study the largest altitude
range.5

HIRDLS performs better vertically, measuring much higher vertical frequencies, and
also has by far the largest number of profiles per day, ∼5600, allowing comparatively
fine horizontal structure to be detected. This allows the computation of momentum
fluxes due to gravity waves comparatively accurately, provided the satellite scan track
is aligned at a close angle to the wavevector (Ern et al., 2004).10

Finally, COSMIC performs better than either instrument in vertical resolution, with a
potential vertical resolution in this height range as good as 700 m, although this is only
observed in a very small number of cases. However, the pseudo-random nature of
the COSMIC profile distribution combined with the smaller number of profiles per day
limit its use in determining momentum fluxes: although this can be done, for example15

using the method described in Wang and Alexander (2010), it requires considerable
averaging over large geographic regions.
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Table 1. Data specifications for each instrument.

COSMIC HIRDLS SABER

Bottom 800 hPa 400 hPa 135 hPa
Top 7 hPa 0.4 hPa 0.0003 hPa
Precision 0.5 K 0.5 K 1.0 K
Vertical Res. ∼1 km 1 km 2 km
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Fig. 1. Details of the temporal and spatial distributions of profile-
pairs between each pair of instruments (from left: HIRDLS-
COSMIC, HIRDLS-SABER, COSMIC-SABER). In each case, the
upper plot shows the geographic distribution of pairs, and the lower
plot the temporal distribution.

Fig. 2. Illustration of the data preparation applied for our correla-
tion/standard deviation analyses, showing a comparison between a
HIRDLS (orange) and COSMIC (green) profile. From left to right,
the first panel shows the original profiles, the second the data inter-
polated onto the 200 m scale with the half-bell-smoothed profiles
overplotted with dashed lines, the third the perturbation profiles re-
maining after the half-bell smoothing, and the fourth the height re-
gion under investigation extracted. In each case, the coloured lines
at the right indicate the height levels under consideration at that
stage of the analysis, with orange indicating HIRDLS levels and
green COSMIC levels. Note that, in this example, the COSMIC
profile shown continues to an altitude above 1 hPa, whilst in prac-
tice most do not.

Fig. 1. Details of the temporal and spatial distributions of profile-pairs between each pair of
instruments (from left: HIRDLS-COSMIC, HIRDLS-SABER, COSMIC-SABER). In each case,
the upper plot shows the geographic distribution of pairs, and the lower plot the temporal distri-
bution.
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Fig. 2. Illustration of the data preparation applied for our correlation/standard deviation anal-
yses, showing a comparison between a HIRDLS (orange) and COSMIC (green) profile. From
left to right, the first panel shows the original profiles, the second the data interpolated onto
the 200 m scale with the half-bell-smoothed profiles overplotted with dashed lines, the third the
perturbation profiles remaining after the half-bell smoothing, and the fourth the height region
under investigation extracted. In each case, the coloured lines at the right indicate the height
levels under consideration at that stage of the analysis, with orange indicating HIRDLS levels
and green COSMIC levels. Note that, in this example, the COSMIC profile shown continues to
an altitude above 1 hPa, whilst in practice most do not.
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Fig. 3. Correlation-standard deviation analysis output for
(top) HIRDLS-COSMIC, (middle) HIRDLS-SABER and (bottom)
COSMIC-SABER profile pairs. The left-hand plot shows the data
as a scatter of the standard deviations of the two instrument profiles,
and the right the same plot but with the correlation values between
the two instruments shown. In the left figure, the colour scale repre-
sents the number of points in each bin, whilst in the right figure the
colour represents the mean correlation for profile-pairs in that bin.

Table 1. Data specifications for each instrument

COSMIC HIRDLS SABER
Bottom 800 hPa 400 hPa 135 hPa

Top 7 hPa 0.4 hPa 0.0003 hPa
Precision 0.5 K 0.5 K 1.0 K

Vertical Res. ∼1 km 1 km 2 km

Fig. 4. Sample comparison between S-Transform results for two
ideal wave packets, both of the same amplitude and wavelength but
but one at low altitude (blue) and the other at high altitude (red).
From the left, the first column illustrates two profiles, the second
and third the S-Transforms of the two profiles, the fourth the com-
puted peak temperature perturbations as a function of height, and
the final column the computed vertical frequencies for these tem-
perature perturbations. The arrows on the two output plots indicate
the temperature maxima selected from the two profiles and their
associated vertical wavelengths. Our analysis would identify these
waves as equal in temperature pertubation and wavelength despite
their different altitude, under the assumption that the time separa-
tion accounted for their different altitudes.

Fig. 3. (Caption on next page.) Correlation-standard deviation analysis output for (top) HIRDLS-COSMIC, (middle)
HIRDLS-SABER and (bottom) COSMIC-SABER profile pairs. The left-hand plot shows the data as a scatter of the
standard deviations of the two instrument profiles, and the right the same plot but with the correlation values between
the two instruments shown. In the left figure, the colour scale represents the number of points in each bin, whilst in the
right figure the colour represents the mean correlation for profile-pairs in that bin.
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Fig. 3. Correlation-standard deviation analysis output for
(top) HIRDLS-COSMIC, (middle) HIRDLS-SABER and (bottom)
COSMIC-SABER profile pairs. The left-hand plot shows the data
as a scatter of the standard deviations of the two instrument profiles,
and the right the same plot but with the correlation values between
the two instruments shown. In the left figure, the colour scale repre-
sents the number of points in each bin, whilst in the right figure the
colour represents the mean correlation for profile-pairs in that bin.

Table 1. Data specifications for each instrument

COSMIC HIRDLS SABER
Bottom 800 hPa 400 hPa 135 hPa

Top 7 hPa 0.4 hPa 0.0003 hPa
Precision 0.5 K 0.5 K 1.0 K

Vertical Res. ∼1 km 1 km 2 km

Fig. 4. Sample comparison between S-Transform results for two
ideal wave packets, both of the same amplitude and wavelength but
but one at low altitude (blue) and the other at high altitude (red).
From the left, the first column illustrates two profiles, the second
and third the S-Transforms of the two profiles, the fourth the com-
puted peak temperature perturbations as a function of height, and
the final column the computed vertical frequencies for these tem-
perature perturbations. The arrows on the two output plots indicate
the temperature maxima selected from the two profiles and their
associated vertical wavelengths. Our analysis would identify these
waves as equal in temperature pertubation and wavelength despite
their different altitude, under the assumption that the time separa-
tion accounted for their different altitudes.

Fig. 4. Sample comparison between S-Transform results for two ideal wave packets, both of
the same amplitude and wavelength but but one at low altitude (blue) and the other at high
altitude (red). From the left, the first column illustrates two profiles, the second and third the
S-Transforms of the two profiles, the fourth the computed peak temperature perturbations as a
function of height, and the final column the computed vertical frequencies for these temperature
perturbations. The arrows on the two output plots indicate the temperature maxima selected
from the two profiles and their associated vertical wavelengths. Our analysis would identify
these waves as equal in temperature pertubation and wavelength despite their different altitude,
under the assumption that the time separation accounted for their different altitudes.
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Fig. 5. ST analysis output for (top) HIRDLS-COSMIC, (middle) HIRDLS-SABER and (bottom) COSMIC-SABER
profile pairs. The left plot shows a density plot of the peak temperature perturbation in each paired profiles, and the
right a density plot of the vertical frequencies of these temperature perturbation peaks. Scales are as a percentage of
the total number of analysed profile-pairs in each case.
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10 Wright et al: Gravity Wave Detection Comparisons

Fig. 5. ST analysis output for (top) HIRDLS-COSMIC, (middle)
HIRDLS-SABER and (bottom) COSMIC-SABER profile pairs.
The left plot shows a density plot of the peak temperature pertur-
bation in each paired profiles, and the right a density plot of the
vertical frequencies of these temperature perturbation peaks. Scales
are as a percentage of the total number of analysed profile-pairs in
each case.

Fig. 6. Details of the temporal and spatial distributions of profile-
pairs between each pair of instruments (from left: HIRDLS-
COSMIC, HIRDLS-SABER, COSMIC-SABER) after removing
low-standard deviation profiles.

Fig. 6. Details of the temporal and spatial distributions of profile-pairs between each pair of
instruments (from left: HIRDLS-COSMIC, HIRDLS-SABER, COSMIC-SABER) after removing
low-standard deviation profiles.
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