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Abstract This paper describes a new data set from the Aeronomy of Ice in the Mesosphere (AIM) Cloud
Imaging and Particle Size (CIPS) instrument, from which gravity waves (GWSs) at an altitude of 50-55 km
can be inferred. CIPS is sensitive to GWs with horizontal wavelengths from ~15 to 600 km and vertical
wavelengths longer than 15 km. Several examples of GWs in CIPS observations are shown, including waves
associated with the Andes Mountains, island topography, convection, the polar night jet, and the
tropospheric jet stream. GW signatures in the CIPS data are shown to agree well with near-coincident but
lower altitude measurements from the Atmospheric Infrared Sounder (AIRS) in June of 2016. Results suggest
the power of combining CIPS measurements with those from other instruments to investigate GW filtering
and propagation. The CIPS data set opens new areas of inquiry, enabling comprehensive investigations of
GWs in the middle atmosphere on a near-global scale.

Plain Language Summary This paper describes a new data set from the Cloud Imaging and Particle
Size instrument on the NASA Aeronomy of Ice in the Mesosphere satellite. The data set can be used to infer
atmospheric gravity waves at an altitude of 50-55 km. Several examples of gravity waves are shown, including
waves associated with the Andes Mountains, island topography, convection, the polar night jet, and the
tropospheric jet stream. Gravity wave signatures in the new data set are shown to agree well with
near-coincident but lower altitude measurements from the satellite-based Atmospheric Infrared Sounder.
Results suggest the power of combining the new data with measurements from other instruments to
investigate gravity wave filtering and vertical propagation. This data set opens new areas of inquiry, enabling
comprehensive investigations of gravity waves in the middle atmosphere on a near-global scale. Such studies
are important because gravity waves drive the circulation in the middle and upper atmosphere, thereby
impacting global atmospheric structure, composition, and variability.

1. Introduction

Vertically propagating gravity waves (GWs) play a significant role in coupling the atmosphere, as they transfer
momentum and energy from the troposphere to higher altitudes. They drive the residual circulation in the
upper atmosphere [Lindzen, 1981; Holton, 1982, 1983], thereby impacting global atmospheric structure,
composition, and variability. Among other important ramifications, GWs influence the dynamical and
chemical structure of the Antarctic polar vortex [Garcia et al., 2017], modulate the atmospheric response to
Arctic stratospheric sudden warmings [Ern et al., 2016], trigger the formation of polar stratospheric clouds
[Cariolle et al., 1989; Hoffmann et al., 2017], and modulate polar mesospheric cloud occurrence [Gerrard
et al., 2004].

GW:s act on subgrid scales in global climate models and therefore must be parameterized. Improving these
parameterizations is an active area of research and requires observations of GW effects on a global scale
throughout the lower and middle atmosphere [Alexander et al., 2010; Fritts and Alexander, 2003; Geller
et al., 2013]. Numerous instruments have been used in recent years to study GWs [Alexander et al., 2010;
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Wright et al., 2016a, 2016b]. Because the data from different instruments pertain to different spatial, spectral,
and temporal scales [e.g., Alexander and Barnet, 2007], a complete understanding of GWs requires that the
various observations be combined. Near-global, satellite-based limb sounders such as the Sounding of the
Atmosphere using Broadband Emission Radiometry (SABER) [Alexander et al., 2015; Ern et al., 2016; Geller
et al, 2013; Preusse et al, 2009], Cryogenic Infrared Spectrometers and Telescopes for the Atmosphere
(CRISTA) [Eckermann and Preusse, 1999; Preusse et al., 2002], and Microwave Limb Sounder (MLS) [Jiang
et al., 2002; Wright et al., 2016b] have broad vertical coverage but lack horizontal imaging capability. Nadir
sounders such as the Atmospheric Infrared Sounder (AIRS) [Gong et al., 2015; Hoffmann and Alexander,
2009] and the Visible Infrared Imaging Radiometer Suite (VIIRS) [Miller et al., 2015] have extensive horizontal
coverage, but vertical weighting functions that limit vertical resolution and range.

This paper reports a new, near-global, nadir-imaging data set that can be used to infer GWs near an altitude of
50-55 km. To our knowledge, this is the only available imaging data set that can reveal horizontal GW struc-
tures near the stratopause. The measurements are made by the Cloud Imaging and Particle Size (CIPS) instru-
ment on the NASA Aeronomy of Ice in the Mesosphere (AIM) satellite [Russell et al., 2009]. The new CIPS data
complement the AIRS measurements, which are widely used for GW studies but have limited utility above
~40 km [Wright et al., 2016a]. They also complement the VIIRS measurements and CIPS inferences of GWs
from polar mesospheric cloud (PMC) images [Chandran et al., 2010; Yue et al., 2014; Zhao et al., 2015], both
near altitudes of 80-90 km.

2. Instruments and Retrieval Algorithm

AIM was launched in April 2007 and is still operational. CIPS is a nadir-viewing panoramic imager that mea-
sures ultraviolet radiation scattered by the clouds and atmosphere [McClintock et al., 2009; Rusch et al., 2009].
It was designed to image the atmosphere over a wide range of scattering angles, with a primary goal of
measuring PMCs [Bailey et al., 2009]. The instrument consists of four cameras operating in a 10 nm passband
centered at 265 nm, with a total cross-track by along-track field of view of 80° x 120° (~1000 km x 2000 km),
centered at the subsatellite point. Individual camera pixels have a horizontal resolution of 1 km x 2 km in the
nadir, but the data are binned to 7.5 km x 7.5 km in the retrieval process to approximately match the poorer
horizontal resolution at the highest viewing angles. CIPS images are acquired simultaneously in each camera,
with the combined four-camera image being referred to as a “scene.”

From launch in 2007 until February of 2016, CIPS scenes were acquired every 43 s in the spring or summer
hemisphere between the terminator and a dayside latitude of ~40°. With this cadence, many locations were
viewed at as many as seven different scattering angles, which provided a direct measurement of the scatter-
ing phase function. The radiance observed by CIPS comes from molecular (Rayleigh) scattering by the back-
ground atmosphere, as well as from ice particle scattering by PMCs, if present. The CIPS version 4.20 PMC
retrieval algorithm relies on the premise that PMCs can be distinguished from the background Rayleigh
scattering by their asymmetric phase function, as described by Lumpe et al. [2013]. CIPS PMC retrievals based
on this scattering angle approach were validated by Benze et al. [2009, 2011], confirming that CIPS measure-
ments of scattered radiance are reliable. Furthermore, as noted by Carstens et al. [2013], a Rayleigh scattering
model based on McPeters [1980] and modified for the CIPS observing geometry [Bailey et al., 2009] matched
the background albedo measured by CIPS to within 2%.

The robust quality of CIPS Rayleigh scattering measurements has enabled production of the new data
described in this paper. In the absence of PMCs, the Rayleigh scattering source function for the 265 nm radi-
ance observed by CIPS peaks near an altitude of 50-55 km [Bailey et al., 2009]. Since the observed Rayleigh
scattering signal is controlled by the atmospheric neutral density and is modulated strongly by ozone absorp-
tion [Bailey et al., 2009; McPeters, 19801, coherent perturbations to the observed Rayleigh scattering signal on
scales of tens to hundreds of kilometers are generally indicative of GW-induced variations in the neutral den-
sity and/or ozone near 50-55 km. To quantify these perturbations, we calculate the Rayleigh Albedo Anomaly
(RAA), which is defined as the residual difference between the observed Rayleigh scattering albedo and a
“baseline” albedo that would be observed in the absence of any small-scale atmospheric variations.

In theory, the baseline albedo could be calculated by smoothing the observed albedo to average out pertur-
bations. Because each CIPS pixel is characterized by a unique observation geometry, however, such a
smoothing is not feasible in practice. Instead, the baseline albedo is calculated using a numerical
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generalization of the “C-” model [e.g., Carstens et al., 2013]. Details of the RAA retrieval will be given else-
where. Briefly, the process begins with calculation of the level 1 observed albedo, R, as described in Lumpe
et al. [2013]. For each 7.5 km x 7.5 km RAA bin, or resolution element, R can be expressed as the product
of two terms:

R = Rn(No3, Not, 7) xG(6, VWA, SZA, &) 1)

Here G is a geometric factor for the RAA bin that depends on the scattering angle (), view angle (VWA, the
angle between the local zenith and the CIPS line of sight to the scattering volume), solar zenith angle (SZA),
and the ratio of the ozone scale height to the atmospheric scale height near 50-55 km (¢); note that VWA and
SZA vary along the line of sight. All parameters in G except for ¢ are known for every RAA bin. The RAA
retrieval assumes monthly mean climatological values for ¢ in 10° latitude bins as calculated by McPeters
and Labow [2012] from MLS ozone. Geophysical variability in o, as observed by MLS, is insignificant for the
purposes of the CIPS retrievals, justifying the use of climatological data. R, is the Rayleigh albedo that would
be observed at 8 = 90° and VWA = 0° and is essentially a scaling factor on the Rayleigh scattering phase func-
tion. R, depends on ¢ as well as Noz and N, the ozone and atmospheric column densities, respectively,
above the peak of the Rayleigh scattering source function. With an assumed value of ¢, G is known, so R,
can be calculated for each RAA bin as R/G. The R, values on each day are then fitted via bilinear interpolation
to a smooth, continuous surface defined by vertices on a 10° latitude by 20° longitude grid. The optimal
surface is solved for iteratively for each day of observations by minimizing the total root-mean-square
difference between all R, values and the surface. The final surface evaluated at each bin location defines
the baseline albedo, Ry,se, SO that the final RAA in each bin, expressed as a percent, is given by

RAA =100 (Rn_Rbase)/RbaSe (2)

PMCs interfere with the RAA retrieval, so RAA data are most robust in their absence. As noted above, until
February of 2016, CIPS measurements spanned latitudes from ~40° to the pole in the spring or summer hemi-
sphere. Thus, RAA data for those years are restricted to latitudes of ~40°N-90°N from March equinox to
September equinox, and from ~40°S to 90°S from September equinox to March equinox, except during
the PMC seasons (~June-August in the north and December-February in the south), when the PMC region
is excluded. In February of 2016 CIPS switched into a continuous imaging mode of operations, wherein
images are acquired every 3 min throughout the sunlit portion of the orbit. Therefore, the RAA data since
February of 2016 are global in the sunlit hemisphere except near the summer pole during the PMC seasons.
Dictated by the RAA bin size and CIPS scene size, the RAA retrievals are most sensitive to perturbations from
GWs with horizontal wavelengths of ~15-600 km; detection of longer-wavelength GWs is possible but
requires that the wave crests be aligned along track or nearly so. The RAA retrievals are most sensitive to
GWs with vertical wavelengths >15 km, which is determined by the vertical weighting function for the ozone
absorption contribution to the observed albedo.

The next section describes comparisons between CIPS RAA and AIRS Brightness Temperature Perturbation
(BTP) data. Details of the AIRS instrument and BTP retrievals have been given elsewhere [Hoffmann et al.,
2014, and references therein]. Briefly, contributions to the total brightness temperature (BT) variance mea-
sured by AIRS come from atmospheric temperature variations associated primarily with large-scale features
such as latitude gradients and planetary waves, and smaller-scale features such as GWs. The AIRS BTP retrieval
removes the larger-scale deviations by calculating a fourth-order polynomial fit to the BT measurements in
the cross-track direction for each scan. Subtraction of this fit from the measured BT yields the BTP, which is
thus a measure of small-scale deviations from the smooth background. Therefore, the AIRS BTP data product
is analogous to the CIPS RAA data product, in that both are measures of small-scale perturbations to the
background atmosphere that are usually attributed to GWs.

We use the 4.3 um AIRS data, for which the spectral mean vertical weighting function maximizes around an
altitude of 30-40 km. Hoffmann et al. [2014] show that the sensitivity of the 4.3 um BTP variance data exceeds
50% for GWs with vertical wavelengths longer than ~65 km, although GWs with vertical wavelengths as short
as ~15 km are detectable. The sensitivity exceeds 50% for horizontal wavelengths ranging from ~100 to
1000 km. Sensitivity to GWs with shorter wavelengths is restricted by the AIRS horizontal footprint, which
has a nadir diameter of 13.5 km and increases to 39.6 km at the largest viewing angles [Sato et al., 2016].
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Figure 1. (a) CIPS RAA in a single four-camera scene and (b) AIRS 4.3 um BTP, over the tip of South America on 10 June
2016, with the outline of the CIPS scene superimposed. (c) CIPS scene superimposed on AIRS. Arrows show MERRA-2
horizontal winds at 850 hPa interpolated to the CIPS time; wind velocities were constant within several m/s throughout the
previous 24 h (not shown). In accordance with the higher CIPS spatial resolution, each AIRS data point here and in Figure 2
occupies an area equal to 4 times the area of each CIPS data point. In Figures 1a-1c thick gray curves indicate the edge
of the Antarctic vortex at a potential temperature of 1600 K (~45 km) [Harvey et al., 2002]; numbers refer to latitudes
(45°5-60°S) and longitudes (60°W-80°W). (d) Normalized CIPS RAA and AIRS BTP, taken perpendicular to the GW fronts
along the dash-dotted line in Figure 1c.

The average footprint diameter is ~20 km [Alexander and Teitelbaum, 2011], suggesting that the minimum
horizontal wavelength detectable in AIRS data is typically ~40 km, more than twice as long as the
minimum horizontal wavelength detected by CIPS.

3. Results and Discussion

Figure 1 compares CIPS RAA data in one four-camera scene to AIRS BTP data over the tip of South America on
10 June 2016. The CIPS scene was acquired at 20:04 UT; the AIRS data were acquired earlier from 18:35 UT to
18:41 UT. The bowtie-shaped, black outline denotes the edges of the CIPS scene; data are missing in the lower
right part of the scene because of proximity to the terminator, where radiances are too low for robust
measurements. The CIPS RAA values in Figures 1 and 2 exhibit systematic trends in the cross-track (approxi-
mately longitudinal) dimension because the baseline albedo calculation does not yet completely account for
SZA changes across the scene; this does not significantly impact the results reported here, which focus on the
superimposed smaller-scale variations. The wavelike features seen in both the CIPS and AIRS data sets are
typical of stratospheric GW signatures previously reported in the literature [e.g., Hoffmann and Alexander,
2009]. The superimposed 850 hPa (~1.5 km altitude) wind vectors in Figures 1a-1c were derived from the
Modern-Era Retrospective analysis for Research and Applications, version 2 (MERRA-2) [Bosilovich et al.,
2015]; wind speeds were ~20 m/s in the region of the wave features observed by CIPS. The southern
Andes region is a well-known source of orographic GWs [Hoffmann et al., 2016], and orographic generation
is consistent with the high tropospheric wind speeds and the fact that the wind vectors are nearly perpendi-
cular to the wavefronts and mountain ridges.
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Figure 2. Examples of CIPS RAA and AIRS BTP data on 10-11 June 2016. (a) CIPS RAA at 10:31 UT and (b) AIRS BTP at
8:43-8:49 UT, on 10 June over the Kerguélen Islands (yellow) in the southern Indian Ocean; arrows show MERRA-2
horizontal wind vectors at 850 hPa (1.5 km altitude), interpolated to the CIPS time. (c) CIPS RAA at 22:49 UT on 10 June over
the northern midwestern United States. (d) CIPS RAA at 21:28 UT and near-coincident AIRS BTP on 11 June 2016; the AIRS
data were acquired on two different orbits, at ~19:23 UT (mainly east of the CIPS scene) and ~21:00 UT (mainly west of the
CIPS scene). In Figure 2d the thick gray curve indicates the vortex edge at a potential temperature level of 2000 K (~50 km);
black contour lines show the westerly wind speed at 50 km, in increments of 20 m/s, with a maximum of 160 m/s.

The larger-scale GW signatures in CIPS and AIRS data in Figure 1 have similar orientations and horizontal
wavelengths. Normalized CIPS RAA and AIRS BTP values along the 875 km transect that is drawn perpendi-
cular to the wavefronts in Figure 1c are shown in Figure 1d. The two prominent crests in the AIRS data are
located ~150 km and ~350 km from the zero position (left endpoint of the transect), and the two most
prominent troughs in the CIPS data are located ~200 km and ~400 km from the endpoint. Both suggest a
horizontal wavelength of ~200 km over the Andes. The observation of similar wave signatures in these
near-coincident measurements is consistent with transmission of quasi-stationary, orographically generated
waves from the troposphere to the mesosphere [e.g., Smith et al., 2009].

Northeast of the ~200 km wave features, CIPS data exhibit wave patterns with wavelengths closer to
~100 km, which are not seen by AIRS. It is possible that the amplitude and/or vertical wavelength of the
waves detected by CIPS were smaller at the lower AIRS observation altitude than AIRS was able to detect
[e.g., Yue et al., 2013]. The complex wave features in the CIPS scene may have been generated by a combina-
tion of orographic and jet imbalance processes. The gray curve superimposed on the images indicates the
edge of the Antarctic polar vortex at 45 km, where winds (not shown) were parallel to the vortex edge and
normal to the Andes and varied from 70 to 100 m/s over the CIPS scene. GWs are commonly associated with
the winter polar vortex at lower altitudes in the stratosphere [e.g., Alexander et al., 2009; Plougonven and
Zhang, 2014; Sato and Yoshiki, 2008].

Figure 2 shows more examples of GWs, on 10-11 June 2016. Figures 2a and 2b compare CIPS RAA and AIRS
BTP on 10 June 2016 near the Kerguélen Islands in the Southern Indian Ocean, another hot spot for
orographic GWs [Hoffmann et al., 2016]. The AIRS data were acquired ~105 min before the spatially coinci-
dent CIPS scene. CIPS data show signatures of GWs with horizontal wavelengths ranging from ~100 km on
the western edge of the islands to <40 km downwind of the islands. For reference, the Kerguélen Islands
are ~130 km wide from east to west, with mountains that reach 1850 m in height. AIRS data hint at the
presence of a wavefront near 55°S/75°E, but the smaller-scale waves downwind of the islands are not evident
in the AIRS data. This is probably because the horizontal wavelengths are relatively short, and the GWs in this
instance are located near the western edge of the AIRS orbit strip where the horizontal resolution is poorest
and signals are smeared [Gong et al., 2012]. This example is important since the cumulative effect of GWs
from isolated islands in the Southern Ocean could be significant for the circulation of the middle and upper
atmosphere. Alexander and Grimsdell [2013] showed that GWs generated by flow over southern ocean island
topography are very common in May-September, while Pautet et al. [2016] and Eckermann et al. [2016]
showed that such orographically generated GWs penetrate into the upper mesosphere during winter.
Because island GWs can occur frequently, Alexander and Grimsdell [2013] concluded that a lack of GW signa-
tures in the AIRS data might often imply that the GWs had dissipated and imparted their momentum in the
atmosphere below 40 km. The new availability of CIPS GW measurements at ~50-55 km altitude can be used
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Figure 3. (a—c) CIPS m-RAA (see text) in the latitude range 10°S-60°S, from orbits 50415-50429 on 16 July 2016; the last two digits of the orbit number are given
above each orbit strip. Arrows in Figures 3b and 3c denote MERRA-2 wind vectors at 300 hPa and 1 hPa, respectively. The red contour in Figure 3c indicates the
vortex edge at a potential temperature level of 2000 K (~1 hPa). (d-f) Expanded view of the m-RAA in Figures 3a-3c poleward of 35°S (marked by the gray line). The
orbits have been placed arbitrarily closer to each other in longitude to allow for the expanded view.

effectively with AIRS observations to better quantify the frequency with which island-generated GWs
propagate up through the stratosphere and into the mesosphere.

Figures 2c and 2d illustrate nonorographic GWs. Figure 2c shows a partial concentric wave pattern in CIPS
RAA data over the northern midwestern United States on 10 June 2016, which exhibits a well-defined center
and a horizontal wavelength of ~35-40 km. Such patterns are characteristic of freely propagating, convec-
tively generated GWs [e.g., Taylor and Hapgood, 1988, Yue et al., 2014]. The CIPS scene in Figure 2c was
acquired at 22:49 UT. An infrared Geostationary Operational Environmental Satellite (GOES) image taken
4 min earlier at 22:45 UT (not shown) indicated strong convective activity that extended from northern
lowa and southern Minnesota through northern Wisconsin and into Canada. The NOAA Storm Prediction
Center recorded numerous reports of high winds and hail greater than 5 cm. in diameter across the same
region. This example is similar to that depicted in Figure 1 of Gong et al. [2015], which showed a partial
concentric GW pattern in AIRS data that was associated with an extended convective region in the midwes-
tern U.S. on 26 July 2012. However, the GWs in that case exhibited a much longer horizontal wavelength than
the CIPS GWs in Figure 2c. The closest AIRS data (not shown) that covered the geographic region sampled by
CIPS on 10 June 2016 were acquired more than 3.5 h earlier and did not show any indication of the concentric
GWs. Figure 2d shows CIPS RAA and AIRS BTP data on 11 June 2016. The measurements are located over the
South Pacific, west of South America, and indicate excellent agreement between AIRS and CIPS for this
nonorographic wave in the stratospheric polar night jet. Note also that the CIPS scene location was near a
jet streak at the tropopause (not shown), indicating a possible wave source.

Figure 3 illustrates qualitatively the rich content of CIPS RAA winter hemisphere observations on 16 July 2016.
This day was chosen arbitrarily to represent a typical day of measurements. The previous figures showed
individual CIPS scenes; Figure 3 shows the results of combining the scenes into orbit strips, each of which
is composed of ~15 scenes on the sunlit side of the orbit. In addition, Figure 3 shows a modified RAA
(m-RAA), for which large-scale longitudinal variations were removed to better isolate GW signatures in the
longitudinal direction. Specifically, the CIPS RAA data were averaged into 1° latitude by 0.1° longitude bins.
In each latitude bin, a smooth background was calculated as a running boxcar average of the RAA over
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~3°in longitude and subtracted from the RAA. A 1° (in longitude) running boxcar average was then applied to
the residual, to produce the m-RAA shown in Figure 3. The boxcar sizes were chosen empirically to optimally
represent wave patterns without substantially damping their amplitude.

As seen in Figures 3a-3c, every orbit on this day shows GW signatures, most of which occurred at middle to
high latitudes. The waves were inside, outside, and on the edge of the polar vortex, and often near topo-
graphic features. Figures 3d-3f give expanded views of each orbit to illustrate more clearly the GWs. The
largest wave patterns are in orbit 50416, from 40°S to 60°S, near the Date Line and east-southeast of New
Zealand, a known hot spot for GW generation. Recent analyses of data from the DEEPWAVE campaign
suggest that GWs observed in the upper stratosphere and lower mesosphere near New Zealand are likely
generated by both orographic and nonorographic sources and also raise the question of what controls the
propagation of GWs into the upper mesosphere [Fritts et al., 2016]. One of the surprising findings of
DEEPWAVE was the transmission to the mesosphere of mountain waves with horizontal wavelengths of
~10-30 km; since CIPS is sensitive to GWs with A as small as 15 km, the RAA data will be invaluable in inves-
tigations of these waves. The largest GW signals in orbit 50421 are in the vicinity of the Kerguélen Islands and
are likely orographic in origin.

It is likely that many of the GWs depicted in Figure 3 are nonorographic. Wind vectors based on MERRA-2 data
at 300 hPa (approximate level of the tropospheric jet) and 1 hPa are given in Figures 3b and 3c. The large
m-RAA wave patterns in orbit 50427 are located just west of the southern tip of South America, where tropo-
spheric winds rule out an orographic origin. The GWs near 55°S on orbit 50420 are located near the exit
region of a jet streak at 300 hPa, which Zhang [2004] showed could generate GWs; although it is also possible
that the GWs in orbit 50420 are associated with leeward propagation of orographic GWs generated over the
Kerguélen Islands, as discussed by Preusse et al. [2002] and Sato et al. [2012]. Many of the other strong wave
signatures, such as those poleward of 45°S in orbits 50418, 50428, and 50429, are relatively distant from land
masses. The CIPS data could therefore lead to an improved understanding of nonorographic wave sources.

4. Summary

This paper presents a new data set from the AIM CIPS instrument, from which GWs near the stratopause can
be inferred. Examples described herein include both orographic and nonorographic GWs, and waves that
were most likely associated with island topography, convection, and tropospheric jet stream sources.
These examples demonstrate that the AIM CIPS RAA data provide an important new measurement capability
for scientific investigations of GW activity. CIPS measurements are sensitive to waves near 50-55 km altitude
with horizontal wavelengths of ~15-600 km, and vertical wavelengths >15 km. As such, the AIM CIPS instru-
ment occupies a unique niche, filling in spatial and temporal gaps in the current measurement record, and
providing information that is particularly relevant to the vertical propagation of GWs.

At the time of this writing, near-global CIPS RAA data are available from March 2016 to February 2017, except
in the PMC regions and from 6 August 2016 to 15 October 2016 when CIPS turned off temporarily for space-
craft purposes. The RAA algorithm is also being applied to ongoing measurements, which are near global.
RAA data from 2007 to 2015 will be made available after they are processed and will consist of measurements
in the summer hemisphere poleward of ~40°, minus the PMC region. By combining CIPS data with measure-
ments from other instruments, GWs can be observed independently at multiple altitudes. Observing the
change in GW spectrum with altitude can help to constrain and validate the GW parameterizations used in
general circulation models [Alexander et al., 2010]. Such studies will be instrumental in clarifying the impact
of stratospheric variability on GW propagation. For example, GW events seen in AIRS but not in CIPS might
demonstrate significant wave filtering or breaking below the stratopause. Comprehensive examination of
CIPS data in conjunction with other GW data sets, simultaneous temperature and wind information from
reanalysis data such as MERRA-2, and 3-D ray tracing programs will elucidate the propagation of GWs from
the troposphere up through the middle atmosphere.
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