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Abstract.  In this paper we present both night and 1 Introduction
day thermospheric wind observations made with the
Second-generation, Optimized, Fabry-Perot Doppler Image(nderstanding the development and evolution of localized
(SOFDI), a novel triple-etalon Fabry-Perot interferometerspread_p is a problem of fundamental plasma physics as well
(F_PI) designed to make 24-h measurements of thermospherigg 5 important engineering issue (e.g.,Keley, 2009 and
winds from Ol 630-nm emission. These results were ob-references therein along with 13 consecutive years of pa-
tained from the northeastern United States and from Undebers from the lonospheric Effects Symposium, Alexandria,
the magnetic equator at Huancayo, Peru and demonstrate th@\, ies2011.com). A detailed study of such a phenomenon,
current instrument capability for measurements of Dopplera|ong with a large host of other ionosphere/thermosphere
_shifts for either night or day. _ We found the uncertainties ;g es (e.g., stormtime dynamics, nature of traveling iono-
in the measurements agree with expected values based upQRheric disturbances, solar cycle variability impacts on the
forward modeling calculations; nighttime wind components thermosphere), requires measurements of the neutral back-
having an uncertainty of 20-ms™* at 30-min resolution and  ground winds. However, such observations are sparse be-
daytime wind components having an uncertainty~f0-  cayse the experimental challenges associated with such mea-
ms-1 at 20-min resolution. The nighttime uncertainties are surements are daunting, especially during the daytime. One
typically larger than those seen with traditional single-etalonjnstrument that has shown considerable effectiveness in the
FPIs, which occur at the cost of being able to achieve daytimgneasurement of thermospheric winds is the Fabry-Perot in-
measurements. The thermospheric wind measurements froga ferometer (FPI). This instrument uses high spectral reso-
Huancayo replicate recently reported CHAMP zonal windsytion measurements of the Ol 630-nm spectral profile emis-
and are in disagreement with current empirical wind clima- gjop, (originating from the broad oxygen layer in the ther-
tologies. In addition, we discuss the incorporation of how mosphere between200-km and~300-km and peaking at
multiple point heads in the SOFDI instrument will allow for _230.km Golomon and Abreu1989 Zhang and Shepherd
unique studies of gravity wave activity in future measure- 2004) in the lower thermospherddernandez1986 Meri-
ments. wether 2006 to determine the line-of-sight Doppler shift
and Doppler broadening for each direction observed.

However, most FPI measurements are only possible dur-
ing nighttime conditions when there is no solar background
obscuring the thermospheric emission line. Daytime obser-
vations, to date, are typically limited to emission intensities
and temperatureBarmore 1977 Conde and Jackd 989
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technology, the Second-generation Optimized Fabry-Perotic bundle. The four fiber bundles, each representing an inde-
Doppler Imager (SOFDI) was constructed with the purposependent look direction, connect via a hermetic seal to a ther-
of measuring continuous 24-h (i.e., nighttime and daytime)malized and pressurized optical chamber which contains all
winds and temperatures from the upper mesosphere andf the optics and other components of the SOFDI instrument.
lower thermosphere. This particular project was initially This pressurization and thermalization keeps the system sta-
funded so that the 24-h ground-based wind measurementsility to better than 5-ms! drift over 6 h. The light from
from SOFDI could be used to validate in-situ wind measure-each fiber unit is collectively collimated and passed through
ments from the Air Force Communications/Navigations Out- an interference filter wheel, the etalon system, and then im-
age Forecasting System (C/NOFS) satellite, which is part ofaged onto a high quantum efficiency/low dark noise Andor
an intensive satellite and data assimilation/operational spac€CD camera. A 1.0-nm or a 0.5-nm interference filter pass-
weather modeling program that will attempt to predict the band is used for either the nighttime or daytime Ol observa-
low latitude occurrence of equatorial spread-F (ESF). Thetions, respectively.
SOFDI measurements may furthermore test recent theories Normally, each of the SkyScanners is sequentially pointed
that suggest that the timing of the afternoon reversal of theo an azimuth (east or north) at 6@enith angle. These
zonal wind from west to east is an important predictor of would be followed by a vertical measurement to determine
ESF developmentHysell and Kudeki2004 Kudeki et al, the zero-wind Doppler reference, and finally, in a direction
2007. toward the Sun for daytime measurements (the latter being
In this paper we report on traditional nighttime and the first required to account for the Doppler shifting of the solar spec-
daytime results from SOFDI obtained while the instrumenttrum introduced by the rotation of the earth and for accurate
was undergoing testing in the northeastern United States aemoval of the daytime continuurBérmore 1977)).
well as recent results from under the magnetic equator at In Fig. 1 we show sample raw SOFDI data under night-
Huancayo, Peru. These daytime results represent a majdime, twilight, and daytime conditions. For nighttime op-
advance in ground-based daytime FPI operations. In Sect. rations only the HRE is placed in the optical path to im-
we describe the instrument design and in Sect. 3 we presergtge approximately 11 orders of each look direction onto the
thermospheric wind observations obtained for both day andCCD. Each of the 11 orders represents an independent mea-
night periods. We discuss these wind observations in Sect. 4urement of the wind and temperature in that particular look
and present conclusions and future work in Sect. 5. direction. For daytime operations, all three etalons are placed
in the optical path so as to reduce solar contamination of the
comparatively weak 630-nm dayglow line. Effectively, the
2 Instrumentation LRE and MRE block 10 of the 11 orders of the HRE, al-
lowing only 1 order to pass. Under normal operations, there
SOFDI is a triple-etalon FPI capable of making wind and would be three more data quadrants imaged on the CCD in
temperature measurements from the spectra obtained for Rig. 1, with each quadrant representing an independent look
variety of upper atmospheric emission lines. The Fabry-direction. The data in each quadrant is annularly integrated
Perot etalons, optics, housing, pressure/thermal and motiofwithin that quadrant) to form a spectrum.
control systems of the SOFDI instrument were designed and For the data collected during nighttime conditions (i.e.,
integrated by Michigan Aerospace Corporation, Inc. The op-when all 11 orders are recorded), each fringe in each quad-
tical characteristics of the SOFDI etalons are identical to therant is individually fitted with a Voigt profile (i.e., the re-
etalons of the HRDI instrument flown on the UARS space- sultant mathematical profile obtained from the convolution
craft (Skinner et al. 1987 Hays and HRDI Science Team of a Lorentzian and a Gaussian profile, representing the in-
1992 and consist of a high resolution (HRE, 1-cm fixed ze- strument function and the thermal broadening Ol linewidth,
rodur gap), a medium resolution (MRE, 0.186-cm piezoelec-respectively) to determine the line center position and width.
tric tuned gap) and a low resolution (LRE, 0.024-cm piezo- The measured line center for a particular fringe is compared
electric tuned gap) etalon. Each fused-silica etalon is ZnS+o the corresponding line center of the fringe measured from
ThF4 coated, 8.8-cm in effective diameter, is 86 % reflec-the zenith-pointing direction and a Doppler shift, which is
tive, and is mounted on motorized slides for insertion into proportional to the line-of-sight thermospheric wind, is com-
the optical path upon command; thus, conversion from theputed. By computing the Doppler shift (and Doppler broad-
daytime optical configuration to the nighttime setup or vice ening) for each fringe individually, any optical aberrations or
versa can be accomplished within a few minutes. In this padllumination variation along the optical axis, i.e., out from
per we present only the results of thermospheric Ol 630-nthe center of the CCD chip, are accounted for because such
emission wind measurements. aberrations would similarly effect both fringes. So long as
Light from each of the four independent, fully steerable, the vertical wind is much smaller than the horizontal wind,
pointing mirror systems (i.e., SkyScanner pointing heads dethis vertical Doppler reference is valid. This approach is the
veloped by KeoScientific, Inc.) is reflected into a 5.08-cm one generally used in analyzing Fabry-Perot interferometer
(2”) diameter telescope that focuses the light into a fiber op-observationsfernandez and Rohld979. The measured
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Fig. 1. Raw SOFDI data as imaged onto a CCD for three different observing conditions. left) Typical Ol 630-nm nighttime data from all four
field-of-views (hence four distinct quadrants) for just the high resolution etalon. Each fringe from each field-of-view yields an independent
thermospheric wind measurement corresponding to that field-of-view. middle) Typical twilight data from one field-of-view for all three
etalons in place. This image has been median filtered and smoothed to better display the Ol fringe within the white bounding box. right)
Raw daytime data showing the solar continuum and nearby absorption lines.

line width is used to compute the Doppler broadening and For the data collected during daytime conditions (i.e.,
thus the species temperature. when all 3 etalons are in the optical path and only 1 order is
This processing procedure for nighttime data has a numeffectively recorded), we ratio the annularly integrated data
ber of caveats that need to be addressed. First, we approxi? @ particular field-of-view with the corresponding quadrant
mate each fringe of the instrument function as a Lorentziandata obtained from a solar spectruNokon et al, 1979 Tep-
profile instead of a full Airy profile, which is the sum of ley et al, 1981). This ratio removes the solar continuum
overlapping Lorentzian functions. Essentially, we are ne-and leaves only atmospheric emission structure; namely the
glecting the impact of the wings of the Lorentzian on ad- Ol emission and contributions due to the Ring Effect (i.e.,
jacent fringes. Second, by processing and fitting each fringéhe filling of Fraunhoffer valleys due to atmospheric scatter-
separately we greatly minimize the contributions due to in-ing (Barmore 1975 Pallamraju et a).2002). The dayglow
strument etaloning (i.e., cavity reflections between the etalorO! fringe is located very close to where one of the night-
and interference filter, or more generally between any opdime fringes would be located and is fit with a Voigt pro-
tical surfaces) because the impact on a particular field-offile, while the Ring continuum is simultaneously fit with a
view fringe is the same as the impact on the vertical refer-broader Gaussian-shape and its contribution is removed from
ence fringe. Similarly, any possible contamination from OH the Voigt fit as seen in Fig. 2. The Ol line center computed
emission passing through the broader 1-nm interference filfrom this fit is then compared to the Ol line center computed
ter is likewise removed in the nighttime winds. Third, due from the fit of the fringe obtained from the vertical field-of-
to OH contamination, we note that the measured Ol tem-view, and again the Doppler shift is computed assuming the
peratures will likely suffer a bias which is not accounted for vertical wind is much smaller than the horizontal wind.
herein. However, use of the HRE and MRE together, for ex- There are two notable caveats that need to be mentioned
ample, in nighttime measurements can be used to remove thighen computing the daytime winds. First, any spectral struc-
contamination bias in future measurements. Fourth, hereifure in the solar spectrum can have a profound impact on
we utilize a Doppler reference determined by the “local” both the signal-to-noise ratio and the bias of the wind de-
zenith measurement (i.e., the zenith measurement taken clogermination. The presence of tropospheric cirrus clouds, in
est in time to the particular look direction). The use of this particular, can substantially limit the observational data win-
value as a Doppler reference can greatly impact the zonal andow. A zenith pointing, wide field-of-view web-camera is
meridional wind measurements if there is a significant verti-mounted in the SOFDI trailer to assist in the detection of
cal wind. Use of the nightly mean vertical reference as thesuch clouds. Second, at times the Ring Effect is not nec-
Doppler reference may be more adequate, but that too makegssarily Gaussian in shape and there can-b@-ms* im-
certain assumptions about the nature of the wind. Furtherpacts, obtained by using various fitting functions/methods,
more, the value of the “local” zenith wind is that each zonal on the estimated winds. Furthermore, the Ring Effect will
or meridional measurement can be considered uncorrelatelave an impact on determining the line emission width and
from consecutive measurements, thus allowing averaging othus daytime temperature measurements, which to date, have
data and a simple reduction of the standard deviation of théot been reliably computed.
mean, whereas a nighttime averaged vertical reference has a
correlation structure that must be included in averaging con-
secutive data.
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A 1 Fig. 3. Daytime Ol 630-nm thermospheric winds, represented by
(G174 S I R AU AR B PR B diamond points with 1-sigma uncertainty bars, as measured from
100 120 140 160 180 200 220 240 one field-of-view by SOFDI in Steuben Valley, NY from 28 March
CCD Pixels 2008. The thin lines are from the HWMO7 empirical model. Black

data points/lines represent the zonal wind (positive values are east-
Fig. 2. Example of the dayglow 630-nm Ol emission, after the sky ward) while gray data points/lines represent the meridional wind
spectrum is divided by the solar spectrum. The thick black line (positive values are northward).
traces the component due to the Ring Effect (i.e., the line sketches
the Ring Effect profile), and the Ol emission line is seen atop of the
Ring Effect continuum. This Ol emission is then fit with a Voigt

profile difference, however, in the structure of the wind response

throughout the day. For example, though it appears that the
zonal wind reversal from a westward to eastward phase initi-
ates at approximately the same time08:00 LST), the time-

scale of the reversal occurs earlier on this particular day than

Hereafter we report on the results obtained from SOFDI uti-What the climatological model shows.
lizing only one of the four pointing heads and thus repre- [In 2009 SOFDI was transported to Huancayo, Peru
sent only a fourth of SOFDI'’s functionality. This allows the (12.0°S, 284.8 E, geographic, 08N, 356.2 E, geomag-
reader to scale the reported measurements as they deem djetic, 3.2-km altitude) to make thermospheric wind obser-
propriate when all four pointing-heads are used, for exampleyations in support of the C/NOFS program. Nighttime data
to increase temporal resolution, reduce measurement uncewas successfully recorded in June 2010 and both daytime and
tainty, or configured for unique observation schemes of, fornighttime data in August 2010. A sample of data taken with
example, gravity waves (discussed below). one SkyScanner pointing head from August 2010 is shown
From June 2006 to March 2008 SOFDI was located inin Figs. 4 and 5, where we show the measured winds and
Steuben Valley in upstate New York (4318, 75.3 W, 250-  highttime temperatures, respectively.
m altitude). Throughout this period SOFDI had been making In Fig. 4, each nominal data realization for the nighttime
regular nighttime thermospheric Ol 630-nm wind measure-wind data was taken over a 10-min period, with a full wind
ments and sporadic daytime wind measurements. In Fig. ector obtained every 30-min, while for the daytime wind
we show one sample period of daytime wind data collecteddata each nominal data realization was taken over a 5-min pe-
from the use of one SkyScanner pointing head on 21 Marchiod, with a full wind vector obtained every 15-min. The gaps
2008, during a low Kp period (less than3) that charac- in the daytime data are due to internal system checks and
teristic of the most recent solar minimum. Each nominal calibration, and represent an extremely conservative/cautious
data realization was taken over a 5-min period, with a full mode of operation. Each of the daytime measurements has
wind vector obtained very 20-min. Wind measurement un-an uncertainty of~70-m s ! at the 20-min resolution, while
certainties are-50-m s~1 at 20-min resolution. Also plotted each of the nighttime measurements has an uncertainty of
in Fig. 3 are the corresponding zonal and meridional winds as~20-m st at 30-min resolution. HWMO7 wind values are
computed from the Horizontal Wind Model-2007 (HWMO7) shown for reference. The daytime data presented here have
(Drob et al, 2008 Emmert et al.2008 for reference. These higher uncertainties (as compared to the data shown in Fig. 3)
sample wind measurements are of the same general magmndue to non-optimal alignment of the triple etalon system.
tude as the empirical model wind values. There is a clealNighttime data was collected before 10:00LST and after

3 SOFDI measurements from one pointing head
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8 {o {2 {4 16 The sample data presented here in Figs. 3, 4, and 5 are typi-
LST [hr] cal daytime and nighttime data that can be obtained with the
SOFDI instrument at this time. To date, the SOFDI ther-
mospheric wind measurements made in upstate NY are con-
Listent with both climatological Millstone Hill FPI thermo-

Fig. 4. Top: nighttime Ol 630-nm thermospheric winds, repre-
sented by diamond points with 1-sigma uncertainty bars, obtaine

by SOFDI in Huancayo, Peru from the night of 11 August to 12 . . . .
August 2010. The thin lines are from the HWMO7 empirical model. spheric wind datafmmert et al. 2003 and with synoptic

Black data points/lines represent the zonal wind (positive values ar(l:\./IIIIStone Hill Incoherent Scatter Radar me”d'c_mal wind es-
eastward) while light blue data points/lines represent the meridionafimates Gerrard et al.2009. This statement is based on
wind (positive values are northward). Bottom: daytime Ol 630-nm 15 nights of data from Fall of 2005, 6 samples of daytime
thermospheric winds as measured from one field-of-view by SOFDIand nighttime data from mid-March 2008, and sporadic data
on 12 August 2010, presented in the same manner. The red bar regamples taken throughout 2006 and 2007. The daytime data
resents the 1-sigma range of geophysical variability of climatologi-from upstate NY is, at this time, relatively sparse due to data
cal CHAMP winds during equinox at low Kp and low F10.7 values contamination of thin cirrus clouds. However, we are cur-
(Liu et al, 2009. rently reanalyzing this data utilizing a new inversion scheme
in the attempt to remove this cloud influence.

Nighttime data from Huancayo have been compared to FPI

02:00LST, but the signal levels were too low to determined ta f Ji located at th EPI ob t
a wind measurement with this level of uncertainty. ata from Jicamarca (located at the new observatory,

In Fig. 5, the nighttime temperature measurements fromMerrHrII) under similar observational conditions and com-

the different look directions were not separated and are inPare remarkably well, with the exception that SOFDI temper-

stead plotted together, showing the degree of variabilityatures appear to be50-K higher in value. In summer 2011

based on pointing-head look direction. As compared to conV€ plan on obtaining and comparing thermospheric temper-

current FPlI measurements from the Jicamarca FPI, thes%turis. ot;tarn_ed wrthﬁju?ttthe HRII.E atnhd vgtHh the tHRI.E"\{[l.RE
temperatures appear to bes0-K too high, likely the re- com m;:_on n al? e'||0br ° (Iquabr: If}tl fh F;?n am'(;“'?‘ '(:Q
sult of the aforementioned OH contamination. Outside of the'ssue' IS resuft will be valuable to other s usedin the

bias, these temperature measurements have an uncertainty%?mmumty that use a .1-cm spacergap. ]
~40-K. This sample of daytime data from Huancayo was consis-

For completeness, we note that during periods of verytem Wirh other SOFDI daytime measurements made over
weak nighttime Ol emission (i.e., as were typical during thethree_ different days in August 201_0' We note_that the un-
March 2008 period from the mid-latitude trough) removal of certainty bars presented here are likely overestimated, as the
the instrument function from the measured Ol spectrum isindividual data values shown in Fig. 4 do not share or indicate
difficult because of the low ionospheric temperatures (andiN€ Same variance (and would justify further averaging of the
hence narrow Doppler linewidths). Consequently, we dig'ndependent data points). Moreover, the consistent discrep-
not show SOFDI nighttime winds or temperatures from the 21¢Y between the SOFDI winds and HWMO7 initially gave

2008 data here due to the weak and narrow 630-nm spectr&fS |arge concern for our inversion methods, until we com-
emission pared these data to recent equatorial zonal wind data from

the CHAMP satellite I(iu et al, 2006 2009, also shown

www.ann-geophys.net/29/1529/2011/ Ann. Geophys., 29, 18235-2011
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Fig. 6. Based on the gravity wave structures presentéliver et al.(1994, a model reconstruction of the measured horizontal wind field as

a function of line-of-sight. (top) A spatial construct of the viewing geometry, with horizontal distance in the x-axis and altitude in the z-axis.
The sum of the mean wind field and the gravity wave wind fiel@@0-km vertical wavelength, ground-based period-@fh, amplitude of

~20 % of the mean background wind), weighted by the vertical emission intensity profile, is depicted in color with each line representing a
different FPI line-of-sight. (bottom) The relative variation of the measured wind speed as a function of the line-of-sight zenith angle (i.e., a
value of “1” indicates a measurement that is equal to the true mean background wind). Only at large or negative (i.e., line-of-sights opposing
the gravity wave phase structure) zenith angles would the impact of the gravity wave variation on the measured horizontal wind be averaged
out over the line-of-sight.

in Fig. 4 for reference. Both CHAMP and SOFDI daytime erational forecasts. With the initiation of another solar cycle,
wind data compare very well and are in disagreement withconcurrent C/NOFS neutral wind observations and SOFDI
HWMO7 (and previous versions) winds. Such differencesobservations will provide an exciting opportunity to investi-
between observations and HWMO7 have been observed igate the role of the neutral winds on ESF.
other studies, e.g., irkpsch et al, 2000, in Brazilian FPI Finally, we would like to comment on a 3-day set of
observations by Meriwether and Makela (J. Makela, personaljata collected from 30 October to 1 November 2008 (not
communications, 2011), etc. However, we note that there argnown) which showed dramatic variability in the measured
a large number of issues with that need to be addressed iinds that were not consistent with typical FPI observations.
comparing empirical climatologies with “semi-synoptic” ob- 1o gate we have not been able to dismiss this data on ac-
servations (D. Drob, personal communications, 2011). Betount of experimental errors (e.g., etalon drift, cloud influ-
cause the daytime HWMO7 equatorial winds are highly influ- ence). The only experimental differences between this par-
enced by both the DE2-spacecraft wind measurements fromjcy|ar set of observations and all other observations were
the early 1980s and the optical WINDII measurements fromyp 5t (1) the data were taken in New Jersey, closer to the At-
the 1990s, there may be some potentially interesting issuegntic coast, and (2) the measurements were made at a 45
that might need to be resolved influencing the geophysics bezenith angle. These measurements showed wind values that
tween the 1980s-1990s and the 2000s. varied much more than the wind values of March, at times
Furthermore, we note that both CHAMP and SOFDI con- reaching~250-m s'1. Though such a wind speed itself isn't
sistently see a wind reversal from westward to eastwardunusual Emmert et al. 2003, the wind shears, observed
around local noon, as opposed to the local evening. This apduring both day and night conditions, and at times exceed-
pears to coincide with a thermally direct neutral wind circu- ing 10-m s min—1, are dramatic. Furthermore, though the
lation, but the lack of daytime temperatures prevents us frormeasured winds show the same general trend/phase as the
verifying this. The timing of this reversal is vitally important empirical model, the differences between model and obser-
to current ESF formation theories and ongoing C/NOFS op-vation often exceed 100-nmt$. Nighttime FPI data from
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Millstone Hill (obtained from the NCAR-CEDAR Database) structure that is not necessarily at & &clination angle. As

show such wind shears and deviations from models occasiorfar as we know, SOFDI is the only instrument that is cur-

ally, but they seem quite infrequent. rently capable of making such unique gravity wave measure-
Close inspection of the October 2008 data indicate that thenents both at night and during the day.

measured zonal and meridional winds show3-5 h peri-

odicity, potentially indicating a wave structure with a smaller .

spatial scale than that of an atmospheric tide. This period® Conclusions

icity, along with the higher viewing angle, leads one to SUST 1 this paper we have presented daytime and nighttime ther-

pect that we are observing the apparent modulation of the as- s L
. . ) N .“mospheric winds as measured from Ol 630-nm emission by
sumed “mean horizontal wind speed” due to the propagatio

r1he SOFDI instrument. We have demonstrated that measure-

of any such gravity wave structure. For example, in Fig. 6 - o .
. . ment uncertainties are within previously reported ranges and
we show model results of the measured horizontal wind as a

. . . ; are well within observed geophysical variability. We note
function of zenith angle/line-of-sight for an upwardly propa- hat the davti ind d herei
ating gravity wave with a-200-km vertical wavelength, a that the aytlme win mea}surem'ents presente \€rein repre-
ground-based eriod of1-h. and an amolitude 0§20 % 0} sent substantial progress in FPI instrumental design and val-
9 P =T, and.an amp 0 idates the SOFDI approach to nighttime and daytime wind
the mean background wind (i.e., if time was to step forward,

. . AR measurements. Though the uncertainties in Figs. 3, 4, and 5
the gravity wave phase lines would progress in a “downward . . o
) o . . ; may seem larger than those associated with other nighttime-
diagonal” to the right). Such a thermospheric gravity wave

S . . only FPI instruments, they are the result of the trade-offs
Is inferred from structures presented in, for examlver made to obtain daytime measurements and are nonetheless
et al. (1994. We see that the measured horizontal wind, Y

when the instrument line-of-sight is aligned with the incli- acceptable for a large variety of thermospheric studies.

: . . At this time, all four of SOFDI’s pointing heads are oper-

nation angle of the gravity wave (i.e., the angle of the grav-_.. . . N

. . . ating and collecting daytime and nighttime Ol data at Huan-

ity wave phase structure with respect to the horizontal), can )

: . cayo, Peru. The SOFDI data collection system and etalon

be modulated by as much as the ratio of the gravity wave, - :

. : . : tuning algorithm are robust enough to operate unattended,

amplitude to the mean horizontal wind speed, depending on . -

X : but sudden power failure or the presence of thin cirrus clouds

the actual observational slant path through the gravity wave _ " : .

: can impact operations. That is, the SOFDI control system

structure. As the gravity wave propagates upwards, the as-__ . o . .

requires additional engineering support to enable truly au-

sumed measured horizontal wind speed would be similarly . . . .
tonomous operation. Current work involves making this op-

modulated in time. When the line-of-sight is opposed to the . :
. . eration procedure more robust, addressing the OH contam-
phase structure of the gravity wave, the gravity wave undula-

. . . ination i in nighttim mperatur nd th ntin
tions are spatially averaged out over the slant path, resultin ation issue ghttime temperatures, and the continued

. . . %ollection of equatorial thermospheric winds in an effort to
in a more accurate measurement of the mean horizontal wind,_ . . . .
speed Clarify the underlaying physics of ESF generation.
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