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Background 
● Gravity waves are a key feature of the atmosphere, present 

throughout all atmospheric layers. 
● They typically form due to weather or terrain effects in the 

troposphere but can propagate vertically, climbing up the 
atmospheric layers.

● The effect that gravity waves has on a local piece of the 
atmosphere can be observed differently, common 
approaches include temperature oscillations and density 
oscillations.

● Gravity waves facilitate the transport of airborne particles 
throughout the atmosphere, are responsible for energy and 
momentum being carried across atmospheric layers and can 
even dynamically cool or heat regions of the atmosphere via 
vertical and horizontal propagation, breaking, mixing and 
dissipating. [3]
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Conclusions & Future Work

Stellar Occultation DataMotivation 
● The thermosphere is a particularly difficult region of the 

atmosphere to study, being too high up for most ground 
based measurements. 

● This results in a region of ~100 to ~200 km where little to 
no observations of vertical gravity waves exists. This region 
is commonly called the ‘thermospheric gap’.

● In a similar fashion to a recent MAVEN study [4], stellar 
occultation data was used to attempt to find gravity waves 
in this region. This occultation data is from the SOLSTICE 
instrument aboard SORCE.

● The motivation behind using an occultation approach is that 
the data is available at thermospheric altitudes due to 
SORCE being a spacecraft rather than a ground or low 
altitude observational instrument.
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● Column density is a measure of the density of atoms along a column of the atmosphere. 
● It is calculated using the Irradiance measurements taken by SOLSTICE, I(rh) and I_infty 

in the equations above. 
● SIgma represents the cross section of O_2 that the FUV light dissociates in the 

atmosphere.
● Oscillations in the column density should correspond directly to oscillations in the 

atmosphere itself, thus indicating the presence of gravity waves. Which can be found be 
looking for oscillations around a linear model fit.
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● Using a stellar occultation approach we were able to observe 
and study vertically propagating gravity waves in earth's 
thermosphere with data ranging from 120 to 300 km.

● The waves found have so far been consistent with existing 
theory, with wavelengths of 10 to 20 km and relative 
amplitudes of 10-25 percent.

● This region, known as the ‘thermospheric gap’ has been a 
difficult one to study by dynamicists, making this work novel 
among gravity wave studies.

● Steps will be made to continue the analysis of this data set, 
shifting towards a focus on comparison tests between the 
stars used in the study and an analysis of the local time and 
solar cycle variability of the data.

● The irradiance measurements came 
from the Solar Radiation and Climate 
Experiment (SORCE), specifically the 
SOlar STellar Irradiance Comparison 
Experiment (SOLSTICE) instrument 
onboard the spacecraft. 

● Data used spans from 2004 to 2010, 
using the data collected when 
SOLSTICE calibrated itself against 
the 18 stars listed in the table above.

● SOLSTICE measures light in the 
115-320 nm (Far Ultraviolet) range.

● After plotting the column 
density in log scale, we 
apply a model fit and 
calculate the residuals.

● Residuals are plotted as 
deviations from the model 
in fractional units.

● While not every scan 
showed a wave, plenty of 
convincing scans showed 
oscillations >2 times 
greater than the 
uncertainty in the 
measurements, allowing 
us to comfortably 
conclude that  we did 
observe thermospheric 
gravity waves.

A visual representation of the occultation data

The occultation scans as they vary with latitude and UTC. Red 
represents a scan with gravity waves present, blue represents scans 
with no gravity wave present

Irradiance measurements as a function of tangent height 
(altitude)

Stars used to collect the stellar occultation data [2]
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