
SIMULATION-RETRIEVAL DEMONSTRATION OF 
GRAVITY WAVE TOMOGRAPHY BY RADIO 
OCCULTATION 
 

S. Leroy (1), J. Hegarty (1), S. Leidner (1), and R. Fitzgerald (2) 

(1) Verisk Atmospheric and Environmental Research; (2) Virginia Polytechnic Institute 

 

Internal gravity waves propagate from the troposphere into the stratosphere and above 
transporting and depositing momentum as they go, driving the quasi-biennial oscillation, 
modulating the Brewer-Dobson circulation, dragging the mesosphere and inducing an inter-
hemispheric meridional circulation, and forcing propagating disturbances in the ionosphere. 
They exist over a broad range of scales and are easily detected in GNSS radio occultation as 
small vertical scale fluctuations in retrieved temperature. Because RO is a limb sounding 
technique, however, their horizontal structure cannot be probed nor their frequency detected; 
hence, with a single RO sounding it is impossible to infer the vertical flux of horizontal 
momentum transported by a detected wave. With the new era of high-performance RO 
instruments in microsatellite and nanosatellite form factor, it is now possible to fly close-
formed constellation of RO satellites affordably. If such a constellation is deployed correctly, it 
could systematically obtain cluster of RO soundings in the atmosphere spaced about 100 km 
in the horizontal and separated by no more than 10 minutes in time. Clusters like this cannot 
only be used to detect the amplitude and vertical wavelength of an internal gravity waves but 
also the horizontal wavevector of the same wave. With this information, one can infer the 
momentum flux transported by the wave.  

We constructed a simulation-retrieval demonstration system for this proposed technique for 
observing the momentum flux transported by small scale internal gravity waves. We ran the 
Model for Prediction Across Scales to generate a physical spectrum of internal gravity waves 
with 15 km global and 3 km regional resolution centered in the Western Pacific Warm Pool 
and with 200-meter vertical resolution the stratosphere. Deep convection is produced and 
internal gravity waves generated by the deep convection are readily apparent. We simulate a 
realistic distribution of RO soundings with a 6-satellite close-flying formation and simulate RO 
amplitude and phase data using a wave optics propagator. We then execute a dry 
temperature retrieval using canonical transform, estimate the vertical wavelength and 
horizontal wavevector, and infer the momentum flux transported by the detected gravity 
waves in each cluster. We will present the results of this demonstration and the prospects for 
deployment of a gravity wave tomography mission.


