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Recent studies have revealed the importance of secondary gravity waves in coupling the upper and 
lower atmosphere. Secondary gravity waves (SGWs), generated by breaking GWs can propagate 
deep into the thermosphere and effectively extend the altitude range of the influence of the primary 
waves. These waves are not currently incorporated in weather and climate models. Despite their 
potential importance,  few observations of these waves have been reported to date. In this study 
we present a case study that shows the generation of Secondary Gravity Waves (SGWs) by 
breaking of a primary GW near the Poker Flat Research Range (PFRR) located at Chatanika, 
Alaska (147°W, 65°N), with lidar observations and reanalysis data (MERRA-2) on October 01, 
2018. Rayleigh lidar measurements of neutral density perturbations reveal characteristic ‘fishbone’ 
structures in altitude-time  plots. These structures are recognized as signatures of SGW generation. 
The structures have a ‘knee’ height of 46 km, which is the altitude of the force center that generates 
the SGWs. Wavelet analysis of the lidar profiles reveal that the primary GW has a vertical 
wavelength of ~4 km before breaking, while the SGW has vertical wavelength of ~9 km. The 
ground-based period of the SGW is ~5h. MERRA-2 temperature data reveals the presence of a 
primary GW below the ‘knee’ height, and generation of a SGW above. The source of the primary 
GWs appears to be a storm system west of Alaska. The primary wave has a horizontal wavelength 
of ~ 500 km propagating from west to east, while the secondary wave has a horizontal wavelength 
of ~2000 km, and propagates from west to east across PFRR. The horizonal wind from MERRA-
2 show a strong increase with height along the propagation direction of the primary wave (west to 
east), which likely leads the wave to become convectively unstable and causes it to break and 
generate the SGW. Using the vertical wavelength of the SGW from lidar measurements (9 km), 
and horizontal wavelength from MERRA-2 (2000 km), we estimate an intrinsic period of ~11 h 
for the SGW. With this intrinsic period, the ground based period observed by lidar (5h) and the 
horizontal wavelength (2000 km), one can estimate a background wind speed of ~30 m/s, which 
is consistent with MERRA-2.   


