Observation on 27 April 1999

The SAR image of the Japan/East Sea south of Vladivostok for 27 April 1999 (Figure 1a) shows a roughness pattern induced by three packets of atmospheric gravity waves propagating in different direction. The Japan/East Sea was located in a rear of the cold front that propagated southeastward. Winds near Primorye coast were weak. 1.5 h before the ERS-2 SAR image was taken, the wind speed of 2.5 m/s from the north was measured in Vladivostok. The atmospheric lee waves (packet 1) were generated by the interaction of the southeastward airflow with the mountains 1-2 km high north of the Primorye coast. The lee waves have a wavelength of about 7.5 km (section A, Figure 2a), their crest length lies in the range 50 to 100 km. Surface wind variations induced by this wave packet could be detected by space RAR with the ground resolution of 1 km x 1 km. 

Sea surface manifestations of the atmospheric internal wave packet 2 that propagated east-northeastwards and had a wavelength of about 2.5 km (section B, Figure 2b) are visible at the bottom left in Figure 7. The wind speed at the surface ranged here from 2.5 to 4 m/s. The sea surface imprints of the atmospheric gravity waves in packet 3 are at the bottom right of the SAR image. Very likely, the packet propagated westwards. Spacing between bright (dark) bands in the packet changes from about 1.2 km to 0.7 km (section C, Figure 2c). 

The origin of packets 2 and 3 is unclear due to deficient meteorological observations. Radar signatures of both packets are similar to a packet of atmospheric internal waves considered by [Alpers, 1995] who suggested that such kind nonlinear wave disturbance was a solitary wave disturbance or an undular bore propagating on a stably stratified layer in the lower atmosphere.
Careful analysis of the high resolution image allows to reveal three small oil spills (dark spots in the low left corner of the image).
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Figure 1. ERS-2 SAR image of the Northwestern Japan Sea acquired on 27 April 1999 at 13:26 UTC (orbit 21006, frames 837 and 855) showing several packets of atmospheric gravity waves of different origin (1-3) and small oil spills. 
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Figure 2. Variations of the image intensity (in grayscale) along scan lines A (a), B (b) and C (c) intersecting three packets of the atmospheric gravity waves propagating in different directions. 
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