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            Abstract
Satellite images have long revealed the surface expression of large amplitude internal waves that propagate along density interfaces beneath the sea surface1,2,3. Internal waves are typically the most energetic high-frequency events in the coastal ocean4,5,6, displacing water parcels by up to 100â€‰m and generating strong currents and turbulence7 that mix nutrients into near-surface waters for biological utilization. While internal waves are known to be generated by tidal currents over ocean-bottom topography8,9,10,11,12,13, they have also been observed frequently in the absence of any apparent tideâ€“topography interactions1,7,14. Here we present repeated measurements of velocity, density and acoustic backscatter across the Columbia River plume front. These show how internal waves can be generated from a river plume that flows as a gravity current into the coastal ocean. We find that the convergence of horizontal velocities at the plume front causes frontal growth and subsequent displacement downward of near-surface waters. Individual freely propagating waves are released from the river plume front when the front's propagation speed decreases below the wave speed in the water ahead of it. This mechanism generates internal waves of similar amplitude and steepness as internal waves from tideâ€“topography interactions observed elsewhere11, and is therefore important to the understanding of coastal ocean mixing.
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                    Figure 1: 
                        Synthetic aperture radar (SAR) image of the Columbia River plume on 9 August 2002.
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Figure 2: 
                        Progression of the Columbia River plume from satellite-derived SST images.
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Figure 3: 
                        Three stages of a wave-generation event.
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Figure 4: 
                        Time-evolution of plume front and wave packet.
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        Editorial Summary
The waves beneath
The mouth of the Columbia River on the Oregon/Washington border is the haunt of big-wave surfers, drawn by the prospect of 30-foot (9-metre) waves. But in the ocean waters beneath them waves as high as a 10-storey building regularly propagate into the North Pacific. Satellite images, and snapshots taken by local pilots and sailors, have recorded surface phenomena caused by these giant waves, but their mechanism of generation in the absence of steep ocean-floor topography has remained a mystery. Now a detailed study of subsurface water flow in the estuary reveals that these waves are produced by the river plume plunging into the ocean.
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