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OVERVIEW

• Wind stress depends on the difference in speed between the ocean
surface current and the surface wind.

• Coupled models of the ocean and atmosphere have suggested that tidal
ocean currents may accelerate the atmosphere and generate significant
surface winds (Renault and Machesiello, 2022).

• Tidal harmonic analysis of altimeter-derived wind speed is conducted
here using data from the Jason missions.

• Several sites are identified where M2 tidal variations in wind speed are
collocated with strong tidal currents.

• The observed tidal modulations of wind-speed are primarily the result
of tidal modulations of backscatter (σ0); however, small modulations of
significant wave height (Hs) are also found.

• The relative locations of tidal current and wind speed maxima may be
informative about tide model errors.

Renault and Machesiello (2022) Ocean tides can drag the atmosphere and cause
tidal winds over broad continental shelves. Commun. Earth Environ., 3:70, doi:
10.1038/s43247-022-00403-y.

INTRODUCTION
Where are tidal currents large?
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What are the magnitudes of anticipated tidal wind speed (Us), backscat-
ter (σ0), and significant wave height (Hs)?

Gourrion, J. et al (2002) A two-parameter
wind speed algorithm for Ku-band altime-
ters. JTech 19:12, 2030–2048.
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The magnitude of the tidal wind
speed is predicted to be about
1/3 that of the tidal currents (Re-
nault and Machesiello, 2022).
Given an extreme 10 m/s tidal
current, we expect Us ≈ 3 m/s,
which corresponds to ∆σ0 ≈
1 dB or ∆Hs ≈ 0.7 m, assum-
ing a mean wind speed of U ≈
8 m/s.

What frequencies of tidal winds are expected?
The wind speed is estimated from σ0 and Hs using a version of the empir-
ical geophysical model function pictured above. σ0 is thought to be a more
accurate measure of the wind stress than the speed, therefore nonlinearity
in the relationships between tidal current, wind stress, and Us could alter the
frequency content of Us compared to the ocean tide:

stress: |τ | = Cd|Utide − (U+Us)|2 (1)

Assuming ocean tidal currents do not cause a reversal of the surface wind,
the frequency response of Us should be at the frequencies of the ocean tide.
This was confirmed by harmonic analysis at over-tide frequencies, e.g., M4,
which did not find significant power.

AMAZON PLUME REGION

Due to the small sizes of the regions with large tidal currents, the analysis of
wind speed must be conducted for the ground tracks passing through specific
features. An example for the Amazon Plume/Continental Shelf, based on the
TOPEX/Jason reference orbit tracks, is shown below:
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Wind speed, pass 37

1. In-phase and quadrature (cos/sin) parts are well-
determined and vary coherently along-track.
2. The peak M2 wind speed is about 1 m/s.
3. The peak wind speed occurs offshore of the FES
model-predicted peak in tidal currents.
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Ku σ0, pass 37
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The M2 σ0 signal is small but above the noise level.
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Hs, pass 37

1. The M2 Hs signal is small but above the noise level.
2. The overtide signals are also above the noise level.
3. Shoreward phase propagation is coherent with σ0 .
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ECMWF wind, pass 37

1. Mean ECMWF wind speed agrees with altimeter wind
speed.
2. No significant tidal winds are present in ECMWF sur-
face winds.
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Wind speed, pass 202

1. In-phase and quadrature (cos/sin) parts are well-
determined and vary coherently along-track.
2. The M2 coefficients agree with the other track at their
intersection, at 2◦N.
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Hs, pass 202
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ECMWF wind, pass 202

SUMMARY & FURTHER QUESTIONS

This study used satellite altimeter measurements of wind speed to investi-
gate the hypothesis that ocean currents can accelerate the atmosphere and
generate tidal winds.

Tidal modulations of altimeter-derived wind speed were found at several sites
around the globe where strong tidal currents are present.

Comparison of observed and modeled wind speed verifies that these tidal
winds are not present in global atmospheric forecasts and reanalysis prod-
ucts.

The inferred tidal modulations of altimeter-derived wind speed are primarily
the result of tidal modulations in σ0, not Hs.

Both σ0 and Hs are modulated by variations in the divergence of surface
currents, in addition to wind stress. What are the respective contributions
of tidal currents (via surface stress or momentum flux) versus tidal current
divergence (wave/flow interactions) to the observed modulations of σ0 and
Hs?

Are there ways to use the tidal modulation of surface winds to learn about tide
model errors or about air-sea momentum flux?

Is the duration and accuracy of wind speed from other missions sufficient to
map tidal wind speed?
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