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Supplementary Fig. 1. Distance between the ocean buoy and the submarine cable. The four coral dots mark 

out the distances between the buoy and the four selected channel segments in Fig. 2b-e of the main text 

respectively. The two blue line segments denote the distance ranges between the buoy and the selected cable 

segments in Fig. 4 of the main text.  

 
 
 

  
Supplementary Fig. 2. Decrease of seafloor pressure perturbation ∆𝐏(𝑘, ℎ) = !"#

$%&'()*+,)
 induced by an 

ocean surface gravity wave of height 𝜁 = 1	m with water depth ℎ  and wavenumber 𝑘 . The colormap 

denotes the water depth range. The white curves represent the contours of  ∆𝐏 when ℎ = 10, 20, 50, 100, 200 

and 500 m, respectively.  



  
Supplementary Fig. 3. Variations of theoretical maximum frequency of the seafloor pressure induced by 

ocean surface gravity wave 𝐟𝐦𝐚𝐱(𝑡)  under different tide-modulated water depths. The colormap 

corresponds to water depth at low-tide time ℎ12345678, and the tide-modulated water depth is derived by simply 

adding ℎ12345678 and tide level up. The four white curves represent the 𝐟𝐦𝐚𝐱(𝑡) when ℎ12345678 = 8, 10, 15 and 

20 m, respectively.  

 

  
Supplementary Fig. 4. Correlation between spectrograms recorded by the distributed acoustic sensing 

observatory and buoy-observed wind speed. a, c Mean spectrogram at channels 2316–2319 and 5649–5652 

respectively. The solid cyan line denotes the wind speed observed by the collocated ocean buoy. b, d Correlation 

coefficients between the mean spectrogram and observed wind speed at different frequencies. The correlation 

coefficients 𝐑(𝑓) between spectrogram 𝐒 and buoy-observed surface wind speed 𝐖 was calculated as 𝐑(𝑓) =

corroef[𝐒(𝑓),𝐖], where 𝑓 is the frequency and corroef is a function of Python package Numpy for correlation 

coefficients calculation. Then the maximum Pearson correlation coefficients 𝑅9:; and corresponding frequency 

𝑓< is derived by :𝑅9:; = max	(𝐑(𝑓))
𝑓< = argmax(𝐑(𝑓)). 



 
Supplementary Fig. 5. Correlation of measured ocean current directions (solid dark blue line) and buoy-

observed wind directions (solid coral line). The correlation coefficient 𝑅 between measured ocean current 

directions 𝐂𝐝𝐢𝐫  and buoy-observed surface wind directions 𝐖𝐝𝐢𝐫  was calculated as 𝑅 = corroef[𝐂𝐝𝐢𝐫,𝐖𝐝𝐢𝐫] , 

where corroef is a function of Python package Numpy for correlation coefficients calculation. 

 

 

 
 



  
Supplementary Fig. 6. Schematic illustration of the cable configuration aimed for measuring ocean 

currents using distributed acoustic sensing (DAS). a Horizontal arrangement of cable segments designed for 

mitigating the impact of inconstant water depth. b Schemes of cable layouts designed to improve the spatial 

coverage and resolution of ocean current measurements. c Schemes of cable layouts designed to retrieve the 

vertical variations of horizontal ocean currents. 

 



  
Supplementary Fig. 7. Comparison of linear ocean surface gravity wave (OSGW) dispersion curves with 

Doppler shifts caused by linear shear currents under different water depths ℎ and surface current speeds 

𝑈@ . The Doppler-shifted OSGW dispersion curves is expressed as A𝑓 + A1 − A!BCD'()*+,)
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tanh(2𝜋𝑘ℎ), where 𝑓 is the frequency,  𝑘 is the wavenumber, 𝑠@ ∈ [0, ℎ4F] is the unknown constant gradient 

and !1 − !!"#$%('()*)
,()

$𝑈-𝑘 is the Doppler shift term1. The distribution of the possible Doppler-shifted OSGW 

dispersion curves depends on the weighting factor of the Doppler shift term !1 − !!"#$%('()*)
,()

$ and is shown as 

rainbow-colored band. The Doppler shift terms induced by linear shear currents flowing across the two adjacent 

cable segments with distinct water depths could be significantly different, especially in oceanic settings 

characterized by shallow bathymetry and rapid surface currents. This would affect the fitting progress and result 

in biased measurement of current speeds and directions using our method. For comparison, the corresponding 

linear OSGW dispersion curves are superimposed as gray curves.  



 
Supplementary Fig. 8. Graphical user interface (GUI) for manual fitting process of the current-induced 

Doppler shift. The dashed black curves represent the linear ocean surface gravity wave (OSGW) dispersion 

curves for channels 3875–4075 and 4225–4425. The solid black curves represent the Doppler-shifted OSGW 

dispersion curves, changing with the values of current speed 𝑈 and direction 𝜃, which are controlled by the white 

handles on the two sliders respectively. The fitting process is conducted by manually sliding the handles to 

synchronously fit the Doppler-shifted OSGW dispersion curves to the lower edges of dominant spectral energy 

packets in the frequency-wavenumber spectra of both cable segments. The estimated values of current speed 𝑈 

and direction 𝜃 can be saved by clicking the “Save this fit” button. The “Next” button is used for the fitting 

process of the next spectra pair. 

 



 
Supplementary Fig. 9. Graphical user interface (GUI) for estimation of the characteristic water depths of 

cable segments. The frequency-wavenumber (𝑓– 𝑘 ) spectra of channels 3875–4075 and 4225–4425 with 

inconspicuous Doppler shifts at four different time periods: 07:30–07:40 UTC on September 13, 15:10–15:20 

UTC on September 14, 01:50–02:00 UTC on September 15 and 13:10–13:20 UTC on September 15 are used 

for estimation. The black curves represent the linear ocean surface gravity wave (OSGW) dispersion curves for 

the two cable segments, changing with the values of the tide-modulated water depths 𝐡F,)@ (𝑡). The characteristic 

water depths 𝐷F and 𝐷) are estimated by manually sliding the white handles on the “𝐷F” and “𝐷)” Sliders to 

optimize the fit between the corresponding linear OSGW dispersion curves and the lower edges of dominant 

spectral energy packets in all the 𝑓– 𝑘 spectra. 
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