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Introduction

Tropical cyclones represent the major meteorological systems for the design of coastal and offshore structures and the 
planning of future developments in tropical and sub-tropical areas.

Here we aim to:

• Provide an overview of the spatial distributions of significant wave height within a TC wave field
• Detailed description of TC generated wave spectrum and its spatial distribution in TC domain

Datasets:

• Global Altimeter dataset
• NDBC Buoy Dataset (North America)

Extracted TC observations:

• Altimeter observations of 2730 tropical cyclones globally 
• Insitu data from 353 tropical cyclones in the North American region
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Data Presented in Frame of Reference Moving with TC

Values of significant wave height, for altimeters and insitu buoys during the
passage of tropical cyclones. All storms rotated to be propagating towards the
north and data placed into a frame of reference moving with the storm.

Altimeters Buoys
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Contour Plots of Hs & U10 for Altimeter Observations

Contour plots of the spatial distributions of significant 
wave height, and wind speed for altimeter passes over 
tropical cyclone.
All values have been normalized by the maximum value 
of the median quantities over the spatial field. Maximum 
values are: 
(a) 14.5m, (b)  47.3m/s, 
(c)  15.6m, (d)  52.7m/s, 
(e)  15.6m, (f)   52.7m/s.
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Contour Plots of Hs & U10 for Buoy Observations

Contour plots of the spatial distributions of significant wave height,   (Panel a) and wind 
speed, (Panel b) for transects of tropical cyclones near insitu buoys. 
All values have been normalized by the maximum value of the median quantities over the 
spatial field. Maximum values are: (a)  16.9m, (b)  47.2m/s.
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Vector Spatial Plots for All the Buoy Observations. 

Spatial distributions of peak wave direction and mean wind direction obtained from the TC 
insitu buoy database.
(a) Peak wave direction, (b) Mean wind direction. 

All storms rotated such that storms propagate towards the north.
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1D Spectral Form
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Non-dimensional energy

Non-dimensional frequency

Where:
𝑔: is gravity
𝛽: a “Phillips” scale parameter
𝑓#: the spectral peak frequency
𝑛 : the high frequency spectral decay exponent
𝜎 : the spectral width parameter
𝛾 ∶ the value of the peak enhancement factor
𝑈$%/𝐶# : inverse wave age
𝐶#: the phase speed of components at the spectral peak frequency
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1D Spectrum Distribution

Spatial distributions of the one-dimensional spectrum, 𝐸(𝑓)

within tropical cyclones obtained from insitu buoy data.

The solid arrows show the mean wind direction

The dashed arrows show the peak wave direction.

One-dimensional spectra shown for each Octant.
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Directional Spreading Function

Spatial distributions of the directional spreading function,

𝐷(𝑓, 𝜃) within tropical cyclones.

The solid arrows show the mean wind direction

The dashed arrows show the peak wave direction.

𝐷(𝑓, 𝜃) shown for each Octant.
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Conclusions

• The dataset used here, contains far larger storms and observation data compare to the previous studies.

• The Altimeters data confirms that both the wind fields and wave fields in tropical cyclones are asymmetric, with

stronger winds/larger waves to the right of the eye (northern hemisphere) of the storm.

• Directional data shows that much of the tropical cyclone wave field is dominated by swell generated near the

centre of the tropical cyclone.

• The swell and wind-sea are not separated and there is an energy transfer between the low frequency swell and

high frequency wind-sea, and this continuum of energy is directional skewed.

• The nonlinear terms result in a one-dimensional spectral form very similar to fetch-limited waves.


