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Wind-Wave Coupling

• Jeffreys (1925), Miles (1957), and
Phillips (1957) found growth rates
• Phase-averaged quantities
• Numerical simulations reveal air field
• Simulations often use static wave

shape
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Figure 1: LES simulation of pressure above a
wave (Husain et al. 2019).
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Wave Shape

• Effects of wave shape:
• Beach morphodynamics
• Radar altimetry

• Lab measurements of wave shape
• Leykin et al. (1995)
• Feddersen and Veron (2005)

• Wave η skewness S and asymmetry A

S =
〈η3〉
〈η2〉3/2

and A =
〈H[η]3〉
〈H[η]2〉3/2

• 〈·〉 is an average over a wave period
and H is the Hilbert transform
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Figure 2: Reproduced from Feddersen and Veron
(2005).
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Deep Water

• Wind changes biphase β and amplitude A2 in deep water:

ηk = (ak) sin[k(x− ct)] + 1

2
(ak)2A2 sin[2k(x− ct) + β]

• Submitted to J. Fluid Mechanics (Zdyrski and Feddersen 2019)
• Qualitative agreement with Leykin et al. (1995) experiment
• Larger effect for small kh; limited to kh ≥ 1
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Setup

• Incompressible, irrotational, inviscid, 2D flow
• η(x, t) and ∇φ(x, t, z) = ~u

• Pressure enters Bernoulli equation

0 = gη +
∂φ

∂t
+

1

2

(∂φ
∂x

)2

+

(
∂φ

∂z

)2
+

p

ρw
at z = η

• Unforced waves p(x, t) = 0; we need p(x, t) 6= 0

• Need to specify pressure profile; choose Jeffreys forcing:

pJ(x, t) = P∂xη(x, t)

• Three free, nondimensional parameters:
• a/h (amplitude)
• kh (depth)
• Pk/(ρwg) (pressure magnitude)
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Mathematics

• Assume ε := a/h = (kh)2 = Pk/(ρwg)� 1 and a flat bottom
• Method of Multiple Scales

• η = εη1 + ε2η2 + . . .
• t0 = t, t1 = εt, t2 = ε2t, . . .

• Multiple scales analysis generates the Korteweg-de Vries (KdV)-Burgers equation
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.

with c0 =
√
gh

• P = 0 reduces to the KdV equation
• Analytic, propagating wave solutions are cnoidal waves
• Solitary waves are limiting case

η1 = c1 sech
2

√3c1
4

(x− c1
2
t1)


for c1 > 0

• Sign of P depends on wind direction: onshore wind =⇒ P > 0 and growth
• KdV-Burgers has no known periodic, analytic solutions; we can solve numerically
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Results: Profile
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Results: Maximum, Skewness, and Asymmetry
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Discussion and Conclusion

• Coupled surface pressure to the Bernoulli equation
• Method of Multiple Scales produced KdV-Burgers equation
• Numerically calculated shape changes consistent with casual observations
• Derived wind-induced maximum, skewness, and asymmetry
• Surface pressure yields appreciable wave shape changes in shallow water

Future Work:
• Extend results to periodic waves
• Include dynamic wind-wave coupling

9



D
ra
ft

Acknowledgements

Special Thanks To:

• Feddersen Team
• Giddings Team

• National Science Foundation
• Mark Walk Wolfinger Surfzone Processes Research Fund

Feddersen, Falk and Fabrice Veron (2005). “Wind effects on shoaling wave shape”. In: Journal of physical oceanography 35.7,
pp. 1223–1228.

Husain, Nyla T et al. (2019). “Boundary layer turbulence over surface waves in a strongly forced condition: LES and observation”. In:
Journal of Physical Oceanography 49.8, pp. 1997–2015.

Jeffreys, Harold (1925). “On the formation of water waves by wind”. In: Proc. R. Soc. Lond. A 107.742, pp. 189–206.
Johnson, Mark A (n.d.). Offshore wind and breaking wave, Hawaii. Mark A Johnson Photographer.
Leykin, IA et al. (1995). “Asymmetry of wind waves studied in a laboratory tank”. In: Nonlinear Processes in Geophysics 2.3/4,

pp. 280–289.
Meisenheimer, Aaron (Nov. 26, 2016). Jax Pier Surf Report - THANKSGIVING AM. Void Magazine.
Miles, John W (1957). “On the generation of surface waves by shear flows”. In: Journal of Fluid Mechanics 3.2, pp. 185–204.
Phillips, Owen M (1957). “On the generation of waves by turbulent wind”. In: J. Fluid Mech 2.5, pp. 417–445.
Zdyrski, Thomas and Falk Feddersen (2019). “Wind-Induced Changes to Surface Gravity Wave Shape in Deep to Intermediate Water”.

In: Journal of Fluid Mechanics. Manuscript submitted for publication. arXiv: 1911.07879 [physics.flu-dyn].

10

http://journals.ametsoc.org/doi/abs/10.1175/JPO2753.1
http://markjohnson.photoshelter.com/image/I000057Zfytb4dKM
https://hal-insu.archives-ouvertes.fr/docs/00/30/17/94/PDF/npg-2-280-1995.pdf
http://voidlive.com/jax-pier-surf-report-thanksgiving-am/
http://doi.org/10.1017/S0022112057000567
https://www.cambridge.org/core/journals/journal-of-fluid-mechanics/article/on-the-generation-of-waves-by-turbulent-wind/CB23DA6C399125ADB83A6625380420CB
https://arxiv.org/abs/1911.07879

