
ω2 = gk

φ̄xx + φ̄zz = 0

average volume transport =

∫ η

−h
udz , (8)

=

∫ 0

−h
ūdz +

∫ η

0
udz , (9)

=

∫ 0

−h
ū2 dz + η′u′s +O(ε)

3 , (10)

≈

∫ 0

−h
ū2 dz

︸ ︷︷ ︸

Eulerian transport

+
1
2a

2kc
︸ ︷︷ ︸

Stokes transport, S

(11)

2 The easy case: a uniform wave train

Make the traditional approximation and assume ∂y = 0. We also consider an infinite-
in-x uniform wave train. The equations of motion are

Du

Dt
− fv + px = 0 , (12)

Dv

Dt
+ fu = 0 , (13)

Dw

Dt
+ pz = 0 , (14)

ux +wz = 0 , (15)

where f is the vertical component of the rotation vector.
Using

total pressure = constant atmospheric pressure+ ρw

(

p − gz
)

, (16)

the surface boundary conditions are

@z = η : ηt +uηx =w , and p = gη . (17)

The dynamic condition is provided by the x-momentum equation, evaluated at the
surface

@z = η : ut +uux +wuz + gηx = 0. (18)

Mass conservation is satisfied by introducing a stream function ψ(x, z, t) with

u = ψz , w = −ψx . (19)

The vorticity is

ζ
def
= uz −wx = ∇

2ψ , (20)
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