
Wind-driven currents and setup

• Important for large-scale flow patterns
• Act over wide areas
• Have small horizontal gradients
• Important effect of inertia (‘memory’)
• Can be substantially modified by density 

gradients that reduce turbulence
• Let’s start simple: depth-averaged, longshore



Longshore momentum balance
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Equilibrium situation
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Wind-driven currents

• Longshore wind-driven current approaches 
uniform flow field

• Spin-up time is proportional to water depth
• It is possible to get a reasonable estimate of 

current speed, given: 
– time series of wind speed and direction
– local water depth



Wind setup
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Storm surge
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Example

• (x-x0)=250 km
• h=25 m
• W=20 m/s
• Cd=0.002
• =1.25 kg/m3
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Windspeed 25/11/2005
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Significant wave height



Storm surge

• Highest when wind is blowing towards coast
• Higher for small water depth
• Further increase with gently sloping bottom
• Additional wave setup
• Can lead to dune erosion



Drag coefficient vs. onshore winds (180-330º) 
LDEO (10 m) - October 2005 – May 2006

http://www.erdc.usace.army.mil/
http://chl.erdc.usace.army.mil/


CD for large wind speeds



Is this all there is to surges?

• No!
• Work by 

Maarten 
van 
Ormondt

• Normal surge SNOR – resulting from 
wind-induced set-up due to shore-
normal component of wind stress

• Parallel surge SPAR – resulting from wind-
induced set-up due to shore-parallel 
gradients in the wind stress 

• Radial surge SRAD – resulting from wind 
set-up due to radial component of the 
wind field

• Ekman surge SEKM – resulting from 
Coriolis force acting on alongshore wind-
induced currents

• Inverse barometer surge SIBE – resulting 
from gradients in atmospheric pressure



Example surge components

Distance from landfall (km)

Time 
(hrs)

Source: van Ormondt et al. (subm.)



Tidal currents on an open coast

• We assume straight coast
• Cross-shore velocities very small
• Gradients in velocity are small 

because wave length of tidal 
wave is very long

x



Tidal currents (open coast)
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Neglect friction (relatively deep)
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Assume sinusoidal tidal wave
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Kelvin wave

( )0 exp cosf x t ky
gh

η η ω
 

= −  
 

fv g
x
η∂

=
∂

gv
h

η=

g ff g
h x x gh

η ηη η∂ ∂
= ⇒ =

∂ ∂



Kelvin wave
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Kelvin wave
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Tidal alongshore current

• Important in shallow sea
• driven by alongshore pressure gradient
• Important terms: inertia, water level gradient, 

bottom friction



Longshore momentum balance
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General solution
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Shallow water solution
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Deep water 
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Longshore tidal velocity profiles
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Current pattern across a channel
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Approach

• Assume trench very long
• Water level gradient along trench constant
• All other gradients along trench zero
• Take x-axis across channel, y-axis along channel
• Solve u from continuity equation, v from momentum 

equation
• Page 49 in book



Current pattern across a channel
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Surface slope along channel is equal
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Assignment

• V1=1 m/s;
• C=65 m1/2/s;
• alpha1=0(10)90 deg.
• h1=10 m
• h2=15 m

• Give V2, alpha2



Solution (see book p 52)
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