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Exchange variables for momentum and heat 
are important in coupled atmosphere- wave-
ocean models

For coupled atmosphere-wave models:

Roughness length of the ocean surface 
needs to depend on sea state and not only 
on wind

INTRODUCTION



Assessing the added value of using a Wave Boundary Layer Model 
3

WIND SPEED VERSUS ROUGHNESS LENGTH

Reference run:
Charnock parameterization:

z0 = 
𝛼𝜏

𝑔

→ z0 wind dependend

Coupled run:

z0 = 
ෝ𝛼𝜏

𝑔

1

1− Τ𝜏
𝑤 𝜏

→ z0 wave dependend

α Charnock parameter

ො𝛼 constant (= 0.01 in WAM)

τw   wave induced stressed

(from wave spectrum (Janssen 1991))

τ total stress
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MSLP, 10M WIND SPEED, SURFACE ROUGHNESS
13.01.2017 12UTC

• Centre of low pressure system over North Sea
• Convergence Zone 
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Alternative calculation of exchange coefficients and wind input source function 𝑆𝑖𝑛

Energy input from the wind to the waves determines the growth of waves due to wind

Currently parameterised according to Janssen (1991)

Some drawbacks: 
No sheltering effect
Logarithmic wind profile
neither conserves momentum nor kinetic energy

 To address these issues, the Wave Boundary Layer Model (WBLM, Du et al. (2017, 
2019)) is implemented as a new wind input source function in WAM

INTRODUCTION
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Janssen (1991)

𝑆𝑖𝑛 = 𝛽𝑔 𝑁

𝛽𝑔 =
𝜌𝑎

𝜌𝑤
𝐶𝛽 𝜔

𝑢∗

𝑐
𝑚𝑎𝑥 𝑐𝑜𝑠 𝜃 − 𝜙 , 0

2

𝐶𝛽 =
𝛽𝑚𝑎𝑥

𝜅2
𝑡𝑎𝑛ℎ 𝑘ℎ 𝜇 𝑙𝑛4 𝜇

𝜇 =
𝑔𝑧0

𝑐2
𝑡𝑎𝑛ℎ 𝑘ℎ 𝑒𝑥

𝑥 =
𝜅

𝑢∗
𝑐
+𝛼 𝑐𝑜𝑠 𝜃−𝜙

INPUT SOURCE FUNCTION

WBLM (Du et al. 2017,2019)

𝑆𝑖𝑛 = 𝛽𝑔 𝑁

𝛽𝑔 =
𝜌𝑎

𝜌𝑤
𝐶𝛽 𝜔

𝑢∗
𝑙

𝑐
𝑚𝑎𝑥 𝑐𝑜𝑠 𝜃 − 𝜙 , 0

2

𝐶𝛽 =
𝛽𝑚𝑎𝑥

𝜅2
𝜇 𝑙𝑛4 𝜇

𝜇 =
𝑔𝑧

𝑐2
𝑡𝑎𝑛ℎ 𝑘ℎ 𝑒𝑥

𝑥 =
𝜅

𝑢∗
𝑙

𝑐
+𝛼 𝑐𝑜𝑠 𝜃−𝜙

−
𝜅 𝑢 𝑧

𝑢∗
𝑙
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WAVE BOUNDARY LAYER MODEL

Du et al. (2017)

WBLM:
𝑑𝑢

𝑑𝑧
=

𝛿𝑐

𝑧2
𝜏𝑤 𝑧 +

𝜌𝑎

𝜅𝑧

𝜏𝑡 𝑧

𝜌𝑎

3

2
×

1

𝜏

Log. Windprofile: 
𝑑𝑢

𝑑𝑧
=

𝑢∗

𝜅 𝑧

JANSSEN: 𝜏 = 𝑢∗
2 =

𝜅 𝑢10

𝑙𝑛
𝑧10
𝑧0

2

𝜏𝑤 =
𝜌𝑎
𝜌𝑤

𝑔 න𝑑𝜔 𝑑𝜃 𝛽𝑔 𝑁 𝑘

WBLM: 𝜏 = 𝜏𝑡 + 𝜏𝑤 = 𝑐𝑜𝑛𝑠𝑡

𝑢∗
𝑙 =

𝜏𝑡
𝜌𝑎

𝜏𝑤 = 𝜌𝑤 න𝛽𝑔 𝜔
2 𝑁

𝑘

𝑘
𝑑𝜔 𝑑𝜃
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Du et al. (2017)

WAVE BOUNDARY LAYER MODEL

Janssen (1991) WBLM (Du et al. 2017,2019)
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Wind-wave model WAM  v4.7

Spectral model

Includes: shallow water, depth refraction 
and wave breaking parameterizations

Directional resolution:
Number of directions: 24
Number of frequencies: 30

ERA5 wind forcing

September 2017

MODEL

Spatial resolution GCOAST:
dx: ~0.06°, dy: ~0.03°

Spatial resolution GB:
dx: ~0.016°, dy: ~0.009°
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GENERAL COMPARISON
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SIGNIFICANT WAVE HEIGHT DIFFERENCE
12.09.2017 05 UTC
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SIGNIFICANT WAVE HEIGHT BRITISH COAST
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SIGNIFICANT WAVE HEIGHT  GERMAN BIGHT
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ENERGY SPECTRUM
Elbe buoy
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ENERGY SPECTRUM
Elbe buoy
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ENERGY SPECTRUM
Bay of Biscay
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EXCHANGE PARAMETERS
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SUMMARY

WBLM implemented in WAM

Shows similar results in significant 
wave height as Janssen

Calculates wind profile within WBL 
more precisely
→ More precise estimation of 

exchange coefficients 
between  atmosphere-waves-
ocean

→ Relevant to offshore wind 
farms, atmosphere-ocean
momentum and mass
exchange (e.g CO2 , transport
of matter, pollutants, etc. )

What are effects on coupling?

Where are the largest differences?

Determine differences for wind sea and 
swell

Spatial differences

Impact of grid resolution

OUTLOOKSUMMARY
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GENERAL COMPARISON COUPLED MODEL
SIGNIFICANT WAVE HEIGHT
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GENERAL COMPARISON COUPLED MODEL
WIND SPEED
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