
Directional spread parameter in ERA5: 
 

My starting point is the book by Leo Holthuijsen  "Waves in Oceanic and Coastal Waters" (ISBN: 

9780521129954), section 6.3.4 reproduced below (I strongly recommend this book). 

In formula (6.3.21) of that book, there is an implicit reference that the angle θ is relative to the mean 

wave direction at that frequency (Θ(f)).  To be more general, it should be re-written as 
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where by definition 𝐷(𝜃) =
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Noting at this point that 𝜎𝜃(𝑓) is the one sided directional width for a given frequency (f). 

 It is expressed in radian. 

In (1), the mean wave direction Θ(f) is computed as follows: 𝜣(𝑓) =  𝑎𝑡𝑎𝑛 {
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On the other hand, in the ECMWF IFS documentation part VII, the directional spread is 

defined in (10.9) such that 
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With 
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And 

𝐸0 =  ∬ 𝐹(𝑓, 𝜃)
𝜋

−𝜋

 𝑑𝜃𝑑𝑓 

                                                                                                                                                            (4) 

 



Using the following relation  
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One can rewrite (2) using (3) as follows 
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Finally, rewriting (5) 
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(6) can be interpreted as the weighted average in frequency space of (1), which is the definition of 

the directional spread used in ERA5 for the total sea (one number describing the mean directional 

spreading). As noted in (1), its unit is radian. 



 



 

 

 



 

 

 


