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𝑋𝑜𝑏𝑠
̅̅ ̅̅ ̅̅

𝑋𝑚𝑜𝑑
̅̅ ̅̅ ̅̅ ̅

 



 

 

 

  



 

 

•  
 

•  
 

•  

•  

• 

 

ω

 

𝜔2 = 𝑔𝑘 𝑡𝑎𝑛ℎ (𝑘𝑑)

, 

 

𝐶𝑝 =  √
𝑔

𝑘
tanh (𝑘𝑑)

 

𝐶𝑔 =
1

2
(1 +

2𝑘𝑑

sinh(2𝑘𝑑)
) 𝐶𝑝

 

𝑎 =  √
2𝐸

𝜌𝑔

ρ

 

𝐶𝑔,1 𝐸1 =  𝐶𝑔,2 𝐸2

 



 

𝑎2 =  𝑎1√
𝐶𝑔,2

𝐶𝑔,1

 

 

 

•  

•  

•  

• 

𝑼  

𝑪𝒑
′ = 𝑪𝒑 + 𝑼

𝑪𝒈
′ = 𝑪𝒈 + 𝑼

𝜔′ 

𝜔′ = 𝜔 + 𝒌 ∙ 𝑼



 

 

𝐶𝑔
′ =

𝜕𝜔′

𝜕𝑘

𝑪𝒈
′ = 𝑪𝒈 + 𝑼

𝐶𝑝
′

 

𝑢𝑐

𝑢𝑐/ 𝐶𝑝 ≥ 1

𝑢𝑐/𝐶𝑝 = 1  

𝐻

𝜆
= 0.14 𝑡𝑎𝑛ℎ(𝑘𝑑)

𝜆
𝑢𝑐/𝐶𝑝

≥ 1

 

𝐻 = 𝛾𝑑

γ

 

 



 

θ

 

𝑑𝐹

𝑑𝑡
= 𝑆𝑎𝑡𝑚 + 𝑆𝑛𝑙 + 𝑆𝑜𝑐 + 𝑆𝑏𝑡 + ⋯

∂ ∂ ∇

∇ θ

 

𝜂(𝒙, 𝑡) = 𝑎 𝑠𝑖𝑛 (𝜔𝑡 − 𝒌 ∙ 𝒙)

 

•  

•  

•  

• ω  

• 𝒌 = (𝑘𝑥, 𝑘𝑦)  

• 

 

𝐶𝒈 =
𝜕𝜔

𝜕𝑘
=

1

2
(1 +

2𝑘𝑑

𝑠𝑖𝑛ℎ(2𝑘𝑑)
) 𝐶𝑝

 

𝐶𝑝 = ‖𝑪𝒑‖ =
𝜔

𝑘
= √

𝑔

𝑘
𝑡𝑎𝑛ℎ (𝑘𝑑)

𝑼

 

(𝐶𝑥, 𝐶𝑦) = 𝑪𝒈 + 𝑼

θ

𝐶𝜔 𝐶𝜃  

𝐶𝜔 =
𝜕𝜔

𝜕𝑑
(

𝜕𝑑

𝜕𝑡
+ 𝑼 ∙ 𝛻𝑥𝑑) − 𝐶𝑔 𝒌 ∙

𝜕𝑼

𝜕𝑠



 

𝐶𝜃 =  −
1

𝑘
(

𝜕𝜔

𝜕𝑑

𝜕𝑑

𝜕𝑚
+ 𝒌 ∙

𝜕𝑼

𝜕𝑚
)

 

 

• 

 

• 

 

• 

 



 

 

 

 

 

 

  
 

 
  

 

https://diffusion.shom.fr/oceanographie/rejeux_climatologiques_1979-2022_de_marees_surcotes_et_vagues_sur_la_facade_atlantique.html
https://diffusion.shom.fr/oceanographie/rejeux_climatologiques_1979-2022_de_marees_surcotes_et_vagues_sur_la_facade_atlantique.html
https://doi.org/10.17183/REJEUX_HYWAT


 

 

 



 

 

θ   θ

θ

        
    

∀ 𝑖 ∈ [1, 32],  𝑓𝑖 = 1.1𝑖−1 𝑓𝑚𝑖𝑛

 

 

𝛽𝑚𝑎𝑥

𝛽𝑚𝑎𝑥

 

 

 

 

  
  

 

 

   



 

  

  
 

 



 

 

 
  

 

 

θ

 

𝐻𝑠 = 𝐻𝑚0 = 4 √𝐸

 

𝐸 = ∫ ∫ 𝐸
2 𝜋

0

𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛

(𝑓, 𝜃) 𝑑𝑓 𝑑𝜃

 

𝑇𝑚(0,2) = (
∫ 𝑓2𝐸(𝑓, 𝜃)𝑑𝑓𝑑𝜃)

𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛

∫ 𝐸(𝑓)𝑑𝑓
𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛 

)

−0.5

𝐸(𝑓) = ∫ 𝐸(𝑓, 𝜃) 𝑑𝜃
2𝜋

0

𝐷𝑚  

𝐷𝑚 = arctan (
𝑏

𝑎
)

𝑎 =  ∫ ∫ cos(𝜃) 𝐸
2𝜋

0

𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛

(𝑓, 𝜃)𝑑𝑓𝑑𝜃



 

𝑏 =  ∫ ∫ sin(𝜃) 𝐸
2𝜋

0

𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛

(𝑓, 𝜃)𝑑𝑓𝑑𝜃

𝜃

 



 

 

 

MEAN(𝑋) =
1

𝑁
 ∑ 𝑋

𝑁

1

 

RMS(𝑋) = √
1

𝑁
 ∑ 𝑋2

𝑁

1

BIAS(𝑋) =
1

𝑁
 ∑(𝑋𝑚𝑜𝑑 − 𝑋𝑜𝑏𝑠) 

𝑁

1

 

NBIAS(𝑋) =
𝐵𝐼𝐴𝑆(𝑋)

𝑀𝐸𝐴𝑁(𝑋𝑜𝑏𝑠)

 

𝑅𝑀𝑆𝐸(𝑋) = √
1

𝑁
 ∑(𝑋𝑚𝑜𝑑 − 𝑋𝑜𝑏𝑠)2

𝑁

1

 

𝑁𝑅𝑀𝑆𝐸(𝑋) =
𝑅𝑀𝑆𝐸(𝑋)

𝑅𝑀𝑆(𝑋𝑜𝑏𝑠)



 

 

SI(𝑋) = 100 (
𝑅𝑀𝑆𝐸

𝑀𝐸𝐴𝑁(𝑋𝑜𝑏𝑠)
)

𝑋𝑚𝑜𝑑 = 𝑎 × 𝑋𝑜𝑏𝑠 + 𝑏
 

𝑎 =
𝜎̂𝑋𝑜𝑏𝑠𝑋𝑚𝑜𝑑

(𝜎̂𝑋𝑜𝑏𝑠)2

𝑏 = 𝑋𝑚𝑜𝑑̂ − 𝑎 𝑋𝑜𝑏𝑠̂

 

𝑅 = (
𝜎̂𝑋𝑚𝑜𝑑𝑋𝑜𝑏𝑠

 𝜎̂𝑋𝑚𝑜𝑑  𝜎̂𝑋𝑜𝑏𝑠

)

𝜎̂𝑋𝑜𝑏𝑠𝑋𝑚𝑜𝑑 =
1

𝑁
 ∑(𝑋𝑜𝑏𝑠(𝑖) − 𝑋𝑜𝑏𝑠

̅̅ ̅̅ ̅̅ )

𝑁

𝑖=1

 ×  (𝑋𝑚𝑜𝑑(𝑖) − 𝑋𝑚𝑜𝑑
̅̅ ̅̅ ̅̅ ̅)

𝜎̂𝑋𝑜𝑏𝑠 = √(
1

𝑁
∑(𝑋𝑜𝑏𝑠(𝑖) − 𝑋𝑜𝑏𝑠

̅̅ ̅̅ ̅̅ )2

𝑁

𝑖=1

)

𝜎̂𝑋𝑚𝑜𝑑 = √(
1

𝑁
∑(𝑋𝑚𝑜𝑑(𝑖) −  𝑋𝑚𝑜𝑑

̅̅ ̅̅ ̅̅ ̅)2

𝑁

𝑖=1

)

𝑋(𝑖) −  𝑋̅

sin (𝑋(𝑖) −  𝑋̅)  

𝑋̅ = 𝑎𝑡𝑎𝑛2 (
1

𝑁
∑ sin 𝑋

𝑁

𝑖=1

,
1

𝑁
∑ cos 𝑋

𝑁

𝑖=1

)
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Xobs
̅̅ ̅̅ ̅̅ Xmod

̅̅ ̅̅ ̅̅ ̅



 

Xobs
̅̅ ̅̅ ̅̅ Xmod

̅̅ ̅̅ ̅̅ ̅

 



 

Xobs
̅̅ ̅̅ ̅̅ Xmod

̅̅ ̅̅ ̅̅ ̅
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