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MINISTÈRE DES ARMÉES 



 

 

 

 

  

 



 

-  

 

-  

 

-  

-  

 

ω

 

𝜔2 = 𝑔𝑘 tanh (𝑘𝑑)  

 

 

𝐶𝑝 =  √
𝑔

𝑘
tanh (𝑘𝑑)  

 

𝐶𝑔 =
1

2
(1 +

2𝑘𝑑

sinh(2𝑘𝑑)
) 𝐶𝑝  

 

𝑎 =  √
2𝐸

𝜌𝑔
 

ρ

 

𝐶𝑔,1𝐸1 =  𝐶𝑔,2𝐸2  

 



𝑎2 =  𝑎1√
𝐶𝑔,2

𝐶𝑔,1

 

 

 

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)

 

 

- 

 

- 

 

- 

 

 

 



 

 

   

 

θ   θ

θ

        
    

∀ 𝑖 ∈ [1,30], 𝑓𝑖 = 1.1𝑖−1𝑓𝑚𝑖𝑛  

 

 



 

𝑘1 + 𝑘2 =  𝑘3 + 𝑘4

 

𝜔1 +  𝜔2 =  𝜔3 +  𝜔4

 

 

  
  

  

   

 



 

𝑈10,𝑐𝑜𝑟𝑟 =  𝑈10,𝑜𝑟𝑔 +  𝑥𝑐𝑚𝑎𝑥{𝑈10,𝑜𝑟𝑔 − 𝑈𝑐 , 0}  

   

 

 

θ

 

𝐻𝑠𝑖𝑔 = 4 √𝐸  

 

𝐸 = ∫ ∫ 𝐸
2 𝜋

1

𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛

(𝑓, 𝜃)𝑑𝑓𝑑𝜃  

 

𝑇𝑚(0,2) = (
∫ 𝑓2𝐸(𝑓, 𝜃)𝑑𝑓𝑑𝜃)

𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛

∫ 𝐸(𝑓)𝑑𝑓
𝑓𝑚𝑎𝑥

𝑓𝑚𝑖𝑛 

)

−0.5

 

𝐸(𝑓) = ∫ 𝐸(𝑓, 𝜃)𝑑𝜃
2𝜋

0

 

θ  

𝜃𝑚 = arctan (
𝑏

𝑎
)  

https://wwz.ifremer.fr/Recherche/Infrastructures-de-recherche/Infrastructures-numeriques/Pole-de-Calcul-et-de-Donnees-pour-la-Mer
https://wwz.ifremer.fr/Recherche/Infrastructures-de-recherche/Infrastructures-numeriques/Pole-de-Calcul-et-de-Donnees-pour-la-Mer


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)
 

 

 

http://candhis.cetmef.developpement-durable.gouv.fr/


𝑅𝑀𝑆𝐸(𝑋) = √
1

𝑁
∑(𝑋𝑚𝑜𝑑 − 𝑋𝑜𝑏𝑠)2

𝑁

1

 

 

𝑁𝑅𝑀𝑆𝐸(𝑋) =
𝑅𝑀𝑆𝐸(𝑋)

𝑅𝑀𝑆(𝑋𝑜𝑏𝑠)
 

 

SI(𝑋) = 100 (
𝑅𝑀𝑆𝐸

𝑀𝐸𝐴𝑁(𝑋𝑜𝑏𝑠)
)  

       

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

)  

 



 

 

  

 



  

  

  

 
 



  
  

 
   

  

 

 



 

 

 

 



  

  



 
 

  

  
 

  

 

https://www.mercator-ocean.eu/en/place/cmems-copernicus-marine-environment-monitoring-service/
https://www.mercator-ocean.eu/en/place/cmems-copernicus-marine-environment-monitoring-service/


 

 
, 

 

 

 

  

  
 

 

 



 

 

 

(θm

  

  
 

 



 
 

 



 

 

 
 

  

 
 



 θ

 : 



 

 

 

P
D

F
 (
m

-1
 s

-1
) 

 



  

 

 
 



 

. , ,  

 

https://climate.esa.int/media/documents/UCM2_poster_Dodet_CCIv2.pdf
https://doi.org/10.1017/S0022112062000373
https://resources.marine.copernicus.eu/Data
https://doi.org/10.25423/CMCC/MEDSEA_MULTIYEAR_WAV_006_012


 

 

https://archimer.ifremer.fr/doc/00330/44106/
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