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Influence of bathymetry: nonreflecting geometries 
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Green’s law 

Abnormal wave amplification 
In the coastal zone 

[ID et al. 2009, ID & Pelinovsky 2011a] 
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Other bottom geometries 
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Rectangular channel Parabolic channel 

[Didenkulova & Pelinovsky 2016] 

Initial linearized shallow water eqs. are 
reduced to the constant-coefficient 

Klein-Gordon eq. 
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Cylindrical wave propagation 

 

 
𝜕2𝜂

𝜕𝑡2
− 𝛻 𝑐2(𝑥, 𝑦)𝛻𝜂 = 0 

𝑐 = 𝑔ℎ 𝑥, 𝑦  

 speed of tsunami propagation 

𝜕2𝜂

𝜕𝑡2
−

1

𝜌

𝜕

𝜕𝜌
𝜌𝑐2 𝜌

𝜕𝜂

𝜕𝜌
= 0 

 𝜌 is radial coordinate 

𝜕2𝜂

𝜕𝑡2
−

𝜕2𝜂

𝜕𝜏2
= 0 

equation with constant coefficients: 

ℎ 𝜌 =
ℎ0𝑅2

𝜌2
 

ℎ0 is defined at a distance R from the 

centre and 𝑐0 = 𝑔ℎ0 

“blue hole” 

© Wikipedia 
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Wave propagation above blue hole 

Initial conditions in the  
centre of the basin:  

𝜂 𝜌, 0 = 𝐴0𝑠𝑒𝑐ℎ2 𝜎𝜏(𝜌) ,  𝑢 𝜌, 0 = 0 

Evolution of the solitary pulse along the 
non-reflective bottom geometry  

Evolution of the flow velocity along the 
non-reflective bottom geometry  
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Reduction to the Klein-Gordon equation 

𝜂 = 𝐴 𝜌 𝐺 𝑡, 𝜏 𝜌  𝐴 𝜌 , 𝐺 𝑡, 𝜏 𝜌 , 𝜏 𝜌  are three unknown functions 

𝜕2𝜂

𝜕𝑡2 −
1

𝜌

𝜕

𝜕𝜌
𝜌𝑐2 𝜌

𝜕𝜂

𝜕𝜌
= 0 

𝐴
𝜕2𝐺

𝜕𝑡2 − 𝑐2
𝑑𝜏

𝑑𝜌

2
𝜕2𝐺

𝜕𝜏2 −
𝑐2

𝜌

𝑑𝜏

𝑑𝜌

𝑑 𝐴𝜌

𝑑𝜌
+

𝑑

𝑑𝜌
𝑐2𝐴

𝑑𝜏

𝑑𝜌

𝜕𝐺

𝜕𝜏
−

1

𝜌

𝑑

𝑑𝜌
𝜌𝑐2

𝑑𝐴

𝑑𝜌
𝐺 = 0 

𝜕2𝐺

𝜕𝑡2 −
𝜕2𝐺

𝜕𝜏2 = 0 

𝑐2
𝑑𝜏

𝑑𝜌

2

= 1 

𝑐2

𝜌

𝑑𝜏

𝑑𝜌

𝑑(𝐴𝜌)
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+

𝑑

𝑑𝜌
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𝑑𝜌
= 0 

𝑑

𝑑𝜌
𝜌𝑐2

𝑑𝐴

𝑑𝜌
= 0 

𝐴 =
−1

3𝐷
2

𝜌2 + 3𝐸
1 3 

 

𝑐2 = 𝑔ℎ 𝜌 =
𝐵

𝐷𝜌2

3𝐷

2
𝜌2 + 3𝐸

4
3

 

𝜏 =
1

𝐷𝐵

3𝐷

2
𝜌2 + 3𝐸

1 3 

 

Initial linearized shallow water eqs. can also be 
reduced to the Klein-Gordon eq. 
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Travelling wave solutions with variable amplitude 

Consider 𝐸 = 0 

ℎ 𝜌 =
𝑐1

2

𝑔

𝜌

𝐿

2
3

 

𝐴 = 𝐴1

𝐿

𝜌

2
3

 

𝜏 = 𝜏1

𝜌

𝐿

2
3

 
The other parameters:  

Bottom geometry ℎ 𝜌  resembles an underwater volcano:   
  

𝐴 =
−1

3𝐷
2

𝜌2 + 3𝐸
1 3 

 

𝑐2 = 𝑔ℎ 𝜌 =
𝐵

𝐷𝜌2
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2
𝜌2 + 3𝐸

4
3

 

𝜏 =
1
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2
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Tamu Massif © siol.net 
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Wave propagation above underwater volcano 

𝜂 =
𝐴 𝜌

2
𝑠𝑒𝑐ℎ2 𝜎 𝑡 − 𝜏 𝜌 −

𝐴 𝜌

2
𝑠𝑒𝑐ℎ2 𝜎 𝑡 + 𝜏 𝜌  

𝑢 = −
𝑔

2𝜎

𝑑𝐴

𝑑𝜌
𝑡𝑎𝑛ℎ 𝜎 𝑡 − 𝜏 𝜌 − 𝑡𝑎𝑛ℎ 𝜎 𝑡 + 𝜏 𝜌  +

𝑔𝐴

2

𝑑𝜏

𝑑𝜌
𝑠𝑒𝑐ℎ2 𝜎 𝑡 − 𝜏 𝜌 + 𝑠𝑒𝑐ℎ2 𝜎 𝑡 + 𝜏 𝜌  
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Other non-reflected bottom geometries 

𝑐2 𝜌 = 𝑔ℎ 𝜌 = 𝑐 0
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4
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1
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2
𝜌2 + 3𝐸

1 3 

 

𝐸 ≠ 0 
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• Several new non-reflective bottom geometries 

allowing for cylindrical wave propagation are found 

• Geometries represent a blue hole and an underwater 

volcano 

• The results can be used for model benchmarking 

 

 

Didenkulova et al. Non-reflected cylindrical propagation of tsunami waves in 

the ocean of changing depth. Submitted to Ocean Engineering (2025) 
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Conclusion 
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Thank you for your attention! 
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