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Breather-like wave dynamics in a stratified fluid
The existence of the long breathers of internal waves in a density stratified fluid, as for the existence of internal solitary waves, 
has been predicted by the asymptotic KdV-like theory. The long-time breather-like wave evolution in the framework of the Euler 
equations has been obtained numerically confirming the predictions of weakly nonlinear theory. Recently the observations of 
the long-wave internal breather-like waves in the Celtic Sea were published and were confirmed in numerical modeling. So 
the investigation of the internal breather dynamics is now hot-spot problem of the physical oceanography. Here, we address 
the propagation and transformation of long internal breather-like wave in an idealized but close to realistic stratification and 
in the conditions matching the average summer stratification in the southern part of the Baltic Sea. The focus is on changes in 
the properties of the breather when the water depth increases and the coefficient of the cubic nonlinear term changes its sign. 
Equivalently, the breather cannot exist anymore. The simulations are performed in parallel in the framework of the weakly 
nonlinear Gardner equation (quadratic-cubic Korteweg-de Vries equation) and using fully nonlinear Euler equations. The 
amplitudes of breathers in these frameworks have slightly different courses in idealized conditions (when Earth’s rotation 
is neglected) whereas a decrease in the amplitude is faster in the fully nonlinear simulation. The impact of the background 
(Earth’s) rotation substantially depends on the spectrum of the initial breather and the internal wave group modulation 
instability is studied. Fig.1 demonstrates the process of the breather generation in the three-layer fluid by transformation of the 
second-mode Solitons on the bottom step.
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