
  

Hiroya Nakao
Tokio Institute of Technology

Phase reduction approach to synchronization 
of rhythmic spatiotemporal patterns in spatially 

extended systems 
  
Spatially extended systems can exhibit a variety of rhythmic spatiotemporal 
patterns, such as localized oscillating spots, spiral waves, and target 
patterns in reaction-diffusion systems. These spatiotemporal patterns can 
be considered stable limit-cycle solutions to partial differential equations. In 
order to analyze synchronization dynamics of such rhythmic spatiotemporal 
patterns, we develop a phase reduction method for spatially extended 
systems, which provides simple one-dimensional description of the rhythmic 
spatiotemporal patterns. The phase sensitivity function, which quantifies 
linear phase response of the rhythmic spatiotemporal pattern to weak spatial 
perturbations, is obtained as a solution to the adjoint partial differential 
equation of the system. As an example, coupled layers of reaction-diffusion 
systems exhibiting oscillatory dynamics are analyzed using the developed 
method and interesting synchronization phenomena, such as multimodal 
phase locking, are found. Phase reduction approach to synchronization of 
Hele-Shaw convection cells will also be briefly presented. This work was 
done in collaboration with Tatsuo Yanagita and Yoji Kawamura.   
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