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Early researches, which can be now categorized as 
geophysical fluid dynamics (GFD), appeared after the 
failure of Richardson’s weather prediction experiment by 
hand [1] during the world war I. However, vigorous 
development of GFD begun in the 1950s [2], originating 
out of the need for “re-try” of numerical weather 
prediction as an application target of the von Neuman’s 
electric computer project after the world war II. Those 
people involved, gathering mainly from the fields of 
applied mathematics, fluid dynamics and physics, 
realized that the heuristic approaches and knowledge 
prevailing in the fields of meteorology and oceanography 
of those days should be reconstructed into a general 
theoretical system by the use of more common languages 
of mathematics and physics before trying to pursue 
realization of numerical weather prediction [3, 4]. They 
aspired for not only development of fundamental 
methods for numerical integration but accumulation of 
understandings of the physical structures of the subjects 
to be computed especially by the computers of the early 
days. GFD thus emerged through the efforts of those 
people revealing the fluid mechanical structures which 
underlie the phenomena of the atmosphere and the 
oceans and abstracting characteristics of rotating and/or 
stratified fluids in general. Not only the motions in the 
atmosphere and the oceans of this planet, but those of the 
atmospheres of the various planets and the Sun, even the 
fluid motions of planetary interiors have been tried to be 
recognized under the same framework. They found, for 
instance, fluid motions in a tea cup have some common 
characteristics with those of tropical cyclones. 

There have been a number of important outcomes, 
now becoming basic concepts or frameworks to 
understand various phenomena in the atmospheres, the 
oceans and the planetary interiors and to construct 
numerical simulation models of them. Those concepts 
include two dimensional turbulence and energy 
upcascade, potential vorticity and its conservation, wave 
properties in rotating and/or stratified fluids, pseude 
(angular) momentum associated with a wavepacket, 
wave-mean flow interaction, formation of jets, stability 
of shear flow, and so on.  

Shear instability has been one of the fundamental 
topic in GFD, since it has been recognized as the key 
issue in disturbance meteorology. However, the physical 
structure of shear instability had not been well 
understood until 1980’s [5], although the mathematical 
procedure of linear stability analysis was developed in 
the early days; westerly shear flow was found to be 
unstable by Charney in 1947 [6]. For a given profile of 
shear flow, the mathematical procedure simply answers 
its stability by consulting the imaginary part of the 
frequency of disturbance; it does not tell why the flow is 
stable of unstable. We had to pile up understandings of 

momentum associated with disturbances to obtain the 
mechanistic picture of shear instability. The development 
of concepts was advanced during 1960’s - 1970’s when 
the stratospheric circulation was clarified and people 
realized that the momentum transfer associated with 
wave propagation plays a fundamental role in the general 
circulation of the atmosphere. Redistribution of 
momentum in a given circumstance is predicted by 
understanding generation of waves and their propagation 
characteristics. Instability emerges when two types of 
disturbances which have positive and negative 
momentum, respectively, can coexist and interact.  

The real geophysical fluids are mixture or jigsaw of 
wave and turbulence [7]. People have also recognized, 
through the studies on the stratospheric circulation, that 
conservation of potential vorticity plays a central role in 
the planetary scale phenomena. It forms the basis for the 
existence of Rossby waves and their propagation. 
Formation of jets are controlled by generation and 
dissipation of those waves, and end up with mixing of 
potential vorticity.  

The equator is a singular point of dynamics, and 
there are special waves trapped around the equator [8].  
Although they were understood in the middle of last 
century [8], their roles in forming equatorial jets are 
being clarified in recent years through considering 
exoplanet atmosphere [9].  
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