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This essay is an introduction to rotating reference frames and to the effects of Earth’s rotation on the 

large scale flows of the atmosphere and ocean. It is intended for students who are beginning a 

quantitative study of Earth science and geophysical fluid dynamics and who have some background in 

classical mechanics and applied mathematics. 

Part I uses a very simple single parcel model to derive and illustrate the equation of motion appropriate 

to a steadily rotating reference frame. Two inertial forces account for accelerations due to the rotating 

reference frame, a centrifugal force and a Coriolis force. In the case of an Earth-attached reference 

frame, the centrifugal force is indistinguishable from gravitational mass attraction and is subsumed into 

1





the gravity field. The Coriolis force has a very simple mathematical form, −2Ω × V�M , where Ω is 

Earth’s rotation vector, V� is the velocity observed from the rotating frame and M is the parcel mass. 

The Coriolis force is perpendicular to the velocity and so tends to change velocity direction, but not 

velocity amplitude, i.e., the Coriolis force does no work. 

If the Coriolis force is the only force acting on a moving parcel, then the velocity vector of the 

parcel will be continually deflected anti-cyclonically. These free motions, often termed inertial 

oscillations, are a first approximation of the upper ocean currents that are generated by a transient wind 

event. If the Coriolis force is balanced by a steady force, say a pressure gradient, then the resulting wind 

or current will be in a direction that is perpendicular to the pressure gradient force. An approximate 

geostrophic momentum balance of this kind is the defining characteristic of the large scale, low 

frequency circulation of the atmosphere and oceans outside of the tropics. 

Part II uses a single-layer fluid model to solve several problems in geostrophic adjustment; a one- or 

two-dimensional mass anomaly is released from rest and allowed to evolve under gravity and rotation. 

The fast time scale response includes gravity waves with phase speed C that tend to spread the mass 

anomaly. If the anomaly has a horizontal scale that exceeds several times the radius of deformation, 

Rd = C/f , where f = 2Ωsin (latitude) is the Coriolis parameter, then the Coriolis force will arrest the 

spreading and yield a quasi-steady, geostrophic balance. 

An exact geostrophic balance would be exactly steady, while it is evident that the atmosphere and 

the ocean evolve continually. Departures from exact geostrophy can arise in many ways including as a 

consequence of frictional drag with a boundary, and from the latitudinal variation of f . The latter 

beta-effect imposes a marked anisotropy onto the atmosphere and the ocean — eddies and long waves 

propagate phase westward and the major ocean gyres are strongly compressed onto the western sides of 

ocean basins. These and other low frequency phenomenon are often best interpreted as a consequence 

of potential vorticity conservation, the geophysical fluid equivalent of angular momentum conservation. 

Earth’s rotation contributes planetary vorticity = f , that is generally considerably larger than the relative 

vorticity of winds and currents. Small changes in the latitude or thickness of a fluid column may convert 

planetary vorticity to relative vorticity, �× V� , succinctly accounting for some of the most important 

large scale, low frequency phenomena, e.g., westward propagation. 
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