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ABSTRACT 

In recent years, there has been a resurgence of interest in using isentropic coordinates and 
Rossby-Ertel potential vorticity (PV) for diagnosing the behaviour of middle latitude synoptic 
systems. Such a PV-0 analysis may also prove important in providing insight into the global 
circulation of the atmosphere. Apart from the isentropic diagnostic of D. Johnson and 
collaborators, some quasi-geostrophic studies and recent studies of stratospheric behaviour, 
there has been little work in this area and our present understanding is very limited. The object 
of the present paper is to stimulate such studies by presenting some initial results from 
continuing research. A three-fold division of the atmosphere is discussed. The "Overworld" is 
the region encompassed by isentropic surfaces that are everywhere above the tropopause. In 
the "Middleworld", the region with isentropes crossing the tropopause but not striking the 
Earth's surface, the isentropic zonal and time mean of PV exhibits interesting regions of 
enhanced and diminished gradients. The isentropic transient eddy advection of PV exhibits a 
dipolar distribution about the tropopause, suggestive of PV mixing. The marked PV signature 
of the Asian summer monsoon on one particular Middleworld isentrope is shown and the mean 
isentropic advection of PV shows interesting features. For the "Underworld'', in which isentropic 
surfaces intercept the surface of the Earth, a PV-0 analysis yields a novel constraint linking low­
level drag and diabatic heating. This constraint links "westerlies" and "cooling'', and "easterlies" 
and "heating" in some average sense. The result is discussed in terms of the Southern Hemisphere 
strong surface westerlies and the circulation associated with the Asian summer and winter 
monsoons. 

1. Introduction 

This tribute to the wide-ranging scientific, politi­
cal and personal achievements of Professor Bert 
Bolin may be usefully introduced by the schematic 
of the atmosphere below 30 mb shown in Fig. 1. 
This shows isentropic surfaces every 30 K from 
270 K to 390 K, and also the extra-tropical and 
tropical tropopause. The picture suggests a sub­
division of the atmosphere which is an extension 
of that originally proposed by Sir Napier Shaw 
(1930). The "Overworld" consists of those isen­
tropic surfaces that everywhere lie above the 
tropopause. In the 'Middleworld" the isentropic 
surfaces cross the tropopause. The lowest isen­
tropic surface to do this also grazes the Earth's 
surface in the tropics. (Presumably this occurs 
by chance). Below this is the "Underworld". The 
Underworld is analogous to the oceanographer's 
ventilated thermocline in the sense that air parcels 
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have a direct isentropic route to the surface. 
Similarly there is a direct isentropic route between 
the Middleworld troposphere and stratosphere. 
Haynes and Mcintyre (1987), Holton (1990) and 
Haynes et al. ( 1990) discuss the indicated circula­
tion of mass between the Middleworld and Over­
world. The vertical branches of this circulation 
may be determined from the upper horizontal 
branch, which is itself related through the zonal 
momentum equation to eddy-induced forces. 
Johnson et al. (1985) have determined the 
Middleworld and Underworld mean meridional 
circulation in isentropic coordinates and discussed 
its maintenance. The most striking result is the 
extension of the Hadley Cell over each hemisphere. 

The focus in this paper is on the Middleworld 
and Underworld. The framework for the discus­
sion is Rossby-Ertel potential vorticity and poten­
tial temperature and their conservation; this is to 
be contrasted with the quasi-geostrophic potential 


















