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ABSTRACT 

The PSU-NCAR mesoscale model (MM4) is used to simulate a polar low that developed over 
Hudson Bay in December 1988. The structure and characteristics of the simulated low are 
documented, and results are presented of sensitivity experiments aimed at elucidating the 
physical mechanisms involved in the cyclogenesis. The low formed over an ice-free region in the 
eastern bay as an amplifying upper-level cold trough advanced into the region. The model 
depicted the polar low as a small, relatively shallow system embedded within the larger cold low. 
It resembled a miniature hurricane in structure but lacked hurricane-force winds. The lapse rate 
near its center was moist neutral to 550 mb (4 km); anticyclonic outlow occurred at and 
immediately below that level. The sensitivity experiments revealed that fluxes of heat and 
moisture from the region of open water and the associated condensation heating in deep 
organized convection were essential to the development. Sensible heating alone produced a 
relatively weak low and no low formed in an experiment with a completely ice-covered bay. The 
feedback between the surface fluxes and wind speed enhanced the intensification, especially in an 
experiment with the sea surface temperature raised by 8°C. Winds of minimal hurricane intensity 
were attained in the latter experiment when the feedback effect was included but not when it was 
disallowed. A sizable impact of the ice-edge configuration was found. It is concluded that the 
Hudson Bay polar low formed as a consequence of latent heat release in deep organized convec­
tion that formed when an upper-level cold low moved over a relatively warm body of open water 
from which large fluxes of heat and moisture took place. Baroclinic forcing appeared to play little 
direct role in the low development. Instead, the configuration of the upstream ice boundary 
provided an important initiating and organizing mechanism. 

1. Introduction 

Roch et al. (1991) reported on a polar low that 
formed over an ice-free region in eastern Hudson 
Bay (Fig. 1) in early December 1988. They described 
the results of numerical simulations of the low 
performed with a high-resolution version of 
the Canadian operational regional finite-element 
model (RFE). The object of their experiments was 
to test the sensitivity of the development to hori­
zontal resolution and to ice cover. Experiments 
were run at 100-km, 50-km, and 25-km grid 
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resolutions and with four different ice covers: those 
given by ( 1) the operational analysis, (2) a refined 
analysis from Environment Canada's Ice Centre, 
( 3) an ~ssumed complete ice cover, and ( 4) 
an assumed complete absence of ice. The most 
realistic simulation of the low was obtained from 
the experiment with the 25-km grid and the ice­
cover analysis of Environment Canada's Ice Centre. 
The importance of the open water to the formation 
of the simulated low was indicated by the failure 
of a closed low to form in the experiment with 
complete ice cover. 

In the present paper the Pennsylvania State 
University-National Center for Atmospheric 
Research (PSU-NCAR) mesoscale model, version 
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