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ABSTRACT 

A weak high-latitude warm-frontal precipitation system was simulated by using a 2D cloud­
resolving model. It was found that many of the structural characteristics of the system were 
consequences of the subfreezing temperatures and enhanced planetary rotation in the region. 
The coupling of cloud microphysical processes to frontal scale dynamics caused the precipitation 
efficiency (defined as the ratio of integrated surface precipitation rate to the net water vapor 
influx into the storm) of the model storm to exhibit strong sensitivity to low-level humidity 
conditions. A relatively high (zero) precipitation efficiency is associated with a storm if it develops 
over regions having near surface relative humidity with respect to ice ~ ( <) 80%. In addition, 
the model results show that the precipitation efficiency of a system is decreased (increased) 
when the background static stability is increased (decreased) or when the Coriolis parameter 
is increased (decreased). These model results may have great implications for the Arctic water 
cycle as well as for the parameterization of Arctic clouds and precipitation in GCMs. 

1. Introduction 

It is well-known that earth's climate system is 
very sensitive to changes in Arctic surface condi­
tions. First, there is a large storage of water (in 
the form of snow and ice) in the region. Second, 
most climate model results suggest that the posit­
ive feedback between air temperatures, ice extent 
and surface albedo in the polar region is critical 
to the global energy balance (Washington and 
Meehl, 1996). Both aspects of the global climate 
system depend critically on the amount of snow 
that falls over the Arctic region. In addition, the 
local distribution of water vapor, which is the 
most abundant greenhouse gas in the atmosphere, 
also depends significantly on the characteristics of 
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the cloud systems occurring over the region. To 
improve our understanding of the Arctic environ­
ment and its subsequent impacts on the global 
water and energy cycles, we must improve our 
knowledge of the synoptic cloud systems that 
produce much of the precipitation over the region 
in the first place. 

Most recent investigations of high-latitude 
cloud systems have concentrated on polar low 
systems or comma cloud systems which occur 
over the (relatively) warm open sea where sufficient 
energy in the form of latent and sensible heat is 
available to drive the systems (Gmnas et al., 1987; 
Nordeng, 1990). Comparatively, our knowledge 
of synoptic storms which occur over the frozen or 
solid surfaces has been very limited although a 
number of studies on the internal structure of such 
systems have been conducted over northern 
Europe (Saarikivi, 1990; Saariviki and Puhakka, 
1990). 
































