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ABSTRACT

Seasonal and regional variations in characteristics of the Arctic low-level temperature inversion are examined
using up to 12 years of twice-daily rawinsonde data from 31 inland and coastal sites of the Eurasian Arctic and
a total of nearly six station years of data from three Soviet drifting stations near the North Pole. The frequency
of inversions, the median inversion depth, and the temperature difference across the inversion layer increase
from the Norwegian Sea eastward toward the Laptev and East Siberian seas. This effect is most pronounced in
winter and autumn, and reflects proximity to oceanic influences and synoptic activity, possibly enhanced by a
gradient in cloud cover. East of Novaya Zemlya during winter, inversions are found in over 95% of all soundings
and tend to be surface based. For all locations, however, inversions tend to be most intense during winter due
to the large deficit in surface net radiation. The strongest inversions are found over eastern Siberia, and reflect
the effects of local topography. The frequency of inversions is lowest during summer, but is still >50% at all
locations. Most summer inversions are elevated, and are much weaker than their winter counterparts. Data
from the drifting stations reveal an inversion in every sounding from December to April. The minimum frequency
of 85% occurs during August. While the median inversion depth is over 1200 m during March, it decreases to
approximately 400 m during August, with median temperature differences across the inversion layer of 12.6°
and 2.8°C, respectively. The median depth of the summertime mixed layer below inversions at the drifting
stations ranges from 300 to 400 m. Seasonal changes in these inversion characteristics show a strong relationship
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with seasonal changes in cloud cover.

1. Introduction

The existence of the Arctic temperature inversion
has been recognized for over a century. As early as
1914, Brooks (1931), from kite ascents over Siberia,
demonstrated their high frequency of occurrence. More
detailed studies from kite and captive balloon ascents
made by Sverdrup during the Maud expedition pro-
vided some of the first information of the inversion
structure over a broad region of the Arctic (Sverdrup
1933).

Wexler (1936) was the first to address physical con-
trols behind the formation of Arctic inversions. Al-
though correct in his conclusion of a strong control by
the solar radiation deficit at the surface, it is now known
that the Arctic inversion is a complex phenomenon,
involving not only radiative cooling, but also warm-
air advection, subsidence, radiative properties of ice
crystals, surface melt, and topography ( Vowinkel and
Orvig 1970; Maykut and Church 1973; Busch et al.
1982; Curry 1983; Kahl 1990).

From a literature review, Busch et al. (1982) iden-
tified radiation inversions as the most common type,
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occurring in up to 85% of Arctic soundings from Jan-
uary to April. Typically surface based, they are found
mainly under anticyclonic conditions, and reflect a def-
icit of surface net radiation. Surface-based melting in-
versions are found only in summer, and are less intense
and shallower than winter radiation inversions. Two
lifted inversion types are also identified, due to subsi-
dence and advection. Both are frequent only in sum-
mer, and are associated with stratocumulus or stratus
clouds of low base. Subsidence inversions are found
with anticyclonic conditions.

Although a useful framework, the likelihood of mul-
tiple processes at work in any given situation can make
simple classification of a given inversion into one of
these types difficult, if not unrealistic. The inversion
structure, while changing seasonally, also shows pro-
nounced regional differences (e.g., Vowinkel and Orvig
1970), further complicating any generic classification.
Due consideration must be given to regional differences
in surface characteristics and their change through time
(e.g., snow-covered versus snow-free tundra, frozen
versus melting sea ice), temporal and regional varia-
tions in cloud cover, and topographic setting.

Results from a number of recent studies point toward
the need for more detailed investigations of spatial and
temporal variability in the Arctic temperature inver-






