Strong Low-level Inversion in the Milk River Valley at Glasgow, MT
Jennifer Zeltwanger - NWS GGW

Description:

Cold, dense air will sink into the river valleys in the forecast area in an Arctic air
outbreak. Glasgow, located in the Milk River Valley, is a perfect example of this
phenomenon observed in wintertime.

Cold Arctic air will typically seep into the low levels of the atmosphere and into the
forecast area as an Arctic front either backs in from the northeast or drops into the region
from the north. At the start of the outbreak, the depth of the cold air can be a couple of
thousand feet deep. However, as the Arctic front retreats, cold air will remain trapped in
the valleys and may be only a couple hundred feet deep. This effect of a strong low-level
inversion will be dramatically enhanced when there is snow on the ground, inhibiting
afternoon mixing of the boundary layer during the day and enhancing the loss of
longwave radiation at night. These combined effects can keep temperatures below zero
for an extended amount of time. Lows can drop to 20 to 40 below zero, and highs can be
as cold as 10 to 20 below zero. Even though the Arctic front eventually retreats,
temperatures will remain very cold, significantly colder than surrounding slightly higher
terrain. Unless there is a feature associated with the retreat of the boundary that is strong
enough to scour the cold air out of the valleys, the cold air will remain in place with only
a slight and gradual modification. The air will typically only get scoured out with a
strong cold front associated with a strong shortwave. In such wintertime regimes, it takes
a cold front to significantly warm the river bottoms back up!

Weather pattern:

A strong Arctic cold front is necessary to allow bitter cold air to filter into the forecast
area. The cold air remains trapped in the valley when the Arctic boundary makes a slow
retreat back out of northeast Montana. Only a strong front and shortwave will scour the
cold air out completely. Otherwise, the Arctic air will only slowly modify each day, even
as warm air aloft begins to move back over the region.

Models and MOS:

The models usually do a good job of depicting the initial Arctic front and subsequent cool
down at Glasgow. MOS will also reflect the onset of the cold temperatures. It should be
noted that MOS will not be cold enough with initial temperatures when there is snow on
the ground. When an outbreak is in the extended part of the forecast, MOS always
warms the valley up too quickly as it starts modifying numbers in later periods back to
climatology. Again, this is most true when there is snow on the ground. With the
absence of snow, MOS can be more accurate. In general with or without snow, MOS
usually modifies temperatures too quickly and too fast.
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Fig. 1: An example of Arctic air trapped in the Milk River Valley at Glasgow, MT on the early morning
hours of December 7, 2005.
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Fig. 2: Another example of cold air trapped in the Milk River Valley at Glasgow, MT the evening of
January 17, 2005. Note the warm air above the strong inversion that cannot be realized due to a lack of
mixing.
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