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ABSTRACT
The following report is an attempt to illustrate some of the marked changes in wind direction and velocity
that occur in the layer of atmosphere between 20,000 and 60,000 feet above the surface and to suggest how these
changes may be used in forecasting the weather on the northern fringes of the belt of westerlies.
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Was

taken

at Shemya, a small flat island at the
western end of the Aleutians, 30
miles f r o m Attu, during the fall, winter, and
spring of 1944-45, where the author was
stationed f o r a few months during this
period.
Rawin-soundings were taken here
every 12 hours during the fall and early
winter and every 6 hours during the spring,
while radiosonde ascents were taken every
12 hours during the entire period. The discussion which follows is based on these
eight months of data.
The high-level winds at Shemya during
this winter normally did not exceed 50 miles
per hour and were f r o m various directions,
southerly winds being a little more frequent
than the others. Winds of this nature were
observed f o r several days, or perhaps weeks,
at a time before any marked change occurred. Then suddenly the wind would increase to over 100 miles per hour and become
westerly. This type of change is illustrated
in the accompanying illustrations and appears to be highly significant in predicting
the future path and development of storms
in this area.
Normally in the Arctic stratosphere only
small horizontal temperature and pressure
gradients are observed. When a storm moves
northeastward, the tropical or subtropical
air in the upper troposphere (20,000 to
40,000 f e e t ) moves northward in advance
of it, giving rise to large temperature and
pressure gradients at the southern margin
of the Arctic stratosphere. The strong west
winds in the stratosphere may be considered
the result of the redistribution of temperature and pressure ahead of the storm.
It
* An independent evaluation of Mr. Oliver's
gestions is published in the article following
one, pp. 15-18, by Parker and Cochrane—Ed.
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was generally observed that at the time of
the onset of these strong winds aloft the
pressure, both at the surface and aloft, rose
rapidly over and to the south of the station
reporting the high winds. The path of the
center of the storm was found to lie through
the area of large temperature gradient and
hurricane winds in the stratosphere.
This relationship between winds of hurricane velocity at high levels and the trajectory
of air f r o m the south can be used in the
Aleutian area to obtain and idea as to the
existence and position of storms to the southwest and south, where data are scant and
where storms otherwise might approach unnoticed. Since it was observed that storms
which move f r o m near Japan northeastward
to the Aleutians were always accompanied
and preceded by an influx of air at high
levels f r o m the south, it follows that the
onset of very strong westerly winds at
these high levels indicated that a storm was
located to the southwest of the station. Observations indicated that i f the direction of
the strong winds was southwest rather than
west, the surface low was more nearly south
of the station than southwest.
The forecasting of motion of these storms
from the sequence of current rawin reports
was next attempted. I t was found that if
the strong westerly winds persist f o r 12 to
18 hours, the center of the storm will pass
over or to the west and north of the station.
On the other hand, if after the first strong
westerlies are observed, the winds back to
southwest and diminish in strength, the
center of the low will pass or has already
passed to the south of the station. In these
cases, the frontal clouds, winds, and weather
usually reach the station even though the
low itself passes to the south. Lows which
were observed to be southwest of Shemya,
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and were not preceded b y strong upper
westerlies, either did not pass Shemya at all
or were so weak when they did pass that
they had little or no frontal clouds, weather,
or wind with them.
The speed at which these storms are approaching also can be determined to some
extent f r o m the upper-wind data. This can
be done more accurately f o r lows which will
pass to the west and north of the station
than f o r those passing some distance to the
south. In general, the lower the layer of
strong westerly winds, the faster the storm
will move. Usually the winds of 75 to 150
miles per hour will first appear between
30,000 and 50,000 feet and will gradually
penetrate lower as the storm approaches.
A f t e r the front has come close enough so
that the frontal cloud deck has arrived
overhead, its speed can be determined more
accurately by computing, with the aid of
a hodograph of the wind sounding, the
velocity of the wind perpendicular to the
thermal or shear wind.
This method has
been discussed in several pamphlets f r o m
the University of Chicago [ 1 ] , and in the
Handbook of Meteorology
[2].
A t Shemya, the interval between the first
appearance of these strong upper winds and
the passage of the surface low is on the
average 24 hours. The strong upper winds
appear from 6 to 12 hours before the frontal
cirrostratus shield reaches the station. This
interval of time varies with the character
and intensity of each storm. The more intense
the storm, the greater will be the time
interval between the arrival of the strong
westerlies and the passage of the low center.
For illustrations, two time cross-sections
from Shemya are reproduced herewith. The
rawins and two-hourly surface data are
spotted f o r the period during which a surface low center passed near Shemya.
The first time-section chart (FIGURE 1)
illustrates the manner in which the upper
winds usually change when a storm passes
to the south of Shemya.
On January 1st
while Shemya was still under the influence
of the previous low pressure area, the highlevel winds were very light and f r o m a
southerly direction. Frequent snow showers
were occurring at the surface. Then, on the

morning of January 2nd, very strong westerly winds were observed at 20,000 to 35,000
feet or higher.
This would indicate that
there was a storm to the southwest.
As
usual the low clouds diminished ' upon the
arrival of the strong winds at high levels,
and the surface pressure rose rapidly.
Twelve hours later the upper winds backed
to southwest and diminished in strength.
This indicated that the frontal low would
pass, or had already passed, to the south
of Shemya. On the following day the storm
passed well to the southeast of Shemya,
giving strong easterly winds and high clouds
but no frontal precipitation. I t should be
noted that the cold upper low-center also
passed to the south of Shemya, giving winds
which increased with height.
The second time-section (FIGURE 2) illustrates how the winds change at high levels
when a storm center passes over the station.
On March 9 and 10 the reports indicated a
filling warm low to the north of Shemya.
Then suddenly at 1500Z on the 10th the
winds at 50,000 feet and above increased
f r o m 30 miles per hour to over 100 miles
per hour f r o m the west-northwest. This was
the first indication of the approach of a
storm. Six hours later the winds increased
f r o m the west at levels down to 15,000 feet,
where they changed f r o m north, 10 miles
per hour, to northwest, 30 miles per hour.
The sea-level pressure continued to rise
rapidly, rising 8 mb in 6 hours. Six hours
later, at 0300Z on the 11th, the strong
westerlies appeared at even lower levels, the
biggest change being at 30,000 feet, where
the wind shifted f r o m northwest, 35 miles
per hour, to west 80 miles per hour.
The
sea-level pressure continued to rise, but less
rapidly now, rising only 3 mb in 6 hours.
The layer of strong westerlies had now persisted f o r 18 hours and had gradually lowered. Such persistence and lowering is usually sufficient to assure that the storm center
will pass over or to the north of the station.
As the storm approached f r o m the southwest, the surface winds veered f r o m the
west through north to northeast. Six hours
later the winds at 30,000 feet and higher
increased to well over 100 miles per hour,
while the westerly component of those below
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FIGURE 1.

Observations at Shemya, January 1 - 3 , 1945.
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FIGURE 2.

Observations at Shemya, March 9-12, 1945.
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that level diminished as warm air was brought
in south of the station by the storm. The
surface pressure now dropped steeply, falling 6 mb in 6 hours. The storm center approached rapidly during the next 12 hours
reaching Shemya at 0000Z on the 12th.
The wind distribution with height at
0300Z on the 12th indicates that the axis
of the low sloped to the south with height.
This is quite normal in this area f o r lows
which are deeply occluded.
I t is also interesting to note that very little advection
occurred below 10,000 feet with the approach
of the storm. The radiosonde reports indicated a change of only five Centigrade degrees at 10,000 feet during this period,
while at 20,000 feet an increase in temperature of 11 Centigrade degrees occurred preceding the passage of the center with a drop
of 10° following it. A t 5,000 feet (and at
the surface) a change of only one degree
occurred.
FIGURE 3 is an attempt to indicate the
flow pattern at high levels (at about 30,000
feet) preceding a storm that is to pass

south of the station.
A 1 , A 2 , and A 3 are
three consecutive wind reports taken at station A , so arranged as to show their location
with respect to the belt of strong westerlies
and the storm center. A t time ( 1 ) station
A is still north of the belt of westerlies. A t
( 2 ) the wind shows hurricane velocities f r o m
the west. Then at ( 3 ) the wind drops off
again, indicating that the flow of warm air
and the storm are moving away f r o m the
station and that the center will pass or
has passed well to the south.
FIGURE 4 illustrates the wind distribution
when a storm moves by to the north of a
station. First, the wind is light and southerly. Then, as the area of rising pressure
and strong winds in advance of the storm
moves farther north, the winds veer to west
or northwest and increase to 100 miles per
hour or more.
In this case these strong
upper winds will continue until the passage
of the storm center.
The persistence of
these strong winds f o r 12 to 18 hours after
their onset is the clue to the northward
movement of the frontal storm area and

FIGURE

3.
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FIGURE 4 .

insures a forecast of a frontal passage and
the weather which typically accompanies
these influxes of warm air f r o m the south.
In view of the fact that the above discussion is based on only one year's data, it
should be remembered that this region is
characterized by seasonal patterns which
differ markedly f r o m year to year and that
conclusions based on this one y e a r ' s data
may not hold f o r years during which other
flow patterns prevail.
The overall pattern
for this period was quite different f r o m the
preceding and following years. The average
path of the frontal lows was considerably
farther south than normal and f o r a very
considerable portion of the winter and
spring a deep cold low was located south,
west, or just over the western Aleutians,
preventing any frontal lows f r o m entering
this area. Motion of this cold low back and
forth over this area frequently brought
changes in weather which were abrupt
enough to suggest frontal passages, but a
careful study of upper wind and raob data

indicated little evidence of such.
I t is
therefore felt important that in using the
present study the reader should take care
not to conclude that all abrupt changes in
weather are preceded by high winds aloft or
that adequate warning of the approach of
bad weather would always be given by high
winds aloft. I t should not be expected that
these conclusions hold when this area is far
from the northern fringe of the westerlies.
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