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ABSTRACT

From twenty years of January and February North American trajectories of migratory anticyclones four typical groups were found. Examples of these types were studied with respect
to the temporal variations of the pressure and temperature at standard levels in a vertical
column of the atmosphere over the centers of the migratory anticyclones. Certain characteristic
features of these variations are summarized.
INTRODUCTION

N the article by Vederman [1] results were
obtained on the changes of heights and temperatures at standard isobaric levels over
centers of anticyclones similar to those found by
the author in his master thesis at New York University, submitted in 1944. It is thought therefore that a publication of this somewhat similar
investigation might be of factual interest.
With the continual growth in the number of
stations making upper-air observations, there has
been increasing interest in relating the variations
in the meteorological elements aloft to the changes
of these elements at the surface. Besides the surface other altitudes have been compared and the
different layers between them have been given the
same consideration.
Since weather production
is a three-dimensional process, the importance of
establishing such relationships is obvious.
Of
particular interest to the meteorologist is the variation of pressure at the centers of anticyclones
and cyclones. It was decided that such a center
point should identify the location of the vertical
atmospheric column in which the variations of
pressure and temperature aloft accompanying
those at the moving surface point should be
determined.
A pressure structure subject to
relatively easy study is the anticyclone, the vertical core of which will be investigated in this
paper. The anticyclone is better suited to study
than the cyclone for the reasons that: ( 1 ) more
and higher pilot balloon and radiosonde ascents
are obtained in it, and ( 2 ) a more accurate pressure value can be gotten for the center of the
anticyclone since the pressure gradient is usually
weaker in the region surrounding the center.
T o be certain that the North American migratory anticyclones selected for study were typical,
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the anticyclones were divided into types according
to certain criteria before investigating the pressure
and temperature characteristics in the column.
Since the circulation in this pressure system is
a secondary one the criteria adopted for classification should, as far as possible, also differentiate
the primary circulation prevailing at the time.
With this in mind, 20 years of January and February trajectories of migratory anticyclones were
grouped into four categories mainly according
to the degree of latitudinal and longitudinal displacement. With the increase and decrease of
pressure at the surface under consideration the
anticyclones were further subdivided according
to the surface pressure variations along the trajectory (i.e., increasing or decreasing pressure, or
some combination of these trends).
S U R V E Y OF P E R T I N E N T

LITERATURE

Although there have been a few papers in
which typing of anticyclones was undertaken as
well as statistical investigations of pressure and
temperature changes at different altitudes over
certain stations, as far as the author knows there
has been no study of the combined type proposed
in this paper. Intensification of an anticyclone
was investigated by Simmers [2]. Using isentropic analysis he studied in detail a case of anticyclogenesis in which a high-level Texan anticyclone merging with a decaying Canadian anticyclone temporarily strengthened the latter. He
concluded that "banking" in the troposphere and
advection were the two main causes which intensified the Canadian anticyclone. In his statistical study on European anticyclones Hanzlik [3]
distinguished the cold from the warm anticyclones.
He noted that when the cold anticyclone moves
slowly or becomes stationary, it tends to be transformed into the warm type. Bowie and Weightman [4] separated North American anticyclones
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into five types according to the section of the
continent on which they originated or in which
they first made their appearance before continuing
across the continent. These authors also derived
the mean velocity and normal paths of the anticyclones. The Russian meteorologists, especially
Wangenheim [5] and Lyr [6], in their works on
"dynamic climatology" separated trajectories of
anticyclones according to months and regions and
then further separated them according to similarity of synoptic situation. On the basis of such
a classification Wangenheim was able to define
certain types of currents (modified with time)
which would impart certain types of weather
(varying with the modification of the currents)
to a particular region in a particular month.
Statistical investigations of pressure and temperature variations in the free atmosphere over
certain stations have been undertaken by Schedler
[7], Dines [8], Haurwitz [9], Peppier [10],
Bjerknes and Palmen [11], Penner [12] and
many others. The results obtained by all these
authors appear to be substantially the same when
due allowance is made for the difference in procedure and difference in geographical location of
the regions from which the observations were
gathered. Among the results found for pressure
were: a fairly high correlation coefficient between
the simultaneous variation of pressure at 0 and
9 km, and the pressure extremes progressively
retarded with increasing altitude in the troposphere. Above 12 km in the stratosphere the
retardation decreases so that the maxima and
minima become in phase with the surface maxima
and minima. The temperature extremes occur
sooner at higher elevations throughout the troposphere. The temperature curves at the 10-km
level show a transition from the temperature
curves at lower altitudes to those higher up where
the phase is opposite to that in the troposphere.
Haurwitz found by harmonic analysis that the
amplitude of the first harmonic component of
pressure decreased rapidly in the first two kilometers. From 4 km up the amplitude decreased
only slightly with height. The amplitude of the
first harmonic component of temperature decreased up to 4 km and then increased up to
6 km before again decreasing. Dines found that
the correlation coefficient between pressure and
temperature at the ground is negligible, but increases to a maximum of 0.86 at levels of 6 - 8
km, then diminishes and becomes negative in the
stratosphere.
In these studies observations from fixed geographical points were taken as the pressure sys-
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tems passed over them. In the present paper the
center of the anticyclone has been chosen as the
point for study and the curves of pressure and
temperature variations at different altitudes and
for different layers over this point were constructed from the data obtained at successive
positions of the anticyclone.
PROCEDURE A N D

TECHNIQUE

January and February trajectories of the anticyclones for the years 1923 through 1943 were
obtained from the Monthly Weather Review and
were separated into four types on the basis of
the following criteria: ( 1 ) point of origin or
entrance onto the continent, ( 2 ) course (geographical path and curvature of the path), ( 3 )
degrees of latitudinal and longitudinal movement.
F I G U R E S 1 - 4 show these four groups of North
America trajectories assembled for the 1930-1943
period. The trajectories are identified according
to the month and year by placing a " J " for
January and " F " for February along with the
last two digits of the year at the beginning of each
trajectory.
The dashed portion of some trajectories indicate ill-defined portions of the paths.
The short, irregular trajectories which comprised
a relatively small percentage of the total were
not included.
In general, the anticyclones of Type 1 (FIG. 1)
crossed the United States moving generally from
west to east, entering the United States from the
Pacific Ocean between latitudes 3 5 ° - 5 0 ° N and

FIG. 1.

Type 1 trajectories of migratory anticyclones
over North America.
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Type 2 trajectories of migratory anticyclones
over North America.

leaving between latitudes 2 5 ° - 4 0 ° N .
Of particular significance is the generally pronounced
anticyclonic curvature of the trajectories in passing over the Rocky Mountains. This same curvature is weakly in evidence in the trajectories of
anticyclones crossing the Appalachian Mountains.
This movement of the anticyclones can be attributed to the well-known dynamical change of
air flow in crossing over large obstacles such as
mountains recently discussed by Petterssen [14].

FIG. 3.

Type 3 trajectories of migratory anticyclones
over North America.

FIG. 4.
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Type 4 trajectories of migratory anticyclones
over North America.

In general the anticyclones of Type 2 (FIG. 2 )
appeared north of latitude 60°N in the western
part of the Northwest Territories. The origin
of polar anticyclones has been reviewed by Wexler
[13].
The anticyclones of this Type traveled
along a south-southeastward path to the Gulf of
Mexico or turned abruptly to the east below
latitude 40°N leaving the continent between 30
and 40°N. The trajectories in this Type showed
the greatest latitudinal displacement, paralleling
the Rocky Mountain range in their course southward. Of particular significance is the abrupt
alteration of the tracks of most of these anticyclones when the Gulf of Mexico was approached.
From the mathematical reasoning recently supplied by Petterssen [14], vorticity is generated
in the atmosphere in the vicinity of the shores of
relatively warm bodies of water. This explains
the well known tendency for cold anticyclones to
be weakened in passing over such bodies of water.
Hence there appears to be some dynamical basis
for the anticyclones to appear to avoid the relatively warm regions as long as possible.
In general the anticyclones of Type 3 (FIG. 3)
appeared on the continent either in Alaska or in
the western part of the Northwest Territories
and then continued in a southeastward direction
to near the United States border where they
branched off into two rather well-defined paths—
one curving eastward between the Great Lakes
and the southern tip of Hudson Bay while the
other path continued southeastward across the
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FIG. 5. Typical trajectories of migratory anticyclones
from January 4-19, 1944.
( 0 =0600 GMT position;
• = 1800 GMT position.)

United States border between longitudes 100°
and 110°W to curve eastward below the Great
Lakes. The trajectories of this type have generally cyclonic curvature with relatively small
latitudinal displacement. They make their exit
from the continent between latitudes 35° and
50°N. Of particular interest is the relative concentration of trajectories to the north between
Hudson Bay and the Great Lakes and just south
of the Great Lakes. Thus, here too the dynamical effect of relatively warm water of the Great
Lakes is in evidence.
In general the anticyclones of Type 4 (FIG. 4 )
made their appearance on the continent both in
Alaska and in the western part of the Northwest
Territories and1 continued with relatively little
curvature of their tracks in a southeastward direction to leave the continent between 3S°-45°N.
The anticyclones of this Type are intermediate
between Types 2 and 3 in the degree of their
latitudinal displacement.
In these trajectories,
too, there is a tendency for the anticyclones to
pass between the Great Lakes and Hudson Bay
and just south of the Great Lakes.
The Types were separated into Sub-types according to the way the sea-level pressure varied
at the center of the anticyclone. A n increasingpressure variation was indicated by " L H " (low
to high pressure) and a decreasing one by " H L "
(high to low pressure). T w o combinations of
these pressure variations can be obtained which
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are " L H L " and " H L H . " In this way each of
the Types was subdivided into four Sub-types.
Whenever possible both the pressure changes from
1230 G M T of one day to 1230 G M T of the next
and those from 0030 G M T to 0030 G M T were
used in establishing the pressure trend of the
anticyclone.
Examples of these four Types in January 1944
were selected (FIG. 5 ) . The six-hourly location
of the centers were arrived at by drawing
smoothed isobars two millibars apart on maps
(scale = 1: 10,000,000) on which had been plotted
the pressure, temperature and wind velocity for
all the reporting stations in the anticyclone. A
combination of drawing additional lines nearer to
the center conforming to the pattern already set
up by the isobars and by projecting lines perpendicular to the maximum and minimum curvature in the isobars towards the center until they
intersected, was found satisfactory in locating the
center of the anticyclone. The point thus located
was further compared with a point similarly found
on a smaller-scale Weather Bureau map ( 1 : 15,000,000) showing the analyzed synoptic situation.
If the points did not coincide an adjustment in the
isobaric pattern wherever possible was made until
the two points agreed. Mainly the highest reasonable pressure reported closest to the center was

FIG. 10. Pressure and temperature variations for a Type
4 LH migratory anticyclone [continuous line = pressure
(mb) ; dashed line = temperature ( ° C ) ] .

Unauthenticated | Downloaded 01/09/23 02:50 AM UTC

30

used to judge the magnitude of the surface center
pressure. Smoothed surface isotherms were drawn
to obtain the temperature at this point. The pressure (Pz) and temperature (Tz) values directly
above this point on the 1.5-, 3-, 6-, 10- and 13-km
charts were obtained by interpolation between 2-mb
isobars and 2C° isotherms which were carefully
drawn for the entire map. Wind velocities which
were plotted for all stations reporting them aided
in drawing the isobars. There were insufficient
data at higher altitudes to determine accurately
the pressure and temperature values at 16 km
and at the tropopause as well as the height of the
tropopause, and hence these variables were not
studied. A small unavoidable discrepancy existed
between the times of the pilot-balloon and radiosonde observations' and the surface reports. The
beginning times of the pilot-balloon and radiosonde observations were usually 0400 G M T and
1600 G M T while those of the surface observations
were a few minutes before 0630 G M T and 1830
G M T respectively.
In constructing the charts
the principle of historical sequence was followed
and due emphasis was placed on the continuity of
the pressure structure with height at any one time.
The 24-hour increases and decreases in pressure ( A P z ) and temperature ( A T z ) directly
above the surface center at the standard levels
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FIG. 8. Pressure and temperature variations for a Type
3 L H L migratory anticyclone [continuous line = pressure
(mb) ; dashed line = temperature ( ° C ) ] .

were obtained for 0400 G M T and 1600 G M T .
The diurnal variation was thus to a large extent
eliminated, leaving the variation due to change in
latitude and longitude of the anticyclones. The
pressure and temperature values thus obtained
were used to construct single pressure and temperature curves respectively for the standard altitudes, with pressure change ( A P z ) and temperature change ( A T z ) as ordinate and time as
abscissa. Also on the same graph and with the
same coordinates the 24-hour changes of pressure
difference ( A P z l j z 2 ) and temperature difference
( A T 2 M 2 ) between 1.5 and 6 km and 6 and 13 km
were plotted.
SUMMARY

FIG. 7. Pressure and temperature variations for a Type
2 L H L migratory anticyclone [continuous line = pressure
(mb) ; dashed line = temperature ( ° C ) ] .

METEOROLOGICAL

OF

RESULTS

The five examples which were chosen for detailed study occurred during January 4-19, 1944.
The synoptic situations associated with them were
substantially representative of their respective
types. First, an H L anticyclone of Type 1 crossed
the United States followed by a L H L one of
Type 2. The latter was succeeded by a L H L
one of Type 3, followed by a H L H anticyclone of
Type 4 and then by a L H one of Type 4. The
trajectories of these anticyclones are shown in
F I G U R E 5 and the curves of pressure and temperature variations for the respective anticyclones are
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FIG. 9. Pressure and temperature variations for a Type
4 H L H migratory anticyclone [continuous line = pressure
(mb) ; dashed line = temperature ( ° C ) ] .

shown in F I G U R E S 6 - 1 0 . The only other anticyclone present during this period was a stationary one in the Rocky Mountains. The following characteristics of the pressure and temperature variation curves can be observed:
The pressure change curves for any one Type
are very similar in form at the different altitudes.
For the examples of Types 1, 2 and 3 the zero
24-hour pressure change occurred progressively
later (i.e., increased duration of pressure rises in
spite of continued decreases at the surface) at
higher altitudes with the exception of 13 km
where this point occurred very nearly at the time
of the 10-km point. For the examples of Types
2 and 4 there are definite minimum points at the
different altitudes which for the former Type occurred somewhat earlier at higher altitudes while
for both examples of the latter Type, they occurred
almost simultaneously at least from 1.5 to 10 km
inclusive. On the whole the largest absolute 24hour pressure changes took place for the anticyclones of Types 1 at 3 and 6 km, for that of
Type 2 at 6 and 10 km, for that of Type 3 at 0
and 10 km, for that of Type 4 H L H at 1.5 and
3 km, and for that of Type 4 L H at 1.5, 3 and
10 km.
The temperature change curves for any one Type
are very similar in form at the different altitudes.
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Generally the minimum and maximum points at
the different altitudes occurred simultaneously for
all the anticyclones from 0 to 6 km inclusive with
the exception of Type 2, in which the minimum
point occurred earlier at higher altitudes. Generally for all the anticyclones the temperature
increased for the entire time of the trajectory from
the surface to 6 km inclusive, with the exception
that for Types 1 and 4 there were decreases of
temperature around the time of the minimum
point. For the examples of Types 2 and 3, as well
as the first one of Type 4, generally there was a
transition at 10 km from this state to one of
almost a continuous decrease of temperature at
13 km. On the whole the largest absolute 24hour temperature changes occurred at the surface
for all examples and, also, for the anticyclone of
Type 1, at 3 km, for that of Types 2 and 3, at
10 km, for the H L H example of Type 4, at 1.5
and 3 km and for the L H example of Type 4,
at 13 km.
A comparison of the pressure change and temperature change curves at the same level indicated
that for the anticyclones of Types 1 and 3 the
time difference between the 24-hour zero-change
values of pressure and temperature decreased with
altitude until at 10 km there was no difference;
for the anticyclones of Type 2 the maximum and

FIG. 10. Pressure and temperature variations for a Type
4 L H migratory anticyclone [continuous line = pressure
(mb) ; dashed line = temperature ( ° C ) ] .
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m i n i m u m points of the temperature change curves,
o n the whole, preceded those respective points on
the pressure change c u r v e s ; f o r the anticyclones
of T y p e 4 the m a x i m u m and m i n i m u m points
generally o c c u r r e d together at 1.5, 3 and 6 km.
T h e largest absolute pressure changes and temperature changes occurred together in the example
of T y p e 1 at 3 km, in that of T y p e s 2 and 3
at 10 km, and in the H L H example of T y p e 4
at 3 km.
A general consideration of the variations of
pressure difference and temperature difference in
the 1 . 5 - 6 k m and 6 - 1 3 k m layers s h o w e d : ( 1 )
the variation of pressure difference in the lower
layer was usually opposite to that in the upper
one f o r all anticyclones, with a marked tendency
for the curves to be nearly 180° out of phase
( e x c e p t last part of T y p e 3 ) ; the variation of
temperature difference in the t w o layers also
showed a marked tendency to be nearly 180°
out of phase ( e x c e p t last part of T y p e 3 and
first part of T y p e 4 H L H ) but not necessarily of
opposite s i g n s ; ( 2 ) Generally the larger absolute
variation of pressure difference occurred in the
lower layer and that of the temperature difference
occurred in the upper one f o r the anticyclones of
T y p e s 1, 2 and 3 and f o r the L H anticyclone of
T y p e 4 ; f o r the H L H anticyclone of T y p e 4, the
larger pressure and temperature variations o c curred f o r the first part of the period in the lower
layer with a large pressure variation f o r the last
part in the upper layer.
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