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A Weather Singularity over the U. S. in October
EBERHARD W .

WAHL

Geophysics Research Directorate, Air Force Cambridge Research Center, 244 Albany St.,
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ABSTRACT

A sudden increase in the probability of snow occurrence during the month of October at
Denver, Colorado, had been reported. It is shown that this increase can be associated with the
development of a widespread weather singularity occurring at that time of the year. The normal sea-level pressure-pattern changes derived from 40 years of data over the United States show
the synoptic development of this singularity. This development leads to peculiarities in various
weather elements at that time.
INTRODUCTION

B. LAIRD and W. W. Dickey [1]
recently reported on a method for
• forecasting "snow-or-rain" at Denver,
Colorado, during the fall season. This forecasting
problem obviously poses a dual question, namely
the development of a method for forecasting the
occurrence of snow at times when the usual form
of precipitation would be rain, i.e., in early fall,
and for forecasting rain when it normally snows, in
late fall. The authors arrive at a very satisfactory
solution by subdividing their season into two periods during which partially different predictors
are used for distinguishing between rain and snow.
The date separating these two periods was chosen
as the 15th of October. They justify this particular choice by the climatologically determined "sharp
increase in the probability of snow" around this
date (see FIG. 1 of their paper).
This result raises an interesting question. The
sharp increase in the snow probability is well documented from 55 years of climatological data and
appears to be exceedingly well marked. But is
this increase a purely local effect or does this result indicate a general phenomenon which affects
the weather pattern at this particular time of the
year over a large area, possibly the whole continent or even the whole northern hemisphere?
The results tendered in this paper suggest that
this phenomenon indeed represents only the local
effect of a widespread weather singularity which
influences the whole central part of the North
American continent and which probably is connected with one of the major circulation singularities of the northern hemisphere. This singularity appears to be as important as the "January
Thaw" singularity investigated earlier by the author [2] and constitutes another link in the "nor-

H

mal course of weather development" on our
continent.
SNOW

OCCURRENCE IN T H E

MIDWEST

It should be relatively simple to show that the
increase in the snow probability at Denver is not
a local effect. However, in order to do so, it is
necessary to evaluate long station records of daily
weather data. Such data are usually available
only at the stations themselves, since daily data
rarely are published. Fortunately, during recent
years the climatological yearbooks of many stations

FIG. 1.

Probability of snow occurrence in fall.
quency in percent of all days.)

(Fre-
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in the United States have been microfilmed by the
U. S. Weather Bureau. Copies of some of these
microfilms were made available to the author.
Seven of them were from stations in the general
area of this investigation and could be used.
These were the records for Salt Lake City, Denver,
Cheyenne, North Platte, Omaha, St. Paul and St.
Louis.
Three stations, Denver, North Platte and St.
Paul, were used for a first check of the general
snow occurrence behavior in this area. All three
have about the same mean October temperature
and thus should be comparable also with regard
to the snow occurrence. F I G U R E 1 shows the result of this preliminary step. The occurrence frequency of days with snowfall in percent of all days
has been plotted day by day for the three months
of the fall season, September, October and November (running three-day averages; days with
snow traces included with half weight). These
curves differ from those of F I G U R E 1 in Laird and
Dickey's report. They have used the snow probability on precipitation days.
These three curves clearly show the increase in
the snowT occurrence on or about the 15th of October, thus indicating that this increase must be a
more general phenomenon, more or less well
marked over a large area in the Midwest. A
closer inspection further reveals similarity at other
times also. Especially remarkable is the distinct
first snow maximum around the 26th of September. After the end of October this close similarity
seems to deteriorate to some extent.
TEMPERATURE BEHAVIOR—FREQUENCY

OF

COLD D A Y S

The use of the element "snow occurrence," however, does not appear to be very practical if one
intends to investigate a feature suspected to influence a large area. The increase in the snow occurrence must be largely due to a drop in the temperature in that area. Snow occurrence will be
sensitive only within a narrow zone where the
average temperature at that time is at the right
level. If the temperature is too high, then no
snow will fall at such a station—as in FIG. 1 at
North Platte before 28 September—even when
the other features of the weather pattern are favorable. On the other hand, if the temperature is
already too low, then all precipitation will fall as
snow, and the snow occurrence will solely depend
upon changes in the precipitation pattern. This
latter case applies to the part of the curves in November. This then also explains why the curves
are no longer closely related—the local influences
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upon the precipitation occurrence are known to
be large.
Thus it seems advisable to utilize another element which is closely related to temperature, because the latter will be most strongly influenced
by changes in the overall circulation. In order to
simplify the necessary processing of data needed
for such investigations, it has long been recognized that it is most advantageous to use frequency
counts. In our problem, we are chiefly interested
in the occurrence of "cold days"—which favor
snow occurrence. We thus define at each station a suitable limit in the daily average temperature and then count the frequency of days colder
than this limit through the available record.
The limits at the different stations must be
made comparable. This is done by choosing the
limit at one station as a standard and determining
the total frequency of days colder than this limit
for this station over a suitable time interval, e.g.,
the month of October. The limit at any other station is then chosen in such a way as to result in the
same overall frequency of cold days. In practice,
this procedure is quite easily followed. The only
complication arises from the fact that the frequency
count must be made using finite temperature intervals. The width of these intervals usually has
to be at least two degrees, due to the common practice of rounding off the average between maximum
and minimum temperature of the day (which defines the mean daily temperature) to the nearest
even figure. To obtain a fairly smooth frequency
distribution, one even and one odd interval must
be combined. However, the slight residual differences in the total frequencies can easily be
adjusted.
The choice of the limiting temperature at the
standard station is determined by the problem at
hand. Since the feature in which we are interested
is reflected in the snow occurrence at Denver, this
station has been used as a standard and the limiting temperature is chosen so as to simulate snow
occurrence as closely as is possible with another
element. For all days with measurable precipitation at Denver, a distribution function of the simultaneous daily average temperature during October
was constructed separately for days with rain and
with snow. It was found that for temperatures
above 39°F more days with rain than with snow
occurred, while below 40°F the reverse held true.
Days with average temperatures below 40 °F can
thus be designated as "potential snow days" and
this temperature will serve as a good limit for our
purposes. After having decided upon the limit
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at Denver, the corresponding limits for the other
stations were obtained as described above.
The daily occurrence frequencies (smoothed
over three-day intervals) for the seven stations
mentioned above in percent of all days are plotted
against the date in F I G U R E 2. These seven curves
for the frequency of cold days exhibit a remarkable
degree of similarity, especially in the rapid rise
around the middle of October. In all cases, this
rise amounts to more than a threefold increase in
the frequency from below 5 percent to more than
15 percent within a matter of six days. This "singularity" is clearly apparent in the whole area
under study. Furthermore, the onset of this singularity progresses from northwest or west towards the east. We thus may conclude that the
steep increase in the snow probability at Denver is
but the local effect of a large scale temperature
decline at that time which progresses systematically
from the northwest towards the east over the whole
Midwestern portion of the United States.
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FIG. 2. Frequency of occurrence of "cold days."
(A
"cold day" occurs when the daily average temperature is
below the temperature limit indicated at the station name.)

P R E S S U R E F I E L D OVER T H E U . S . I N O C T O B E R

This large-scale temperature decline noted above
exhibits all characteristics of a true singularity, especially the association to a specific date. Around
the 15th of October, the frequency of cold days
suddenly increases. This, however, should also
mean a significant increase of Grosswetter situations favorable for the generation of such cold days,
which in turn should be reflected as a change in
the large-scale pressure patterns observed in longterm "normal maps."
Evidently, monthly normals of pressure cannot
be used for such investigations, since one month is
far too long a time interval. From comparisons of
monthly normal maps for the months of September,
October and November, as published in various
places [3, 4], it can be concluded only that October
obviously depicts the gradual transition from summer to winter patterns. The finer structure of
this transition, however, remains hidden. Experience suggests that for individual years this
transition is erratic, with an increasing frequency
of winter patterns offset by a decreasing frequency
of summer patterns. Even after the so-called
typical winter behavior is in full force, there occur
periods during which pressure patterns and their
accompanying weather phenomena develop which
are found "normally" only during the warmer
seasons. The January Thaw patterns, for example, resemble March or April patterns more than
any typical winter map.
It is common practice to investigate the broad
features of the Grosswetter by averaging daily

synoptic maps over time periods of the order of
five days. To obtain comparable results we should
also derive five-day normals and study their variations. Unfortunately, such maps do not yet exist, at least not for the whole northern hemisphere
and the whole year. However, during recent
years, running five-day average sea level pressure
values over the 40 years of the Historical Weather
Map series (1899-1938) have been computed for
some areas by means of the coordinate pressure
data assembled in the form of punched cards. A
large-scale effort to encompass the whole hemisphere is now in progress as a joint program of
the Air Weather Service, U. S. Weather Bureau,
U. S. Navy and the Air Force Cambridge Research Center. From the data currently available, it is possible at least to plot approximate 40year average, five-day pressure maps over the
United States (70-120°W, 30-50°N). Two such
maps are reproduced in F I G U R E S 3a and 3b. The
first of these maps shows the average pressure pattern at sea level for the pentad 11-15 October,
just before the onset of the singularity. The second map, 16-20 October (the next independent
period) depicts the pressure at a time when the
singularity is in full development.
The change in pattern from the first to the second map is quite remarkable, considering the fact
that each map represents the average of 40 times
five daily synoptic maps. The first map is dominated by the large anticyclonic cell over the eastern half of the continent. This pattern leads to an
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FIG. 3a. Normal sealevel pressure map over the U. S.
(from Historical Series, 1899/1938). 5 day period October 11-15. The station circles indicate the 7 stations
used above.

"Indian Summer" type weather behavior, well
known at that time in the eastern states. The flow
of cold air from the north into the Great Plains is
effectively blocked during such a pattern. Within
the next five days, however, this high pressure
cell declines rapidly and loses its influence in the
West. The reappearance of flow from the northwest, strengthened by the additional pressure rise
farther west, now leads to the increased frequency
of cold days over the Midwest. The first substantial snow falls will then herald the coming of
winter. The change in the large scale pressure
pattern thus corroborates our previous results.
It remains to be shown that the change at this particular time is so large as to be classified as a true
singularity, i.e., unlikely to be produced by random influences in the data.
P R E S S U R E OVER T H E U . S . I N
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sure drop after 15 October and the subsequent
rise after 26 October are both extremely large,
especially in the East. The magnitude of this
change can be judged against the standard deviation of daily pressure values as derived by Schuman [5]. His value for the intersection 40°N,
80°W, in October for example, is ± 7.4 mb for a
single pressure value. Under the assumption of
no regularities in the daily course of pressures
over 40 years, we should expect that the average
over 40 years for any single day in October will
have a standard deviation of about 7.4/V39 = ±
1.2 mb. Deviations of more than three times this
value should be practically nonexistent. In spite
of our additional averaging over five days, which
should at least not increase the standard deviation,
we find changes within a few days which far exceed even those limits. It must be assumed then
that at certain dates the normals really are different
from those of adjacent days, i.e., that singularities
really exist and that they constitute a significant
feature of the pressure behavior at those points.
Thus a "smooth" transition from summer to
winter, which might be inferred from the use of
monthly normals (broken lines over the length of
the month in F I G U R E 4, according to Ref. 3 ) , does
not exist. On the contrary, the step-by-step progression as exhibited in the 40-year normals for
shorter time intervals must be assumed to be real.
Furthermore, this transition in steps can be different in different regions, as can be seen by comparing curves (a) and (d). It also is not confined to the United States; curve (e) shows a similar pressure singularity in an area far removed
from our region (near England). This fact will
become important when attempts are made to

FALL

The most straightforward way to demonstrate
the size of this pressure singularity would be to
trace the development of the patterns over a period of time by a complete series of similar maps.
This, however, seems impractical, for the essential features can certainly be investigated as
well by judicius use of time series of running fiveday pressure normals for a number of coordinate
intersections within the area under study. Five
such curves have been plotted in F I G U R E 4.
Our discussion is chiefly concerned with the four
upper curves (a-d) showing the 40 year normals
for the intersections of latitude 40 °N with the
longitudes 80, 90, 100 and 110°W. A glance at
these curves reveals that the pressure behavior
during the time between 15 October and 5 November is quite outstanding. The sudden pres-

FIG. 3b. Normal sealevel pressure map over the U. S.
(from Historical Series, 1899/1938). 5 day period October 16-20. The station circles indicate the 7 stations
used above.

Unauthenticated | Downloaded 01/09/23 01:31 AM UTC

VOL.

35,

No.

8,

OCTOBER,

1954

355

link such regional features to large scale circulation patterns. The interaction of such regions
will give rise to distinct changes in the large scale
pressure patterns, as shown, for example, in the
pressure gradients between these regions. A
gradient of this type has been plotted in F I G U R E 5 ,
namely the difference between curves (b) and
(d) of F I G U R E 4. These two points are east and
west of our area of interest. This gradient thus
represents the local (sea level) north-south flow
of air over the area. The gradient remains positive, between 4- 2 and + 4 mb, during the whole
month of September and up to the start of the
pressure singuliarity in the east. Then a sudden
drop occurs to distinctly negative values (i.e.,
northerly flow) which again is interrupted by a
reversal at the end of October, before falling off
steadily to the typical winter pattern of negative
gradients.
The connection of this gradient behavior to our
"snowfall singularity" obviously needs no further comment. However, we mentioned earlier
the interesting secondary feature of the first snowFIG. 5. Sealevel pressure gradient 40°N, 90°-110°W.
A. 40 year normals. B. During 1953. (Both curves 5day running averages.)

FIG. 4. Normal sealevel pressure in time series for
five coordinate intersections (5-day running averages
over 40 years 1899-1938). (a) 40°N, 8 0 ° W ; (b) 40°N,
9 0 ° W ; ( c ) 40°N, 100°W; ( d ) 40°N, 110°W; (e) 55°N,
05°W. ( ( e ) to nearest full mb; note the different mbscale.)

fall maximum very early in the fall, around 25
September (FIG. 1). Just ahead of this date we
now recognize a first substantial downward trend
in the gradient, which simply means a weakening
of the average southerly flow by occasional intrusions of northerly flow patterns in some years;
and this can be interpreted as the occasional occurrence of a forerunner of the main singularity.
The close relation between the gradient and the
snow occurrence curves subsequently deteriorates,
as was found earlier between the snow and the cold
day curve. The reason for this probably lies in
the fact that later in fall the snow occurrence no
longer is sensitive to airmass changes but depends
nearly exclusively on the amount of moisture transported into this region. This part, however, cannot be investigated solely with sea level pressure
data.
Finally, this "normal pattern" in our gradient
is not just a statistical result. This can be seen
in the comparison of the average gradient with that
for a single year. Curve B in F I G U R E 5 shows the
time graph of this same gradient, handled in exactly the same way, for the year 1953. It is quite
evident that the October singularity appears well
marked in this curve also, with an onset date of
the first steep drop in the gradient about five days
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later than usual. It so happened that at that
time an experimental forecast for the general
trend of the pressure over the eastern half of the
United States was prepared, based upon this
singularity concept. This forecast verified extremely well for more than three weeks.
Thus the behavior of the pressure over the
United States together with the station data from
the Midwest indicate a well developed singularity
during the month of October, signifying the first
transition from summer to winter patterns. Evidently, such a regional singularity does not constitute an entity independent from other factors in
other areas. It must be regarded both as one of
the events which as a whole make up the natural
course of the weather in that area and as a link
in the overall development of the hemispheric
general circulation. In this larger picture the material presented here will constitute but a small
segment; the broader aspects of this problem must

be attacked at a later date. Some promising preliminary results along such lines already have
been obtained and will be reported soon in a
separate paper.
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New York, N. Y., January 24-27, 1955
The 135th National Meeting, including the 35th annual
business meeting, will take place in New York

Assmann Psychrometer

City,

January 24-27, 1955, in conjunction with the Annual

Campbell-Stokes Sunshine Recorder
Duvdevani Dew Gauge
Biram's Anemometer
Fineman Nephoscope
Dines Rainfall Recorder
Manufactured by C. F. Casella & Co., Ltd.
of London, England, and imported
by Science Associates

Meeting of the Institute of the Aeronautical

Sciences.

All sessions, except the joint session with the Institute
will be held in the new Gould Student Center of New
York University on the University Heights campus, The
Bronx, New York, N. Y .

Hosts will be the New York

Branch of the Society and the University's Department
of Meteorology and Oceanography.

These sessions will

form part of the 100th anniversary celebrations of the
College of

Engineering, of which the Department

Meteorology and Oceanography is a part.

of

The joint

session with the I.A.S. will be held at the Hotel Astor
as usual.
Anyone desiring to present a paper should send title,
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4 0 1 N . Broad S t r e e t

Philadelphia 8 , Pa.

abstract, and projection requirements to the Executive
Secretary's

office, 3 Joy

Street, Boston 8, Mass., by

November 10, 1954, for collection for the Program Committee of the New York Branch.
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