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ABSTRACT

Cyclones originating in the Atlantic coastal region of the United States are classified into two types, and the
characteristics of each type as determined from a study of 208 cyclones over a period of ten years are dis-
cussed. Methods of detecting cyclogenesis in its early stages are described and illustrated with an example.
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1. Introduction

Forecasting the development of cyclones and their
associated weather is always a difficult problem; and
in some parts of the world, such as the Atlantic
coastal region of the United States, cyclogenesis
is so rapid that it may transform an apparently
innocuous weather situation into a severe cyclonic
storm within the forecast period. It is to the advantage
of the forecaster in the Atlantic coastal region to be
well informed on the characteristics of cyclones that
originate there. Meteorologists familiar with the
region are acquainted with most of the cyclone
characteristics in a general way, but their knowledge
is gained through daily experience and may be sketchy,
unorganized, and inordinately influenced by individual

1 From the report of a research project conducted jointly by
the U. S. Weather Bureau and New York University.

cases where the forecast failed. For greatest usefulness
the characteristics must be established objectively
from a long series of weather maps.

Cyclogenesis is complex and cannot be forecasted
satisfactorily by empirical means alone. The major
cause of failure in forecasting the formation and
development of new cyclones is undoubtedly the lack
of sure knowledge of the physical processes involved.
An objective summary of the characteristics of east-
coast cyclones should therefore not be limited to the
establishment of empirical forecasting guides. It
should have also the important and far-reaching aim
of establishing a basis for theoretical studies of the
causes of cyclogenesis.

The ten-year period from 1929 to 1939 was selected
for a detailed study of the characteristics of cyclones
that originate in the Atlantic coastal region. The
precise boundaries of the region to be studied are
shown in Figure 6, and were determined somewhat
arbitrarily to include most of the United States east
of the Appalachian Mountains and to extend about
1000 km eastward out to sea. Only the months from
October through April, when cyclogenesis is more
frequent and intense, were considered.

Statistical data that might be used as a background
for theoretical studies or as guides in forecasting were
derived from the characteristics of the 208 cyclones
originating during the period selected. The sources of
data were principally the historical series of daily
northern-hemisphere sea-level maps published by the
United States Weather Bureau, the daily weather
map of the United States published each day by the
Weather Bureau in Washington, the monthly sum-
maries of cyclone tracks in the Monthly Weather Re-
view, and an incomplete series of 3-km charts supplied
by the Weather Bureau. It cannot be stated that any
consecutive ten-year period 1is representative of
weather conditions for all time, as some elements in
some localities will deviate significantly from their
long-period average; thus the characteristics
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Fi6, 1. Example of type-A cyclone at time of origin. Fronts are indicated by the conventional symbols; areas where precipitation is
occurring are covered by hatching, whether the precipitation is intermittent or continuous; the lines are isobars labeled in millibars;
and 24-hourly positions of pressure centers are marked by a cross enclosed in a circle.

summarized here are representative only to the extent
that the period from which they were determined is
representative.

Because of the characteristic rapidity of cyclo-
genesis in this region, it is necessary to detect cyclo-
genesis at its inception or as soon thereafter as possible.
Following the presentation of statistical data there is a
discussion ‘of the premonitory signs of cyclogenesis,
together with an example showing how cyclogenesis
can be discovered and located at an early stage.

2. Types of cyclones

Two distinct types of cyclogenesis can be recog-
nized in the Atlantic coastal region of the United
States. Their distinguishing features are observed
principally in the fields of motion and pressure and in
the frontal pattern on the surface weather map at the
time the new cyclone originates. The characteristics
of each type are usually quite apparent although
differing in details from case to case. It has been
found in this study that when the surface map does
not exhibit the characteristics of one of the two types
a new cyclone is highly unlikely to form in the region.

Type A.—Type A appears as a cyclone wave along
the front of a cold outbreak. This type of cyclogenesis
is not peculiar to the Atlantic coastal region or even
to east coasts in general. It is a common occurrence in
regions where cold outbreaks occur frequently, but it
is most often observed along east coasts in the colder
part of the year. At the time of origin of a type-A
cyclone in the Atlantic coastal region the character-
istic features of the surface weather map are:

1. A cold anticyclone covering most of the United
States east of the Rocky Mountains.

2. A cold, continental airmass flowing off the con-
tinent.

3. A current of warm, maritime air from a southerly
or southeasterly direction in the western Atlantic,
associated with a more or less well developed warm
anticyclone and opposed to the offshore flow of cold air.

4. Aretardation of a portion of the cold front in such
a way that the front is distorted into a wave form.

5. A spreading of middle clouds and precipitation
over the retarded portion of the cold wedge.

Type-A cyclones generally originate over the ocean

and move in a northeasterly direction so that in-
many cases they do not have much effect on the

weather of coastal stations. A typical example selected
from the period of study is shown in Figures 1 and 2.

Type B.—Type B originates near the coast line
to the southeast of an older cyclone. Its point of
origin is along the warm front, or what appears to be
the warm front, of the older storm. There is some
reason to believe that this type is not as common in
other parts of the world and owes its frequency to
the peculiar topography of the east coast of North
America. It is not often recognized elsewhere and not
always recognized in this region. In many cases
detailed study of a close network of observations is
necessary to identify type B; consequently the his-
torical northern hemisphere maps, having been
analyzed from an open network, sometimes do not
distinguish between the primary cyclone and the
secondary that forms near it. The characteristics of
type B are:

1. An occluding or occluded primary cyclone in the
region of the Great Lakes, nearly stationary or moving
northeastward.




JuNe 1946

JAMES E. MILLER 33
1017\4_>IQI_7\\_\‘T\:\' 1020 102 sos’ \\
ol 1023
1 a9
0z6—3 Q{ )
Lioi7 1029 ' /f/’ﬂ'[ |L
= 9

es° 10147 T

1917 1017 g50 90°

2 S
80°

7 X

= y »
N
R\
e\

70° 65°
TYPE A
1300 GMT, 7 OCTOBER 1935

3

° ™~
o 1014

Fic. 2. Example of type-A cyclone 24 hours after origin.

2. A shallow wedge of cold continental air and
associated pressure wedge, lying between the Ap-
palachian Mountains and the Gulf Stream, the wedge
line oriented southwestward from a cold anticyclone
centered in eastern Canada or over the Grand Banks
and crossing the 45th parallel near longitude 68° W.
The shallow, cold airmass is sluggish and tends to
remain along the coast during cyclogenesis.

3. A warm, maritime airmass flowing northward
against the sluggish cold wedge, creating and main-
taining a frontal discontinuity between the two
airmasses.

4. A spreading of middle clouds and precipitation
over the cold wedge, partially separated from the
cloud and precipitation area of the primary cyclone.

5. A local area of falling pressure dissociated from
the isallobaric minimum preceding the primary cy-
clone, but associated with the front of the cold wedge
in the region where the airmass contrast and the
convergence are greatest. The cyclone forms in this
area.

As this cyclone type originates near the coast line
and usually moves northeastward it affects the coastal
weather much more frequently than does type A.
A typical example is shown in Figures 3 and 4. On
the first map the wedge line is evident along the
New England coast; it extends southwestward to
South Carolina and in the north it curves eastward
and then southeastward into the anticyclone centered
near 42°N, 55°W. Sometimes the anticyclone is
centered over Canada, but in every case the cold
wedge lies along the coast. Another type-B example
is shown at its time of origin in Figure 17; note that
the northern extension of the wedge line curves west-
ward in this case.

In Figure 3 the secondary cyclone is forming on the
warm front of the primary cyclone. The frontal struc-
ture is commonly interpreted in this manner. In
many cases, however, the secondary originates on a
new front that is not connected with the primary
system, as in the example of Figures 15-17.

Sometimes the cold wedge is very narrow and the
secondary appears to originate at the peak of the
warm sector of the primary cyclone. In every such
case during the period of study a closer examination
showed that the secondary cyclone was forming east
of the warm-sector peak. If the cold wedge between
the warm-sector peak and the new cyclone is so
narrow that it does not manifest itself definitely
in the available pressure reports, it can be detected in
the surface wind field. An isobaric analysis that is based
on both winds and pressures will generally require that
the new pressure minimum be located east of the
point where the primary cold and warm fronts join.

Intermediate type—In rare cases the features of
type B appear soon after a cold outbreak, the primary
cyclone being somewhat west or southwest of its
customary position near the Great Lakes and still
in the early stages of its development. A new cyclone
forming along the coast in these circumstances may be
classified as either type A or type B. The best dis-

tinguishing feature is then the nature of the front

along the coast; if it is still identifiable as the forward
edge of the preceding cold outbreak, the cyclone is
better classified as type A, but, if the original cold
front has disappeared or moved out into the Atlantic
while a new front forms along the coast, the cyclone
is type B.

Type-A and type-B regimes.—It is sometimes pos-
sible to anticipate the type of cyclogenesis two or
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F16. 3. Example of type-B cyclone at time of origin.

three days in advance on the basis of the characteristic
features, although there is no assurance that cyclo-
genesis will take place. The charactéristic features of a
type may be considered a description of a weather
regime. When the east-coast weather does not conform
to either type, a trend toward a regime of type A or B
may be noted. If the trend seems reliable and not
transitory, the forecaster can estimate the length of
time required for a cyclogenetic regime to set in, and
in view of the type of regime he can locate the ap-
proximate region where cyclogenesis may occur.

Four types of east-coast cyclones are described in an
unpublished manuscript, ‘“New England coastal
storms,” by L. T. Rodgers, Weather Bureau Airport
Station, Boston. Rodgers’ four types, although de-
fined independently of this study, represent subdi-
visions of the two described here. The conditions
favorable for cyclogenesis near the Atlantic coast
have been discussed briefly by Austin [1], whose two
cyclogenetic types are very similar to types A and B
as defined here.

3. Characteristics of east-coast cyclones

A number of characteristics of the cyclones forming
in the east-coast region can be studied statistically.
The statistics cannot be used objectively by a fore-
caster faced with a particular weather situation, which
may deviate widely from the normal; but they are
useful for two purposes: as background knowledge for
the forecaster, serving him in the same way that
climatological summaries do, and as a factual ground-
work on which to base theoretical studies of cyclo-
genesis. The pure statistics are not entirely sufficient
for either purpose; both require the careful, detailed
investigation of a number of individual cyclones.

Monthly frequency.—The average number of cases
of both types of cyclogenesis and of types A and B
individually, as determined from the ten-year period
of study, is shown for each month from October
through April in Figure 5. It will be noted that the
frequency of type A is greatest in November, dropping
to a minimum in January, and rising to a secondary
maximum in March. Although the months from May

through September were not studied, it is probably

safe to say that the frequency is somewhat lower in
those months than in November or March.

Type B rises to a maximum frequency in January,
drops to a minimum in February, and then rises to a
secondary maximum in March. The February mini-
mum is not caused solely by the smaller number of
days in February as compared with January and
March, as this would account for a reduction of only
9 per cent or 0.2 case per month,? whereas February
has 0.8 fewer than January and 0.7 fewer than March.
It may simply be an accident of the short period of
study, ten years not being a sufficiently long period to
determine the normal monthly frequency.

On the other hand the February minimum of type-B
cyclones may be a real minimum. It is supported by
the fact that along the path frequented by type-B
cyclones, following the coast from Norfolk to East-
port, most of the weather stations have secondary
maxima of average daily precipitation in January
and March with a slight minimum in February.
The precipitation averages are based on forty years
of record; hence the correlation of storm frequency
with average daily precipitation confirms the February

2 Average number of days in February, 28.25; in January and
March, 31; (31 — 28.25)/31 = 0.09. Average number of cy-
clones in January and March, 2.45; 0.09 X 2.45 = 0.2,
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F16. 4. Example of type-B cyclone 24 hours after origin.

minimum. Moreover, February is the coldest month
in the Atlantic coastal region and the mean boundary
between cold continental air and warm maritime air is
farthest south then, possibly too far south for a
favorable combination of airmass contrast and topog-
raphy. The secondary winter maximum of average
daily precipitation at stations south of Norfolk occurs
in February, and on the average more storms originate
in the eastern Gulf of Mexico in February than in
any other month [27]. Finally, the selection of latitude
30° N as the southern boundary of the region of study
(see Fig. 6) may have been unwise; the possibility
exists that a significant number of type-B storms
originated south of that boundary in February.

The number of cases of cyclones forming in a
region similar to the region used in this study, but not
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F1G. 5. Average monthly frequency of cyclones
originating in the Atlantic coastal region.

having exactly the same boundaries, was determined
by Bowie and Weightman [2] for a twenty-year
period from 1892 to 1912. Dividing their monthly
totals for the “‘south-Atlantic” type by 20, one ob-
tains the frequencies shown in Table 1. The south-
Atlantic type includes both types A and B so that

TasLE 1. Monthly frequency of “south-Atlantic” cyclones.

October ................ 0.50 January................ 0.40
November.............. 0.85 February............... 0.20
December .............. 0.35 March................. 0.30

April...... ... L 0.60

these frequencies can be compared with the upper
line in Figure 5. The most striking difference is the
smaller frequency found by Bowie and Weightman.
It is not clear from their discussion what the cause of
the difference may be. Perhaps type-B cyclones were
not classified as separate storms when they originated
close to their primary; and many cases of type A,
which forms most frequently over the Gulf Stream,
may have been overlooked due to lack of data.

The deviation of individual years from the ten-year
average frequency can be seen in Table 2. For ex-
ample, during the four years 1930 through 1933 no
cyclones of type B occurred in January, the month
of highest frequency in the averages. As another ex-
ample, the seasons of 1929-30 and 1933-34 had each
a total of twenty cyclones, approximately equal to the
ten-year average (20.8); but there were 50 per cent
more cases of type A than type B, whereas in the whole
ten-year period there were about 50 per cent more of
type B than of type A.

Geographical frequency.—In tracking a cyclone
and in studying the distribution of elements about it,
the point of minimum pressure is commonly taken
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TaBLE 2. Number of cases of cyclogenesis in each month of period of study.
Month October November December January February March April Total
Type A B A B A B A A B A B A B A B g%?ls
1929-30 0 o 5 1 1 4 1 0 2 0 2 1 1 2 12 8 20
1930-31 0 1 2 2 2 1 0 0 1 1 1 2 0 0 6 7 13
1931-32 1 1 0 1 0 3 0 0 - 0 2 1 0 1 0 3 7 10
1932-33 2 1 1 1 1 1 1 0 3 1 0 3 2 2 10 9 19
1933-34 1 1 0 2 2 2 2 1 0 0 S 0 2 2 12 8 20
1934-35 1 3 1 1 3 4 0 5 1 2 0 5 2 3 8 23 31
1935-36 2 0 3 0 2 4 1 4 0 3 1 3 0 2 9 16 25
1936-37 2 0 2 0 0 0 2 5 0 6 1 3 0 2 7 16 23
1937-38 2 0 1 0 2 0 2 3 3 0 2 3 0 1 12 7 19
1938-39 1 0 2 1 1 4 0 7 1+ 2 0 4 2 3 7 21 28
Total 12 7 17 9 14 23 9 25 11 17 13 24 10 17 86 122 208
28 37 27

Both types 19 26 37 34

as the center. The cyclones discussed here have been
considered to originate at the time and place where a
minimum point first appears in the pressure field.
A dense network of stations and frequent reports of
pressure, neither of which was available in this in-
vestigation, would be needed to detect a pressure
minimum precisely at its inception. Three sources of
data, the once-daily Washington maps, the once-daily
northern hemisphere maps, and the monthly sum-
maries of cyclone tracks in the Monthly Weather
Review, were used to determine the time and point of
origin. The latter source shows twice-daily positions
of cyclones, so that by consideration of the phenomena
accompanying cyclogenesis it was possible to fix the
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Fi1G. 6. Points of origin of all cyclones originating in the Atlantic
coastal region in the months October through April, 1929-1939.

time of beginning within 12 hours. The average error
of timing can therefore be estimated at 6 hours.
Because the majority of east-coast cyclones move
slowly during the first few hours of their history, the
error of timing results in only a small error in position.

The point of origin of each of the 208 cyclones is
shown in Figure 6. Either type of cyclone may form
almost anywhere in the region of study, but a tendency
toward concentration in certain areas is apparent.
To bring out this tendency, Figure 6 was analyzed
according to the number of cyclones originating in
overlapping areas with dimensions 3 latitude degrees
by 3 longitude degrees. The results are shown in
Figure 7; here the favored areas of formation of each
cyclone type are clearly revealed. A similar diagram
has been constructed by Petterssen [3] without
distinction between types of cyclones.

Type A most frequently forms slightly east of the
temperature: axis of the Gulf Stream near latitude
32° N. There is some indication that the land area
east of the Appalachians and the water area north of
the axis of the Gulf Stream, where it swings eastward,
are also favored areas for this type of cyclogenesis.
Type B shows two concentrations, the primary one
near Norfolk and the other south of Cape Cod. The
line AA’ has been drawn perpendicular to the axis
of high frequency to subdivide the region of study
into two regions that can be examined separately.

Displacement of cyclones during the first 24 hours.—
The direction and distance of movement of each
cyclone during the first day of its existence were de-
termined as accurately as possible by reference to all
of the three sources cited. These data define a vector
starting at the point of origin and ending at the posi-
tion of the pressure minimum 24 hours later, the time
interval being either 1300 to 1300 GMT, or 0100 to
0100 GMT.

A simple average of the cyclone movement is apt
to be misleading for it does not show the rather large
variations from cyclone to cyclone. Figure 8 is an
analysis that discloses the most significant features.






