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ABSTRACT

It is believed that the severity of the storm hitting Canada on October 15, 1954 was due
to the addition of an independent development to the dying hurricane Hazel. The problem of
forecasting this event is discussed in the light of forecasts made at the time. The presence of
a secondary development is verified.
INTRODUCTION

N October 15, 1954, a mature tropical
hurricane (called Hazel), which had originated in the Caribbean, crossed the southeast coast near the border between North and South
Carolina and showed signs of weakening. As the
center moved northward, a second development

O

took place, with the result that Hazel became absorbed in a major extra-tropical cyclone. This
latter storm moved northward and caused much
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FIG. 1. Hovmoller-diagram for the 500 mb level, 11-18 October, 1954. Contour interval—200 ft. A : quasi-stationary trough used as anchor. B : new trough developing and moving rapidly. C : wave cyclone forms. D : wave
cyclone intensifies rapidly. Line D I : corresponds to a group velocity of 30° longitude a day. E : upper trough
stagnating and reaching maximum intensity. Line E H : actual propagation of amplification of maj or trough. F :
initiation of Colorado low. G : point where short-term trough development strongly indicated. I : point where
Hazel's successor began to develop. J : point where new storm reached maximum intensity. Note tendency for
troughs and ridges to stagnate as adjustment progresses. All dates and times GCT.
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damage (through wind and rain), particularly in
Pennsylvania, New York, and Ontario.
Normally, tropical hurricanes tend to dissipate
as they move into northern continents. On occasions, however, intensification and expansion of
the storm are seen to take place. One of the
problems in forecasting is to choose between these
alternatives. At the time of Hazel, a class in
advanced forecasting was being given at the University of Chicago and this problem was encountered on a current basis. The case history of
Hazel will be used to show how conditions favorable for redevelopment can be and were forecast,
and how the concepts of group velocity [1] and
the index cycle [2] were used to foreshadow these
and other events beyond the customary range of
forecasts.
THE

LONG-WAVE

OUTLOOK

On October 4 (charts not reproduced) the
zonal current aloft exhibited an irregular pattern
of the low-index type. During the following week
the amplitude of the oscillations of the current
diminished and a single belt of westerlies developed, resulting in the establishment of a typical
high-index circulation on October 11. At this
time, the amplitude was so small that it was difficult to identify the long-wave pattern. The
stationary wave length, corresponding to the zonal
current, was about 90° long. Such straight zonal
currents are observed to be unstable in the sense
that they soon revert to a large-amplitude pattern [2].
According to Hughes [3], the break-down of a
typical high-index circulation normally results in
the establishment of five major waves around the
hemisphere, i.e., an average wave length of 72°
longitude. In order to foreshadow the future positions of the major troughs and ridges, it is necessary (a) to identify a feature of the pattern which
will not be greatly involved in the adjustment—
an ''anchor" trough (or ridge), and (b) to determine the time and place of a major cyclone development which will initiate the breakdown.
The region around Japan is climatologically
favorable for anchor troughs, particularly during
the cold season. Inspection of the 500 mb charts
on and before October 11 showed a quasi-stationary trough present at about 135°E, indicated
by A in F I G U R E 1. On the assumption that this
was an anchor trough, the following outlook was
formulated on October 11 :
The present high-index circulation will soon break
down into a large-amplitude pattern. When the

FIG. 2. Formation of 300 mb trough. Full lines:
contours of the 300 mb surface at intervals of 600 ft.
Broken lines: absolute vorticity at the 300 mb level in
units of 10"4 sec-1.

break-down is completed, the major troughs aloft
will be situated at about 135°E (present anchor),
155°W, 85°W, and 15°W, with ridges in intermediate positions. One must now carefully watch
the charts to determine the time and place of a
major cyclone development that will initiate the
readjustment.
The first indications of an imminent breakdown were identified on October 12 (charts not
reproduced). A minor trough aloft was situated
at about 170°E (Point B in F I G U R E 1) with a
frontal wave at 42°N and 176°E (Point C). The
strong cold advection in the rear of the sea-level
wave indicated favorable conditions for a major
development. From the charts early on October
13 (not reproduced) it was apparent that the
break-down was underway, for the frontal wave
(then at Point D in F I G U R E 1) was developing
into a major storm. The following extended outlook was then formulated:
Using the concept of group velocity (starting
from Point D) and reckoning with a normal speed
(30° longitude a day), the initiation of major
trough and ridge developments aloft can be scheduled as follows:
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13,04 GCT, trough approaching 155°W
14, 08 GCT, ridge approaching 120°W
15,12 GCT, trough approaching 85 °W
16,16 GCT, ridge approaching 50°W
17,20 GCT, trough approaching 15°W

FIG. 3.

AMERICAN

METEOROLOGICAL

With these propagations one should
continued strong development of the
160°W, (b) a new development in
with the trough approaching 85 °W
15, and (c) some development in

Further development of upper trough.

Symbols as in
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Hazel and the cold front approaching the east coast.

Full lines: contours of the 1000 mb surface at

intervals of 200 ft.

North Atlantic. The trough mentioned under
(b) may set off cyclone development to the east
of the Rocky Mountains as well as in the general
vicinity of Cape Hatteras; both these areas are
climatologically favorable for cyclone development when an upper trough moves in from the
west.
THE

ADJUSTMENT

It will be seen from F I G U R E 1 that all the essential features of the long-wave outlook verified, the
only notable error being that pertaining to the
time and position of the trough development over
the eastern North Atlantic.
In the following we shall be concerned only
with the events that took place in North America.
In F I G U R E 2 are shown the conditions in the
upper troposphere on October 13 and 14. As
the major ridge in the Gulf of Alaska began to
develop, it impressed a trough on the mainly zonal
flow downstream. The trough formed over the
Rockies on the 13th, moved rapidly eastward and
developed; but with much of the development due
to ridge build-up surrounding the trough, particularly that upstream (see also F I G U R E 1).
The development was sufficient, however, to in-

itiate a light to moderate cyclone in the Colorado
region on the 13th. The cyclone then moved
rapidly toward the Great Lakes. From Point F
of F I G U R E 1 note that this cyclone development
is well ahead of the group velocity impulse (line
DI) and thus should not be the major storm associated with the trough development at 85 °W.
The subsequent trough development at the 300
mb level is shown in F I G U R E 3. From the charts
early on the 15th (not reproduced) it was observed that surface pressure falls and strong cold
advection through a deep layer existed over an
area of several states centered over southern Illinois (Point G of F I G U R E 1). This indicated
strong upper-level trough development far to the
SE of the upper low then over Minnesota and
resulted in a 24-hr forecast of the formation of
a closed upper low centered over southern Illinois and Indiana.
Consideration of the large amounts of vorticity
advection that would develop ahead of the advancing upper trough and the fact that the cold
front would stagnate near the Appalachian Mountains led to a forecast of strong cyclonic development over the Pennsylvania-New York area, the
resulting storm moving northward and crossing
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( A ) Hazel moves northward; ( A , B, C) a new development commences at X ;
sorbed in the new storm. Symbols as in F I G U R E 4 .

Lake Ontario near Toronto during the night.
The techniques used in the preparation of these
forecasts are described in [4, 5]. It will be
seen from F I G U R E 1 that this development is
consistent with the propagation of amplification
of the upper troughs and ridges which were forecast by the aid of the group velocity.
H A Z E L A N D ITS

SUCCESSOR

So far we have made no direct use of the fact
that hurricane Hazel was in the scene. It will

SOCIETY

( D ) Hazel becomes ab-

be seen from F I G U R E 4 that early on the 15th,
when the above forecasts were made, Hazel was
approaching the Carolina coast moving steadily
northward. It was further forecast that Hazel
would be absorbed by the developing cyclone and
a storm of abnormal strength would result.
The subsequent development is shown in FIGURE 5. In the evening of October 15th it became
evident that the new development was beginning
over Pennsylvania. About midnight GCT two
separate centers were barely discernible (see lower
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Pressure changes (mb/6 hrs) in a system of coordinates moving with the center of Hazel.
refer to the mean position of Hazel during the period indicated by the arrow.

left section of F I G U R E S), and six hours later
Hazel had become absorbed in a regular extratropical cyclone of very great intensity.
THE

SECOND

DEVELOPMENT

The barometric tendency observed at a fixed
station is due partly to the movement and partly
to the development of the pressure system. The
movement part of the tendencies can be eliminated
by considering the changes in a system of coordinates that moves with the center in question.
F I G U R E 6 shows the development tendencies during the critical period following the center of
Hazel. It will be seen that the center of maximum development was situated about 5 0 0 - 7 0 0 km
in advance and somewhat to the west of the center
of Hazel.
The foregoing analyses indicate that the storm
shown in the lower right chart of F I G U R E 5 resulted from an independent development, although
the tropical hurricane contributed to its intensity.

The changes
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