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URING

D

an

investigation

of

the

seven heaviest winter-type snowfalls 1 that have occurred in
eastern Massachusetts since the establishment of the Mt. Washington
Observatory in October, 1932, it was
found that there were certain characteristic sequences in the trend
of the Mt. Washington data preceding
the start of those snowstorms in
Boston.
Considering the possible
utility of this recurrent happening,
together with the fact that the
mountain
data
have
frequently
aided local forecasters when precipitation expected at Boston was actually
being shunted off the coast to the
south, it seemed desirable to analyze
some of the available Mt. Washington
data with a view to their use in shortterm forecasting. Prof. C. F. Brooks of
the Blue Hill Observatory and Prof.
H. C. Willett of the Massachusetts
Institute of Technology kindly explained their impressions from their
extensive experience, as to the relation
of Mt. Washington weather to the
weather-map situations for typical
storms. It was then decided to attempt
to objectify these views by a statistical
study of actual cases.
In the preparation of this paper,
the official Weather Bureau forecasts
for Massachusetts issued each morning
at Washington, together with the revision of the Washington forecast appearing on the daily weather map
distributed from the local office of the
Weather Bureau, were checked for
verification of precipitation—for periods when .50" or more precipitation
was recorded at Blue Hill during the
winter of 1937-38, and also when disturbances producing heavy rain or
snow elsewhere were expected to af-

fect the weather at Boston. In those
cases where .50" precipitation occurred locally, or where precipitation
forecasts for the 12 to 24 hour period
were not verified within 36 hours, the
Mt. Washington data were inspected
f o r significant indications of the subsequent weather conditions that should
have been expected locally. Both in
the cases with precipitation and in
those with no precipitation, the outstanding meteorological clues have
been tabulated and weighted. The mean
trend of the pressure, wind direction
and velocity, and temperature was obtained for the 24 hours preceding the
start, or expected start, of precipitation at Boston. In addition, the mean
tendency of the above weather elements was computed for the seven
heavy snowfalls previously mentioned.
The data were summarized in two diagrams, as follows:—The first compares the Mt. Washington weather
during the 24 hours before the start
of rain at Boston, with that occurring
in the case of snow, and also with the
weather before heavy snowfall. The
second gives a similar comparison
between any precipitation that did
fall
and
forecasted
precipitation
that did not occur. This diagram
is in two parts, separating the
curves for rain from the curves for
snow.
The first diagram (Fig. 1) reveals
a marked contrast between the rain
and snow types of weather. If the
general synoptic situation leads the
local forecaster to a definite expectation of precipitation, the Mt. Washington data should leave little doubt
•Paper read by C. F. Brooks at Washington
Meeting, April 1938.
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September,
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FIGURE 1.

as to whether the start will be as rain
or snow—in cases where there would
eventually be a moderately large
amount. After the period of fair
weather accompanying a Pc outbreak,
and between 24 and 12 hours before
the start of rain at Boston, the temperature on the mountain is likely to
be rising 8F° on the average and levelling off at about 20°F, with practically steady pressure and wind velocity, and a gradual backing of the
wind to SW. Between then and
the zero hour, the temperature remains fairly steady, but the pressure
falls rapidly and the wind backs to
a southerly increasing gale. On the
other hand, 24 hours before the start
of snow, the temperature is probably
falling, with rising pressure and
steady NW-ly wind. In the final 12
hours, the temperature may be rising
slowly—though it is falling sometimes, and the pressure exhibits no
pronounced tendencies. But the wind
becoming light and variable shows
the influence of the ridge of high

pressure east of the approaching low
pressure center. Under such circumstances, any precipitation at Boston
must start as snow—for the mountain
data show the presence of an increasing or persistent cold mass of air
over New England—and should continue as snow until the mountain data
indicate the active displacement of
the cold air or a diversion of the
tropical flow.
It may be mentioned here that the
temperature values, given by the
curves for rain or snow (in excess of
.50") of the past winter season, 13 °F
and 2°F at 18 hours before, and 20°F
and 9°F at the start of rain or snow,
compare closely with the results of a
detailed tabulation by S. Pagliuca covering 1933-34. His results indicated
that when the temperatures on Mt.
Washington were below 10 °F any
precipitation at Boston within 24
hours was almost certain to begin as
snow; whereas, if Mt. Washington
was above 15 degrees, Boston would
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FIGURE

probably have its precipitation in the
form of rain.
The curves for winter snowfalls in
excess of 1.00" melted precipitation, included in the first diagram, reflect the
synoptic situations accompanying the
heaviest local snowstorms. The pronounced rise in pressure between
the 24 and 12-hour intervals, with
stronger winds and lower temperatures than for the average snowstorm;
and the abrupt decrease in wind and
rise in temperature, with only a
slight pressure fall in the final 12
hours, show the sharpened meteorological contrasts existing at such
times. The more westerly component
of the wind calls to mind the fact that
the strong coastal disturbances originate as secondaries in the trough of
an occluded low pressure center. The
Mt. Washington wind direction remains that of the cold flow around the

2.

old occlusion (going inland) for some
time after the surface wind has become NE under the influence of the
secondary, and indicates the maintenance of a deep cold-wedge in spite
of the invasion of tropical air aloft.
Of course this is the ideal set-up for
heavy snow if the TM flow continues
in a path that brings the secondary
northward along the Atlantic coast.
When the position of the low pressure
center of the old occlusion maintains
a strong W S W cold flow at Mt. Washington, any secondary development in
the Mississippi valley will move N E ward with extreme rapidity—due to
the addition of the movement of the
cold current to the normal wave translation in the Northern Hemisphere.
Precipitation would be quite heavy,
but the duration should not be much
over 12 hours at the most.
The second diagram (Fig. 2) shows
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great difference in the trends of all
the Mt. Washington weather elements,
between the cases of rain and no-rain.
We have already noted the characteristic rain sequence of rapid pressure fall and increasing S-ly wind,
but if the rain is to be delayed or to
pass south of the Boston district, the
temperature—which was averaging
24°F when the forecast was made—
shows simply the diurnal variation or
a slight warming. The pressure is
already low—with respect to the corresponding values before rain falls—
and fluctuates gently, while the wind
continues light and probably backs
but slowly to SW-ly. The mountain
data show clearly that the case of norain is one of stagnating conditions
in modified polar air.
The contrast between the snow and
no-snow weather types is not so great,
apparently, but it would be wrong to
expect otherwise. If snow in large
amounts is to fall at Boston, Mt.
Washington must show the presence
of deep cold air; likewise, if a strong
tropical invasion is to be diverted off
the coast, the mountain data must indicate a continued cold flow from the
NW. The curves for no-snow generally substantiate the latter situation on the mountain. The temperature is low 24 hours before the expected arrival of snow, and it rises
but slowly. The pressure is high with
little change and the WNW-ly wind
continues moderately strong. The indications of an approaching disturbance are lacking.
Briefly, the synoptic details accompanying the moderately heavy types
of precipitation studied up to now are
as follows:—The most important feature is a fore-knowledge of the time
of arrival—and the condition on arrival—of a tropical air current aloft,
which may experience forced ascent
or convergent flow due to the polar

air currents near the surface. The
surface indications of these facts are
found in the analyzed motion of warm
and cold fronts, and the deepening or
maintenance of low pressure centers.
In winter the troughs of old occlusions or slowly moving cold fronts are
weak spots, and must be watched
carefully. If the trough does not fill
rapidly, and if thunderstorm activity
accompanied the occlusion process, the
TG is probably persisting in a significant amount. A continuation of thunderstorms, in the southern part of a
trough that is moving eastward, indicates favorable conditions f o r the development of a secondary. The combination of a N-S alignment of the
approaching trough, an open TG sector in a wave development in the
south, and a strengthening of the
subtropical anticyclone near Bermuda, should give a deep TM flow along
the coast and possibly inland. But if
a filling trough is forced into an E - W
position by Pc air streaming southward over eastern Canada, if there
was no TG at the surface in the southeastern U. S., and if the pressure is
falling at Bermuda, the tropical current should be displaced well off the
coast.
This study and the previous investigation of heavy snowfall have shown
that the most successful use of the
Mt. Washington data in short-range
forecasting comes after the local meteorologist makes a careful analysis of
the general synoptic situation accompanying an expected period of precipitation. When the probable direction of the TM flow has been determined, the six-hourly reports from
the mountain should give advance
warning of its arrival or its nonappearance over New England. The
type of accompanying precipitation
should also be suggested.
This preliminary study of the use
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of Mt. Washington data is limited in
scope and covers cases of moderately
heavy precipitation only. The methodology should be applicable locally to
practically all cases of precipitation
during the winter season, and the
present results may well apply to

339

all rain or snowfall in moderate
amounts.
The three studies of local forecasting, of which this is the last,
were made possible by a generous gift
of Mr. Ernest B. Dane to Harvard
University for this purpose.

On Tropical vs Extratropical Cyclonic Structure
(Comments

on Gherzi's

"Constitution

of

Typhoons")

MARTIN RODEWALD
Deutsche Seewarte, Hamburg 3, Germany

with Fr. Deppermann
and also with the Editor's note
that Gherzi (Feb. 1 9 3 8 , BULLETIN)
has misread Deppermann's "fronts".
Surely a typhoon has no fronts in its
central regions. Gherzi believes that
the "eye of the storm" and "the lack
of any squall line", or front, in the
centers of the typhoons are special
characteristics which distinguish them
definitely "from all those of the temperate regions." And he requests that
"any theory of these tropical cyclones
must first of all explain those two
facts" (just mentioned, above). It
seems to me that Gherzi does not
know the extratropical cyclones to
the same degree as he knows the
tropical ones. For those two facts
are indeed not confined only to the
tropical cyclones.

I

QUITE AGREE

When in 1926 I made my first
personal acquaintance with an Icelandic "low", I experienced a "whole
gale" up to force 11 in the oceanic
region between Vestmannacyjar and
Thorshavn, but as our fishing vessel
went into the center of the depression, the weather became better. The
center was somewhat cloudy but rainless, with light winds, force 1 to 2.
No front whatever was experienced
during the passage of this depression.
However, on the same trip, when
we met with a shallow depression
with wind forces not exceeding 5, we

had distinct air masses, one with fog
and drizzle, and the other with fine
visibility, Cu and Cunb clouds and
showers—and a front (though not
very sharp) between them.
In the winter storms of the North
Atlantic one will often find an inner
area which is quite similar to the
"eye" of the tropical cyclone, and
this especially in the latitudes south
of the 50th parallel. I have before
me now a German ship report (for
March 12 of this year) concerning
a terrible hurricane encountered near
the 42nd parallel: there is a lull of S
force 3 reported between SE 11 and
NW 12.
Capt. H. Lehmann, formerly of S. S.
"HANSA", wrote in a paper published
two years ago (H. Lehmann: Ausbausch von Wetternaehriehten auf dem
Nordatlantisehen Ozean, Der Seewart,
1936, p. 177) that the weather changes
in the western Atlantic and especially
those south of the Grand Banks are
more rapid in the last few years than
in former times. According to him
many depressions which resemble
tropical cyclones, being of small diameter and of great violence, have
been observed in this region recently—
and this even during the winter
months when the originally-tropical
type of storm is unexpected.
Capt. G. Schroder, who has likewise
a long ocean experience and had, for
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