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Certain Synoptic Antecedents of Severe Cold W a v e s
in Southern New England
C H A R L E S F . BROOKS A N D IRVING I . S C H E L L
Blue Hill M e t e o r o l o g i c a l O b s e r v a t o r y , Milton, Mass.
NTIL

U

ONLY

A

FEW

YEARS

AGO

New England was particularlyvulnerable to unexpected cold
waves, for the Canadian network of
telegraphic stations did not reach far
north and northwest of here.1 Though
unannounced cold waves have since
become less frequent, we are now returned to the earlier vulnerability by
Canada's witholding the weather reports from stations in northern Ontario, eastern Quebec and the Maritime Provinces, as a military precaution. Nevertheless, the weather maps
of recent years show that a day prior
to severe cold waves in New England
there is a typical synoptic situation,
whose main features are adequately
defined by the reports that are still
received from Canada. It is worth
while, therefore, to present a summary
of the pressure and temperature distribution in Ontario and western
Quebec antecedent to our cold waves,
so that they may be watched for on
occasions when the usual rules for
predicting New England temperatures
24 hours in advance may not clearly
indicate a cold wave. Another purpose
of this study is to present a simplified
analysis of the New England cold
waves and a ready method for their
forecasting.
A wintertime cold wave in southern New England is defined by the
Weather Bureau as a fall in temperature amounting to 20 F deg. or
more in 24 hours to a minimum of
10° F or lower. Severe cold waves,
ones with a fall of, say, 35 or more
deg. from the maximum one day to
the minimum the next day, are rare.

During the 1931/2-1938/9 period only
13 were recorded at Blue Hill. Of
these, 10 occurred with the cold front
arriving generally in the afternoon;
the lowest temperature being reached
at Blue Hill on the following morning*.
Since only morning weather maps are
readily available for analysis, this
group of cases alone will be considered
in the present study. The essential
elements in connection with the 10

FIG. 3. Temperature and mixing ratio
Toronto during cold waves
W - mixing ratio
T - temperature
W x T 1 February 18, 1936
W„ T 2 December, 7, 1936
W 3 T 3 February 10, 1938

over

cold waves are presented in Table 1.
Upper-air data (at Toronto), which
are available for three cold waves are
given in Table 2 and Fig. 3. Weather
maps for two are shown in figs. 1
and 2.
x Cf. J. W . Smith, Cold waves in N e w England,
p. 169 in "Weather forecasting in the United
States," U. S. Weather Bureau, Washington,
D.C., 1916.
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TABLE

Date and hours
of occurrence
of cold wave

Winter : 1932/33
Dec.
31, 12 :30 p.m.
Jan.
1, 7:00 a.m.
Feb.
Feb.

8,
9,

2:00 p.m.
7:00 a.m.

Winter ; 1933/34
Jan.
28, 2 :20 p.m.
Jan.
29, 8:40 a.m.
Feb.
Feb.

13, 12 :30 p.m.
14, 7 :00 a.m.

Feb.
15,
Feb.
16,
Winter
Dec.
26,
Dec.
27,
Winter.
Feb. 18,
Feb. 19,
Winter,
Dec.
7,
Dec.
8,
Winter,
Feb.
10,
Feb.
11,
Winter,
Jan.
22,
Jan.
23,

3 :40 p.m.
7:40 a.m.
: 1934/35
4:00 p.m.
8 :20 a.m.
: 1935/36
11 :20 p.m.
7:00 a.m.
: 1936/37
5 :00 a.m.
5 :00 a.m.
: 1937/38
8 :00 a.m.
7:30 a.m.
: 1938/39
1 :00 p.m.
6:00 a.m.
Average:

1.

Area of influence*
Temperature at Blue Hill
Temperature
Gradient wind
Mean Before A t end Amount Maxidifference, Blue
Direction Velocity ternfall
of
of
mum
Hill (at end of
(parallel in miles pera- began
fall
fall
24 hour f a l l ) minus area of
to isobars)
per
ture
°F
°F
F deg.
fall
influence 24 hours
hour**
°F
F deg.
earlier
NExN

55

6

61

6

55

50

0

NExN

50

—1

59

6

53

47

7

NE

50

3

48

—5

53

37

—8

NNE

70

—7

31

—6

37

31

+ 1

NExN

60

—5

41

—1

42

29

4

N

55

4

46

8

38

27

4

NWxN

35

—6

37

—2

39

35

4

NW

40

5

49

10

39

35

5

NExN

60

6

44

6

38

29

0

NNE

55

—1

40

0

40

39

1

NNE

53

0

46

2

43

36

+ 2

•Area of influence on the temperature of Southern N e w England as indicated f r o m the
map approximately 24 hours b e f o r e the low t e m p e r a t u r e is reached at Blue Hill.
This is
the area dominated by the cold air m a s s on the w a y to N e w England, its mean t e m p e r a ture being usually defined b y the t e m p e r a t u r e s at the f o l l o w i n g stations located within
this a r e a : Cochrane, H a i l e y b u r y , D o u c e t , San Maur, P a r r y Sound, Moosonee, Dolbeau,
Ottawa, P o r t A r t h u r , Montreal.
* * B e c a u s e of the difficulty in determining v e r y accurately the radius of c u r v a t u r e of
the isobars, the values are g i v e n here to the nearest 5 miles.
T h e y were c o m p u t e d with
the aid of Table 1 ( A p p e n d i x ) of " P h y s i c s of the A i r " , b y W . J. H u m p h r e y s , N. Y . 1929.

Analysis of the data in Table 1
shows that the arrival of a severe
cold wave is preceded by a northerly
direction of the isobars in an area
some 500 miles to the north or northwest from which the cold air reaches
Boston. Although the average direction of the gradient wind is NNE
(column 2), the actual flow of cold air
is from the north or west of north because of surface friction. Another
antecedent of a New England cold
wave appears to be a gradient wind
velocity of some 50 miles an hour (column 3), or, because of surface friction, an observed wind of probably 3040 miles an hour. This moderate to

strong northerly wind at White River
and Cochrane has already been noted
by J. W. Smith (ibid.)
as a threat. It
is noted that the values of the gradient
wind velocity show considerable variations, from 35 miles in case of the cold
wave of Feb. 18, 1935 to 70 miles per
hour for the cold wave of Feb 13, 1934.
A third antecedent (column 4) is an
average mean temperature in the cold
area, of 0° F, which is well below the
required limit for the severe cold
wave defined here. The coldest air
mass, as judged by surface observations, was reported on Feb. 13, 1934,
when the mean temperature in the
cold area was -7° F, while the least
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FIG. 1. Weather map, December 31, 1932, 7:30 a.m.
cold air mass was reported on Dec.
31, 1932 and Feb. 10, 1938 with a
temperature of 6° F.
Given the conditions outlined above,
the average temperature fall at Blue
Hill was 43° F within 24 hours or less
(column 7). The biggest fall, 55° F,
was recorded as a cold wave struck
Boston on Dec. 31, 1932, the temperature falling from a high of 61° to
6° F (Fig. 1). The smallest fall, 37°,
occurred with the cold wave of Feb.
13-14, 1934 (Fig. 2). Then, however,
the temperature at Blue Hill started
down from the low maximum of 31° F.
The 24-hour temperature fall, because
of the diurnal effect, was always
smaller (column 8). It followed however the trend of fall from the maximum of one day to the minimum
of the next. The average temperature
difference, Blue Hill minus cold area
24 hours earlier (column 9), was
2° F, which testifies to the representativeness of the area selected as a criterion for the cold air. It also indicates a possible quantitative defini-

tion of the minimum temperature at
Blue Hill. However, the range of the
temperature difference is considerable,
7 or 8 deg. either way, pointing to additional factors which would have to
be taken in consideration in forecasting the minimum more closely.
Information regarding the vertical
extent and the temperature distribution of the air mass is limited to the
cold waves which occurred on Feb. 18,
1936, Dec. 7, 1936 and Feb. 10, 1938.
See Table 2 and Fig. 3. On Feb. 18,
1936, the surface temperature at Toronto was -16° C (3° F ) , the temperature at 3320 meters, (ca. 11,000 feet),
-28° C (-18° F ) . The cold air outbreak was fresh and vigorous, as
practically no evidence of subsidence
was apparent, the lapse rate being
positive and on the whole, fairly steep
for a polar continental air mass. (See
Fig. 3, Ti, Wi). The air was very dry,
its water-vapor content being less
than one gram (per kilogram of dry
air) through the entire depth sounded.
The front of this air mass arrived in
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TABLE

Height
m

2. Toronto Flying Club Airplane Reports*

Relative
Humidity %

Surface
630
1070
2000
2770
3320

85
82
53
15
68
50

Surface
390
1210
1880
2360
2890
3750

47
60
53
32
25
56
42

Surface
290
870
1530
2000
2690
3050
3580

65
67
62
62
57
45
40
33

Temperature
°C

Water vapor
content
(grams/kilogram dry air)

February 18, 1936.
-16
-19
-19
-23
-25
-28
December 7, 1936
-8.3
-9.4
-16.1
-18.9
-18.3
-17.5
-18.1
February 10, 1938.
-9
-10
-6
-10
-9
-13
-13
-16

Lapse rate
°C/100 m.

_

1.0
0.6
0.4
0.1
0.5
0.3

0.5
0.0
0.4
0.3
0.5

0.9
1.1
0.7
0.4
0.3
0.8
0.6

0.3
0.8
0.4
-0.1
-0.2
0.1

1.2
1.2
1.6
1.3
1.4
0.9
0.8
0.6

0.3
-0.6
0.6
-0.1
0.6
0.0
0.6

_

-

•Courtesy Meteorological Division of Dominion of Canada A i r Services.

FIG. 2. Weather map, February 13, 1934, 7:30 a.m.
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Boston around noon of the same day,
producing by 7 a.m. of the following
morning a drop of 39° F, the temperature falling to - 2 ° F (Table 1).
On Dec. 7, 1936, the surface temperature at Toronto was -8.3° C
(17° F ) . At 3750 meters (ca. 12,000
feet), the temperature had fallen to
-18.1° C (-1° F ) . The highest value
of water-vapor content recorded was
a little over one gram. The cold-air
outbreak was not as fresh as on the
preceding occasion. Some subsidence
is indicated by a rise in temperature
above 1880 meters extending to 2900
meters (See Fig. 3, T2, W 2 ). The temperature drop in Boston was 39° F,
the lowest value, 10° F being reached
at 5 the next morning.
On Feb. 10, 1938 (cold wave of Feb.
10-11) the temperature at the surface
at Toronto was - 9 ° C (16° F) and at
an elevation of about 3600 m (ca.
12,000 feet), -16° C (3° F ) . On this
occasion the air mass above 870 m
may have been subsiding, for the
temperature at 870 meters was 3C°
warmer than at the surface and the
lapse rate negative in several layers
(Fig. 3, T3, W 3 ). The temperature
drop in Boston was 38° F, the lowest
value, 6° F, being reached at about 8
the morning of Feb. 11.
The above soundings indicate that
the air masses dominating the cold
area and which produced a severe
cold wave in New England within 24
hours or less, were polar continental
in origin. The chief characteristics of
such an air mass are excessive dryness (low water-vapor content), low
surface temperatures and a moderate lapse rate1.
In addition to the conditions already
described, two others play a prominent role in the arrival of a severe
cold wave in southern New England.
They are: (1) a deeply snow covered
ground and (2) a nocturnal arrival
of the main body of cold air, points
already made by H. J. Cox.2 With-

out snow on the ground and with the
cold air arriving mainly in the daytime, there is considerable warming
(unless the air mass arrives very
quickly) with the result that an airmass very cold at its source will fail
to produce such a big temperature
drop. This is borne out by the fact
that most of the severe cold waves recorded at Blue Hill arrived during
the night and all but one occurred
after the last week of December when
the ground is usually snow covered.
The exception was a cold wave the
first week of December, 1936, which
barely reached a verifying temperature. The ground was bare at Blue
Hill. That the absence of ice on
the waters traversed by the cold
air masses on the way here is an
important deterrent to a cold wave
reaching New England, is attested by
the fact that no severe cold waves occurred here with air masses arriving
from the west and passing the open
waters of the Great Lakes.
CONCLUSION

While it is a matter of general
knowledge that cold waves in the
northeastern United States are favored: (1) by a large pressure difference, 0.5 inch or more, between Lake
Michigan and New England; (2) by
a marked rise in pressure in the
northwest and a fall in the southeast,
and (3) by a large fall in temperature
in the northwest and a rise or continued relatively high temperature in
the southeast,3 we can now be more
explicit.
The main factors determining the
arrival of a severe cold wave in southern New England and which must be
considered in forecasting it are:
1 H. C. Willett, American Air Mass
Properties. Pavers
in Phys. Ocean and Meteor.
M.
I. T. and W. H. O. I., vol. II, no. 2 (1933)
and in " A n Introduction to the Study of Air
Mass Analysis" by Jerome Namias and others,
4th Ed., A. M. S., Oct. 1938.
2 H.
J. Cox, Cold waves, p p . 143-167, in
"Weather Forecasting in the United States,"
op. cit. ( R e f . to pp. 167, 164.)
3 H. J. Cox, op. cit.,
esp. pp. 156, 164.
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(1) There must be a large supply
of cold air in the north or
northwest as shown by a mean
surface temperature in Ontario
and western Quebec not exceeding 6° F.
(2) Whenever upper-air soundings
are available from Toronto,
they must show a dry, deep cold
air mass with little or no subsidence.
(3) There must be a pressure gradient such that the wind will
be from the cold area and have
a gradient velocity of 35 miles
an hour or more (observed
velocity less).
(4) There must be snow on the
ground, or else the wind must

be so strong that the cold air
can get here without being too
much modified.
The above study indicates that no
severe cold waves are likely to occur
in southern New England before December and that most of them come
in January and February. A severe
cold wave usually occurs at least once
every winter, but seldom more than
twice. In the period covered, the
largest number of cold waves occurred in the winter of 1933/34, when
three cases were recorded.
A small grant from the Harvard
Associates in the Physical Sciences
and a gift from Mr. Ernest B. Dane
covered most of the expense of this
little study.

Turbulence A s The Major Factor in the Growth of Cloud Drops*
DAVID ARENBERG
Mt. Washington Observatory, Gorham, N. H.
H E FOLLOWING DISCUSSION o f

T

the

possibility of turbulence being
the major factor in producing
active precipitation is undertaken,
first, because other factors have been
discussed O and found insufficient
for one reason or another, and secondly, because visual observation
readily establishes the fact that for
small drops suspended in a cloud the
flow pattern of the sustaining medium
is the most important factor governing their motion.
Turbulence has been suspected by
many authors, although Findeisen regards it as of only moderate quantitative significance ( 2 ). Observational
evidence shows that the most active
rain procedes from the most turbulent
cloud forms.
Past discussions of the coalescence
of fog particles have considered only
the idealized case of a quiet medium
or else assumed that the particles
obeyed Stokes' Law for falling spheres.
The former is obviously insufficient,

and the latter needs to be altered for
the unsteady state when the speed and
direction of fall are not constant.
Bleeker's paper on the icing of aircraft alone considers motion in a
curved path, and this in restricted to
the radial travel across the stream
lines without reference to the simultaneous retardation along them in a
centrifugal field. ( 3 ).
While it is impossible to discuss the
exact path of a particle in a turbulent
field, we can determine the path difference between the particle and the
medium very readily for every change
in velocity in a given direction.
First, the loss of kinetic energy of
the particle must equal the work
done by viscous drag in the medium,
that is:
* Revision of a paper read before the Assoc.
of Meteorology, Int. Union of Geod. and Geophys., Washington, Sept., 1939.
1 Houghton,
H. G. ; Bull. Amer. Met.
Soc.,
20:400, 1939.
2 Outline of physics of the clouds, I. Microphysics of the clouds, W . Findeisen, BULL.
20 -237 1939.
3 W . Bleeker, Met.
Zeit., 49: 349-354, 1932.
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