In defining the environment of a
tropical cyclone, so as to distinguish
between winds evidently near enough
to be affected by the storm and those
not so affected, winds above each reporting station are examined and
where winds nearest the storm are of
higher velocity than those generally
prevailing they are excluded from a
determination of the environment.
The free-air winds in front, moving
frequently in the same general direction as the cyclone, continue to be directed away from the storm center
while backing as the storm approaches,
until the center comes near enough to
bring them into rotation. Even in the
smaller cyclones there is good evidence that the wind structure belonging to the cyclones extends to the 14,000-ft level or higher. Due to friction the winds at the surface do not
respond as quickly to the approach of
the cyclone as the free-air winds, and
after the storm has passed, the effects
persist in the free air longer than at
the surface.
Selecting the Gulf region and
month of least curvature in the paths
of tropical cyclones, it is interesting
to note that the average speed of
translation of tropical cyclones over
the southern half of the Gulf of Mexico in August and the average summer velocity of ESE winds at elevation of 1320 f t over the East Gulf
coast are both 13 mph. The first is
determined from Mitchell's data in
Mon. Wea. Rev. Suppl. No. 24, 1924,

and the last from Gregg's data in " A n
Aerological Survey of the United
States," Pt. 2, Mon. Wea.
Rev.
Suppl. No. 26, 1926.
In tropical disturbances of recent
years close agreement is found between the average velocity of the
upper winds outside the active circulation of tropical cyclones and the
average movement of the cyclones for
the period of investigation. Some
fairly large differences are found,
however, in a few individual instances.
Illustrations are given in the paper
of cyclones moving forward in a
nearly straight path across the Gulf
in harmony with northward-moving
upper winds, of other cyclones deflected to the right, of some prevented
from recurving to the right by a westward movement of the air over the
Southern States, of some turned
southwestward by strong northerly
upper winds, and of a loop path in
the southwestern Gulf, apparently influenced by strong northerly upper
winds moving from the Southern
Plains over the Western Gulf.
Of particular interest is the fact
that the controlling upper circulation is frequently directed anticyclonically from one or more southern centers in the summer and the tropical
disturbances on approaching these
circulations will move around or between them or follow when they move
out of the way.—Abstract.

Pressure and Temperature Variations in the Free Atmosphere
and Their Effect on the Life History of Cyclones*
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ROM INVESTIGATIONS over Europe
it is known that at greater
heights the maxima and minima
of the pressure occur later than at
the earth's surface while the temperature extremes take place earlier at
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greater heights ( V ) . It is to be expected that the corresponding relations over this continent differ at least
in certain respects since a previous
study ( 3 ) had shown that by comparison with the upper layers the variations of temperature and pressure in
the lowest atmospheric layers are
stronger over North America than
over Europe.
To determine these relations between the upper and lower atmosphere the radio soundings at Boston
during February and March 1937 and
from October 1937 until June 1938
have been used. The results are
therefore strictly applicable only to
this region and should be supplemented by investigation of other stations. Every two ascents on successive days were combined in a pair and
the interdiurnal pressure and temperature variations at different, levels
were determined. The ascent pairs
were arranged according to the position of Boston with respect to the surface isallobaric Highs and Lows which
could be obtained by graphical subtraction of the surface pressure maps
for the two days constituting each
ascent pair. The isallobaric Highs
and Lows were divided into the following 6 regions:
Isallobaric Low
East side = Front
Lf
Center
Lc
West side = Rear
Lr
Isallobaric High
East side = Front
Hf
Center
He
West side = Rear
Hr
Since the great majority of isallobaric
Highs and Lows move from W to E
the east side may be regarded as the
front, the west side as the rear. The
term "center" has been applied to the
region within the two or three innermost isallobars. Altogether, 98 ascent pairs were available which have

been arranged into these 6 groups.
For each group the mean values of
the interdiurnal pressure and temperature variation at the surface, 2,
4, 6 and 8 dyn.-km have been computed. At greater altitudes the data
are not sufficient to yield representative values. The results are given in
table I. At the surface the greatest
pressure rise is found in He, the
greatest pressure fall in Lc, but already at 4 dyn.-km the maximum and
the minimum of the pressure variation occur over Hr and Lr, respectively.
The largest temperature fall at the
surface takes place in He, the greatest
rise in Lc. At higher levels the largest
temperature rise is displaced forward
to Lf and even to Hr. The forward
displacement of the largest drop in
temperature is not quite so clearly
indicated, but nevertheless noticeable,
especially at 6 dyn.-km altitude.
The results obtained previously for
Europe by Schedler( 2 ) with an analogous method are similar, but show
that the variations in the upper layers
compared with the variations in the
lower atmosphere are relatively more
important than over North America.
For a sufficiently large number of
observations the sum of each column
in table I should vanish. The means
have therefore been smoothed so that
the sum of each column vanishes. The
values obtained by adding these
smoothed variations for each height
successively to a suitable constant
may be regarded with certain reservations as the deviations from the
mean during the passage of the isallobaric Highs and Lows. The results
are shown in table II. At the surface
the minimum pressure occurs over Lr,
the maximum over Hr. Both extremes are retarded at greater heights
so that at 8 dyn.-km the minimum occurs over He, the maximum over Lf.
The surface temperature is highest in
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Lr, lowest in Hr, while at 2 dyn.-km
already the extremes are displaced
forward, the highest temperature being reached over Lf, the lowest over
He. Thus, at the surface the lowest
(highest) pressure coincides on the
average with the highest (lowest)
temperature, at an altitude of 8
dyn.-km lowest pressure and temperature coincide, while the temperature is highest only slightly later
than the pressure. These relations
between pressure and temperature
distribution follow directly from the
barometric formula.
Since the pressure and temperature
curves represented by the data of
table II are quite regular they have
been expressed by trigonometric series of the form
Ax cos (t -ax) + A \ C O S ( 2 t r - a 2 ) +
It is assumed that the 6 regions of
the isallobaric Highs and Lows are
equidistant and that one whole cycle
of 360° comprises the time from one
passage to the next of a certain region. Thus the distance between two
consecutive regions is 60°. The amplitudes of the second harmonic components are much smaller than the
2

Height
Europe
N. America

2
.48

2.5
.72

4
.38

The pressure variability decreases
much more rapidly in the lowest
layers over North America than over
Europe. The phase difference is considerably smaller over Europe than
over North America.
Between the
surface and 7 km it is about 35°,
while over North America it is about
twice as large.
The amplitude of the temperature
variation decreases from the surface
up to 4 dyn.-km. At 6 dyn.-km it is
somewhat larger but falls off to 8
dyn.-km. In Europe it shows a decided
increase from 1.64 °C at 2.5 km to
2.37 °C at 7 km. The phase difference

amplitudes of the first ones with the
exception of ps where the second amplitude is one half of the first one and
T8, where it is one third. Therefore,
only the amplitudes and phases of the
first harmonic components are given
in table III.
The amplitude of the pressure decreases rapidly in the first 2 dyn.-km.
The amplitude of p2 is only about half
of the amplitude of p0. From 4 dyn.
- k m upward the amplitude decreases
only very slightly with the height.
The phase angle increases with the
altitude, indicating the retardation of
the extremes. The difference between
subsequent phase angles is around
20°, that is one third of the interval
between two subsequent regions. The
phase difference between 6 and 8
dyn.-km is only 10° so that the phase
retardation appears to decrease as the
tropopause is approached.
There are some important differences between these results and those
found by Schedler( 2 ) for Europe. The
amplitudes at different levels are the
following fractions of the surface amplitudes :
6
.37

7
.59

(dyn.)-km
.34

over North America is largest between
the surface and 2 dyn.-km and decreases with the altitude, similarly as
over Europe.
There are two different theories
which aim at an explanation of the
coupling between the variations in
the upper and lower atmosphere. The
one, the theory of stratospheric steering, regards the variations in the upper atmosphere as the cause of the
variations below while the other one
which is an extension of the Norwegian wave-theory of cyclones considers the atmospheric processes in the
lower troposphere as the cause of the
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variations aloft.
Stuve( 4 ) has developed the first
theory qualitatively. Starting from
the observed decrease of the pressure
in the stratosphere and of the mean
temperature of the troposphere in
northerly direction he points out that
meridional displacements of air southward and northward in the stratosphere must produce troughs of low
pressure and wedges of high pressure there. In conjunction with the
tropospheric pressure effect this gives
closed Lows and Highs at the ground.
When these pressure centers at the
ground are formed the air in the troposphere is set in motion too. The
tropospheric air moves, according to
the geostrophic law, in southerly direction on the west side of the cyclones
and on the east side of the anticyclones. Due to this current of colder
air the surface High is displaced
toward E with respect to the upper
wedge of high pressure.
Similarly
the surface Low is displaced forward.
The more rapid decrease of the pressure amplitude with the height over
North America and the greater phase
differences between the pressures at
different levels are probably due to
the greater meridional temperature
gradient here than over Europe.
The forward displacement of the temperature extremes is not so easily explained. If the stratospheric motions
are the cause of the variations in the
lower atmosphere, the effect of the
stratospheric motions and temperature variations may occur earlier than
the temperature variations in the
lower atmosphere. The matter is, however, complicated by the fact that the
lower atmosphere must be set in motion as soon as the upper variations
start. Therefore the processes in the
upper and lower atmosphere have to
be treated as simultaneous if quantitative results are desired. A simplified
mathematical treatment of the effect

of an upper pressure-wave on the surface-pressure distribution has been
given by Defant( 5 ) who obtained results similar to Stuve's.
A complete solution of the mathematical problem of wave motions at
the polar front and at the tropopause
has not yet been given. J. Bjerknes' (*)
has, however, published a qualitative
theory of the coupling between polarfront and tropopause waves. When
wave motion at the polar front begins
the tropical air aloft, which moves
faster than the polar air below, has an
ascending component over the westerly side of the wave crests, a descending component on the east side.
The amplitude of this forced vertical
motion of the tropical air decreases
with altitude. Thus, the upward motion over the west side and the downward motion over the east side decreases in intensity with the altitude,
which produces anticyclonic and cyclonic motion, respectively. The wave
crests of the tropopause are where the
air has moved farthest north, and the
troughs of the tropopause waves
where it has moved farthest south.
Thus the phase difference between
the upper and the lower wave systems
is 90° in the initial stage. This phase
difference becomes smaller since the
tropical air moves faster than the
polar air.
To interpret the results found here,
the crests of the frontal waves may be
identified with the wedges of high
pressure, the troughs with the troughs
of low pressure. The crests of the
tropopause waves represent oscillations northward because the tropopause is inclined from S to N. The
pressure at higher altitudes decreases
toward N. Therefore, the higher pressure at greater altitudes is to be found
under the tropopause wave crests. Consequently the maxima and minima of
the upper-pressure wave lag behind
the extremes of the pressure in the
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lower atmosphere. The lag is greater
for younger than for older cyclones
since the faster motion of the tropical
air diminishes the phase difference.
The present statistical investigation
gives, of course, only the vertical and
longitudinal distribution of pressure
and temperature during an "average"
stage in the life of the cyclone, presumably fairly close to the time when
the cyclone is fully developed.
The displacement of the temperature extremes forward with altitude
may be attributed to the greater
velocity of the air at higher levels.
But a satisfactory explanation will
require a mathematical discussion of
the simultaneous motions in the upper and lower layers.
Bjerknes has also shown how according to this theory, which is in
agreement with the results of the
present investigation, the life history
of cyclones is determined by the interaction between the pressure variations in the upper and lower atmosphere. At first the amplitudes of
the upper and lower waves are small,
the phase difference is nearly 90°.
Therefore, the surface-pressure variation which is the result of the superposition of the two waves is small
too. As the cyclone develops the amplitudes of both wave systems increase and their phase difference decreases.
Both effects contribute to
the deepening of the cyclone. Palmen

has shown that in well developed cyclones a tropopause funnel is formed
in the trough of the tropopause wave.
This funnel may persist for a long
while after the cyclone has occluded
so that the cyclone in this final stage
may be purely an effect of the upper
perturbation.
The theory of stratospheric steering
and the polar-front theory account
about equally well for the relations
between the upper and lower atmosphere brought out by this investigation. But unstable waves at the
tropopause do not appear to be possible so that they cannot form spontaneously. At the polar-front surface, on the other hand, the conditions are favorable for the formation
of instability waves.
Therefore, it
seems more likely that the cyclonic
perturbations have their origin here
and produce the disturbances in the
upper atmosphere which may persist
even after the occlusion process in
the lower layers has taken place.
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TABLE I—Pressure and Temperature Variations during the Passage of
Isallobaric Lows and Highs
Area

APo

mb

AP2

AP4

APe

APs

A To

AT2

AT4

ATe

ATs

°C

Lf

-4.0

-.6

+1.3

+2.7

+3.1

+2.4

+ 3.3

+2.0

+3.6

+2.2

Lc

-10.9

-4.6

-3.0

-2.1

-2.6

+ 5.0

+3.3

+ 1.3

+ .5

+.9

Lr

-6.6

-4.2

-U.3

-2.8

-3.3

+2.0

-.5

-.5

-1.1

-.9

Hf

+4.9

+1.3

+ .4

-1.8

+ .2

-1.6

-3.6

-2.1

-2.6

-.6

He

+12.1

+4.9

+ 1.2

+.3

-3.6

-7.3

-5.3

-2.8

-2.4

-2.7

Hr

+3.5

+4.2

+5.1

+ 5.6

+ 6.3

-.4

+ 3.4

+3.8

+3.6

+2.6
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TABLE II.
Area

Pressure and Temperature during the Passage of Isallobaric
Highs and Lows

Po

P4

P2

Lf

mb
+ 6.0

+4.0

Lc

-4.8

-.7

Lr

-11.2

Pe

Ps

T2

+2.5

+ 1.5
+2.0

+2.8

+4.0

+2.3

+2.7

+4.8

+ 3.5

+1.6

+ 1.3

+ .7

-.7

-1.6

-.4

-3.3

-1.3

-1.4

-4.0

-3.0

-34

-1.3

+ 3.2

-.1

He

+ 6.1

+ .8

-1.9

-3.4

-4.9

-4.1

—5.3

Hr

+ 9.8

+3.0

+ 1.8

+1.4

-4.6

-2.7

-4

-3.8
-.6

-.8

-3.5
-.3

First Harmonic Component of the Pressure and Temperature
during the passage of isallobaric Highs and Lows
P0

Phase

+ 1.2

+ 1.9

-6.1

Amplitude

Ts

+ 1.8

+ .6

Hf

TABLE III.

TE

+4.5

-5.1

+4.8

T4

°C
-2.2

+4.2
+ 1.1

To

P

10.80

P

x2

5.24

rP
6

P r8 T

3.98

3.71

8°50'

18°0'

4
4.06

301°50' 321°0' 346°30'

T2

T4

5.21

4.54

2.72

115°15'

80°0'

A0

61°50'

T

10

T
A8

3.42

2.34

50°20'

53°40

Some Aspects of Industrial Weather Forecasting'14
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SUCCESSFUL

APPLICATION

in

recent years of weather forecasting to certain branches of
industry, immediately suggests the
possibility of expanding this type of
service to other industries which are
directly or indirectly affected by
weather changes. Although it seems
almost natural to speak of "industrial
weather forecasting" as a topic in
itself, general literature on the subject is singularly lacking. In most
schools weather forecasting is taught
as an end in itself rather than for its
direct applications to the various requirements of industry. A few notable examples of specialized forecasting are the methods used in the airways, the hurricane warning service
as carried on by the offices of the
Weather Bureau at New Orleans and
Jacksonville, the special forecasting
service of Dr. Irving Krick for the
•Paper read
April, 1939.

at

the

Washington

Meeting,

Weather Service,

Boston

movies and the fruit-growers, and
some specialized services of the United
States Weather Bureau.
In this paper the present status of
industrial weather forecasting will be
discussed in its salient points.
There are two kinds of weather information that can be useful to industry: (1) past weather, and (2) f u ture weather. A statistical knowledge
of past weather is essential in establishing climatic characteristics. It is
also useful as a basis for establishing;
physical laws, or verifying theoretical
principles. Civil, structural and hydraulic engineers make abundant use
of the climatological tables issued by
the Weather Bureau in designing new
structures or in improving old ones.
In many instances the engineers are
familiar with the limitations of the
statistics, but too often they have a
tendency to use them too dogmatically.
The very fact that practically every
year some sort of climatic record is
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