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in the technique of upper air soundings
by Jaumotte O and the introduction of the radio-meteorographs
lead one to expect that in the next
few years it will be possible to obtain
regularly upper-air data to heights
of 30 km instead of 15-20 km which
has been possible so far for any extended series of observations. Since
over 70% of the total atmospheric
ozone is now believed to exist in the
above extended region of the atmosphere, it would seem that daily ozone
determinations should become a necessary concomitant of future upper-air
explorations. F o r t u n a t e l y routine
ozone measurements are being initiated in many parts of the world as a
result of the efforts of G.M.B. Dobson.
With that in view, an attempt is made
here to survey the existing evidence
for correlations between variations in
atmospheric ozone and the state of
the stratosphere and of the troposphere.

R

ECENT DEVELOPMENTS

1. A M O U N T AND DISTRIBUTION OF OZONE

The total quantity of ozone in a
vertical column of air is usually determined spectroseopically from photographs of the ultra-violet end of the
solar spectrum for various zenith distances of the sun. The variation with
zenith distance of the relative intensities of two wavelengths in the ozone
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absorption region suffices to determine the total quantity of ozone providing the latter does not vary during
the measurements. A consideration
of the variation in intensity of additional lines which are absorbed by
ozone offers the possibility of an independent check on the results obtained
from a single pair of lines. Ozone
can also be determined from its relatively weak absorption in the visible
Chappuis band (4800-6400 A ) . Of
special interest to us are the ozone
values obtained from the Chappuis
band by Fowle for Table Mountain,
California and Montezuma, Chile.
Monthly mean values of relative ozone
values at the above stations have been
published for the period 1921 to
1934. ( 2 )
For middle latitudes the mean value
of the total ozone, when reduced to
standard pressure and temperature,
amounts to about 3 mm. It has a
distinct seasonal and latitudinal variation as is shown in Figures 1 and 2.
The annual means as well as the amplitude of annual variation increase
*This paper is a report on an investigation
which has been conducted at the Massachusetts
Institute of Technology in cooperation with
the Weather Bureau of the United States
Department of Agriculture under the Bankhead-Jones Special Research Fund.
It was
read at the Ottawa Ozone Symposium, June
30, 1938. Cf. also Haurwitz's paper in the
Dec. 1938 BULLETIN, given at the same symposium.—Ed.
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FIG. 1. Distribution of ozone (Dobson).

FIG. 2. Seasonal variation of ozone at Canberra, Australia
with latitude and at any station the
ozone is a maximum in the spring and
a minimum in the fall. This has been
found true for both hemispheres. The
day-to-day variations are by no means
regular and they seem to be asso-

(Higgs).

ciated with changes in the state of the
stratosphere and of the troposphere,
a subject which we shall discuss in
detail later. The vertical distribution
of ozone, as recently determined by
Gotz, Meetham and Dobson ( 3 ) from
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FIG. 3. Vertical distribution of ozone at
Oxford, England (Gotz, Meetham and Dobson).

measurements of the light of the sky,
is shown in Figures 3 and 4. The deduction of the vertical distribution
from measurements of sky-light is
rather involved, the principal difficulty being the consideration of secondary scattering. The contribution

from the latter at low solar altitudes
was shown ( 4 ) in one case to be comparable to the contribution from first
order scattering, which alone was considered by the above authors. However, the principal features of the
above vertical distribution were confirmed from direct spectroscopic measurements in sounding balloons by E.
and V. Regener ( 5 ). A similar distribution, though different in detail,
was obtained in the U. S. Army stratosphere flights ( 6 ). For our purpose
it is sufficient to realize that both
direct and indirect methods indicate
that most of the ozone is located below
30 km and that the principal variations of ozone take place in a region
which is accessible to sounding balloons, as is shown in Figure 5. Direct
determinations of ozone at the ground
have been made by chemical methods,
optical methods and with light counters.
The results are shown in
Figure 6.

FIG. 4. Vertical distribution of ozone at Tromso, Norway (Meetham and
Dobson).
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FIG. 5. Vertical distribution of ozone-changes
when total ozone increases f r o m 0.22 cm. to
0.3 cm. at Tromso and from 0.2 cm. to 0.3 cm.
at Arosa ( P e n n d o r f ) .

FIG. 6. Measured ozone concentrations at the
ground ( P e n n d o r f ) Points 1-4 are by the
chemical method, 5-11 by the optical method,
and 13 by a "Licht zahlrohr".

are associated with the passage of
air masses of polar origin and vice
versa with air masses of tropical
origin. Thus Figure 7 shows schematically the variation of ozone during
the passage of typical pressure waves
in Christ Church, New Zealand. Similar results are reported from Canberra, ( 7 ) Australia. Pierre Lejay ( 8 )
reports that in Shanghai ozone maxima are found in anticyclonic regions
which he attributes to the inflow of
polar air masses from the Siberian
high. From northern latitudes we
have first the series of measurements
carried out by E. Tonsberg and D.
Chalonge ( 9 ) in Tromso (70° N ) in
1935 and 1936. They report:
"Besides the very striking effect in
ozone content associated with passages
of typical cyclones (low values in the
warm-front face and high values in
the cold rear), we should, for this
high latitude, emphasize the marked
effect of the presence and currents of
different sorts of air masses in the
high troposphere, the air masses being
named according to their origin. The
large jumps in the ozone content from
one day to another which occur in the
spring may perhaps be accounted for
by the simultaneous violent changes

2 . O Z O N E AND T H E WEATHER

In 1 9 2 6 - 2 7 Dobson managed to establish six ozone-measuring stations
in Europe and the results clearly
showed a marked relationship between
the ozone values and the pressure
distribution at the ground. Generally,
in western Europe ozone is at a maximum in the rear of cyclones and at a
minimum in the rear of anticyclones.
A statistical representation of the data
for that period is shown in Figure 8.
Later observations in other parts of
the world tended to confirm the above
results and the view now generally
held is that positive changes of ozone

FIG. 7. Variations of ozone amount and temperature at Christchurch, New Zealand, during
passage of typical pressure wave (Kidson).

in the atmosphere in connection with
extremely deep cyclones in the Atlantic
Ocean. Without doubt, however, the
greatest jumps in ozone content take

Unauthenticated | Downloaded 01/09/23 01:41 AM UTC

found in other places between different sorts of air masses and the
variations of ozone has proved true
also for the material here dealt with,
tropical air having a low ozone content, polar air—continental or maritime^—having about a medium ozone
content, and arctic air having the
highest ozone content."
Results of a series of measurements
made in Abisko, Sweden (68° N ) from
December 1934 to March 1935, as reported by Chalonge ( 10 ), are shown in
Table 1.
During January and from the 6th
to the 8th of February, when the ozone
values were low, Abisko was in air
masses of subtropical origin. The
marked jump of ozone on the 26th of
January was associated with a rapid
invasion of a polar air mass. From
the 22nd of February to the 6th of
March the ozone was associated with
subpolar air masses.

FIG. 8. Distribution of ozone in the vicinity
of a high and a low (Dobson).

place after very marked outbursts of
arctic air, which at that time should
have a very low temperature and
should also have remained in darkness for at least two months if we
neglect the moonlight. The relation

In this country, the only study of
the kind was made by H. H. Kimball
( u ) in connection with the measurements made with a Dobson instrument
at Table Mountain, California from
August 1928 to May 1929. Unfortunately, during the above period not
a single high pressure or low pressure
area was central over southern California. Kimball reports that:
"Minus ozone departures do not
appear to have been associated with
any special type of meteorological
conditions. The high plus departures

TABLE 1

Date
Dec.

27
30
Jan.
2
4
5
7
9
24
25

Ozone in
0.001 cm
165
180
175
170
185
170
155
190
160

Date
Jan.

26
27
29
Feb.
3
4
5
6
8
20

Ozone in
0.001 cm
345
250
315
280
320
300
225
200
225

Date
Feb.

22
27
28
March 1
2
3
4
5

Ozone in
0.001 cm
285
325
295
230
280
245
260
295
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are usually associated with a flow of
cold air at the surface from the front
of an area of high pressure towards
the rear of an area of low pressure."
We may conclude from the above
evidence that air masses bring with
them an ozone content which is appropriate to their place of origin and
that, therefore, the passage of an air
mass at the surface is accompanied
by corresponding changes in the atmosphere up to heights of 30 km. It
would also follow from the above that
the irregular changes in ozone are
mostly due to meridional advection.
This advection theory is, however,
held to ibe inadequate by A. R.
Meetham, who has recently made a
statistical study (12) of the correlations between ozone and other characteristics of the atmosphere. He first
determines c o r r e l a t i o n coefficients
between ozone and the height of
the tropopause and the pressures and
t e m p e r a t u r e s in the stratosphere
from 9 to 18 km. It is found that the
pressures and temperatures in the
stratosphere are significantly correlated with ozone, but that they do not
depend on one another. The correlation coefficients between ozone and the
height of the tropopause and between
ozone and the density at 18 km are
respectively —0.67 and —0.75. The
highest correlation between ozone and
any of the properties of the stratosphere is with the potential temperature at 18 km which amounts to +0.8.
The connection between upper-air phe-

nomena and surface pressure distribution is shown in Table 2, in which
He and 0iS denote respectively the
height of the tropopause and the potential temperature at 18 km. D is
the distance from a "statistical center" whose bearing from the center
of the nearest cyclone is given for
each quantity in the last column. The
statistical center is chosen to give
the highest correlations. The highest
correlations are thus between 0 3 and
0i8 and between He and D. From the
mutual regressions of the above variables Meetham concludes that in the
vicinity of a cyclone the following
changes are likely to occur:
A 0 3 = + 0.1 mm, A 018 = + 3° C
and A He = —1 km.
In examining the advection hypothesis to explain the above associated
changes Meetham finds that it would
take about 16 days for 0i8 to change
by 3°C on account of increased absorption of solar radiation due to
A Os — 0.1 mm. Since this is too long
an interval to explain the high correlation between the two quantities he
concludes that the respective changes
cannot be brought about by pure advection. In commenting on this conclusion Dobson pointed out that on
the advection hypothesis an air mass
is likely to carry with it along with
its characteristic ozone content a
which is appropriate to the place of
its origin. Thus from Ramanathan's
(13) curves I find that the difference
between 0i8 at latitudes 50° and 30°

TABLE 2

First
variable
03
6>is
He
He

Second
variable

Correlation
coefficient

D
D
D

—0.64
—0.67
+0.83
—0.64

Bearing of
"pseudo-center"
from center of
cyclone in miles
200 SW
200 S
200 SSW
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is about 40 °C in the summer and 25 °C
in the winter. The corresponding difference in 0 3 is about 0.3 mm. in September and 0.7 mm in April. The difference in He is about 4.5 km. Taking
the mean value of the difference in
0 3 to be 0.5 mm we see that the regression of 0 3 on He is of the right
order of magnitude but that the A 0t*
is now in excess by a factor of about
2 to 3. In view of the uncertainty
about the potential temperature distribution at 18 km the last difficulty
is perhaps not very serious and it is
thus premature to discard the advection hypothesis. On the other hand,
the process for ozone changes which is
invoked by Meetham must certainly
be operative, especially in cases of
most violent depressions of the tropopause in deepening cyclones. These
changes in ozone of dynamic origin
are due to the fact that the lower part
of the ozone layer is protected from
the action of solar radiation, while in
the upper part photochemical equilibrium is established in time intervals
of the order of minutes, as was shown
recently in an important paper by
Wulf and Deming ( 14 ). Thus, during
a depression of the stratosphere solar
radiation will reestablish quickly a
normal amount of ozone at the top of
the ozone layer and the net result will
be an increase in total ozone content.
3.

DISCUSSION

The fundamental question as to
whether ozone plays an active role in
the dynamics of the atmosphere cannot be decided with any certainty from
the evidence available so far. One
usually thinks in this connection of
the possible effect of the direct exchange of radiation between ozone and
the ground in the region of 81 to 11^
where the troposphere is transparent.
By using the absorption coefficients
given by Penndorf (15) I find the total
emission of the ozone layer amounts
at the most to about 10% of the emis-

sion of the ground in the region Sh11 fx. Since the ground loses radiation
also in the semitransparent regions
of the troposphere it would seem that
changes in ozone are not likely to
affect the ground during time intervals of the order of a few days, but
that the seasonal variations in ozone
may have a cumulative effect over
periods of months.
Unquestionably
ozone is a controlling factor in the
state of the stratosphere, especially in
its upper part. Gowan (16) has shown
that under reasonable assumptions as
to the distribution of vater vapor in
the stratosphere, the presence of ozone
would cause in a state of radiative
equilibrium a rise in temperature between 10 and 30 km of about 20 °C.
An effect in the same direction was
Recently
found by Penndorf. (15)
Dejardin, Arnulf and Cavassilan (17)
have deduced the mean temperature
of the ozone layer from the measured
contrasts between the maxima and
minima in the ozone absorption bands,
which are known to depend on temperature. The value obtained is about
—40 °C. Now an inversion of temperature of the above magnitude was
shown recently by Jaumotte (*) to be
a permanent feature of the summer
stratosphere. In view of the frequent
weather situations which cannot be
explained by phenomena in troposphere alone and which some meteorologists relegate to the action of the
stratosphere, it would seem that daily
ozone measurements in a dense network of stations are in order. Ozone
could also serve as an indicator of the
origin of the air masses in the stratosphere. A study of this type has
been made by Barbier, Chalonge and
Vassy ( l s ) who have classified the
measured absorption coefficients in the
atmospheric ozone bands according to
the origin of the air masses at the
ground. The variation of the ozone absorption coefficients with wave length
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is characterized by a general trend
on top of which are superimposed
small indentations. In the Huggins
bands it was found in the laboratory
that the coefficients at the maxima of
absorption do not vary with the temperature of the ozone, but that the co-

efficients at the minima decrease with
decreasing temperature. Hence, the
lower the mean temperature of the
ozone layer the greater is the contrast between neighboring maxima and
minima in the absorption curve. The
results are shown in Table 3.

T A B L E 3. Differences between relative absorption coefficients of atmospheric ozone bands
Origin of
3278-3268 A 3248-3239 A 3220-3213 A 3200-3190 A 3175-3168 A 3155-3151 A
air masses

0.102
0.140

Polar
Tropical

0.138
0.153

Clearly, the mean temperature of the
ozone layer is greater for air masses
of polar origin than for air masses of
tropical origin. This result lends support to the advection theory of daily
ozone variations, since the classification here made was not according to
ozone content but according to the
origin of air masses.
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Weather Preceding Forest Fires in New Hampshire
LIVINGSTON L A N S I N G
Research Fellow, 1936, Fox Research Forest, Hillsboro, N. H.
(MS received January, 1939)
INTRODUCTION

preceding and at the start of the fires
on five of the major fire dates
in New Hampshire since 1910 have
been studied in an attempt to demonstrate what weather factor or combination of factors, if any, was of
special importance; with this known
it is hoped that in the future such conditions may be recognized and proper
precautionary measures taken. The
five dates considered were: (1) June
2, 1936, (2) April 5 and 6, 1930, (3)
HE

T

WEATHER

CONDITIONS

May 8, 1926, (4) May 7, 1911, (5)
July 12, 1911. No. 2 is considered as
one fire date and differs from the
other dates in that the fires occurring
on April 5 and 6 were not large, but
rather numerous, with 28 and 32 fires,
respectively.
The more important
weather data—precipitation, temperature, relative humidity, wind velocity,
sunshine, cloudiness, and barometric
pressure, preceding and at the start
of the fires, have been analyzed.
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