It is obvious that the largest coefficients have minus signs and correspond to lags in the solar radiation
of one to two time-intervals. The coefficients are fairly large, in view of
the relatively unreliable solar-radiation data. We infer from these results that variations in solar radiation follow as an after-effect opposite
variations in solar spottedness. If
this is so, then sunspot data, which
are relatively exact, should have a
greater predictive value for terrestrial weather than solar radiation
data.
It was earlier stated that a 3-year
periodicity was obvious from the diagram of the monthly means of solarradiation. If six-month means be
smoothed by the formula, (a-j-26+c)
/4, and self-correlation coefficients
be computed with varying lags, the
results are shown in the following
table.
Lag
0
r +100

1
+63

2
—37

3
—77

6
+ 39

It is clear that a period averaging
about 3.4 years exists in the data. A
similar period exists in the sunspot
relative numbers when the 11-year
period is eliminated from 6-month
means4. The average length of the
4

Mo. Wea. Rev., July, 1928, vol. 56, p. 255.

period since 1750 has been 2 Y2 years
but since 1920 it has averaged about
3.4 years. There have been five secondary maxima of solar spottedness
since 1920, viz, 1922.2, 1926.0, 1929.0,
1932.2, 1936.0. These precede by about
six months minima of solar radiation,
as follows: 1922.5, 1926.7, 1929.3,
1932.8, 1936.5.
The absence of an 11-year period in
solar radiation may seem surprising,
but an analogous relation is afforded
by the relative unimportance of the
11-year period in terrestrial weather
as compared with the 2% -year period.
Comment by Dr. Abbot (communicated) :—I am greatly obliged [to see
this] paper by Mr. Clough, and thank
Mr. Clough for his revision of his
earlier findings. I have only this to
suggest, referring to my parable of
the blades of grass and the Washington Monument (see this magazine,
December, 1936), that where sensible
7
+53

8
+58

9
—36

10
—74

11
—72

12
+32

13
+83

14
+67

real variations are few compared to
the accidental errors of observation,
the computation of general coefficients
of variation is apt to derogate from
the mind's impression of the importance of the real variations which
occasionally occur. — C. G. Abbot,
May 10.

Relations Between Interdiurnal Pressure and Temperature
Changes in Troposphere and Stratosphere over North America f )
B . H A U R W I T Z * ) AND W . E . T U R N B U L L * * )
Meteorological Office, Toronto
(MS received April 20, 1937)
INTERACTIONS between tropesphere and stratosphere which
have been widely studied in Europe have drawn much less attention on
this continent. Airplane ascents do not
reach high enough to enclose the behavior of the stratosphere into the daily
routine weather analysis. Only in comparatively rare cases is observational
/T*HE

A

material available sufficient to include
the stratosphere into investigations
of particularly interesting weather
t Read to the Washington Meeting, April
28, 1937. A more detailed report will be published in the Canadian Meteorological Memoirs.
*) Carnegie Fellow, University of Toronto;
Research Associate, Blue Hill Observatory,
Harvard University.
**) Meteorological Service of Canada. Published by permission of the Controller of the
Meteorological Service.
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situations. It seems therefore desirable to find out by a statistical survey
whether some characteristic relations
between tropospheric and stratospheric pressure and temperature changes
can be found over the North American
continent. Owing to the scarcity of
the material a statistical method
seems appropriate. But it should be
emphasized that individual weather
situations might be quite different
from the "mean" picture obtained in
this fashion. The authors do not
claim to have found any fixed rules
of what must happen in the relations mentioned below, but they hope
to give some idea of what might happen in the majority of cases and to
direct the attention of American meteorologists to the part, active or
passive, which the stratosphere plays
in the weather phenomena.
The results obtained are preliminary. The method used to pursue this
investigation is the same as applied in a similar study in Europe by
one of us1). A detailed discussion will
be published later. From published
and unpublished sounding balloon ascents in U. S. A. and Canada those
were selected which are about 24h
apart. 163 pairs of ascents were used
of which 120 extended into the stratosphere. Mean values from heights
where less than 10 individual values
are available were discarded. The
interdiurnal changes of pressure and
temperature for each km level were
determined. Some times the height
of the tropopause is open to doubt
but in a sufficiently large number
of observations faulty determinations
should cancel out. The same may be
said with respect to the other sources
of errors in aerological ascents.
The means of the absolute values
(regardless of signs) of the interdiurnal pressure change (Table I)
show a slight decrease from the
ground to 2 km. Then the change increases over the surface value up to

8-9 km, after which it falls off more
rapidly than the ratios of the pressures at successive levels. The absolute interdiurnal variability of the
temperature has maxima at 1 km and
at 11 km. Above this level the interdiurnal temperature change decreases
again. The behavior of temperature
and pressure variation tends to show
that the most active zones of the
atmosphere are in the lower troposphere and near the tropopause, as is
the case over the European continent.
Next the observations were grouped
according to changes of pressure
(A P ) and temperature (A T ) in the
surface layer, which gives the four
groups:
AP>0, A r < 0
(38 cases)
AP<0, A r > 0
(60 cases)
A P > 0 , AT>0,
(29 cases)
AP<0, AT<0,
(19 cases).
In the first two groups (sign A P not =
Sign AT) the absolute interdiurnal
change of the pressure is highest at
the surface and near the tropopause,
smaller in the intermediate troposphere; the last two groups (sign
A P = sign A T ) show the opposite
behaviour. If the algebraic mean
values of the pressure (i.e, with the
sign of the pressure change being
taken into account) are computed
(Table II) the pressure change decreases very rapidly with elevation
for the groups sign A P not=sign A T.
For the groups sign A P — sign A T
there is first a slight increase of
the pressure change then constancy
throughout the troposphere and only at
or just below the tropopause the interdiurnal pressure change begins to
drop off rapidly. This distribution of
the pressure change is due to the
method of grouping, the two types
of groups being different. The distribution can be explained with the aid
a ) B. Haurwitz: Beziehungen zwischen Luftdruck- und Temperatur-aenderungen,
Veroeff.
Geophys. Inst. Leipzig, II. Ser., vol. Ill, no.

5,

1927.
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of the hypsometric formula as; the result of the interaction between pressure and temperature changes.
The dependency of the absolute
temperature variation on the height
is not very different for the four

groups. The algebraic means indicate that in many cases the temperature changes have opposite signs in
troposphere and stratosphere. This
seems more pronounced for the groups
sign A P — signA T.

TABLE I

Mean Values of the Absolute Pressure and Temperature Variations
for all Observations
Height km
A P mb
A t C°

0
1
2
3
4
5
6
7
8 9
10 11 12 13 14 15 16 17 18
4.9 4.1 3.8 4.0 4.0 4.4 4.7 4.7 4.9 4.9 4.8 4.4 3.9 3.4 3.0 2,6 2,2 2,1 1,9
3.6 4.3 4.0 3.6 3.9 3.7 3.8 4.0 3.6 3.8 3.9 4.3 4.3 4.2 3.9 3.4 2.7 2 8 2.6
TABLE I I

Mean Values of the Pressure Variation for the Pressure-Temperature Groups
Height
0 km
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

AP>0, A r < 0
+6.3 mb
+4.1
+2.4
+1.5
+ .5
— .1
— .3
— .8
— .6
— .9
— .8
— .5
— .4
— .4
— .1

AP<0,AT>0
—5.7 mb
—4.2
—2.1
— .6
0
+ .6
+1.0
+1.4
+1.3
+1.8
+2.2
+1.6
+1.5
+1.6
+1.3
+1.3
+1.2
+1.1
+ .7

A P > jO, A T > 0 A P < 0, A T < 0
+4.1 mb
—2.7 mD
+5.0
—3.3
+5.6
—3.9
—4.4
+5.8
+5.5
—3.9
—4.9
+5.1
+4.1
—4.8
+4.2
—4.7
+4.1
—4.7
+3.9
—4.7
—4.1
+3.0
—3.4
+2.7
+2.2
—2.6
—1.8
+ .7
— .4
— .7

TABLE I I I

Mean Values of the Temperature Variation for the Stratosphere Groups
Height

A H > 0 , A T

0 km
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

H

< 0

+ 1.7° C
+2.2
+1.8
+1.8
+ 1.8
+2.0
+2.2
+2.6
+2.4
+1.4
— .8
—1.7
—2.8
—2.8
—1.9
—1.0
—1.2

A H < 0 , A T H > 0

— .8° C
— .9
—1.6
—1.5
—1.6
—1.9
—2.1
—2.2
—1.8
— .8
+1.2
+2.6
+4.1
+3.0
+2.9
+2.9
+2.1
+1.6

A12>0, A 2 V > 0

+ 6.4° €
+4.7
+4.9
+3.2
+3.3
+1.9
+2.4
+2.8
+2.8
+4.0
+3.7
+2.2
+2.1
+2.0
+1.1

AH<0,ATH<0

+ .8° C
— .6
—1.7
—1.4
—2.1
—2.8
—3.3
—3.6
—3.4
—3.8
—3.8
—1.6
—1.3
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Then, the observations were grouped
according to the behaviour of the tropopause. The change in height (A H)
and in temperature at the tropopause
(ATH), that is, at varying levels, were
considered. The four resulting groups
are
AH>0,
ATu < 0
( 4 7 cases)
A # < 0 ,
ATN > 0
( 4 5 cases)
AH>0,
ATn > 0
( 1 6 cases)
A # < 0 ,
ATH < 0
( 1 2 cases).
It was probably to be expected that
in the majority of cases the temperature at the tropopause falls (rises)
with rising (falling) height of the
tropopause as is borne out by the preceding table. The ratio of the two alternatives (sign A ^ n o t ^ sign ATH anid,
sign A H = sign A TH) is 3.3 while in
Europe with 2.6 times more material it is only 2.1. This is hardly
due to the scarcity of our material
but seems rather to indicate a difference between the stratosphere over
Europe and North America. It should
be noted in particular that most of

the American stations are situated in
more southerly latitudes. For the
sake of brevity only the vertical distribution of the interdiurnal temperature change will be discussed here
(Table III). The two groups sign
AH not=sign ATH show opposite temperature change in troposphere and
stratosphere which is obviously a consequence of the opposite meridional
temperature gradients in troposphere
and stratosphere. It may be stated
that this opposite-sign rule does not
hold for every individual case, but for
the great majority of all cases. The
two groups sign A H = signA TH, on
the other hand, have practically the
same sign in troposphere and stratosphere. The more erratic trend of
these two sets of figures is a consequence of the limited number of cases
contained in them. These preliminary
results show already that a close
coupling exists between tropospheric
and stratospheric changes, such as
found over the European continent.

A Simplified Method of Airplane Sounding
W I L L I A M H . W E N S T R O M , MAJ., U. S. A. (Ret'd.)*
162 Bishop St., New Haven, Ct.
(MS received May 5, 1937)

SOUNDINGS
are today
widely used by weather analysts
and forecasters, particularly in
connection with civil and military
aviation. Another military use of
such soundings is in determining ballistic density for Ordnance and Artillery.
Most present-day airplane soundings
are made with an aerograph that
records values of pressure (p), temperature (t) and relative humidity
( / ) encountered as the airplane climbs
at a slow rate such as 300 ft./min.
The standard aerograph must be
calibrated frequently in a large and
heavy calibration chamber. After each
sounding is completed, evaluation of
the recorded data into useful form (a
table showing p, t and / at all critical
IRPLANE

A

levels) takes about one hour.
The method described below, in general principle a reversion to earlier
sounding devices, was designed to obtain the same result as an aerograph
sounding but much more simply and
quickly, and with a minimum of apparatus. With a trained observer in
addition to the pilot, accuracy is
about the same as with an aerograph.
APPARATUS

The pressure-measuring element is
the standard airplane altimeter permanently mounted in the observer's
cockpit of an airplane of training or
observation type. By reference to a
graph, any reading of this altimeter,
•Formerly: Meteorological Officer for Boiling
Field, D. C., and the Third Corps Area, U. S.
Army, 1934-37.

Unauthenticated | Downloaded 01/09/23 01:26 AM UTC

