the lag effect of very favorable
growth years. Such lags would be of
slightly differing length in specimens
from various sites, and thus the most
extreme years would, on averaging
many curves, tend to diminish in
amplitude.
Cycle studies.—Previous analysis of
tree-ring data with the cycloscope16
has shown that cycles of any length
may be present and that variable
length, amplitude, duration, multiplicity of cycles, and phase and other
discontinuities
are
characteristic;
emerging from this welter of confusion, however, appears to be a persistent set of cycle lengths related by
simple fractions to the 11 Ms year sunspot cycle.
The existence of a very pronounced
sunspot cycle in the tree growth of
some regions and its utter absence in
other areas lead to the possibility that
a more simple set of long-term variables characterizes climate in the for16 A. E. Douglass, Carnegie Instn. of Wash.,
Pub. No. 289, vol. Ill, 1936. See also Bull.
Amer. Met. Soc., v. 19, pp. 204-211, 1938.

mer regions. The northerly source of
those curves in which the sunspot
cycle is characteristic and the following analysis of the present data suggest that the difference may be interpreted as a climatic latitude effect.
So. Arizona: Cycle pattern somewhat confused, with the double
sunspot length of 23 + years
perhaps somewhat more prominent than the others.
Gila: Two cycle lengths, 21 and
24 -f years, emerge as weakly
dominant.
M V R : A striking and persistent
cycle length near 11V2 years
characterizes the entire interval of record, with the halfvalue (intermediate maxima)
often present and the double
value of 23 + years perhaps
the strongest cycle of all.
A series of growth curves from
regions up to 700 miles north of Mesa
Verde is now in preparation; confirmation of the suggested latitude effect
may possibly be shown on analysis of
these curves.

W a r Climatology.
V . CONRAD
Harvard University, Cambridge, Mass.
SYNOPSIS

Direct influences upon men are distinguished
from the indirect ones which include the morbific agents favored by various climates Climatic influences upon transportation are discussed. Warfare on water and ift the air is
especially dependent on climate and weather.
From historical examples and from experiences
of the author it is shown that climatic influences can never be excluded even if the technical means are highly developed. Knowledge
of the climates of the theatres of war is necessary for understanding the events there.
THE
SPRING
of 328 B. C., Alexander the Great crossed over the
Indus and in summer the Jhelum
River. In the Punjab the "FiveStream Country," he had the way
free to all India. However, the greatest military leader of antiquity was

N

I

mastered by the Indian monsoon and
was obliged to stop his victorious
march. The SW monsoon prevented
him from following his divine ancestors Heracles and Dionysos into
the fabulous country "India." A
climatic phenomenon delimited the
first world empire of history.
Napoleon Bonaparte, the greatest
general of modern times, was defeated by the Russian climate in 1812.
On June 23rd, the French army
crossed over the Niemen. It is not so
well known that the French army
had suffered much in the continental
summer by heat and scarcity of
water. It was weakened so much that
it was hardly equal to the task ahead.
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On October 18th, Napoleon ordered
the retreat from Moscow. This particular autumn was not unfavorable
in comparison with the average climatic conditions, which, however,
were not known to the French supreme command. On November 4th,
1812, a severe cold wave struck with
copious snowfall. This buried the luck
of Napoleon. A famous painting by
Vassilij Vassiljevitch Vereshtshagin
(who died in the Russian war against
Japan in 1905) shows the Russian
winter, the monotony of the landscape,
and the consequences for Napoleon's
army.
The development of technical implements has diminished the influence
of weather and climate upon warfare
to a certain degree. Nevertheless,
tanks are also dependent on rain and
snowstorms even if they are stronger
and more resistive than the elephants
of Hannibal. He was very proud of
his giants which transported loads
inconceivable to the Romans. If he
had known the conditions of the trails
in the Alps and the climate there he
would have left the elephants at home
in Africa and would have renounced
this propaganda.
If war on land and sea is still dependent on weather and climate in
spite of the unexpected technical development, military aviation is even
more affected.
From my own experience in the first
World War, I know that at that time
the opinion prevailed that further
technical development would enable
airplanes to fly in any weather, so
that information about it would be
unnecessary. The technical ideal is
the emancipation of aviation from
meteorology. However, even if this
ideal could be reached, air navigation
based on full knowledge of weather
conditions would alone be reasonable
and economical.
This war is the first of the world's
history which involves five contin-

ents, the sixth, the Antarctic, being
inhabited only by penguins, seals,
etc. War is being waged from the
tropics to the cold poles of the earth.
A knowledge of the climate of the
different theaters of war is indispensable f o r military strategy and
necessary f o r understanding the
events of war. Climatic effects which
have to be considered from the strategic standpoint can be divided into
the following groups:—
(a) Direct effects on men by too
high or too low temperature and
humidity, by too strong or too weak
motion of air, by precipitation, etc.
(b) Indirect effects on men by
favoring the life conditions of different morbific agents. This category
also appears in a different form. The
climate forces customs of life upon the
troops which favor the spread of
infectious diseases. Typhus shows an
accentuated maximum in winter when
the soldiers must live close together
in narrow and overheated rooms.
Lack of opportunities for bathing,
permits the development of the body
louse which spreads the typhus.
(c) In regions with great insolation
and nearly cloudless sky in summer,
as in Albania, in the first World War
the soldiers preferred subterranean,
rooms, even if badly ventilated, to
avoid solar radiation. As a result a
maximum incidence of disease, favored by this crowding, was observed
in the hot season.
(d) The climate influences the
condition of the roads, and each
climate requires particular types of
transport. The level of the technical
development of the country in question generally determines the degree
of these influences of climate. Loamy
roads without a special pavement are
characteristic of much of eastern
Europe and Russia. A f e w rainstorms
suffice to permit the wheels of a truck
of medium weight to sink 8-12 inches
into the mud. Even very strong horses
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are often not able to pull such a
vehicle out. During the first World
War the Austrian army in Albania
had to pave many roads with wooden
logs.
The only domestic animal that can
withstand such adverse climatic-morphological conditions is the buffalo.
The climatic influence on traffic appears especially in the loess regions.
In this respect the roads of North
China may be the worst. In d^y weather the roads are hardly practicable
because of the deep and hard ruts.
When the rain comes, the roads are
changed into a deep clay mud. To
invade North China is therefore a
tough job.
Seasonal floods, e.g. those of Brit>
ish India caused by the monsoon
rains, belong to the same group of
climatic effects. In Albania, occupied
now by Italy, rain spells with very
copious precipitation occur in fall
and spring. Huge masses of gravel
and boulders are transported from
the mountains to the coasts in these
seasons. In summer, the river beds,
which can be over half a mile wide,
dry up. Under these conditions it is
difficult though not impossible to
cross such steep-sided river beds with
heavy war vehicles. Bridges were
wanting in this country. In the rainy
seasons these river beds are full of
water which flows so rapidly that pontoon bridges cannot be used. The
water inundating the banks is often
gathered in large ponds and other
depressions
and
remains
there
through the late summer. These are
the breeding-places of the anopheles
which cause the worst sort of malaria, the malaria tropica, in Albania.
At sunset, clouds of mosquitoes
swarm in the vicinity of these places
in late summer and fall. Obviously

it is a matter of greatest consequence
to protect the soldiers against this
pest as much as possible.
In contradistinction to the large
rivers, the brooks, which are deeply
eroded, are great obstacles to war
transport all the year round. The
Turkish type of brick bridge is well
adapted to this hydrological climate.
The bridge 'consists of a single arch
the top of which lies 30 feet or more
above the brook bed. There is no
central pillar because it would not
be able to resist the impacts of the
stones. The load limit of these generally very old bridges is small.
In some theatres of war, sandstorms are among the normal occurrences. They influence tactics in
a decisive way. The Germans in Libya
were trapped by the British troops
some months ago and the success of
the British offensive seemed to be
assured. However, the Germans profited by a sandstorm to escape.
The strategy in water and air has
to be adapted to climatic conditions.
Even modern steamers and aircraft
are dependent upon the velocity of
the wind. The situation of an individual battle is influenced to a high
degree by the wind direction relative
to the position of the opposing forces.
The behavior of temperature with
height is of especial importance for
the stability of aircraft. Steamers
and planes are dependent upon visibility, especially fog. Ships of every
sort are endangered by icebergs.
Thus we come to the conclusion
that the occurrences of the war are
in a close correlation with climate
and weather despite technical developments.
Unfavorable
climatic
conditions affect the attacker more
than the defender, especially in the
war on land.
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The Polarization of Air Light by
Atmospheric Haze and its Effect
on Visibility

Dr. H. Neuberger in Science, November 21, 1941, pp. 885-886, directs
attention to the fact that the polarization of optical haze will not increase the visibility of objects which
are dark against a bright sky background, the sky background being
more polarized than the light from
the air between the observer and the

object. Dr. Neuberger discussing an
article by G. M. Byram in Science
for Aug. 22, pp. 192-193, says that in
the cases cited by Mr. Byram and in
others which he himself mentions in
his article, "where an improvement
of the visibility is possible the visual
range is originally good, therefore the
value of filters and polarizing screens
for improving the visual range is negligible for all practical purposes.—
C. F. B.

Tropopause Disappearance During the Antarctic Winter*
ARNOLD
Junior Meteorologist,

Meteorologist,
ABSTRACT

Other evidences of divorce from the world
circulation are the coldness of the Antarctic
troposphere compared to the Arctic, lower
oxygen content of the Antarctic air than
that of the rest of the world, asymmetry
in world ozone distribution, and the general
low pressure prevailing throughout the Antarctic.
INTRODUCTION
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Tropopause disappearance during the final
months of the Antarctic winter, and the large
annual range (35°C at 15 km.) of stratosphere temperatures, as revealed by 190
radiosonde ascents during 1940-1 at Littie
America III, the W e s t Base of the U. S.
Antarctic Service, are not paralleled in the
Northern Hemisphere and indicate that the
Antarctic atmosphere has little exchange
of air with the rest of the world.
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the

tropopause
during
the
final
month of the Arctic winter is
revealed by 190 systematic radiosonde ascents covering eight months
at Little America III, 800 miles from
•Revision for publication and presentation
at the June, 1942, meeting of the American
Meteorological Society in Salt Lake City, of a
paper first presented November 21, 1941, before the American Philosophical Society in
Philadelphia and revised and read before the
American Meteorological Society in Dallas on
December 29, 1941.

Los

Angeles;

Service.

the South Pole. The ascents, from
April 24, 1940, to January 15, 1941,
were part of the extensive program
carried out by U. S. Weather Bureau
meteorologists attached to the U. S.
Antarctic S e r v i c e ' s expedition of
1939-41.
Preparation for eventual publication of all the upper-air data obtained
by the expedition is under way, but
the more salient discoveries are presented here.
The radiosonde ascents, the first
soundings inside the Antarctic Circle
ever to exceed 7 km, show a definite
tropopause at 7 to 9 km during most
of the year. With the onset of winter, however, it became weaker and
weaker until by August it had become
completely obliterated, and f o r six
weeks in August and September the
lapse rate was practically constant
from the troposphere as far into the
stratosphere as the balloons could
penetrate.
A l t h o u g h this disappearance of
the tropopause does not fit into the
accepted classic pattern of atmospheric structure, and as a result of its
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