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PAPER, RECENTLY APPEARED 1 , deals
^ ^ ^ with the registrations of about
90 Campbell-Stokes sunshine recorders which represented a net of stations in the Austrian Alps. I erected a
good many of them for making studies
in health-resort-climatology in collaboration with the Austrian ministry of
health in Vienna. Austria being a
mountainous country the instruments
were distributed over various elevations starting from ca. 100 to 3100
meters. These circumstances made it
possible to examine the influence of
altitude on the duration of sunshine.
The stations were arranged according
to their height and then divided into
groups of certain height-intervals. In
this way mean durations of sunshine
were attached to mean heights. These
means were combined into a diagram
(the height as ordinate, the duration
as abscissa) for each month. It was
possible to take from these diagrams
(for the 12 months) the values of
duration for each full 100 meters.
Such a table gives, of course, the
yearly variation of duration at the
different levels. The conditions at the
limits, in the plains country and on
high, were already known: in the
foreland of the Alps and in the valleys there is the "inversion and thunderstorm-type"2 with a summer maximum—a static type. At the levels of
the summits of the high Alps there is
a dynamic type with maximum in
winter. The aim of the present study
is to examine the nature of the change
1 V. Conrad: Anomalien und Isanomalien der
Sonnenscheindauer
in
den
osterreichischen
Alpen. Beihefte
(Suppl.) Jb. ZentraZanstalt
f. Meteorologie,
Wien, 1938.
2 See:
V.
Conrad:
Die
klimatologischen
Elemente und ihre Abhangigkeit von terrestrischen Einfliissen, in Koppen-Geiger Handbuch der Klimatologie, Vol. I, Pt. B, Berlin,
1936.

from the one type to the other in the
intermediate layers.
For this purpose I have applied the
harmonic analysis to the monthly
values of 9 levels between 100 and
3100 m. The Fourier Series is used
in the following form:
E = a0 + ai sin (x + Ai) +
sin
(2x + A2) + . . .
(where a0 = arithmetic mean; ax, a2,
. . . = amplitudes; Ai, A2 . . . =
phase angles; x = 0 = Jan. 16; x —
1 = Febr. 14. etc.)
From this examination there resulted that:
1) The phase angle Ai is rather
constant up to 1200 m. In the next
higher 800 m it has the tendency of
being diminished.
(The maximum
advances slowly toward the end of
the year.) And then occurs a real
surprise. In the layer between 2000
and 2400 m the phase angle Ai turns
no less than 100°! The maximum
jumps from Aug. 13 at 2000 m to
Nov. 23 at 2400 m, i.e., 102 days!
Above the "Intermediate Layer" the
variations of the phase angle are
again small. The entire turning from
the bottom to the top is approximately
170° (173 days, June 30 at low elev.
to Dec. 20 at high ones). The angle
corresponds to a time difference of
nearly half a year, the theoretical
limit.
2) The behavior of the Amplitude
of the whole-year-wave with height
is represented by the following analytical equation:
a i = 22.5 — 1.925/1 + 0.045ft2
where h means the height in 100-meter units (i.e., hectometers).
The amplitude diminishes with
height and becomes minimum in the
"Intermediate Layer" with 1.9% ac-
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cording to the equation and 1.5% by
observation.
The whole-year-variation practically
vanishes in the "Intermediate Layer"!
3) But there is besides the wholeyear-wave a half-year-wave, the reality of which is not to be doubted.
The phase angle of this wave varies
with height too, but in continuous
manner and allows a representation
by an equation of second degree, i.e.,
A2 = — 14.2 + 5.33ft — 0.117ft2
It is to be emphasized that A2 reaches
its maximum at 2280 m, i.e. in the
"Intermediate Layer".
4) The amplitude of the half-yearwave a2 is — a very remarkable fact—
invariable with height in the whole
layer examined from 100 to 3100 m.
It is
a2 = 5.6% ± 0.07% average deviation.
5) In the "Intermediate Layer"
there is practically only a half-yearvariation of the duration of sunshine.
This layer shows the original and
f u n d a m e n t a l phenomenon of the
double-oscillation in a nearly pure development. Above this layer a deformation takes place and the wave
becomes a combined one with a winter-maximum. Below the "Intermediate Layer" the double wave is
changed into a regime with a sharp
summer-maximum and a predominating whole-year-wave.
6) I tried to explain the double
wave by means of an hypothesis of a
supposed air-pressure effect. But it
has not proven valid, for a causal
physical connection between pressure
and duration hardly exists in the
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case of the phenomenon mentioned.
Nevertheless, this questioning led to
an examination of the influence of
altitude on the half-year-wave of the
pressure. Among the many other
facts found one may also be mentioned here as a remarkable analogy
to the behavior of the half-year-wave
of sunshine-duration.
In the case of pressure also the amplitude of the half-year-wave is invariable with height in the layer examined from 100 to 3100 m.
7) A physical explanation of the
half-year-wave of the duration of
sunshine could be based only on a
phenomenon which itself is subjected
to a double wave in the course of the
year, for example, on southerly oriented slopes. The development of the
first snow cover and the melting of
the last one are also phenomena
which would cause regimes with waves
having the length of about a half
year. The physical gap between
purely thermic effects and the duration of sunshine is not to be overlooked, however.
The double wave cannot bs explained in the simple way of superposition of a summer depression upon a
whole-year-wave.
8) The "Intermediate Layer" has
also a bioclimatic importance, for
within this layer there is the smallest
annual range of sunshine-duration.
9) From the standpoint of geophysics the "Intermediate Layer" represents a fertile, interesting and unsolved problem.

Proceedings, San Diego Meeting, June 23-24, 1938
The meeting was called to order in
the Blue Room, San Diego Museum at
9:15, Thursday morning July 23 by
Vice-President, Geo. F. McEwen.
The first paper entitled "Fog and

Low Temperatures in the Central
California Citrus District," prepared
by Charles C. Allen who was unable
to attend the meetings, was presented
by Prof. Charles C. Conroy, Loyola
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