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of sunshine recorded at
a given place on a given day is a
function of the following items:

,HE DURATION

1. Geographic latitude of the station,
2. Time of the year,
3. Topography, i.e., contour of the horizon
at the station,
4. Characteristics of the recording instruments with regard to response to the
weak sunshine,
5. Meteorological phenomena such as haze,
clouds, dew or frost on recording instruments.
The seasonal as well as the geographic
parameters are usually eliminated by expressing the duration, of sunshine in percent of the astronomically possible. This
quantity permits the comparison of the
insolational conditions at different places
if the same type of' recorders are used and
if the astronomical and the visual horizons
coincide. At stations where the horizon is
obstructed, as in mountainous areas, the
time of the sun's travel between the top
of the obstruction and the astronomical
horizon must be subtracted from the astronomically possible duration; this results in
the so-called "effectively possible duration."
There are, however, certain difficulties1' 4
arising when, e.g., mountain and valley station records are compared. These difficulties can be eliminated by application of
calculable reductions or by use of only those
identical daytime hours during which both
types of stations can record sunshine9.
The logical requirement which a relative
measure such as the astronomically or the
effectively possible sunshine duration must
fulfill is the attainability of the limits 0%
and 100%. The fact that all sunshine recorders do not respond to the weak sunshine
immediately after sunrise or before sunset
makes it impossible for the upper limit of
100% of astronomically possible sunshine
ever to be reached7. This is true also for
the effectively possible sunshine, if it is
calculated from mechanical-optical measure-

ments6'8 of all horizon obstructions which
do not exceed a few degrees4. This difficulty can be overcome if the effectively possible sunshine is determined by means of
the duration of sunshine as recorded on
clear days, as was proposed independently
by J. Maurer5 and V. Conrad1. The thought
behind this method is, that at a station with
a few years of sunshine records there is,
during each month, a sufficient number of
cloudless days available, or at least of days
with cloudless mornings and evenings, so
that the effectively possible duration for
the various months can be graphically interpolated. In this way the instrumental lag
is also eliminated making this method generally useful for comparing various stations3
with not sfrictly comparable equipment.
The cloudless days selected for determination of the effectively possible sunshine
would, by definition, have 100% sunshine.
This method, however, contains a danger,
namely, that a given day in some future
year may have a duration of sunshine which
exceeds 100%. This is possible, when some
meteorological elements such as haze, dew
or frost deposits2 interfered with the recording of sunshine on the day selected for the
determination of the effectively possible
duration. Even though this particular consideration may be negligible for the monthly
values, the latter may be in error to an undesirable degree, if during the period used
for the determination of the effective sunshine, some seasons were influenced by such
meteorological factors.
As it is the task to determine the maximum possible duration of recorded sunshine
for practically ideal meteorological days in
order to obtain the effective sunshine duration, the selection of these key days must
be made carefully. At the station in State
College, Pa., over a period of 8 years, 226
days were selected which fulfilled the above
mentioned cloudiness prerequisites. However, careful scrutiny of these values made
it necessary to discard all but 27 days on
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which the duration of sunshine was actually
at its peak, all others being several tenths
of an hour lower. As the effective sunshine
duration is a function of the sun's declination rather than of the calendar dates, the
symmetry of the calendar year around the
solstices can be utilized to achieve two purposes : Firstly, the concentration of peak
values is doubled and, secondly, seasonal
occurrences of haze, etc., can be eliminated.
That there is a certain asymmetry in the
recorded peak values (with, e.g., the summer solstices as symmetry point) is clearly
shown in FIGURE 1. Here, the effectively
possible sunshine at State College, Pa., is
drawn as a line connecting the peak values
in steadily increasing order from the winter to the summer solstices. There were 28
peak values (o) in increasing order for the
half year with increasing sun's declination
(winter-to-summer solstice on lower abscissa
scale) and 25 peak values (x) for the half
year with decreasing sun's declination
(summer-to-winter solstice on upper abscissa
scale). Of the 27 points adopted for the
final curve, 17 are from the first half year,
only 10 from the second half due to the
higher incidence of haze and light fog in
the latter period. The reason for the adoption of- a steadily ascending line in FIGURE 1
for the effectively possible sunshine is the
fact that the horizon of the Campbell-Stokes
recorder at State College, Pa., has only gentle undulations, nowhere exceeding an elevation of 4° nor causing a decrease in sunshine duration of more than 30 minutes.
Yet, the difference between the astronomically possible (dotted curve) and the effectively possible sunshine exceeds 0.5 hour
several times during a year, which is due
to the instrumental characteristics as well
as to meteorological phenomena.
In FIGURE 1, particularly marked asymmetries are obvious for the October-February and the May-July values. Similar asymmetries are evident in the figure reported
by Conrad1, where, e.g., February days show
more sunshine than the corresponding October days with the same sun's declination, or
some April days show more sunshine than
the corresponding September days.

FIGURE 1. The Astronomically Possible ( . . . . ) and
the Effectively Possible (
) Duration of Sunshine
at State College, Pa.

Summarizing, it can be stated that in
view of the lack of a uniform and satisfactory definition of the duration of sunshine
as well as of uniform recording methods,
the general use (even for stations on the
plains or on mountain crests) of the percentage of effectively possible sunshine as
determined by the Maurer-Conrad method
seems advisable as more representative of
the true sunshine conditions. In this manner, at least part of the instrumental deficiencies can be eliminated. In order to
preclude the possible effect of inconsistent
meteorological phenomena, such as haze,
careful selection of the peak values should
be combined with utilization of the symmetry of the effectively possible sunshine
around the solstices.
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