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A recent paper by Dr. C. G. Abbot
presents daily values of the intensity
of solar radiation measured by the
Astrophysical Observatory of
the
Smithsonian Institution at Montezuma (Chile) and Mount St. Katherine
(Sinai Pen.) during the six months
June to November, 1934. (Smith. Misc.
Coll., Vol. 94, No. 12, 1935.)
The
publication of these measurements
renders it possible to determine by
statistical analysis the validity of the
claim made by Dr. Abbot that they
represent real values of solar radiation.
In a paper published in 1925 (Mo.
Wea. Rev., Vol 53:343.) I concluded
f r o m a study of solar-radiation data,
including the bolometric measurements of the Astrophysical Observatory at Mount Wilson and Calama
prior to 1920 and various pyrheliometric observations elsewhere at high
elevations, that the probable error of
the day-to-day variation of solar
radiation, if at all existent, could not
exceed one or two-tenths of one percent of the mean value, 1.95 calories.
Dr. Abbot in the same year stated
(Smith. Misc. Coll., Vol. 77, No. 5)
that the probable error of a solarconstant determination at a single
station is ± 0.335 percent. This includes the instrumental error and the
error due to atmospheric turbidity in
addition to possible solar variation.
The probable error of the pyrheliometric reading when two instruments
are employed is stated by Abbot to be
± 0.14 percent.
During the last ten years improvements have been made in the observations and reductions so that the scatter of the data at the two stations,
Montezuma and St. Katherine, is
surprisingly small. The average de-
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viation f r o m the mean of the 141
Montezuma values amounts to 0.0049
calorie. Applying the ratio 0.854 to
this value, there is obtained the probable error, ± 0.0042, or 0.215 percent.
If f o u r values with departures in excess of 0.012 calorie be omitted, the
probable error is ± 0 . 2 0 percent. The
dispersion of the Mt. St. Katherine
data is about 8% greater than that
of the Montezuma data.
On account of varying atmospheric
conditions the observations are graded as satisfactory, less satisfactory
and unsatisfactory. The probable error of the 53 satisfactory values
at Montezuma is ± 0.197 percent;
that of the 75 less satisfactory values is ± 0.227 percent. The probable error of the mean solar constant
derived by Abbot f r o m both stations
is ± 0.182 percent.
Assuming ± 0.20 percent as the
probable error of a satisfactory observation at a favorably located station, it follows that if the instrumental error is 0.14 percent, the remaining
error due to uneliminated atmospheric
variations and possible solar variation amounts to 0.14 percent, since the
total error is the square root of the
sum of the squares of the partial errors.
It is difficult to believe that the
error due to varying degrees of haziness can be less than that due to careful readings of the pyrheliometer. In
any case, the amount of day-to-day
solar variation, if it exists, is apparently so small as to be incapable of
satisfactory evaluation by present
methods at elevations less than 3 kilometers.
Another method of testing the data
is afforded b y a comparison of the
day-to-day changes in the simultane-
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ous values at the two stations. Employing only those values used by
Abbot in his determination of the
mean solar constant, there are 121
day-to-day or short-interval changes.
Of these changes, 52 have the same
sign and 69 have opposite signs. That
is, less than half of the short-interval changes are in the same direction,
either rising or falling.
Reducing
this ratio to a correlation coefficient
by the formula, -ri= (2c—n)/n, where
n is the total number of changes, and
c the number of pairs with like signs,
we have r~—0.38.
(Cf., Mo. Wea.
Rev., vol. 52:424.)
This is an extraordinary result,
since correlations of simultaneous determinations at Montezuma and at
Mt. Wilson or Harqua Hala have
yielded small positive coefficients (Cf.
Kimball, Mo. Wea. Rev., July, 1925).
These, however, he regarded as the
result of secular changes which were
uneliminated by the method of correlation employed.
If decadal or ten-day means are
computed for each station, the result
is that out of 18 decadal changes only
6 have like signs, equivalent to a correlation coefficient, —0.58. This coefficient is even more extraordinary
than that computed from the day-today changes and can only be explained by the assumption that opposite
atmospheric conditions prevail over
an extended period of time at the two
stations, in opposite hemispheres and
100 degrees of longitude apart.
These results quite disprove Abbot's
claim that there are real day-to-day
or short-interval changes in the intensity of the sun's radiation, and
that such fluctuations are associated
with notable weather changes.
As to the possibility of long-period
changes in solar radiation the evidence given by the monthly means
at the two stations is unfavorable.

There are only three out of six of the
month-to-month changes with like
signs, equivalent to zero correlation.
However, the mean values for October
and November at each station are
higher than for the previous four
months.
The evidence thus far presented is
based on an analysis of the data at
two stations. Abbot's table of solarconstant values for 1920-1930 (Smith.
Misc. Coll., Vol. 94, No. 10) is his
latest revision from all available data
and their reality can be tested by the
method of correlation. Employing the
method already referred to, there are
180 month-to-month changes, or 162,
if the months with zero change be
disregarded.
Deriving similar month-to-month
changes in the relative sunspot numbers and computing the correlation
coefficient with solar constant values
two months earlier to three months
later, the following are obtained: Solar constant values two months
earlier, —0.30; one month earlier,
+ 0.42; same month, + 0 . 4 3 ; one
month later, —0.32; two months later,
—0.38; three months later, + 0 . 2 8 .
There can be no question as to the reliability of these coefficient in view of
the large number of variants employed.
These coefficients imply that monthly maxima (or minima) of sunspot
numbers have a tendency to follow by
about two weeks the maxima (or
minima) of solar radiation and precede by about six weeks the minima
(or maxima) of solar radiation. Incidentally, it may be stated that the
coefficients imply the existence of a
period in the data averaging about 4
months.
The curve showing the monthly
march of solar variation, in the lastmentioned publication, gives no indication of an 11-year variation, but a

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

3-year period is plainly evident. This
period is apparently related to the
3-year period in the secondary variations of sunspot when the 11-year period is eliminated. The 3-year maxima of sunspots are 1922.2, 1926.0,
1929.0, 1932.2.
These precede by
several months the minima in the
solar radiation curve, as follows:
1922.5, 1926.5, 1929.3, 1932.8.
This
result is consistent with that obtained
by correlations of monthly data. A
shorter period, averaging about 9
months, but of variable length and
with smaller amplitude, is also evident from inspection of the curve.
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The above results seem to indicate
that both the daily solar-constant
values and the ten-day means are unreliable, since the discordance between the simultaneous data at two
stations is so great as to result in
negative coefficients, when
correlated. Even the monthly means contain a large amount of accidental error so that it is necessary either to
combine several months together in
order to eliminate the error from the
reality or to employ a large number
of individual months in correlating
with other variables.
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