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The Influence of the Snow Cover on the Position of Arago's
Neutral Point
H A N S H . NEUBERGER
School of Mineral Industries, Pennsylvania State College
SUMMARY
Under symmetrical light conditions the optical modification produced by a snow surface
decreases the antisolar distance of Arago's
neutral point. Therefore, for investigations of
the atmospheric turbidity by means of observations of Arago's point this effect must be
taken into consideration.
INFLUENCE
of the snow
cover on the percentage of polarization of sky light has been
established by several authors [6, 7]*.
Due to the increased diffuse reflection
of light from the surface of the earth,
the percentage of polarization is
materially diminished.
The influence which large water
surfaces exert on the position of
Arago's neutral point and its variation with the sun's elevation has also
been the subject of several investigations [1, 2, 3, 4, 8, 10]. In the immediate vicinity of the ocean or large
lakes the antisolar distance of Arago's point was found to be much
smaller at high solar elevations than
when observed inland. This is due
to the fact that the sunlight is reflected from the water surface toward
the region of the sky in which Arago's
neutral point is observed at relatively
large solar elevations. The reflected
light which is positively polarized increases the intensity of the positive
polarization of the sky and thus depresses this neutral point.
With respect to the influence of a
snow cover on Arago's point, Jensen
[2] assumed that due to the diffuse
reflection from the snow surface the
antisolar distance of Arago's point
should be increased. However, this
HE
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•Numbers in parentheses refer to
references at the end.
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assumption in the light of theoretical
considerations and observational material does not hold, as diffuse reflection of the snow surface is not the
only form of reflection involved. To
a certain extent regular reflection of
the sunlight from the snow surface
takes place. This is especially true
for an aged snow surface that has
turned to firn. Moreover, the change
from a weather condition that produced snowfall to one with clear sky
(which is the prerequisite for measurement of Arago's point) requires
some time during which the snow surface can settle. Therefore, under symmetrical conditions, i.e. when the elevation of the sun (angle of incidence) is
approximately the same as that of
Arago's point (angle of reflection) as
demonstrated in fig. 1, the snow sur-

FIG. 1. Schematic cross section through the
sun's meridian with symmetrical light conditions.

face should have an effect similar to
that of a water surface on the Arago
point even though this effect is less
marked. Such symmetrical conditions
occur at about 10° sun elevation when
the Arago point has an antisolar distance of roughly 20°. The above arguments were checked by means of
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observational material collected in the
late fall, winter and early spring of
1939, 1940 and 1941.
The antisolar distance of Arago's
point in itself cannot reveal the above
effect, because, at a sun elevation of
10° the Arago point is highly sensitive to daily changes in atmospheric
turbidity [9]. Therefore, a basis for
comparison which excluded differences in atmospheric turbidity had to
be established. There exists also a
certain seasonal variation in Arago's
point, due to seasonal differences in
the state of atmospheric purity. Thus
the observations made at periods
without a snow cover which were to
be used for comparison with those
periods with snow cover on the
ground had to be selected from the
same seasons. The above mentioned
series of measurements of Arago's
point were made without filter, with
blue and red filter and were accompanied by measurements of the solar intensity at 15° sun elevation, determination of the sky blue at the
point of darkest blue, and estimations
of the visual range, three quantities
which are also criteria of the atmospheric turbidity [9]. Solar intensity,
sky blue, and visual range were used
as parameters to eliminate as far as
possible the difference in atmospheric
turbidity which may have influenced
the antisolar distance of Arago's
point.
Thus, 20 pairs of observations, each
with and without snow cover on the
ground could be found for which the
values of solar intensity, sky blue and
visual range were identical in each
pair, so that differences in the antisolar distance of Arago's point could
be attributed with great probability
to the difference in the condition of
the ground. It was found that in
every one of the 20 cases the Arago
distance was smaller with a snow
cover over the ground than without

it. The averages are given in table 1,
for measurements made with blue
filter (referred to as "blue"), without
filter ("white") and with red filter
("red").
TABLE

1.

AVERAGE

ANTISOLAR

DIS-

TANCE OF ARAGO'S P O I N T AT 1 0 . 5 °
SUN'S

ELEVATION
Blue

White

Without snow cover 22.0°
With snow cover
21.3
Difference
.7

20.8°
20.0
.8

Red
1K8°
17.9
.9

As the average deviations of 110
series from their mean are 1.0°, 1.4°
and 1.9° respectively, the above average differences are significant enough.
The maximum differences between
observations without snow cover and
those with snow cover are 1.4°, 1.7°
and 1.9° respectively. Table 1 shows
that the snow cover effect on Arago's
point is greatest in red light (long
wavelength), smallest in blue light
(short wavelength). This is due to
the interaction of three processes.
(1)
The sunlight that passes
through the atmosphere to the Earth's
surface is depleted more in the short
than in the long spectral range, by
scattering and diffraction on air molecules and dust and condensation particles. The same selective light depletion takes place after the light is reflected from the snow surface into
the atmosphere. Thus the intensity
of the regularly reflected and therefore positively polarized light arriving at the region of Arago's point
must be relatively greater in red than
in blue light.
(2) The author has shown in a
previous paper [9] that the state of
turbidity in the lower part of the troposphere affects Arago's point more
in red than in blue light. As the
light which is regularly reflected by
the snow surface has, according to
the process mentioned in ( 1 ) , a
greater intensity in the lower layers
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than after it has passed through
them and arrived in higher layers of
the atmosphere, the effect of the snow
cover has to be greater in red than in
blue light.
(3) The diffuse reflection from
the snow surface sends light into
the region of Arago's point by way
of secondary diffusion in the air in
a state of predominantly negative
polarization and will thus have the
opposite effect on Arago's point as
has the regular reflection. As the
process of secondary diffusion favors blue light more than red light
(as evident from the blue color of
the sky) the diffused light compensates the effect of the regularly
reflected light more in blue than in
red light.
The results demonstrated in table
1 and the above statements can be
supported by further analysis of the
observations on hand.
As the effect of the snow cover on
Arago's point depends on the intensity of the positively polarized,
regularly reflected sun light, this
effect should also depend on the solar intensity measured on the surface. This conclusion is verified by
the observations as shown in table 2,
where the average values of Arago
observations with and without snow
cover are given for solar intensities
<1.00 cal./cm 2 min and >1.00 cal./cm 2
min.
Table 2 clearly shows that the difference between observations without

and with snow cover, i. e. the effect
of the snow cover on Arago's point is
on the average larger for high than
for low solar intensities.
Another factor can be used to support the evidence of the effect of the
snow cover on the position of Arago's
point: the age of the top layer of the
snow at the time of observation.
Ageing increases the regular reflecting power of the snow surface due
to changes in the surface structure
by melting and re-gelation.
This
effect of ageing on regular reflection
is counteracted by the decrease in
albedo of the snow surface with age
[5]. There should exist an optimum
age in which the combined effects of
the snow's surface structure and albedo is greatest on the position of
Arago's point. Table 3 in which the
mean differences between observations without and with snow cover
are given, shows that a relatively
fresh snow surface that has been deposited not more than half a day previously has a smaller effect than a
relatively old snow surface.
The optimum snow age for the series
seems to be one to two days.
Besides the direct effect produced
by the snow cover it is reasonable to
assume that an indirect influence is
exerted by the interference of low
inversion layers which are usually
associated with a snow cover. The refraction of light taking place in the
inversion layer has a certain polarizing effect. Total reflection from the

T A B L E 2 . A V E R A G E A N T I S O L A R D I S T A N C E OF A R A G O ' S P O I N T AT
S U N ' S ELEVATION

Solar Intensity
cal./cmVmin.

Blue

White

Red

10.5°

Number
of Pairs

<

1.00

Without snow cover
With snow cover
Difference

22.4°
21.9
0.5

21.4°
20.9
0.5

19.8°
19.1
0.7

(9)

>

1.00

Without Snow Cover
With Snow Cover
Difference

21 7
20.9
0.8

20.2
19.3
0.9

17.9
16.9
1.0

(11)
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TABLE 3 . M E A N DIFFERENCES OF ARAGO'S P O I N T AT 1 0 . 5 ° S U N ' S ELEVATION
OBSERVED W I T H O U T AND W I T H S N O W COVER

Age of Top Layer
of Snow

Blue

White

Red

Number
of Pairs

0.5 days
1.0 "
1.5 "
2.0 "

0.2°
0.9
0.7
0.7

0.4°
0.8
1.2
0.7

0.6°
1.0
1.0
0.8

(4)
(6)
(5)
(5)

inversion may also have a modifying
influence. However, the effect of inversion layers cannot be investigated
at this time because for direct evidence simultaneous measurements of
Arago's point from below and above
the inversion would be necessary.
The observatory at which the investigations were conducted is located
in the middle of the Nittany valley,
flanked by the Bald Eagle and Tussey
Mountain ranges.
The valley floor
has a rather rolling topography. It
may, therefore, be expected that the
effect of the snow cover on the position of Arago's point should prove
greater over extended plains.
The
effect under unsymmetrical conditions,
i. e. at different solar elevations, cannot be estimated.
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The Causes and Forecasting of Low Ceilings and Fogs at
Houston, Texas
Eastern

J . W . BOWDOIN
Airlines, Hapeville,

is located about
35 miles N N W of the Gulf of
Mexico, 10 miles west of Galveston Bay, 53 feet above sea level.
The surrounding terrain is generally
smooth and lacking in extensive
wooded areas; it slopes downward
from the north, northwest and west
enough to produce a significant compressive heating of air arriving from
this quadrant. Toward the Gulf, and
especially east along the coastal regions, lie extensive swampy areas.
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The graph of f o g occurrences in
•Paper read at Miami meeting, June 1941.
Atlanta, Ga., 1941.
Reprinted with ilight
changes in wording.

Ga.

figure 1 is somewhat misleading since
it indicates an appreciable amount of
f o g during the summer months. This
graph includes all visibilities 1 mile
or less, and during summer, while f o g
does occur at rare intervals, the visibility remains above i mile consistently. This is true from the first
of June to about the middle of October. Despite the fact that these data
show an October maximum, from the
standpoint of aircraft operation the
winter and spring months are much
worse: winter because of low ceilings
due to general storm conditions and
spring because ground f o g is more
severe then; that is, visibility at
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