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THE PENETRATION OF LIGHT THROUGH SNOW
AND ICE COVER
W.

W. B. THURMAN, AND THEODOllE
St. Cloud Teachers College

C. CROXT0.'.'1,

SHIFFER

During several months of each year, soil and bodies of water in
high latitudes are separated from the enveloping atmosphere by a
layer of snow and ice of varying thickness. The effects of this insulating layer are not well understood, having received relatively a
rather surprisingly small amount of attention by ecologists. It is
known that snow cover influences the heat exchange between the
surface of the earth and the air. Ice is thought to interfere with gas
exchange between water and air and with aeration by wave action
to the extent that epidemic losses of fish life occur through suffocation. It has been suggested recently that the problem may be, at
least in part, a light relation. Some algae are known to carry on
photosynthetic activity at low temperatures. By excluding light,
the snow and ice cover may prevent the evolution of an oxygen
supply essential to fishes. The penetration of light through snow
and ice cover is also of possible importance to grass crops and
other low-growing plants that remain wintergreen. It is known
that only a very small amount of light (in some cases less than one
per cent of the amount available in the open) is needed for the
formation and retention of chlorophyll, although the problem is a
complex one in which temperature is an important factor. The
study here reported is limited to an attempt to find out how much
total measurable light penetrates ice and snow cover, only incidental observations of its ecological effects having been made.
Procedure. One of the problems arising in the experiment was to
secure a device for supporting the snow and ice cover during observation of light penetration. This was done by constructing a
box-like booth three feet square with a door for entrance and exit.
It was lined with tar felt and all cleats were painted black. The
floor was also carpeted with tar felt and every precaution was
taken to exclude all light except that penetrating the snow or ice
cover. The top of the booth was left open and covered with double
strength glass to support the layer of snow. Experimentation revealed that this thickness of glass underneath the snow had little,
if any, appreciable effect on the readings; while it is interesting to
note that when the sheet of glass was directly exposed to the open
light, it was as effective (probably through reflection) in reducing
the light transmitted as was a six or eight inch layer of ice.
When the penetration of daylight through ice was determined,
a cover of considerable strength, made of three-fourths inch shiplap
with an opening six inches square, was used. This restricted opening
was satisfactory for observing the vertical penetration through ice
and, in a few cases, the observation of light through a layer of snow
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supported by its own structure. When ice layers were studied, the
edges of blocks were banked with sawdust to minimize the effect of
light entering the sides of the block and being refracted into the
opening used for observing penetration.
Light-meters were used to determine the intensities of illumination. These were of the direct reading type and had capacities of
50 and 75 foot-candles. Their capacities were increased by reducing
with disc covers the area of the cell exposed to illumination. The
capacities of the meters were increased by a multiple equal to the
reciprocal of the fraction of the face exposed. Thus the 50 footcandle meter had its capacity increased to 5,000 foot-candles and
the 75 foot-candle meter to 750 foot-candles by exposing one-one
hundredth and one-tenth of the areas respectively. The smaller capacity foot-candle meter had its exposure area at right angles to its
dial. This has made it convenient to read while the exposure area
was held close against the bottom side of the glass supporting the
snow cover.
All readings of daylight intensities were taken with the lightmeter horizontal. This corresponded to the angle of exposure of
snow and ice covers. One of the difficulties encountered was the
delay necessary to give the eye time to adjust sufficiently to read
the meter. This was especially true when the snow cover exceeded
two or three inches. This source of error was partially eliminated by
employing another observer who took readings of daylight illumination as nearly simultaneously as possible. By this means the effects of fluctuating daylight were minimized.
The snow was placed loosely on the glass cover slightly in excess
of the depth desired for observation and then scraped down by a
straight edge held at the right level by blocks under each end of it
of a height equal to the thickness of snow desired. Occasional lumps
of snow dragged along by the straight edge produced some depressions in the snow and these in turn permitted variable penetration.
Efforts were made to eliminate these as much as possible by their
removal and a releveling with the straight edge. The snow was not
compressed except for that compression caused by its own weight.
Table I shows the progressive diminution of penetrant light as
TAnr, E

Snow

Depth

~
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1 in.
2 in.
3 in.
4 in.
6 in.
7 in.
8 in.

I.

PEN~::TBA'£ION OF LrcnT TIIROUGH VARIOUS DEPTHS OF SNow CovEn

Incident Light
in Foot-Candles

Penetrant Light
in Foot-Candles

Average

Range

Average

Range

Percentage

2258
2200
990
3300
1620
2900
2900

550-2800
1400-3000
600-2200

198

12-400
40-150
3-75

11.7

71

27
9

350-2900

3.1
1

0-6

S.2

2.7
.27
.19
.03
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the depth of the snow cover increases. The fraction of penetration
of light through one inch of snow is approximately one-eighth.
This penetration decreases rapidly, and markedly so, after a depth
of two or three inches of snow is reached. Very little light of the
intensities studied penetrated eight inches of snow.
In Table II is shown the relative fraction of light of different inLensities penetrating the snow cover. The average fraction of light
penetrating at low levels of illumination is appreciably less than the
fraction penetrating at high levels. This difference seems to prevail
rather consistently at all the various levels of daylight illumination
observed in this study.
TABLE

II.

VAmA 1•10Ns JN PENETHATJON WITH INTENSITY OF ILLUMINATION
0

Incident Illumination
in Foot-candles

Average Percentage of
Penetration

1 in.

Below 1000
Above !WOO

6.58
12.90

2 in.

1000-2000
2200-3000

2.7
4.05

3 in.

Below 1000
2200

.75
3.25

6 in.

350
2900

Percentage loo low
for comparison

Snow

Depth

-(

The condition of the snow has much to do with the fraction of
light penetrating the cover. Such variations as those produced by
packing, granulating, dirt, and wetness are appreciable and are
noted in Table III. Clean, fresh, dry snow permits a greater penetration.
TABLE

Snow
Depth

III.

VARrATTON OF

Lwrri·

PENETRATION WITH CoNDTTION OF TITE SNow CovEn

Conrlilion of Snow

Incident Light in
Fool-Candles

Percentage of
Penetration

Clean and fresh
Clean but wet
Granular

2500
2800
2400

16.0
12.5
10.3

2 in.

Clean and fresh
Slightly packed and dirty
Clean but wet
Clean but wet

2500
2200
2000
3000

6.0
3.3
2.2
2.8

6 in.

Clean and fresh
Granular
Wet, slightly dirty

2300
2200
2900

l in.

.3
.1
.05

Table IV suggests that the fraction of light penetrating various
depths of ice up to fourteen inches is large. More observations
should be taken and with thicker layers of ice before any conclu-
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si?ns can be drawn. There is no explanation offered for the apparent
discrepancy between the penetration through six inches of ice and
that through eight inches . This part of the study is altogether preliminary and will be rechecked. The data are presented as recorded.
TABLE

IV. LIGHT

PENETRATION THROUGH lcE

Thickness
of Ice

Incident Illumination
in Foot-Candles

Percentage of
Penetration

4 in.

3700
3300

86
66

4400

74

3900

33

6 in.
8 in.

14 in.

Summary and Conclusions
The fraction of light penetrating a snow cover decreases rapidly
as the thickness of the snow increases. It is imperceptible at a depth
of eight inches, and cannot be accurately estimated with the aid of
a light meter at seven inches.
Dirt, soot, granular condition, and wetness are all factors which
tend to diminish penetration of light through snow.
The fraction of light penetrating a snow cover is less at low
levels of incident illumination than at high levels indicating a difference in quality as well as in intensity of light.
A large fraction of incident light penetrates a clear ice cover at
the depths coming under observation in this study.
It would seem from these data that sufficient light penetrates ice
to permit photosynthetic activities of most water plants. Where the
ice is covered by a layer of snow, it is doubtful as to whether the
illumination would be adequate .
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GEOLOGICAL CONDITIONS RESPONSIBLE FOR THE
DEFICIENCY OF UNDERGROUND WATER IN
CERTAIN AREAS IN MINNESOTA
ABSTRACT
GEO.

A.

THIEL

University of Minnesota

During the past few years there has been an increasing demand
for relatively large amounts of underground water in regions where
sub-surface rock formations are of such a character that large quantities of water cannot be produced. With the expansion of the Federal and State Park Systems and of the State Forestry Department,
numerous camps for the Civilian Conservation Corps were established in northeastern Minnesota in areas where previously very

