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W H A T THE ATMOSPHERE DOES TO SOLAR RADIATION
B y CHARLES F . BROOKS

Blue Hill Observatory, Harvard University.
All the sunlight, direct or diffuse, which reaches the surface of the
earth, must first pass through the atmosphere, suffering greater or less
reduction of intensity by scattering, by reflection when clouds are present, and by absorption, largely by water vapor. Even in clear weather
the loss is appreciable.
The following table shows the average effects of the atmosphere on
solar radiation.
T H E AVERAGE EFFECTS OF ATMOSPHERE ON SOLAR RADIATION *
Cloudless
sky
%t

Depletion by atmosphere
Absorption (all but 1% by water
vapor)
.
Reflection to space (net)
. . . .
Scattering to space
.
Insolation
Scattering to earth (diffuse light) .
Direct sunshine
.
Totals

Cloud-covered
sky
%t

Mean of world
conditions
(52% cloudy)
%t

21.5
0.0
9.5

18.0
55.0
3.5

20.0
29.0
6.0

19.0
50.0

14.5
9.0

16.0
29.0

. 100„0

100.0

100.0

* Adapted from Table I by C. F. Brooks, The average effects of atmosphere and ocean
on solar radiation, p. 460 in Physics of the Earth—V, Oceanography, Bull 85, Nat. Res.
Council, Washington, 1932.
t Per cent of the sunshine that enters the atmosphere.

Scattering of sunlight is effected by the molecules of atmospheric gases
and dust in the atmosphere; the amount is considerable. In the atmosphere, some 20% to 30% of the sun's rays are scattered in clear weather,
about half the scattering being molecular, and involving the shorter
wave-lengths, and the rest being due to wet and to dry dust, and involving sunlight as a whole. 1 Gorczynski finds that over the sea, as in moun1 H. H. Kimball, Solar radiation and its role.
Bull, of the Nat. Research Council,
No. 79, Feb., 1931, Physics of the Earth—III, Meteorology, pp. 35-66. See also Kimball,
Solar radiation as a meteorological factor. Mo. Weather Rev., Dec., 1931, 59 :472-479, 13
figs., bibliog.
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tain regions, the depletion of sunlight by (dry) dust in the air amounts
to but 2 or 3% of the solar constant, while on lowland plains the values
are 10 to 15%. Only with low sun or in cloudy, smoky, or dusty weather,
does diffuse light exceed the direct at the bottom of the atmosphere.
Most of the scattered radiation reaches the surface of the earth, only
a small amount is turned back to space by the atmosphere. For the
average of the earth as a whole, M. Milankovitch 2 estimates the scattering of sunlight back to space by cloudless skies at 9.5% (cf. Aldrich
9 % ) , 3 while 19% of the original solar radiation outside the atmosphere
is scattered downward to reach the earth as diffuse sunlight. Since most
of the scattering occurs in the lower atmosphere, the presence of a cloud
sheet greatly reduces the scattering, the total being about two-thirds the
clear skies value. With a cloud covering, so much is reflected that only
3.5% of the original solar radiation is lost to space by scattering, while
about 14% of it reaches the earth's surface as diffuse light through the
clouds. The average scattering to space in both clear and cloudy weather
is about 6%. 4
Reflection of sunlight to space by a cloud cover is usually considerable;
it depends largely on the density of the sheet, and to some extent on the
altitude of the reflecting surface; it is practically the same for all altitudes of the sun. The loss to space by reflection from clouds and scattering from the sky together range from about 20% to 80%. An average
of 58.5% derived from figures given by Milankovitch 4 seems reasonable,
though some investigators favor higher values (70%, Angstrom; 5 78%,
Aldrich, for reflection from dense clouds 6 ).
Since the average cloudiness over the earth is about 52%, 7 the average effect of the atmosphere on sunlight is approximately half way
between the clear and the cloudy weather values, or as follows (see
Table also) : scattering to space 6%, reflection to space from clouds
29%.
In addition to the reduction by reflection and scattering, there is considerable absorption of solar radiation by the atmosphere, which takes
place at all depths, but chiefly near the ground, where water vapor and
dust are more abundant. Water vapor is the best atmospheric absorber
of solar radiation. Kimball 8 quotes Fowle's 0.5% as the absorption by
gases of the atmosphere other than water vapor, and for water vapor to
the extent of 2 cm precipitrable water, an average mid-latitude value, 9.7%
as the absorption by the water vapor on a cloudless day with the sun in
the zenith. Thus about 95% of the total absorption by the atmospheric
gases is water vapor absorption. On the average, half of all the vapor
2 M. Milankovitch, Mathematische Klimalehre and Astronomische Theorie der Klimaschwankungen, Koppen-Geiger, Handbuch der Klimatologie, Bd. I, Pt. A, p. 67, Berlin, 1930.
3 L. B. Aldrich, Ann. Astroph. Obsy., Smithsonian Inst., Washington, D. C., 1908, 2 :162.
(Quoted by G. C. Simpson, in "The distribution of terrestrial radiation," Memoirs of the
Royal Meteorological Soc., vol. Ill, no. 23, April, 1928, p. 53.)
4 M. Milankovitch, op. cit.
5 Angstrom, Beitr. z. Geophysik, Leipzig, 1926, 16, H. 1 (quoted by G. C. Simpson,
op. cit., (footnote 3), p. 54).
6 L. B. Aldrich, ibid., 1922, 4 :379 (quoted by G. C. Simpson, op. cit. p. 54).
7 S. Arrhenius, quoted by Milankovitch, loc. cit.
8 Kimball, loc. cit., pp. 38-40.
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in the atmosphere occurs in the lowest 2 km, while half of all the air
occupies the lowest 5 km. Milankovitch 9 puts half the 20% atmospheric
absorption below the level of low clouds, or at about 2 km. This absorption raises the temperature by day, but not very much for any but the
lowest, most humid layers of the atmosphere. A layer of air 2 km
thick is a large mass through which to spread a modest absorption, such
as 10% of the original solar radiation reaching the atmosphere. Over
the ocean, to be sure, the amount of water vapor present is generally
greater than over the land, also there is appreciable salt dust; hence,
the absorption of insolation there is favored. The loss of solar radiation by atmospheric depletion at sea in various latitudes and various
times in the year Gorczynski found to be 321%, divided as follows: 9 i %
by dry air, 21% by atmospheric moisture (water vapor), and 2% by
dust and haze.10 King has computed that solely from the absorption of
solar radiation of the intensity of the solar constant, dust-free vaporless
air at sea-level pressure would rise in temperature 0.015 deg. C. per
hour. 11 Water vapor absorption, which according to Kimball as just
shown is about 20 times this, would thus raise the temperature about
0.3 deg. C. per hour on a bright day. The small amount of dust at sea
would add but little. Air temperature over the sea shows a tendency
to a noontime maximum averaging from 12 to 2 p. m.
In spite of losses due to scattering, radiation, and absorption, a large
portion of solar radiation penetrates the atmosphere, reaching the earth
as direct sunlight. With zenithal sun, a clear atmosphere with 2 cm of
precipitrable water will scatter 18% and absorb 10% more, leaving 72%
of the original solar radiation to penetrate to the surface as direct sunshine. With the sun 30 degrees above the horizon, the penetration is
about 58%. 12 On clear days an average of about 50% of the solar
radiation outside the atmosphere reaches the earth's surface as direct
sunshine after scattering has removed 28.5% and absorption 21.5%
more. Diffuse light amounts to 19% more, however. On cloudy days
(including thin cloud sheets) the average of direct sunshine is but 9%,
while diffuse is 14.5%, a total of 23.5%. But when the sky is completely covered with clouds which are thick enough to stop the sunshine
recorder, the solar radiation reaching the surface is reduced to less than
20%, or even under 15%, which is but a quarter or a fifth of the 69%
sunshine in clear weather. 13 For the average of all weather, the direct
insolation is 29% and the diffuse 16%, making a total of 45%. Thus,
according to these observations and computations, less than half of the
solar radiation that reaches the outer limits of the atmosphere pene9 Milankovitch, loc. cit.
10 Gorczynski, L., Degrees of atmospheric transparency for solar radiation over different
oceanic surfaces and other regions. Bull, of Polish Acad, of Sci. and Letters, May, 1930,
p. 5. See also, Gorczynski, Uber der Berechnung der Durchlassigkeits-prozente fur die
sonnenstrahlung. Mit einigen Beispielen fur verschiedene Erdgebiete. Gerland's Beitrage
z. Geophysik 43 :47-62, bibliog. Koppen Band I, 1931.
11 L. V. King, On the scattering and absorption of light in gaseous media, with applications to the intensity of sky radiation. Phil. Trans. R. Soc., London, Ser. A., 212 : 394, 1912.
12 Kimball, loc. cit.
13 H. H. Kimball, op. cit., p. 47.
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trates to the surface of the earth. Other more general calculations call
f o r 5 % to 10% more solar radiation scattered and reflected. 14 15 16 17
and consequently, a correspondingly reduced absorption 16 or penetration to the surface. 14 15 17
The penetrating solar radiation is considerably deficient in the infrared and ultra-violet portions of the spectrum, but the composition of the
visible portion is not notably changed by the selective scattering and
selective absorption of the atmosphere. 18
Summing up what happens to solar radiation in its passage through
the atmosphere, we find that, in cloudy weather, reflection and scattering
turn back an average of 58% or more of the original sunshine. In clear
weather, scattering to space is 9 % . The average of reflection and scattering together in all weathers is 35%, according to Milankovitch. A b sorption of solar radiation by the atmosphere varies little with the
weather, averaging around 20%. Thus even in clear weather the atmosphere prevents about 30% of the original solar radiation f r o m reaching
the surface of the earth, while on the average, (including cloudy and
partly cloudy d a y s ) , 55% is prevented f r o m reaching the earth's surface.
ABSTRACTS OF PAPERS AT PULLMAN, WASH., MEETING,
JUNE 16-17, 1932
(Continued f r o m Nov. BULL., p. 203)
A Statistical Study of Daily Minimum Temperatures at
Winnemucca, Nevada
B y JESSE W . SMITH, JOE R . FULKS, a n d RAYMOND R . PAUL *

(Weather Bureau Office, Winnemucca, Nevada, April 25, 1932)
Daily values of constants f o r frequency curves of the type
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were derived f r o m the records of daily minimum temperatures at Winnemucca, Nevada, for approximately 52 years. This was done by first calculating the constants for each of the 73 pentads of the year and then
smoothing. The daily constants make feasible the calculating of probability of occurrence of any temperature on any day of the year at this
station.
Actual computations were made of the probability of the minimum temperature falling to or below limiting values at 5° intervals f o r the whole
year, the results being shown graphically.
L. B. Aldrich, loc. cit., footnote 6.
W. Trabert, quoted by Milankovitch, loc,. cit.
W. H. Dines, Qu. Jour. Roy. Met. Soc., April, 1917, 43: 151 (quoted by H. H. Clayton,
World Weather, New York, 1923, pp. 276-277, and Sir Napier Shaw, Manual of Meteorology, Vol. IIT, Cambridge, 1930, pp. 105-107).
17 A. Kaigorodoff, Uber die Warmebilanz der Erde. Met. Zeits., Aug., 1930, 47 : 309-310
(based partly on Aldrich, op. cit., 1922, 4: 380).
18 H. H. Kimball, op.cit., fig. 9.
• Raymond R. Paul died Sept. 20, 1932.
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