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Solar Radiation: Absence of Air Pollution 

Trends at Mauna Loa 

Abstract. Measurements of solar radiation made at Mauna Loa, Hawaii, over 
a period of 13 years give no evidence that human activities affect atmospheric 
turbidity on a global scale. Short-term fluctuations in insolation appear to be 
associated with naturally produced tropospheric aerosols. The intrusion of vol- 
canic dust into the stratosphere results in prolonged increases in atmospheric 
opacity due to the extended residence times of aerosols in the stratosphere. 
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Concern over the earth's energy bal- 
ance has been expressed in discussions 
about the diminution of solar radiation 
and the associated variations in world 
climate, consequent on the continuing 
and increased emission into the atmo- 
sphere of particulate matter by indus- 
trial processes. Observations of an in- 
crease in atmospheric turbidity, which 
is a measure of the extinction of solar 
radiation in excess of that to be ex- 
pected from a clean atmosphere, in 
Washington, D.C., and Davos, Switzer- 
land, led McCormick and Ludwig (1) 
to hypothesize the long-term effects of 
pollutant aerosols. Flowers et al. (2) 
have examined the data from a net- 
work of stations designed ito measure 
turbidity and have established a pattern 
for the continental United States which 
clearly shows a correlation between 
high turbidity concentrations and geo- 
graphbic locations with heavy indus- 
trialization. 

The occurrence of air pollution, how- 
ever, to which these turbidity increases 
can be attributed, is a property of the 
lower troposphere and thus subject to 
temporal and spatial variations within 
short intervals. In each of the docu- 
mented episodes of acute pollution in 
the past (for example, the Meuse Valley, 
1930; Donora, Pennsylvania, 1948; 
London, 1952 and 1962; and the U.S. 
East Coast, 1970) a prolonged period 
(several weeks) of unusual weather 
conditions accompanied the air pollu- 
tion incidence, which resulted in a 
failure of the usual natural processes 
to dilute and dissipate air pollutants. 

In order to detect secular trends in 
turbidity on a global scale, it is nec- 
essary to subdue by experimental de- 
sign the short-term existence of air- 
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borne particulate matter in the lowest 
portions of the atmosphere in the prox- 
imity of pollution sources. Fischer (3) 
carried out measurements of atmo- 
spheric turbidity in Antarctica in 1966- 
1967. A comparison of these data with 
earlier data on Antarctica led him to 
conclude that no pronounced change 
in Antarctic turbidity had occurred in 
the 16-year period prior to 1966. 
Mauna Loa Geophysical Observatory 
(19?32'N, 155035'W) at an altitude of 
3400 m qualifies as a bench-mark sta- 
tion for probing the trace constituents 
of the atmosphere in virtue of its great 
distance from continents, the absence 
of potential pollution sources on the 
island of Hawaii, and the protection of 
the measurement site from local emis- 
sions, including water vapor, afforded 
frequently by a persistent trade wind 
inversion. The monitoring of solar radi- 
ation at Mauna Loa is part of a bench- 
mark program initiated at the begin- 
ning of the International Geophysical 
Year (4). Eight pyrheliometers have 
been used in 'a continuing program to 
monitor the normal component of the 
solar beam. Peterson and Bryson (5) 
concluded, from the evaluation of radi- 
ation data taken at Mauna Loa Obser- 
vatory, that a steady tincrease in turbid- 
ity has taken place between 1958 and 
1963. 

We have carefully evaluated the 
data presented in this report (collected 
over a 13-year period) in order to 
eliminate as much as possible all con- 
tributions to turbidity from random 
variations of the optical density of the 
atmosphere, including those caused by 
locally produced tropospheric aerosols 
such as sea spray and volcanic effluents. 
Control days, distinguished from the 
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Fig. 1. Temporal variations of the monthly means of transmission factors of solar 
radiation, which transverses through air masses that differ by units of the secant of 
the zenith angle. 

other days by atmospheric uniformity 
in addition to clearness, were deter- 
mined by inspection of the strip-chart 
traces of the pyrheliometer output and 
the weather records. Only 410 out of 
4473 days, or approximately 9 percent 
of the total, qualified as control days, 
an indication that local tropospheric 
disturbances remain quite frequent at 
Mauna Loa despite its favorable topo- 
graphic and climatological features. 
Evaluation of data for these control 
days revealed that, for zenith angles 
(in units of the secant of the zenith 
angle z) between 2 and 5, the atmo- 
sphere exhibited the minimum amount 
of fluctuation in the optical density. In 
this discussion, in order to eliminate 
local influences as much as possible, 
we therefore present only data ta'-en 
on control days for sun elevations 
corresponding to these zenith angles. 
Transmission factors, q, as identified by 
Bouguer's law, 

I, = loq' 

(where Io is the solar constant), were 
computed from measurements of the 
wavelength-integrated intensity I, by 
adaptation of the formula: 

q I 

where the exponent of q is unity (n is 
the secant of the zenith angle cor- 
rected for refraction). For the broad 
spectrum, the transmission factor is in- 
fluenced by the zenith angle; however, 
by averaging q for a representative in- 
terval (2 n i 5) in the forenoon of 
each day, a relative representation of 
the optical transmittance of the atmo- 
sphere was obtained. This method of 
evaluating data recorded at the Mauna 
Loa Observatory on control days elim- 
inates errors due to uncertainties in the 
calibration of the sensors, compensates 
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for seasonal changes in the sun-earth 
distance, and excludes short-term fluc- 
tuations in turbidity due to aerosol 
clouds in the lower atmosphere. 

Figure 1 shows the monthly mean 
values of the apparent optical trans- 
mittance q of the atmosphere (in per- 
cent) as a function of time for the 13- 
year period. The root-mean-square 
deviations from the means are indicated 
by vertical bars for all cases for which 
a sufficient number of data are avail- 
able. Within a margin of about ? 1 

percent fluctuation in data there is not 
discernible any systematic trend in 
solar insolation for the period 1958- 
1963, contrary to the conclusion drawn 
by others (5). The decrease in insola- 
tion in the summer of 1.963 coincides 
with the eruption of Mount Agung, 
Bali. We conclude from the data that 
only after 7 years does the transmission 
recover to the pre-1963 level. This long 
residence time of the volcanic aerosols 
in the stratosphere, if compared to the 
average stratospheric residence time of 
tracers such as 90Sr and ozone (of the 
order of 1 year), indicates that the 
volcanic dust has probably been emit- 
ted up to heights exceeding 60 km (6). 
The long recovery period cou'd also 
be caused by a delayed and continuing 
production of aerosols (for example, 
the formation of sulfuric acid by the 
oxidation of sulfur dioxide in volcanic 
gases) or by the input of additional 
particles by subsequent volcanic erup- 
tions (for example, Mount Taal, Phil- 
ippines, 1965; Saputan, Indonesia, 
1966; Kutinoerabu, Japan, 1968), or 
both; these two mechanisms coun- 
teract the natural removal of the origi- 
nal volcanic particulate matter (7). A 
final answer on which of these proc- 
esses plays the predominate role in de- 
termining the lifetime of stratospheric 
aerosols cannot be given on the basis 

of radiation measurements alone, but 
will require direct investigations of the 
physical and chemical properties of 
these particles and their variations in 
time. 

On the basis of the data collected 
prior to 1963, it follows that solar 
radiation received by the earth appar- 
ently undergoes annual cycles such that 
atmospheric transmission is lower dur- 
ing the summer months, most likely 
the result of increased worldwide photo- 
chemical aerosol formation caused by 
the oxidation of volatile organic mate- 
rials of plant origin in the atmosphere 
(8), or the result of the seasonal varia- 
tions in general atmospheric circulation, 
or both. From the time scales of re- 
covery it can be concluded that such 
an aerosol is confined, for the most 
part, to the troposphere, in contrast to 
the volcanic aerosol which must have 
penetrated the stratosphere to a large 
extent. 

If an annual cycle in solar radiation 
is caused by variations in the produc- 
tion rate of aerosols, rather than by 
seasonally altered atmospheric residence 
times, such an annual cycle supports 
the interesting proposition that at geo- 
graphic locations sufficiently remote 
from pollution sources the natural aero- 
sol component predominates over the 
particulate air pollutants that affect 
solar radiation. Furthermore, a de- 
crease in the amplitude of the annual 
variations would be indicative of an 
increased influence of anthropogenic 
contaminants on the earth's radiation 
budget. 

The data presented here for Mauna 
Loa, in conjunction with findings re- 
ported by Fischer (3) for the Ant- 
artic, support the hypothesis that on a 
global scale natural sources contribute 
more than man to the turbidity of the 
atmosphere. 

HOWARD T. ELLIS 
RUDOLF F. PUESCHEL 

National Oceanic and Atmospheric 
Administration, Mauna Loa 
Observatory, Hilo, Hawaii 96720 
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