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Abstract

This paper reports on the preliminary results for Salamanca (Spain) of the relationship between the different
components of solar radiation and suspended particulate matter in the atmosphere, characterized as black smoke,
during the period from January to September, 1990. Both the total number of days period and clear days only were
considered with a view to eliminating the effect of cloud, above all, on the diffuse component of solar radiation.

The relationships with diffuse/global and diffuse/direct indices were also studied.

Introduction

Among other parameters, the Earth’s climate depends
on the chemical composition of the atmosphere as
this regulates the radiation balance of the Earth-
Atmosphere system. Atmospheric pollution affects this
balance of radiation. In addition, atmospheric aerosols
absorb and disperse solar and terrestrial radiation.

Several authors have shown that the different com-
ponents of radiation are disturbed by the emissions
from aerosols and by particles arising from industrial
activity and traffic, primarily in urban areas (Galindo,
1984).

The aim of this paper was therefore to study the
possible effects of atmospheric aerosols on solar radi-
ation in Salamanca.

Experimental

Daily samples were taken in 1990 (from January to
September). Suspended particulate matter — character-
ized as black smoke — was determined by reflectometry
and its concentrations expressed in zg m~3, The site
where the samples for the meteorological data were
taken was the Institute of Natural Resources and Agro-
biology of the CSIC in Salamanca, where pollution
measurements were also made.

The atmospheric variables in Salamanca (Jongitude
5° 40’ W; latitude 40° 58 N) were measured with a
UNIDATA model 6003 automatic data collection sys-

tem provided with model 6504 C sensors for measur-
ing wind velocity, mean temperature and global solar
radiation and using model 6505 for measuring diffuse
solar radiation following the addition of a model BS-
100 shade band. The radiation was measured in units
of Wm™2,

Results

The Solar radiation — atmospheric pollution
relationship

Initially, a qualitative study was made of the relation-
ship between the daily mean values of global, direct
and diffuse radiation and the concentration of black
smoke, thereafter, the results which were obtained
were checked with regression analysis.
Two series of data were considered:
1) The total number of days studied (sertes A)
2) Only clear days (series B).
Clear days were considered to be those on which the
sum of the three daily observations of cloud ranged
from O to 4 octas; if this sum lay within 5-19 octas the
day was considered to be cloudy and at more than 20
octas it was deemed covered. The aim in this series was
to eliminate the effect of cloud on diffuse radiation.
The number of clear days was less than or equal
to S for each of the months studied with the excep-
tion of July and August (17 and 11 days, respective-
ly). According to the climatological study of Rolddn
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(1987) for Salamanca, the number of clear days in
the year studied (1990) was below the annual mean,
although the number of hours of sun during the period
was greater than the mean.

In order to observe the evolution of direct, diffuse
and global solar radiation as the suspended particulate
matter in the atmosphere increased, five intervals were
set up within series A and series B for the concentra-
tions of black smoke: < 15; 16-25; 26-35; 3645 and
> 45 g m~>. For each interval the mean value of the
three varniables were calculated.

It may be seen that from a smoke concentration
of > 25 pg m™* the global and direct components
of radiation decrease in proportion to the increase in
the concentration of smoke while, by contrast, diffuse
radiation increases as the values of such concentrations
increase. This is more apparent in the case of the series
of clear days (B). These findings are consistent with
those of work carried out by other authors at different
sites (Karras, 1990).

Solar radiation — atmospheric pollution
correlations

In order to quantify the relationships between suspend-
ed particulate matter and the radiation variables, sim-
ple linear regression analysis was performed with the
equation:

Cr=a+bV; (1)

where Cj, is the concentration of black smoke and V,
is the radiation variable considered.

With respect to the A and B series, for series B, the
clear days were separated into polluted and unpolluted
days. The distinction between these two types of clear
days was established at 25 ug m™3 according to the
concentration reached by this pollutant in Salamanca
during the sampling time. It should be noted that com-
pared with other more polluted areas, these values are
not high, although at the same time, it should be men-
tioned that the period studied in 1990 was less polluted
than the corresponding period in previous years.

Table 1 shows the correlations obtained between
black smoke and the different radiation variables,
including the D/G and D/I ratios. Many authors con-
sider these to be indices of the amount of aerosols
or suspended particulate matter linked to atmospheric
turbidity (Aguado, 1990).

For the A series, the radiation variables do not
show a sigpificant correlation with black smoke, at
least with regard to the mean daily values. Howev-

er, for the B series, these correlations increase when
the effect of cloud is eliminated, above all in diffuse
radiation, reaching a correlation coefficient with this
variable of 0.65. In the case of the D/G and D/I ratios,
the correlations obtained were 0.63 and 0.59, respec-
tively. The correlations that proved to be significant at
99.5%, according to the Snedecor F test, are shown
n bold type together with their correlation coefficient.
There were no significant correlations to the series of
unpolluted clear days.

When considering the series of clear days, the
increase in the correlation coefficients of black smoke
for all the variables is patent. This is especially the
case with diffuse radiation (0.81) and with the D/G
ratio (0.82), which in the particular case of Salamanca
seems to point to an index of suspended particulate
matter in the atmosphere better than the D/I (0.75).
The simple regression equations for diffuse radiation
(D) and D/G are, respectively:

Camoke = 0.53D + 12.94; =081 (2

Csmoke = 98.63D/G +17.90; r=082 (3)
These equations describe the percentages of varjance
of the dependent variable of 66 and 68%;, respectively.
For this same series, the correlation coefficient with
direct radiation reached a value of —0.60, pointing to
the attenuation of this component with the increase in
the concentration of suspended particulate matter in
the atmosphere.

Conclusions

From this preliminary study of the relationship
between the components of solar radiation and sus-
pended particulate matter in the atmosphere in Sala-
manca, a clear inverse relationship can be seen between
global and direct radjation. In the case of diffuse radi-
ation, the relationship is direct and increases with the
increase 1n the concentration of particles. This is con-
firmed by the signs of the regression coefficients on
quantifying these relationships by regression analy-
sis.

For the study of the diffuse radiation, it is clear that
only the clear days should be considered in order to
avoid, among other factors, the strong effect of clouds.
Global and direct radiation do not show any correlation



Tuble 1. Coefficients of correlation: black smoke — radiation variables

Complete  Clear days
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Total Polluted ~ Unpolluted
Global radiation (G)  —0.06 —0.15 —-0.38 0.39
Diffuse radiation (D) 0.06 0.65 0.81 0.45
Direct radiation (I) —0.07 -0.34 —-0.60 0.25
D/G 0.03 0.63 0.82 0.18
DA -0.06 0.59 0.75 0.15
worthy of mention, at least when considering the daily Acknowledgements

mean values, with the exception of direct radiation on
polluted clear days.

It may be seen that, for clear days, apart from dif-
fuse radiation itself, the D/G ratio is a good index (bet-
ter than D/T) of the concentration of suspended particu-
late matter in the atmosphere of Salamanca. Although
the present study covers the period from January to
September 1990, it should be noted that the number of
clear days useful for the study decreased, in part, owing
to the meteorological peculiarities of that period. This,
together with the low concentrations measured with
respect to other years, and the fact that we were also
working with daily mean values, meant that the corre-
lations were not even higher.

The authors thank D. Miguel Tapia and D. Agustin
Rincén from the Institute of Natural Resources and
Agrobiology of the CSIC in Salamanca, without whose
help this work would not have been possible.

References

Aguado E (1990) Effect of advected pollutants on solar radiation
attenuation: Mojave desert, California. Atmos Envir 24B (1):
153-157.

Galindo T (1984) Antropogenic acrosols and their regional scale
climatic effects. In: HE Gerber and A Deepak (eds) Aerosols and
their climatic effects. ISBN 0-937194-06-9.

Karras GS, Pissimanis DK and Notaridou VA (1990) On the trend of
the transmittance of direct solar irradiance in Athens during the
summer. Atmos Envir 24B: 221-225.

Rolddn A (1987) Notas para una Climatologia de Salamanca. INM
Publicacién, Madrid, serie K, no. 20.



