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Ultraviolet Radiation in Overcast Sky at the Surface
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ABSTRACT

Based on the analysis of one year of observation data of solar radiation at the ground in Beijing in
1990, a simple empirical formula for calculating UV radiation in overcast sky is established. The formula is
QUV/QUV0 = A1S + A0, where QUV and QUV0 are monthly mean daily sums of UV exposure in overcast
sky and clear sky, respectively. S is the daily sunshine hours. The calculated results agree well with the
observed. The maximum and minimum relative biases are 9.9% and 0.1%, respectively, and the yearly
relative bias is 2.9%. The ratio of ultraviolet radiation of overcast sky to clear sky in 1990 is between 44.6%
and 61.8%, and the yearly average is 53.9%. Thus, almost half of the UV energy is lost in the atmosphere
in overcast sky in 1990.
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1. Introduction

Although ultraviolet (UV) radiation contains rela-
tively little radiant energy in the whole solar spectrum,
it is very important biologically (Webb and Steven,
1986). Because excessive UV exposure on the human
body can result in much damage, such as sunburn,
skin cancer, cataracts, and deficiency of the immune
system, it is important to know the UV exposure in
clear and cloudy skies.

The main factors affecting UV radiation on the
ground are total ozone amount, aerosols and the oth-
ers. Compared to clear sky conditions, UV exposure
under cloudy sky conditions is more difficult to calcu-
late because it is affected by many factors, such as the
characteristics and variation of cloudiness, cloud type,
cloud height, cloud shape, and aerosols, etc., which are
difficult to describe quantitatively. Any changes in the
characteristics of cloud can lead to the variation of UV
reaching the ground. There are many studies on the
relations or effects of clouds on UV or UVB (Bais et
al., 1993; Schafer et al., 1996;/. Thiel et al., 1997; Bor-
dewijk et al., 1995; Madronich, 1989; Frederick et al.,
1990). Some studies have found the relation between
UV and cloudiness. For example, Ilyas (1987) found
a simple relationship between cloud cover and surface

dosage of UV radiation, and the computed yearly aver-
age value of UV compares well with the observed, and
the yearly relative bias is within 7%. He presents a
good and practical method to obtain UV radiation in
cloudy sky. For most weather stations, cloudiness and
sunshine hours are routinely observed. But, cloudiness
is usually observed by eye observation, and its accu-
racy varies with different observers. As sunshine hours
is observed by instrument for most weather stations,
it is more accurate and objective to develop a calcu-
lation method for UV radiation under cloudy sky by
using sunshine hours. In addition, it is easier to get
these data for most weather stations.

2. Instruments

The automatic observational instruments consist of
two parts. (1) Three sensors of wavelength ranges 270–
3200 nm, 400–3200 nm, and 700–3200 nm. The results
of the measurement of UV radiation (290–400 nm)
can be derived by simple subtraction of global radi-
ation (270–3200 nm) and radiation over 400-3200 nm.
The main technical characteristics of the three sensors
are: sensitivity is 5–10 mV kW−1 m2, response time
61s(1/e), and stability is 62%. (2) A model RYJ-2
solar radiation recorder, including mainly a PC-1500
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computer and its interface, and a multichannel high
precision recorder, whose accuracy is 5%, and whose
resolution is 1W m−2 for an instantaneous value and
0.01 MJ m−2 for an accumulative value. The whole
measurement system was calibrated at regular inter-
vals. The observations were made every day from sun-
rise to sunset at Xianghe station of the Institute of At-
mospheric Physics, Chinese Academy of Sciences (70
km southeast of Beijing) from 1 January 1990 to 31
December 1990 (Bai and Wang, 1994). In order to get
more reliable results of UV radiation, the UV obser-
vation data around sunrise and sunset are eliminated.

3. UV radiation under overcast sky and its re-
lationship with sunshine hours

Based on one year of observation data of solar ra-
diation at Xianghe station in 1990, the weather condi-
tions are classified as clear sky (cloudiness62/10) and
overcast sky (cloudiness>8/10), so as to analyze the
effect of cloud on UV radiation at the Earth’s surface.
In order to avoid the subjective influence of cloudiness
by the observer, a simple parameter that can quanti-
tatively express the objective effect of clouds on UV
at the ground should be selected and determined, and
this parameter should also be easy to obtain or be ob-
served for most observation stations. Thus, sunshine
hours instead of cloudiness is selected for the UV cal-
culation under overcast sky. S0 or S/S0 does not need
to be calculated (here, S0 is the number of sunshine
hours if the sky were clear all day), and it is more
reliable and objective than cloudiness. The sunshine
hours used in this paper do not include the values near
sunrise and sunset, and neither do the UV radiation
data. All the data are analyzed in the same time pe-
riod, so as to make the analysis reasonable in physical
meaning. The most important thing is to obtain more
reliable observation data for the analysis.

Apart from sunshine hours, UV radiation in clear
sky is also considered for the UV calculation in over-
cast sky, because the ratio of UV radiation in overcast
sky to that in clear sky should positively correlate with
the sunshine hours in overcast sky. From Fig. 1, we can
see the obvious relationship between the ratio of UV in
overcast sky to that in clear sky and sunshine hours. In
the figure , QUV and QUV0 are the observed monthly
mean daily sums of UV exposure in overcast sky and
clear sky, respectively, and their units are MJ m−2. S
is the monthly averages of daily sunshine hours.

So, the empirical formula of UV radiation in over-
cast sky is put forward as

QUV/QUV0 = A1S + A0 . (1)

Here, QUV and QUV0 are the observed monthly mean

Fig. 1. The monthly averages of Quv/Quv0 plotted against S in Beijing in 1990
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Fig.2. UV calculated and observed values in Beijing in 1990
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Fig. 1. The monthly averages of daily ratio of cloudy
to clear-sky (QUV/QUV0) plotted against daily sunshine
hours in Beijing in 1990.
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Fig.2. UV calculated and observed values in Beijing in 1990
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Fig. 2. Calculated and observed UV values in overcast
sky in 1990.

daily sums of UV exposure in overcast sky and clear
sky, respectively. S is the sunshine hours. A1 and A0

are the coefficient and constant, respectively, and they
are determined by correlation analysis of one year of
observation data at Xianghe station in 1990. The cor-
relation coefficient between QUV/QUV0 and S is 0.91,
thus, the ratio of QUV/QUV0 is highly correlated with
S at the confidence level of α= 0.01, according to the
test of correlation coefficients. The coefficient A1 and
constant A0, determined by correlation analysis are
3.72 and 34.80, respectively. Figure 2 shows the ob-
served and calculated values of monthly mean daily
sums of UV exposure in overcast sky at Xianghe in
1990.

It can be seen that the UV radiation in overcast sky
does not show an evident or regular seasonal variation
because of the influence of cloud, but it displays a max-
imum in June. It can also be seen that the calculated
values agree well with the observed; the maximum rel-
ative bias between the calculated and observed is 9.9%,
the minimum relative bias is 0.1%, and the yearly rel-
ative bias is 2.9%. Thus, the results of UV calculation
by sunshine hours are better than those by cloudiness,
in which the yearly relative bias is within 7% (Ilyas,
1987). Therefore, this empirical method is reliable and
feasible. Also, it is easy to calculate UV radiation in
overcast sky.

The ratios of monthly mean daily sums of UV ex-
posure in overcast sky to clear sky are calculated and
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Table 1. The observed UV exposure in overcast sky and
clear sky, and their ratio at Xianghe in 1990.

Month
QUVO QUV Ratio

(MJ m−2) (MJ m−2) (%)

1 0.95 0.51 53.7

2 1.27 0.67 52.8

3 1.37 0.80 58.4

4 1.48 0.86 58.1

5 1.54 0.88 57.1

6 1.65 1.02 61.8

7 1.52 0.84 55.3

8 1.48 0.66 44.6

9 1.44 0.71 49.3

10 1.36 0.77 56.6

11 0.98 0.48 49.0

12 0.82 0.41 50.0

Average 1.32 0.72 53.9

reported in Table 1, and it also shows the observed
UV exposure in clear and ] overcast sky at Xianghe in
1990.

It can be seen that there are large differences in
UV radiation between overcast sky and clear sky con-
ditions. The ratio of UV radiation exposure in overcast
sky to clear sky is between 44.6% and 61.8%, and its
yearly average is 53.9%. This means that almost half
of the UV radiation is lost in the atmosphere, includ-
ing attenuation by clouds, aerosols, ozone, and other
pollutants, and back-scattering to space. Blumthaler
and Ambach (1988) analyzed the influence of cloud to
UV radiation, and found that a cloudiness of 10/10
reduces the daily totals for the individual UV radia-
tion fluxes to 55%–65% of the values at 0/10. Ilyas
(1987) found that a large cloud cover (83%) reduces
the UV influx to about half. Therefore, the ratio of
UV radiation exposure in cloudy sky to clear sky is
basically closer for different sites. In addition, it can
also be seen that the ratio of QUV/QUV0 in 1990 does
not have an evident seasonal variation.

4. Conclusions

An empirical formula for calculating UV radiation
in overcast sky is established; sunshine hours is a good
parameter, which can be used to calculate UV in over-
cast sky. Good agreement is obtained between the

calculated and observed values, and the yearly aver-
age of the relative bias for the UV calculation is 2.9%.
The ratio of UV radiation in overcast sky to clear sky
is between 44.6% and 61.8%, and its average is 53.9%.
Almost half of the UV energy was lost in the atmo-
sphere in 1990.

Acknowledgments. This work was supported by

the National Natural Science Foundation of China (No.

40175031), the Knowledge Creative Project (KZCX2-204)

of the Chinese Academy of Sciences, and the LAPC-KF-

2002-02 program.

REFERENCES

Bai Jianhui, and Wang Gengchen, 1994: Observational and
analytical study on the solar ultraviolet radiation in
Beijing district. Chinese Journal of Atmospheric Sci-
ences, 18(2), 192–198.

Bais, A., C. Zerefos, C. Meleti, I. Ziomas, and K. Tourpali,
1993: Spectral measurements of solar UVB radiation
and its relations to total ozone, SO2 and clouds. J.
Geophys. Res., 98(D3), 5199–5204.

Blumthaler, M., and W. Ambach, 1988: Human solar ul-
traviolet radiant exposure in high mountains. Atmo-
spheric Environment, 22(4), 749–753.

Bordewijk, J. A., H. Slaper, H. A. J. M. Reinen, and E.
Schlamann, 1995: Total solar radiation and the influ-
ence of clouds and aerosols on the biologically effective
UV. Geophys. Res. Lett., 22, 2151–2154.

Frederick, J. E., and H. E. Snell, 1990: Tropospheric influ-
ence on solar ultraviolet radiation: The role of clouds.
J. Climate, 3, 373–381.

Ilyas, M., 1987: Effect of cloudiness on solar ultraviolet
radiation reaching the surface. Atmospheric Environ-
ment, 21(6), 1483–1484.

Madronich, S., 1989: Changes in biologically damaging ul-
traviolet (UV) radiation: Effect of overhead ozone and
cloud amount. Report of Effects of Solar Ultraviolet
Radiation on Geochemical Dynamics in Aquatic En-
vironments Workshop, N. B. Blong and R. G. Zepp
Eds., 30–31.

Schafer, J., V. Saxena, B. Wenny, W. Barnard, and J.
Deluisi, 1996: Observation influence of clouds on
ultraviolet-B radiation. Geophys. Res. Lett., 23, 2625–
2628.

Thiel S., K. Steiner, and H. Seidlitz, 1997: Modification
of global erythemally effective irradiance by clouds.
Photochemistry and Photobiology, 65, 969–973.

Webb, A. R., and M. D. Steven, 1986: Daily total of solar
UVB radiation estimated from routine meteorological
measurements. Journal of Climatology, 6, 405–411.


