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Abstract - The purpose of this research is to estimate ultraviolet
radiation intensity values using mathematical models. Ultraviolet
intensity data obtained at a wavelength of 290-390 nm, along with
global solar radiation and climate data on cloudless days. The case
study of Thailand where the four solar radiation monitoring stations
from the North, Northeast, Central and South among them are Chiang
Mai, Ubon Ratchathani, Bangkok, and Songkhla provinces respectively.
The models were created using data during 2017 to 2019. Following
that, the model was validated using 2020 data on a cloudless days.
It was found that the intensity of ultraviolet radiation was related
to the ratio of solar radiation intensity at the Earth’s surface to
extraterrestrial solar radiation intensity and the cosine of the zenith
angle. In addition, the intensity of ultraviolet radiation is related to
water vapor, ozone content, and visibility data. All of which can show
mathematical relationships. The validation results of the model revealed
reasonable agreement between the models with a positive correlation
with one another. According to the results, all data are not significantly
different at the 0.05 level.
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1. Introduction

Ultraviolet rays are electromagnetic waves
with short wavelengths and high photon
energy. There are three wavelengths of
ultraviolet radiation: ultraviolet A (UVA) with
a wavelength of 315-400 nm, ultraviolet B
(UVB) with a wavelength of 280-315 nm,
and ultraviolet C (UVC) with a wavelength
of 280-100 nm. In general, ultraviolet
radiation entering the earth consists of 96%
UVA and 4% UVB, while UVC is absorbed
by air molecules in the upper atmosphere
so that it cannot pass through the earth
(Chadysiene & Girgzdys, 2009). Most of
the sun’s ultraviolet radiation is absorbed
from the stratosphere, which contains ozone
gas. At present, the amount of ozone in
the atmosphere is decreasing due to the
use of chlorofluorocarbons and human
industrial activities resulting in changes in
the amount of ultraviolet radiation reaching
the Earth’s surface. Although they are very
small compared to the intensity of solar
radiation in the range of illumination, they
have a significant impact on life and the
environment on earth. This is harmful to
the skin, sunburn, acute inflammation and
genetic material abnormalities that promote
cellular aging and carcinogenesis (Elwood
& Jopson, 1997; Wei et al., 2003; Krutmann
et al., 2012). The average person’s skin
cancer is increasing at a rate of 4-6% per
year (Godar, 2005). Overexposure to UV
rays and prolonged exposure is the main
cause of blindness. The World Health
Organization (WHO) estimates that 20%
of blind people suffers from cataracts as a
result of UV exposure. It also contributes
to the deterioration of tissues caused by
the generation of free radicals due to
ultraviolet radiation (Yin & Jiang, 2013).
Therefore, it is critical to monitor changes
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and systematically monitor them in order to
provide inputs to prevent potential hazards
to human health.

Ultraviolet radiation is related to
the intensity of solar radiation because
ultraviolet is part of the solar radiation
(Igbal, 1983; Pinazo et al., 1995; Ineichen,
2006). They are absorbed and scattered
by atmospheric elements such as ozone,
air molecules, water vapor and aerosols
as they pass through the atmosphere into
the Earth’s surface. The decrease in solar
radiation was correlated in a mathematical
model with precipitable water vapor
and visibility data (Janjai et al., 2003;
Phokate, 2020). Therefore, the intensity
of ultraviolet radiation reaching the earth
changes according to the composition of
the atmosphere and the meteorological
changes of the atmosphere. To study the
intensity of ultraviolet rays reaching the
earth, long-term data collection is required
to analyze the changes in order to make an
estimate. Including studying the relationship
with various meteorological data in the
development of models to estimate the
accurate data can be applied to solar energy,
biotechnology, health and other fields.

2. Materials and methods

Ultraviolet intensity estimation uses data
obtained from the meter in the wavelength
range 290 nm to 390 nm, measurement
resolution 0.01 mW/cm? in the range 1 pW/
cm? - 40 mW/cm?, relative sensitivity at
wavelength 365 nm. Data on cloudless days
were selected based on cloud cover data on
the same day, where clouds on that day must
be less than 1 part of the total 10 parts of the
sky (Boland et al., 2001; Ineichen, 2006).
The solar radiation intensity and research
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data were obtained from four meteorological
stations, namely Chiang Mai (18.77 °N,
98.96 °E), Ubon Ratchathani (15.25 °N,
104.86 °E), Songkhla (7.2 °N, 100.6 °E)
and Bangkok Meteorological Department
(13.73 °N, 100.56 °E) between 2017 and
2019 were used to create the model. The
2020 data are used to test the model. The
ultraviolet radiation is related to the solar
radiation intensity and the zenith angle of
the sun (Khogali & Al-Bar, 1992; Barbero
et al., 2006).

I, =a+b(cosZ) + c(G/GO) (1)

where [ is the ultraviolet intensity
(mW/m?), G is the solar radiation intensity
(W/m?), GO is the extraterrestrial solar
radiation intensity (W/m?), Z is the zenith
angle of the sun, a b and c are constants.

The extraterrestrial solar radia-
tion intensity (G,) and the cosine of the
zenith angle (cos Z) are obtained from the
equation (Igbal, 1983).
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cos Z=sin d sin ¢ + cos d cos o (3)

where I is the solar constant
(1,367 W/m?), ¢ is latitude (degrees), d is
the declination angle (degrees), o_is the
hour angle at sunset (degrees) and E is the
orbit error correction value (-).

The amount of ozone in the
atmosphere is usually reported as the total
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vertical ozone thickness in the atmosphere,
assuming that the vertical amount of ozone
of the atmosphere converges at the Earth’s
surface at standard temperature and pressure
in centimeters, or Dobson unit (DU)
(Fioletov, 2008; Dobson, 2005). For Thailand,
the amount of ozone was measured us-
ing the Dobson Spectrophotometer at the
Bangkok Meteorological Department. The
researchers compared the ozone content
obtained from climate data of Robinson
(1966) at latitudes 10 °N and 20 °N with the
ozone content of Bangkok Meteorological
Department at latitudes 13.73 °N. It was
found that the change in time of year was
consistent and the ozone content was
relatively small change in time and latitude.
Therefore, Bangkok’s ozone content was
applied to other stations.

The amount of water vapor in
the atmosphere is expressed in terms of
the precipitable water vapor, assuming
that the water vapor in the column of the
atmosphere condenses into water (Igbal,
1983; Garrison, 1992; Gueymard &
Garrision, 1998). The amount of water vapor
is related to the relative humidity and air
temperature from the upper air data. For
Thailand, there are 4 measurement stations,
namely Chiang Mai, Ubon Ratchathani,
Songkhla and Bangkok Meteorological
Department. It can be calculated from the
equation (Phokate, 2017).

w = 1.461407exp(0.0451e)  (4)

where w is precipitable water vapor
(cm). The e is the actual vapor pressure
(mbar), which depends on the temperature
and relative humidity at the surface.
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The decrease in solar radiation
intensity is due to the composition of the
atmosphere, which is absorbed by ozone and
water vapor in the air. It is also absorbed and
scattered by aerosols, which is associated
with visibility data. Therefore, ultraviolet
radiation 1s associated with ozone content,
visibility data, and precipitable water vapor
in a mathematical model. Which can be
used to estimate the ultraviolet intensity in
other locations. The model was tested for
accuracy using 2020 cloudless skies date
data, which were not used for modeling.
The performance of model was assessed
based on some commonly used statistical
indicators. The two statistical estimators
of mean bias error (MBE) and root mean
square error (RMSE) are used to evaluate
the accuracy of the model (Igbal, 1983;
Nik et al., 2012). It represents the mean
deviation between the model data and
the actual measurement data, with values
approaching zero indicating the validity
of the model which can be shown as the
equations.

1
MBE ~ ?=1(PI' —0;) (5)

RMSE = J%Zpﬂ(ﬁ—oi)z (6)
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where n is number of samples, P is
the estimated or the forecasts and O is the
observed values or the measured.

3. Results

The data on cloudless days from 2017
to 2019 were selected from 177 sets for
regression analysis. It was found that the
ultraviolet intensity (I, ) was related to the
ratio of the solar radiation intensity at the
Earth’s surface (G) to the extraterrestrial
solar radiation intensity (GO) and the cosine
of the zenith angle (cosZ).

That is, the low G/GO, the higher the
I~ The I, is directly proportional to the
cosine of the zenith angle (Figure 1). The
correlation coefficient (R?) is 0.873 and the
standard error is 1.505. The mathematical
relationship can be written as the equation.

I, = 64.425 - 9.933(cosZ) - 193.475(G/GO)
(7)

where I, is the ultraviolet intensity
(mW/m?), G is the solar radiation intensity
(W/m?), GO is the extraterrestrial solar
radiation intensity (W/m?) and Z is the
zenith angle of the sun.
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Figure 1. Illustrate of ultraviolet intensity and the ratio of terrestrial solar radiation intensity
to the extraterrestrial solar radiation intensity and cosine of the zenith angle on a cloudless

day of the year from 2017 to 2019.

The ultraviolet intensity data
obtained from the measurements were used
to correlate the ozone content, precipitable
water vapor and the visibility data for
climate data on cloudless days between
2017 and 2019. It can be shown as shown
in Figure 2. The correlation coefficient (R?)
is 0.827 and the standard error is 1.732.
The relationship can be written as follows:

I, =-2.79032 + 1.511924(w) +
0.08722(0z) + 0.208231(Vis)

(8)

where I is the ultraviolet intensity
(mW/m?), w is the precipitable water vapor
(cm), Vis is the visibility data (km) and Oz
is the ozone content (DU).
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Figure 2. The illustrate shows the distribution of ultraviolet radiation intensity and water
vapor content in the air, visibility data and ozone content on cloudless days of 2017 to 2019.
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4. Discussion and conclusion

The correlation in the mathematical model
was tested by comparing the ultraviolet
intensity obtained from the model with the
measured ultraviolet intensity. The data on
the cloudless days of 2020 were used for
39 datasets of the four stations, which were
data on the same date, time and location
that were not used in the modeling.

The model eq. (7) was obtained
by correlating the measured ultraviolet
intensity with the ratio of the solar radiation
intensity to the extraterrestrial solar
radiation intensity and cosine of the zenith
angle. It was found that the ultraviolet
radiation intensity obtained from the
measurements was close and consistent with
the values calculated from the model. The
distribution during the year was consistent.
The model had an error of 5.55% of the
measured value (Figure 2 and Figure 4). The
RMSE was 2.180 mW/m?, the MBE was
-0.097 mW/m?, and the Pearson correlation
coefficient was 0.921. This is consistent
with Habte et al. (2019), ultraviolet
radiation was calculated from solar radiation
and air mass data, which correlated with
the zenith angle. When testing the model
it was shown that the resulting ultraviolet

40
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radiation were in good agreement with the
actual measured values. In addition, Khogali
& Al-Bar (1992) found a relatively high
correlation between ultraviolet radiation
with solar radiation at the Earth’s surface,
the extraterrestrial solar radiation intensity
and the zenith angle.

The model eq. (8) was obtained
by correlating the measured ultraviolet
intensity with the precipitable water vapor,
ozone content and visibility data. It was
found that the correlation was quite high.
The model had an error of 7.82% from the
measured value (Figure 3 and Figure 4). The
RMSE was 2.749 mW/m?, the MBE was
0.293 mW/m?, and the Pearson correlation
coefficient was 0.853. Consistent with
research by Habte et al. (2019), ultraviolet
radiation is associated with atmospheric
components such as aerosols, precipitable
water vapor, ozone content and local
surface characteristics. El-Hadidy et al.,
(1990) found that ultraviolet radiation was
associated with aerosols. which is related
to visibility data. Nunez et al., (1994), who
found that incoming ultraviolet radiation
decreased depending on the amount of
ozone in the stratosphere and also differed
by date, time, latitude, amount clouds and
aerosols.
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Figure 3. The ultraviolet intensity obtained from the models and measured using 39
datasets of the 2020 cloudless sky on the same date, time and location.
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The dependent t-test from both
models was compared with the measured
values. It was found that the data from
the models were not different from the
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data obtained at the 95% confidence level.
These two equations are highly correlated.
It shows that the model is accurate within
acceptable criteria.
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Figure 4. Comparison of ultraviolet intensity from measurements and ultraviolet intensity
obtained from models (Eq. 7 and Eq. 8) under cloudless sky conditions in 2020.

In this research, ultraviolet intensity
data in the wavelength range 0f 290-390 nm
were used from measurements on cloud-free
days at four measurement stations, namely
Chiang Mai Station, Ubon Ratchathani
station, Bangkok Meteorological Station
and Songkhla Station during the years
2017-2019, there were 177 data sets find
the relationship in a mathematical model.
It was found that the measured ultraviolet
intensity was correlated with the ratio of
the solar radiation intensity at the Earth’s
surface to the extraterrestrial solar
radiation intensity and the cosine of the
zenith angle, with a correlation coefficient of
0.873. When ultraviolet radiation intensity
from the measurements was taken to
correlate with precipitable water vapor,
ozone content and visibility data, it was

found to be highly correlated with a
correlation coefficient of 0.827. The model
was tested by comparing the ultraviolet
intensity obtained from the model with
the ultraviolet intensity measured using
39 datasets of the 2020 cloudless day sky
on the same day number. This data set
is independent of the UV data that has
been used for the relationship finding. It
was found that the ultraviolet intensity
calculated from the two models was close
to and consistent with the measured values
with a positive path correlation. The
distribution during the year was consistent.
The data from the model were not significantly
different at the 0.05 level, with a relatively
high correlation coefficient. Indicates that
the model has acceptable accuracy.
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