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Abstract

This study examines the correlation between solar UVB and different weather
parameters in Kuwait climate. To achieve that purpose, an experimental out-
door facility is designed and set up at the College of Technological Studies,
Kuwait for regular monitoring of solar global radiation, UVB radiation and
ambient temperature in Kuwait from beginning of January 1* 2014 until the
end of December 2019. Outcomes reveal that the change of solar UVB as well
as global radiation through the whole day inaugurate the same behavior for
the recorded data in clear day times. Statistical analysis is carried out to ob-
tain a correlation linking UVB radiation and both ambient temperature and
global solar radiation. Regression analysis of the current work shows that there
is a solid correlation among UVB radiation and both ambient temperature
and global solar radiation, especially for intermediate to small global solar rad-
iation ranges. In addition, UV index is evaluated for various months at all day
times. It is important to record that UV index with the maximum values is
attained in May-August months through midday period. Also, UV index val-
ues do not surpass the accepted extreme value which is higher than 9 during
any time of the study period.

Keywords

Ambient Temperature, UVB Radiation, Solar Radiation, UV Index,
Relative Humidity

1. Introduction

In past years, there is an increasing attention to examine solar ultraviolet (UV)
radiation because of its obvious impact on global warming as well as the decrease

in stratospheric ozone. Ultraviolet radiation increase has a significant impact on
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different biological and chemical processes. Most people are exposed to UV rad-
iation daily for a certain hour and this exposure is good for obtaining vitamin D
for our skin. However, excess exposure to UV radiation is harmful and can cause
skin cancer. Therefore, information regarding received UV radiation is a sub-
stantial knowledge for many fields of research as tropospheric chemistry, ocea-
nography, forestry and cancer research. In addition, developments in industry
have generated CFCs reacting with stratospheric ozone, which protects us from
harmful wavelengths of UV radiation.

Solar radiation reaching Earth are typically categorized in various wavelengths
values. Ultraviolet (UV) radiation wavelength is the fraction of solar radiation
with the shortest wavelengths. Solar UV is generally divided into three parts:
UVA having the range 320 - 400 nm, UVB with the range 280 - 320 nm and
UVC with 200 - 280 nm. UVB radiation is regarded as the most effective in UV
range and it causes sunburn and tanning in addition to its effect on the immune
system. UVB solar radiation represents about 1.3% of the whole solar spectrum
and it has a great impact on chemical and biological processes. The amount of
solar UVB radiation reaches the earth depends on location characteristics and
time of the year. Analyzing these parameters enable us to estimate UV values in
different locations. Long time disclosure to UV results in a dangerous conse-
quence on eyes, degeneration of the macula in addition to the weakness in the
immune system [1] [2] [3] [4] [5].

Recently, many researchers paid a great attention to the analysis of the UV
radiation [6]-[11] because of the harmful biological and physical effects resulting
from direct exposure to this radiation. Fountoulakis et a/ [12] utilized long-term
spectral UVB measurements of the solar radiation over different countries for a
period of twenty-five years. They showed that the measurements for long term
UVB, which achieves the earth’s surface changes significantly awing to the loca-
tion. The main reasons of these changes are variations in aerosols and ozone. On
the other hand, for higher latitudes, the variations are mainly due to surface ref-
lectivity and clouds. They concluded that more research is needed to correlate
UVB radiation to geophysical variables.

Andrady et al [13] examined the impact of solar UVB and climate change on
material degradation. They revealed that change in climate parameters like tem-
perature and moisture produced from UVB exposure could greatly affect ma-
terial degradation. So, more research is required to identify the synergetic changes
of these factors on material damage. Ultraviolet solar intensity at different times
is measured by Elani [14] Riyadh, Saudi Arabia. He introduced theoretical for-
mula resulted from comparing recorded measurements and the corresponding
theoretical data. He stated that the environmental factors help to better analyze
UV reflection, UV scattering and ozone layers in the studied location. A number
of researchers presented different equations relating UV and global radiation in
previous years based on measurements from Valencia [15], Dharan [16], Gra-
nada [17], Postdam [18], Edmonton [19] and Malta [20]. The mentioned studies
have examined UV characteristics recorded in specific site.
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Different measurements facilities are installed by Leal et al [21] for continuous
daily UV and global radiation monitoring. They introduced statistical models to
utilize daily global radiation to determine daily UV radiation. The proposed sta-
tistical equations have a good accuracy, so proposed models can be utilized for
the calculation of UV radiation in locations whereas this radiation cannot be
measured. Al-Mostafa et al. [22] examined the effect of stratospheric ozone and
aerosol at different six locations in Saudi Arabia. They carried out detailed satel-
lite monitoring of the atmosphere during the time from 979-2005. They stated
that although reduction of stratospheric Ozone, Erythemal ultraviolet radiation
(EUV) decreases in summer because of the rise in the aerosol at summer.

The stratospheric ozone depletion effects on UV strength at earth are investi-
gated by Blais ef al [23]. In addition, other than ozone factors are studied. The
parameters (clouds, aerosols and surface reflectivity) with significant effect on
short and long terms UV variations are examined. They used their measure-
ments to calculate variations in UV radiation up to 21" century ending. Yousif et
al. [24] performed UVB radiation measurements at Valladolid University, Spain
where the weather is warm in summer due wind velocity trend over Atlantic
Ocean. The UV radiation rate in Mashhad, Iran is determined by Akhlaghi et al
[25]. The results indicate that the average rate of UV in Mashhad is lower than
10 W/m?, which is the standard global.

El-Nouby [26] introduced a correlation to determine daily total UVB in a sub-
tropical region in Upper Egypt. Stammes et al. [27] proposed theoretical method
of the former type to calculate UV radiation. It should be noted that models ve-
rification necessitates precise spectral measurements in addition to continuous
monitoring of environmental conditions influencing the solar spectrum for dif-
ferent wavelengths. Further, these theoretical techniques are very complicated.
Even though there are several stations monitoring broad band UV radiation, a
very few lengthy times of measured parameters have been introduced in literature.

Escobedo ef al. [28] examined the variations of UV, photo synthetically active
and near IR parts. Results are adapted to obtain the portions of spectral parts to
global radiation. Calibrated data showed that suggested models precisely deter-
mine the flux of spectral radiation. UV radiation monitoring for flat and sloped
planes surfaces located in Spain are examined by Navntoft et al [29]. Average
ratio of horizontal to oriented UV irradiation is 0.95 and 1.25 for both winter
and summer. Corresponding values in total spectra increases to 0.85 and 1.70.

Jacovides et al [30] introduced the results of solar UV radiation obtained car-
ried out by his students employing monitoring-networks. Records of UVA, UVB
fluxes of broadband radiation are utilized to study the correlation among radiant
fluxes at different locations. Measured data indicated that the relation between
total UV radiation and global radiation is linear while, the correlation between
global and UVB radiation is a quadratic relation. Also, an inverse correlation is
detected between the ratio UVB/G and ozone amount for Acropolis location.
This behavior may be related to changes of different atmospheric factors other

than ozone column. Koronakis et al. [31] presented the ratio between global and
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UV radiation in Mediterranean area; their results indicated an annual 4.1% in
Athens, Greece.

Kudsih et al [32] concluded that ozone in UV and water vapor in IR solar
spectrum band are responsible for solar radiation in the atmosphere. They pro-
posed a relation to evaluate UVB radiation flux in terms of optical path length
and global radiation. Furthermore, a parametric sensitivity analysis was carried
out the empirical relation utilizing two various methods. Kudsih et al [33] in-
troduced a relation between global, global and diffuse radiation in terms of rela-
tive optical air mass and UVB optical depth. The records of the components of
direct and global UVB allowed the evaluation of atmospheric optical depth. So,
the incident UVB radiation is introduced correlated to the optical depth and rel-
ative air mass utilizing an updated formula of the law of Lambert-Beer. The re-
lations of both global and direct UVB portions are calibrated versus measure-
ments. Moreover, results attained from suggested models predicted reliable re-
sults for different UVB parts.

It is noticed that for Dead Sea, the values of monthly mean UV Index never ex-
ceeded the risky range. In addition, a linear correlation exists among UV and total
solar radiation, especially for the range of low to moderate global radiation [34].
Downs et al. [35] introduced two different mathematical models to determine the
UV index at different locations for better understanding the physical phenomena
that impact the value of UV index. They concluded that in high altitude sites of
tropical South America, UV index could attain extreme values of 18. In the other
hand, the value of UV index can exceed 10 in tropical latitude during summer. So,
they advised public awareness for protection as well as avoidance of solar energy
exposure at these locations. Charuchittipan [36] ef al developed an empirical cor-
relation to calculate diffuse NIR radiation using ground-based measurements and
satellite as input. Diffuse NIR is found to be best modelled employing the three
mentioned parameters as independent parameters for an exponential relation.
They stated that the semi empirical model agrees well with diffuse NIR data. Ye
et al. [37] adapted a solar selective absorber to investigate solar selective absorber
with different polarization angles. The introduced configuration has a spectral
range of 300 nm to 1777 nm. The suggested shape can attain a wide absorption
band like free space impedance. Furthermore, a full wave simulation is carried
out to examine the influence of geometric configuration. Thermal efficiency eva-
luated can attain higher values as 92.23% at 373.15 K. Results reveal that there is
a great need for solar thermal applications with the proposed configuration.

The main aim of this work is to set up a mathematical correlation correlating
UVB radiation to total solar radiation and ambient temperature in Kuwait cli-
mate. Predicted correlation can be utilized to determine UVB radiation at any
location in Kuwait where UVB records are not available utilizing measurements
of global radiation and ambient temperature for these locations. A test station is
setup at the College of Technological Studies, Kuwait to monitor UVB radiation,
global radiation and ambient temperature. Measurements are performed from

beginning of January 2014 until the end of December 2019. In addition, the
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second goal of this work is to calculate ultraviolet index (UVI) all over the stu-
died period. Ultraviolet index (UVI) is an indicator of the strength of sunburn,
which resulted from exposure to UV radiation at a certain location and time.
The largest UVI index value means the larger risk for skin and eye damage and
consequently harm occurs in shorter times. Information about this index help

people to protect themselves from UV radiation.

2. Experimental Setup

The measurement station has the devices necessary for continuous recoding of
UVB radiation on horizontal plane, global radiation (G) and surrounding tem-
perature. UVB Biometer Model 501 is employed to record UVB radiation received
by a horizontal surface. UVB Biometer is utilized to record UVB radiation (280 -
320 nm). Biometer position is selected so that no shadow overcast into the Bio-
meter through the measurement time.

UV irradiation biological effect is expressed in MED/h (Minimum Erythema
Dose per Hour). One MED/h will result in a minimum redness in skin after ex-
posure to radiation in 1 [MED/h] = 5.83 x 10°° [W/cm?] of Effective Power for
an MED of 21 m] per cm? effective dose. Calibration of detector is carried out in
a clear sky at ambient temperature 25°C for 30° solar zenith angle.

The concept of UVB radiation measurement is as follows; solar radiation passes
from input filters to enhance the detector cosine response. Then light filtered
which includes all UV spectrum, energies the phosphor. GaAs diode detects vis-
ible light emitted from phosphor. Both the phosphor and the diode are main-
tained in the metal compound by the Peltier element. The UVB Biometer is com-
pact and has a spectral response close to erythema. It has menu to organize dif-
ferent options, recorder keypad and alphanumeric LCD. To ensure precise mon-
itoring of UVB radiation, the detector should be fixed correctly. The detector is
manufactured for different, but the recorder operates at room conditions only.
To get precise records most of sky must be viewed by position of the detector
and the detector must be far from dust as dust leads to significant variation of
the UVB radiation received by the detector.

Eppley Precision Spectral Pyranometers (PSP) is employed to record global
radiation received by horizontal surface. PSP pyranometer employ a thermopile
detector to measure solar radiation. Temperature sensors accuracy changes aw-
ing to the objective needed. The accuracy of ambient temperature measurements
is £0.1°C. Ambient temperature is monitored employing standard resistance
thermometer (RTD-PT100) to ensure high accuracy.

All instruments outputs are linked to data taker (Model DT80) which is a pre-
cise data acquisition system to record all the required parameters accurately. Data
Taker adapted has a variety of options permitting its use in different measure-
ments. Dual channel concept of Data Taker enables using 15 common analog in-
puts. It has different sensors including resistance thermometer detectors (RTDs),
different types of thermocouples and thermistors. A computer package is included

to save measured parameters in addition to data organization and analysis.
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The main goal of current work is to perform regular recording of UVB and
global solar radiation and ambient temperature from 1% January 2014 till end of
December 2019. The measurements are recorded then saved each ten minutes.
Hourly global, UVB radiation and ambient temperature have been measured
since 1* January 2014 till 31* December 2019. Clear sky data only are considered
for analysis while cloudy days data are neglected. To ensure the accuracy of the
measured parameters, a regular calibration was performed following construc-
tions advised by Biometer manufacturer. The pyranometer used for global radia-

tion monitoring are tested utilizing first class Eppley PSP pyranometer.

3. Error Analysis

UVB radiation measurement accuracy is found to be about +1.9% for the total
day. An extensive statistical analysis is performed to ensure the reliability of de-
termined mean daily records. This was achieved through calculating correlation
coefficient and then adapting these data to evaluate the standard errors of both
the monthly average daily values and the monthly average daily standard devia-
tions. Standard errors calculated are smaller than the internal measurements of
the devices employed. Global radiation records have measurement error of about
1.8% - 3.3%, whereas UVB radiation errors are about 1.91%. The error of am-

bient air temperature is about 1.2%.

4. Results and Discussions

The average UVB and global radiation monitored monthly through each hour of
the day are determined. The highest hourly average UVB radiations are achieved
during May-September at midday. Also, lowest UVB values take place during
November, December, and January. The same trend is noticed for the values of
average monthly total radiation. The maximum average hourly global radiation
is achieved during May to September at midday with greatest value of 944.28
W/m? for average hourly global radiation. The smallest total radiation happens
during November, December and January which are lowest UVB radiation months.
The smallest global radiation measured is 437.6 W/m” at 12:00 noon in January.
These predictions obviously indicate the powerful correlation linking UVB and
global radiation.

Diurnal UVB radiation variation versus time have the same style for clear sky
hours. As an illustration, Figure 1 presents the change of UVB radiation against
with time for the specific day of peak collected daily UVB radiation for each year
all over the studied period. As Figure 1 indicates, UVB radiation rises when solar
elevation increases and achieves the peak during 12:00 to 13:00 noon, then it re-
duces when sun elevation reduces. The maximum UVB attained is 3.382 MED
for the day of 17" May 2015 at 12:00 noon and the maximum daily accumulated
UVB radiation is 21.137 MED for 18" June 2014. On the other hand, Figure 2
presents diurnal UVB radiation variation along time for the day of minimum
collected daily UVB radiation for each year all over the studied period. The same
behavior is observed again and the minimum daily accumulated UVB radiation

DOI: 10.4236/sgre.2020.118008

108 Smart Grid and Renewable Energy


https://doi.org/10.4236/sgre.2020.118008

I. M. Kadad et al.

is 5.206 MED and occurs at 3™ January 2018. The maximum UVB radiation ob-
tained, 21.137 MED, is approximately four times greater than the one obtained
at the day of the least collected daily UVB (5.206 MED). This great deviation is
primarily because of the existence of tiny sand particles, which will cause a re-
duction in UVB radiation minimum values. Also, this may be attributed to clear
atmosphere, which will lead to a rise maximum UVB values. Furthermore, mea-
surements reveal that the average data are not halfway between the minimum
and the maximum but are nearer to the peak. The sharp change is basically at-
tributed to the occasional rainfall periods, which remains less hours where the
high discrepancy between the maximum and the minimum is due to less rainfall

periods in Kuwait.
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Figure 1. Diurnal variation of maximum UVB radiation for 6-years.
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Figure 2. Diurnal variation of minimum UVB for 6-years.
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4.1. Statistical Analysis

The universal well-known statistical factors, root mean square error (RMSE) and
mean bias error (MBE) are adapted to investigate the reliability and accuracy of
various correlations utilized in this work. Positive MBE values imply that the
estimated predictions overestimate the monitored data; while, MBE with nega-
tive value reveals that that the evaluated data underestimate the measured one.
RMSE indicates the deviations among measured data and the corresponding one
from correlations. Accurate results should have small RMSE. MBE and RMSE
percentage are determined to compare between measured and predicted values.

The above-mentioned statistical parameters are expressed as:

RMSE = [>"(X, - X!)* /n 1
=

MBE:ZH:(Xi—Xi’)/n ()
E

RMSE% = R'\:'ZSE =100 (3)

MBE% = MEE =100 4)

where, X; is the /* calculated value, X/ is the /" measured value, n is the data

i
points number and X is the measured mean.

In addition, RMSE percent is the variation coefficient (CV%) judging changes
related to the mean and is commonly employed to compare the relative disper-
sion in two types of data. The correlation coefficient (R) is a helpful factor in
measuring the reliability of the correlation linking various parameters. The cor-
relation coefficient (R) is an indicator of the reliability of the measurements fit-
ting. The correlation coefficient (R) indicates the power of linear relation be-
tween two factors. The equation for determining R for two parameters:

2¥x—ixm-V)

J;u.zyim_ﬂz

i=1

(5)

The typical values of Ris —1 < R< +1, the positive and negative signs are used
for negative and positive linear correlations, respectively. R is very near to +1 for
parameters having powerful positive linear correlation. R with negative values
illustrates if one variable increases, the other variable decreases. On the other
hand, if one variable increase leads to an increase in the other variable, this means
that R has a positive value. If the two parameters have a powerful negative linear
correlation, R is close to —1. A perfect negative fit ocfcurs when R is exactly —1.
A value close to zero implies that there is a random, nonlinear relationship be-
tween the two parameters. In case of no linear correlation, R is close to 0. An

ideal correlation of +1 exists if all data observations located on a straight line. If
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R > 0.9, the correlation is accepted, while it is not accepted if R is smaller than
0.5.

Coefficient of Determination (&) defined as explained variation divided by
total variation is important as it shows portion of the variation in one parameter
that is predicted from the other variable. The range of coefficient of determina-
tion is 0 < R < 1, and it characterizes the strength of the linear relation between
two variables. So, the coefficient of determination is an indication of the reliabil-
ity of the regression analysis. Usually R values greater than 0.80 is accepted,

whereas if it is smaller than 0.50 it is usually not satisfactory.

4.2. Correlation between UVB and Global Radiation

A strong correlation is found between UVB and global radiation, especially for
low to moderate global radiation. This relation allows prediction of UVB radia-
tion in desert regions where UVB recording are not possible whereas global rad-
iation is available. Regression analysis utilizing well-known SPSS package is em-
ployed to illustrate a correlation among global and UVB radiation. Also, regres-
sion analysis is used to predict a relation correlating UVB radiation and temper-
ature. Resulted equation can be employed to determine UVB radiations that are
not possible to measure at different Kuwait sites.

Graphical charts are also utilized as they can give detailed knowledge as well
as a good way of data interpretation. However, the huge data included in a graph-
ical chart make it not easy to measure the accuracy of the results. Regression anal-
ysis is performed utilizing daily total UVB and total radiation for study months
from 1* January 2014 to 31* December 2019. Various correlation quadratic, li-
near as well as cubic one is investigated to achieve the most suitable correlation
corresponding to different months using the indicators RMSE, MBE and R. R
must be very near to 1 to obtain precise and reliable results. Statistical procedure
begins by evaluating mean daily UVB and global radiation to achieve a formula
relating monitored UVB and G. That job is carried out by calculating standard
error of average monthly daily of UVB and total radiation. Results showed that
the standard error of daily measured data is smaller than the measurement un-
certainty in measuring the UVB recorded by Biometer and pyranometer data for
global radiation.

Table 1 introduces the evaluated equations relating UVB and global radiation
for different months from beginning of January 2014 to the end of December
2019 along R. A visual test is performed for experimental data plotting. This in-
dicated that linear formula does not give a reasonable fit instead it shows a certain
quadratic correlation. The quadratic relations give larger R values, however fit-
ting the measurements to cubic equation leads to greater R°. Therefore, cubic
equation is selected to relate monitored UVB to global radiation (G). An equa-
tion is chosen for each month through comparing evaluated and recorded UVB
radiation. The factors utilized to judge correlation reliability are MBE, RMSE

and coefficient of variation percentage (CV%).
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Table 1. Relations between UVB (MED) and global (Wh/m?) radiation.

Month Cubic Equation R
Jan 0.689 +0.0017 G — 5.764 x 107 G* - 3.357 x 1072 G® 0.971
Feb 2.489 +0.0007 G + 3.124 x 1077 G* - 2.658 x 107! G* 0.952
Mar 17.324 — 0.008 G +2.429 x 107 G* - 2.117 x 107* G® 0.951
Apr -11.905 + 0.0103 G — 1.862 x 107 G* + 1.132 x 107° G? 0.984
May 9.046 — 0.0013 G + 4.712 x 107 G* - 1.304 x 107! G* 0.965
Jun 522.308 — 0.315 G +4.329 x 107 G> — 1.821 x 10° G* 0.971
Jul 243.453 +0.1123 G — 1.487 x 10°% G* + 7.321 x 1079 G3 0.959
Aug —249.824 +0.134 G —2.233 x 107 G* + 9.652 x 107° G* 0.987
Sep 26.255 - 0.0336 G + 6.328 x 107 G* - 5.120 x 107 G® 0.958
Oct 127.854 — 0.0832 G + 1.490 x 107 G* - 1.004 x 10~ G* 0.961
Nov 4.865-0.003 G +3.174 x 1007 G* +2.224 x 107! G® 0.955
Dec —-30.432 + 0.042 G-1.012 x 107° G* + 2.234 x 10°® G® 0.968

Larger coefficient of determination (&) indicates that there is a powerful cor-
relation among UVB and G. The R values is larger than 0.95 for all study period
and the greatest value attained is 0.987 for August, while the lowest R noticed is
0.951 for March. MBE, MBE%, RMSE, and CV% (RMSE%) are presented in Ta-
ble 2 for different months.

The statistical analysis of recorded data presented in Table 2 clearly shows the
power relation between UVB and global radiation, especially for moderate to
small global solar radiation. In addition, predicted UVB radiation from the rec-
orded global one agrees well with the measured UVB radiation. That is illustrated
by almost small statistical factors examined, MBE, RMSE and CV%. The smallest
percent CV is 5.993% at August and the largest percentage CV is 11.847% for
March. Also, CV% does not surpass 11.9% verifying that correlations estimated
for UVB radiation are accurate. So, predicted formula can be adapted to deter-
mine UVB radiation precisely for regions where monitoring of UVB radiation
are not possible. It should be mentioned that the relatively smaller CV values in
Table 2 occurs through months of maximum radiation, which is primarily due
to clear sky climate in these periods. The large predicted errors in certain rela-
tions may be associated with small UVB values in comparison to the correspon-
dent global radiation. So, lower error in UVB will cause relatively higher errors
in the correlations. Further, it is useful to mention that ozone has a significant
effect in UVB attenuation, however its impact on global radiation can be neg-
lected.

Figure 3 shows the relation between UVB radiation predicted from global
radiation against recorded UVB data for the study period after eliminating data
measured in cloud sky days. As figure indicates, the fit is a line having zero in-

tercept and almost a unity slope (0.984).
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Table 2. Statistical errors for UVB relationships.

Month MBE MBE% RMSE CV% (RMSE%)
Jan —-0.0212 —-0.0188 0.546 9.331
Feb 0.0019 0.0032 0.921 10.229
Mar 0.0019 0.0425 2.334 11.847
Apr —-0.0022 -0.0172 1.860 10.521
May 0.0018 0.0006 1.463 7.824
Jun 0.0019 0.0007 1.547 8.993
Jul 0.0006 0.0021 0.863 7.229
Aug 0.0004 0.0042 1.459 5.993
Sep 0.0037 0.0047 0.845 7.123
Oct 0.0007 0.0007 0.732 9.254
Nov 0.0004 0.0005 0.802 11.673
Dec 0.0018 0.0033 0.497 10.251
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Figure 3. Calculated versus measured UVB radiation.

Furthermore, the CV percent is 10.827%, which is relatively small. Current
predictions let us state that the empirical formula can be utilized to accurately
determine UVB radiation in any other regions in Kuwait where UVB radiation

measurements are not available.
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4.3. Relationship between UVB and Ambient Temperature

A powerful relationship between UVB radiation and ambient temperature is pre-
dicted from the statistical analysis. A satisfactory linear correlation between the
UVB and ambient temperature is predicted permitting calculation of UVB radi-
ation in desert locations where measurements of ambient temperature are avail-
able while is no facility to measure UVB. Generally, the reliability of the utilized
correlations is examined through calibration versus measured data. Regression
analyses are performed employing daily ambient temperature and UVB measure-
ments for all months of the studied period from 1% January 2014 to 31% Decem-
ber 2019. Various correlations linear, quadratic and cubic relations are investigated
to predict the most suitable correlation considering the values of RMSE, MBE and
R. The initial procedure in error investigation is to decide if the values of monthly
average daily UVB and ambient temperature represent the site or not. This is a
crucial point to find a correlation between recorded UVB and ambient tempera-
ture. This job is achieved by evaluating monthly average daily errors in both UVB
and ambient temperature. This error is found to be smaller than the uncertainty
in measurements by both Biometer and temperature measurements sensors.

The attained relations linking UVB and ambient temperature are introduced
in Table 3 along K. Graphs of measured data obviously indicated that good fit is
not a linear one, rather it is better to utilize a quadratic correlation. The quadratic
empirical correlations have a significant higher &, however employing cubic
equation gives a higher R. So, it is decided to select cubic equation to present
the correlation between measured UVB and ambient temperature. A correlation
is chosen for each month, by comparing calculated and measured UVB radiation
values. RMSE, MBE and CV% are used to measure the correlation accuracy.

The higher values of R, reveals that there is a powerful correlation between
UVB and ambient temperature. R values are larger than 0.94 and the largest
value attained is 0.974 for July. Further, the smallest & data obtained is 0.943 in
April. Table 4 introduces MBE, MBE%, RMSE, and CV% (RMSE%) results for
months examined.

Table 4 shows a solid correlation between UVB radiation and ambient tem-
perature, especially at modest to small global radiation. The predicted hourly UVB
radiation from ambient temperature measurements agree well with recorded ones
of UVB radiation. This is validated by relatively small MBE, RMSE and CV%. The
smallest percent CV is 6.179% for October whereas the greatest CV percentage is
12.244% for May. As Table 4 shows, CV% does not surpass 11.8% indicating that
correlations obtained for UVB radiation are accurate. So, these relations can be
adapted to find UVB radiation precisely for locations with no facility to record
UVB radiation. The small CV values in Table 4 are through months of maximum
radiation due to clear sky weather in these periods. The relatively large errors in
certain formula may be because of lower UVB in comparison to global radiation.
So, small absolute error in UVB radiation will lead to a higher error in predicted
formula. In addition, it is substantial to mention that ozone has significant effect

in UVB attenuation, but its impact on global radiation can be ignored.
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Table 3. Correlations between UVB (MED) and ambient temperature, T, (°C).

Month Cubic Equation R
Jan 0.534 + 0.0021 T,-7.924 x 107 T: —4.226 x 1071° T: 0.966
Feb 3.436 + 0.0008 T, + 2.983 x 107% T: —3.765 x 10712 T: 0.958
Mar 22.138 — 0.005 T, + 3.256 x 107 T: —5234x 107" T: 0.953
Apr 10.705 + 0.02063 T, — 4912 x 1077 T? +2.082x 107" T? 0.943
May 7.259 —0.0025 T, + 6.123 x 10 T> —3.882x 107" T° 0.967
Jun 8.224 — 0.654 T, + 5.231 x 107% T: -4.721 x107® T: 0.958
Jul 221.213 +0.138 T, — 3.524 x 107 Ta2 +3.921 x 107! T: 0.974
Aug 215532 +0.179 T, - 3.339 x 107 T? +6.981 x10° T 0.964
Sep 37.125 - 0.0416 T, + 8.328 x 10 T? —8.146 x 107! T° 0.958
Oct 152.773 — 0.0654 T, + 4.765 x 107 Taz -3.176 x 1071 T: 0.963
Nov 6.159 — 0.004 T, + 7.129 x 107 Tj +8.317 x 107! T: 0.957
Dec 4.578 +0.148 T, - 6579 x 107 T? +6.152x 107 T° 0.968

Table 4. Statistical errors for UVB correlations.

Month MBE MBE% RMSE CV% (RMSE%)
Jan -0.0336 -0.0133 0.613 8.441
Feb 0.0022 0.0029 0.887 7.339
Mar 0.0033 0.0521 3.561 10.747
Apr —0.0042 -0.0161 2.734 11.712
May 0.0028 0.0007 3.548 12.244
Jun 0.0027 0.0008 3.661 8.623
Jul 0.0007 0.0019 0.992 6.238
Aug 0.0005 0.0051 2.134 7.225
Sep 0.0052 0.0036 0.784 7.892
Oct 0.0008 0.0008 0.748 6.179
Nov 0.0005 0.0004 0.923 11.123
Dec 0.0021 0.0029 0.551 10.742

To further validate the correlation among measured UVB radiation and am-
bient temperature, Figures 4(a)-(f) presents the variation of both UVB radiation
and ambient temperature all over the year for the different years measured.

As seen from Figure 4. UVB radiation and ambient temperature follow the
same trend for all years. As seen, both UVB radiation and ambient temperature
increases in the first half of the year then decreases for all the years studied. How-
ever, it is noted that the rate of UVB decrease is slower than the rate of tempera-
ture decreases for the second half of the year. It is stated that in the Arabian
Peninsula, which is a desert region, dust behavior is usually maximum from May
to Jun during spring and summer seasons since dust storms are more expected
at these times. The dust storms behavior leads to the existence of dust aerosols in
Kuwait atmosphere which decreases the global radiation as well as UVB radia-
tion and the air temperature due to scattering and dust absorption [38] [39].
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Figure 4. Variation of UVB and temperature for the studied years.

However, as illustrated in this Figure 4, the fast rate decrease of UVB values
(short wavelength) in the second half year in all the studied period may be attri-
buted to dust aerosols in Kuwait. So, the ambient temperature decreases at slow-
ly rate compared to UVB decrease rate. This behavior may be attributed to other
climate parameters changes as high summer IR infrared radiation (IR), radiative
dust aerosols, air pollution, etc. from one year to another.

To further validate the relation among UVB radiation and ambient tempera-
ture another analysis is carried out. Since ambient temperature greatly varies all
over the year in Kuwait from about 20°C to about 60°C, so this can enable stud-
ying the variation of UVB with ambient temperature in a different manner. The
average maximum daily UVB value corresponding to a specific temperature all
over the year for the studied period is evaluated. Figures 5(a)-(f) shows the rela-
tion between the ambient temperature and the corresponding average maximum
daily UVB radiation. As seen the relation is a linear one for all the period studied
and the coefficient of determination (&) for all years is nearly 0.9 which means
that it is in the range of the accepted values considering the changes in global
climate conditions.

Figure 6 summarizes the above-mentioned procedure for the years studied.
This figure illustrates clearly that the relation between UVB and ambient tem-

perature is a linear one.

4.4. UV Index

Exposure to low amounts of UV radiation is useful and produce vitamin D.
Though, extra amounts of UV radiation cause two essential health dilemma: cat-
aract and skin cancer. Solar UV index (UVI) defines UV radiation levels at the
surface of the Earth. So, information regarding UVI values is necessary for ad-
verse health effects and at the same time increase public awareness so that they
can protect themselves from long exposure to UV radiation. Higher UVI values
indicate the great potential for skin and eye and consequently small time is needed
to cause harmful effects. UV radiation levels change through the day and achieves
its peak value at 12:00 noon. So, UVI usually determines the maximum UV rad-
iation supposed to be received by Earth at midday. UVI values can reach up to

20 for regions near the equator. The exposure divisions related to different UVI
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values UVTI [31] are: small < 4, 4 < modest < 7, 7 < high < 9 and extreme > 9.
The effective power of 1 MED/h is equivalent to 0.0583 Wm™>, therefore UVB
radiation in MED/h should be initially transferred to W/m* and multiplied by 40

to evaluate the value of UVI. Table 5 introduces UVI results for various months

during the hours of midday (10 - 14) which is the range correspond to the high-
est UVI evaluated. Also, CV% is evaluated and introduced along UVI data. To

specify risky periods to sun exposure, the UVI values larger than 6 are intro-

duced in boldface character.
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Figure 5. Variation of average UVB with specific ambient temperature for the years studied.
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Figure 6. Linear relation between UVB and ambient temperature for the years studied.

Table 5. Average hourly UVI at midday.

Month 10- 11 11-12 12-13 13-14
Jan 2.41 (10%) 4.14 (7%) 2.79 (11%) 2.54 (11%)
Feb 2.54 (8%) 3.69 (11%) 5.28 (10%) 4.12 (14%)
Mar 5.21 (12%) 5.44 (12%) 6.14 (12%) 3.88 (11%)
Apr 4.64 (10%) 6.28 (11%) 4.88 (8%) 3.93 (11%)
May 5.76 (10%) 6.73 (10%) 6.51 (12%) 5.44 (10%)
Jun 6.54 (11%) 6.91 (12%) 6.53 (9%) 5.68 (11%)
Jul 5.38 (12%) 6.83 (13%) 6.34 (12%) 5.14 (12%)
Aug 6.15 (10%) 7.62 (11%) 6.89 (11%) 6.12 (10%)
Sep 5.112 (11%) 5.45 (12%) 5.63 (11%) 5.26 (8%)
Oct 2.77 (12%) 4.87 (11%) 3.82 (10%) 2.88 (10%)
Nov 3.84 (12%) 3.53 (11%) 2.14 (12%) 2.42 (10%)
Dec 2.58 (12%) 2.12 (12%) 2.33 (11%) 1.63 (12%)

Figures 7-10 illustrates monthly mean hourly UVI change during the day for
all months the study period. As figures illustrate, the UVI on the y-axis have been
split to three major levels awing to commonly known categories of UVI: small <
4, 4 < moderate < 7 and 7 < high < 9. As indicated, evaluated UVI data is not
over the risky value (29). Various levels can be interpreted due to exposure to
sun to attain redness of a type 2 skin. The mentioned levels of UVI corresponds
to <15, 20, 30 min and more than 1 h, respectively. As shown from Table 5 and
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Figures 7-10, UVI do not exceed the dangerous value (=9) in any time of the
day all over the year. The greatest UVI are obtained during May-August at mid-
day hours. In addition, it is noted that the values of UVI from 12 - 14 are usually
smaller than from 10 - 12. This trend because of the difference between solar
time and standard local time during the year. Furthermore, predictions indicate
that months of summer are specified by relatively small coefficient of change be-
cause of high climate durability in Kuwait weather at this time. So, relatively large

coefficient of variation is caused by weather fluctuations at these months.
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Figure 7. Average hourly UVT for January-March).
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Figure 8. Average hourly UVI for April-June.
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Figure 9. Average hourly UVI for July-September.
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Figure 10. Average hourly UVI for October-December.

5. Conclusions

UVB) radiation, ambient temperature and global solar radiation are recorded at
Shuwaikh, Kuwait from January 1%, 2014 until December 31*, 2019. Following
conclusions can be stated based on current work results:

® A strong correlation exists among UVB, global radiation and ambient tem-

perature specifically in the range of modest to small global radiation levels.
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UVB radiation peak data take place in summer months (June-August) and
the maximum daily accumulated UVB radiation is 21.137 MED for 18" June
2014.

The lowest UVB radiation takes place in winter months (December-February)
and the least daily accumulated UVB radiation is 5.206 MED and happens at
3" January 2018.

The peak of UVB radiation (21.137 MED) is almost four times larger than
the maximum achieved for the day of the least collected daily UVB radiation
(5.206 MED).

The large difference between maximum and minimum UVB radiation is
basically because of the existence of sand particles. This will cause a reduc-
tion in minimum UVB data. In addition to the presence of clear atmosphere,
which will lead to a rise in peak values of the UVB radiation.

A significant variation of the daily UVB and global radiation all over the year
is attained since it is altered by dust and cloud variations during the year.
Diurnal global and UVB radiation change have similar behavior for all clear
day’s data. Typically, UVB and global radiation rise when solar elevation in-
creases and achieves the peak during 11:00 to 13:00, then when sun elevation
reduces it decreases. Furthermore, global and UVB radiation measurements
are maximum approximately in midday with modest diurnal similarity.
Cubic formula gives the most accurate correlation between UVB and G and
between UVB and ambient temperature since it produces the largest R* and
the smallest CV% values.

UVT is evaluated and risky sun exposure times during the day when UVT is
larger than 6 are stated for different months.

The values of largest UVI data take place during May-August at midday
hours.

UVI values never surpass the dangerous value (=9) at any hour throughout
all the study period.
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