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ABSTRACT 

This paper presents analysis for continuous measurements of solar UVB radiation, solar global radiation, 

relative humidity and ambient temperature in Kuwait for a period of three years. Measurements are carried 

out for four years period from 1
st
 June 2010 till 1

st
 June 2014.  An outdoor test facility is designed and 

installed at the College of Technological Studies, Kuwait for this purpose. Statistical analysis is employed to 

establish different correlations relating UVB radiation to both the global solar radiation and relative 

humidity on monthly and yearly basis. Results indicate that the variation of diurnal UVB and global 

radiation with time of the day almost follows the same trend for all measured clear days. In general, 

statistical study showed a good relationship between UVB radiation and both global solar radiation and 

relative humidity. It is noted that there is a strong correlations between these parameters especially in the 

region of moderate to low global solar radiation values. The UV index is an important factor to judge UV 

harmful effects. The UV index is a measure of the UV radiation level at the Earth's surface. The UV index is 

evaluated at different months through the whole day hours. The highest UV index values are achieved 

through the months May-August during the midday hours. For the three year period measurements, the 

values of UV index never exceed the extreme value ( i.e. ≥ 9) at any hour through the day.   

 

Keywords: Ultraviolet radiation, UVB radiation, UV Index, global radiation, relative humidity.  

 

1. INTRODUCTION 

The monitoring of UV radiation has been recently given a great attention particularly in environmental 

research that is due to the Ozone depletion in the stratosphere caused by several chemicals.  It is well known 

that the UV radiation levels depend greatly on several atmospheric and surface parameters: meteorological 
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clearness index and relative optical air mass. Given the fundamental role that UV radiation plays and due to 

the lack of long-term measurements of this magnitude, we face two alternatives for its determination: (1) the 

use of radiative transfer models that estimate UV radiation by considering the scattering and absorption 

processes that take place in the radiation path through the atmosphere, or (2) empirical models, which 

estimate the UV radiation from parameters usually measured at most radiometric stations. The variation of 

the percent ratio of solar global UV to solar global radiation under various atmospheric conditions, at 

Athalassa, Cyprus in the eastern Mediterranean basin has been investigated by Jacovides et al. [12].  The 

analysis of hourly percentage ratio values revealed a definite daily pattern with lower values during 

sunrise/sunset and higher values around noon.  

A four years of solar UV radiation measurements performed on tilted and horizontal planes located at the 

Plataforma Solar de Almería, Spain is analyzed by Navntoft et al. [13]. The monthly mean ratio of 

tilted/horizontal solar UV irradiation varies with the time of the year, reaching values of 1.25 and 0.95 for 

winter and summer, respectively. The same ratio in the solar global spectra rises up to 1.70 and 0.85 for the 

same months. Escobedo et al. [14] explored the seasonal evolution of hourly and daily global ultraviolet 

(UV), photo synthetically active (PAR) and near infrared (NIR) components of the solar radiation spectrum 

at the surface and to describe the development and validation of a set of linear regression models to estimate 

hourly and daily values of UV, PAR and NIR components of the solar radiation spectrum in terms of hourly 

and daily values of G observed at the surface. Also, the corresponding hourly and daily PAR values are 

indirectly estimated through values of UV, NIR and G radiant components. Their data are used to establish 

both the fractions of spectral components to global solar radiation and the proposed linear regression 

models. Verification results indicated that the proposed regression models predict accurately the spectral 

radiant fluxes at least for the Brazilian environment.  

Several authors have reported results dealing with the ratio of UV radiation to global radiation in the eastern 

Mediterranean area: Trabea and Salem [15] and Robaa [16] reported an average percent ratio of 3.5% over 

Cairo, Egypt; Martinez-Lozano et al. [17],  Foyo-Moreno et al. [18] and Canada et al. [19] reported monthly 

mean values ranging between 2.7% and 5.2% over several Spanish sites. Koronakis et al. [20] reported an 

annual mean value of 4.1% over polluted Athens, Greece. UV radiation studies have received a considerable 

impetus in the past few years so that relationships of this type have been proposed by different investigators 

with measurements from Dharan [21], Postdam [22], Edmonton [23], Valencia [24] and Athens [25]. Most 

of these studies have investigated the behavior of a series of UV radiation measurements taken at a single 

location.  

Two stations are set up by Leal et al. [26]  in 2008, one in the city of Pesqueira and the other in Araripina, 

both in the state of Pernambuco, for simultaneous measurements of daily global solar and UV radiation. The 

daily values of G global and UV ultraviolet radiation (A + B) striking the horizontal plane in Pesqueira and 

Araripina during the time period (2008–2010) were measured, analyzed and compared.  The statistical 

models and the artificial neural networks displayed a good statistical performance with RMSE% inferior to 

5% and MBE between −0.4% –2%. They concluded that all the models can be used for estimating the UV 

radiation in places where there is only global irradiation data. Jacovides et al. [27] present students’ results 

dealing with solar ultraviolet radiant fluxes obtained through school’s solar radiation monitoring-networks, 

which have been established over the broader Thrace-Aegean-Cyprus belt, during 2005. Students’ 

measurements of global and diffuse UVB, UVA and broadband radiant fluxes are used to explore the 

relationship between these radiant fluxes over the three sites considered. The analysis of the available data 

sets revealed that a linear correlation between global radiation and global UV radiation exists, whereas the 

correlation between global radiation and UVB radiation was well described by a quadratic equation. 
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Kudsih et al. [28] claimed that absorption of solar radiation in the atmosphere is due mainly to ozone in the 

ultraviolet range and water vapor in the infrared range of the solar spectrum. Ozone absorption decreases 

with increasing wavelength and above 350 nm there is no absorption. An empirical correlation which 

determines the UVB radiation intensity as a function of solar global radiation and optical path length is 

presented and validated by an independent database. In addition, a parameter sensitivity study was 

performed on the empirical correlation using two different methods.  Kudsih et al. [29] made an attempt to 

parameterize the three solar UVB radiant components, namely, direct, global and diffuse as a function of 

both UVB optical depth and relative optical air mass. The available measurements of direct and 

global UVB irradiance components enable one to determine first the UVB optical depth of a real 

atmosphere. That is, the normal incident UVB irradiance was expressed as a function of the optical depth 

and relative air mass using Bouguer's law; whereas, the global UVB irradiance component was utilized to 

obtain the UVB optical depth through a modified version of the Lambert–Beer's law. The parameterization 

schemes of both direct and global UVB components are validated against independent data set, whereas the 

diffuse UVB component was obtained as the difference between the above radiant components.  

Bilbao and Miguel [30] analyzed a series of UV-B solar irradiance measured in Valladolid (Spain). The total 

accumulated UV-B irradiation along a mean year reached the value 7.1 MJ m
−2

. The results showed that the 

harmonic analysis permits constructing long-term monthly UV-B values under clear and all sky conditions 

and from low number of parameters. Also, the results indicate that the UV-B percentage attenuated by the 

atmosphere increases from winter to summer and a maximum value of 8% is obtained in summer and a 

minimum of 2% in winter. Nikitidou and Kazantzidis [31] adapted measurements from eight stations to 

study ehe variability of aerosol optical properties over the Mediterranean basin, in the ultraviolet (UV) and 

visible (VIS) spectral regions. They concluded that dust cycle is a valuable tool in future studies in this area, 

due to the provision of natural and manmade aerosol optical properties with higher spectral resolution. Wang 

et al. [32] developed a UV model for cloud-free condition. The statistical indices: mean bias error, mean-

absolute bias error and root-mean-square error is employed to study the dependence of hourly UV 

irradiations on the relative optical air mass. UV clearness index and global clearness index were used for 

analyzing the cloud effects. They concluded that the proposed model should be modified to account for local 

differences to produce better estimations in larger areas. Measurements of global solar radiation and 

ultraviolet radiation on a horizontal plane at Wuhan, China during 2006–2012 reported By Wang et al.[33]. 

They included that the ratio of ultraviolet radiation to global radiation is about 3.9% in clear skies.   

The main objective of this study is to make inter-comparison between solar UVB radiation, solar global 

radiation, relative humidity and ambient temperature. To achieve that goal,  an outdoor measurements 

facility is installed at the roof of the main building at the College of Technological Studies in Shuwaikh 

area, Kuwait. The location has Latitude: 29°21'N, Longitude: 47°55'E and it is 23 m above sea level. 

Continuous measurements of solar UVB radiation, solar global radiation, relative humidity and ambient 

temperature are carried out for four years period from 1
st
 June 2010 till 1

st
 June 2014. Statistical analysis is 

employed to establish correlations between UVB radiation and both the global solar radiation and relative 

humidity. The established correlations can be employed to estimate UVB radiation for other different 

locations where UVB radiation measurements are unavailable using measured values of global radiation and 

relative humidity at these sites. So, monthly pattern of UVB radiation over Kuwait can be determined.  In 

the meantime, the results can be adapted to illustrate the dependency of UVB radiation on the atmospheric 

conditions such as relative humidity. In addition, the solar ultraviolet index (UVI) which is a measure of the 

UV radiation level at the Earth's surface is evaluated. The UVI index indicates the potential for adverse 

health effects of UV radiation. The higher values of the UVI index, the greater the potential for damage to 

the skin and eye, and the less time it takes to cause harmful effects. 
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2. EXPERIMENTAL SETUP 

An outdoor test facility is designed and installed at the College of Technological Studies, Shuwaikh area 

Kuwait. This test facility is designed to measure ultraviolet solar radiation (UVB) on horizontal surface, 

global (total) radiation on horizontal surface (G),  relative humidity (RH%) and ambient temperature (Ta). 

The measurements of the ultraviolet irradiance over horizontal plane were taken with the UVB Biometer 

Model 501.  The UVB Biometer Model 501 is used to measure ultraviolet region of the electromagnetic 

spectrum in the band termed UVB (280-320 nm).  The place of the Biometer is chosen such that a shadow 

will not be cast into it at any time during the test period.   

The biological effectiveness of the UV irradiation is measured in MED/h (Minimum Erythema Dose per 

Hour). One MED/h would cause minimal redness of the average skin after a one hour irradiation . The 

integral of the cross-multiplication of irradiating flux (W/cm
2
) and the Erythema Action Spectrum gives the 

Effective Power. It was established that: 1 [MED/h] = 5.83*10
-6

 [W/cm
2
] of Effective Power for an MED of 

21 mJ per cm
2
 effective dose. The Biologically Effective Dose is measured by integrating the biologically 

effective power over a specified period of time. The detector is calibrated for a clear sky, 30° solar zenith 

angle at sea level and at a 25°C temperature of the phosphor. 

The principle of UVB radiation measurement used in the 501 biometer is the same as that used for the 

Robertson-Berger meter. The solar light goes through the input filters, including a teflon layer that improves 

the cosine response of the detector. Then the partially filtered light, containing the whole UV spectrum, 

excites the phosphor. The visible light emitted by the phosphor is detected by the GaAs diode. The diode 

and the phosphor are encapsulated in the metal enclosure which is thermostated by the Peltier element. The 

current produced by the GaAs diode is amplified and converted to frequency inside the detector. The 

frequency signal from the detector is transmitted to the recorder. The temperature and UVB values are 

decoded and taken for further processing. The recorder is based on Dallas Semiconductor microcontroller 

system equipped with interfacing and buffering circuitry. UVB Biometer has a spectral response normalized 

to that at 297 nm (i.e., the normalized spectral response at 297 nm is equal to unity) and the logarithm of the 

normalized spectral response degrades linearly with wavelength and is ~0.01 at 320 nm and ~0.001 at 330 

nm. The UVB Biometer model 501 is compact, light-weight detector and recorder, its spectral response 

close to erythema and other action spectra, has menu organized functions, alphanumeric LCD and keypad on 

the recorder, flexible setup of most measurement and recording parameters. Proper installation of the 

detector and recorder assures accurate measurement of the UVB radiation. The detector is designed for 

outdoor operation, while the recorder can work at room conditions only.  To obtain correct readings as much 

of the whole sky as possible should be visible from the detector location and the placement of the detector 

should be away of dust or smoke as this cause substantial change of the UVB radiation reaching the 

detector. 

The intensity of the global solar radiation incident on horizontal surface is measured and recorded by an 

Eppley Precision Spectral Pyranometers  (PSP model) connected to the data acquisition system. The Eppley 

Precision Spectral Pyranometers (PSP model) is a very accurate, and a first class pyranometer which utilizes 

a thermopile detector for measuring solar radiation. The ambient (surrounding) air temperature should be 

measured within an accuracy of ±0.1 °C.  A standard resistance thermometer detector (RTD-PT100) is used 

to monitor the surrounding ambient temperature to guarantee high accuracy for this critical temperature. It is 

to be noted that the RTD sensor of the ambient temperature is shaded from direct and diffuse solar radiation. 

The temperature sensor is connected to the data acquisition system. The effect of the surrounding air speed 

is to increase the heat transfer from the solar module surface to the environment.  A cup anemometer placed 

very close to pyranometer is used to measure total horizontal component of air speed. Relative humidity is 

monitored using Vane anemometer and Humidity meter (model AH4233). It is a multiple data digital 
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measuring instrument for measuring wind speed, ambient temperature and humidity simultaneously. Wind 

speed can be measured in m/s, Km/hr, FPM, mph and the ranges of measurements are :  0.4-30.0 m/s 

(accuracy ±0.1 m/s),  1.4-108.0 km/h   (accuracy 0.1 km/h). The relative humidity ranges which can be 

measured are 10% to 95% RH with resolution of 0.1% and accuracy of ± 1% RH. 

The outputs of all the instruments are connected to a reliable and accurate data acquisition system. The data 

taker high stability device (Model DT80) Data Acquisition System is used to monitor all the previously 

mentioned measured values.  The Data Taker DT80 smart data logger provides an extensive array of 

features that allow it to be used across a wide variety of applications. The DT80 is a robust, stand alone, low 

power data logger featuring USB memory stick support, 18 bit resolution, extensive communications 

capabilities and built-in display. The Data Taker DT80’s Dual Channel concept allows up to 10 isolated or 

15 common referenced analog inputs to be used in many combinations.  Data Taker model DT80 supports a 

wide range of analog sensors including: thermocouples (Types: B, C, D, E, G, J, K, N, R, S, T), resistance 

thermometer detectors (RTDs) and  thermistors. A complete set of software is provided to enable saving the 

test data on a PC as well as data manipulation and analysis.  

The data is monitored and stored at 10-min intervals. The data are downloaded to PC regularly to be 

analyzed. The measurements of hourly UVB, global radiation, relative humidity and ambient temperature 

measurements for Shuwaik, Kuwait have been monitored since 1
st
 June 2010 till 1

st
 June 2014.  Only the 

measurements carried out in clear days are considered for analysis whereas the data in cloudy or dusty days 

are eliminated.  To ensure the reliability of the data recorded, a periodic calibration was carried out using 

procedures recommended by the manufacturers. The pyranometer utilized in the global radiation 

measurements are compared against a reference Eppley PSP pyranometer, reserved for this purpose and 

exposed to solar radiation only during these inter-comparison periods.  

 

3. ERROR ANALYSIS 

 The accuracy of the UVB radiation measurement is about ± 2% for the daily total. The individual 

databases have undergone an extensive analysis to give statistical evidence to the correctness of the 

calculated monthly average daily values. This was done by determining the coefficient of autocorrelation 

function and then using these values to determine the standard errors of both the monthly average daily 

values and the monthly average daily standard deviations. It was determined that the standard errors are less 

than the inherent measurement for all instruments in this study. Consequently, the monthly average daily 

and hourly radiation intensities are representative of the site. Broadband global solar radiation measurements 

have an estimated experimental error of 1.7–3.8%, whereas UVB  radiation errors associated with the 

experimental data are conservatively estimated to be less than 1.5%.  The accuracy of relative humidity 

measurements is ± 1% RH. 

 

4. RESULTS AND DISCUSSIONS 

Figures 1 and 2 presents the distributions of measured daily total UVB radiation and global radiation for the 

period from 1
st
 June 2010 till 1

th
 June 2014.  The data shown in Figures 1 and 2 present the daily 

accumulated values of UVB (MED) and global radiation (Wh/m
2
) for Shuwaikh area, Kuwait.  It should be 

mentioned that these daily accumulated values will be adapted for statistical analysis to examine whether 

any interrelation exists between the UVB radiation and global radiation. Figure 1 clearly demonstrates that 

the maximum values of UVB radiation occur in the summer months (June-August) with the greatest value of 

25.14 MED  at  25/7/2040.  On the other hand, the minimum values of UVB radiation occur in the winter 

months (December-February) with the smallest value of 1.39 MED  at  12/1/2013.  Also, Figure 2 obviously 

demonstrates that the maximum values of global radiation occur in the summer months (June-August) with 
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the greatest value of 8530 Wh/m
2
 at 29/6/2012.  On the other hand, the minimum values of global radiation 

occur in the winter months (December-February) with the smallest value of 1395.2 Wh/m
2
 at 6/1/2011. It is 

clear from Figures that there is a high variability of the daily values of both UVB and global radiation during 

the year where it is influenced by cloud and dust variability throughout the year.  
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Figure 1.  Measured daily total UVB for the period 1
st
 June 2010- 1

st
 June 2014. 
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Figure 2.   Measured daily total global for the period 1
st
 June 2010- 1

st
 June 2014. 

 

As an example of the present results, Tables 1 presents the monthly average UVB radiation during each hour 

of the day for the period of study.  As seen from Table 1, the highest values of hourly average UVB 

radiation are attained through the months May-September and the highest average hourly value is 3.49 

MED/h which occurs at 12:00 am. On the other hand at this time of the day, the lowest values of UVB 

radiation occur during the months November, December and January and the lowest value of UVB attained 

is 1.09 MED/h which occur in January at 12:00 am. The same trend is observed for global radiation 

variation through the year. These results clearly demonstrate the strong interrelation between UVB and 

global radiation in Kuwait. 
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Table 1.  Monthly average UVB radiation during each hour of the day (MED/h) 

 

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

4-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5-6 0.00 0.00 0.00 0.00 0.02 0.03 0.02 0.01 0.00 0.00 0.00 0.00 

6-7 0.00 0.04 0.03 0.04 0.18 0.18 0.14 0.11 0.07 0.04 0.01 0.00 

7-8 0.04 0.22 0.24 0.33 0.63 0.60 0.47 0.46 0.35 0.23 0.10 0.06 

8-9 0.23 0.59 0.77 0.83 1.42 1.27 1.05 1.10 0.91 0.64 0.32 0.26 

9-10 0.56 1.09 1.56 1.89 2.31 2.01 1.76 1.91 1.62 1.19 0.72 0.64 

10-11 0.93 1.52 2.24 2.13 3.01 2.56 2.36 2.61 2.23 1.66 1.08 0.98 

11-12 1.09 1.71 2.63 2.44 3.49 2.85 2.73 3.00 2.52 1.84 1.22 1.15 

12-13 1.14 1.54 2.60 2.28 3.39 2.69 2.70 2.93 2.42 1.71 1.10 1.12 

13-14 0.96 1.13 2.14 1.81 2.78 2.14 2.25 2.42 1.98 1.28 0.82 0.81 

14-15 0.57 0.62 1.39 1.12 1.91 1.43 1.57 1.64 1.30 0.74 0.41 0.45 

15-16 0.22 0.24 0.66 0.56 1.02 0.76 0.90 0.88 0.61 0.26 0.15 0.15 

16-17 0.04 0.05 0.20 0.20 0.36 0.31 0.38 0.32 0.17 0.05 0.02 0.02 

17-18 0.00 0.00 0.02 0.03 0.01 0.08 0.10 0.06 0.02 0.00 0.00 0.00 

18-19 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 

 

 The behavior of the variation of diurnal UVB radiation with time of the day almost follows the same trend 

for all measured clear days. Figure 3, as an example of this behavior, shows the variation of diurnal UVB 

radiation with time of the day for the day of maximum accumulated daily UVB radiation (19
th

 August 

2011).   As seen from Figure 3, the UVB radiation increases with solar elevation and reaches its maximum 

value between 12:00 and 13:00 noon. It is then decreases as the elevation of the sun decreases.  The data are 

sharply peaked around the middle of the day, and have moderate diurnal symmetry.  It should be mentioned 

that the data of 19
th

 August 2011 shows that the peak of the maximum UVB radiation is about ten times 

higher than the peak attained for the day of the minimum accumulated daily UVB radiation which is 

attained in 16
th

 January 2013. This large difference is mainly due to the presence of fine sand particles 

which will result in a decrease in the minimum values of the UV radiation and due to the existence of a clear 

atmosphere which will result in an increase in the maximum values of the UVB radiation.   As seen from 

Figure 4, the same behavior is observed again for the variation of diurnal global radiation with time for the 

same day.  Also, the data of 19
th

 August 2011 shows that the peak of the maximum global radiation is about 

two times higher than the peak for the day of the minimum global radiation (16
th

 January 2013).  The data 

also show that the mean values are not halfway between the maximum and the minimum but are closer to 

the maximum. The sudden changes are mainly due to the infrequent rainfall events which last for only a few 
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hours at a time while the large difference between the minimum and both maximum and mean is due to 

small number of rainfall events at Kuwait.  
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Figure 3.     Diurnal variation of UVB radiation for 19

th
 August 2011 

 

 

0 2 4 6 8 10 12 14 16 18 20 22 24

Time of day (h)

0

100

200

300

400

500

600

700

800

900

1000

G
lo

b
a
l 
R
a
d
ia

ti
o
n
  
(W

/m
2
)

 
 

Figure 4.     Diurnal variation of global radiation for 20
th

 August 2011 
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4.1  Statistical Analysis 

The accuracy of different models and correlations adapted for this study is evaluated by means of two 

widely used statistical terms, namely root mean square error (RMSE) and mean bias error (MBE). The root 

mean square error (RMSE) is a measure of the size of the differences between the model and the measured 

data. In general, a low RMSE is desirable, the positive MBE indicates that the predicted values 

overestimated the measured values; whereas, a negative MBE indicates that that the predicted values 

underestimated the measured value. The percentage RMSE and MBE of corresponding values are also 

calculated to compare the computed values with the measured values. Theses statistical parameters and their 

percentage values are given by: 

( )∑
=

−=
n

i

'
ii n/XXRMSE

1

2
     (1) 

( )∑
=

−=
n

i

'
ii n/XXMBE

1

      (2) 

100×=
X

RMSE
%RMSE      (3) 

100×=
X

MBE
%MBE       (4) 

where, Xi is the i
th

 calculated value, 
'
iX  is the i

th
 measured value, X  is the mean of the measured values 

and n is the number of data points (observations). 

The percentage RMSE value is also defined as the coefficient of variation (CV%) which measures 

variability in relation to the mean (or average) and is used to compare the relative dispersion in one type of 

data with the relative dispersion in another type of data. The data to be compared may be in the same units, 

in different units, with the same mean, or with different means.  A convenient measure of the correlation 

between two variables is the cross-correlation coefficient (R). The correlation coefficient (R), sometimes 

also called the cross-correlation coefficient, is a quantity that gives the quality of a least squares fitting to the 

original data. The correlation coefficient (R) measures the strength and   the direction of a linear relationship 

between two variables.  The linear correlation coefficient is sometimes referred to as the Pearson product 

moment correlation coefficient in honor of its developer Karl Pearson.  The mathematical formula for 

computing the correlation coefficient (R) for two variables X and Y is given by:  

( ) ( )

( ) ( )∑ ∑

∑

= =

=

−−

−−

=
n

i

n

i
ii

n

i
ii

YYXX

YYXX

R

1 1

22

1     (5) 

 

It should be noted that the value of R  is such that -1 < R < +1.  The + and – signs are used for positive linear 

correlations and negative linear correlations, respectively.  If variables X and Y  have a strong positive linear 

correlation,  R should be very close to +1.  Positive values of R indicate a relationship 

between X and Y variables such that as values for X increase, values for Y also increase.    If X and Y have 

a strong negative linear correlation, R is close to -1.  An R value of exactly -1 indicates a perfect negative 

fit.   Negative values indicate a relationship between X and Y such that as values for X increases, values of 

Y decreases.   On the other hand, if there is no linear correlation or a weak linear correlation, R is close to 
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0.  A value near zero means that there is a random, nonlinear relationship between the two variables. A 

perfect correlation of ± 1 occurs only when the data points all lie exactly on a straight line.  A correlation 

coefficient greater than 0.9 is generally described as strong, whereas a correlation coefficient less than 0.5 is 

generally described as weak.  These values can vary based upon the type of data being examined.   

Coefficient of Determination (R
2
) is the ratio of the explained variation to the total variation. Coefficient of 

Determination is useful because it gives the proportion of the variance (fluctuation) of one variable that is 

predictable from the other variable.  It is a measure that one to determine how certain one can be in making 

predictions from a certain model or graph.  The coefficient of determination is such that 0 <  R
 2

 < 1,  and 

denotes the strength of the linear association between X and Y.  In another meaning R
 2

 represents the 

percent of the data that is the closest to the line of best fit. It can be concluded that the coefficient of 

determination is a measure of how well the regression line represents the data.  Generally R
 2

 values greater 

than 0.8 is described as strong, whereas values less than 0.5 is described as weak. 

 

4.2 Relationship between UVB and Global Radiation 

There is strong relationship between UVB radiation and global solar radiation, particularly in the region of 

moderate to low global solar radiation values [12,14,19]. Statistical analysis using the famous software 

package SPSS Version 19 is adapted to establish a mathematical formula relating the ultraviolet (UVB) 

radiation and global solar radiation. Also, regression analysis is employed to establish a mathematical 

formula relating the ultraviolet (UVB) radiation and relative humidity. The established formula can be used 

to estimate the values of UVB radiation that are difficult to measure at any other location in Kuwait.  

The accuracy of the distribution models and relationships developed are generally tested by 

comparison with measured data. Graphical comparisons are used whenever possible, as this type of 

comparison can provide detailed information in a concise and readily understandable manner. Regression 

analysis are carried out using daily total values of both UVB and global radiation for each month through the 

period studied from 1
st
 June 2010 to 1

st
 June 2014. Different correlation mainly linear, quadratic and cubic 

formula are examined to find the best formula for each month based on RMSE, MBE and coefficient of 

determination (R
2
) which is must be as close to unity as possible to get reliable and accurate correlation. The 

first step in the statistical analysis is to determine if the monthly average daily values of both UVB and 

global radiation are representative of the location or not. This is very important in order to establish a 

relationship between the measured UVB and global radiation. This task is accomplished by determining the 

value of the standard error of the monthly average daily values of both UVB and global radiation. It is found 

that the magnitude of the standard error of the monthly average daily measured values is less than the 

uncertainty involved in the measurement of radiation measured by both the UVB Biometer and the 

pyranometer. The predicted correlations between UVB and global radiation for each month through the 

period of Study from 1
st
 June 2010- 1

st
 June 2014 are presented in Table 2 along the coefficient of 

determination (R
2
).  
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Table 2. Monthly Correlation between UVB (MED) and Global (Wh/m
2
) Radiation 

Month Cubic Equation R
2
 

Jan 0.688+0.0017 G -4.558x10
-08

 G
2
-2.343 x10

-12
 G

3 
0.975 

Feb 2.495+0.0007 G +2.712x10
-07

 G
2
-1.554 x10

-11
 G

3 
0.967 

Mar 17.098-0.009 G +2.162x10
-06

 G
2
-1.323x10

-10
 G

3 
0.951 

Apr -12.343+0.0106 G -1.605x10
-06

 G
2
+1.044x10

-10
 G

3 
0.984 

May 9.039-0.0015 G +4.717x10
-07

 G
2
-1.308x10

-11
 G

3 
0.975 

Jun 538.571-0.244 G +3.518x10
-05

 G
2
-1.703x10

-9
 G

3 
0.977 

Jul 264.588+0.1058 G -1.623x10
-05

 G
2
+6.782x10

-10
 G

3 
0.963 

Aug -255.901+0.155 G -1.901x10
-05

 G
2
+ 9.817x10

-10
 G

3 
0.988 

Sep 26.175-0.0243 G+5.821x10
-06

 G
2
-4.210x10

-10
 G

3 
0.968 

Oct 126.714-0.0865 G+1.610x10
-05

 G
2
-1.003x10

-9
 G

3 
0.957 

Nov 5.579-0.001 G+2.490x10
-07

 G
2
+2.411x10

-11
 G

3 
0.956 

Dec -28.991+0.054 G-1.012x10
-05

 G
2
+1.073x10

-09
 G

3 
0.962 

  

As predicted by the higher values of coefficient of determination (R
2
), there is a strong relationship between 

UVB and global radiation in Kuwait. The R
2 

values for all months of the year exceeded 0.95 and the highest 

value recorded is 0.988 for August. On the other hand, the lowest R
2 

value observed is 0.951 for March. The 

statistical parameters mentioned before is adapted to validate the monthly correlation by comparing the 

calculated with the measured UVB radiation.  Table 3 presents the values of MBE, MBE%, RMSE, and 

CV% (RMSE%) for each month during the study period.  

 

  Table 3  Statistical Parameters for Monthly UVB Correlations 

Month MBE MBE% RMSE CV % (RMSE %) 

Jan -0.0121
 

-0.0189
 

0.561
 

9.659 

Feb 0.0018
 

0.0024
 

0.873
 

10.431 

Mar 0.0024
 

0.0436
 

2.842
 

11.456 

Apr -0.0018
 

-0.0185
 

1.768
 

10.587 

May 0.0011
 

    0.0006
 

1.477
 

           7.766 

Jun 0.0016
 

   0.0007
 

1.542
 

           9.643 

Jul 0.0008
 

0.0019 
 

0.969
 

 7.693 
 

Aug 0.0005
 

0.0037 
 

1.271
 

        6.654 
 

Sep 0.0043
 

0.0051 
 

0.826
 

 6.812 
 

Oct 0.0007
 

0.0006 
 

0.716
 

 8.467 
 

Nov 0.0004
 

0.0003 
 

0.773
 

 11.336 
 

Dec 0.0017
 

0.0033 
 

0.573
 

 10.984 
 

 

 



European International Journal of Science and Technology              ISSN: 2304-9693          www.eijst.org.uk 

 

 

250 

The statistical analysis of the data measured during the study period and summarized in Table 3 indicates 

clearly that there is strong relationship between UVB radiation and global solar radiation, particularly in the 

region of moderate to low global solar radiation values. Also, the hourly estimated values of UVB radiation 

predicted from the measured hourly global radiation are in good agreement with the corresponding measured 

values of UVB radiation. This is proved by the relatively low values of the statistical parameters 

investigated, mainly MBE, RMSE and CV%. It is noted that the lowest percent CV value is 6.654% for 

August while the highest percent CV value is 11.336% for November. As seen from Table 3, CV% does not 

exceed 11.5% meaning that the predicted correlations for UVB radiation are reliable. This means that the 

current correlations can be used to predict UVB radiation accurately for places where it is difficult to 

measure UVB radiation in Kuwait. The relatively lower CV values in Table 5 are always during the peak 

radiation months which may be attributed to the clear sky conditions during these months. The relatively 

high statistical errors in some empirical correlations may be attributed to the smaller magnitude of UVB 

values compared to the corresponding global values. So, a small absolute error in the radiation intensity 

value of UVB radiation will result in a large relative error in the empirical correlations. Also, it is important 

to note that while ozone plays an important role in the attenuation of UVB radiation, it has a negligible 

effect on the global radiation. It is important to mention that the estimated UVB radiation from global 

radiation is plotted versus the measured UVB radiation for the study period (excluding cloudy days). 

Plotting revealed that the fit to the relation is a line with intercept equals to zero and a slope very close to 

unity (0.987). Results let us conclude that the empirical formula could be used reliably to  estimate the UVB 

radiation at any other locality in Kuwait where there are no measured data of UVB radiation or there are 

other difficulties encountered in measuring of UVB radiation.   

 

4.3  UV Index 

Overexposure to UV radiation is responsible for two major public health problems: skin cancer and cataract. 

The solar UV index (UVI) is a simple measure of the UV radiation level at the Earth's surface. It has been 

designed to indicate the potential for adverse health effects and to encourage people to protect themselves. 

The higher values of the UVI index, the greater the potential for damage to the skin and eye, and the less 

time it takes for harm to occur. While the levels of UV radiation vary during the day, they reach a maximum 

around mid-day. The following exposure categories are associated with various values of the UVI:  Low < 4,   

4≤ Moderate ≤ 7, 7 < High ≤ 9  and Extreme ≥ 9. The effective power of 1MED/h is equivalent to 0.0583 

Wm
-2

, so the hourly UVB radiation values in MED/h were first converted to Wm
-2

 and then multiplied by 40 

to evaluate the corresponding UVI values during the study period from 1
st
 June 2010- 1

st
 June 2014. Table 6 

presents the values of UVI for different months through the midday hours (10-14) which is the time interval 

corresponding to the higher UVI values throughout the day.  The coefficient of variation (CV%) is also 

calculated and presented with the corresponding UVI values. To recognize the times of dangerous sun 

exposure throughout the day, the UVI values greater than 6 are characterized in boldface type.  
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Table 4.   Monthly average hourly UVI for the midday 

Month 10-11 11-12 12-13 13-14 

Jan 2.11 (11%) 2.58 (8%) 2.55 (11%) 2.14 (11%) 

Feb 2.82 (10%) 3.58 (10%) 3.59 (9%) 3.08 (14%) 

Mar 4.42 (11%) 5.246 (11%) 5.12 (12%) 4.27 (12%) 

Apr 4.77 (11%) 5.45 (10%) 5.11 (8%) 4.19 (11%) 

May 5.86 (10%) 6.73 (11%) 6.49 (11%) 5.26 (12%) 

Jun 6.34 (11%) 6.95 (12%) 6.71 (9%) 5.44 (12%) 

Jul 5.55 (12%) 6.41 (11%) 
 

6.32 (12%) 5.27 (12%) 

Aug 6.05 (9%) 6.96 (10%) 
 

6. 77 (11%) 5.92 (9%) 

Sep 4.547 (11%) 5.566 (14%) 
 

5.73 (12%) 5.06 (8%) 

Oct 3.89 (14%) 4.27 ((11%) 
 

3.89 (10%) 2.98 (11%) 

Nov 2.52 (12%) 2.84 (12%) 
 

2.57 (14%) 1.86 (12%) 

Dec 2.12 (13%) 2.61 (14%) 
 

2.39 (12%) 1.81 (11%) 

 

Figure 5 presents an example of the variation of the monthly average hourly UVI values through the day for 

the different months during the study period. As seen from the figure, the UVI values on the ordinates have 

been divided into three main ranges according to the universally accepted classifications of the UVI values, 

mainly:  Low < 4,  4 ≤ Moderate ≤ 7  and 7 ≤ High ≤  9. It should be mentioned that the calculated values of 

UVI do not exceed the extreme value ( ≥ 9). The different ranges can be explained in terms of sun exposure 

time to achieve incipient redness of a type 2 skin, these four ranges of UVI values are corresponding to < 15, 

20, 30 min and more that 1 h, respectively. As demonstrated by Figures 5 and Table 4, the values of UVI 

never exceed the extreme value ( ≥ 9) at any hour of the day through the whole year. The highest UVI values 

are achieved through the months May-August during the midday hours. It is also observed that the monthly 

average hourly UVI values from 10-12 are generally greater than those for 12-14. This behavior is mainly 

due to the fact that the local standard time differs from the solar time throughout the year. The results also 

reveal that in general the summer months are characterized by relatively lower coefficient of variation due to 

the relatively high stability of the Kuwait climate during this period of the year. So, the relatively high 

values of coefficient of variation can be attributed to the relatively instability of the climate during these 

months. 
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Figure 5. Monthly average hourly UVI for Shuwaikh, Kuwait (July-September) 

 

4.4  Relationship between UVB and Relative Humidity 

Regression analysis is carried out using daily total values of both UVB and average relative humidity for 

each month through the period studied from 1
st
 June 2010 to 1

st
 June 2014. Different correlation mainly 

linear, quadratic and cubic formula are examined to find the best formula for each month based on RMSE, 

MBE and coefficient of determination (R
2
) which is must be as close to unity as possible to get reliable and 

accurate correlation. The first step in the statistical analysis is to determine if the monthly average daily 

values of both UVB and average humidity are representative of the location or not. This is very important in 

order to establish a relationship between the measured UVB and relative humidity. This task can be 

accomplished by determining the value of the standard error of the monthly average daily values of both 

UVB and relative humidity. Also, it is found that the magnitude of the standard error of the monthly average 

daily measured values is less than the uncertainty involved in the measurement of radiation measured by the 

Biometer and the relative humidity measured by the Vane anemometer and relative humidity meter. 

The predicted correlations between average daily total UVB (MED) and average relative humidity (%) for 

each month through the period of study are presented in Table 5 along the coefficient of determination (R
2
). 

Fitting the data to cubic equation resulted in a higher R
2
.   For this reason it is decided to choose cubic 

equation to correlate measured UVB to relative humidity (RH).  For each month, a correlation is assigned by 

comparing the calculated with the measured UVB radiation values. As predicted by the higher values of 

coefficient of determination (R
2
), there is also a strong relationship between UVB and relative humidity in 

Kuwait. The R
2 

values for all months are relatively high but in general smaller than the corresponding values 

obtained for correlation of UVB with global radiation. The highest R
2 

value recorded is 0.965 for July and 

the lowest R
2 

value observed is 0.921 for May. 
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       Table 7. Correlation between UVB (MED) and Relative Humidity (%) 

Month Cubic Equation R
2
 

Jan 48.892-1.843 RH+0.0273 RH
2
-1.634x10

-4
 RH

3 
0.938 

Feb 59.412-3.783 RH+0.055 RH
2
-2.724x10

-4
 RH

3 
0.957 

Mar 1.409+1.082 RH -0.0279 RH
2
+1.621x10

-4
 RH

3 
0.935 

Apr 34.367-1.717 RH+-0.051 RH
2
-3.166x10

-4
 RH

3 
0.924 

May 79.234-4.238 RH+0.145 RH
2
-9.604x10

-4
  RH

3 
0.921 

Jun 13.018+0.493 RH -0.008 RH
2
+7.691x10

-5
 RH

3 
0.949 

Jul 31.608-1.414 RH +0.043 RH
2
-2.581x10

-4
 RH

3 
0.965 

Aug 6.637+0.942 RH -0.028 RH
2
+ 1.890x10

-4
 RH

3 
0.961 

Sep 57.229-3.481 RH+0.079 RH
2
-8.601x10

-4
 RH

3 
0.955 

Oct 12.212-0.315 RH+0.008 RH
2
-7.900x10

-5
 RH

3 
0.962 

Nov 1.347+0.189 RH-0.002 RH
2
-1.421x10

-5
 RH

3 
0.936 

Dec 18.534-0.811 RH+0.016 RH
2
-6.900x10

-5
 G

3 
0.939 

  

The statistical parameters mentioned before is adapted to validate the monthly correlation by comparing the 

calculated with the measured UVB radiation.  The statistical parameters used to accept the correlation are 

mean bias error (MBE) and its percentage value, the root mean square error (RMSE) and its percentage 

value (CV%). The statistical analysis of the data measured during this study period indicate clearly that there 

is strong relationship between UVB radiation and relative humidity particularly in the region of moderate to 

low global solar radiation values. Also, the hourly calculated values of UVB radiation predicted from the 

measured hourly relative humidity is proved by the relatively low values of the statistical parameters 

investigated, mainly MBE, RMSE and CV%.  It is noted that the lowest percent CV value is 7.9233% for 

September while the highest percent CV value is 11.923% for January. The estimated UVB radiation from 

relative humidity measurements are compared with the corresponding measured UVB data during the study 

period and found to agree well  with accepted percentage error.   

 

 

5. CONCLUSIONS 

 Ultraviolet (UVB) radiation, global radiation and relative humidity are measured in Shuwaikh, 

Kuwait during the period from 1
st
 June 2010 till 1

st
 June 2014. Based on the recorded data and the statistical 

analysis of the results, the following conclusions can be drawn: 

•••• There is strong relationship between UVB radiation and global solar radiation, particularly in the 

region of moderate to low global solar radiation values. 

•••• There is a good relationship between UVB radiation and relative humidity particularly in the 

region of moderate to low global solar radiation values. 

•••• The maximum values of UVB radiation and global radiation occur in the summer months (June-

August).  On the other hand, the minimum values of UVB radiation and global radiation occur in 

the winter months (December-February).   
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•••• There is a high variability of the daily values of both UVB and global radiation during the year 

where it is influenced by cloud and dust variability throughout the year.   

•••• Cubic correlation provides the best relation between UVB and global radiation and also between 

UVB radiation and relative humidity as it provides the highest R
2
 values and the lowest CV% 

values.    

•••• The values of UV index (UVI) for different months through the day hours are calculated and the 

times of dangerous sun exposure through the day in which the value of UVI is greater than 6 are 

specified for all months. 

•••• The highest UVI values are achieved through the months May-August during the midday hours. 

••••  The values of UVI never exceed the extreme value ( ≥ 9) at any hour of the day through the 

whole period of study. 
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