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Abstract 

A procedure is suggested to calculate the approximate temporal value of the UV index at any geographical location using only 

frequency integrated UV or total solar irradiance measurements. This eliminates the need for the use of delicate and highly 

expensive solar UV spectrometers. The procedure introduces a new single continuous parameterization equation for the 

McKinlay - Diffey Erythema weighing function. Results of calculations are compared with data derived using upper atmosphere 

satellite UV and Ozone levels measurement for the city of Zarka in Jordon. 
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1. Introduction 

A significant part of solar energy reaching the earth surface 

falls in the ultra violet (UV) part of the electromagnetic 

spectrum. While small amounts of UV are necessary for life 
[1-3]

, elevated levels can be highly dangerous. UV is considered 

as a main cause of skin cancer 
[4-8]

. Providing adequate 

information to the general population about UV levels have 

become one of the main goals for any metrological institution 
[9, 10]

. The natures of solar UV spectrum, its interaction with 

atmospheric constituents 
[11-14]

 and with living cells 
[15-17]

 are 

highly complex. This makes it difficult for ordinary 

population to obtain meaningful health risks assessment 

information from direct measured values of UV intensity. 

Instead, a more straightforward criterion is put for this 

purpose. This criterion is based on the quantity called the UV 

index (UVI). This index represents an almost linear metric of 

the risk factor to human resulting from different UV intensity 
[9, 10]

. The calculation of UVI involves both effect of different 

wavelengths, and human susceptibility to them. It is known 

that exposure to shorter wavelengths causes more damage to 

human cells. This is usually expressed in terms of a weighing 

function. Several empirical forms of weighing functions are 

available 
[15-21]

. These are based on results of detailed studies 

of the effects of different UV wavelengths on living cells and 

DNA. As far as human skin UV hazards (Erythema action) is 

concerned, the most widely used weighing function is called 

the McKinlay – Diffey Erythema action spectrum. This 

spectrum has the following empirical form: 

1W =  for   

 for        (1) 

for   

This equation is plotted as blue line in figure (1). 

This function is an expression of the fact that skin 

susceptibility is highest and constant for UV wavelengths 

below 298 nm. Photons in this frequency range have energies 

exceeding that needed to produce cell damage and trigger 

cancer cells. This effect starts to reduce at wavelengths above 

298 nm and almost diminishes above 330 nm. 

250 298λ≤ ≤ nm

0.094(298 )10W λ−= 298 328λ< ≤ nm

0.015(139 )10W λ−= 328 400λ< ≤ nm



28 A. A. Azooz and N. I. B. Jallo:  Estimation of UV Index from Integrated Detector Type Measurements  

 

 

Figure (1). Comparison between equations (1) and (3). 

The UV index at any given time and location is obtained 

through the integration of the product of the UV spectrum and 

the weighing function above. 

            (2) 

Where  is the intensity in W/m
2
 nm. In cases where 

 is measured in Joul/m
2
.nm, the equation above is 

divided by a factor of 25. 

The main problem associated with UVI calculation is the 

necessity for the detailed knowledge of the UV spectrum

. Two methods are employed for this purpose. The first 

involves spectral analysis of the UV at upper atmosphere in 

conjunction with atmospheric Ozone concentration 

measurements. These are usually obtained from satellite data. 

The second is through surface spectrometric measurements. 

Both methods require highly sophisticated and expensive 

facilities, which are only available in highly developed 

countries beyond the reach of less developed ones. 

The purpose of this work is to present an approximate method 

for the calculation of the UV index from integration UV 

detectors, or even global solar irradiance pyrometers, which 

are available in almost all metrological stations all over the 

world. 

2. Modeling 

As mentioned above, the two prerequisites for any UVI 

calculation are the Erythema action spectrum function and the 

solar UV spectrum function. Although equation (1) is now the 

most accepted form for the Erythema action spectrum 

calculations, this function contains two singularity points at 

298 and 328 nm. It might be thus useful from computational 

point of view at least to attempt expressing as one 

continuous empirical function. For such purpose, values of 

calculated from equations (1) are fitted to the empirical form. 

   (3) 

 

(a) 

 

(b) 

Figure (2). (a)Typical earth surface clear day solar UV spectrum ref [22], (b) 

plot in (a) converted numerical values. 

Matlab nonlinear fitting facility is used to obtain a convergent 

six free parameters fit with over 95% confidence level with 

fitting parameters values 

. The 

result is shown as red line in figure (1). In the absence of direct 

spectral measurements of the surface UV, it becomes 

necessary to try to infer on this spectrum from the wavelength 

integrated total UV meters measurements. The main 

assumption here is that although the overall UV is temporal 

and spatial dependent, its detailed spectral structure can be 

considered as constant to a first approximation. This 

assumption can be justified if one neglects short-term 

variations in atmospheric Ozone and other constituents. 

Considering any typical clear day UV spectrum may serve 

first approximation calculations. Such typical UV spectrum 
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published by NOAA shown in figure (2-a) is used in the 

following calculation. Figure (2-a) shows the original 

logarithmic scale UV spectrum 
[22]

. The reference only gives 

the information shown on the figure. No further information 

regarding year and specific location are available
. 
Figure (2-b) 

shows plot of numerical data extracted from figure (2-a) using 

some special image processing technique 
[23]

. The data in 

figure (2-b) include only integer wavelength values between 

280 and 400 nm plotted on a linear scale. The use of such 

integer values of wavelength is related to the numerical nature 

of the following integration process. 

Before being able to make any use of the spectrum in figure 

(2-b) for UVI calculations, a few points related to total UV 

measuring instruments must be mentioned. The first is that the 

readout of these instruments represents the integration of the 

product of the instrument convolution function and the solar 

UV radiation spectrum. The instrument function is 

usually bell shaped which can be usually described by a 

Gaussian function of the form 

                                (4) 

 is the wavelength at which the detector has a maximum 

response of unity.  

The relation between unit detector reading and the frequency 

spectrum in figure (2-b), can be constructed based on the fact 

that if the detector reading of one unit represents measurement 

of UV spectrum  similar to that in figure (2-a) but 

normalized to a unit area under the curve. 

                                  (5) 

The unit detector reading can thus be written as 

                            (6) 

To a first approximation one assume that any increase or 

decrease of the detector reading is a result of linear changes in 

UV levels at all wavelengths. The approximate UV spectrum 

associated with any particular detector reading will be the 

value of the reading divided by  in figure (2-b) at which 

the detector has maximum sensitivity of unity. At a detector 

reading  W/m
2
, the approximate UV spectrum can be 

written as 

                          (7) 

The approximated UV index can be calculated using  

                 (8) 

3. Experimental Data and 
Results 

 

(a) 

 

(b) 

Figure (3). Variation of solar (a) GSI, and (b) UVB, at different parts of the 

day at Zarka Jordon during the year 2002. 

A series of hour by hour temperature, global solar irradiation 

(GSI) and UVB measurements are carried out over the entire 

2002 starting at 1-Jan-02 00:41:15 and ending 31-Dec-02 

23:59:28 at the Hashemite University in Zarka Jordon 

automatic weather station. Only two short period system 

failures took place over the entire period. The first was during 

9-Jun-02 23:41:15 and 11-Jun-02 00:34:40. The second was 

9-Oct-02 23:34:40 and 15-Oct-02 00:59:28. A calibrated UV 

B-889 ultra violet solid state detector type and a pyrometer 

detector type are used to measure the UV and GSI 

measurements respectively. The UV detector has an almost 

Gaussian type wavelength response with maximum sensitivity 

at  nm, and full width at half maximum 

 nm. The detector is equipped with cosine 

angle diffusion system and filters for UVB region maximum 

sensitivity. The global solar radiation sensor is a pyrometer 
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type and has spectral response in the range of 0.3-3 

micrometers. All sensors are directly linked to digitized data 

logging device. 

Figure (3) shows the results of measurements of GSI for the 

eight hours period prior to mid solar day and until mid solar 

day in two hours step size over the entire year 2002. 

The midday UVB data in figure (3-b) are used to calculate the 

approximate UV index using the procedure described above. 

The calculations are performed using matlab software 

specially built for this purpose. The inputs to the software are 

the detector wavelength response data at each integer 

nanometre values of wavelength between 280-400 nm, and the 

UV detector reading in W/m
2
 

 

Figure (4). Comparison between calculated UVI (blue) and satellite 

measurements (red) at Zarka Jordon 2002. 

 

Figure (5). Correlation between UVI and GSI. 

Results UV index calculations using the described method are 

shown in blue color on figure (4). These results are compared 

to satellite data (red) kindly made available by Professor Jos 

van Geffen of the Royal Netherlands Meteorological Institute, 

Climate Research and Seismology Department Section of 

Atmospheric Composition, for the nearby geographical 

location of Mafrak for the same period of time. The figure 

indicates a good agreement between the two sets of data 

during summer in particular. This is important because it is 

during this period, the UV index can reach the dangerous 

levels. The results of calculations tend to show somewhat 

higher values compared to satellite data for lower UV 

irradiations levels. 

Because of the strong correlation between UV and GSI 

irradiation levels, it may be useful to attempt to obtain an 

empirical direct relation between the UV index and GSI. For 

this purpose, the calculated UVI values of figure (4) are 

plotted against the corresponding measurements of GSI in 

figure (5). The data are fitted with over 95% confidence level 

to the quadratic equation 

 (9) 

This equation can provide a useful tool for approximate 

estimation of the UV index in situation where only total solar 

irradiation data are available without the need for the more 

expensive UV meters. 

Results of calculations of UVI by direct substitution of the 

pyrometer measured midday GSI values into equation (9) are 

presented in figure (6) (black) and compared with satellite 

data (red). It is again clear that good agreement at the 

important range of UV index values for summer period is 

obtained. 

 

Figure (6). Comparison between UVI values calculated using equation (9), 

(black) and satellite measurements (red) at Zarka Jordon 2002. 

4. Conclusions 

A simple method is suggested to calculate the UV index from 

wavelength integrated UV detector measurements or even 

from pyrometer type global solar irradiance measurements. 

The application of this method on 2002 data obtained from 

Zarka University Jordon metrological station produced UV 

2 2 27.7[ ( / )] 3.3 ( / ) 0.31UVI GSI kW m GSI kW m= + +
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index values, which are in good agreement with those 

obtained using more sophisticated satellite measurements for 

summer months. These months are particularly important as 

far as UV protection is concerned. The proposed empirical 

equation can provide a reasonable way for estimating UVI 

from global solar irradiance data. 
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