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Abstract: Part of the solar spectrum whose wavelength liewdsst 40 to 400 nm is called Solar
Ultraviolet radiation. Solar UV Index (UVI) is the meas of the UV radiation level at a place,
which plays the important role to raise public awassnand alert people to use protective measures
when exposed to UV radiation. This study tries to find the UV radiation level at a place by
knowing the global radiation and will help to findtahe UV radiation level at different places
where UV radiation measuring instruments are not yeaasdcessible. By the study of the
relationship between global solar radiation and IS&J#raviolet radiation at different sites
(Biratnagar, Lukla, Kathmandu and Pokhara) of Negpiatple regression equations were obtained.
UV radiation level at a place was retrieved by usinig equation. Ground based global solar
radiation were measured by using radiation measuiimgrument, Pyranometer (CMP6),
manufactured by Kipp and Zonen, Netherland. A consparibetween equation based calculation
and ground based measurement of UV level (using NLU-W¥nm shows the average deviation of
3% at Lukla, 7% at Kathmandu and Pokhara and 6%tigar in the year 2009 and 2010. It is also
noted that Lukla is clearer among the four statiofisis deviation might be due to effect of
aerosols, humidity and non-ideal cosine responseeoinstrument.

I ntroduction

Sun emits wide band of radiation of different wavejths. Band of solar radiation whose
wavelength lies between 40 nm to 400 nm is caltddraultraviolet radiation. The atmospheric
gases, especiallyNO, and Q efficiently absorb the most harmful UV radiati@nly about 10-
30% of the UV-B (280 nm - 315 nm) and most of thé-&J (315 nm - 400 nm) radiation reaches
the earth's surface where as UV-C (200 nm —-280ismdmpletely absorbed by ozone (Dhakal
K. P, 2009). Photo biological reactions causedusjase solar UV radiation are mostly harmful
for living things. The surface solar UV radiatioauses human health problems such as skin
cancer, eye damage, premature aging of the skinaeit also damage to animals, plants,
microorganisms as well as the non living things (@/F008) For last two decades, the global
increase in UV intensity on the earth surface dusttatospheric ozone layer depletion due to
anthropogenic means (mostly due to excessive ushlofofluorocarbons) became an issue of
public concern. The increase in intensity of UVia#idn on the earth surface strongly affects the
living and non living things (Krotkov et al, 19980 it is very important to make an estimation
of surface UV radiation to establish the globaieiologies of UV radiation and its trends due to
stratospheric ozone layer depletion and other meEmsre are various methods to estimate the
surface UV radiation. The methods include satelistimation, such as Ozone Monitoring
Instrument (OMI), Mathematical calculation, examplbradtran model based on Stamnes et al
(1988) and Ground based measurement. Ground basagurement can be carried out using
different types of measuring instruments like Bromiod instrument, Spectroradiometer,
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Multifilter broad band radiometer (Gelsor, 2004)méng these methods Ground based
measurement is the best. But due to lack of higllityuground based UV instrument on various
places satellite measurement and mathematical nmaydeheeded to estimate the daily global
distribution of UV irradiance. However it is imparit that the satellite estimates of surface UV
irradiance are validated under the various sebnflitions (Kalliskota et al., 2000).

In this work a comparison between UV dose measbsednultifiter broad band radiometer
(NILU-UV meter) and Global solar irradiance by biddaand instrument (Pyranometer) is made.
Global solar irradiance at the ground level is mead by Pyranometer manufacture by Kipp and
Zonen Netherlands. The solar radiation spectrumching the earth surface extends
approximately from 300 to 2,800 nm. The Pyranomassd in this work is CMP6 with range
between 310 to 2,800 nm (Kipp and Zonen, 2006 ar3dV dose at ground level is measured by
NILU-UV meter manufacture by the Norwegian Insttufor Air research (NILU). This
instrument has six filters, five in the UV and anehe visible wavelength region. Band width of
each channel is about 10 nm with central wavelength302, 312, 320, 340, 380 nm and the
sixth channel measures photosynthetic active radiah the wavelength region 400-700 nm
(NILU, 2008).

M ethodology

In this work, two types of data sets are analyZEdese are the data from ground based
measurement with NILU-UV meter and Pyranometer.hBibie instruments (NILU-UV meter
and Pyranometer) were installed on the four siesh of the NILU-UV meter and Pyranometer
has been named with a serial number provided byntmeufacturer. The selected sites and serial
number for used instrument are given in table 1.

Table 1: Selected sites

Pyranomet
Sites Latitude | Longitude | Altitude NII\%JJmSBeerrial Se?rial
Number
Biratnagar (BRT) 26° 27'N 87 6'E 72m NILU-UV 133| CMP6 643
Kathmandu (KTM) | 27743'N | 85 18'E 1350 m | NILU-UV 136] CMP6 644
Pokhara (PKR) 28" 13'N | 83 58'E 827 m NILU-UV 137, CMP6 646
Lukla (LKL) 27° 41'N 86 44'E 2850 m NILU-UV 135 CMP6 644

NILU-UV meter and Pyranometer can store one mimwterage UV and irradiance data for few
days. So stored data are downloaded to computediéfiedent computing programs are made to
read the UV data and total irradiance data. Theaetdd data from the NILU-UV meter is in the
unit of energy per unit area (W/jnwhich is converted in to UV index as describeddahlback
(1996). The data are analyzed from 13 August 2608LtMay 2010 for Biratnagar, Kathmandu
and Pokhara whereas for Lukla, it is from 4 OctoB@09 to 31 May 2010 because of late
installment of the instrument.
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Result and discussions

The cloud free days are selected and graph isegidetween the UV index and irradiance. The
corresponding UV index and irradiance are takenefaery half an hour interval to make the
graph clearer. From these plots the best fittedrs©rder polynomials are obtained for each
sites, which are used to calculate the UV indethat place by using the Global solar irradiance
value later. The graph between UV index and irmakafor Lukla is shown in the Figure 1. The
solid line represents the best fitted quadraticdriéne.
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Figure 1: Plot of irradiance and UV index for Lukla station.

The equation of best fitted quadratic trend line is
y=8.6 x 10 x* — 0.0021 x + 0.22
Similar equations are found for other sites.

Although the UV radiation level at a place is dgieaffected by the concentration of ozone layer
on the stratosphere, it was ignored in this stirBgression equations were used to find out the
UV index at a particular time by using the irradiamat the same time. Thus, the UV index
obtained by using equation for an interval of 3@ues are used to compare ground based result
obtained by using NILU-UV meter for the respeciilzgys.

Figure 2(a) and 2(b) represent thaiation of UV indices with time (UT) on 10 Noves2009

and 8 March 2010 respectively for Lukla statione™olid line represents the UV index value
calculated by passive method and the dotted lipeesents that measured by the ground based
instrument. The UV index obtained from passive métls about an average 0.2% higher than
that of ground based measurement on 10 Novembed.208 8 March, the ground based
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measurement is higher than the passive method lavearage value of 5%. Results show that
there is good agreement on the value of UV inddsutated from Pyranometer and NILU-UV
meter.
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Figure 2: Variation of UV index with time during Movember and 8 March.

However in the morning and the late afternoon, ghisr higher deviation in two methods in
Lukla. This higher value of deviation might be digethe presence of water vapor on the
atmosphere because Lukla is mountainous region.cohelation coefficient (r) between the
passive method and ground based measurement id foupe 0.9920 and 0.9986 respectively
on10 November 2009 and 8 March 2010.

The trend of UV index with time on the 20 DecemB@®9 and 19 February 2010 are shown in
the Figure 3(a) and 3(b) respectively for Kathmanderom Figure 3(a) and 3(b), we can
conclude that the days are highly influenced byemetiogical change during the day time. There
is sudden drop on the value of UV index about Udnoth days. This might be due to the sort
moment cirrus cloud on atmosphere.
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Figure 3: Trend of UV index with time during 20 @acber 2009 and 19 February 2010.

On December 20 Pyranometer gives the value of Wé&dnless than that of ground based
measurement. The difference is about 3% on aver@gel9 February measurement from
Pyranometer is about 10% higher than that of grdueskd method. However a High degree
correlation is found. The correlation coefficienk lfetween two methods is 0.9983 and 0.9962

for December 20 and February 19 respectively.

Subplot 4 (a) and 4 (b) represent the diurnal tianaof UV indices on 16 October 2009 and 1
April 2010 respectively for Pokhara. On these dagth methods are in good agreement. The
solid curve represents the curve of UV index oldifrom passive method and the dotted curve
represents the ground based measurement. In bgt) tlere is high percentage difference
between two measurements after noon time thanbibfatre solar noon. The larger difference
after noon time might be due to the presence aficclon atmosphere or due to increase in
different types of pollution and dust particles thie atmosphere after noon time. The average
percentage difference between two methods is ab#utand 6% on 16 October and 1 April
respectively. The correlation coefficient (r) beemethe two measurements is 0.9953 and 0.9962

respectively.
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Figure 4: Diurnal variation of UV indices on 16 Oloer 2009 and 1 April 2010.
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Figure 5: Trend of UV indices on 29 October 2008 38 March 2010.
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Trend of UV indices for Biratnagar on 29 Octobef2@&nd 28 March 2010 are shown in the
Figure 5(a) and 5(b) respectively. The averageevafuJV index measured by passive method is
greater than that of ground based measurementtbndbgs of consideration. Deviation is more
at day time than that of morning and evening. Tdnige difference on day time can be attributed
to the effect of increase in pollution level dueiridustrial, vehicular and human activity. Since
Biratnagar is densely populated, emission of hegtell of aerosols including different pollution
and dust particles deviate the actual value UVceslireaching the earth surface. The average
percentage difference between two measurementsoist @% and 8% on 29 October and 28
March respectively.

Conclusion

We have demonstrated that with the knowledge ob@lmolar radiation at a place, we can
estimate the UV index value. The percentage diffiezeranges from ~3% at Lukla, ~7% at

Kathmandu and Pokhara and ~6% Biratnagar. Theseseare caused mainly due to ignorance of
ozone concentration and other facts like aeroswis)idity and non-ideal cosine response of the
instrument. Since error occur mainly early in therming and late afternoon, the midday UV

index level and long term trends can be deriveti witich accuracy.
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