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Abstract. A method for UV Index estimation from global
radiation and total ozone observations is described. The
method was tested with simultaneously measurements
carried out by Brewer spectrophotometer (for UV and
ozone) and pyranometer (global radiation) setup installed
at Angra do Heroismo (Azores) Observatory. Results
shows a good adjustment and errors are small enough to be
used for public information in a real-time basis.

Introduction

The UV Index (UVI) is a public-oriented meteorological
kind of information about the damaging ultraviolet
radiation at the ground (Vaniceck et al., 1999). Its use
begins to be so popular as temperatures highs, wind chill,
fire risk index, air quality index and other meteorological
indexes and parameters.

A UVI scale was already defined by WHO (WHO, 2002)
in order to provide a correspondence between UVI levels
and protective measures to avoid damaging effects on
humans. However, UVI is usually given in integer units,
so the required precision for the public must be less or
equal than 0.5 UVT units.

While UV dependence on ozone is well understood and
easily to model, clouds dependence is more difficult do
model and its effect on daily variability is also important.
In addition, atmospheric UV measurements are more
expensive than global radiation measurements and
therefore fewer. However, global radiation is much less
dependent on ozone and its variability depends basically
on clouds. Therefore, global radiation measurements can
be used to correct a simple radiative transfer model for
clear sky conditions with respect to the actual cloudiness.
The scope of this work is to find an approach to derive
UVI from actual global radiation and ozone measurements
with acceptable error for public awareness.

Instruments

Most part of atmospheric UV radiation measurements are
currently done by two types of instruments spectral and
broadband ones. Spectral instruments are generally
spectrometers or spectroradiometers with high spectral
resolutions of few nanometers or less. Broadband
instruments are generally sensors with a response curve
similar to the erythema action spectra but with wider
spectral ranges of several nm. Because spectral
instruments are more complex than broadband ones they
are also more expensive and need more qualified operators
and maintenance. Global radiation instruments or
pyranometers are basically radiometers with a wide
spectral range, from 0.3 mm to 3 mm, and used on

meteorological stations for meteorological and/or
climatological purposes. Because they are less complex
than UV instruments, they are also less expensive and easy
to maintain. Global radiation data is also easier to find and
therefore it is a potential source of information to better
explain spatial and time radiation variability due to clouds.
Global radiation records in Azores started in the 1940’s at
the Observatory José Agostinho (38°39°32” N, 27°13°23”
W, 85 m), located in Angra do Heroismo city at Terceira
Island. In the scope of the research project CLIMAAT
(Interreg 11Ib), a complete radiation monitoring system
was acquired and installed in this site. This system has one
automatic sun tracker equipped with one pyranometer for
global radiation and two shadow balls for a second
pyranometer (diffuse) and for a pyrgeometer (longwave).
It has also one NIP pyreliometer and a four-wavelength
photometer for aeorosol optical depth measurements. An
automatic Brewer MKII spectrophotometer is installed at
the same place and performing spectral global UV
irradiance (290-325 nm) and total ozone measurements
several times a day.

Methods

In order to derive UVI from global radiation G, it is
assumed that the effect of UVI due to clouds is
proportional to the effect on global radiation:

uvi G
m —_—

Uvi, G,
Where, UVI, and Gy correspond to the same quantities in
the absence of clouds. While UV radiation is only reflected
by clouds, global radiation is reflected and absorbed, so
the attenuation for global radiation should be greater than
for UV and more depending on the solar zenith angle and
cloud thickness. These effects are difficult to model and
require a very complete knowledge of the clouds that is not
available. However, the attenuation mechanisms in both
cases are directly proportional at first order, so the
uncertainty of this approach remains at second order.
In this paper, UVI, and G, are computed by a simple
radiative transfer model for clear sky conditions (Carvalho,
2000) where observed total ozone content and constant
conditions for the other attenuation variables are used.
Data collected for this study ranges from August 2004 to
August 2006 with some short periods of missing data due
to failure problems. Because each UV measurement done
by Brewer takes about 3 minutes but global radiation is
recorded every 5 seconds, global radiation was integrated
over each UV scan period. Daily averages of observed
total ozone were used instead of individual observation in




order to filter air mass instrumental dependence on the
analysis. The spectral integration for the UVI computation
was corrected for the 325-400 nm range not measured by
Brewer.

Observed diffuse radiation values were also integrated in
order to identify periods of radiation intercepted by clouds.

Results

In this analysis was considered three cases: direct sun,
cloudy and all conditions. Data were ratio Global/Diffuse
greater or equal than 5 were considered as clearly direct
sun conditions while data were this ratio was less or equal
than 1.1 were considered as clearly cloudy conditions.
Linear regression analyses were done in the three cases
according the following model:

Uvl = a(GUVIOJ—kb
GO

Figure 1 shows the results for the direct sun case. A total of
728 pairs of measurements were used. It can be clearly
seen that the linear adjust is satisfactory and that data
points are well distributed over all the range. However,
modeled values are underestimated by the observations
due to the super estimation of the UVIO model or to a
different calibration scale of the instrument. For the greater
values, data points deviates slightly from the linearity.
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Figure 1. Observed UVI values vs. modeled (G*UVIyG) for
direct sun cases (Global/Diffuse >5)

Figure 2 shows the results for cloudy conditions case. In
this case a total of 3793 pairs of measurements were used.
It can be see that it also that linear model is well adjusted
and most of data is less than 5-6 UVI units, but obviously
with more dispersion. Also in this case, data points
deviates slightly from the linearity for the high values
Finally, in the all the cases,a total of 7151 pairs of
observations were used. In these conditions, data points
are well distributed over the range but also with a good
linear adjustment. Large values below the regression line
correspond to the direct sun high values.

Table 1 summarizes the results for the above cases.
Excellent correlation coefficients were obtained and
therefore linear model is satisfactory and slightly better for
direct sun conditions. Standard error ranges from 0.4 UVI
units for direct sun conditions to 0.5 units for all and this
means that this method can be used for public information
purposes.
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Figure 2. Observed UVI values vs. modeled (G*UVIy/G) for
cloudy sun cases (Global/Diffuse <1.1)

The slope “a” is consistent in the three cases and equals to
0.6. Offset “b” is always positive and ranges from 0.1 and
0.3. A positive offset suggests a super estimation of UVI
for low values or high zenith angles. Anyway, offsets are
inside the standard error and therefore virtually zero.

Table 1. Linear regression results for the three cases.
R  Std. Error a b

Direct Sun 0.98 0.40 0.607+0.003 0.11+0.03
Cloudy 0.97 0.42 0.643+ 0.003  0.307+0.009
All 0.97 0.50 0.593+0.002  0.303+0.008

Conclusions

A setup for radiation monitoring was installed in the
Azores allowing simultaneously measurements of global
and diffuse radiation as well as UV spectral irradiances.
Data collected during two years were used to analyze the
relationships between UVI and global radiation during
direct sun, cloudy and all conditions.

A linear model was used to derive UVI from global
radiation data and radiative transfer models using observed
total ozone data.

Results show that linear model agrees with correlations
greater than 0.97 and standard error less than 0.5 UVI
units. These results suggest that this model can be used for
public information purposes.

Linear model parameters suggest that Brewer
spectrophotometer calibration scale must be different.

References

Vaniceck, K, Frei, T., Litynska, Z., Schmalwieser A.. UV- Index
for the PublicCOST 713 Action, Brussels, 1999.

World Health Organization. Global solar UV index, A practical
guide, WHO/SDE/OEH/02.2, Geneva, Switzerland, 2002.

Carvalho, F. A simplified spectral model for UV irradiance
computations, in Chemistry and radiation changes in the
ozone layer (Kolympari, 15-24 May 1999), Zerefos Christos
S., Isaksen Ivar S.A., Ziomas loannis (eds), Kluwer Academic
Publishers, vol.:557, 2000.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


