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Abstract — UVSPEC and SMARTS2 models have been used to estimate the UV spectral irradiance values in Valencia, Spain,
and the results of these estimations have been compared with experimental measurements of direct irradiance at normal incidence
obtained using an Optronic OL 754 in the 300—-400 nm range. The relative RMSD and MBD parameters have been used to
estimate the deviations of the modelled values with respect to the experimental values. The results indicate that the deviations
are smaller when the SMARTS2 model is used with the appropriate aerosol coefficients.

INTRODUCTION Optronic OL 754 spectroradiometer with a high resol-
The detection of the thinning of the ozone layer Ieaa’:ltlon in the UV spectral range. The models employed

)
ing to the appearance of an ozone hole in the Antarclte < the UVSPEC (RTC) and the SMARTS2 (PMj

in 1985 and the progressive ozone reduction in the onthCh are summarised below. To evaluate the deviation
. 2) i P : of the values computed by the models from the experi-

lowing years$™? stimulated the scientific community to - o

; 4 . mental data, the relative RMSD and MBD statistical

investigate the consequences of this phenomenan

especially the increase in incident ultraviolet radiatiorﬁ)arameters have been used. .

at around level. Over the past few vears maior effort The work presented here should only be considered
g ; P yeal I 3s preliminary analysis of the use of the two models

have been made to assess the trends in the increase Of "\ jy/ range, the work chiefly considers the influ-

the UV radiation and the influence that different atmos; " ¢ the choice of the aerosol model on their pre-

P;;;gopna;ﬁ:gigel’:stﬁ:ea[ttrggstgﬁetrr:nsm|SS|0n of UV SOl%sion. It is not an exhaustive analysis of the models’

In order to carry out such analyses spectroradiometValéc(i't():lo‘f‘llgrci:1a tt;sw\il\clj%ul?ag;?wcr)? silaégi[jifi?gral data
can be a useful tool for studying the UV radiation 9 y y

characteristics at ground level, especially in relation to

the biological effects of increased UV radiation whichTHE UVSPEC AND SMARTS2 MODELS

?Jre known to be strongly .Wavelength dependent. The UVSPEC code was developed by Kylling in
nfortunately most spectroradiometers are too expe ‘e University of Alaska and is available on the

ive or have poor accuracy in the UV range and Consr%orld Wide \7Vet$4) The UVSPEC code covers the

quently experimental solar irradiance spectral data ’

; avelength region 176—-850 nm and evaluates both
ground Iev_el are scarce. To remedy this a numper (\él\flrect and diffuse irradiances with 1 nm resolution. The
atmospheric algorithms have been described in t

. . . Sdiative transfer equation is numerically integrated with
I|t_erature dating back_ to t_he e_arly 1980s which try t ISORT®, SDISORT (Pseudo-spherical or Spherical
simulate and predict irradiance vali@s Such

A I ; DISORT version® or TWOSTR (TWO-Stream
algorithms can be classified into two different groupsCOdejg)_ Mayeret al® have proposed a modification of

sophisticated rigorous codes (or radiative transf - . )
codes, RTC) and simple transmittance parameteri:%&-e original UVSPEC, the TWODIS, which combines

g ] e benefits of TWOSTR and DISORT. The UVSPEC
tions (parameterised mode.ls,.PM). All these .m.odels. Alfses the standard atmosphere profile USSA and the
subject to several uncertainties — usually divided |nt§

)
numerical errors and uncertainties in the input data—erfOSOI n?gdgls %f Srllethé. The #VSPEC allows the.
which must be quantified by comparison with ex|Oeri-Sur ace albedo, the cloud type, the ozone concentration,
mental data and other conditions to be varied. The different atmos-

In this paper the estimated values produced by twoﬁfere types and the temperature, pressure and ozone

these models are compared with the experimental res Poflles can also be modified if the corresponding data
: . . are available.

determined from spectral irradiance measurements atT

Valencia, a Spanish Mediterranean coastal site. Th

experimental data have been obtained by means of

he SMARTS2 model (Simple Model for the Atmos-
Feric Radiative Transfer of Sunshine) was proposed by
ueymard in 199%. It is based on an extensive
revision of the algorithms used to calculate direct beam
radiation with the spectral model SMARTS and con-
Contact author E-mail: ten@uv.es sists of a separate parameterisation of the different
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extinction processes ocurring in the atmosphere. Tsuch as temperature and pressure were routinely
make this parameterisation, accurate transmittancecorded.
functions for all atmospheric extinction processes are All the measurements corresponded to clear days and
introduced and the effects of temperature andere taken on the terrace (40 m above sea level) of the
humidity are considered. The model also includeBaculty of Physics, Valencia University, in the Burjassot
very accurate absorption coefficients derived fron€ampus, located in the outskirts of the city of Valencia
spectroscopic data. The version used in this work wgSpain). The latitude is 3923\ and the longitude isO
kindly provided by its author and corresponds to th&he obstructions above the horizon were less thgn 4
latest revised version (Gueymard, 1997, personakcept in a small zone in the Northwest. A previous
communication) SMARTS2 code allows the introduc- paper describes site obstructions and the measuring set-
tion of ground meteorological data or the choice of temp in detail*®.
different reference atmospheres if ground data are notFrom the spectral measurements at normal incidence
available. It also allows the user to choose from nin& the 400—-670 nm range obtained with the Licor, values
predefined aerosol models or to introduce their owaf the total optical thickness for all the different atmos-
aerosol coefficients. The aerosol models available in theheric extinction processes;, were deduced by using
present version are: (a) four proposed by Shettle anlde Beer law. Once the total atmospheric optical thick-
Fenrf*?; (b) two proposed by Braslau and D&/ and ness had been determined, the value of the aerosol
(c) three corresponding to the Standard Radiatiooptical thickness;,,, was obtained by removing the
Atmosphere (SRA}™. contributions due to Rayleigh scattering and to absorp-
Both models allow the introduction of the spectroration by the other atmospheric components from the total
diometer slit function in order to compare the estitfransmitancé€”. Applying the power law relationship
mations with experimental measurements. proposed by Angstroff:19)

Tan = BT
INSTRUMENTATION AND METHODOLOGY « and B were evaluated and used as inputs in the spec-

Spectral solar irradiance measurements were obtaingdl irradiance modef3®.
using two commercial spectroradiometers, an Optronic In order to analyse the deviation of the values esti-
754 and a Licor Li-1800. The spectral band of the Olmated by both models from the experimental values,
754 ranges from 250 nm to 800 nm, with a 2 nm bandwo different statistical estimators which are commonly
width. The measurements can be made with minimunmsed for evaluating the accuracy of models have been
pass bands of 0.05 nm. The OL 754 is a double monased: RMSD (root mean square deviation) and MBD
chromator with holographic gratings of 1200 lines(mean bias deviation). RMSD always gives positive
mm~L. The input optics is an integration sphere coveredalues whilst MBD, defined as modelled minus
by PTFE and the detector is a silicon photodiode witbbserved, may be positive or negative, with the positive
a photomultiplier with temperature stabilisation. Thevalues corresponding to overestimation by the model.
spectral band of the Li-1800 ranges from 300 nm to
1100 nm, with a 6 nm bandwidth. The characteristics
this instrument are detailed elsewhéPe The spectro- %ESULTS AND DISCUSSION
radiometers are absolutely calibrated every three monthsOur analysis of the results was limited to establishing
in our laboratory by means of 200 W reference lampgeneral comparisons between the spectral values of the
the Optronic with a 754 OL 752-10E (Optronic), andexperimental direct irradiance and those obtained by the
the Li-1800 with a 1800/0ORL815 (Licor). models. The UVSPEC and SMARTS2 models were

The OL 754 has been used to obtain direct spectrapplied to evaluate the direct irradiance at normal inci-
irradiance measurements at normal incidence in the Udéence on four clear days in July 1999. Forty two spec-
range, 280-400 nm. The Li-1800 has been used tml series, corresponding to solar zenith angles varying
determine the aerosol characteristics by means of dirdmtween 20 and 60 have been compared. For each of
spectral irradiance measurements in the visible (40Gkese measurements theand 3 Angstrom coefficients
670 nm). These aerosol characteristics were then intrbave been evaluated from the irradiance values in the
duced into the models in order better to approximate thasible range, following the methodology described
actual atmospheric conditions. For the direct suabove. The spectral irradiance values have been com-
measurements the spectroradiometers were orienteared in the range 300—400 nm with a 1 nm pass band.
manually by means of a three-axis ball and socket joint For the estimation by the SMARTS2 model, the
and alignment system. For the direct irradianc&ngstrom turbidity coefficient and three aerosol
measurements, radiance limiting tubes (collimatorshodels, rural (SFR), urban (SFU) of Shettle and
with a field of view of 4.7 were used. Simultaneously Fenri!? and urban (SRAU) of SRA* have been used.
with the spectral irradiance measurements, the tot@hese models were selected because they produced the
atmospheric content of ozone and water vapour wetest results in a previous work carried out in
also measured with a Microtops Il. Other parametergalencid'”. As an example, Figure 1 shows the experi-
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mental and the estimated values obtained by employirgge values of the deviations were the following: (a) for
these three aerosol models for a solar zenith angle tife UVSPEC the value of the MBD was 7#40.1%,
20° on 15 July. The representative curves show that ttdepending on the aerosol model used, and the RSMD
model that best fits with the experimental values wasas 15.7%, independent of the aerosol model; (b) the
the aerosol urban model. The MBD values of the threBMARTS2 was more sensitive to the aerosol model,
curves were 3.9% (SFU), 9.5% (SFR) and 12.7%ith values of 5.6% (MBD) and 9.4% (RMSD) obtained
(SRAU). The corresponding values of the RSMD weréor the SFU model, 11.5% (MBD) and 13.3% (RMSD)
8.7% (SFU), 11.8 (SFR) and 14.2% (SRAU). for the SFR model and 14.8% (MBD) and 15.9%
The UVSPEC model takes as input the Angstram (RMSD) for the SRAU model.
and B coefficients and an aerosol model. The Shettle As was noted at the beginning of the paper, the results
urban, rural and marine models have been usepresented here must be interpreted with caution because
Figure 2 presents the results obtained for the same déney are only a first approximation to the use of the
and for the same solar zenith angle considered for timeodels and not an analysis of their validity. Neverthe-
SMARTS2. As can be observed, the curves corresponigss it is possible to point out three qualitative character-
ing to the values deduced by employing the differenistics of the models used: (a) SMARTS2, with the
aerosol models practically coincide and the MBDappropriate aerosol model, produces estimates nearer to
(6.3%) and the RSMD (15.5%) were practically thehe experimental measurements than UVSPEC; (b) the
same for the three models considered, varying only wersion of the UVSPEC used, with the Angstrom coef-
the second decimal digit between one aerosol model afidients as input parameters, seems to be insensitive to
another. The same happened with all the spectriide choice of aerosol model; and (c) both SMARTS2
measurements analysed. Indeed, it appeared that, for el UVSPEC systematically underestimate the direct
version used (libRadtran 0.14), the UVSPEC was almostadiance values.
completely insensitive to the choice of aerosol model
yvhen thea and Angstrom coe_fficients were used S\ ~KNOWLEDGEMENTS
input parameters. This observation, however, should be
more carefully analysed in the future based on a higher This work was supported by the Ministerio de Educa-
number of experimental measurements. cion (CLI97-0345-C05) and the Generalitat Valenciana
For the whole set of available measurements the avéGV97—RN-14-18).
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Figure 1. Comparison between the experimental data and thegure 2. Comparison between the experimental data and the
values estimated by the SMARTS2 code for a solar zenitestimated values by the UVSPEC code for a solar zenith angle
angle of 20 on 15 July 1999. of 20° on 15 July 1999.
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