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All-weather calibration of
broadband (Robertson-Berger
type) meters for ozone
dependency
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Broadband solid-state detectors, which are robust, relatively inex-
pensive and uncomplicated to operate, are particularly suitable for
routine measurements of biologically damaging solar ultraviolet-B
{UV-B: 280-320 nm) radiation, especially in developing countries
with limited financial resources and human technical capacity.
Specific tables of conversion factors provided by manufacturers of
these instruments correct for their dependence on solar zenith
angle (SZA) but not on total column ozone; this dependence is due
to slight wavelength mismatches between the instruments’ spectral
responses and biological action spectra. An entirely instru-
ment-based calibration procedure has been described but is appli-
cable only at sites with clear skies and abnormally low atmospheric
pollution. We have investigated the practicality of calibrating such
equipment customarily operating under all weather conditions with
typical atmospheric pollution by comparing satellite observation of
total column ozone with simultaneous broadband pyranometer and
spectroradiometer measurements of erythemal-weighted solar
UV-B irradiance over a 42-month monitoring period. The numerous
{2657} measurements taken were inadequate to quantify, within
statistically acceptable limits, the divergence of ozone-related
observations by pyranometer and spectroradiometer of UV-B
irradiance at different solar zenith angles. However, a general linear
regression that quantified differences in UV-B irradiance measured
by broadband instruments as a function of total column ozone
inclusive of all SZA values conformed to statistically acceptable
criteria. Application of the regression slope and intercept coeffi-
cients in a remedial equation reduced the total number of broad-
band instrument errors in measurement of UV-B irradiance by 40%
but by small margins only; these averaged 2.40 + 0.44%. The con-
siderable time and expenditure entailed for such small corrections
are not readily justified.

Introduction

Since the discovery of stratospheric ozone depletion, scientists
have become concerned about what effectsincreased solar ultra-
violet-B {UV-B) radiaticn observed in the troposphere of both
the southern and northern hemispheres’™ has on the earth's
biota." These concerns arc especially pertinent to the southern
hemisphere, where stratospheric ozone destruction is nore
intense,” and solar UV-B fluxes are up to 50% greater than those
at comparable latitudes in the northern hemisphere” Scientists
studying these effects need reliable ground-based measure-
ments of solar UV-B flux and several dosimeter networks have
been established worldwide.™
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Broadband solid-state detectors, which are robust, relatively
inexpensive and uncomplicated to operate, are widely used for
routine measurements of biologically damaging UV-B irra-
diance,” especially in African countries with limited resources
and human technical capacity.” Several commercial versions ot
the pepular Robertson-Berger (R-B) type of meter' are available
and their spectral characteristics are sumewhat similar to each
other. The manufacturers of these instruments provide conver-
sion factors for estimating various parts of the UV-D spectrum
{280--315 nm or 280-320 nm} and weighted integrals according to
various biological action spectra, for example, the International
Cemmission for Hlumination (CIE) reference action spectrum, "
and the Parrish action spectrum.™

There are several reports on the absotute calibration of R-B
type meters, including detailed theoretical assessments of thesce
instruments,""" All of these reports compare broadband UV
measurements with a co-located spectroradiometer whose spec-
lra are wrighted with equivalent erythemal or other biological
action spectra integrated over the wavelength response range of
the broadband instrument. These comparisons have shown that
the responses of broadband instruments are influenced by solar
cenith angle (SZA) and total column ozone. SZA reliance is due
to the cosine dependence of horizontal incidence-type sensors,
altered proportions of direct and diftuse radiation at different
angles, and variation in these partly with wavelength. Ozone
reliance is due to wavelength mismatches between broadband
instrument spectral responses and biological action spectra, for
example, displacernent ol some breadband spectral responses to
slightly longer wavelengths in the steep fall-off region of biologi-
cal action spectra.”

Anentirely instrument-based procedure forcalibrating a refer-
ence broadband instrument and transfer of the calibration to
other broadband instruments of the same type has been
described. ™ It is noteworthy that the calibration constants pre-
sented for different SZAs and total column ozone were obtained
at a site under clear skies at an altitude of 3400 m with abnor-
mally low atmuspheric pollution.” The practicality of calibrating
such equipment customarily eperating under all weather condi-
tions at lower altitude in the presence of typical atmospheric
pollution is uncertain, and was investigated in the study
reported here.

Methods

Ozone nreasureiments. Measurements of total column ozone were
obtained from the NASA Total Gzone Mapping Spectrometer
(TOMS) instrument flown on board the Nimbus 7, Meteor 3,7
Earth Probe™ and Adeos" satellites, and also from the Global
Ozone Monitoring Experiment (GOME) on the ERS-2 satellite '
Qzone values in Dobson units (DU) over Durban {29°587S,
30757 L) were extracted from 17 latitude by 1.257 lengitude satel-
flite grid data using bilinear interpolation. Owing to the different
salellite orbits, sampling close to local midday was every 24
hours for TOMS and every 72 hours for GOME.

Solar altrroiolet-B measirements. Concurrent measurements of
solar UV-B flux were obtained with broadband and narrow-
band instruments located on top of an observation tower, which
allowed an unobstructed view of the horizon, at the University
of Natal in Durban. The broadband mstrument was an inter-
nally temperature-stabilized pyranometer (YES model UV-BI,
Yankee Environmental Systems Turners Falls, MA, U.S.A)
operated in accordance with the manufacturer’s instructions,”
and calibrated against an unused reference YES pyranometer at
approximately six-monthly intervals. The instrument’s ana-
legue vollage output was interfaced with a data logger which
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digitized ond averaged readings recorded every 15 s over Samin

intervals, The effective South African Standard Time (SAST) of

cach aversged analogue vollage reading was asstgned to the
centre of the S-min recording interval, Averaged voltage read-

s woere dowinloaded daily inlo o personal computer pro-
wrammed (o compute the corresponding SZA and to convert
voltage readings inta absolule and biologically weighted
(280-320 nm) irvadiances compliant with the CHE reference
erythemat action specirum.”

The narrow-band instrument was a double monochromator
spectroradiometer {(Bentham model DM 150, Bentham Instru-
ments, Reading, Berkshire, UK inferfaced with a personal
computer, The jnstramoent’s stepper-motor-driven gratings
covered the speciral range 2905000 nm with a band width of
I and a scan time of 180 s The light sensor was a fibre-optic
vable topped by a teflon diffuser comnected o o kempera-
ture-stabilized photomuitiplier detector sealed inap imui&ia‘d
container, calibrated monthiv. Absoly
response was checked against an incandescent Eamp (Bentham
CL2, Bentham instrumoents) mounted inside a batfled oviinder
o exclude ambient and reflectod lamplight. Wavelength align:
ment was checked againstvapouremission fines from a merouy

Ih{‘ nsiruments were

are lamp. The spectroradiometer was programmed to starl
meastrements ab dawn and porform saans ab intervals of 3-
degree SZA thronghout the day, Absolute speciral rradianes
measurements were biologieally weighicd with the CIHD refer-
ence vrvthemal action spectrum” and indegiated over the range
280--320 mim. Standard Hmes (SAST) wore asstgned o the centre
of the effective wavelength of the integrated spectra.
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Phe dilie s irradiance bebween instrag
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hesis that the mean ditferences between
“Avamputed Peasson corvelalion coelTi-

assessedd the muall hypot
nstrements were zovo
cient tesied for significant istrumentat bias, that s, fo check
whothes one instrument gave higher or fower values than the
other™ Although statistical tests were conducted on absolute
nstrivmental difforences the differences were alse displaved as
prreeniages, SIUVBT s 2 TO0AS(CHED, so that
their magnitude and propensity were oxplicit, Ordinary least
regyessions of S{UV-ITS(CTRY ralios against lotal column ozone
quantitivd the divergenoy o pyrancmeloer from ~pectro
radiometor measurements of UNV-Birradiance in the etght ditfer
el 570 calegorios Student's # tested the statistical sigmificance
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that 1w,
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Fig. 1. Pyranometer [S{UV-B1)] and spectroradiometer [S{CIE)] measuremants of erythemal UV-B irradiance, including percentage divergence + standard errors for
different calegories of scolar zenith angle (8ZA) and total column czone. Numbers of paired measurements presented in brackets. Significant (P < 0.05) instrument

differences indicated by an arrow and bias by the letier B.
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