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Abstract. The possibility of measuring aerosol optical ab-
sorption properties in the UV spectral range such as single
scattering albedo (SSA), using remote sensing techniques, is
currently an open scientific issue. We investigate the limi-
tations on calculating column average SSA using a combi-
nation of global UV spectral measurements (that are comon
in various UV monitoring stations worldwide) with radia-
tive transfer modeling. To point out the difficulties in such
a retrieval we have used the travelling reference spectrora-
diometer QASUME (Quality Assurance of Spectral Ultravi-
olet Measurements in Europe) results from 27 visits to UV
monitoring stations around Europe. We have used the QA-
SUME instrument as relative reference, analyzing absolute
differences and also temporal and spectral deviations of UV
irraidances, that are used as basic input for the SSA retrieval.

The results comparing the mean SSA derived by all instru-
ments, measuring synchronous UV spectra, showed that 5
were within±0.02 difference from the SSA calculated from
the QASUME instrument, while 17 were within±0.04, for
the Solar zenith angle of 60 degrees. As for the uncertainty
that has been calculated using the 2σ standard deviation of
the spectral measurements, a mean 0.072 and 0.10 (2σ ) un-
certainties have been calculated for 60◦ and 30◦, respectively.
Based on the fact that additional uncertainties would be in-
troduced in the SSA retrieval from AOD model input accu-
racy, assymetry parameter assumptions, we show that only
very few instrumnents could be able to detect long term SSA
changes. However, such measurements/results ar useful in
order to retrieve SSA at UV wavelengths, a product needed
for various applications such as, inputs for modeling radia-
tive forcing studies and satellite retrieval algorithms.

Correspondence to:S. Kazadzis
(kazadzis@meteo.noa.gr)

1 Introduction

Aerosols affect the Earth’s radiative balance both directly and
indirectly (e.g. Charlson et al., 1992). Even though the un-
derstanding of direct effects is higher than that of indirect
effects (Rosenfeld and Lensky, 1998) there are still open is-
sues, mainly related to the absorption component by com-
plex mixtures of aerosols in highly diverse environments. A
comprehensive review, was given by IPCC (2007) and Yu et
al. (2006), describing an assessment of the aerosol direct ef-
fect, regarding both the current status and those issues that
still urgently require further research. Both emphasize, that
the significant uncertainties in global columnar single scat-
tering albedo (SSA) may constitute the largest single source
of uncertainty in the current modeling estimates of aerosol
climate forcing. SSA is the ratio of scattering to total extinc-
tion (scattering plus absorption). Since both quantities de-
pend strongly on chemical composition, particle size, state of
mixture, relative humidity and wavelength, comprehensive
measurements are crucial to reduce SSA uncertainties prop-
agated into aerosol radiative forcing estimates. However, the
SSA is still very difficult to measure by ground based or
satellite remote sensing techniques and in-situ methods (Corr
et al., 2009). A large portion of this difficulty emerges from
current weakness to account for accurate aerosol absorption
measurements (AAPCI, 2009; Bergstrom et al., 2007).

The above discussion applies even more for aerosol ab-
sorption measurements at wavelengths in the UV part of the
spectrum. Improvement in measurement and understanding
of aerosol absorption in the UV (and parameters like SSA),
that are currently used in various scientific applications based
on theoretical assumptions, will significantly benefit to appli-
cations such as:
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1. Aerosol effects on photochemical smog production:
aerosol absorption, contrary to scattering, decreases
photolysis rates of ozone production as it alters the
amount of UV radiation available for chemical reac-
tions within and below the aerosol layer (Dickerson et
al., 1997).

2. Aerosol effects on UV trends may affect stratospheric
ozone change: as current future scenario simulations of
global UV levels are based on ozone recovery scenar-
ios. In addition to this, the tendency for reduced anthro-
pogenic aerosols in the atmosphere observed in the US
and Europe during the last decade have to include not
only AOD changes for characterizing possible aerosol
trends, but also absorbing aerosol properties’ changes.

3. Solar irradiance satellite retrieval algorithms are di-
rectly affected by the presence of absorbing aerosols:
The discrepancies between ground-based UV measure-
ments and satellite-derived (OMI, TOMS) are directly
related with aerosol absorption not accounted for in the
satellite retrieval algorithms (e.g. Kazadzis et al., 2009).

4. Commonly used atmospheric, radiative transfer appli-
cations and codes: as UV related radiative transfer al-
gorithms suffer in precision due to large uncertainties
in the input parameters of absorbing aerosol properties
(e.g. van Weele et al., 2000).

The most common method for the determination of aerosol
optical properties like SSA in the visible spectral range using
measurements of sun and sky radiances by sun photometers
and radiometers have been introduced to the Aerosol Robotic
Network (AERONET –http://aeronet.gsfc.nasa.gov/), (Hol-
ben et al., 1998). It is based on the retrieval of aerosol opti-
cal and microphysical properties using inversion techniques
applied to observations of the angular distribution of sky ra-
diances of spectral AOD at visible and near infrared wave-
lengths demonstrated by Dubovik et al. (2002). Kassianov et
al. (2005) has proposed measurements of direct and diffuse
irradiance combined with radiative transfer modeling (RTM)
for the retrieval of SSA. In addition, Krotkov et al. (2005a)
has introduced a method based on the combination of co-
located AERONET extinction measurements with Multi Fil-
ter Radiometer diffuse and global transmittances. The use
of such methods for the determination of SSA in the ultra-
violet are difficult due to enhanced molecular scattering and
the effect of NO2, O3 and SO2 absorption (Krotkov et al.,
2005b). In addition, irradiance and radiance measurements
at UV wavelengths require more accurate instrument charac-
terizations and accuracy of determining various, instrument
related, parameters following guidelines for instrument spec-
ifications (Seckmeyer et al., 2001) and quality control proce-
dures (Webb et al., 1998) such as: the wavelength and abso-
lute calibration, the measurement signal to noise ratio, stray
light effects and filters stability (Bais, 1997).

There are only few publications dealing with ground based
measurement techniques for SSA retrieval at UV wave-
lengths from which column average absorption can be in-
ferred using two basic methodologies to determine SSA.
They both use UV measurements and AOD information as
inputs in an RTM code. The first is using global spectral
irradiances (GSI), (Kylling et al., 1998; Bais et al., 2005;
Ialongo et al., 2010) and the second (Petters et al., 2003;
Krotkov et al., 2005b) uses measurements of global and dif-
fuse irradiance ratios (GDIR) from UV multi-filter rotating
shadow-band radiometers. All, methods of inferring the SSA
at UV wavelengths require that the sky be completely cloud-
less since the radiative transfer model calculations are made
for cloudless conditions. Completely cloudless sky condi-
tions are not a common occurrence at many geographical lo-
cations, and obviously the data must be screened to eliminate
partial cloud cover situations. However, there are only a few
publications including results of the validation of such meth-
ods (Krotkov et al., 2009). The main difference of these two
approaches is that the GSI method requires accurate abso-
lute radiation measurements (i.e. global irradiance) and the
GDIR method requires dimensionless quantities (AOD, at-
mospheric transmittance). The two approaches require quite
different calibration techniques. Most important is that both
methods require accurate AOD and surface albedo for their
use as input parameters in the RTM.

Taking into account the number of UV spectroradiome-
ters (especially Brewer type) that are used for monitoring
purposes worldwide (e.g. Bais et al., 2001; Gröbner et al.,
2005), we aim to investigate the possibility using their mea-
surements and their related accuracy in order to retrieve SSA
at UV wavelengths. Such measurements with the use of the
GSI method, can provide information on long term and short
term SSA variability at various sites. In addition, it is an
essential tool for radiative forcing studies (e.g. Hatzianastas-
siou et al., 2007; Kazadzis et al., 2009) or satellite retrieval
algorithms (e.g. Arola et al., 2009). However, the GDIR
method is impossible to be used for such purposes as only
very few of such scanning instruments have the opportunity
to measure both global and direct spectral irradiance. Even
if practically Brewer spectroradiometers are able to perform
such measurements (e.g. Kazadzis et al., 2005; Groebner and
Meleti, 2004) only very few of them include them in their
measuring schedule mainly due to difficulties to derive the
absolute calibration of the direct spectral irradiance (Bais et
al., 2005). In this work we are investigating the limitations
and the level of SSA retrieval accuracy through global UV
measurements (GSI method). Final aim is to assess the re-
trieval accuracy in order to investigate the possibility of us-
ing such measurements for deriving time series of aerosol
absorption characteristics through the calculation of SSA.
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2 Instrumentation and data

2.1 Spectral UV measurements

In order to achieve the above mentioned goals we have used
the European travelling reference spectroradiometer (QA-
SUME) results during the years 2002–2005. We have to
point out that this instrument was used in this work as a rel-
ative global irradiance standard and not as an absolute irra-
diance standard, measuring with strict protocols and max-
imum control effort for the period of the EU project QA-
SUME (lap.physics.auth.gr/QASUME). Its measurements
were used in order to analyze absolute differences and devi-
ations of synchronized global irradiance measurements mea-
suring in parallel, at the same atmospheric conditions, with
27 UV monitoring spectroradiometers (Gröbner et al., 2006).

The QASUME instrument is a part of the European Ul-
traviolet Calibration Center that aims to improve the data
quality in the European Global Atmospheric Watch UV net-
work, to harmonize the results from different stations and
monitoring programs, in order to ensure representative and
consistent UV radiation data on a European scale. The trans-
portable instrument approach was the main idea behind the
EU project QASUME (2002–2004). The main idea behind
this project was, that despite the progress made in the var-
ious inter-comparison exercises since 1991 (e.g. Bais et al.,
2000; Webb et al., 2003), this inter-comparison process has
several limitations and faults as a means of quality assurance
(Bernhard and Seckmeyer, 1999). The QASUME reference
spectroradiometer system has been previously described in
detail in Gr̈obner et al., 2005. During the period of the QA-
SUME project, 27 UV monitoring sites were visited with the
transportable QASUME reference spectroradiometer. The
instruments that have been visited consisted of 20 double
and 7 single monochromators. Fifteen of them were Brewer
type spectroradiometers that are more easily comparable as
they are used nearly the same way at all stations. Their ab-
solute scale calibration procedures are based on measure-
ments of calibrated 1000W DXW lamp sources and each
individual local operator was responsible for the post cor-
rection data procedures including angular response (cosine
correction) procedures (11 out of 17), stray light and wave-
length shift corrections. Ten instruments were using Ben-
tham double monochromators having similarities mainly on
focal length of the monochromator and the entrance optics
which have been manifactured to have a close to ideal (< 1%
for SZA< 75◦) angular response so they did not apply any
cosine corrections. The two remaining instruments were a
Jobin Yvonne and Dilor double monochromators with flat
teflon as entrence optics, applying a cosine correction proce-
dure.

A summary of the sites and the site instruments can be
found in Table 1 and Fig. 1 of Groebner et al. (2006). The
protocol of the measurements at each site are described in de-
tail in Gröbner et al. (2003a, b, and 2004b). In addition all in-

dividual visits of the QASUME instrument are accompanied
by a scientific audit of achievements, problems and a final
assessment for each visited site. All the audit-documents can
be found at:http://www.pmodwrc.ch/euvc/euvc.php?topic=
qasumeaudit.

2.2 SSA retrieval

The attenuation of solar UV irradiance reaching the earth’s
surface by aerosols is mainly linked with aerosol optical
properties such as AOD and SSA and in addition depends
on solar zenith angle (SZA) at the time of the measurement.
To demonstrate this effect in Fig. 1 we have calculated with
the help of LibRadTran (Mayer and Kylling, 2005) radiative
transfer code this attenuation for two solar zenith angles. Us-
ing such results and based on the methodology of Bais et
al. (2005), we have constructed look up tables (LUT) of this
UV attenuation as a function of AOD, SSA and SZA. The
phase function that has been used in the analysis was 0.72
and surface albedo of 0.03 at 340 nm for all the calculations
in this work. With the help of these LUT’s (as described
in the GSI method) someone can calculate the SSA which
matches a measured UV attenuation for certain (also mea-
sured) AOD at a given SZA (Bais et al., 2005). It is clear
from Fig. 1 that for higher solar zenith angles the attenuation
for the same AOD’s and SSA’s is higher. So the uncertainty
of the GSI method decreases for higher SZA’s and AOD’s
and for lower SSA’s. However, for instruments that have no
ideal angular response of their input optics and do not apply
any correction procedures, cosine response errors, that are
larger for higher SZA’s, would bias the UV irradiance mea-
surements and therefore bias the SSA retrieval.

In this work we are aiming to investigate realistic (with the
use of QASUME campaign results) limitations in the accu-
racy for the SSA retrieval using the GSI method linked with
the spectroradiometer’s global irradiance measurement’s de-
viations. In all the 27 inter-comparison campaigns, the UV
monitoring spectroradiometers have been visited by the QA-
SUME instrument in order to analyze possible sources of UV
measurement deviations at each visited site. More specif-
ically we have used these results in order to investigate
how absolute differences and standard deviation of the inter-
comparison periods could affect the GSI method for SSA re-
trieval. In Fig. 2 we have summarized the mean differences
and the 2σ (standard deviation) of all visiting instruments
shown as ratios of any instrument with the QASUME at two
UV wavelengths. Results shown in Fig. 2 represent mean ir-
radiance differences at 310–325 nm (UVB) and 325–350 nm
(UVA).

As it is shown in the above Fig. 2, 23 out of 27 instruments
mean differences are within±5% compared with the QA-
SUME instrument. In addition, deviations from this mean
difference are shown. The reasons of such deviations of two
spectroradiometers measuring side by side and performing
synchronized spectral measurements are described in detail

www.atmos-meas-tech.net/3/1029/2010/ Atmos. Meas. Tech., 3, 1029–1037, 2010
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Figure 1. Per cent irradiance difference from the irradiance using SSA =1 as a function of AOD’s 

for SZA’s of 60o (left) and 30o (right). 
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Fig. 1. Per cent irradiance difference from the irradiance using SSA = 1 as a function of AOD’s for SZA’s of 60◦ (left) and 30◦ (right).

 

Figure 2. Mean differences and the 2σ (standard deviation) of all 27 visiting instruments shown 

as ratios of any instrument with the QASUME at UVB and UVA wavelengths. 
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Fig. 2. Mean differences and the 2σ (standard deviation) of all 27
visiting instruments shown as ratios of any instrument with the QA-
SUME at UVB and UVA wavelengths.

in Bais et al. (1997 and 2000), Gröebner et al. (2004 and
2005). More specific concerning absolute irradiance differ-
ences: The standard deviations of the 27 instruments com-
pared with the QASUME instrument of 3% in the UVA and
4% in the UVB can be mainly explained by the uncertainties
of the irradiance standards and their documented differences.
If the instruments are split into two groups, those with state-
of-the-art entrance optics with low cosine errors and those
that apply a cosine correction on the one hand, and the re-
maining instruments on the other hand, the average variabil-
ity of 5.9% for the first group is significantly lower than the
variability of 7.6% of the second group of instruments, which
can be explained by the known and observed diurnal vari-
ations induced by a non ideal angular response. Concern-
ing wavelength shift errors: The largest average wavelength
shifts of up to 0.3 nm are seen with a Bentham spectrora-

diometer, while the worst case for a Brewer spectroradiome-
ter has a wavelength shift of 0.06 nm. So Brewer spectrora-
diometers using their standard operating procedures appear
to have a much lower wavelength uncertainty than most other
spectroradiometers in this study. Concerning stray light er-
rors: Only single Brewers showed such problems showing
average (as the following percentages are SZA and ozone de-
pendent) stray light contribution of 1% and 11% for 305 nm
and 302 nm irradiances, respectively.

The instruments at each campaign were measuring about
20–30 spectral measurements per day for a period of 2–4
days depending on the site. The results used here could be
used as a unique realistic example of the accuracy of such
measurements in a very well organized campaign.

The analysis in order to investigate the uncertainty budget
in order to calculate SSA using the GSI method was based
on the:

1. Absolute mean difference of the two spectroradiometers

2. Standard deviation of the differences during the inter-
comparison period

The methodology used in order to calculate the difference in
the retrieved SSA from the two instruments was the follow-
ing:

The LUT’s calculated with the LibRadTran RTM were
used, with input parameters: the spectral measurements of
each instrument, the solar zenith angle of every measurement
and an AOD (for each location and for the specific month of
the measurement campaign) based on the aerosol Climatol-
ogy database of AeroComm (Kinne et al., 2009). The AOD
that was used was constant during the whole campaign pe-
riod at each site. This was decided, as the main interest
of this work was to calculate the SSA retrieval uncertainty
only from UV spectral measurement deviations and not to
mix other sources of uncertainties such as ones related with
RTM input parameters. The latest will also be discussed in

Atmos. Meas. Tech., 3, 1029–1037, 2010 www.atmos-meas-tech.net/3/1029/2010/
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Figure 3. Retrieval GSI methodology for calculating effective SSA 
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Fig. 3. Retrieval GSI methodology for calculating effective SSA.

the conclusion section. In addition, synchronized AOD mea-
surements were not available for a number of the sites ana-
lyzed.

The methodology for calculating SSA from global UV ir-
radiance measurements is illustrated in Fig. 3. There, as an
example a−3% difference and a 3% (2σ) standard devia-
tion between the QASUME and a specific spectroradiometer
(SP) at 340 nm have been used (crosses), with an AOD of
0.44 and an SSA of 0.9, for two different solar zenith angles
of 30◦ and 60◦ (red and blue line respectively). The figure
shows that for the case of 60◦ the instrument SP would lead
to an SSA calculation from 0.825 to 0.9 with a mean value of
0.865. Similar for 30◦ it would calculate an SSA from 0.795
to 0.9 with a mean of 0.845.

AOD and irradiance differences shown here were chosen
as they were the mean values for the 27 sites analyzed. How-
ever, Fig. 3 is just used as an example to demonstrate visually
the methodology used here. Dash lines represent other AOD
values. It is shown that higher AOD values (blue dash line
with an AOD of 0.7 at 340 nm) lead to better accuracy for the
SSA retrieval, while very low AOD values (red dash line with
an AOD of 0.1 at 340 nm) lead to a very high uncertainty.
The same procedure has been repeated with all instruments
for the UVB (310–325 nm) and UVA (325–360 nm) spectral
range using the results demonstrated in Fig. 2.

3 Results and conclusions

As shown in Fig. 2 there were 4 instruments that showed
mean deviations outside the± 5% area compared with the
QASUME instrument. Such deviations were due to cali-
bration problems or instrument failures at the time of the
inter-comparison so we have excluded them from the fol-
lowing statistical analysis. The results of the 23 remaining
stations comparing the mean SSA derived by both instru-
ments showed that 5 out of 23 were within± 0.02 difference

 

Figure 4: Results of SSA differences between each SP and the Qasume instrument for two solar 

zenith angles as a function of AOD used for each station. 
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Fig. 4. Results of SSA differences between each SP and the Qasume
instrument for two solar zenith angles as a function of AOD used for
each station.

from the QASUME instrument, while 17 were within± 0.04
for the SZA of 60 degrees. As for the uncertainty that has
been calculated using the 2σ standard deviation of the spec-
tral measurements, a mean 0.072 and 0.10 (2σ) uncertainties
have been calculated for 60◦ and 30◦, respectively. The re-
sults from the 23 stations are shown in Fig. 4.

The differences in the mean value but also the 2σ devia-
tions shown in Fig. 4 are affected from various factors. Main
factor is the absolute difference and the standard deviation
of the global spectral UV irradiance measurements between
each instrument and the QASUME instrument. It has to be
clarified that the QASUME instrument is not used here as
the “absolute truth” concerning absolute irradiance UV mea-
surements, but mainly as a stable, quality assured instrument,
that can determine relative deviations among the instruments
operating at the visited UV monitoring stations around Eu-
rope. Also, an instrument that can be used for homogenizing
both UV spectral measurements around Europe but also by-
products such as the SSA retrieval presented here. Analyz-
ing the results at each site, the SSA deviations are affected
by the different optical path inside the aerosol layer (SZA
effect) and the absolute AOD value used for each site. This
last factor shows that for cases of sites with low AOD’s the
retrieval of SSA becomes highly uncertain. Similar results
for one site has been presented in Bais et al. (2005).

The SSA retrievals from results based on measurements
of spectroradiometers with a non ideal angular response of
their input optics are likely to be biased as measured UV ir-
radiance is lower than true values at large SZA’s resulting
lower inferred SSA than true values of SSA. For the case
of the QASUME reference instrument and the majority (20
out of 27 instruments) this is not the case as they are either
equipped with ideal in terms of angular response input op-
tics or they apply correction procedures in order to eliminate
such errors.

www.atmos-meas-tech.net/3/1029/2010/ Atmos. Meas. Tech., 3, 1029–1037, 2010
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Moreover, for the proposed method there are additional
sources of errors in the SSA calculations at a particular site.
They include the uncertainty of RTM input parameters such
as:

– AOD measurement: Calibrated sun-photometers can
provide AOD measurements with an uncertainty of
0.01–0.02 (Eck et al., 1999). Using satellite aerosol
AOD information or other model based AOD databases,
the uncertainty increases due to spatial AOD features
especially at urban areas and temporal AOD variability
that can not be easily provided with these means. In
addition, using AOD information from measurements
at the visible range and extrapolating to the UV wave-
length range using an Angstrom exponent introduces an
additional uncertainty due to non-linearity in the AOD
versus wavelength relationship (Eck et al., 1999).

– Assymetry parameter, aerosol profile and extraterres-
trial spectrum uncertainties: for the comparison of all
spectroradiometers with the QASUME and ths SSA re-
trieval we have used the same aerosol optical param-
eters for both instruments. So, the present method-
ology does not include information on the uncertainty
included from such issues as their availability depend
on the additional instrumentation of the individual UV
monitoring site, that this methodology could be applied.
For each site there is a need for a methodology to select
appropriate values of spectral asymmetry factors that
are representative of differing aerosol size distributions
such as coarse mode desert dust or fine mode pollution
or mixtures of the two. For example the presence of a
sun-photometer (AERONET or other Network based),
together with the UV irradiance spectroradiometer min-
imizes such uncertainties.

– A recent study (Ialongo et al., 2010) has been using the
GSI method for the retrieval of SSA using UV global
spectral measurements at solar (local) noon. In such
studies due to the SZA variations during the year and
also due to the AOD annual variations, the uncertainty
for calculating the SSA is not constant (proportional to
UV global irradiance measurement uncertainties), but
depends on the SZA and AOD of each individual re-
trieval.

It has been mentioned that the calculation of the colunmar
(effective) SSA using the GSI or the GDIR method are at the
moment the only existing methods for calculating this param-
eter in the UV region. It is clear that the method of Krotkov
et al. (2005a) which is based on direct-diffuse ratio, has a sig-
nificant advantage over the technique of using total UV irra-
diance due to the uncertainty in the irradiance measurements
resulting from the calibration uncertainty. However, we de-
cided to analyze the possibilities to use the GSI method be-
cause of the large number of UV monitoring station that have

been performing global UV measurements from the start of
the 1990s. On the contrary only very few stations (starting
also after the year 2000) are equiped with the instruments
that the GDIR method can be applied. So, only results from
the GSI method can be used in order to investigate possi-
ble long term SSA changes in a number of locations world-
wide, when UV irradiance measurements are accompanied
by accurate AOD measurements. Such changes can enlarge
or diminish the effects of AOD changes in UV radiative forc-
ing. Recent studies especially for Europe and North Amer-
ica showed a certain decrease of AOD values (Norris and
Wild, 2009; Ohmura, 2009; Ruckstuhl and Norris, 2009). In
parallel with the AOD effects, possible changes to aerosol
absorption parameters would have also an additional feed-
back/effect on the calculated UV irradiance increase.

The results shown here demonstrate the possibility to use
the retrieved SSA using the GSI method for aerosol related
studies. For example for exploring aerosol absorption trends
in the UV, only few instruments around Europe could be used
to achieve this goal. However, even most accurate measure-
ments using the GSI method can not provide accurate SSA
retrievals (i.e. within 0.03) without accurate (i.e. within 0.01)
AOD measurements. This is demonstrated by the fact that the
mean difference and the 2σ variability of the SSA retrieval
among two synchronized instruments is in the order of the
magnitude of the possible trends that could be detected. For
regional or global radiative forcing studies in the UV region,
such measurements accompanied with their uncertainty, be-
come very important as they are the only existing methodol-
ogy at this point. Also, there is need for ground based mea-
surements/algorithms than could provide independent mea-
surements of SSA in the UV in order to assess the accuracy
of satellite derived SSA by the Ozone Monitoring Instrument
(OMI) observations (Torres et al., 2007). In addition, satellite
aerosol and radiation retrieval algorithms could use such time
series in order to improve the aerosol absorption assumptions
used as input optics in their retrieval schemes. As an ex-
ample the Ozone Monitoring Instrument (on board of Aura
satellite) surface UV retrieval recently introduced a post cor-
rection methodology that needs aerosol effective SSA world-
wide (Arola et al., 2009).

Finally, the data used here are the results of very well or-
ganized inter-comparison campaigns of very sophisticated
spectral instruments. The direct comparison of two well
characterized instruments measuring synchronous UV mea-
surements under the same conditions and having the maxi-
mum effort from the local operators are making this compar-
ison results the best available in terms of data quality. Such
results were used here as a tool in order to realistically assess
the possibilities of the SSA retrieval. Based on the above
facts, any operator of other (broadband or filter) instruments
that measure global UV irradiance has to put much more ef-
fort in order to reach the absolute accuracy/long term stabil-
ity, similar to the spectroradiometers, in order to retrieve SSA
with similar uncertainty budget.
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Summarizing, this work focuses on the possibility to use
long term series of UV global irradiance measurements, in
order to derive information on the SSA at various loca-
tions. Using comparison results of well organized campaigns
we aimed to show realistic instrument differences, linked
with absolute calibration, angular response and other mea-
surement uncertainties. The uncertainty of deriving SSA
from such measurements described, are linked not only with
the measurement accuracy but also with the availability to
use accurate RTM input parameters such as AOD, surface
albedo, asymmetry parameter, ozone, NO2. Other stud-
ies showed that using speciffic instruments or combination
of instruments that can provide accurate knowledge of di-
mensionless transmittance, is sufficient for deriving SSA
with a provided uncertainty. However, the value of this
work/investigation is based on the fact that the number of
spectroradiometers (or even UV broadband radiometers) pro-
viding absolute UV irradiance measurements from the start
of the 1990s, could be used for the retrieval of aerosol SSA
time series worldwide, with an uncertainty depending on
each individual instrument. In addition, it has to be men-
tioned that the uncertainty of this retrieval is also influenced
by the availability of measurements or accurate assumption
of other RTM input parameters, mentioned above. As an ex-
ample, the Brewer spectroradiometer Network could provide
a valuable database of spectral UV measurements together
with AOD retrieval (using their standard direct sun ozone
measurement) in order to provide SSA information with rel-
atively high spatial and temporal coverage.

Acknowledgements.SK would like to acknowledge Marie Curie
project ACI-UV, PERG05-GA-2009-247492. The authors would
like thank the anonymous reviewers for their crucial comments that
improved this work.

Edited by: O. Torres

References

Arola, A., Kazadzis, S., Lindfors, A., Krotkov, N., Kujanpaa, J.,
Tamminen, J., Bais, A., di Sarra, A., Villaplana, J. M., Brog-
niez, C., Siani, A. M., Janouch, M., Weihs, P., Koskela, T.,
Kouremeti, N., Meloni, D., Buchard, V., Auriol, F., Ialongo,
I., Staneck, M., Simic, S., Webb, A., Smedley, A., and Kinne,
S.: A new approach to correct for absorbing aerosols in OMI
UV: a preliminary evaluation, Geophys. Res. Lett., 36, L22805,
doi:10.1029/2009GL041137, 2009.

Atmospheric Aerosol Properties and Climate Impacts (AAPCI):
Synthesis and Assessment Product Report by the U.S. Cli-
mate Change Science Program and the Subcommittee on Global
Change Research, edited by: Chin, M., Kahn, R., Remer, L., Yu,
H., Rind, D., Feingold, G., Quinn, P., Schwartz, S., Streets, D.,
and Halthore, R., 2009.

Bergstrom, R. W., Pilewskie, P., Russell, P. B., Redemann, J., Bond,
T. C., Quinn, P. K., and Sierau, B.: Spectral absorption proper-
ties of atmospheric aerosols, Atmos. Chem. Phys., 7, 5937–5943,
doi:10.5194/acp-7-5937-2007, 2007.

Bais, A. F., Gardiner, B. G., Slaper, H., Blumthaler, M., Bern-
hard, G., McKenzie, R., Webb, A. R., Seckmeyer, G., Kjeldstad,
B., Koskela, T., Kirsch, P., Gröbner, J., Kerr, J. B., Kazadzis,
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Görts, P., Koskela, T., Seckmeyer, G., Webb, A. R., and Wuttke,
S.: Quality assurance of spectral ultraviolet measurements in Eu-
rope through the development of a transportable unit (QASUME)
– Report of site visits, Round 2002 EUR 20991 EN European
Commission, 2003a.
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