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Abstract. Several validation studies have shown a notableabsorbing aerosols which has allowed the correction of the
overestimation of the clear sky ultraviolet (UV) irradiance OMI UV data.
at the Earth’s surface derived from satellite sensors such An aerosol correction expression was applied to the OMI
as the Total Ozone Mapping Spectrometer (TOMS) and theoperational UV data using two approaches to estimate the
Ozone Monitoring Instrument (OMI) with respect to ground- UV absorption aerosol optical depth, AAOD. The first ap-
based UV data at many locations. Most of this positive proach was based on an assumption of constant SSA value
bias is attributed to boundary layer aerosol absorption thabf 0.91. This approach reduces the OMI UVER bias against
is not accounted for in the TOMS/OMI operational UV al- the reference Brewer data from 13.4% to 8.4%. Second ap-
gorithm. Therefore, the main objective of this study is to proach uses daily AERONET SSA values reducing the bias
analyse the aerosol effect on the bias between OMI ery-only to 11.6%. Therefore we have obtained a 37% and 12%
themal UV irradiance (UVER) and spectral UV (305 nm, of improvement respectively. For the spectral irradiance at
310nm and 324 nm) surface irradiances and ground-base824 nm, the OMI bias is reduced from 10.5% to 6.98% for
Brewer spectroradiometer measurements from October 200donstant SSA and to 9.03% for variable SSA. Similar results
to December 2008 at El Arenosillo station (37N, 6.7 W, were obtained for spectral irradiances at 305 nm, and 310 nm.
20 ma.s.l.), with meteorological conditions representative of Contrary to what was expected, the constant SSA ap-
the South-West of Spain. proach has a greater bias reduction than variable SSA, but
The effects of other factors as clouds, ozone and the solathis is a reasonable result according to the discussion about
elevation over this intercomparison were analysed in detaithe reliability of SSA values. Our results reflect the level of
in a companion paper (Aah et al., 2010). In that paper the accuracy that may be reached at the present time in this type
aerosol effects were studied making only a rough evaluatiorof comparison, which may be considered as satisfactory tak-
based on aerosol optical depth (AOD) information at 440 nming into account the remaining dependence on other factors.
wavelength (visible range) without applying any correction. Nevertheless, improvements must be accomplished to deter-
We have used the precise information given by single scattermine reliable absorbing aerosol properties, which appear as
ing albedo (SSA) from AERONET for the determination of a limiting factor for improving OMI retrievals.
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1 Introduction and also for erythemal dose rates (from 25% to 8%) in the
Rome urban site.
It is well established by several validation works (Arola In this framework, our work is focused on the com-
et al., 2005; Anbn et al., 2007; Kazantzidis et al., 2006, parison between OMI UV irradiance products (erythemal
2009; Arola et al., 2009) that UV irradiance at the ground irradiance (UVER), and spectral irradiances at 305, 310
given by satellite instruments such as TOMS (Total Ozoneand 324 nm) and the ground-based UV measurements us-
Mapping Spectrometer) and OMI (Ozone Monitoring In- ing a well-calibrated Brewer spectroradiometer located at
strument) (Krotkov et al., 2002) is overestimated comparedg|l Arenosillo (37.2N, 6.7 W, 20ma.s.l.), representative
with ground based UV measurements at many polluted locaef the SW of Spain. In a companion paper (8ntet
tions. This positive (satellite overestimation) clear-sky biasal., 2010) the effect of several factors as clouds, aerosols,
varies widely depending on the climatological conditions atozone and the solar elevation on OMI-Brewer UV bias were
validation sites. Most of this positive bias is attributed to analysed and compared with previous TOMS-Brewer results
boundary layer aerosol absorption. TOMS UV algorithm has(Anton et al., 2007). In the previous works, as in &mt
an Aerosol Index-based correction for the absorbing aerosoét al. (2010), the aerosol effect was studied in terms of
which is not included in the current version of OMI UV al- aerosol extinction optical depth (AOD) measured at visible
gorithm (Krotkov et al., 2005; Arola et al., 2009). 440 nm wavelength. The comparison results showed that un-
The OMI instrument is a Dutch-Finnish push-broom UV- der moderate-high aerosol load (AOD(440 na).25) the
Visible spectrometer, a contribution to NASA-EOS/Aura OMI bias is about 19-15% for UVER and spectral UV irra-
mission, launched in July 2004. It is the successor ofdiances. Under cloud-free and low aerosol load conditions
the long-lived NASA-TOMS programme (onboard different (AOD(440 nm)< 0.1) the OMI bias was smaller11% for
platforms: Nimbus-7, Meteo-3 and Earth-Probe) which be-UVER, and similar spectral results. These studies had not
gan at the end of the 1970’s years to measure atmospheriattempted correcting OMI UV data for aerosol absorption,
composition. First validation of OMI UV data can be found because no information about aerosol absorption properties
in the work of Tanskanen et al. (2007). The validation resultsat UV wavelengths was available at our site.
showed a good agreement between OMI-derived daily ery- In this paper we first analyse absorption properties of
themal doses and the daily doses calculated from the groundecal aerosols at El Arenosillo site, representative area of
based spectral UV measurements from 18 reference instruSouth-West Europe, summarizing our previous measure-
ments (stations in Europe, Canada, Japan, USA and Antaranents (Toledano et al., 2007a, b, 2009; Cachorro et al., 2006,
tic). However, a positive OMI bias up t©50% was found  2008; Prats, 2009). Discrimination of absorbing and non-
for polluted sites significantly affected by absorbing aerosolsabsorbing aerosols is a challenging task, related to the dis-
or trace gases. crimination of aerosol types. Measurements of AAOD or
Recent publications on OMI operational UV validation SSA are routinely available only in the visible wavelengths
have been carried out by Buchard et al. (2008), lalongo e(440nm and longer wavelengths (Dubovik et al., 2002). The
al. (2008) and Weihs et al. (2008) at different European loca-uncertainty of these parameters from AERONET inversions
tions but no aerosol corrections were made. More recentlyjs not yet well-known. Furthermore, the spectral dependence
the works of Kazadzis et al. (2009), Arola et al. (2009) and of SSA depends on aerosol type, thus, AERONET SSA val-
lalongo et al. (2010) have applied the aerosol absorption corues at visible wavelengths can not be simply extrapolated
rection suggested earlier in Krotkov et al. (2005) and Arolainto UV wavelengths (Krotkov et al., 2005, 2009; Arola et
et al. (2005). The first work applies the correction based onal., 2009).
local aerosol in the urban location of Thessaloniki (Greece), El Arenosillo is an appropriate location for aerosol studies
showing that the OMI instrument overestimates UV spectralbecause of a high frequency of cloud-free days, and a great
irradiances at 305 nm, 324 nm, and 380 nm by 30%, 17% andariety of aerosol types with a high occurrence of desert dust
13%, respectively. In the paper of Arola et al. (2009) the outbreaks from Africa during all seasons (Toledano et al.,
correction is based on a global climatology of aerosols, us22007a, b, 2009). In addition, this location enjoys availability
ing combined information of aerosol models and AERONET of long term measurements of different aerosol types. The
data. This work has been carried out over seven Europeaperiod of study is determined by availability of OMI data
sites (including EI Arenosillo station) and showed a reduc-from October 2004 to December 2008.
tion of the bias from 22% to 17% for the UV spectral ir- The paper is organized as follows. Site characteris-
radiance at 324 nm under different atmospheric conditionstics, ground and satellite-based measurements are briefly de-
lalongo et al. (2010) following a methodology very similar scribed in Sect. 2. Section 3 introduces the methodology
to that of Kazadzis et al. (2009) for the retrieval of the single used for comparison between OMI and Brewer measure-
scattering albedo (SSA) and the absorption aerosol opticanents. The comparison results are presented in Sect. 4 with
depth (AAOD, based on the comparison of measured spectréocus on different approaches for OMI aerosol correction. Fi-
by Brewer and modeled data) obtains a strong bias reductionally, Sect. 5 summarizes the main conclusions.
for spectral OMI irradiances at 324.5 nm (from 18% to 2%)
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2 Site, instruments and data centre of the satellite pixel and the station vary from 0.1 km
to 48 km, with an average value-{ standard deviation) of
Short comments about site, instruments and the type of datg1.54 8.1) km. In addition, Brewer data recorded closest to
are given in this paper. For a more detailed description readhe selected OMI overpass time (between 12:30 and 14:30 lo-
the earlier mentioned companion paper @met al., 2010).  cal solar time for El Arenosillo station) were used. The days
The site of study is located at “El Arenosillo” Atmospheric with differences between the time of Brewer measurements
Sounding Station (ESAt-El Arenosillo) in Hueva, South- and the OMI overpass time higher than 15 minute§% of
West of Spain (371N, 6.7 W, 20ma.s.l.). This station be- all data) are removed in the comparison. Thus, the average
longs to the Earth Observation, Remote Sensing and Atmoof the daily time differences is (& 4) min.
sphere Department, National Institute of Aerospace Technol- In a previous paper by Aah et al. (2010), OMI-Brewer
ogy of Spain (INTA). This centre participates in the Global irradiance under all-sky conditions with 1206 available data,
Ozone Observing System (GO30S) of the Global Atmo-representing 80% of total days during the period of study,
sphere Watch (GAW) program of World Meteorological Or- were compared. In that work, the OMI Lambertian Equiv-
ganization (WMO) as station #213. Data gathering, retrievalalent Reflectivity (LER) at 360nm was used to describe
and reporting procedures at these stations are standardizetbud—free conditions. A certain day was classified as cloud-
by the WMO quality assurance procedures. free if LER was lower than 10% (Kalliskota et al., 2000).
Aerosol data are provided by the CIMEL-AERONET sun- Thus, 703 (49% of the total days) days were selected as
photometer available since year 2000 (Toledano et al., 2007&loud-free. In this study, CIMEL AERONET cloud screen-
b, 2009). AOD and the deriveélngsttt")m coefficient (also  ing data have been also used to define cloud-free conditions,
denoted byw) are obtained from direct sun measurementsdue to the need of simultaneous AOD and OMI-Brewer ir-
using the current version 2 of AERONET algorithm or by radiance data. Thus, the number of selected data is slightly
the GOA algorithm (Cachorro et al., 1987, 2001; Ortiz de lower, 633, and finally reduced to 583 (45% of the total days)
Galisteo et al., 2009). The AAOD and SSA parameters aren order to use the available SSA values, as we explain below.
derived from the more sophisticated inversion algorithm usedThis high number of values (as was shown in Arola et al.,
by AERONET. 2009) reflects the good weather conditions of El Arenosillo
The UV irradiance weighted with the erythemal action for solar radiation and aerosol studies, currently providing
spectrum adopted by the Commission Internationale deof one of the best ten AERONET long-continuous data-set,
I'Eclairage (CIE) (McKinlay and Diffey, 1987) (denoted as suitable to analyse the OMI bias due to aerosols.
UVER) and absolute spectral UV irradiances (Watts/nf/m
(at 305 nm, 310 nm and 324 nm) were used for the compari-
son between OMI UV products and Brewer measurements. 3 Methodology

The OMI instrument is a nadir viewing spectrometer that . . . . . .
The comparison analysis for irradiance is carried out by re-

measures solar reflected and backscattered light in the wave- ~ ™. ) .
length range from 270nm to 500 nm with a spectral reso-dression analysis and also by the mean bias error (MBE) and

lution of 0.45nm in the ultraviolet and 0.63 nm in the vis- the mean absolute bias error (MABE). These parameters are

ible interval. The instrument has a 2600 km wide viewing defined by

swath and it is capable of d_aily, global cont_iguous mapping. 1 Y. OMI — Brewer

The OMI surface UV algorithm (OMUVB) is based on the MBE =100- NZ OMI

TOMS UV algorithm developed at NASA Goddard Space i=1

Flight Center (Krotkov et al., 2002, 2005; Tanskanen et al., v

2007; Torres et al., 2007). In this study OMI UV prod- MABE:lOO-iz |OMI — Brewet @

ucts correspond to the new version of the OMI level 1 (ra- N OoMI

diance and irradiance) and level 2 (atmospheric data prod-

ucts) data set named collection 3. This new version taked he uncertainty of MBE and MABE is characterized by the

advantage of a coherent calibration and revised dark currergtandard error (SE). These two statistical parameters were

correction. For more information, please, visit the NASA used according to the methodology used in previous works

DISC athttp://disc.gsfc.nasa.gov/Aura/OMir EOS Aura  (Anton et al., 2007, 2010).

OMI level 2 orbit data, and the Aura Validation data Center For the OMI UV data correction, the formula provided by

athttp://avdc.gsfc.nasa.gdor EOS-Aura OMI station over-  Krotkov et al. (2005) based on the aerosol absorbing correc-

pass data. Please consult the OMI README files for thetion factor (CAA) was used:

latest OMI data product information.
For the latitude of El Arenosillo station, OMI instrument UVeorr(2)=CAA Q) - UV operational2) ®)

provides more than one overpass per day. In this work, the

daily OMI data are derived from the satellite overpass closest

to the ground-based location. Thus, the distance between the

1)

i=1
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where is the corresponding OMI working wavelength in 4 Results and discussion: aerosol effect on OMI bias
nm. CAA can be estimated by the aerosol absorption optical

thickness (AAOD) as follows: The results of our previous paper of Antet al. (2010) must
1 be borne in mind for this analysis. The overestimation of
CAA(L)= (4) OMI irradiance values about 13% for cloud-free conditions
[1+5-AAOD (W] and the initial evaluation of aerosol influence were very in-

The denominator describes the linear dependence of the oveformative. Nevertheless, that paper did not analyse the in-
estimation ratio of satellite-based UV on AAOD beiig fluence of absorbing and non-absorbing aerosols on the ob-
the constant slope. This parameter weakly depends on s@erved OMI bias and hence no correction could be applied.
lar zenith angle (SZA) and aerosol type (Arola et al., 2005; Itis needed to achieve a more detailed analysis of absorb-
Krotkov et al., 2005). A value of =3 has been used as the ing aerosols in order to correct its effect on OMI bias. This
most current value. However, according to its definition andtopic will be discussed in the next sections. However, the first
following the approach of Kazadzis et al. (2009), the param-issue is how to identify absorbing aerosols. As already men-
eterb must be determined from the available data. Althoughtioned different approaches have been considered depending
CAA is applied to all OMI UV products, the analysis is re- on the available aerosol information.
stricted tox = 340 nm which is the single wavelength avail-
able for AAOD. 4.1 Absorbing aerosol determination based on

Therefore, AOD and AAOD (or the equivalent SSA) at UV AOD-alpha and Al information

wavelengths are necessary for OMI correction data. AAOD o )
(or SSA) needs more sophisticated inversion algorithms for™ first approach for determining absorbing aerosols based

its determination, presenting a high uncertainty when avail-on AOD-alpha information was evaluated and its relation-
able. These parameters are retrieved at visible-NIR spectrainip with OMI bias was investigated. The most common
range by the AERONET inversion algorithm. This algorithm @nd widely available information about_aerosol properties are
is based on almucantar radiance data, restricting SZA to hig'OD and alpha parameters. Thus, climatological tables for
values and with others limitations, such as AOD(440 nm)both parameters are provided by AERONET. However, this
greater than 0.4. All these restrictions considerably reducds not the case for SSA.
the number of available site-data. In the UV range, AOD val-  Values of AOD at UV wavelengths are needed to perform
ues are more scarce than those at visible or near infrared iHis analysis. The standard sun-photometer installed at El
AERONET stations. In addition, there is no current retrieval Arenosillo has no measurements at UV wavelengths since it
methodology available with AERONET data for AAOD or is @ polarized instrument. In order to overcome this draw-
SSA in the UV range. To overcome this issue, Krotkov et back, AOD at 340 nm was measured by another Cimel pho-
al. (2005) used UV-MFRSR radiometer aerosol data, and ifometer which was installed at our station between June 2006
the works of Kazadzis et al. (2009) and lalongo et al. (2010)and August 2007 within the period of study. Thus, AOD
all the aerosol information was derived from Brewer mea-Vvalues at 440nm and the alpha parameters have been used
surements. However, these methodologies present some lint0 extrapolate the AOD to UV wavelengths. This approach
itations for aerosol retrieval radiative properties due to thehas been validated using the measurements of AOD values
low intrinsic sensitivity of SSA to UV irradiance values. at 340nm. In this sense, Fig. 1a shows a good agreement
SSA is a function of the wavelength and this dependenc@etween the measured and calculated values at 340 nm.
can be used to define the aerosol type. Most current discrimi- It would be desirable to have AOD values at shorter UV
nation of aerosol types is based on AOD-alpha plots informa-wavelength, lower than 340 nm, but only Cimel data at this
tion (Eck etal., 1999; Toledano et al., 2007a) which may givewavelength are available at this moment. AOD Brewer data
additional information to select partially absorbing aerosols,were not used in this work since there is currently a high
but not to retrieve reliable absorbing properties. Therefore disagreement between our retrieved Brewer data and Cimel
here different approaches will be followed, from AERONET data at UV wavelengths. Although many works give a good

aerosol information based only on AOD-alpha to a more de-assessment about AOD Brewer retrieval (e.g.olBer et
tailed approaches based on SSA or AAOD. al., 2001; Marenco et al., 2002; @ner and Meleti, 2004;

Moreover, Aerosol index Al (Hsu et al., 1999; Torres et Kazadzis et al., 2005, 2007; Cachorro et al., 2009) some
al., 1999) provided by the OMI sensor also gives information Problems remain that must be solved to have reliable Brewer
about absorbing aerosols. In this study, this approach hadOD data in an operational way, without additional measure-
been explored in correspondence with AOD-alpha or SSAMents as in the works by Kazadzis et al. (2005, 2007). Fur-

values in order to get more detailed aerosol information.  ther improvements are necessary in calibration constants to
obtain operational AOD Brewer data.

It is interesting to analyse the relationship between
AOD(340nm) and AOD(440nm) (Fig. 1b) since part of
the information given at UV range is derived from visible
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AOD (440 nm) measured Fig. 2. (a) Frequency histogram of alpha values ghjiplot of al-

pha versus AOD at 440 nm during the analysed OMI period (2004—

2008) under cloud-free conditions.
Fig. 1. (a)Calculated AOD at 340 nm (based on extrapolated data at

440 nm using the alpha climatological AERONET values) as func-

tion of measured AOD at 340 nm during a year of measurement . .
and its fit; (b) calculated AOD yalues at 340 nm as _function of the Spiitrlfll/ez'ue-rthoe d%iaelﬁtcgut;eag:g;? tg]poedz}]gkt?\?giﬁérlsmo de
measured AOD at 440 nm during the analysed period (2004—2008?n . . .
for alpha less and greater than 0.82. Also both fits are shown. abqutoe =12)is mglnly relf"‘ted to the preva"'”g CO"?‘StaI
marine aerosols. Fine particles have a low weight in the
histogram for our station but, in the latter mode, continen-
tal aerosol type and fine particles associated with polluted or
spectral range and in this case, by the alpha coefficient opther type of events have been included.
Angstiom exponentr (hereafter we use indistinctly alpha  pence, the cloud-free data set have been divided into
or ). The plot shows two branches: one corresponding 0y, groups, one of alpha values smaller than 0.82 and an-
the black points and the other to the grey points. This beher one with values equal or greater than 0.82 (represent-
haviour could disagree with the expected more linear COling the 28.3% and 71.7% of all cloud-free cases, respec-
relation between both wavelengths (or between others paifively) according to the information given by Figs. 1b and
of wavelengths: i.e., 440-670, etc.). Nevertheless, this beoy “|, addition, both modes or branches can be clearly
h_aviour appears when there are two well defined groups OEIistinguished in Fig. 1b when the value of AOD(440 nm)
size particles. reaches 0.25. For AOD(440 nm) values lower than 0.25 both
These findings are based on the characterization of AODbranches are joined, being difficult to separate both groups.
alpha aerosol climatology in El Arenosillo given by Toledano Therefore, AOD(440 nmg=0.25 is considered as the limit-
et al. (2007a). The histogram of frequencies of the alphaing point between both branches. The additional informa-
parameter given in Fig. 2a (see also Fig. 7 in Toledano etion given by the alpha parameter allows us to perform this
al. (2007a) for the period 2000—2005) shows two separatedeparation for lower AOD(440 nm) values. Figure 2b shows
modes atx =0.82, defining coarse and fine-moderate sizethe relationship between the alpha coefficient and AOD at

www.atmos-chem-phys.net/10/11867/2010/ Atmos. Chem. Phys., 10, 11B885-2010
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440 nm. Two data sets of AOD(440 nm)).25 and one data 50.00
set AOD(440 nmx0.25. can be very clearly seen. These two N=583 data
groups of high AOD differentiate between moderate-fine (al- 40.00
pha greater than 0.82) related to polluted aerosol episode:
and large particles (alpha smaller than 0.82) associated witr
desert dust particles. Hence, it is expected that these twc
groups may represent absorbing aerosols.

We recall that desert dust (DD) aerosols attenuate the
UV radiation more strongly than other aerosol types with
the same AOD due to their low single scattering albedo
at UV wavelengths (Krotkov et al., 1998; Meloni et al., 1000 }---- e !l & alpha < 0.82
2003). In the case of our area of study and taking into ac- a) i| ®alpha > 0.82 and AOD > 0.25

count their characteristics (Toledano et al., 2007a, b) polluted ~ -209°
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

y = 36.86x + 6.38

30.00

20.00 1

10.00 } -+

1
\| Call alpha data
1

Relative Differences OMI-Brewer(%)

aerosols are represented by those arriving from industrial- AOD(340 nm)

urban areas mixed with marine or continental aerosols, but . -

not pure coastal-marine aerosols (AOD(440 nm) lower than N=583 data

0.25). However, values of high alpha and AOD(440 nm) may 40.00 Y= 6.75x+9.99
also correspond to biomass-burning (BB) aerosols. This type & ¢ R® = 0.24

of aerosols corresponds to isolated episodes well identified in § 309 L e e %
our station (Cachorro et al., 2008). These aerosols are mainly £ A
related to cases of local forest fires and those arriving from
Portugal during the period of study. BB aerosols correspond ¢ 10.00 |

20.00 1 y=3.38x+12.1

R? = 0.057
<

OM

to 5-6 points and, hence, represent a low percentage of the g & 3
total number of cases (about 0.5-1%). S 0001 o%'; 9@{’? N
Figure 3a shows the relationship between the relative dif- 5 | Oall alpha data
ferences OMI-Brewer and the valid associated values of © 4 $aipha < 0.82
.. . . b) ! @ alpha > 0.82 and AOD > 0.25
AOD at 340 nm for cloud-free conditions (white rhomboid -20.00 !
points). A very low correlation is found witR2=0.16 (R= -1.00 -0.50 0.0 050 1.00 1.50 200 250 3.00 3.50 4.00

0.4). This correlation is notably improved when data with al- Al

pha below 0.82 are selected (grey points), givitfg= 0.42

(or R =0.65). The set of values with AOD(440nm)0.25  Fig- 3. (2) Dependence of the relative difference between OMI and
anda > 0.82 is shown as red points. The relationship be- Brewer UVER with respect to the aerosol optical depth (AOD) at

tween OMI-Brewer differences and AOD at 340 nm presentss.40 nm for Cl(.)Ud'free Cpnd't'ons' The.two fits are shapOMI
bias as function of Al index where different subsets of aerosols

agreat \{arlablllty, depending on the site or aerosol type (e'g'specified by alpha and AOD values are represented (see text). “all
Kazantzidis et al., 2006; lalongo et al., 2008; Buchard etynna data” set includes white, grey and red points.

al., 2008). Anbn et al. (2007) found a better correlation for

binned data, showing clearly that the OMI bias increases as

the AOD increase. Note that this result is relevant it is the

same that working with the case of SSA constant as we will e have plotted AOD(440 nm) versus Al in Fig. 4 in or-
discuss later in this paper. der to improve the classification of absorbing aerosols. Most

In order to gain more information about our aim to se- '€d Points are in the first quadrant except the points corre-
lect absorbing aerosols, Fig. 3b shows the differences OMISPOnding to the mentioned biomass burning (BB). This re-
Brewer as function of Al. Similar to above, regressions wereSUlt was not expected as indicated above (Fig. 3b) since red
obtained showing very poor correlation values. However, acP0iNts were expected at the top-right quadrant. Grey points
cording to Al values most points of the selected set of high(@lPha smaller than 0.82) are located in the other three quad-
AOD(440 nm) appear as non-absorbing (red points) withra”ts-. The rlght—tgp quadrant defines the desert dust (DD)
the exception of few of them with Al values greater than @nd biomass-burning BB cases as expected.

0.5, corresponding to BB aerosols (located close but at the Al is an efficient way to detect absorbing aerosols, but
right of the vertical line Al=0.5). We have taken A:0.5 it is more difficult to retrieve since it is also sensitive to
as the limiting value between absorbing and non-absorbindAOD and SSA quantitative information. Bear in mind that
aerosol according to Krokov et al. (2005). The other set withAl is very sensitive to the aerosol altitude and increasing
AOD(440 nm)> 0.25 andx < 0.82 correspond to desert dust with altitude, if other relevant factors, as AOD and SSA
(DD) which is located at the top-right, appearing as absorb-are the same, hence not very sensitive to the presence of
ing data. aerosols in the boundary layer or low layers in the tro-
posphere. Therefore, the red points may provide more
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Documents/AERONETcriterifinall.pdf and Prats et al.,

o N=583 data & all alpha data 2008), which reduce considerably the data and hence it is
0.70 -3¢ apha < 0.82 difficult to have a representative climatology. The restriction
0.60 | ! | ® aipha > 0.82 and AOD > 0.25 of AOD(44O nm)> 0.4 eliminates most of the aerosol data,
'E as in the case of our station.
0.50 1 ! All these conditions make impossible to obtain a clima-
E tology based on AERONET level 2 data nor a reliable sea-
g 0.40 sonal characterization at El Arenosillo in spite of using more
8 030 than nine continuous years of data and taking into account
< its excellent weather conditions (Prats et al., 2008). Fur-
0.20 thermore, the low number of data is not sufficient to anal-
yse OMI irradiance data and they are only representative of
0-10 desert dust aerosols (Toledano et al., 2007b). Therefore it
0.00 - — ‘ was necessary to take SSA level 1.5. Mean daily values
-1.00 -0.50 0.00 050 1.00 1.50 2.00 250 3.00 3.50 4.00 (not overpass data) were used as the most reliable values
Al for this analysis because of the restrictions of the inversion

AERONET algorithm for SZA as mentioned above. The er-
Flg 4. AOD at 440nm as function of Al index where different ror of SSA reported by AERONET depends on the values
subsets of aerospls are indicated. “all alpha data” set includes whitegf AOD(440 nm) and also on aerosol types (DD, BB, etc.),
grey and red points. with higher uncertainty for lower wavelengths (Dubovik et

al., 2002), varying from 0.03 to 0.07.
information about the altitude than about the strength of ab- In spite of this assigned error, it must be emphasized that
sorption. These red points may be associated with polihe quality of the obtained SSA data-set “(level 1.5)" is not
luted boundary layer aerosols and also related to sulphateguaranteed (quality not assured according to AERONET pro-
composition (Gonzalez-Castanedo, 2007) or more scatterin§?cols). In addition, the analysis of the SSA quality with
aerosols. Because of this apparent inconsistency in the clagther methodology is not generally feasible. This is the case
sification of absorbing and non-absorbing aerosols based ofpr our study and unfortunately for other reported casésgP
AOD-alpha and Al information, the available values of SSA €t al., 2009). To solve this problem, the work of Arola

will be used in the next section. et al. (2009) proposed to use model data in combination to
AERONET data in order to get a climatology expressing the

4.2 Absorbing aerosol based on SSA values and its SSA values as monthly-means. Also monthly SSA values
relation with AOD, alpha and Al were used in the work of Kazadzis et al. (2009) but using

other methodology based on Brewer global-direct measure-

Two groups of high AOD(440 nm) with potential absorbing ments and a radiative transfer model. For the moment, only
properties have been selected, with alpha smaller and great&fERONET data are available at El Arenosillo station
than 0.82. It is worth noting that they only correspond to a Figure 5a shows SSA versus AOD, both taken at 440 nm
small subset of the total free-cloud data (15%). Figures 3—4wvavelengths. A first look of this plot indicates that SSA val-
show the behaviour of these two subsets and also the wholaes range from 0.7 to 1 with a 66% of points between 0.9 and
data set in order to distinguish the different absorbing fea-1. In addition, there is a significant number of points below
tures of these data. Due to the insufficient information with 0.85 (14%), presenting most of then AOD(440 nm) smaller
Al and AOD-alpha parameters, the available SSA values athan 0.25. The cases with SSA(440 nm) smaller than 0.9 and
our station given by AERONET must be considered, as theAOD(440 nm) smaller than 0.25 represent 29% of all. Our
most relevant parameter to define the absorbing properties afelected two groups of data with AOD(440 nmD.25 ap-
aerosols. pear as the top-right side, with most of them with SSA values

AERONET provides SSA (or AAOD) values at two level between 0.9—1 which indicates that they are not absorbent, as
of quality (level 1.5 is cloud screening and level 2 requiresit was expected. The cloud-free data set has a mean value of
post-calibrated data together with manual inspection) and5SA(440 nm}= 0.9 and its most frequent value is 0.95 (his-
at the four aerosol wavelengths (440, 670, 870, 1020 nm}ogram of frequencies not shown). Also it can be seen that
according to AERONET inversion algorithm (Dubovik and the alpha values are more or less homogeneous distributed
King, 2000; Dubovik et al., 2002). However the clima- around all the SSA range, not being associated with the ab-
tological studies of these SSA data are not usually feasisorbing characteristics.
ble at most AERONET sites. Level 2 for SSA requires a In Fig. 5b SSA(440 nm) values are plotted versus Al for
set of restrictions for inversion: post-calibrated data, SZAthe whole data set and the set of alpha smaller than 0.82
greater than 50 21 azimuth angles, high AOD values, together with both sub-groups of AOD(440 nm}.25 (red
etc., (see for detailhttp://aeronet.gsfc.nasa.gov/neveb/ and green points). It can be seen that there is no correlation
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currently available with AERONET data. In order to solve

1
o, a) this issue, we extrapolate from 440 nm to 340 nm assign-
09 | S So Se S ing the same slope that SSA has between 440 and 670 nm
" J as a good approach. Figure 6 shows the correlation be-
_ % ¥ I . N<583 data tween the SSA at 440nm and at 340nm. The agreement
E 07 ] @g o is high with a correlation coefficientR€) of 0.97, being
Z:', o 00 . the values at 340 nm slightly higher than at 440nm. To il-
& 06 ° © all alpha data lustrate the spectral behaviour of SSA, Fig. 7 depicts the
¥ ¢ # alpha < 0.82 mean value of SSA “(level 1.5)” for the four aerosol wave-
05 lengths used in AERONET during the whole OMI analysed
oa L—— ‘ ‘ ‘ ‘ ‘ ‘ data set in El Arenosillo. Also it is depicted the SSA values
000 010 020 030 040 050 060 070 0.80 of the whole data-set without desert dust (DD) group and
AOD(440 nm) the SSA of the DD group. As can be seen, the SSA de-

creases for larger wavelength and the contrary happens for
DD aerosols. Slightly lower values have been obtained for
the period 2000-2009, as shown below in Fig. 8a.

The SSA values obtained in El Arenosillo are, in general,
quite lower (more absorbing) than those found in other ar-
eas. Our values are equivalent or lower than those found in

L4

[3
g': *% f:is% o big urban cities as Paris or Mexico D.F., or more polluted ar-
Foorfo-oo-teew eas as the site of the GSFC (Goddard Space Flight Center) at
? o ool Ot o do Greenbelt near Washington-DC, as it is depicted in Fig. 8b.
P ° 015 77777 ’alphap< 0.82 ) The three AERONET sites have a long-record of data as in-
. 2 alpha < 0.82 and AOD > 0.25 dicated in Fig. 8b for level 1.5 and 2 where the observed dif-
i @ alpha > 0.82 and AOD > 0.25 ference are sufficient illustrative to put in discussion the true
0.5-1.00 -0.‘50 0.60 0.50 1.60 1.50 2.60 2.50 3.60 3.50 4.00 Valldlty Of “1'5 IeVE|” data'

Al To confirm these non-expected high absorbing values of
SSA in El Arenosillo, we have also analysed the SSA values
Fig. 5. (a) Mean day values of SSA at 440nm “(level 1.5)" as for our AERONET station of Palencia in the North of Spain
function of AOD at 440 nm for the El Arenosillo station for the (41.98 N, 4.5 W, 750 ma.s.l.). Although the site is located
2004-2008 period antb) as function of Al, where different sub- near a little city of 82 000 inhabitants without industry, very
sets of aerosols specified by alpha and AOD(440 nm) values argow values of SSA are not expected. In Fig. 8a the earlier
represented_ (see text). “all alpha data” set includes white and othessA values in El Arenosillo are depicted together with those
coloured points. in Palencia for level 1.5 and 2. It can be seen that SSA val-
ues in level 1.5 are lower in Palencia than in El Arenosillo.

] i It must be noted that level 2 is represented by the features
as it could be expected. Appearing at the left of=AD.5 ¢ qesert dust aerosols where SSA increases with the wave-
most of the points correspond to moderate-low absorptiongngih pecause in both sites only DD intrusions reach values
around SSA=0.92 and a non-neglected number of points ot AOD(440 nm) as high as 0.4 to reach level 2. Therefore,
show very low SSA values (high absorption) which corre- yhis is a non expected result because El Arenosillo is located
spond to AOD(440nm) lower than 0.25. As before, red i, 4 ryral area and although it may have some influence of the
points (polluted) appear as non-absorbing according to Alingystrial belt of the city of Huelva, this can not reach this
but with a mean SSA value of 0.92, thus as moderately abj,yer SSA values. Observe that GSFC at level 2 has a value
sorbing. Green points or desert dust (DD) have a meany gsa at 440 nm higher than 0.95 and at UV about 0.98,
value of SSA=0.9 (lower than red points), giving also low- 5 appearing as a reliable value. On the other hand, the
moderate or non pronounced absorbing characteristics. It.qr of SSA reported by AERONET depends on the values
must be emphasized that these same points appeared as QJ?'AOD(44O nm) and also on aerosol types (DD, BB, etc.),
sorbing aerosols according to Al (right side). In conclusion, it higher uncertainty for lower wavelengths (Dubovik et
Al and SSA values do not show contradictory information al., 2002), varying from 0.03 to 0.07.
to define ak_)sorbing aerosol groups. It is difficult to choose The apove results show the current state of the research
what experimental values (Al or SSA) are most adequate tQq,t the values and uncertainties of the SSA parameter. In
describe absorbing aerosol properties, although the SSA pagite of these shortcomings, the SSA values “(level 1.5)" will

rameter appears as the most reliable according to Mie theoryye sed to analyse their relationship with the OMI irradiance

For the OMI bias correction it is necessary to obtain thecorrection.
SSA at UV wavelengths where no retrieval methodology is
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1.00 o 1.00
y= 0.95x + 0.056 3 095 | El Arenosillo-AERONET Level 1.5
0.90 s
0.0 \@\\\9%
0.80 | @ 085 |- \ ffffffffffffffffffffffffffffffffffffffffffffffffff
£ 0.80 f--{------ SSA=0916 ] —~all data, OMI set (2004-2008) |
o
5 0.70 - osd L] & all data without desert dust
5, ——desert dust
»
0.60 | 0.70 ‘ : : : : : :
300 400 500 600 700 800 900 1000 1100
wavelength(nm)
0.50 1 Fig. 7. The mean values of SSA as function of wavelengths (level
1.5) for the period 2004—2008. The SSA spectral mean value when
0.40 : : : : : desert dust data are removed from the total and the spectral SSA for
0.4 05 0.6 0.7 0.8 0.9 1 desert dust aerosol (this behaviour is the same as that given by level

SSA(440 nm) 2 SSA).

Fig. 6. Correlation and fit of SSA at 340 nm and 440 nm.

1.00
0.95 {-- A
4.3 Application of corrections for OMI bias — e e — — — -
approaches of SSA constant and SSA variable 090 1 \
< —__
(D 0-85 ”””””””””””””””” 3""6’;’; ”””””
The SSA of DD aerosols increase as the wavelengths in- i data, Ol set (F004.2008) -
crease (Dubovik et al., 2002) in contrast with the behaviour 080 -1~ —— desert dust, oM set (2004-2008) [~~~
of the SSA for the whole data set (with and without DD | | | 3 e oossemm s |
aerosols) which decreases. Because of this opposite spectral —© Palencia, 2003-2008, level 2
behaviour both sets have the same value of 0.916 for 340nm, 0.7

300 400 500 900 1000 1100

when the straight line that joins the SSA values at the wave- S avelength(nm)
lengths of 440 and 670 nm is extrapolated. We must also note  1.00
that the spectral behaviour of the red points is very similar to b)

the spectral behaviour of the whole data set. Therefore, as  ** | 5?
first approach a fixed SSA value of 0.916 will be considered o0 | :_\_\‘_L\‘\_\“\‘
to generate the AAOB: (1 + AOD- SSA) at 340 nm for the -

———
whole data set. In this case, the AAOD variation is exclu- g o5 T = -
sively due to AOD changes. As second approach, AAODval-  gg ) || D Sitdesirrossdion Sl I
ues are derived from average daily values of SSA at 340 nm. T hexico g:,ﬁ;: ]ggg;gggg: level 3

In this second case, the slope of the line between 440nmand %™ {1 T SSEC I evelts T
670 nm was evaluated to get the value of SSA at 340nm for ‘ ‘ ‘ ‘

each individual spectral data of SSA. Thus, while AAOD val- 300 400 500 900 1000 1100

6(31(\)lavele7r(|) oth(nn?? 0
ues range from 0 to almost 0.07 for the first approach, they 9

reach more than the double value(.17) for the second ap- Fig. 8. (a) Mean values of the spectral SSA for level 1.5 of El

proach. Arenosillo for the periods 2004—2008 (used with OMI data) and

The two plots of Fig. 9 show the relationship between 000-2009; SSA for desert dust only for the period 2004-2008 and
OMI/Brewer ratio for UVER and AAOD at 340 nm obtained those of Palencia station as indicatét) The same for three rep-

by means of the first approach (top) and the second one (botesentative cities (Paris, Mexico D.F. and GSFC at Greenbelt near
tom). The fitting has been added to each plot in order towashington-DC) and their corresponding periods of data for level

determine the parametérof the correction formula for the 1.5and 2.

two approaches. The value= 3.42 was obtained for the

first approach which is near the proposed value of Krotkov

et al. (2005) and = 1.155 for the second approach taking at 305, 310 and 324 nm were also obtained and given in Ta-
SSA(340nm) variable. Both fits show very poor correla- ble 1 (plot are not shown).

tion with coefficient of determinatio®? equal to 0.17 and Figure 10 shows the correlation between OMI and Brewer

0.04, respectively. The constants for the spectral irradiancesalues for UVER before and after the correction using the
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1.70 Table 1. Results of linear regression analysis between OMI/Brewer
160 ratio of UV products and AAOD at 340 nm for the two approaches:
:ZE SSA variable and SSA constant. The parameters are the following:
) the slope of the regression)( theY intercept, and the correlation

1.30 1 o 2
120 | coefficient R).

1.10
1.00

Ratio OMI/Brewer

SSAvariable b5 (Slope) Y intercept R2

0.90 | o y =3.242x +1.10
0.0 - =0T UVER 1.16 1.14 0.05
0.70 ‘ ‘ ‘ ‘ 305 1.07 1.16 0.03
0.00 0.02 0.04 0.06 0.08 0.10 310 1.09 1.12 0.04
170 AROD 324 1.01 1.10 0.04
1.60 1 b) UVER, variable SSA(340 nm)
B SSA constant b (Slope) Y intercept R?
% :’:ﬂ 3 Seae St UVER 3.42 1.10 0.17
% 1201 : 305 2.44 1.12 0.13
2 110 310 3.28 1.08 0.15
& 1.00 ¥ o 110 324 2.67 1.17 0.13
4 ¢ y=116x+1.
090 R?=0.046
0.80
0.70 T T T T T T T T r
000 002 004 006 008 010 012 014 016 018 020 As can be seen a better improvement has been obtained for

Anop the SSA constant approach which may be surprising in prin-

Fig. 9. Ratio of OMI/Brewer UVER data as function of aerosol ciple, but not taking into account the above discussion about
absorption optical depth AAOD(440 nm) and the corresponding fits SSA values. Afixed value of SSA equal to 0.916 at UV range
for b determinatior(a) first approach based on SSA(340 nm) con- IS more reliable for the whole data set that the variable val-
stant andb) second approach based on SSA(340 nm) variable. ~ ues of SSA “(level 1.5)". As it was discussed above, AAOD
values obtained for SSA variable appear as a whole as very
absorbing, reaching a value of 0.17. The correlation between
first approach (top) and the second one (bottom). Table Zhese two sets of AAOD values has been evaluated show-
contains all the information of slopes and intercepts valuesng a low correlation, smaller than 0.3 (not shown). Thus,
and statistical parameters for UVER, 305, 310 and 324 nithe constant slopg in the SSA variable approach decreases
wavelengths. The regression analysis without correctiorconsiderably, reducing the posterior effectiveness of the cor-
shows positive OMI bias characterized by regression slopesgection (see thab = 1.155 is near 1). When values greater
of 1.18 (UVER), 1.18 (UV 305nm), and 1.14 (UV 310nm), than 0.08 are removed, a value lo& 1.49 is obtained but
and 1.10 (UV 324 nm), and with coefficients of determina- the improvement is not significant.
tion higher than 0.96. The RMSE statistics (residual error  oiherwise, if a value ob =3 is applied (Krotkov et al.,

of the fit) is 7.1% for UVER and between 6% and 8.3% for 2005) the OMI bias of UVER decreases to 9.4% (324 nm
spectral wavelengths, being larger for shorter wavelengths ifyis to 4.59%) but the application of this value is not justified.
agreement with the work of Kazadzis et al. (2009). The val- aggitionally, it is worth noting that for the second approach
ues of the MBE (Mean Bias Error) parameters are 13.38%sing SSA at 440 nm instead of at 340 nm gives the same re-
(UVER), 14.92% (UV at 305nm), 11.75% (UV at 310nm) gyits. Also, the performance of the correction has been eval-
and 10.30% (UV at 324nm), indicating the notable agree-yated in the case of using a constant value of SSA equal to
ment between satellite and ground-based irradiance data ig_95, which may be a reasonable value for the whole data set
our area, as has been reported previouslygAet al., 2010).  assuming less absorption, as in the area of GSFC (where the
The correction of the OMI irradiance data (Egs. 3 and 4)jnterpolated value goes to 0.95 at UV range). In this case, the
reduces significantly the bias with respect to Brewer Mea|opeb increases up about 5 but the AAOD values decrease
surements. Table 2 shows that MBE for UVER decreasesy, sych a way that the correction factor, and hence the correc-
t0 11.65% (SSA variable approach) and 8.4% (SSA constanfion, are substantially modified. Thus, these other explored
approach), which represents a relative decrease of 13% anghssibilities or approaches do not improve the previous one.

o o . . e
37@ with respect to the v_alues without correction. Simi Figure 11 depicts OMI bias as function of AOD(340 nm)
lar improvement was obtained for the three spectral Wave-tL

lengths. The smallest bias corresponds to wavelengths %efore (same as earlier Fig. 3a) and after the application of
310nm (6.9%) and 324 nm (6.3%) for the SSA constant ap e two corrections. Now no dependence is observed with

. . . . orizontal slopes for the regression lines after the correction.
0,
p:]oachéy(r)erpresen;til\r/}gl; relative reduction of OMI bias of 32 /oT | t al. (2007) howed that the OMI-derived d ”y

erythemal doses (uncorrected for absorbing aerosols) have
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Table 2. Results of linear regression analysis between OMI and Brewer UV products without correction and the correction for the two
approaches: SSA variable and SSA constant, and the statistical parameters of relative differences. The parameters are the following: the
slope of the regression, the standard error (SE) of the slope, theercept, the SE of th¥ intercept, the correlation coefficienk), the

root mean square errors (RMSE), the number of d&fathe mean bias error (MBE), the standard error (SE) of the MBE, the mean absolute
bias error (MABE), and the SE of the MABE.

WITHOUT CORRECTION
Slope SE (Slope) Y intercept SE (Y intercept) R2 RMSE (%)
(mMW/m@) (mW/m@)
UVER 1.18 0.01 -1.89 1.08 0.98 7.16
305 1.18 0.01 0.10 0.27 0.98 8.35
310 1.14 0.01 -0.07 0.55 0.97 7.42
324 1.10 0.01 5.37 285 0.96 6.56
N MBE (%) SE(MBE)(%) MABE (%) SE (MABE) (%)
UVER 583 13.38 0.26 13.48 0.25
305 583 14.92 0.28 15.05 0.27
310 583 11.75 0.27 11.94 0.25
324 583 10.30 0.24 10.50 0.22
CORRECTION WITH SSA VARIABLE ¢ = 1.155)
SSAvariable Slope SE (Slope) Y intercept SEY intercept) R2 RMSE (%)
(MW/m@) (MW/m2)
UVER 1.16 0.01 —1.69 1.01 0.98 6.99
305 1.16 0.01 0.12 0.26 0.98 8.23
310 1.12 0.01 0.01 0.52 0.98 7.26
324 1.08 0.01 5.50 2.70 0.96 6.39
SSAvariable N MBE (%) SE (MBE) (%) MABE (%) SE (MABE) (%)
UVER 583 11.65 0.26 11.85 0.24
305 583 13.34 0.29 13.58 0.27
310 583 10.08 0.27 10.44 0.24
324 583 8.73 0.24 9.08 0.21
CORRECTION WITH SSA CONSTANTK=3.42)
SSAconstant Slope SE (Slope)Y intercept SEY intercept) R? RMSE (%)
(MWIm?) (MW/m?)
UVER 1.11 0.01 —-0.89 0.94 0.98 6.62
305 1.11 0.01 0.23 0.24 0.98 7.78
310 1.07 0.01 0.36 0.48 0.98 6.86
324 1.04 0.01 7.79 252 0.96 6.10
SSAconstant N MBE (%) SE(MBE)(%) MABE (%) SE (MABE) (%)
UVER 583 8.40 0.25 8.91 0.22
305 583 10.01 0.28 10.50 0.25
310 583 6.90 0.26 7.71 0.21
324 583 6.30 0.23 6.98 0.19

a median overestimation of 0-10% for regions with mod- may be reached by the OMI algorithm at the present status of
est loadings of absorbing aerosols. The OMI biases againgesearch. Otherwise, ongoing investigations must be accom-
reference Brewer data in El Arenosillo are inside this rangeplished to better assess SSA values and hence to improve the
when the correction for absorbing aerosols is applied (MBEestimated OMI values.

values between 6-10%). Therefore, our results can be con-

sidered as satisfactory, indicating the level of accuracy that
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300 50.0 0.0047x+8.4
y=1.18x - 1.89 ., _ y=0.0047x+8.
R - 0.98 : /, + 400 ] y = 0.0003x + 11.65 R2=0.0003
250 - MBE=13.38 g e £
non corrected o2 A % 30.0 1
o= o
_2007 vt = 200 |-
3 - S
150 | o ® ’ y=1.11x-0.89 g 10.0
¢ . R®=0.98 S
= MBE=8.40 e 0.0 1
100 - corrected a
o -10.0 - 5
-% s o non corrected
50 o Non corrected E -20.0 | e corrected; b=1.554, SSA variable
= corrected SSA constant 30.0 N=583 data = corrected; b=3.425, SSA constant
°0 o0 50‘00 100‘ 00 150‘ 00 200‘ 00 250‘ 00 300.00 0.00 010 0.20 0.30 040 0.50 0.60 0.70 0.80
. . i - g - : AOD (340 nm)
UVER Brewer
300 V=118 1.89 S Fig. 11. Relative difference between OMI for UVER data as func-
R? = 0.98 /' tion of aerosol optical depth without correction when the two cor-
250 MBE=13.38 e rections are applie¢h) for the first correction approach with SSA
uncorrected constant(b) for the second correction approach with SSA variable.
200 | The number of dataX) is specified inside the plot.
H
& 150 1.16x - 1.69
H =1.16X - 1. .. . .
E Y R? - 0.98 This inconsistent result may be related to the uncertain re-
2 MBE=11.65 liability of AERONET SSA level 1.5 of our data. Mainly
100 1 corrected due to the difficulty to determine absorbing aerosols in many
sites a detailed analysis in our area of study has been per-
50 1 e Non corrected formed, based on the available information of AOD-alpha
= corrected SSA variable parameters, more frequently available than Al and SSA. The
0

analysis allows the selection of some defined aerosol groups,
as polluted or desert dust types. However, some inconsis-
tency related to this selection appeared. For instance, pol-
Fig. 10. Correlations and fits of OMI and Brewer irradiances with- luted aerosols based on AOD-alpha values appear as non-
out correction and for the two correction) first approach bases absorbent according to Al values or moderate absorbing ac-
on SSA constant an) second approach based on SSA variable. cording to SSA values and also a few percent of data shows
low values of SSA (very absorbing) in contrast with Al val-

ues lower than 0.5 (non-absorbing). Only desert dust data are
in agreement for AOD-alpha, Al and SSA data. Most of the

This work focuses on the influence of aerosols over thedata of low AOD(440nm) values appear as non-absorbing

comparison between OMI and Brewer UV products at El accordi_ng to Al with moderate SSA values, when the applied
Arenosillo station (South of Spain) for the period Octo- corrections work. . .
ber 2004—December 2008. Under cloud-free conditions. FroPosed corrections for aerosol effect showed a relative

our ground-based measurements overestimate the OMI datQ,igh efficiency for reducing the OMI bias depending signifi-

around 13% for UVER and ranging from 10% to 15% for cantly on the slope of OMI/Brewer ratio over the absorption

the spectral wavelengths, in agreement with other Iocations‘?‘emso' optical depth. Our results reflect the level of accuracy

When the aerosol corrections are applied, we find an OMItha_t may be reachgd in this typ(_a of comparison at presgnt
bias ranging from 6-10% for the SSA constant approachWh'Ch may be considered as satisfactory. Nevertheless, im-

(from 13.4% to 8.4% for the UVER), which represents a provements must be accomplished to determine reliable ab-

relative reduction between 30% and 40% with respect tc)sorbing aerosol properties, which appear as the limiting fac-

OMI bias without aerosol correction. For the SSA constant™©F t0 improve OMI bias.
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