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Abstract. The validity of the Absorbing Aerosol Index et al., 2005). The AAI has been used for a long time in re-
(AAI) product from the SCanning Imaging Absorption Spec- mote sensing to indicate UV-absorbing aerosols, like desert
troMeter for Atmospheric CartograpHY (SCIAMACHY) is dust (e.g. Chiapello et al., 1999; Alpert and Ganor, 2001;
discussed. The operational SCIAMACHY AAI product suf- Pandithurai et al., 2001; Spichtinger et al., 2001; Prospero
fers from calibration errors in the reflectance as measured bt al., 2002; Moulin and Chiapello, 2004) and biomass burn-
SCIAMACHY and neglect of polarisation effects in the AAI ing aerosols (e.g. Hsu et al., 1996, 1999; Gleason et al., 1998;
computational algorithm. Therefore, the AAI product was Duncan et al., 2003; Darmenova et al., 2005) over both land
recalculated, compensating for the errors, with reflectanceand oceans.

data from the start of measurements of SCIAMACHY un- Initially developed as an error estimate in the TOMS
til December 2004. Appropriate correction factors were de-ozone retrieval algorithm (Herman et al., 1997; Torres et al.,
termined for the UV to correct for the radiometric error in 1998), the AAI records have become the longest records
the SCIAMACHY reflectances. The algorithm was provided of global aerosol measurements available. Starting with
with LookUp Tables in which a good representation of polar- Nimbus—7/TOMS in 1978, American TOMS instruments
isation effects was incorporated, as opposed to the LookUghave provided daily global aerosol maps continuously for
Tables of the operational product, in which polarisation ef- over 25 years, with a data gap only between May 1993 and
fects were not accounted for. The results are presented, thejlune 1996. From 1995, the European ERS—-2/GOME pro-
validity discussed, and compared to the operational productided additional and independent AAI information, adding
and independent AAl data from the Total Ozone Mappingto the continuity of the AAI record and validity of the AAI
Spectrometer (TOMS). The AAl is very sensitive to calibra- as an aerosol detection quantity (De Graaf et al., 2005).
tion errors and can be used to monitor calibration errors andNow, Envisat/SCIAMACHY results will be added to the AAI
changes. The AAl is sensitive to sunglint and a correctionrecords.

flag used for the AAl is presented. From 2004 onwards, the Operational data production of SCIAMACHY started at
new SCIAMACHY AAl is suitable to add to the continuation the end of July 2002. Several improvements and changes
of the long-term AAI record. Important changes in the long- of the data processor and key data characteristics followed
term AAI record due to instrument and algorithm changesin the subsequent two and a half years. In this paper, the
are highlighted. Recommendations are given for improve-operational AAI product of this period is presented briefly.
ment of the operational AAI product. Improper characterisation of the instrument’s response
functions (key data) results at the moment in calibration er-
rors in the measured reflectances of SCIAMACHY of up to
20%. This yields AAI errors in the order of 4-6, which is
about 100% of the signal (De Graaf and Stammes, 2002). In

The AAI is a dimensionless index indicating the presencethis paper, correction factors for the reflectances are used and
of ultraviolet (UV)-absorbing aerosols in the Earth’s atmo- their validity for the calculation of AAls is investigated.

sphere (Herman et al., 1997; Torres et al., 1998; De Graaf 1he operational AAI product is calculated using pre-
calculated LookUp Tables (LUTS) of theoretical reflectances

Correspondence tavl. de Graaf in a cloud-free and aerosol-free atmosphere. These LUTs
(graafdem@knmi.nl) were constructed with a radiative transfer model (Spurr and

1 Introduction
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Balzer, 2000) which neglected polarisation effects. Here, the If the surface albedd, for the Rayleigh atmosphere cal-
AAl is further improved using LUTs in which linear polari- culation is chosen so that
sation is accounted for. The effects of this are presented and

meas__ pRay
discussed. Ry =R, (As), 2)

The result of the changes mentioned above is an off-lingynerey is a reference wavelength, Eq. (1) can be reduced
AAl algorithm using calibrated SCIAMACHY reflectances, i,
off-line LUTSs, and additional calibration constants, produc-
ing SCIAMACHY scientific AAls. All off-line products de- _100-Plog ( RTeas)

®)

veloped after launch of the ENVISAT spacecraft are termed * — RR&Y
scientific products, to distinguish them from the operational *
products owned by ESA, and can be found at http://www.\where Rfay is calculated for surface albeda,(ig), SO
sciamachy-validation.org. The scientific AAl is presented the surface albedo is assumed to be constant in the range
and investigated, and compared to the operational produgty, 5]. In this paper the traditional residue wavelength pair,
and other independent aerosol data. =340 nm and.p=380 nm, is adopted.

This paper continues with a brief summary of the the- On the assumption that the atmosphere is bounded from
ory behind the AAI (Sect. 2). The characteristics of SCIA- below by a Lambertian surface, which reflects incident radi-
MACHY are described (Sect. 3), followed by a description of ation uniformly and unpolarised in all directions, the surface
the operational AAI product and its shortcomings (Sect. 3.1).contribution to the reflectance at TOA can be separated from
Improvements for an off-line product are discussed, leadinghat of the atmosphere (Chandrasekhar, 1960):
to a new algorithm for a scientific AAl (Sect. 3.2), the results
of which are laid out in Sect. 4. The spatial and temporal pat-g .., 110, p—¢o, As) = Ro(i, o, ¢_¢0)+M.(4)
terns of global aerosols found in the data are discussed and 1— Ags*

compared to TOMS AAl data. Sunglint and other problemsThe first term, Ry, is the path radiance, which is the atmo-
in the data, related to the specific definition of the AAI, are spheric contribution to the reflectance. The second term is
pointed out. Finally, the results are discussed and some reGnhe contribution of the surface with an albedg. ¢ is the
ommendations for future improvements are given (Sect. 5). total atmospheric transmissiast; is the spherical albedo of
the atmosphere for illumination from below,is the cosine
. of the viewing zenith anglé and ¢—¢g is the relative az-
2 Absorbing Aerosol Index imuth angle. The path radiand is calculated with LUTs

. . of a; (i, no), t () ands* for all wavelengths used. Then the
The Absorbing Aerosol Index (AAl) is a measure for s[urface albeda, in Eq. (2) can be found from
the spectral contrast between the reflectance of the real

atmosphere-surface system, that may be affected by the R —Ro
presence of UV-absorbing aerosols, and that of a mod- " = 7(u)r (o) +s*(R — Rg)’

elled atmosphere-surface system, that does not contain UV- . . . .
b y by replacingR by R;‘;easm Eqg. (5). Note that this equation

absorbing aerosols. The modelled atmosphere may con-II . ; Ibed hich for hiahly ab
tain scatterers (Rayleigh scattering molecules, non-absorbin ows nhegative surface albedos, which occurs for highly ab-
8rb|ng (aerosol) layers.

aerosols and cloud particles, as well as absorbing gases) a S .
uc part W ng g ) Sensitivity studies show (Torres et al., 1998; De Graaf

is bounded below by a surface with a wavelength indepen- .
dent reflectivity. The AAl is defined as the positive part of etal., 2005) that Uv-absorbing aerosols produce an effect on

the residue, where the residués defined as (Herman et al., the spectrum that cannot be simulated with a pure Raylelgh
1997) atmosphere and an adjusted surface albedo, creating large,

positive residues, even for wavelength independent aerosol
R, \Meas R, \ R refractive indices. Scattering effects are much better repre-
ry = —100-. {mlog (—) —"log (—) } . Q) sented with a Rayleigh atmosphere and underlying adjusted
R Rio surface albedo, yielding small, negative residues. The AAlis
therefore defined as the positive part of the residue, thereby
,E‘(i)ltering clouds and scattering aerosols.

®)

R, isthe reflectance at a wavelengthrRM¢aSis the measured
reflectance in the atmosphere with aerosols, as opposed
a calculated reflectance in an aerosol-free atmospRB®4
with only Rayleigh scattering and absorption by molecules3 SCIAMACHY

and surface reflection and absorption. The reflectance is de-

fined asR=n1/(uoEo), wherel is the radiance at the top SCIAMACHY is part of the payload of the European “Envi-
of the atmosphere (TOA)) is the solar irradiance at TOA ronment Satellite” Envisat, launched on 1 March 2002 on-
perpendicular to the direction of the incident sunlight and  board an Ariane-5 launch vehicle from the Guyana Space
is the cosine of the solar zenith angte Centre into a polar orbit at about 800 km altitude, with an

Atmos. Chem. Phys., 5, 2385-2394, 2005 www.atmos-chem-phys.org/acp/5/2385/
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equator crossing-time of 10:00 a.m. (local time) for the de- *l oo 1
scending node, orbiting the Earth every 100min. SCIA- T~ 0 =76 §itoce omedh - 5% ]
MACHY is a spectrometer designed to measure sunlight,
transmitted, reflected and scattered by the Earth’s atmo- K
sphere or surface in the ultraviolet, visible and near-infrared LN
wavelength regions (240-2380nm) at a moderate spectrals r N
resolution of 0.2-1.5 nm (Bovensmann et al., 1999). Thera-
diance is observed in two alternating modes, nadir and limb,
yielding data blocks called states. The nadir state swath is . ,
approximately 968490 kn?, and it is scanned from east to “2N s
west in four seconds by rotation of one of the two internal N
mirrors. The result is a subdivision of the states into ground- ' S~
pixels of approximately 6830 kn? at the optical integration L BT oy T N N
time (IT) of 0.25s. Longer integration times of 0.5s and 5 ° 2 Viewing zenith angle 8 5
1.0's also occur, yielding groundpixels of 280 kn? and o T R
240x 30 kn?. Even longer integration times occur, but they

will not be considered here. The extra-terrestrial solar irradi- s

ance is measured each day, once per 14 orbits.

Resid
o
T
/

East
A Center-east
Center-west
+ West

3.1 Operational AAl algorithm

Mo e b

SCIAMACHY's operational AAI product (L2-AAl) is cal-
culated directly after downlinking of the data in the so-called
near-real time level 1 (L1) to level 2 (L2) processing step.
The processing steps are described in detail in Balzer et al.
(2000). A brief summary is given here, to highlight the most )
important differences with the scientific AAI product, de- 0 i P PEE— 5”/ ““““ b A E—
scribed below. b Scientific residue

The reflectance is determined in the level O (LO) to L1 pro-
cessing step for each groundpixel from channel 2, cluster Sgig 1. (a) The residue in a modelled Rayleigh atmosphere where
which contains the spectrum from 320.14 nm to 391.76 nmpojarisation has not been accounted for as a function of viewing and
Common normal mode ITs in cluster 9 are 0.25s, 0.5s andolar zenith angles. Relative azimuth angle is z¢b).The scien-
1.0s. These are constant within states, but can vary within ortific residue compared to the operational level-2 AAI data for orbit
bits. The AAl is computed using the reflectances at 340 nm10969, states 5-9. The colours refer to pixels with approximately
and 380nm. A Rayleigh reflectance is determined from athe same viewing geometry. The first four pixels o5 kn? in
pre-calculated LUT, for each pixel, dependent on geometry2 forward swath are called East pixels, thg next 4 Center—eas_t, the
and surface height. The LUT has inputs for 11 referencenext 4 Center—vyest and the last 4 West pixels. The dashed line is
heights from 0 to 5km and 8 reference albedos from 0.0 to"€ ©ne-to-one line.
0.9. The solar zenith angliy must be between t5and 853
and the viewing zenith angtelower than 38, otherwise N0 peen created using a model that accounts for polarisation ef-
AAl is calculated. fects.

The L2-AAl suffers from two major flaws. Firstly, the  Secondly, the reflectances as measured by SCIAMACHY
original LUTs were calculated with the use of a scalar radia-are underestimated in the UV by 10-20%, as reported by sev-
tive transfer model, so that polarisation was not accountecral workers (e.g. Tilstra et al., 2004). This results in an off-
for in the Rayleigh scattering computations. When the LUTsset of the AAI of about 4—6 (De Graaf et al., 2004), which
were calculated, onlyascalar version of the model, LIDORT|s of the order of the maximum expected AAl. To correct
(Spurr et al., 2001), was available. The residue calculationgor these errors, a scientific AAI algorithm was constructed,

are sensitive to errors in the reflectances, see Fig. 1a. Thighich uses corrected SCIAMACHY L1 data (calibrated re-
figure shows the residue in a modelled Rayleigh atmospher@ectances).

where polarisation has not been accounted for, for different

geometries. In a Rayleigh atmosphere the residues should &2  Scientific AAI algorithm

exactly zero. The errors in the reflectance in the modelled

atmosphere are of the order of about 10-15%, yielding erroThe scientific AAl (SC-AAI) is calculated off-line, i.e. af-
neous residues of a maximum-e#t to 35. New LUTs have  ter L1 data have been received via satellite link at the Royal

Level 2 AAI product L2-AAl

www.atmos-chem-phys.org/acp/5/2385/ Atmos. Chem. Phys., 5, 2385-2394, 2005
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i tific residue is the quantity that is determined for all SCIA-
nomber MACHY pixels. The SC-AAI is the quantity that signals the
I presence of aerosols, or other absorbing effects, by filtering

of negative residues. The figure shows the offset of 4-6 of
| REC the L2-AAl compared to the scientific residue, caused by the
W underestimation of the reflectances. Moreover, it shows that

the offset differs by about two for east and west pixels, which

00 is caused by the neglect of polarisation in the L2-AAl. This

scientific residue

201 behaviour is found throughout the data.
4.02
Daily global scientific residue .
r 30 day averaged residue b
el S ALAsvnet‘hE/ E/\;‘nbu? residue 1o o 4 Results

The L2 data can be obtained from the European Space
l‘ soi Agency (ESA). The scientific data are available at http://
W’ www.temis.nl. Both gridded daily data and gridded monthly

80000 T T T
Number of measurements [aer day

i, [
MW‘“&“«

60000 —

I
40000 - | ’1 oo means are available as well as daily and monthly pictures.
2000017 l - The SC-AAl was determined from all SCIAMACHY L1 data
ol,b‘ il | ‘ [ ! | available from 22 July 2002 to 31 December 2004.
Jul 2002 Dec 2002 May 2003 Oct 2003 Mar 2004 Aug 2004 Dec 2004 The Callbratlon processor Of SCIAMACHY haS regU|ar|y
been updated over the last two and half years. This is re-
Fig. 2. Statistics of the off-line data as a function of time for the flected in the AAI data, which is very sensitive to pallbratloq
entire measurement period, 22 July 2002—31 December 2004. ThETOrS. In that Way_the AAl can be us:_ad_as a monitor for_call-
uppermost panel and the colour codes denote the L1 processor velration errors and improvements. This is illustrated in Fig. 2,
sion number of the data of a certain period. The central panel showdhich shows the number of pixels available at KNMI for the
the data, averaged per day over the entire globe. The normal blac&C-AAl calculation, the processor version number that pro-
line and individual points show the daily global averaged scientific cessed the L1 data of a certain period, and the results.
residue. The bold black line is its 30 day running mean. The black The uppermost pane] and the colour code show the L1
diamonds show the monthly mean scientific residue. The purpleprocessor version number, which reflects the status of the
line shows the L2-AAI (Note that the right axis is shifted by +6). ajihration process. Processor version 3.51 was the default
The lower panel shows the number of pixels that where availablg, o the first data became available. The processor was
for the scientific residue calculations per day. steadily updated to version 5.04 in December 2004, but re-
processed data have replaced older versions frequently (the
] ] newest available data was always used). The lower panel
Netherlands Meteorological Institute (KNMI). The data are shows the number of residues that have been determined in a
calibrated and radiances and irradiances are extracted to d%‘ay. Because a residue is computed for all pixels which have
termine the reflectances at 340nm and 380nm. These re; reflectance at 340 nm and 380 nm, this is a good measure
flectances are averaged over a one nm wide window. Afteks, the amount of SCIAMACHY data of a certain day avail-

this, the reflectances are corrected for the underestimatiogme at KNML. The centre panel of Fig. 2 shows the scientific
of the reflectance by SCIAMACHY. This correction consists residue, averaged daily over the globe, as the normal black

of a simple multiplication of the reflectances by a constant|ine and some isolated dots. The bold black line is its 30 day
factor. Several factors were tried and the best multiplicationruming mean.

factors were 1.210 foR340 and 1.130 forR3gg (Tilstra et al.,
2004). Note that different multiplication factors willlead to a {,o beginning, ranging from7 and lower to more than§.
linear shiftin the resulting AAI (De Graaf et al., 2004, 2005). This is due to the very few number of measurements avail-

The corrected reflectances are used in Egs. (2) and (3). Thgble at that time and the poor status of the calibration. Often,
inversion process and the LUTs used therein are described iBnly one orbit was available on a day and the measurements
detail in De Graaf et al. (2005). The LUTs were created usingfrequently gave poor results. In 2004 the results improved
the Doubling-Adding KNMI (DAK) radiative transfer model  considerably as the spread in the measurements decreased.
(De Haan et al., 1987), in which pOlarisation is accounted for. The month|y mean residuesy averaged over the g|obe’ are
The surface albedo is calculated directly using Eq. (5). given as black diamonds. They are not exactly the same as

The changes are illustrated in Fig. 1b. This figure showsthe 30 day running mean, mainly because the monthly means
the scientific residue compared to the L2-AAl for 5 statesare first monthly averaged per gridbox and then averaged
of orbit 10969 on 5 April 2004 over the Sahara, where aover the globe. In 2004 the monthly mean maps of SC-AAI
dust plume was present at that time. Note that the scienshow results in the expected range-¢f to —1.

The daily global scientific residue was highly erratic in

Atmos. Chem. Phys., 5, 2385-2394, 2005 www.atmos-chem-phys.org/acp/5/2385/
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The L2-AAl, shown in purple, correlates well with the sci-
entific residue, but note that the y-axis is shiftedHs§. The
correction factors used to correct the reflectances to compute: -
the SC-AAI cause a linear shift of the residue. The differ- |=
ences that remain between the SC-AAl and L2-AAl are due |3 -
to the neglect of the polarisation in the Rayleigh atmosphere|
calculations and different sensitivities to processor changes. |’

An example of SCIAMACHY SC-AAl measurements is
given in Fig. 3, which shows the SC-AAI on 16 June 2004.
The daily global coverage of SCIAMACHY is illustrated, |.
which is only 1/6th of the globe. The black rectangles are |
the outlines of the nadir states. Only within these states can:
an AAI be derived. This resolution makes daily monitoring
of aerosols difficult, but the data is provided daily to offer the
best possible resolution to end-users. The irregularly spaced
orbits show that not all orbits were available, which was often Fig. 3. Global SCIAMACHY SC-AAI on 16 June 2004. The black
the case (see Fig. 2, lower panel). rectangles are the outlines of the nadir states.

On 16 June 2004 desert dust aerosols can be found over
northern Africa, the Middle East region, and parts of China,
which are very common in these areas in June. Over the
northern Atlantic low SC-AAI values can be observed in a
number of states, with clear parts in the east pixels of some ) . . . . s
states. These are desert dust plumes extending over the A?1_conf|rmat|on that the high residue in ocean sun glint pixels
lantic, with sun glint (see below) pixels removed from the was anomalous and caused by sun glint.
data. Also over the Mediterranean Sea and the northern Pa-

cific some remnants of sun glint can be observed. The effect of using a sun glint deviation angegjine
lower than 12 is illustrated in Fig. 4. Figure 4a shows the
4.1 Sunglint sun glint deviation angle for SCIAMACHY pixels on 12 De-

cember 2004 over the Indian Ocean, Indonesia and Australia,
Sun glint is a problem that occurs throughout the year. Surgnd the south-west Pacific. The pixels satisfying the sun glint
glint generates a high SC-AAI signal in the eastern pixels ofcondition are marked in red, other ocean pixels’ sun glint de-
SCIAMACHY. If the sun glint angle is defined as the angle viation angles are marked according to the continuous colour
for which sun glint would occur if an ocean was a perfect scale. Figure 4b shows the SC-AAI when no sun glint mask
mirror, the deviation from this anglaQgjint can be defined is applied. Several bands with high SC-AAI values can be
for each pixel as distinguished in the eastern pixels over the oceans, but not

over land. Applying the 12sun glint deviation angle mask
COY AQgjint) = COSHy COSH + SiNbg Siné - cosp — ¢o). (6) removes most of the pixels with high signals (Fig. 4c). A

more severe sun glint mask, e.g. removing all ocean pixels
Because the roughness of the oceans spreads out the swith sun glint deviation angles lower than®lmproves the
glint signal, pixels having a sun glint deviation ang\€gjint  picture on 12 December 2004, because it is not likely that
larger than zero can also be affected by sun glint. The geoany aerosol events caused the high signals on this day in
metrical sun glint condition was defined as the geometry forthe area shown. But since the sun glint mask does not dis-
which the sun glint deviation angle was lower thart.12 criminate between sun glint and aerosol events, the sun glint
pixel satisfied the sun glint condition when it satisfied the ge-mask will remove pixels with aerosol information for situ-
ometrical sun glint condition and had an ocean as underlyingations with aerosol plumes over the oceans. To reduce this
surface. The underlying surface was determined using th@roblem the condition was set strict enough that sun glint is
0.25°x0.25° GTOPO elevation database with an ocean flag.removed from most of the pixels, leaving only some small
Pixels satisfying the sun glint condition were removed. remnants in clear sky pixels with sun glint deviation angles

The residues of all pixels satisfying the sun glint condition close to 12. These remnants will not easily be mistaken for

of three months (October—December 2004) were compareartificial aerosol events. On the other hand, the condition is
to all land pixels satisfying the geometrical sun glint condi- not so strict that it will remove all aerosol pixels from aerosol
tion. The average residue of the sun glint pixels w#s38 plumes over oceans. The locations of pixels satisfying the
and that of the land pixels was1.38. The average residue sun glint condition are easily recognised and the gaps which
for pixels not satisfying the geometrical sun glint condition the sun glint mask produces are small enough so they will
was —1.56 over both land and ocean. This was considerednot greatly reduce the signal caused by aerosols.

www.atmos-chem-phys.org/acp/5/2385/ Atmos. Chem. Phys., 5, 2385-2394, 2005
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120

0.5

Fig. 4. SCIAMACHY SC-AAl on 12 December 2004 over the In-

4.2 Spatial and temporal patterns

Three-monthly means of SC-AAIl in 2004 are presented in
Fig. 5 to show the most persistent aerosol sources and sea-
sonal variations. The range of the AAI data plotted in Fig. 5
is from —0.4 to 25. Theoretically, for a well-calibrated AAI
positive values should indicate absorbing aerosols. In real-
ity some fine-tuning is needed to establish the right thresh-
old. Figure 2 shows that the average of the scientific residue
is about—2, lower than the global average GOME residue
in the period 1995-2000 (De Graaf et al., 2005), which
was—1.2. The correction factors for the SCIAMACHY re-
flectance offset are not entirely correct, causing the residue
to be smaller than usual (see Sect. 4.4). Therefore, the lower
plotting boundary was lowered te0.4.

The first panel of Fig. 5 is the average of the monthly
means of January, February and December (JFD) of 2004.
Only a few persistent aerosol sources over the Sahara show
up in the plot. As was shown in Fig. 2, the average AAl in
the first two months of 2004 was very low, probably due to
incorrect calibration. Still, the southern part of the Sahara
shows some signal.

The next panel in Fig. 5 shows the boreal spring (MAM)
main aerosol sources. As was found with GOME (De Graaf
et al., 2005), very persistent aerosol sources are found over
northern Africa and the Middle East. SCIAMACHY also
detects the aerosol plumes north-west of India, which were
never detected by GOME because of its data storage problem
in that region.

In the summer (JJA) the typical desert dust plume over the
Sahara, extending far over the northern Atlantic, is clearly
present. This is one of the most prominent features of the
AAI and can be observed in all summer months. Also the
biomass burning aerosol plume west of Angola, that was
found every summer of 1995-2000 by GOME, is present.
The aerosol plumes over the northern Sahara and the Middle
East are strongest and most persistent, as a result of the most
northerly position of the Inter-Tropical Convergence Zone
(ITCZ) at that moment.

In autumn (SON) all aerosol plumes present in the sum-
mer are weaker, but still discernible. A clear plume is visi-
ble over the north-west of Australia. This plume frequently
showed up in the GOME data as well, but was difficult to
distinguish from the noise, because of the large footprint of
GOME (40x320 kn?). SCIAMACHY data however clearly
show a persistent aerosol source in this area. Possible sources

dian Ocean, Indonesia and Australia, and the south-western Pacifiénight be desert dust from Australia or biomass burning from
(a) Sun glint deviation angle of SCIAMACHY ocean pixels. The Indonesia and Australia or both.

sun glint deviation angle has a smooth scale, but all pixels satisfy-

ing the sun glint condition, i.e. having a sun glint deviation angle 4.3 Comparison with TOMS AAI

lower than 12, are marked in red(b) SC-AAI without sun glint

mask. (¢) SC-AAI with all ocean pixels with a sun glint deviation The SCIAMACHY SC-AAI was compared to the TOMS

angle lower than 12removed.

Atmos. Chem. Phys., 5, 2385-2394, 2005

AAIl. However, the TOMS AAl is different from the SCIA-
MACHY AAl in several ways. The definition of the TOMS
AAl has changed with the introduction of version 8 data

www.atmos-chem-phys.org/acp/5/2385/
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2004 Winter (DJF) AAI

2.0

0.6

-0.4

Fig. 5. Maps of the seasonally averaged global SC-AAI. Shown are the mean SC-AAl in January, February and December of 2004 (Winter),
mean SC-AAIl in March, April and May 2004 (Spring), mean SC-AAI in June, July and August 2004 (Summer) and mean SC-AAI in
September, October and November 2004 (Autumn).

(2004), which has increased the sensitivity of the TOMS in-In the V7 definition this meant that there would be no absorb-
dex, compared to that of version 7 data. This fact is not verying aerosols, while all V8 pixels with AAI larger than zero
widely known, but has quite large implications for the inter- now do indicate absorbing aerosols.

pretation of the index. Also, the calibration differences of the

; : . e The reason for the increased sensitivity is the larger opti-
instruments have an impact on the behaviour of the indices, :

i . L ¢al thickness at the lower wavelength (about 60% larger at
Before the indices are compared, the different definitions ar

: . . o . S %331 nm compared to 360 nm). In the AAI method all atmo-
given and the differences in sensitivities will be highlighted. spheric scattering and absorbing effects are modelled with an

adjusted surface albedo under a Rayleigh atmosphere. At the
lower wavelength the atmospheric effects are relatively larger
and the retrieved surface albedo is affected more strongly.
The relationship between the V7 and the V8 AAI is nonlin-

Two wavelengths in the UV are used to calculate the AAI
(Eg. 1). In the definition of the V7 TOMS AAI (also used for
SCIAMACHY), the reference wavelengthy is the largest
of the two wavelengths (360 nm for TOMS and 380 nm for L .
SCIAMACHY). In the definition of the V8 TOMS AAI this ear, because the reflectivity at the reference wavelength is a

has changed and the reference wavelength is the shorte%n“near function of geometry and atmospheric conditions.

wavelength (331 nm for TOMS). This has increased the sen. onlinear relationships between AAls with different refer-
. : . ence wavelengths were also found by De Graaf et al. (2005).
sitivity of the index, see Fig. 6 where the monthly averaged
TOMS V8 AAl is compared to the monthly averaged TOMS  Also note that the sensitivity of the TOMS AAI changes
V7 AAI. The V8 AAl is about 15—2 times as sensitive as with the different TOMS instruments since different instru-
the V7 AAI and correlates nonlinearly. Also the V7 AAl ments had different channels. Currently, EP/TOMS uses
was valid only from 07 upward, to indicate the presence of channels in the UV at 331 nm and 360 nm. Before this (i.e.
absorbing aerosols, in V8 this threshold has changed to zerdata from before 1996), TOMS instruments had channels in
(P. K. Bhartia, pers. comm.). Note that the majority of the the UV at 340 nm and 380 nm. The same is true for GOME
points in Fig. 6 are on the line where V7 TOMS AAl is zero. and SCIAMACHY; for GOME the wavelengths used were
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V7 residues were available from January 2002 to June 2004.
All other other products are freely available for the periods
that the various instruments produced measurements. The
SCIAMACHY data is cut-off above 60N and S. Zero val-
ues (and invalid data) are not plotted, hence the curves do not
always extend to the poles.

The differences between the TOMS V7 residue (purple
dashed line) and the TOMS V7 AAI (green dashed-dotted
line) show the behaviour of averaging a quantity that is de-
fined by a threshold. Since only TOMS V7 residues larger
than Q7 are defined as TOMS V7 AAls, the averaged TOMS
V7 AAl is always positive and the zonal structure of the AAI
is different from the zonal structure of the residue because
the number of points over which is averaged is not constant
for the AAI (it is not always defined). The same holds for the
SCIAMACHY AAI (black normal solid line) and the SCIA-
MACHY (black bold solid line) residue. Since the calibra-
tion of SCIAMACHY is different from that of TOMS the
OB threshold from which to define the AAl is different and com-

0 1 5 3 4 5 6 parison of the AAls is difficult. Instead we compare residues

V7 TOMS Al (SCIAMACHY and TOMS V7), because an error in the cal-
ibration in one or both instruments will only yield a different

Fig. 6. Comparison of monthly averaged TOMS V7 AAI and absolute value of the residue (assuming the sensitivity of the

TOMS V8 AAl, for all valid points in the period January 2002—-July residue to the geometry and atmospheric Condltlon.s IS t.he
2003. TOMS V7 AAl is only defined for values0.7. same). Of the version 8 data only AAl data are provided in

the TOMS L3 datasets. The full residuals are provided on the
TOMS L2 datasets but these were not investigated.

335nm and 380 nm and for SCIAMACHY the wavelengths N 2002 the SCIAMACHY residue (and hence SC-AAI)
were 340 nm and 380 nm, but as long as the reference wavdesults are not very satisfactory, no clear zonal pattern is dis-
|ength is unchanged the re|ationship is linear. cernible in Flg 7. In 2003 a local peak is seen arounth5

Note that all TOMS AAI data from 1978 to present are but the picture is mostly determined by the noise near the
reprocessed according to the V8 definition. So all the dataP0les. In 2004 the noise level has dropped below the signal
presently available on the Internet ar&42 times as sen- |evelandis confined to aregion near@0dand S. The SCIA-
sitive as those published in papers so far. The definition of MACHY residue correlates well to the TOMS V7 residue in
SCIAMACHY AAl is the same as the original TOMS V7 2004, although the SCIAMACHY residue is lower by about
AAI, so the results from SCIAMACHY (and also its prede- 0-2. The SCIAMACHY residue correlates also well with the
cessor GOME) are comparable with TOMS V7 AAI and the TOMS V8 AAl in 2004 (but shifted by-0.4).

results of the papers that explain and investigate the sensi- A clear peak in the SCIAMACHY residue can be distin-
tivity of the AAI (Herman et al., 1997; Torres et al., 1998; 9uished betweer?5-30° N, which is where the major North-
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De Graaf et al., 2005). ern Hemisphere (NH) deserts are located. A smaller peak
can be found on the Southern Hemisphere (SH), between
4.4 Zonal patterns 0°—30° S. The TOMS V7 AAI shows the same behaviour,

although the relative differences between the NH and SH are
The performance of the SC-AAIl was compared to TOMS less than in the SCIAMACHY residue. In the period 1996—
data, see Fig. 7. In this figure the zonal averages of the SCIA2000 both TOMS and GOME found a similar behaviour, with
MACHY residue (black bold solid line), the SCIAMACHY a large difference between the NH and SH (De Graaf et al.,
AAI (black normal solid line), the TOMS V7 residue (purple 2005).
dashed line), the TOMS V7 AAI (green dashed-dotted line), From the difference between the SCIAMACHY and
and the TOMS V8 AAI (red dotted line) are plotted, for 2002, TOMS V7 residues we might conclude that the quotient
2003, and 2004. The TOMS V7 residues are daily values, thef the correction factors is not correct, producing smaller
TOMS V7 AAl are monthly averages. These V7 products areresidues than expected. Therefore the threshold where ab-
no longer available, because the data are replaced by V8 dataprbing effects and scattering effects are separated, and from
but the V7 products in the figure had been saved from previwhich the AAI must be defined, is smaller than that of
ous studies. The monthly averaged TOMS V7 AAl were only TOMS, probably even negative. Whether the correction
available from January 2002 to July 2003, the daily TOMS factor for the smallest wavelength {R) is too large or
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Fig. 7. Zonal average of SCIAMACHY residue (black bold solid line), SCIAMACHY AAI (black normal solid line), TOMS V7 residue
(purple dashed line), TOMS V7 AAI (green dashed-dotted line), and TOMS V8 AAI (red dotted line), for 2002—2004. Left y-axis refers to
the TOMS and SCIAMACHY residues and the TOMS V8 AAl, the right y-axis refers to the SCIAMACHY and TOMS V7 AAI.

the correction factor for the largest wavelengthsddR is erational product would be the reflectance offset, which can
too small cannot be determined, because the residue onlge corrected using a linear shift of the AAI. This change of
gives information about the slope of the reflectance specLUTs is highly recommended.
trum. From the value 0£0.2 between SCIAMACHY and The SCIAMACHY SC-AAl has revealed sun glint re-
TOMS V7 residues we can conclude the error in the quotientiated problems in the interpretation of the AAI. Sun glint
of the correction factors is about®-1%. The TOMS V8 can easily be defined geometrically, but the sun glint mask
AAl is larger than the SCIAMACHY residue by about4)  used for SCIAMACHY pixels does not distinguish between
but this additional value is caused TOMS' higher sensitiv- high AAls as a result from sun glint or from aerosol events.
ity and greater daily global coverage. When more positiveThis might be improved using the absolute value of the re-
values are found the (zonal) average will increase since théectances. Absorbing aerosol events reduce the reflectances,
number of pixels over which is averaged will increase. but more so at the lower wavelength, causing a positive

residue. It is anticipated that sun glint will increase the re-

flectances, but probably more so at the higher wavelength,
5 Conclusions also creating a positive residue.

The SC-AAI gives reasonable results after March 2004,

The scientific Absorbing Aerosol Index product (SC-AAI) When the processor version was updated to version 5.01. The
of SCIAMACHY shows promising results for 2004. The un- S€asonal means in 2004 show the same characteristics as
derestimated reflectance of SCIAMACHY in the UV (Tilstra Were found by GOME in 1995-2000 and the same as found
et al., 2004) was corrected with constant multiplication fac-Py TOMS. This makes SCIAMACHY suitable for the con-
tors at the AAI wavelengths 340nm (1.210) and 380 nmtinuation of the long-term AAI record, now that GOME is
(1.130). This resulted in an AAI that is almost in the ex- failing and EP/TOMS is suffering from degradation.

pected range of lower than Zerq for scattering events (Clou.d%cknowledgementsi.. G. Tilstra is thanked for his many helpful
and scattering aerosols) and higher than zero for absorb'ngontributions to this paper. NASA GSFC is acknowledged for

aerosols. However, Figs. 5 and 7 show that the correctione yse of their data. This work was financed by the Netherlands
factors are still not correct and a better calibration of the re-agency for Aerospace Programmes (NIVR) SCIAMACHY

flectances is necessary. The error in the quotient of the corvalidation project.
rection factors is about 51 %.

The SC-AAI algorithm accounts for polarisation in the Edited by: P. C. Simon
Rayleigh reflectances, thereby improving the viewing angle
offset found in the operational AAI product (L2-AAl). As
the L2-AAl is calculated in the level 1 to level 2 process-

ing stage, the LUTs used by the processor can easily be UBKIpert, P. and Ganor, E.: Sahara mineral dust measurements from
dated using a radiative transfer model incorporating (linear) TOMS: Comparison to surface observations over the Middle East
polarisation. This would improve the L2-AAl and make ita  for the extreme dust storm, 14-17 March 1998, J. Geophys. Res.,
useful product. The only problem remaining then for the op- 106, 18 275-18 286, 2001.
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