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ABSTRACT

The Chesapeake Lighthouse Aircraft Measurements for Satellites (CLAMS) experiment took place from
10 July to 2 August 2001 in a combined ocean–land region that included the Chesapeake Lighthouse
[Clouds and the Earth’s Radiant Energy System (CERES) Ocean Validation Experiment (COVE)] and the
Wallops Flight Facility (WFF), both along coastal Virginia. This experiment was designed mainly for
validating instruments and algorithms aboard the Terra satellite platform, including the Moderate Resolu-
tion Imaging Spectroradiometer (MODIS). Over the ocean, MODIS retrieved aerosol optical depths
(AODs) at seven wavelengths and an estimate of the aerosol size distribution. Over the land, MODIS
retrieved AOD at three wavelengths plus qualitative estimates of the aerosol size. Temporally coincident
measurements of aerosol properties were made with a variety of sun photometers from ground sites and
airborne sites just above the surface. The set of sun photometers provided unprecedented spectral coverage
from visible (VIS) to the solar near-infrared (NIR) and infrared (IR) wavelengths. In this study, AOD and
aerosol size retrieved from MODIS is compared with similar measurements from the sun photometers.
Over the nearby ocean, the MODIS AOD in the VIS and NIR correlated well with sun-photometer
measurements, nearly fitting a one-to-one line on a scatterplot. As one moves from ocean to land, there is
a pronounced discontinuity of the MODIS AOD, where MODIS compares poorly to the sun-photometer
measurements. Especially in the blue wavelength, MODIS AOD is too high in clean aerosol conditions and
too low under larger aerosol loadings. Using the Second Simulation of the Satellite Signal in the Solar
Spectrum (6S) radiative code to perform atmospheric correction, the authors find inconsistency in the
surface albedo assumptions used by the MODIS lookup tables. It is demonstrated how the high bias at low
aerosol loadings can be corrected. By using updated urban/industrial aerosol climatology for the MODIS
lookup table over land, it is shown that the low bias for larger aerosol loadings can also be corrected.
Understanding and improving MODIS retrievals over the East Coast may point to strategies for correction
in other locations, thus improving the global quality of MODIS. Improvements in regional aerosol detection
could also lead to the use of MODIS for monitoring air pollution.
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1. Introduction

Tropospheric aerosols significantly influence the
global energy balance and the hydrological cycle
(Houghton et al. 2001). They scatter solar radiation
back to space, absorb both solar and terrestrial radia-
tion, and act as cloud condensation nuclei (CCN), in-
fluencing cloud/precipitation processes and changing
cloud reflectivity. Sometimes known as suspended air-
borne particles, or particulate matter (PM), aerosols
are a component of local smog and regional air pollu-
tion (Chen et al. 2002; Dickerson et al. 1997). Aerosols
reduce aesthetic visibility (Malm 1992) and adversely
affect human health (Samet et al. 2000). To people liv-
ing along the East Coast of the United States, air pol-
lution is a major concern, especially during the summer
months (e.g., Kaufman and Fraser 1983; Malm 1992).
Because aerosols are not well mixed in the atmosphere,
(i.e., they are spatially and temporally inhomogeneous),
new tools have been developed to begin to understand
aerosol interactions and transport processes on many
scales.

One of these new sensors is the Moderate Resolution
Imaging Spectroradiometer (MODIS; King et al. 1992;
King et al. 2003), which has been flying aboard the
National Aeronautics and Space Administration’s
(NASA) Terra spacecraft since December 1999, and
NASA’s Aqua spacecraft beginning in May 2002 (Par-
kinson 2003). This satellite instrument offers near-
global coverage on a daily basis, with fine spatial and
spectral resolution. MODIS measures radiance at 250
m to 1 km, in 36 channels spanning the spectral range
from 0.44 to 15 �m. Aerosol retrieval makes use of
seven solar spectral channels (0.47–2.1 �m) at 250- and
500-m spatial resolution (Tanré et al. 1997; Kaufman et
al. 1997b; Levy et al. 2003). Cloud identification and
masking make use of many of the same solar wave-
lengths, but also include tests using other solar channels
and longer IR (terrestrial) channels (Platnick et al.
2003; Martins et al. 2002; Gao et al. 2002). Because of
the wide spectral range, MODIS can measure aerosol
optical depth over both ocean and land and provide
quantitative estimates of aerosol size (Tanré et al.
1996). Because of the high spatial resolution, MODIS
can provide informative assessments of inhomogeneous
aerosol events, with unprecedented proximity to
clouds.

Previous validation exercises have shown that, glo-
bally, MODIS aerosol optical depth (AOD or �) and
aerosol size products can be compared with AOD and
size retrievals from ground-based sun photometers.
Over nondust oceanic areas near coastal or island
Aerosol Robotic Network (AERONET) sites (Holben
et al. 1998), the MODIS AOD fits AERONET AOD
with remarkable accuracy; R � 0.95 and the offsets and
slopes are near zero and one, respectively (Remer et al.
2002; Remer et al. 2005). The size retrieval also shows
some skill, where nearly two-thirds of the effective radii

retrievals fall within �0.11 �m (Remer et al. 2005). In
dusty regions, however, MODIS misrepresents the
spectral dependence of the AOD, and thus the aerosol
size retrieval (Levy et al. 2003). Over land, MODIS and
AERONET compare within prelaunch expectations
(two-thirds of the points are within �� � �0.15 �
0.05�), but generally MODIS overestimates AOD for
low aerosol loadings and underestimates for high load-
ings (Chu et al. 2002; Remer et al. 2005). For coastal
sites, where both land and ocean products can be com-
pared with AERONET separately, MODIS imagery
sometimes shows discontinuous AOD from ocean to
land. Global, long-term scatterplots of AOD and effec-
tive radii are informative, but they may hide systematic
errors pertaining to certain regions. Remer et al. (2005)
separated the global scatterplot into a number of large
regions, presumably each region representing a given
aerosol regime. Some of the poorest MODIS–
AERONET comparisons were over the land along the
East Coast of the United States, where less than 60% of
the retrievals fell within expected error bars (between
2000 and 2002). This was the primary motivation to
perform detailed analysis of MODIS products along the
East Coast of the United States.

The Chesapeake Lighthouse and Aircraft Measure-
ments for Satellites (CLAMS) experiment (Smith et al.
2005) was designed in part to examine and validate
satellite retrievals of atmospheric properties over coast-
lines. CLAMS was organized by NASA’s Earth Ob-
serving System team members and included represen-
tation from many Terra instruments (including
MODIS), plus a number of surface and aircraft groups.
Intensive ground-based observations were performed
at Wallops Flight Facility (WFF) at Chincoteague, Vir-
ginia, and also at the Chesapeake Lighthouse [Clouds
and the Earth’s Radiant Energy System (CERES)
Ocean Validation Experiment (COVE)], some 14 km
off the Norfolk, Virginia, coastline. Held in July and
August 2001, it was expected that CLAMS would show-
case the heavy aerosol loadings common to the U.S.
East Coast during the summer. The CLAMS surface
and aircraft campaigns provided an unprecedented
density of potentially useful comparisons of sun-
photometer data to MODIS, providing data to evaluate
MODIS aerosol products over both ocean and land.
Specifically, this extensive dataset also could be used to
provide insight into the generally poor U.S. East Coast
land comparisons that were introduced in Remer et al.
(2005).

In section 2, we provide a brief introduction to the
MODIS aerosol algorithms and products, paying spe-
cial attention to concepts discussed in this paper. Sec-
tion 3 describes the CLAMS instrumentation and data
used for this study. Section 4 shows MODIS–sun pho-
tometer comparisons for both spectral AOD and size
retrievals, for both ocean and land. This includes a com-
parison of aerosol size distributions for each of the dif-
ferent retrievals. In section 5, we attempt to show how
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aerosol retrievals over the CLAMS region can be im-
proved in the future, focusing separately on aerosol
model and surface reflectance issues. Finally, section 6
summarizes and provides pathways for future study.

2. MODIS

The MODIS aerosol algorithm is actually two en-
tirely independent algorithms, one to derive aerosol
properties over land surfaces, the second for over the
ocean. Both algorithms were conceived and coded prior
to Terra launch (Kaufman et al. 1997b; Tanré et al.
1997), and scientifically have changed little since then.
However, some of the mechanics and details have
evolved and have been the focus of studies, such as
those done by Levy et al. (2003) and Ichoku et al.
(2003). Reflected solar and emitted terrestrial radi-
ances are observed by MODIS at 250 m, 500 m, or 1
km, along a swath 2330 km wide. These data are col-
lected in 5-min chunks, called a granule, each about
1350 km along track. Normally, 288 of these granules
are collected in one day, and about 135 have enough
reflected sunlight to be useful for aerosol retrieval.
Calibrated reflectance data products at multiple reso-
lutions (MOD02) plus geolocation (MOD03) are called
level 1B (L1B). The primary geophysical products
[known as level 2 (L2)] include the MODIS cloud mask
(MOD35) and atmospheric profile (MOD07) products
(Platnick et al. 2003), both required prior to aerosol
retrieval. These L1B and L2 products, plus ancillary
data (such as water vapor profiles), comprise the set of
inputs to the MODIS aerosol retrieval.

The aerosol retrieval uses calibrated reflectance data
from the first seven MODIS bands (between 0.47 and
2.1 �m). These reflectance data are first corrected for
trace gas and water vapor columns, using climatology
for ozone and the National Centers for Environmental
Prediction (NCEP) ancillary data for column water va-
por (see the ATBD link on the Web site http://modis-
land.gsfc.nasa.gov/mod09/).

Of the seven MODIS bands, two channels (0.66 and
0.86 �m) are measured with 250-m resolution, whereas
the other five (0.47, 0.55, 1.24, 1.64, and 2.13 �m) are at
500 m. The final aerosol retrieval is for 10 km � 10 km,
requiring aggregation from the higher resolution chan-
nels (i.e., 40 � 40 for the 250-m channels, and 20 � 20
for the 500-m channels). Using results from the geolo-
cation and cloud mask data, the individual pixels in the
level 1B granule are classified as ocean or land. If all
pixels in the 10 km � 10 km box are determined to be
“ocean,” then the ocean algorithm is performed. If any
pixel is land, then the land retrieval is applied. Even
though MODIS was operational during the CLAMS
period (July–August 2001), this study uses data re-
trieved using a more modern version (known as
V4.1.3). Remer et al. (2005) places V4.1.3 in historical
context since inception in 1997 and includes many de-
tails that are covered here.

After the land or ocean branch is concluded, the al-
gorithm merges some parameters into combined land
and ocean products for convenience. The main com-
bined land–ocean products are the AOD at 0.55 �m
and the fine-mode weighting (FMW). The FMW is the
fraction of the total AOD at 0.55 �m that was contrib-
uted by smaller particles. Note that the land and ocean
retrievals are not required to meet at the shoreline, and
may be discontinuous. Additional products are opera-
tionally derived as “retrieved” or “diagnostic” param-
eters and are detailed in Remer et al. (2004).

a. MODIS over ocean

If all pixels in the 10 km � 10 km box are identified
as water pixels, the ocean algorithm is chosen. First,
“obstructed” pixels (cloudy or otherwise unsuitable for
retrieval) are removed, including those within the glint
mask (within 40° of the specular reflection angle), those
flagged as cloudy (Platnick et al. 2003; Martins et al.
2002; Gao et al. 2002), and those that contain sus-
pended river or other sediments (Li et al. 2003). The
remaining good pixels are sorted by their near-infrared
(NIR) (0.86 �m) brightness. Of these, the darkest and
brightest 25% are removed, thereby eliminating re-
sidual cloud and/or surface contamination. If at least 10
pixels remain in the 10 km � 10 km box, then reflec-
tance statistics for all seven channels are calculated and
used for the inversion.

As introduced by Tanré et al. (1997) and updated by
Levy et al. (2003) and Remer et al. (2005), the MODIS
inversion attempts to minimize the difference between
the observed spectral radiance in six MODIS channels
and radiance precomputed in a lookup table. The
lookup table models the total reflectance observed by
satellite, which includes not only aerosol contributions,
but also spatially and temporally constant atmospheric
(Rayleigh) and ocean surface (chlorophyll, foam,
whitecaps, and sun glint) contributions. The aerosol ra-
diance contribution is computed for 2304 sun/surface/
satellite geometries and five total aerosol loadings, for
four fine modes and five coarse modes [see Levy et al.
(2003) or Remer et al. (2005) for more details]. The
inversion uses the observed geometry and assumes that
the total aerosol contribution is composed of a single
fine and single coarse mode. Upon finding best fits to
the observed reflectance, the algorithm reports the to-
tal AOD, the FMW to the total AOD, and the modes
chosen. A variety of other aerosol parameters are then
inferred, including spectral optical thickness and effec-
tive radius of the size distribution.

b. MODIS over land

Like the over-ocean algorithm, the theoretical re-
trieval has not changed much since its inception (Kauf-
man et al. 1997b). However, for version V4.1.3, new
masks for clouds and ice/snow have been added, along
with improved aerosol models for African biomass-
burning regions (Remer et al. 2005).
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Not all pixels in the 10 km � 10 km box need to be
detected as land for the land retrieval to continue. First,
cloudy pixels are removed by combining cloud mask
tests (Platnick et al. 2003; Martins et al. 2002; Gao et al.
2002). The Normalized Difference Vegetation Index
(NDVI) discards large water bodies (lakes, rivers) and
most snow or ice pixels. From the remaining pixels, the
algorithm selects “dark” surface pixels, based on the
reflectance at 2.1 �m. These dark pixels are sorted,
according to reflectance in the red (0.66 �m). The dark-
est 20% and brightest 50% of the dark pixels are dis-
carded, statistically skewed to selectively eliminate pix-
els contaminated by clouds, cloud shadows, or odd sur-
faces. The remaining 30% of the pixels are used in the
aerosol retrieval.

If at least 12 pixels (less are allowed but with caveats)
remain in the 10 km � 10 km box, the algorithm cal-
culates the mean measured reflectance at the three land
wavelengths (0.47, 0.66, and 2.1 �m). Using empirical
relationships proposed by Kaufman et al. (1997c), and
theoretically examined in Kaufman et al. (2002), the
surface reflectance in the two visible (VIS) wavelengths
are estimated from the reflectance at 2.1 �m. The dif-
ference between the surface reflectance and the Ray-
leigh (standard atmosphere)-corrected satellite reflec-
tance is known as the aerosol “path reflectance.” As-
suming a generic, mostly fine mode “continental
aerosol” model (which includes three modes; e.g.,
Kaufman et al. 1997b), the MODIS-measured path re-
flectance is compared with reflectance found in pre-
computed lookup tables (which include effects of ge-
ometry and aerosol absorption). AOD is derived at 0.47
and 0.66 �m independently.

The spectral dependence of the path reflectance, de-
termined from the preliminary use of the continental
aerosol model, determines whether to add coarse dust
(Kaufman et al. 1997b). Then, the fine model is re-
derived using a specific aerosol model, depending on
the season and location [all models are described in
Remer et al. (2005)]. For retrievals over the CLAMS
region and season, the “urban/industrial” aerosol
model (Remer and Kaufman 1998) is the appropriate
choice for the fine model. Like the over-ocean algo-
rithm, a number of aerosol products are inferred, in-
cluding the AOD and a qualitative parameter analo-
gous to the FMW at 0.55 �m.

c. MODIS aerosol validation

The primary means of validating MODIS aerosol pa-
rameters is by comparison with AERONET ground
sun-photometer data. These instruments measure spec-
tral AOD to within 0.01 (Holben et al. 1998; Eck et al.
1999) and can derive ambient, total atmospheric col-
umn aerosol size distributions and effective radius as-
suming spherical particles (Dubovik and King 2000).
Assuming that temporally varying sun-photometer data
can be compared with spatially varying satellite data,

we use the validation methodology described by Ichoku
et al. (2002a). Sun-photometer measurements between
�30 min of overpass are compared with MODIS mea-
surements between �25 km of the sun-photometer site.
The resulting 50 km � 50 km MODIS box is made up
twenty-five 10 km � 10 km aerosol retrievals, which
may be over ocean or land, and in coastal regions (such
as CLAMS) may include both. If retrievals are made
over both surfaces, then both values are compared with
the sun-photometer data. As the aerosol algorithms
have been continually updated since Terra launch, vali-
dation is an ongoing effort.

Preliminary validation of the aerosol products was
made from MODIS during the first few months of op-
eration and showed that MODIS-derived parameters
including AOD and effective radius compared favor-
ably with AERONET data (Ichoku et al. 2002a; Remer
et al. 2002; Chu et al. 2002). Validation of MODIS data
through August 2002 (Remer et al. 2005) demonstrated
that for both over ocean and land, about two-thirds of
MODIS AOD retrievals fell within expected uncer-
tainty (�0.03 � 0.05� over ocean and �0.05 � 0.15�
over land). Additionally, over the ocean, 66% of
MODIS effective radius retrievals were within �0.11
�m of the AERONET-derived values (Remer et al.
2002; Remer et al. 2005).

Yet, whereas AODs over land mostly fit within un-
certainty lines, there was a generally positive AOD off-
set at low optical depths, and AOD underestimation at
larger optical depths. At the blue wavelength, this phe-
nomenon was especially pronounced for the “East
US_land” region, where less than 60% of the AOD
retrievals were within the expected uncertainties (Re-
mer et al. 2005). Retrievals over the nearby ocean were
more accurate and consistent with the global ocean
comparisons. Indeed, images of AOD along the East
Coast often show discontinuities. Additionally, a major
weakness of the previous MODIS studies was the lack
of spectral comparison at the longer wavelengths.
AERONET provides AOD measurements only in the
visible and near-IR wavelengths.

3. CLAMS instrumentation and data

The CLAMS experiment, sponsored by NASA’s
Earth Observing System (EOS) Science Team, was the
first combined validation of the sensors aboard Terra
(Smith et al. 2005). CLAMS was held 10 July to 2 Au-
gust 2001, at NASA’s Wallops Flight Facility near
Chincoteague, Virginia. The activities included five in-
strumented aircraft and intensive ground sites on and
around the WFF and the Chesapeake Lighthouse (14
km off the coast of Norfolk, Virginia). Additionally,
a number of nearby AERONET and other sun-pho-
tometer sites were operated, some providing AOD into
the IR wavelengths.
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a. MODIS during CLAMS

The MODIS data used in this study were processed
during the MODIS “reprocessing” effort of 2003, using
the V4.1.3 aerosol algorithms implemented in late 2002
(described by Remer et al. 2005). Table 1 shows
MODIS overpass dates/times and whether the CLAMS
region was outside of the MODIS glint mask (	 40°)
and potentially available for aerosol retrieval over
ocean. The two columns marked “Land” or “Ocean”
denote whether over-land or over-ocean retrievals from
this granule were used in sun-photometer comparisons.
MODIS data were used only when there were at least
five pixels available (within the 50 km � 50 km box).

b. Sun photometers

Many different types of sun photometers measured
spectral AOD during CLAMS. AERONET (Holben et
al. 1998) sun photometers (manufactured by Cimel
Electronique, France) operated at a number of sites in
the region, automatically providing consistent AOD
measurements. Two additional robotic sun photom-
eters (described in Ehsani et al. 1998) were operated
side-by-side at NASA Langley Research Center
(LaRC) on clear days. The Ames Airborne Tracking
Sun-photometer-14 Channel (AATS-14) flew aboard
the University of Washington’s Convair 580 aircraft
(Redemann et al. 2005; Russell et al. 1993). In addition,
six Microtops II portable, handheld sun photometers
(Morys et al. 2001) were deployed at multiple locations

and times during CLAMS. All sun photometers used in
this study were pre- and/or postcalibrated for CLAMS
and were expected to measure optical depths within
�0.03 (see Holben et al. 1998; Ichoku et al. 2002b; Rus-

TABLE 1a. Collocated sun-photometer data potentially available to compare with MODIS over land and/or ocean retrievals. Actual
compared data will be reduced due to cloud screening and other filtering. “In glint” refers to whether COVE is within the MODIS glint
mask (glint angle 
 40°). The sun-photometer code key is shown in Table 1b.

Terra (over COVE) Sun-photometer data

Date Time (UTC) In glint? Land Ocean

10 Jul 2001 1606 Yes A7, A2, M1, M2, M3, M5, L1
11 Jul 2001 1648 No
12 Jul 2001 1553 No A8, M1, L1 A1, L1
13 Jul 2001 1636 Yes A7, A8, A4, A2
14 Jul 2001 1541 No A7, A8, A5, A2, A1, M6, T1 A1, M6, T1
15 Jul 2001 1624 Yes A8, A4, A2, A3
16 Jul 2001 1529 No A6, A8, A3, M1, M2, M5, L1 A6, M1, M2, M5
17 Jul 2001 1612 Yes M1, M2, M5, L1
18 Jul 2001 1517 No
19 Jul 2001 1600 Yes
20 Jul 2001 1642 Yes A8, A4, A3
21 Jul 2001 1547 No A6, A7, A8, A4, A2, A1, M3, M7 A1, M3, M7
22 Jul 2001 1630 Yes A6, A7, A2, A8, A3, M7
23 Jul 2001 1535 No A8, A3, M3, M7 A1, M3, M7, T2
24 Jul 2001 1618 Yes
25 Jul 2001 1523 No A8, M4, M6 A6, A5, A1, M4, M6
26 Jul 2001 1606 Yes
27 Jul 2001 1648 Yes A6, A8, A8, A3
28 Jul 2001 1554 No
29 Jul 2001 1636 Yes
30 Jul 2001 1541 No
31 Jul 2001 1624 Yes A6, A8, A5, A3, A1, M5, M6 T3
1 Aug 2001 1529 No A6, A7, A5, A4, A2, A3, A1, M1, M5, M6 A6, A5, A1, M1, M5, M6
2 Aug 2001 1612 Yes A6, A7, A8, A5, A4, A2, A3, M1, M6

TABLE 1b. Key for reading Table 1a. Each sun-photometer site
is listed, along with a code and its latitude and longitude.

Key Sunphotometer Locations used for MODIS comparisons

Code Location Longitude (°) Latitude (°)

AERONET
A1 COVE �75.7 36.9
A2 GSFC �76.88 39.03
A3 GISS �73.96 40.798
A4 MD_Science �76.617 39.283
A5 Oyster �75.933 37.295
A6 Wallops �75.48 37.94
A7 SERC �76.5 38.883
A8 Philadelphia �75.005 40.036

Microtops
M1 Assateague �75.35 37.88
M2 Assawoman �75.38 37.87
M3 Chincoteague �75.38 37.92
M4 COVE_MTOPS �75.7 36.9
M5 Nash_Corner �75.54 37.95
M6 Wallops_Chem �75.49 37.83
M7 Wallops_Hangar �75.47 37.94

LaRC
L1 LaRC �76.379 37.105

AATS-16
T1 AATS0714 �75.731 36.907
T2 AATS0723 �74.113 37.866
T3 AATS0731 �70.416 38.471
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sell et al. 1993; and Ehsani et al. 1998 for accuracy
details). The AERONET instruments have the addi-
tional capability of retrieving aerosol size and optical
parameters using almucantur radiance measurements
(Dubovik and King 2000).

CLAMS was the first major field experiment to have
potential MODIS validation in longer wavelengths (in-
cluding 2.1 �m), in addition to the visible and NIR
channels on AERONET and standard Microtops in-
struments. The AERONET Cimels measured only be-
tween 0.34 and 1.02 �m. Both the LaRC sun photom-
eters and the AATS-14 (Redemann et al. 2005) mea-
sured out to 1.55 �m, while customized Microtops
instruments added 1.6- and 2.1-�m channels. Details
for calibration and deployment of the customized Mi-
crotops are given in appendix A.

Figure 1 is a map of the CLAMS experiment, depict-
ing deployment locations for the sun photometers in
the immediate region. Different instrument types are
denoted by different colors/shapes. Table 1 indicates
which sun photometers (and locations) were used to
compare with MODIS data. References to MODIS
comparable sun-photometer data are found under the
columns “Ocean” and “Land.” Table 1a provides the
key to the sun-photometer types and site names, along
with their latitude–longitude coordinates. Cimels are
named according to the AERONET database, and the
Microtops are referred to by instrument number and
deployed location. There were two LaRC instruments
located side-by-side at NASA Langley, but their data
were combined here. For the AATS-14 data, we list the

10 flights that included straight runs less than 100 m
from the ocean surface and within a few minutes of
MODIS overpass. The locations and times in Table 1
represent the approximate locations of the AATS-14
measurements during overpass.

Figure 2 shows a cloud-screened and calibrated level
2 (Smirnov et al. 2000) time series of AOD from two
AERONET locations (Wallops and COVE) during
CLAMS. Data are not screened as to the number of
points measured in a day, meaning that residual cloud
contamination (even after stringent cloud screening)
may still be an issue. The AOD spikes on 19 July (day
200) and 11 July (day 192) are likely cloud contamina-
tion; 17 July (day 198) was considered the CLAMS
“golden day” because of relatively high AOD (around
0.5–0.7 at 0.55 �m) measured at both stations. Unfor-
tunately, this day is useless for operational MODIS
over-ocean comparison because the region was within
the glint (see Table 1). On other days with lower AOD,
MODIS can be compared to AERONET data.

4. MODIS comparison with sun photometers

As a result of previous studies (such as Levy et al.
2003) we assumed that the AERONET, Microtops
(“classic” channels), and AATS sun-photometer data
were consistent with each other during CLAMS. We
further assumed that data from the LaRC sun photom-
eters and properly calibrated customized Microtops

FIG. 1. Map of sun-photometer sites during CLAMS. Blue,
green, and white represent the Microtops network, AERONET,
and the LaRC sites, respectively. The red is the track of the
AATS-14 on 17 Jul 2001 (as an example).

FIG. 2. Time series of AERONET-measured aerosol optical
depth and fine-mode weighting at 0.55 �m during CLAMS. Two
sites, COVE and Wallops, are plotted. Day 182 is 1 Jul, and day
213 is 1 Aug.
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