
ÓPTICA PURA Y APLICADA – Vol. 37, núm. 3 - 2004 

Recibido:  19 – september - 2004 - 3569 -

 
 

 
AERONET 

 in the context of remote sensing from space and global modeling 
 
 
 

Stefan Kinne (1) 
 

1. Max-Planck-Institute for Meteorology, Hamburg, Germany 
 
 
 

 
 
 
 
 
 
REFERENCES AND WEB LINKS. 

 
[1] Houghton, J., Y.Ding, D.Giggs, M.Noguer, P.vanderLinden, X.Dai, K.Maskell, C.JohnsonL.Meira Filho, J.Bruce, H.Lee, 

B.Callander, E.Haites, N.Harris, K.Maskell, Climate Change 2001, The Scientific Basis, an evaluation of the IPCC 
(International Panel on Climate Change), Cambridge University Press, New York, 2001. 

 
[2] Holben, B., T.Eck, I.Slutsker, D.Tanre, J.Buis, E.Vermote, J.Reagan, Y.Kaufman, T.Nakajima, F.Lavevau, I.Jankowiak 

and A.Smirnov, AERONET, a federated instrument network and data-archive for aerosol characterization, 
Rem.Sens.Environ. 66, 1-66, 1998. 

 
[3] Dubovik, O. and M.King, A flexible inversion algorithm for the retrieval of aerosol optical properties from sun and sky 

radiance measurements,  J.Geophys.Res.105  20673-2069, 2000. 

ABSTRACT: 
Ground-based remote sensing of the AERONET robotic sun-/sky-photometer 

network provides local detail on essential all aerosol properties. When combining 
AERONET statistics with aerosol data-sets from remote sensing or global 
modeling, individual data-sets can benefit from the strength of the other data-set. 
Among the provided examples, particular attention was given to the evaluation 
aspect of AERONET for aerosol modules in global modeling.   
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1.- Introduction 
 
Aerosol is one of the key properties in simulations of 
the Earth’s climate. Model-derived estimates of 
anthropogenic influences remain highly uncertain 
(IPCC, Houghton et al., 2001) in large part due to 
the role of aerosol. A main problem is the adequate 
representation for the variablity of aerosol properties 
in space and time. At issue are aerosol properties of 
concentration, size, composition, shape, water 
uptake and aerosol altitude and aerosol interactions 
with chemistry and clouds. To constrain the freedom 
in global modeling, stronger links to available data 
are needed. This contribution introduces recent 
measurements of remote sensing techiques from 
space and ground-sites. In particular data of  the 
AERONET sun-/skyphotometer network are 
presented and examples of their benefit to and from 
satellite retrievals and global modeling are provided.  
 
2.- AERONET 
 
AERONET is a federated worldwide network of 
indentical CIMEL sun-/sky-photometer roboters that 
are monitored and maintained at the NASA-Goddard 
Space-Flight Center (Holben et al. 1998). The 
instruments have a 1.2 degree field of view and 
sample sequentially at (up to) eight solar spectral 
sub-bands (.34, .38, .44, .50, .67, .87,  .94 and 1.02 
µm). The primary use of these instruments is to 
define atmospheric properties under cloud-free 
conditions, in particular the properties of aerosol. 
The sun-photometer mode (max. 4/hour) provides 
direct measurements of 3 column properties: aerosol 
optical thickness (aot), Angstrom parameter and 
water vapor. The less frequent sky-photometer mode 
(max. 1/hour) in combination with radiative transfer 
inversion algorithms (Dubovik and King 2000) 
provides additional estimates on aerosol absorption 
and aerosol size-distributions. Thus, with external 
data (e.g. surface albedo and/or cloud-statistics) now 
measurement based estimates for the aerosol impact 
on climate (‘aerosol forcing’) can be derived.  

Figure1 illustrates the measured, derived and value-
added monthly statistics on aerosol properties from 
an AERONET site in southern Spain. 
 
 

 
Figure.1.- Sun-/sky-photometer statistics at El Arenosillo, 
an AERONET site at the Atlantic coast in southern Spain. 

Monthly averages are presented for directly measured, 
indirectly retrieved and value-added aerosol properties. 
Directly measured properties are the mid-visible aerosol 
optical thickness aot (at .55µm), the spectral dependence 

of aot (log/log slope at .55µm) to indicate size (Angstrom) 
and the water vapor concentration (w_vap [0.1 cm /atm]). 
Retrieved properties are the effective radius (eff.radius in 
µm) and the absorption optical depth (abs [10*aot*cossa]). 

Value-added properties are the lidar ratio ([0.01*sr-1] at  
.55µm) and the clear-sky radiative forcing at the top of the 
atmosphere (-F,toA [0.1*W/m2]). It should be noted that 

lidar ratios involving dust (with considerable contributions 
from spring to fall at that site) are too small due to the 

assumption of spheres. For aot monthly statistics also the 
30% (white line) -70% (black line) range of the PDF  

(Probability Distribution Function) is indicated. 
 
 
Since 1993 the AERONET network has grown to 
almost 200 sites. Comparibility among individual 
data provides an almost global coverage. Figure 2 
demonstrates ‘quasi-global’ coverage, as seasonal 
local averages for the absorption aerosol optical 
depth are shown (aot * co-single scattering albedo).  
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Figure.2.- Aerosol seasonal statistics on aerosol absorption 
at selected AERONET sites, based on sky-data inversions 

(each rectangle represents a site). Values for the mid-
visible aerosol absorption optical depth (optical depth 

thickness multiplied by the co-single-scattering albedo) 
are displayed for December, January, February (DJF), 

March, April, May (MAM), June, July, August (JJA) and 
September, October, November (SON). Note, absorption 
in Europe appears to be larger than in the (eastern) US. 

 
 
The globally distributed detail of  aerosol properties 
from AERONET benefits assessments of aerosol 
retrievals from space and provides some of the 
needed constraints to aerosol (global) modeling. For 
a  demonstration, comparisons to AERONET 
statistics from the years 1998 to 2001 will be 
presented at 20 selected sites. The names and 
locations of these globally spread sites are listed in 
Table I. 

 
TABLE I 

AERONET site selection for evaluations of aot data from 
satellite retrievals and aerosol modules in global modeling 

AERONET-site Location Notables 
Abracos Hill 298E, 11S biomass: Aug-Nov 

Anmyon 126E, 37N Asian dust: spring  
Bahrain 51E, 26N dust 
Bermuda 295E, 32N maritime, mixed 

Cape Verde 337E, 17N dust off Africa 
Ceilap B 302E, 35S Buenos Aires 
COVE 284E,  37N platform off USA 
Ilorin 4E,  8N dust, bio: Nov-Jan 

Kampur 80E,  26N urban pollution 
Lanai 203E,  21N maritime 
Lille 3E,  51N urban, Europe 

Mongu 23E,  15N biomass: Aug-Nov 
Nes Ziona 35E,  32N dust, rural 
Rimrock 243E,  46N rural , nw-USA 

Rodgers D Lake 242E,  35N dry lake, w-USA 
Shirahama 135E,  34N urban and dust 
Skukusa 32E,  25S urban, rural 
Stennis 270E,  30N urban, maritime 
Tahiti 210E,  18N remote Pacific 
Venise 13E,  45N platform in Adria 

On the other hand, it will be demontrated that also 
AERONET data benefit from spaceborne remote 
sensing and global modeling, in particular with 
respect to issues regarding regional representation, 
global coverage and aerosol compositional detail. 
 
 
3.- Remote Sensing from Space 
 
For more than two decades the AVHRR and TOMS 
satellite sensors retrieve aerosol (column) properties 
from space. The value of these retrievals, however, 
is limited for many reasons, including calibration 
issues, required a-prior assumptions, restrictions in 
global coverage and contamination by clouds. Many 
of these limitations have been addressed by a new  
generation of space sensors, with finer pixel-size, 
increased spectral resolution (e.g. MODIS), multi-
angle viewing (e.g. MISR) and by accounting for  
polarization (e.g. POLDER). For one of the most 
important aerosol properties, the aerosol optical 
depth (aot), currently many multi-year datasets are 
available. The most prominent data-sets along with 
their major advantages and limitations are listed in 
Table II.    
 

TABLE II 
aerosol optical thickness (aot): global annual averages of 
remote sensing retrievals and AERONET measurements. 

All presented aot values refer to .55µm wavelength and all 
aot values were corrected for spatial sampling deficiencies 

with the use of complete fields from global modeling. 

 aot advantage Limitation 
TOMS .22 15 years height-dep. 

AVHRR .15 15 years ocean only 
POLDER .14 ocean data size sensitive
MODIS .16 ocean data land: +bias 
MISR .19 desert data ocean: +bias 

MO / MI .16 ‘best’ choice composite 
MO / TO .17 altern. choice composite 

AERONET .14 aerosol detail not regional 
 
 
Table II also lists the annual global averages, which 
were sampling- and wavelength- adjusted to assure 
comparability. There is considerable disagreement  
among some data-sets. Here, it does not surprise that 
the largest values are suggested by TOMS. Its large 
pixel size (40km) increases the possibility for cloud-
contamination (and aot overestimates) especially in 
areas of low aerosol optical thickness (over oceans). 
More surprising, however, are larger values of MISR 
compared to those of the other datasets. AVHRR, 
POLDER and MODIS all suggest a annual global 
average of about 0.15 for the mid-visible aerosol 
optical thickness. To understand data-set differences, 
the corresponding global distribution patterns for the 
annual mean aots of Table II are shown in Figure 3. 
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Figure.3.- Comparison of global fields for annual averages 
of the mid-visible (.55µm) aerosol optical thickness based 
on available remote sensing data. MODIS (Mo) data refer 
to the year 2001 and MISR (Mi) data relate to time-period 
between 2000 and 2003. TOMS (To) and AVHRR (Av, 

processed at GISS) represent multi-year averages from the 
early 1980s (where data two years after the major volcanic 
eruptions of El Chichon and Mt.Pinatubo were excluded). 
POLDER (Po) data cover the period from November 1996 
to June 1997. Also shown are retrieval composites (21, 13) 

which combine strengths of the MODIS algorithm over 
the oceans (superior cloud detection and model) and the 

superior capabilities of MISR (‘21’) or TOMS (‘13’) over 
land. Also displayed is the regionally stretched local 

statistics of AERONET (Ae) of the years 1998 to 2001. 
 
 
Despite a general agreement on regions of larger aot 
(e.g. Northern Africa or Asia), there are difference in 
strengths and for the exact placement of the maxima. 
Large relative differences are also found over the 
oceans. Differences among satellite aot data-sets are 
better visualized by comparing regional averages on 
an annual and monthly basis in Figures 4 and 5. 
   
 

 
Figure.4.- Comparisons of regional annual average aerosol 
thicknesses (at .55µm) among 5 different satellite data-sets 
(MODIS, MISR, TOMS, AVHRR, POLDER). In addition, 
averages of AERONET, of global (component) modeling 

and of a satellite composite are shown. The data composite 
(‘S-mix’) combines the strengths of individual retrievals. 

 
Figure.5.- As in Figure 4 except for four selected month of 

the year (March, June, September and December) 
 
Comparisons in Figures 4 and 5 were not corrected 
for temporal sampling biases. However, this is less 
of an issue for the MODIS and MISR sensors, since 
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both are flown on the same polar orbiter. An 
additional reason to focus on MODIS and MISR is 
that both represent the new generation of sensors, 
which via multi-spectral and/or multi-directional 
measurements rely less on the a-prior assumptions. 
MISR data are significant larger (as large as TOMS) 
over oceans but usually smaller than MODIS over 
land-regions. MODIS uses the smallest pixel size 
which is essential for a good cloud screen. Thus, the 
lower aots of MODIS over oceans compared to other 
satellite retrievals (e.g. TOMS, MISR and AVHRR) 
suggest that cloud contamination is smaller than in 
other retrievals. With respect to MISR, it turned out 
that the current ocean retrieval is biased high (R. 
Kahn, personal communication) and adjustments to 
the retrieval are expected in the near future. Over 
land the differences between MODIS and MISR are 
related to the different retrieval concepts. MODIS 
identifies appropriate surface contributions to the 
detected signal from measurements in the near-IR 
spectral region, where aerosol signals are assumed to 
be negligible. This retrieval works over vegetation 
but fails over surfaces with higher reflection in the 
visible (e.g. deserts). Since the retrieval model only 
considers small aerosol size (radii of ca 0.1µm) the 
MODIS aot land retrievals has a tendency to be 
biased high. The MISR land-retrieval relies on 
observations from different directions (a multi [9]-
angle and multi [4]-spectral approach) to identify the 
surface type for a subsequent removal of surface 
contributions from the detected signal. Although the 
MISR aot land retrieval caries some uncertainty 
there does not appear to be a clear bias. Thus, an aot 
data-set that combines the MODIS ocean retrieval 
with either the MISR land retrieval (‘21’ in Figure 3) 
or the long-term TOMS land retrieval (‘13’ in Figure 
3) should be preferred over data-sets from a single 
sensor. The ‘S-MIX’ data-set in Figures 4 and 5 
represents a MODIS(ocean) -MISR(land) composite, 
where in case of unavailable data AVHRR is 
substituted for MODIS and TOMS is substituted for 
MISR. To investigate if retrieval composites are 
superior over individual data-sets, comparisons to 
statistics from AERONET are conducted.  
 
3.a.- AERONET helping Remote Sensing. 
 
Regional comparisons of Figures 4 and 5 included 
AERONET data, when data in that region were 
available. Figure 2 illustrated the global distribution 
of AERONET sites. Based on the frequency of sites, 
comparisons in North America, South America and 
Europe are more meaningful than in other regions of 
the world. Another comparison issue is a lack on 
information if data from included AERONET sites 
in fact characterize aerosol for that region. At this 
point it cannot be ruled out that local pollution at 
some sites contribute to regional aot overestimates.  

In Figures 4 and 5 the retrieval composite usually 
agrees better to AERONET than individual data-
sets. Nonetheless there are differences for many 
regions. In most of those regions satellite retrievals 
suggest larger aots than AERONET. ‘Seasonal’ 
comparisons of Figure 5 help to understand some of 
the differences. For North America (and to some 
degree for Europe) the satellite data are expected to 
be in error, because the deviations mainly occur 
during the winter months, when contamination by 
sub-pixel snow artificially can raise the aot signal. 
For tropical regions with seasonal biomass burning 
the satellite predicted seasonality is much weaker, a 
feature which often is not revealed by annual 
averages. It is unclear, if this is an artifact from the 
AERONET site placement. For the central Pacific 
the larger satellite aot data raise suspicions on cloud-
contamination. Added AERONET sites for tropical 
and Southern Hemisphere are needed and a careful 
event-by event analysis will be necessary to solve 
this discrepancy not only with respect to AERONET 
but also with respect to global modeling. For Asia 
only a few sites are considered in this analysis and 
statistics is poor. Thus, the apparent trend of larger 
aot satellite data needs to be confirmed by additional 
measurements, for instance by adding data of the 
complimentary SKYNET sky-photometer network.  
Another way to compare satellite retrievals to 
AERONET is an interpolation of the satellite data-
sets to specific sites. For the 20 stations of Table I 
comparisons are provided in Figures 6 and 7.   
 
 

 
 
Figure.6.- Comparison of the mid-visible (.55µm) aerosol 

optical thickness among AERONET statistics, five 
retrievals and one retrieval composite (S-Mix of Figures 4 

and 5). Satellite data-sets were interpolated to the 
locations of the 20 AERONET sites listed in Table I. 

 
 
These comparisons confirm the larger satellite aots 
(than AERONET) for the Pacific and over North 
America. The strength of the seasonal cycle at 
tropical biomass burning is much better matched, 
although still underestimated. Also agreement for 
Asian sites is improved over regional comparisons.   
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Figure 7.- as in Figure 6 except for four selected month of 

the year (March, June, September and December) 
 
The significance of deviations between local 
(AERONET) and to coarse gridded data (satellite 
and certainly global modeling) in Figures 6 and 7 

depends on a site’s ability to capture its regional 
value. Here the spatial information of satellite data 
can help AERONET.  
 
3.b.- Remote sensing helping AERONET 
 
Satellite data can help identify regional biases of 
local data. Of particular interest are satellite data-
sets with a small pixel size. Then a comparison 
between the local retrieval and the simultaneous 
mean for its surrounding region will provide an 
estimate on a site’s ability to represent regionally. 
Sites with a significant bias should be removed. This 
includes heavily polluted sites (e.g. Mexico City) as 
well as mountain sites (e.g. Mauna Loa, Hawaii). 
Also some sites near mountains (e.g. Ispra, near the 
Alps) should be removed unless secondary 
information (e.g. wind-data) can be provided. A 
demonstration for satellite spatial scaling is provided 
in Figure 8, as MODIS data are applied to the 
NASA-Goddard (GSFC) site near Washington DC. 
 
 

Figure 8.- Examination of the regional representation of 
data from a local (AERONET) site by comparing satellite 
retrievals (MODIS) at different spatial scales. Here data of 
the site at NASA-GSFC are displayed based on year 2001 
data. A positive ratio between the (red) 10*10km average 
and the larger scales at 100km (green) or at 1000km (blue) 

suggests that local data overestimate the regional value. 
Also displayed are monthly statistics between MODIS and 

(always smaller !) AERONET data for the year 2001. 
 
 
Based on MODIS retrievals the local AERONET 
statistics at GSFC overestimates its 100*100km 
regional value by about 10% and its 1000*1000km 
average by about 20%. Since this factor remains 
fairly constant over the year, an easy correction can 
assure regional representation. For evaluations of 
coarse gridded satellite data-sets (or efforts in global 
modeling) these site-specific correction-factors are 
extremely important. The use of MODIS data can be 
considered at best a start, as this retrieval has only 
limited land cover and there as also accuracy 
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concerns. It is highly desirable to get MISR data 
involved, but at a finer starting resolution than in the 
current MISR land product (17.6km).  
 
4.- MODELING 
 
Coarse gridded (ca. 200*200km, 20 vertical levels) 
global circulation models (GCM) or chemical 
transport models (CTM) are applied to provide 
estimates for the aerosol impact on climate. In recent 
years almost all models added more detail to their 
aerosol modules to improve aerosol representation 
(concentration, size, hygroscopicity, absorption and 
altitude) and to improve aerosol processing (e.g. 
subscale variability, cloud schemes). In recognition, 
that aerosol has a lifetime of a few days and 
originates from a multitude of different sources, 
most aerosol modules in these global models now 
distinguish among at least five different aerosol 
components:  

BC (‘Black Carbon’ or EC ‘elementary 
carbon’) originates from wildfires and consumption 
of bio-fuel and fossil-fuel. Black carbon is a strongly 
absorbing aerosol of accumulation mode. An 
initially hydrophobic behavior is moderated with 
time as mixtures with other components occur. 

OC (‘Organic Carbon’ or POM 
[ 1.4*OC] ‘Particulate Organic Matter’), originates 
(as BC but more abundant) from wildfires and the 
consumption of bio-fuel and fossil-fuel. A minor 
fraction also enters via the gas phase. Organic 
carbon is a weak to moderately absorbing aerosol of 
the accumulation mode. Organic carbon is 
moderately hydrophilic (which means this aerosol 
type will increase in size as the ambient relative 
humidity increases). 

SU (‘sulfate’) predominantly enters the 
atmosphere via the gas-phase from fossil fuel 
consumption, volcanic exhaust and oceanic 
phytoplankton (DMS – dependent on solar surface 
flux). Sulfate is a non-absorbing aerosol of the 
accumulation mode. Sulfate is hydrophilic. 

DU (mineral ‘dust’) originates from mainly 
from dry lake beds. Critical parameters are near-
surface winds, soil moisture, vegetation and snow 
cover. Dust is (excluding strong UV absorption) a 
weak absorbing aerosol of the coarse mode and 
usually considered hydrophobic. 

SS (‘sea-salt’) aerosol originates from sea-
spray. The most critical parameter is the near- 
surface wind. Sea-salt aerosol is a non-absorbing 
aerosol of the coarse mode. Sea-salt is highly 
hydrophilic and at high ambient humidity aerosol 
size is comparable to cloud droplet sizes. 

Aerosol at any particular location and time 
is always a mixture of aerosol components. While 
some of the aerosol components are externally 
mixed, internal mixtures of components occur as 
well. Since optical or hygroscopic properties of 

internal mixtures usually differ from volume weight 
averages of individual components, some of the 
more advanced aerosol modules in global modeling 
now even consider internal mixing. Aerosol 
component modeling is usually done in three 
consecutive steps: 

STEP 1: Based on (particle and gas) emission 
inventories for each aerosol type, global models 
process aerosol (e.g. gas-to-particle conversion, 
growth, removal, redistribution be clouds) to yield 
mass concentration. 

STEP 2: Mass is converted into (the optical 
property of) aerosol optical depth (as a function of 
wavelength), where assumptions for aerosol size (-
distribution) and water uptake (humidification and 
ambient relative humidity) are critical. 

STEP 3: Aerosol optical depth spectral data 
along with spectral data on aerosol absorption (based 
on absorption assumption of contributing aerosol 
types) are processed in radiative transfer schemes to 
yield an aerosol forcing. 
The desired detail in aerosol modeling increased the 
complexity with potential for new errors, including 
errors from untested interactions. Worldwide there 
are now at least 20 modeling groups that maintain 
global models with complex aerosol modules. There 
is strong community interest in available data to 
evaluate the aerosol component, and AERONET 
data are a cornerstone in these evaluations.    
 
4.a.- AERONET helping modeling 
 
AERONET data are a main contributor to the 
aerosol module evaluation effort. While AERONET 
cannot address any detail in aerosol processing or on 
vertical distribution, AERONET can set important 
constraints to modeling. Table III lists 15 models, 
which participate in the AeroCom evaluation effort. 
 
 

TABLE III 
Global Models with aerosol component modules that are 
participating in the AEROCOM model intercomparison 

Model Institute Autors 
ECHAM5 MPI, Hamburg Feichter / Stier
GRANTOUR Univ. Michigan Herzog / Penner
MIRAGE PNNL  Ghan / Easter
GOCART NASA-GSFC Chin / Ginoux
SPRINTARS Kyusho Univ. Takemura
GISS NASA-GISS Koch / Tegen
ULAQ L’Aquila Montenaro /Pitari
MATCH NCAR Fillmore / Collins
MOZART NCAR Tie / Brasseur
IMPACT Univ. Michigan Lui / Penner
LOA LOA, Lille Reddy / Boucher
LSCE LSCE, Paris Schulz/Balkanski
CANADA Toronto Gong
OSLO, ctm Univ. OSLO Myhre 
OSLO, gcm  Univ. OSLO Seland / Iversen
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Simulated aerosol properties of these models are 
compared to available AERONET data, to identify 
unusual model behavior. The data include direct 
measured properties (aerosol optical thickness) as 
well as inversion based properties of absorption and 
size-distribution. The detailed size-distribution data 
allow estimates for the (wet) aerosol mass and for 
contributions of smaller (<1µm) sized aerosol to 
optical thickness and mass. Subsequent plots will 
compare locally at the 20 AERONET sites of Table I 
interpolated output from 15 different global models 
to AERONET statistics at the site. Comparisons will 
cover (component combined) aerosol optical 
thickness, accumulation size mode optical thickness, 
(component combined) aerosol mass, accumulation 
size mode mass and a mid-visible aerosol absorption 
estimate based on component mass data. 
Comparisons for component combined aerosol 
optical thickness are given in Figures 9 and 10.    

 
 

 
Figure.9.- Comparison of model simulated mid-visible 

(.55µm) aerosol optical thickness by 15 different aerosol 
component models (see Table III) over 20 selected sites 

(see Table I) to AERONET ground statistics 
 
At all selected locations there are large differences 
among models. These differences change by location 
and season. Compared to values from AERONET 
statistics there is no single model, which always fits 
‘best’. This indicates the complexity leading to the 
estimates for a total (component combined and 
vertically integrated) aerosol optical thickness. Most 
models suggest more aot at European sites, which 
could be explained by the use of older emission 
inventories. Otherwise models tend to underestimate 
aot (these are situations when pie-sections of models 
in the plots do not cover the AERONET ring). 
Underestimates are especially large for the tropical 
biomass burning season (‘Sep’ in Figure 10) in 
South America and Southern Africa. Further detail 
on model differences can be extracted by comparing 
‘anthropogenic’ aot contributions, only considering 
contributions of sulfate, organic and black carbon. In 
Figure 11 only the AERONET sub-micron aot value 
is provided as upper lower to the comparison. 

 
 

 
 

 
 

 
Figure 10.- as in Figure 7 except for four selected month 

of the year (March, June, September and December) 
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Figure.11.- as in Figure 10 - except only the simulated 
‘anthropogenic’ aerosol components of sulfate, organic 

carbon and black carbon are considered (without ‘natural’ 
components of dust and sea-salt). Here AERONET data 

display values of aerosol with diameter smaller than 1 µm. 

 
Models tend to overestimate the ‘anthropogenic’ 
component over European sites, which is consistent 
with expected larger emissions of older inventories 
for that region. Stronger anthropogenic contributions 
are also simulated at East Asia sites during summer. 
Otherwise models somewhat tend to underestimate 
the anthropogenic component. This applies in 
particular to biomass burning regions in most 
models, although smaller aot contributions during 
the biomass peak months are partly offset by 
overestimate during the off-season.   
Aerosol mass and the ‘anthropogenic’ contributions 
to aerosol mass are compared in Figure 12 and 13.  
 
 

 
Figure.12.- Comparison of model simulated aerosol dry 

mass by 15 different aerosol component models (see Table 
III) over 20 selected sites (see Table I). AERONET size-

distributions can only provide the wet aerosol mass (which 
includes aerosol water). Thus, AERONET dara represent 
overestimates, unless ambient relative humidity is low. 

 
 

 
Figure.13.- as in Figure 12 - except only the simulated 
‘anthropogenic’ aerosol components of sulfate, black 

carbon and organic carbon  are considered (no ‘natural’ 
components of dust and sea-salt) and AERONET data 

display values of aerosol with diameter smaller than 1 µm. 
 
 
The mass reference of AERONET is (at best) 
limited to dry regions, unless aerosol water can be 
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included in model simulations. Figures 12 and 13, 
however, were mainly shown for two reasons. 
(1) Model differences for mass are not identical to 
differences for aot (as assumption for aerosol size, 
humidification and ambient relative humidity vary). 
(2) The water component is usually dominant 
contributor to the mass of sub-micron sized aerosol. 
 
Data on component mass allow estimates for the 
simulated mid-visible aerosol absorption. Aerosol 
absorption, next to aerosol aot and size, is one of 
aerosol properties that matter most, when the aerosol 
climatic impact must be determined. Absorption is 
proportional to the imaginary part of the refractive 
index. It was assumed that the imaginary part of any 
component mixture is made up by volume weighted 
contributions. Thus, only dry component data for 
density (BC: 1.0, OC: 1.8, DU: 2.5, SU: 1.8, SS: 2.2 
g/m3) and mid-visible imaginary part (BC: 0.6, OC: 
0.006, DU: 0.0015, SU: 0,  SS: 0) need to be added. 
A comparison among (dry aerosol) imaginary parts 
of different models is presented in Figure 14, where 
also the (wet aerosol) imaginary parts of AERONET 
inversions are displayed. 
 
 

 
Figure.14.- Comparison of imaginary parts of the mid-

visible refractive index as a measure for aerosol absorption 
among 15 different aerosol component models (see Table 
III) over 20 selected sites (see Table I). With prescribed 
values to density and imaginary part of each component 

(assumed mid-visible values for absorbing components are 
listed in the lower left) component volume weights (using 
mass data) allow estimates for the imaginary part of the 
local aerosol component mixture. AERONET data from 
sky-data inversions refer to ambient aerosol (including 

aerosol water), thus significant smaller data are expected. 
 
Differences in absorption (or mass composition) 
among models are even larger than differences in 
aerosol optical depth. Reference data are needed. 
AERONET can supply that reference, if data on 
aerosol water is supplied by the models. With this 
added information on aerosol water also total and 
sub-micrometer mass can be tested. And mass 
comparisons are much more useful to understand 
aerosol processing (STEP 1 uncertainties) because a 

dilution by size-assumptions and water uptake (as 
for aot comparisons) can be avoided. 
 
4.b.- Modeling helping AERONET 
 
Modeling can provide detail to AERONET statistics, 
such as estimates on vertical distribution or on 
compositional mixture. Particular the compositional 
detail is of interest because it provides indirectly 
information on anthropogenic contribution and on 
absorption. The average compositional mixture of 15 
models interpolated to the 20 AERONET sites of 
Table I is presented in Figure 15. 
  

 
Figure 15.- Comparison of the mid-visible (.55µm) annual 
average aerosol optical thickness between the component 
model mean (see Table III) and AERONET statistics at 20 
selected sites (see Table I). Black circles indicate model 

underestimates, white circles display model overestimates. 
The simulations illustrate (via the colored pie-fractions) 

the average compositional mixture expected at each site, a 
property not available from AERONET data. 

 
 
The compositional mixture given in Figure 15 is at 
best a general guide. In fact, among models there are 
large differences in local allocations of individual 
aerosol components. This variability is illustrated in 
Figure 16 for sites dominated by urban-industrial 
influence, by dust events and by biomass aerosol 
during the biomass burning season. The large model 
differences emphasize the large uncertainty in 
current aerosol modeling not only in terms of aot but 
also in terms of composition (and absorption).  
 
Conclusions. 

 
AERONET statistics represents one of the 

many pieces in the atmospheric aerosol puzzle. 
Several examples demonstrated that AERONET 
detail not only helps remote sensing (from space) or 
efforts in global modeling but that information of 
remote sensing and modeling-output also benefits 
AERONET. In particular, a synergy between 
AERONET (local detail) and satellite data (global 
coverage) is essential in order to establish a data 
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reference at needed accuracy and detail to aerosol 
processing in climate models.  

 
 

 
 

 
 

Figure 16.- Monthly statistics for mid-visible (at .55µm) 
aerosol optical thickness and for aerosol compositional 
mixture as predicted by nine different global models for 

three AERONET sites. The upper panel displays 
attributions at the NASA-GSFC site near Washington DC 

with urban character. The central panel shows model 
attributions at the CapeVerde site off West Africa, where 
dust is the dominant component. The lower panel displays 

different model attributions at the MONGU site in 
Zambia, where the biomass burning season occurs 

between  August and November. 

At this time there are large uncertainties just 
associated with the representation of aerosol in 
global models. This is even before potentially more 
important (but certainly associated) indirect effects 
of aerosol-cloud interactions come into play. Thus, it 
does not surprise that the number of shortcuts 
towards quantifications of the aerosol impact on 
climate has increased. There are now many inverse 
approaches (quantify all known interactions and 
attribute the remainder to aerosol) and there are 
many efforts and ideas for more measurement based 
approaches. While these efforts may provide a quick 
answer, in the end they are not satisfying, because 
important processes and / or interaction are avoided. 
Eventually, there processes need to be modeled. This 
is not to say that shortcuts may help along the way. 
Modeling will remain the basic tool to understand 
current and future climate modeling. Thus, a good 
case can be made for AeroCom exercise. AeroCom 
was initiated by aerosol modeling groups. It seeks to 
document differences of aerosol modules and to 
assemble useful data-sets for model evaluations. The 
overall goals are identificaton and removal of 
weaknesses in aerosol component modeling and 
aerosol processing. AeroCom is open to any aerosol 
(-component) global modeling group and strongly 
encourages their participation. Currently, about 15 
modeling groups are contributing. AeroCom also 
seeks the participation and support of measurement 
groups, which (have) measure(d) aerosol properties. 
AeroCom assists in combining multi-platform data 
to establish best possible data references. AeroCom 
has established protocols for requested model output 
and provides a web-based graphical evaluation tool 
at http://nansen.ipsl.jussieu.fr/AEROCOM. In order 
to harmonize model input, AeroCom has established 
a common database of aerosol emissions for the year 
2000 and pre-industrustrial conditions (year 1750) 
ftp://ftp.ei.jrc.it/pub/Aerocom/. AeroCom organizes 
intermittent workshops to coordinate activities, to 
encourage interactions among modeling groups and 
to connect modeling and measurement communities.  
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