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Aerosol Radiative Properties - Early AeroCom!
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Aerosol Optical Depth from Models and Satellites (Kinne et al., 2006):!
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Figure 1.  Comparison for the annual global average aerosol optical thickness at .55Pm (aot) 
between simulations in global modeling and data derived from remote sensing measurements. 
The upper panel shows diversity in 2002 among models and satellite data (Kinne et al 2003). 
The lower panel displays model diversity in 2005 and compares the model median to two data 
references from remote sensing: AERONET (Ae) and a satellite-data composite (S*). Spatial 
deficiencies of remote sensing data-sets in both panels have been corrected with the bias, such 
sub-sampling would introduce to the model median value.  

 

 

The lower panel of Figure 1 indicates the two recommended remote sensing based references 

for the global annual aot at 0.135 (Ae - AERONET) and at 0.151 (S* - satellite composite). 

The composite value (S*) is based on monthly 3ox 3o longitude/latitude monthly averages, 

where preference is given to year 2000 data. Over land preference is given to MISR over 

TOMS, except in the central tropics, where MODIS is preferred over MISR. Over oceans 

MODIS is preferred over AVHRR-1ch, whereas this order in reversed at mid-(to high) 
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2005: MODEL simulations and its median (white) vs. DATA (dotted)

gl
ob

al
 a

nn
ua

l a
ot

 

LO LS
UL SP
CT MI
EH NF
OT OG
IM GM
GO GI
TM GR
NM NC

med

Ae S*

Fig. 1. Comparison for the annual global average aerosol optical thickness at 55µm (aot) between simulations in global modeling and data
derived from remote sensing measurements. The upper panel shows diversity in 2002 among models and satellite data (Kinne et al., 2003).
The lower panel displays model diversity in 2005 and compares the model median to two quality data references from remote sensing:
AERONET (Ae) and a satellite-data composite (S*). Spatial deficiencies of remote sensing data-sets in both panels have been corrected with
the bias, such sub-sampling would introduce to the model median value.

aerosol absorption (aab) are compared among models and
to measurements from ground-based networks and satellites.
Also model differences for aerosol component mass extinc-
tion efficiencies (mee) are explored, because this mass to aot
conversion factor summarizes model assumptions for aerosol
size and water uptake. Simulated global annual averages are
addressed first to provide a general overview. Then more
insights are provided from regional differences. Finally, sea-
sonality issues are addressed.

3.1 Global annual averages

When validating aerosol module simulations on a global
scale, it has become customary to compare simulated an-
nual global aot values to those obtained from remote sens-
ing. Comparisons among model simulations for the (annual
and globally averaged) mid-visible aot (at 550 nm) are pre-
sented in Fig. 1. Figure 1 demonstrates, how model simu-
lations have changed from the work of Kinne et al. (2003)
to now. Figure 1 also includes data from remote sensing.
Since all remote sensing data are spatially incomplete adjust-
ments needed to be applied to make global averages compa-
rable. These adjustments involved the spatially and tempo-

rally complete median field frommodeling. A correction fac-
tor for each remote sensing data set was applied from the ra-
tio of the model median average over the model median sub-
set average, sub-sampled at data locations only. The upper
panel presents adjusted global annual averages from TOMS,
MISR, MODIS, AVHRR and POLDER retrievals (corre-
sponding global aot fields are presented later in Sect. 3). Ta-
ble 3 summarizes contributing time-periods, retrieval refer-
ences and known biases. Some of these biases were also dis-
cussed in recent papers (Myhre et al., 2005; Jeong and Zi,
2005). In the lower panel the number of remote sensing ref-
erences is reduced to two, though higher quality, selections:
A satellite composite, which combines the regional strength
of individual retrievals and an estimate based on statistics at
AERONET ground sites.
The lower panel of Fig. 1 indicates the two recommended

remote sensing based references for the global annual aot at
0.135 (Ae – AERONET) and at 0.151 (S* – satellite com-
posite). The composite value (S*) is based on monthly
3�⇥3� longitude/latitude monthly averages, where prefer-
ence is given to year 2000 data. Over land preference is given
to MISR over TOMS, except in the central tropics, where
MODIS is preferred over MISR. Over oceans MODIS is

Atmos. Chem. Phys., 6, 1815–1834, 2006 www.atmos-chem-phys.net/6/1815/2006/

Fine for global 
annual mean!
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modules of the AeroCom exercise is summarized by total diversity (TD) and in brackets by 

central diversity (CD): both TD and CD are defined by the ratio between the largest and 

smallest average. Thus, a value of one corresponds to perfect agreement and any amount larger 

than one is the adopted measure of diversity. TD refers to all models, whereas CD refers only 

to the central 2/3 of all models - as extremes in modeling for CD are excluded. 

 

 

 

 

 

 

 

 

Figure 3. Individual contributions of the five aerosol components (SS-seasalt, DU-dust, POM-
particulate organic matter, BC-black carbon, SU-sulfate) to the annual global aerosol optical 
thickness (at 550nm). For comparison, two ‘quality’ aot data references from remote sensing 
are provided: ground data from AERONET and a satellite-composite based on MODIS (ocean) 
and MISR (land) data. (No apportioning is possible for ‘EH’, due to inter-component mixing).     

 

 

For aot, the CD of individual components contributions is between 2.0 and 2.7. This is three to 

six times larger than for the component combined total of 1.3 (which was illustrated by model 

comparison for 2005 in Figure 1). The largest component CDs for aot are associated with black 

carbon, dust and sea-salt. CDs for aot-to-mass conversions (mass-extinction-efficiency) 

indicate (see Table 4) that for sea-salt and dust differences in aerosol size are a major reason 

for their aot diversity. Aerosol size is not only influenced by assumptions to primary emissions 

but also by the permitted water uptake, which is controlled by assumptions to component 

humidification and local ambient humidity. Table 4 indicates that on a global annual basis the 

simulated aerosol water mass shows strong diversity and aerosol water mass is (at least) 

comparable to the aerosol dry mass of all sub-components combined. Thus, for the hydrophilic 
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Fig. 3. Simulated contributions of the five aerosol components (SS-seasalt, DU-dust, POM-particulate organic matter, BC-black carbon,
SU-sulfate) to the annual global aerosol optical thickness (at 550 nm) by individual models in global modeling. For comparison, the two
quality data references by AERONET (Ae) and by a satellite composite (S*) of the lower panel in Fig. 1 are repeated. (Note: No accurate
apportioning is possible for the “EH”-model, due to inter-component mixing). For comparison, two “quality” aot data references from
remote sensing are provided: ground data from AERONET and a satellite-composite based on MODIS (ocean) and MISR (land) data. (No
apportioning is possible for “EH”, due to inter-component mixing).

Table 4. Comparison of annual global averages for aerosol optical depth (AOT), aerosol dry mass (M) and its ratio (ME) for 20 aerosol
component modules in global modeling.

LO1 LS1 UL1 SP1 CT1 MI1 EH1 NF1 OT1 OG1 IM1 GM1 GO1 GI1 TM1 EM1 GR1 NM1 NC1 EL1 Med2 MaxMin3

M,mg/m2
–SU4 4.2 5.3 1.8 2.1 3.3 3.9 4.6 3.3 3.7 2.8 4.3 5.2 3.8 2.8 1.8 5.1 2.7 4.3 4.7 3.0 3.9 2.9(1.6)
–BC4 .35 .43 1.0 .73 .48 .37 .22 .37 .38 .36 .40 .50 .53 .44 .09 .29 .58 .45 .45 .35 .39 11(1.4)
–POM4 3.5 3.2 4.1 4.5 5.0 4.0 1.9 3.3 4.0 2.0 3.3 3.1 3.4 2.9 0.9 2.6 2.3 2.8 1.4 3.7 3.3 5.6(1.5)
–DU4 26.9 40.1 57.2 34.0 8.8 43.4 16.2 34.0 43.0 46.6 38.1 41.3 57.8 56.6 26.1 18.4 36.2 30.4 34.6 17.7 39.1 6.6(1.8)
-SS4 8.9 24.7 12.8 14.4 18.5 10.8 20.4 8.1 18.0 8.9 7.0 6.8 25.8 12.3 4.8 15.8 15.0 25.9 27.5 3.0 12.6 5.4(2.3)
–total 44 74 77 56 36 62 43 49 69 60 53 57 92 75 34 42 57 64 64 28 56 2.7(1.7)

–water 48 115 55 35 147 255 54 47 36 54 7.1(3.1)
–f5MASS .18 .12 .09 .13 .24 .13 .16 .14 .12 .09 .15 .15 .08 .08 .08 .19 .10 .12 .10 .25 .13 2.9(1.7)
r6POM/BC 10 7.4 4.1 6.2 10.4 10.8 8.6 8.9 10.5 5.5 8.3 6.2 6.4 6.5 10 9.0 4.0 6.2 3.1 10.6 8.4 3.2(1.6)

AOT550 nm
–SU4 .042 .041 .051 .034 .015 .027 7 .051 .041 .020 .034 .049 .032 .027 .024 .023 .041 .047 .032 .034 3.4(2.0)
–BC4 .0033 .0036 .0088 .0058 .0030 .0050 7 .0034 .0020 .0021 .0037 .0056 .0053 .0039 .0017 .0054 .0100 .0031 .0027 .004 5.2(2.7)
–POM4 .021 .018 .018 .030 .018 .021 7 .019 .024 .009 .026 .021 .011 .015 .006 .018 .036 .014 .013 .019 5.0(2.1)
–DU4 .034 .031 .040 .024 .013 .053 7 .033 .026 .053 .021 .021 .035 .054 .012 .037 .027 .035 .009 .032 4.5(2.5)
–SS4 .027 .034 .030 .021 .048 .030 7 .021 .054 .067 .031 .020 .025 .035 .021 .048 .028 .028 .003 .030 3.3(2.3)
–total .127 .128 .149 .115 .097 .136 .138 .127 .148 .151 .116 .117 .108 .134 .065 .131 .142 .127 .060 .127 2.3(1.3)

–abs .0037 .0062 .0020 .0059 .0044 .0064 .0028 .0061 .0067 .005 3.2(2.2)
f5T .45 .48 .52 .42 .37 .30 7 .51 .44 .27 .45 .57 .45 .33 .49 .35 .61 .50 .80 .50 3.1(1.6)
Angstrom 0.70 0.68 0.71 0.63 0.97 0.86 0.13 0.48 1.01 .70 7.4(1.8)

ME,m2/g
SU4 10.2 7.8 28.3 18.0 4.2 6.3 7 17.8 11.1 7.2 7.8 8.5 8.4 9.5 13.3 8.9 9.2 14.5 13.0 8.5 6.7(2.5)
BC4 9.4 8.2 8.8 8.0 6.5 13.1 7 9.2 5.3 5.7 9.3 10.4 10.0 8.9 18.9 9.3 15.9 9.1 7.6 8.9 3.5(1.6)
POM4 6.4 5.7 4.4 9.1 3.7 5.0 7 4.6 6.0 4.4 8.0 6.3 3.2 5.1 6.7 8.2 11.4 3.9 5.3 5.7 2.8(1.5)
DU4 1.38 .88 .70 1.04 2.05 1.62 7 1.07 .60 1.14 .68 .66 .60 .95 0.46 1.24 .98 .99 .52 .95 15.(2.3)
SS4 3.10 1.46 2.34 1.51 3.13 3.38 7 1.78 3.05 7.53 4.33 2.37 .97 2.84 4.3 3.44 .90 .88 1.69 3.0 7.7(2.9)

1 model abbreviations: LO=LOA (Lille, Fra), LS=LSCE (Paris, Fra),UL=ULAQ (L’Aquila, Ita), SP=SPRINTARS (Kyushu, Jap),CT=ARQM (Toronto, Can),MI=MIRAGE (Rich-
land, USA), EH=ECHAM5 (MPI-Hamburg, Ger), NF=CCM-Match (NCAR-Boulder, USA), OT=Oslo-CTM (Oslo, Nor), OG=OLSO-GCM (Oslo, Nor) [prescribed background
for DU and SS], IM=IMPACT (Michigan, USA), GM=GFDL-Mozart (Princeton, NJ, USA), GO=GOCART (NASA-GSFC, Washington DC, USA), GI=GISS (NASA-GISS, New
York, USA), TM=TM5 (Utrecht, Net), EM=ECHAM4 (DLR, Oberpfaffenhofen, Ger) [Exp B-data], GR=GRANTOUR (Michigan, USA), NM=CCM-Mozart (NCAR-Boulder,
USA), NC=CCM-CAM (NCAR-Boulder, USA), EL=ECHAM4 (Dalhousie, Can) [bold letters indicate models participation in the AeroCom exercise]
2 most likely value in modeling: global annual average of the median-ranked model [only the 15 AeroCom models with AOT calculations are considered]
3 model diversity measures: ratio of global annual maximum and minimum among (AeroCom) models (in brackets: the ratio without the two largest and smallest model averages)
4 aerosol component abbreviations: SU=sulfate, BC=black carbon, POM= particulate organic matter (1.4* OC), OC=organic carbon, DU=mineral dust, SS=sea-salt.
5 fine-mode fraction of the total for aerosol dry mass (M) and aerosol optical depth (AOT), where the fine-mode here is approximated by contributions of only SU, BC and POM
6 dry mass ratio between particulate organic matter (POM [( 1.4*OC]) and black carbon (BC)
7 component values for aerosol optical thickness (AOT) and mass extinction efficiency (ME) for the EH-model cannot be accurately due to internal mixing of components

Atmos. Chem. Phys., 6, 1815–1834, 2006 www.atmos-chem-phys.net/6/1815/2006/

Poor agreement on 
component basis!

Models Remote  
Sensing                                                                                                                                                                                                                                     

Models are not so great…!
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Aerosol Optical Depth from Satellites (Kinne et al., 2006):!

… but satellites aren’t that much better…!

Aerosol Radiative Properties - Early AeroCom!



Indirect aerosol radiative effects!
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Indirect aerosol intercomparisons (Quaas et al., 2009): !

Poor agreement between models and satellites –  
but “truth” not entirely clear…!

J. Quaas et al.: Aerosol indirect effects – general circulation model intercomparison 8701
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Fig. 2. Sensitivities of (a) Nd , (b) L, (c) fcld, (d) Ttop, (e) ↵ and (f ) OLR (defined positive upwards) to ⌧a perturbations as obtained from
the linear regressions. Results are shown for MODIS (CERES for radiation) on Terra and Aqua, for ATSR-2, and for the ten GCMs as the
weighted mean for land (red) and ocean (blue) areas with the error bars showing the standard deviations of the slopes for the land/ocean areas
and the four seasons. The data are also listed in Table 2.
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Fig. 2. Sensitivities of (a) Nd , (b) L, (c) fcld, (d) Ttop, (e) ↵ and (f ) OLR (defined positive upwards) to ⌧a perturbations as obtained from
the linear regressions. Results are shown for MODIS (CERES for radiation) on Terra and Aqua, for ATSR-2, and for the ten GCMs as the
weighted mean for land (red) and ocean (blue) areas with the error bars showing the standard deviations of the slopes for the land/ocean areas
and the four seasons. The data are also listed in Table 2.
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the linear regressions. Results are shown for MODIS (CERES for radiation) on Terra and Aqua, for ATSR-2, and for the ten GCMs as the
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Figure 4. AeroCom I (12 models) and CALIOP mean annual extinction coefficient (km!1) profiles pro-
files (at 550 and 532 nm, respectively). The 2007 to 2009 range (mean " std) is shown for CALIOP
(black). The 2000 and climatic (9999) modeled profiles are shown in continuous and dashed lines, respec-
tively. See Figure 1 for the definition of the regions and Table 1 for the definition of the models and
experiments. Results for the SEA region are given in auxiliary material (Figure S3).
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Evaluation of AeroCom aerosol extinction profiles with CALIOP lidar 
retrieval (Koffi et al., 2012)!

Aerosol Vertical Distribution!

Significant differences in total extinction and vertical profiles –  
issues of sampling and extinction retrieval – need for COSP aerosol simulator!



Aerosol Components - Black Carbon!
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Evaluation of monthly-mean black carbon mass with HIPPO I SP2 
measurements (Schwarz et al., 2010; in prep.):!



Aerosol Components - Black Carbon!
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Evaluation of AeroCom black carbon burden with data from HIPPO1-3 
SP2 measurements (Kippling et al., 2013):!
Dense vertical sampling in HIPPO allows to estimate BC burdens!

Significant high bias of AeroCom models compared to HIPPO data  
(confirmed by HIPPO 1-5 see Schwarz et al. talk)!
!
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Evaluation of AeroCom absorption optical depth with AERONET 
sunphotometer data (Koch et al., 2009):!

9010 D. Koch et al.: Evaluation of black carbon estimations in global aerosol models
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Significant low bias of AeroCom modelled Aerosol Absorption Optical Depth  
compared to (near source) AERONET sunphotometer data. !
!

Aerosol Components - Black Carbon!
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Evaluation of AeroCom dust deposition with surface data  
(Huneeus et al., 2011):!

Aerosol Components - Dust!



AeroCom Process Studies - Microphysics!
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Evaluation of AeroCom size distributions with surface data  
(Mann et al., submitted):!



Intercomparing Data and Models in AeroCom 
Lessons Learned!

•  The scale and depth of intercomparisons is impressive  
We have so far touched only a fraction of available data…!

•  Focus in most studies has been on single parameters 
How do we effectively integrate this knowledge? !
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Model data: !
•  Significant progress in harmonisation (netCDF-CF) and availability 

AeroCom should enforce strict format requirements at submission!

Remote sensing: !
•  It is easy to work with monthly mean gridded (L3) data –  

but how accurate is this?  
Co-location in space-time is important – but tedious 
Diversity of data formats limits uptake!

In-situ data: !
•  There exist vast amounts of in-situ measurements – but how do we get it?   

Lack of data harmonisation and availability limits uptake!
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Intercomparing Data and Models in AeroCom 
Lessons Learned!



Global Aerosol Synthesis & Science Project 
(Leeds, Oxford, Manchester + Data Partners)!

Collection and harmonisation of unprecedented 
amount of in-situ aerosol measurements. !
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Data and Model Intercomparisons 
Beyond…!



Quality control and harmonisation (netCDF-CF) is a major focus !
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GASSP:  
Strongest possible observational constraint on global aerosol models!

If you have high-quality data you could make available and 
we have not been in touch with you – please let us know! 
Also have a look at the GASSP poster… !

Data and Model Intercomparisons 
Beyond…!



Global Aerosol Synthesis & Science Project 
(Leeds, Oxford, Manchester + Data Partners)!

Collection and harmonisation of unprecedented 
amount of in-situ aerosol measurements. !
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Community Intercomparison Suite  
(Oxford & Centre for Environmental Data Archival) 
Open source software tool to read, analyse, inter-
compare wide range of in-situ & remote sensing 
observations and model data!

Community  
Intercomparison  

Suite (CIS) 

Data and Model Intercomparisons 
Beyond…!



Development of an automated Community Intercomparison Suite (CIS)!
•  Generic tool for analysing, visualising and colocating datasets !

•  Handling of complex gridded and ungridded data in many formats!
•  Simple syntax with many options!
•  Flexible approach through plug-ins, e.g. for new data sources!

Community Intercomparison Suite!

!
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All software (python) open source and available from project page: 
http://proj.badc.rl.ac.uk/cedaservices/wiki/JASMIN/CommunityIntercomparisonSuite"



CIS Plotting: time-series from AERONET ground-stations!
cis plot !AOT_440:<file> 440870Angstrom:<file>!

cis plot !AOT_440:<file> 440870Angstrom:<file> --type comparativescatter!

cis plot !AOT_440:<file> 440870Angstrom:<file> --type histogram3d!

Community Intercomparison Suite - Plotting!
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Simple commands sufficient 



CIS Plotting: Satellite observations (MODIS C5)!
cis plot !Optical_Depth_Land_And_Ocean:<files>!

cis plot !Optical_Depth_Land_And_Ocean:<files> --type histogram2d!

cis plot !Optical_Depth_Land_And_Ocean:<files> ! ! !
!Optical_Depth_Ratio_Small_Land_And_Ocean:<files>!

Community Intercomparison Suite - Plotting!
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Minimal customization was used. !
Single command used to create  
single graphic from multiple files.!



CIS Plotting: More examples!

Community Intercomparison Suite - Plotting!
C

ALIO
P backscatter!

AeroC
om

 M
odel Burdens!

SEVIR
I cloud top tem

perature!

Many data sources in their native formate (& model netCDF-CF)!

C
loudSAT Liquid W

ater C
ontent!
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Community Intercomparison Suite - Plotting!

Select!

Select!

Pan & 
zoom out!Home!

Mouse-
based!

interface!
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CIS Colocation!

Community Intercomparison Suite - Colocation!
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Colocation method:"
1.  Specify searchbox!

•  Horizontal distance!
•  Vertical distance!
•  Time separation!

2.  Specify operation!
•  Nearest neighbour (time)!
•  Nearest neighbour (space)!
•  Average!
•  User plug-in!

!CIS	
  col	
  <na+ve	
  file>	
  	
  <na+ve	
  variable>:<na+ve	
  file>:<coloca+on	
  method>	
  	
  -­‐o	
  <file>	
  	
  

This	
  file	
  provides	
  the	
  new	
  
spa+o-­‐temporal	
  sampling	
  

	
  
(e.g.	
  AERONET	
  lev2)	
  

This	
  file	
  provides	
  the	
  data	
  
that	
  will	
  be	
  resampled	
  

	
  
(e.g.	
  MODIS	
  L2	
  AOT)	
  

Nearest	
  neighbour	
  or	
  
linear	
  interpola+on	
  

Output	
  
(netcdf)	
  



Availability!
•  CIS is open source python and available for local installation (git-hub) 

There will soon be a developer hub for open source contributions!

AeroCom Database:!
•  CIS already runs on netCDF-CF conform AeroCom models 

Plan: CIS fully compatible with AeroCom by spring!

•  CIS will be coupled with Data Indexing Service on JASMIN data cluster 
(BADC), i.e. understand e.g. “MODIS V6 in lat/lon/time search-box” 
We could consider mirroring the AeroCom database… !

•  Web-interface will be developed next year!

Community Intercomparison Suite & Aerocom!

Conclusions"
•  There exist great opportunities for progress with model data synergy –  

Need for a community effort – with community tools !
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