
Aerosol-climate model 

validation with in-situ and 

satellite retrieval data 



•Tommi Bergman  
•FMI -30.4.2016 

•KNMI 1.5.2016-30.4.2019 

•Living in Vantaa, Finland 

 

•PhD in global climate model 

develepment and validation 

last year 

 

 

18.4.2016 2 

Who am I? 



Model validation with 

observations 
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http://alg.umbc.edu/usaq/archives/005177.html 

Aerosols 
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Why aerosols are important 

•Intergovernmental panel on climate change 
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Sources and types 
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Anthropogenic sources 
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•Idealized aerosol 

concentrations 

 

•Highest number with smallest 

 

•Highest volume/mass in 

largest 
•PM-values 

 

•Most radiative effect in 

between 

 

 18.4.2016 8 

Size distribution 



•Idealized aerosol size 

distribtuions 

 

•Highest number with smallest 

 

•Highest volume/mass in 

largest 
•E.g. PM2.5 

 

•Most SW radiative effect in 

between 
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Size distribution 



Modelling aerosols 

•Modeled aerosols mostly 

simulated with two methods 
•Modal  

•Sectional 

 

•Aerosol models simulate 
•Condensation 

•Coagulation 

•Emission 

•New particle formation 

•Removal 
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Aerosol-climate models 
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Model validation 
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19.11.2010 20

Remote Sensing of Aerosols with Satellites

http://www.nasa.gov/mission_pages/hurricanes/features/parasol.html 



In-situ observations 

•In-situ  
•On ground 

•On air planes 

•On ships 

•Remote sensing 
•Satellite passive instruments 

•Sattellite actie instruments 

•Aeronet sun-photometers 
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Nieminen et al. 2015 Schobesberger et al.  2013 



In situ observations 
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•Global model resolution 
•~200km (T63) 

 

•Emissions of particulate 

matter in global general 

circulation models 

 

•Representativeness of site 
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Resolution effects 

E.g. Measurement site 
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In-Situ observations 

Organic carbon Black carbon 

Sulphate Sea salt 

Number concentration 



19.11.2010 20

Remote Sensing of Aerosols with Satellites

Remote sensing of aerosols 
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Wikipedia 



Remote sensing of 

Aerosols 

10.2.2011 23

Aerosol retrieval: instruments 
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•MISR AOD for land 

 

•MODIS AOD for oceans 

 

•Modeled differences with two 

aerosol models 
•Sectional model (SALSA) 

•Modal model (M7) 

18.4.2016 19 

ECHAM-SALSA 

validation 



•Patchy 

 

•All stripes at different times 

 

•Same location will be 

observed in 1 or 2 days time 

 

•Lot of gaps due to e.g. clouds 

 

•Monthly mean  
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MODIS one day AOD 



•Cloudiness 

 

•Reflectivity of surface 

 

•Low aerosol amount 

 

•Solar zenith angle 

 

•Trajectory of platform 

 

•Model AOD from all timesteps 
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Factors limiting remote 

sensing of aerosols 



•Global AOT from MODIS 

aboard aqua 

 

 

 

 

• Frequency of available 

data over one year 
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Data coverage of  

AOD from MODIS 



•Poor agreement due to 

sampling 

•Good agreement, but 

sampling mismatch 
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Problems with 

AOD from MODIS 

Schutgens et al. 2016 



Errors within models and 

colocation 
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Sampling error 

Model error 
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Aeronet vs. Model 

Yu et al. 2012 

Partanen et al. 2014 



•Angström Exponent shows 

relation between large and 

small particles 
•Smaller value -> more larger 
particles 

 

•~0.6 difference in AE due to 

minimum AOT requirement 
•(Schutgens et al.2016) 
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Ångström exponent 



•Angström Exponent shows 

relation between large and 

small particles 
•Smaller value -> more larger 
particles 

 

•~0.6 difference in AE due to 

minimum AOT requirement 
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Ångström exponent 



•Satellite simulators in models 
 
•High resolution output of 
models 
 
•Community intercomparison 
suite 

•AERONET 

•MODIS 

•CALIPSO 

 

•Flight campaign data 

•EUSAAR 
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Automatic colocation 



Conclusions 

•When comparing model and observed quantities 
•Temporal and spatial co-location of data very important 

•Significant reduction of errors 

•Both satellite and in-situ data 

 

•Model resolution enforces limitations 
•How well low global model resolution grid box and point-like 
observations correlate 

 

•Novel tools can alleviate the problems by allowing automatic 

co-location 
•Community intercomparison suite 
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