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OutlineOutline

––AOD in Trondheim (AOD in Trondheim (coastalcoastal region), region), 
diurnaldiurnal and and seasonalseasonal variabilityvariability,   ,   
aerosol aerosol effectseffects onon UV .UV .

––Method to retrieve aerosol size Method to retrieve aerosol size 
distribution.distribution.

–– Comparision of spectral Comparision of spectral 
measurements and sun photometer measurements and sun photometer 
measurementsmeasurements.  .  
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InstrumentsInstruments
• Bentham DM150

– Spectral measurements
• Global irradiance
• Direct irradiance, field of view 1.5°
• Radiance, diffuse

– Range 250 to 600 nm, step 0.1nm, (1 nm step used)
– FWHM of about 0.86 nm
– Calibration, 1000 W NIST traceable standard lamp

• Sun photometer, CIMEL CE318
– 9 spectral band measuring channels

• Direct irradiance, field of view 1.2º
• Radiance
• FWHM of about 2 – 10 nm

– Channels, 340, 380, 440, 500, 675, 870, 936, 1020 and 1640nm.
– Calibration, Langley method
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Calculation of AODCalculation of AOD

ExperimentalExperimental errorerror in AOD:in AOD:

Following the Beer-Bouger-Lambert law, AOD can be calculated from 
the following equation:
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SpectralSpectral dependencedependence, , measuredmeasured maxmax., Min., ., Min., avgavg AOD in 2006AOD in 2006
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AOD AOD comparisioncomparision



September 07September 07 AOD, size distribution & effectsAOD, size distribution & effects 77

Seasonal variability in TrondheimSeasonal variability in Trondheim
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Diurnal variabilityDiurnal variability
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Large fire Large fire eventevent in in BalticBaltic, AOD ratio, 2006, Trondheim, AOD ratio, 2006, Trondheim
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Aerosol size distributionAerosol size distribution
•• Def. Of AOD in term of extinction coefficient Def. Of AOD in term of extinction coefficient 

[1/cm]:[1/cm]:

And extinction coef. In term of extinction cross And extinction coef. In term of extinction cross 
section [cm2] is given by:section [cm2] is given by:

•• AssumingAssuming MieMie atmosphereatmosphere, , eqeq. . ofof aerosol aerosol opticaloptical
depthdepth becomesbecomes::
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Assuming Junge distribution of aerosol, and Assuming Junge distribution of aerosol, and limitinglimiting thethe integerationintegeration over over eacheach coarsecoarse
intervalsintervals in r, in r, wewe getget FredholmFredholm integral  integral  equationequation::

AssumingAssuming f(rf(r) is ) is constantconstant withinwithin eacheach coarsecoarse intervalinterval, a system , a system ofof linear linear equationsequations cancan
be be writtenwritten as:as:

g=Afg=Af++εε
•• WhereWhere::

i=1,2,…pi=1,2,…p

j=1,2,…qj=1,2,…q

•• And And εε is is thethe deviationdeviation betweenbetween measurementmeasurement (g) and (g) and theorytheory ((AfAf) ) whichwhich arisearise from from 
measurementsmeasurements errorserrors and and uncertaintiesuncertainties to to thethe exactexact form form ofof kernelkernel functionfunction..
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Constrained Linear Inversion [King and LIOU]Constrained Linear Inversion [King and LIOU]

•• Following the method suggested by Twomey and Phillips, the solutFollowing the method suggested by Twomey and Phillips, the solution vector f is ion vector f is 
obtained by minimizing obtained by minimizing 

•• Which leads to:Which leads to:

•• In matrix form:In matrix form:

•• The solution is given byThe solution is given by::
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SizeSize distributiondistribution resultsresults, , 
sunsun photometerphotometer, , maxmax. Min. . Min. avgavg. data, 2006 Trondheim. data, 2006 Trondheim
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ObservedObserved radius range, radius range, CimelCimel and and BenthamBentham comparisioncomparision
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DiurnalDiurnal variationvariation
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YearlyYearly variationvariation
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ConclusionsConclusions
•• AOD retrieval; AOD retrieval; 

–– The results show that, AOD in 2006 at this the site range from The results show that, AOD in 2006 at this the site range from 
0.03 to 0.38 for 500 nm (visible) and in the UVA region (380 0.03 to 0.38 for 500 nm (visible) and in the UVA region (380 
nm) variation are from 0.06 to 0.59nm) variation are from 0.06 to 0.59

–– The average value of The average value of alpha alpha is about 2.2, showing that the is about 2.2, showing that the 
measured optical depth is highly wavelength dependent, also measured optical depth is highly wavelength dependent, also 
very low average  betavery low average  beta values (0.02) , showing a very clean values (0.02) , showing a very clean 
atmosphere in Trondheimatmosphere in Trondheim

–– Bias from diffuse into direct beam and field of view is the Bias from diffuse into direct beam and field of view is the 
problem for spectral measurement in UVB problem for spectral measurement in UVB 

–– Good agreement in UVAGood agreement in UVA--VIS for both instrumentsVIS for both instruments
•• Size distribution;Size distribution;

–– At the measurement site we have variable aerosol type, they At the measurement site we have variable aerosol type, they 
are absorber type aerosol, biomass aerosol type detected in are absorber type aerosol, biomass aerosol type detected in 
May are clearly indicatedMay are clearly indicated

–– Comparison of the retrieved refractive index with aerosol model Comparison of the retrieved refractive index with aerosol model 
indicate that aerosol are changing from pure oceanic type to indicate that aerosol are changing from pure oceanic type to 
absorbing industrial typeabsorbing industrial type

–– The results also indicate that the radiation in UV are ”seeing” The results also indicate that the radiation in UV are ”seeing” 
aerosols which are smaller than about 2 aerosols which are smaller than about 2 µµmm

–– Results show that stratospheric aerosols are of bimodal type Results show that stratospheric aerosols are of bimodal type 
with the second maxima at about 1 with the second maxima at about 1 µµmm
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