
European Phenomenology of aerosol 
number size distribtions

Part of “A European Aerosol Phenomenology” by Putaud et al.
For kerbside, urban, rural and background sites in Europe:
- Physical aerosol characteristics:

- PM1.5 and PM10 mass, number size distributions, number 
concentrations

- Chemical aerosol characteristics:
- Chemical mass balance
- Some chemical size distributions

Data on http://Data on http://carbodat.ei.jrc.it/ccucarbodat.ei.jrc.it/ccu//



ocation sites with size distribution dat
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Troposphere

X axis particle diameter between 0.001 and 1 micrometer
Y axis number concentration as dN/dlog(Dp) between 1.E+2 and 1.E+5 cm-3
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Fig. 6a: summe
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2917316.89341952.000.07296701.790.02981921.840.01716333night

5013432.19557711.970.074184521.570.030137342.000.02023586afternoon 

5347926.28578831.740.11168722.000.037269191.770.02124092morning

London-M (GB)

143139.05143292.000.06861781.680.02452331.400.0142917night

2587412.34256962.000.061115271.580.027109811.400.0143187afternoon 

3070013.41305392.000.059139611.560.025129141.370.0143664morning

Milano-Bresso (I)

93147.9695051.620.1856761.960.04351182.000.0153711night

137136.69137731.550.1895992.000.04154221.780.0117751afternoon 

1844115.65187121.970.11324311.650.05033601.990.01612921morning

Leipzig (D)

61406.1964212.000.07333731.850.0333047night

103087.64105052.000.06755721.560.0274933afternoon 

107767.04108732.000.05974121.490.0253461morning

London-B (GB)

518512.8051991.810.12028591.710.04720841.730.018256night

794913.0380101.900.09348631.610.02725081.690.010638afternoon 

665810.2568171.890.09536091.870.03025751.930.010632morning

Ispra (I)

42427.5342621.660.15810231.650.05822281.730.0141011night

82605.6682831.730.12313562.000.03239891.950.0132938afternoon 

60356.7860691.840.11714601.490.05611422.000.0133467morning

Melpitz (D)

23074.5523191.640.1615571.940.05116681.740.02494night

33166.5933371.900.11512412.000.03016291.610.013468afternoon 

27136.3627431.990.10511852.000.03611921.520.012367morning

Hohenpeissenberg (D)

31064.5731161.610.1537731.420.0705531.760.0471790night

40504.1041011.690.11414591.360.0605531.530.0282089afternoon 

30054.8330471.860.10414151.380.0596391.540.027993morning

Harwell (GB)

21144.4821011.380.2452241.700.08217181.560.040160night

18344.6318251.380.2462761.610.08513641.560.026185afternoon 

19374.4019291.390.2323241.630.07315341.530.02471morning

Aspvreten (S)

5621.015681.560.1541781.750.060389night

6361.026431.540.1392861.710.053358afternoon 

5621.025241.610.1491801.760.059343morning

Jungfraujoch (CH)

Data on http://Data on http://carbodat.ei.jrc.it/ccucarbodat.ei.jrc.it/ccu//



Important remarks:

Distributions are seasonal averages
Apply to < 1µm size range, i.e. no coarse mode 
– Volume can be up to factor 2 underestimated

Size distributions are DRY, except GB data
– Intercomparison with remote sensed AOD & derive

properties requires RH correction!
Distributions are point-measurements and not 
necessarily representative for whole column or 
horizontal area



Vertical distribution aerosol size distribution
ESCOMPTE, Marseille 2001 
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Aerosol Optical Depth from surface and from space
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Aerosol Optical Depth and PM Ispra
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Hygroscopic growth of aerosol particle

Many data on hygroscopic growth factor available:
GF(D)  = D(90%)/Ddry

Convert GF to ambient RH: model salt assumption
– Assume resulting GF(90%) is due to mixing 

of insoluble + ammonium sulfate

– Calculate soluble fraction:

– With known properties of A.S at RH, 
calculate GF(RH):
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Which GF to apply?

Many data in literature for various aerosol types
– Swietlicki et al., 2000 (marine, marine influenced, continental 

influenced)
– Cocker et al, 2001 (Urban, + overview)
– Vakeva et al., 2002 (Urban, rural, boreal forest)
– Baltensperger et al., 2002 (Urban, + overview)
– Massling et al., 2003 (marine, marine+dust, marine + BB)

– And many, many more

(reference list available on request)



Rules of thumb
Urban aerosol
GF(90%) 1.0 – 1.2

Aged continental aerosol
GF(90%) 1.4 – 1.6  (A.S.: 1.7)

Boreal and Amazone forest:
GF(90%) 1.15 – 1.20

Marine aerosol: mainly A.S. + seasalt
GF(90%) 1.5 – 1.8



What happens to scattering coefficient 
when particles take up water?
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LIDAR
backscatter 

profile

Sun photometer
Column-integrated

aerosol optical depth

LIDAR
vertically resolved

scattering coefficient

various samplers
surface PM mass, size distribution,

chemical composition,
scattering, absorption… 

Spaceborne radiometer
Column-integrated

aerosol optical depth
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