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Aerosol Modification by Interaction with Clouds and/or Fog 
 
Ø Aerosols may be removed from the atmosphere by wet deposition during 
precipitation events 
 
Ø Aerosols may grow by humidification at higher Relative Humidity 
(RH) in the cloud or near-cloud environment 

Ø Aerosols may be ‘processed’ by the cloud when aerosols activate 
cloud droplets and subsequent droplet evaporation results in 
modified aerosol – aqueous phase chemistry may occur inside the 
cloud droplet – results in aerosol growth 
 
Ø Enhanced aerosol growth in the vicinity of clouds and fog yield higher 
AOD and lower single scattering albedo, and that has implications for 
satellite remote sensing of aerosol and for aerosol radiative forcing 
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All	  outliers	  on	  the	  Fine	  Mode	  Frac.on	  
versus	  Angstrom	  Exponent	  plot	  	  
occurred	  during	  the	  month	  of	  January	  	  

Mul.-‐Year	  analysis	  at	  Kanpur	  (India)	  of	  the	  rela.onship	  between	  
Fine	  Mode	  Frac.on	  (FMF)	  of	  AOD	  as	  determined	  by	  the	  Dubovik	  
retrievals	  of	  almucantar	  scans	  versus	  the	  Angstrom	  Exponent	  

Figure from Eck et al. (2010) ‘Climatological 
aspects of the optical properties of fine/coarse 
mode aerosol mixtures’ – JGR  
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Size distributions 
measured in situ 
(from an airship) 
below stratus cloud 
deck ~40 km off the 
Oregon coast 

“The double-peaked DMA 
data are again 
believed to result from cloud 
processing.” 
 
“Based on the assumption 
that the peak at 0.2 µm is 
due to in-cloud conversion of 
SO2 to H2SO4, the converted 
mass of H2SO4 is 3.6 µg m-3 
which would require a little 
less than1 ppb of SO2 to be 
converted in the droplets 
during multiple cloud cycles 
(during the life-time of the 
stratus).” 



HMS = hydroxymethanesulphonate: species  
[HSO3]−, [HSO4]− and [HOCH2SO3]−  found 
only during the fog event  

HMS is exclusively formed in the aqueous phase, so 
its presence in particles is a valuable tracer for 
processing by aqueous phase chemistry. 

Similar size HMS particles were 
simultaneously  measured by an APS 
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Munger et al. (1986, Science) measured HMS 
in Fog in Bakersfield, CA. 
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Alpha (440-870) = 1.06
AOD(440 nm) = 0.26

HSRL Lidar in Feb 2007 showed 
shallow aerosol layer of ~1 km 
suggesting that fog may 
possibly interact with a 
significant fraction of the aerosol 
layer in the San Joaquin Valley  
(Lewis et al., 2010) 
 
 
Several studies have measured 
HMS in the San Joaquin Valley 
in fog droplets and in ambient 
aerosol during the dissipation 
phase of fog [Whiteaker et al., 
2003; Rao and Collett, 1995; 
Jacob et al., 1989; Munger et 
al., 1986] 
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Sao Paulo, Brazil  July 2, 2007  - Cloud/Fog aerosol processing 
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SSA(870) = 0.92

Niu	  et	  al.	  (2010;	  JGR	  in	  press)	  
show	  that	  the	  frequencies	  of	  fog	  
events	  in	  winter.me	  over	  
eastern-‐central	  China	  have	  
doubled	  over	  the	  past	  three	  
decades.	  This	  has	  likely	  resulted	  
in	  increased	  modifica.on	  of	  
aerosol	  by	  fog	  processing.	  
 



Climatology of Size Distribution Retrievals at the GSFC (Greenbelt, MD, USA) 
site for High Water Vapor Conditions (PW > 3 cm) 

Ø  High PW days more likely to have higher relative humidity and cloud cover than days with low PW.  
Ø  Increase in fine mode radius as AOD increased may have largely resulted from aerosol coagulation  
Ø  Aerosol-cloud interactions may have resulted in some increase in the larger tail of the fine mode 
Ø  As the AOD increases it is highly probable that an increasing fraction of the aerosols are aged from one 

to several days increasing the probability of interaction with clouds.  



Summary and Conclusions 
 

Ø The largest radius fine mode aerosol retrieved from AERONET have 
been observed after fog or cloud dissipation 

Ø These cases with ‘cloud processed’ aerosol are often bimodal in the 
accumulation mode with the large size mode at ~0.4 – 0.5 µm radius; 
the smaller mode at ~0.15 µm may be interstitial aerosol that were not 
modified by incorporation in droplets 

Ø In situ measurements of ambient aerosols after fog dissipation (in 
both London, England and the San Joaquin Valley, CA) have shown 
particles in the same size range (peak at ~0.4 – 0.5 µm) that are 
composed of HMS, which are formed exclusively in the aqueous 
phase 

Ø Aerosols of this type and large size range may also be formed in 
partly cloudy conditions in lower concentrations and may contribute 
to the ‘shoulder’ of larger size particles in regions where sulfate 
aerosol is a significant component. 



Linear	  (Angstrom)	  
fit	  to	  AOD	  Spectra	  

2nd	  Order	  fit	  to	  
AOD	  Spectra	  

α’=1.52	  

Arica	  July	  13,	  2008	  

α’=1.52	  

α(440-‐870)=0.77	  
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Cloud/fog processing cases; 
2 Sub-micron modes: 
0.13-0.15 µm radius - interstitial 
~0.4-0.5 µm radius – “cloud 
processed” 



Anmyon, Island, S. Korea  - Cloud Processed Aerosol Case 



0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.1 1 10

Fresno, CA   Feb. 11, 2006 morning

16:17:54
16:47:50
17:14:45
18:14:48
19:14:52

dV
/ d

 (l
n 

r)
  [
µm

3 / µ
m

2 ]

Radius (µm)



0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

-1.5 -1 -0.5 0 0.5 1 1.5 2

Arica, Chile 1998-2008 
Level 2 Inividual Almucantars

V
ol

um
e 

M
ed

ia
n 

R
ad

iu
s -

 F
in

e 
M

od
e

Alpha' (d!/ d ln")

Y = M0 + M1*x + ... M8*x8 + M9*x9
0.18471M0

0.042188M1
0.022528M2

0.73381R



0.15

0.20

0.25

0.30

0.35

0.40

0 5 10 15 20

Kanpur, India  Rv fine (AERONET) vs. 
Terra MODIS Low Cloud Fract. * Cld. Opt. Depth

V
ol

um
e 

M
ed

ia
n 

R
ad

iu
s -

 F
in

e 
M

od
e

Low Cloud Fraction*Opt. Thickness

January data 
2003 & 2006

0.15

0.20

0.25

0.30

0.35

0.40

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Kanpur, India  Rv fine (AERONET) vs. 
Terra MODIS Low Cloud Fract. * Pressure Ratio

V
ol

um
e 

M
ed

ia
n 

R
ad

iu
s -

 F
in

e 
M

od
e

Low Cloud Fraction*(1015-press)/1015

January data 
2003 & 2006



0.82

0.84

0.86

0.88

0.90

0.92

0.94

0.96

0.98

0.15 0.20 0.25 0.30 0.35 0.40 0.45

Kanpur, India  2002-2006
Jan. only - All Indiv. Alm. Retrievals

440 nm
675 nm

Si
ng

le
 S

ca
tte

ri
ng

 A
lb

ed
o

Volume Median Radius - Fine



Modeled Sulfate Mass 
distribution – Fog 
Processing 
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