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What is column integrated aerosol remote sensing 
telling us about cloud condensation nuclei?
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Satellite aerosol optical depth

  AOD (Aeronet) correlated with cloud condensation nuclei 
(CCN) concentrations across a wide range of environments 
(Andreae 2009, Rosenfeld et al. 2008) - �gure at right

 Does this relationship hold up for smaller regional and 
temporal scales used to derive estimates of aerosol indirect 
e�ects from space (e.g. Quaas et al. 2008)?

 Can �eld data be used to explore physical basis for 
connections between CCN and satellite aerosol properties?

1. MOTIVATION

O�shore gradient in cloud droplet 
concentration is not matched by gradient of 

aerosol optical depth:
 O�shore gradient in cloud drop concentration 
observed by MODIS (a) and aircraft (c) over the 
southeastern Paci�c during VOCALS-REx caused by 
pollution from Chilean smelters and cities (d, Allen et 
al. 2011) imply strong Twomey e�ect (b) as simulated 
with WRF (Wang et al. 2011)
 

REFERENCES
Andreae, M. O., 2009: Correlation between cloud condensation nuclei concentration and aerosol optical thickness in remote and polluted regions, Atmos. Chem. Phys., 9, 543-556, doi:10.5194/acp-9-543-2009
Allen, G.,  and coauthors: South East Paci�c atmospheric composition and variability sampled along 20° S during VOCALS-REx, Atmos. Chem. Phys., 11, 5237-5262, doi:10.5194/acp-11-5237-2011, 2011.
Bretherton, C. S., Wood, R., George, R. C., Leon, D., Allen, G., and Zheng, X.: Southeast Paci�c stratocumulus clouds, precipitation and boundary layer structure sampled along 20° S during VOCALS-REx, Atmos. Chem. Phys., 10, 10639-10654
Kiehl, J. T. (2000). "Radiative forcing due to sulfate aerosols from simulations with the National Center for Atmospheric Research Community Climate Model, Version 3". Journal of Geophysical Research (0148-0227), 105 (d1), p. 1441.
Kleinman, et al.: Aerosol concentration and size distribution measured below, in, and above cloud from the DOE G-1 during VOCALS-REx, Atmos. Chem. Phys., 12, 207-223, doi:10.5194/acp-12-207-2012, 2012..
Quaas, J., O. Boucher, N. Bellouin, and S. Kinne, Satellite-based estimate of the direct and indirect aerosol climate forcing, J. Geophys. Res., 113(D05204), doi 10.1029/2007JD008962, 2008.
Rémillard, Jasmine, Pavlos Kollias, Edward Luke, Robert Wood, 2012: Marine Boundary Layer Cloud Observations in the Azores. J. Climate, 25, 7381–7398.
Rosenfeld D., U. Lohmann, G.B. Raga, C.D. O’Dowd, M. Kulmala, S. Fuzzi, A. Reissell, M.O. Andreae, 2008: Flood or Drought: How Do Aerosols A�ect Precipitation? Science, 321, 1309-1313.
Yang, Q., et al..: Impact of natural and anthropogenic aerosols on stratocumulus and precipitation in the Southeast Paci�c: a regional modelling study using WRF-Chem, Atmos. Chem. Phys., 12, 8777-8796, doi:10.5194/acp-12-8777-2012.

2. THE SOUTHEAST PACIFIC: A REGIONAL TESTBED

(a) (b)
(c)

(d)

(e)

 Extremely weak offshore gradient of satellite 
aerosol optical depth (e) from MODIS and CALIOP
 

3. QUANTIFYING CONTRIBUTIONS TO AEROSOL OPTICAL DEPTH 
 Break down aerosol optical depth τ into constituent parts dry extinction

Hygroscopic growth

aerosol layer depth

= 0.80

Bretherton et al. (2010); Allen et al. (2011)

Three longitude bins:   80-85oW, 75-80oW, 70-75oW
dX is the increase from offshore to coastal bin; X is the mean value

Scattering-weighted
mean diameter
D3 decreases from 
0.28 to 0.25 µm 

MBL depth decreases from
1.5 to 1.2 km near coast 

0.3   ≈ 

Nephelometer

0.72      -0.38   [0.0-0.24]  -0.25 = 0.09-0.330.09-0.17                        ≈

      CALIOP
   vs MODIS

ACI ≈ 1
(Painemal and 
Zuidema 2013)

DRY SCATTERING CLOSURE

0.72     -0.38    = 0.34   

PCASP Aerosol
size distribution
smaller particles near 
coast (see Kleinman 

et al 2012)

Large increase in aerosol 
concentration toward coast 
offset by reductions in particle size and MBL depth

Highly uncertain since it depends 
upon vertical profile of relative 
humidity in clear sky - difficult to 
assess using aircraft (see box below)

Closure!

ESTIMATING HYGROSCOPIC GROWTH
 Gσ depends upon RH pro-
�le and aerosol water uptake

 Boundary layer column 
integrated hygroscopic
growth Gσ = AOD/AODdry esti-
mated from Kiehl et al. f[RH] - 
strongly variable (a) due to 
variations in mean RH in the 
PBL (b). 
 Aerosol f (RH) variability 
currently under investigation 
using Graciosa wet/dry neph-
elometer measurements.
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BOTTOM LINE:
 Geographical/temporal variability in aerosol size, boundary layer depth, and vertical relative humidity structure all play 
a role in reducing information content in aerosol optical depth about accumulation mode aerosol (CCN) concentration
 Systematic exploration of factors controlling deviations necessary to ascertain when/where spaceborne aerosol 
optical properties can be used to estimate CCN concentration.

(sum RHS)  
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