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Planned sites and sampling strategy 

~200 km NE 
ATTO (T0 ) 

T2-UEA/USP/ACRF(AOS) 
West edge of Manaus 

T3 –ACRF (MAOS) 
Large pasture site  

T1-INPA/UEA INPA 
campus (Manaus) 



Objective: New particle formation 
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Motivation: Strong influence of new 
particle formation on CCN concentration 

Measurements in Boulder, CO on 9/16/2010 

CCN active 

Fractional enhancement in CCN Conc. due to NPF 

New particle formation (nucleation and initial particle growth) can 
increase boundary layer CCN concentration by a factor of 2. 

 



 
 

Kuang et al., 2009 

No new particle formation observed at 
surface under pristine conditions in Amazon 

New particle formation: a two-
step process: 

 1st step: sulfuric acid and 
amines, ammonia, or organic 
vapor form stable clusters 

 2nd step: organic vapor leads 
to enhance growth rate of the 
clusters to larger sizes.  

 

Why no new particle formation? 
 Low SO2 concentration (20-30ppt) suggests the concentration of H2SO4 is low 
 Organic concentration may be low for the growth of stable clusters.  
What is the impact of Manaus plume on NPF? 
 

Kulmala et al., 2013 



Objective: SOA formation – Interactions 
between biogenic and anthropogenic 
emissions 



Adapted from Zhang et al., Geophys. Res. Lett., 2007 and Chen et al. Geophys. Res. 
Lett., 2009, 36, L20806. 

Amazon 

0.6 µg m-3 

Motivation: Organic compounds are major 
component of atmospheric aerosol 



Large uncertainty in global SOA budget 

Spracklen et al., 2011 



Interaction of biogenic & anthropogenic 
emissions  

 Higher AOT during summer time (high temperature). 
 

 Large seasonal biogenic emission leads to increased SOA during summer. 
However, the SOA produced in current models is too small to dominate the total 
AOT signal. 
 

 >70% of the aerosol carbon is modern (i.e., biogenic origin) 
 

 Hypothesis: The summertime maximum in AOT is due to enhanced SOA formation 
from biogenic VOC oxidation in the presence of anthropogenic pollutants.  

Goldstein et al., 2009 



Evidence of enhanced SOA formation from 
CARES campaign 

Higher OA production rates when 
anthropogenic and biogenic emissions mix 

Shilling et al., 2013 



Objective: Influence of anthropogenic 
activities on aerosol microphysical, CCN, 
and optical properties 
 



Ref: Pöschl et al., “Rainforest aerosols as biogenic nuclei of clouds and precipitation in 
the Amazon,” Science, 2010, 329, 1513-1516. 

Anthropogenically 
affected continents 

Amazon 
Basin 

 
Amazon Basin: 
 
Low aerosol number 
concentrations + 
 
High water vapor 
concentration = 
 
Especially susceptible. 
 
Possibility of dramatic 
changes in energy 
flows and rainfall 
patterns 
 

Motivation: high sensitivity to Pollution in 
Pristine Regions 
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Influence of anthropogenic activities on 
aerosol properties 

 What is the impact of Manaus plumes on aerosol size 
distribution, composition, hygroscopicity and CCN 
spectrum? 

 The transformation (e.g., coating) of aerosol particles 
in Manaus plumes, and its influences on aerosol 
optical properties  

 Impact of Manaus plumes on aerosol properties, and 
its variability on daily, seasonal, and annual cycles 

 Impact of biomass burning on aerosol properties (Dry 
season) 
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