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Abstract 
Amazonia is a living laboratory to study critical processes that regulate tropical 

atmospheric chemistry and physics. The forest is an important global source of aerosols, trace 
gases and water vapor, and the complex nonlinear processes that regulate these different 
components are still not fully understood. In this project, we will study Aerosol Life Cycle (ALC), 
Cloud Life Cycle (CLC), and Cloud-Aerosol-Radiation-Precipitation Interactions (CAPI) in 
Amazonia, using a combination of approaches that allows innovative research in the tropics. 
The project comprises 4 measurement efforts: 1) New long term observations at the Amazon 
Tall Tower Observatory (ATTO); 2) Several fluvial expeditions in the untouched areas of 
Western Amazonia; 3) A large scale aircraft experiment with the HALO G5 high altitude plane 
(14 km); and 4) Aerosol and trace gas measurement campaigns at Chacaltaya, Bolivia, 5,240 
altitude in the Andes, to study the transport and impact of Amazonian aerosols. 

These measurement efforts, going from the ATTO 325 meters tall tower, through 
fluvial ship and aircraft up into the Andes at the GAW-WMO Chacaltaya station, will allow a 
large spectrum of critical processes that regulates the links between forest-atmosphere-
climate in tropical regions. In these sites and platforms, we will measure, among other things, 
aerosol optical properties with spectral light scattering and absorption, aerosol size 
distribution, aerosol composition for organic and inorganic components, aerosol optical 
depth, radiation balance, cloud condensation nuclei, cloud droplet size, cloud optical depth, 
and vertical profiles of aerosols, clouds, precipitation and thermodynamic variables. A large 
set of advanced instrumentation will make these measurements in difficult logistical 
conditions.  High resolution cloud modeling will integrate aerosol, CCN and water vapor for a 
variety of thermodynamic conditions and will allow integration of organic aerosol analysis 
with cloud processes. High-resolution BRAMS and WRF-Chem regional modeling will be 
performed to help understanding regional processes and transport. 

With these new datasets and associated modeling efforts, we plan to study cloud-
aerosol-precipitation interactions and the feedbacks between biosphere and atmosphere and 
human activities through deforestation and biomass burning emissions. We expect that these 
measurements and modeling framework will provide new insights in critical and important 
processes that regulate tropical atmospheric chemistry and cloud physics. The analysis will 
also provide insights into how Amazonia is being perturbed by biomass burning emissions and 
how it influences climate regionally and globally. 

Resumo (in Portuguese) 
A Amazônia é um excelente laboratório para estudar processos críticos que regulam a 

física e química atmosférica tropical. A floresta é uma importante fonte global de aerossóis, 
gases traços e vapor de água, e os complexos processos não lineares que regulam estes 
diferentes componentes ainda não são totalmente compreendidos. Neste projeto, 
estudaremos ciclo de vida do aerossol (ALC), o ciclo de vida de nuvens (CLC) e as interações 
entre nuvens-aerossóis-radiação e precipitação (CAPI) na Amazônia. Utilizaremos uma 
combinação de abordagens que permitem pesquisas inovadoras nos trópicos. O projeto 
envolve 4 esforços de medidas: 1) Novas observações de longo prazo na torre ATTO (Amazon 
Tall Tower Observatory); 2) Expedições fluviais na Amazônia Ocidental em áreas ainda não 
investigadas do ponto de vista atmosférico; 3) Um experimento para investigar a atmosfera 
amazônica em altas altitudes (14 km), com o avião alemão HALO G5; e 4) campanhas de 
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medição de aerossóis e gases traços transportados da Amazonia para Chacaltaya, Bolívia, a 
5.240 metros de altitude nos Andes. 

Esses esforços de medição, que vão da torre ATTO de 325 metros de altura, através de 
navios fluviais e aviões até amostragens nos Andes na estação Chacaltaya, permitirão estudar 
um grande espectro de processos críticos na ligação entre biosfera-atmosfera-clima em 
regiões tropicais. Nesses sites e plataformas, nós avaliaremos, entre outras coisas, 
propriedades ópticas de aerossol como espalhamento e absorção espectral de radiação, 
distribuição de tamanho de aerossol, composição de aerossol para componentes orgânicas e 
inorgânicas, profundidade óptica de aerossóis e nuvens, balanço de radiação, núcleos de 
condensação de nuvens, tamanho de gota de nuvem e perfis verticais de aerossóis, nuvens, 
precipitação e variáveis termodinâmicas. Um grande conjunto de instrumentação avançada 
fará essas medidas em difíceis condições logísticas. A modelagem em nuvens em alta 
resolução integrará aerossóis, CCN e vapor de água para uma variedade de condições 
termodinâmicas e permitirá a integração de análises de aerossóis com processos em nuvens. 
A modelagem regional em alta resolução utilizando BRAMS e WRF-Chem serão realizadas para 
ajudar a entender os processos e o transporte regional. 

Com esses novos conjuntos de dados e esforços de modelagem associados, 
planejamos contribuir no entendimento das interações entre nuvens-aerossol-precipitação e 
os feedbacks entre biosfera e atmosfera em condições naturais e em condições dominadas 
por emissões de queimadas. Esperamos que essas medidas e esforços de modelagem 
proporcionem novos conhecimentos em processos críticos e importantes que regulam a 
química atmosférica tropical e a física de nuvens e radiação. A análise também fornecerá 
importantes informações sobre como a Amazônia está sendo perturbada pelas emissões de 
queima de biomassa e como ela influencia o clima regionalmente e globalmente. 

 

1 - Justification and Rationale 
Amazonia is one of the few continental areas where it is still possible to observe 

pristine atmospheric conditions in the wet season (Andreae et al., 2009, 2016, Artaxo et al., 
2013). Wet season atmospheric conditions for aerosol particles resembles background 
conditions typical of pre-industrialization (Andreae et al., 2009, Davidson et al., 2012, Carslaw, 
2017), with particle number concentrations bellow 300 #/cc and fine mode aerosol 
concentration at approximately 2-3 µg/m³ (Rizzo et al., 2013). The Amazon basin functions as 
a giant biogeochemical reactor to influence regional climate, with both exports and imports 
of climate-relevant quantities to and from other regions of the Earth (Artaxo et al., 2013). 
Biogenic emissions of gases and aerosol particles, in combination with high absolute humidity 
and strong solar radiation, maintain chemical and physical cycles that sustain the aerosol 
particle population, the cloud field, and the hydrological cycle of the basin (Martin et al., 
2016). The biology of the forest has a critical role in regulating atmospheric composition and 
climate over the region. The Amazonian ecosystem uses the feedstock of plant and microbial 
emissions in combination with high water vapor, solar radiation, and photo-oxidant levels to 
produce secondary organic aerosol (SOA) particles and primary biological aerosol particles. 
Through these emissions, the forest has strong interactions with the atmosphere (Pöschl et 
al., 2010; Martin et al., 2010a, 2010b, 2016, Artaxo et al., 2013). The hydrologic cycle of the 
basin is one of the primary heat engines of global circulation (Nobre et al., 2009). This reactor 
produces the nuclei for clouds and precipitation and partially sustains the hydrological cycle 
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(Prenni et al. 2009). The Basin has been dubbed the “green ocean” because of the similarities 
in particle concentrations and cloud microphysics with remote oceanic regions (Roberts et al., 
2001; Williams et al., 2002). Figure 1.1 illustrates some of these processes.  

 

 

Figure 1.1 - Atmospheric 
system depiction showing 
connections between the 
aerosol life cycle 
interacting with the cloud 
life cycle thought surface 
and thermodynamic 
processes. The role of 
surface fluxes, including 
natural and anthropogenic 
emissions is very 
important for both life 
cycles. The role of 
convection and 
atmospheric 
thermodynamic conditions 
is also critically important. 
Interaction with solar 
radiation and convection 
makes critically important 
impacts on the ecosystem  

 
At the same time, large-scale biomass burning emissions as well as urban pollution 

changes this picture with very high aerosol and trace gases concentrations over specific 
periods of time or at specific locations (e.g. Martin et al., 2016, 2017). The effects of aerosol 
particles on the radiation balance and cloud microphysical properties, cloud cover, 
precipitation, lightning, and regional climate over the Amazon are very significant. Several 
studies from the LBA Experiment (The Large-Scale Biosphere-Atmosphere Experiment in 
Amazonia) have shown this effect (e.g. Artaxo et al., 2002, Silva Dias et al 2002, Procópio et 
al., 2004, Albrecht et al., 2011, Davidson, et al., 2012, Martin et al., 2010a, Whitehead et al., 
2016 and many others). Moreover, aerosol from biomass burning spreads to the west and 
south of the Amazon Basin (Freitas et al 2005) and affect CCN population and consequently 
cloud formation, evolution and rainfall elsewhere in South America (Camponogara et al 2013, 
2016). The very low background aerosol concentrations in the wet season, high water vapor 
levels and intense radiation make the Amazon region particularly susceptible to changes of its 
trace-level atmospheric composition. The climatic implications for strong tropical aerosol-
cloud dynamic interaction are profound, ranging from modulation of local precipitation 
intensity to modifying large-scale circulations and energy transport associated with deep 
convective regimes (Andreae et al., 2017). 

1.1 - Biogenic volatile organic compounds emissions 

Amazonian BVOCs are emitted from plants during growth, maintenance, decay, and 
consumption (Guenther et al., 2012, Yanez Serrano 2015). Major BVOCs emitted include 
isoprene (C5H8), monoterpenes, sesquiterpenes, ethane, and oxygenated VOCs (OVOCs) 
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(Jardine, 2015). Tropical forests are the dominant global source of atmospheric BVOCs and the 
Amazon Basin is a major contributor. The high species diversity in the basin is coupled with an 
ecological complexity and a seasonality that is very different from temperate regions, yielding 
significantly different emission trends with different forest types. Isoprene and monoterpene 
emissions and aerosol concentrations are strongly associated in the Amazon. The OH 
oxidation pathway is particularly important for BVOC oxidation in the tropics given the high 
radiation levels and H2O concentrations. Heald et al. (2010) estimate that the conversion of 
South American BVOCs into secondary particle mass contributes to 40% of the annual global 
production of this particle component. Knowledge of the composition, the sources, the 
chemistry, and the role of the secondary organic components of particles in the atmosphere 
and earth’s climate system is, however, still very limited. Even for the well-studied isoprene 
compound, recent analysis suggests that state-of-the-art atmospheric chemistry models 
greatly under predict OH concentrations (Lelieveld et al., 2008), possibly implying important 
under predicted and underestimated chemistry. Figure 1.1.1 illustrate some of the pathways 
involved in VOC oxidation and aerosol production. 

 
Gas phase reactions of VOCs Heterogeneous reactions of VOCs 

  
Figure 1.1.1 - Possible pathways for BVOC emissions, processing, oxidation and SOA 
production in Amazonia. VOCs are the major pathway to aerosol, mostly at the high altitude 
trough cloud and convection processing (see high altitude aerosol measurements in a latter 
section). 

1.2 - Secondary Organic Aerosol (SOA) production in Amazonia 

The most important component of the ALC in the fine mode in Amazonia is SOA. With 
measurements showing that more than 75% of aerosols in Amazonia in both dry and wet 
season are SOA, it is important to study its formation, processing and deposition in the region. 
The production mechanisms for secondary particle components involve many trace gases, in 
particular BVOCs, aromatics, nitrogen oxides (NOx), ozone (O3), hydroxyl radical (OH), and 
sulfur species including dimethyl sulfide (DMS) and sulfur dioxide (SO2) (Shrivastava et al., 
2017, Chen et al., 2016, Sá et al., 2017). BVOCs and aromatics react with O3 and OH to produce 
oxidized organic products, a fraction of which have low enough volatility to condense and 
serve as particle components. BVOCs, aromatics and NOx together influence the 
concentrations of O3 and OH, thereby influencing the production of BVOC oxidation products. 
Reactions both in the gas phase and in cloud water are important, as well as vertical 
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convection to higher altitudes. Previous studies in the pristine Amazon rainforest showed that 
fine particles (which account for most of the cloud condensation nuclei) consist mostly of 
secondary organic material derived from oxidized biogenic gases (Pöschl et al., 2010; Martin 
et al., 2010a; Allan et al., 2014; Chen et al., 2015). Figure 1.2.1 illustrate the process of 
producing SOA from VOCs through the various NOx and OH mechanisms. 

 
Figure 1.2.1 - Schematic diagram for the production of isoprene epoxydiols (IEPOX)-

derived PM from the photooxidation of isoprene. Organic peroxy radicals (ISOPOO), 
produced by OH attack and O2 addition to isoprene, are scavenged along NO or HO2 
pathways. By the HO2 pathway, organic hydroperoxides (ISOPOOH) are first-generation 
products that react with additional OH to produce IEPOX. The IEPOX species undergo 
reactive uptake into particles, ultimately producing IEPOX-derived particulate matter (from 
Sá et al., 2017). 

1.3 - Aerosol characterization in Amazonia 

Several recent large experiments in Amazonia such as AMAZE-2008, BUNIACCIC, 
ACRIDICON-CHUVA and GoAmazon2014/15 have characterized key properties of Amazon 
aerosols. The aerosol size distribution varies significantly between wet and dry season, as can 
be observed in the figure 1.3.1. In the dry season, aerosol are mostly in the accumulation 
mode, while at the wet season, we can see the presence of Aitken mode. It is remarkable how 
the ultrafine particle mode are really rare in Amazonia, and Aitken and accumulation modes 
are present all the time in the wet season while in the dry season we only observe the 
accumulation mode with average diameter at 150 nm. In the wet season (Figure 1.3.1 left), it 
is also possible to observe photochemical particle processing in early afternoon. In the dry 
season, long range transported biomass burning aerosol (aged) dominates the aerosol 
population in the accumulation mode. 
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Figure 1.3.1 - Median particle number size distributions for wet and dry seasons at the TT34 – 
ZF2 forest site in Central Amazonia (Rizzo et al., 2017). 

 
To fully characterize the aerosol, it is important also to measure the organic and 

inorganic composition. The figure 1.3.2 shows the composition of the inorganic component 
collected in filters and analyzed by X-ray Fluorescence. Averages for the fine mode at 3 sites 
in Central Amazonia (ZF2, Tiwa Hotel, Manacapuru) are shown. Sulfur concentrations are low 
on average (100 ng/m³).  

 
Figure 1.3.2 - Composition of the inorganic aerosol component in the wet season collected in 
filters and analyzed by X-Ray fluorescence. Averages for the fine mode aerosol at 3 sites (ZF2, 
Tiwa Hotel, Manacapuru) in Central Amazonia are shown. (Data from Andre Burger, 2017). 

 
 In particular, detailed measurements from the organic submicron component was 

performed using Aerodyne AMS and other techniques (Chen et al., 2009, de Sá et al., 2017). 
Patterns in the mass spectra closely resembled those of secondary-organic aerosol particles 
formed in environmental chambers from biogenic precursor gases (Martin et al., 2017). High-
resolution mass spectra of SOA particles for the oxidation of isoprene, the monoterpene α-
pinene, and the sesquiterpene β-caryophyllene, can be linearly combined to largely reproduce 
the patterns observed in Central Amazonia (de Sá et al., 2017). The organic mass 
concentration of the Amazonian ecosystem had an average value of 0.6 µg m-3 and an average 
elemental oxygen-to-carbon (O:C) ratio of 0.42. This average O:C ratio is also similar to that of 
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laboratory SOA particles at realistically-low precursor concentrations. Speciation studies by 
chromatography show the presence of methyltetrols, which are produced by the oxidation of 
isoprene (Clayes et al., 2004). Figure 1.3.3 shows the time series and average composition for 
wet and dry seasons in the three sites in the GoAmazon2014/15 experiment. 

 

 
Figure 1.3.3 – AMS 
measurements 
from the 
GoAmazon 
experiment shows 
that organic 
aerosol dominates 
the fine mass, 
comprising 55-75% 
of aerosol mass. BC 
and sulfate are the 
second most 
important 
component. There 
is a strong 
similarity in aerosol 
composition for 
the several 
GoAmazon 
sampling sites. 

 

1.4 - Cloud Condensation Nuclei (CCN) in Amazonia 

One of the links between the aerosol and cloud components happens via the CCN 
activity of aerosol particles (Pöhlker et al., 2017, Thalman et al., 2017). The undisturbed central 
Amazon presents very low CCN particle concentrations, on the order of 150-250 CCN cm-3 
(Pöhlker, M. et al., 2016, Artaxo et al., 1994). These particles are mainly natural primary 
biogenic particles (coarse mode) as well as SOA produced from oxidation of naturally emitted 
VOCs (fine mode). Figure 1.4.1 shows a time series of one-year measurements of kappa (the 
hygroscopicity parameter) at the ATTO 85 meters tower, showing remarkable constant Kappa 
value of about 0.22, despite large changes in aerosol composition and size distribution during 
the dry season. Urban emissions within the basin also perturb the natural environment. During 
repeated aircraft transects of the urban plume, Kuhn et al. (2010) observed that, within the 
plume core of the Manaus outflow, aerosol concentrations were strongly enhanced, with 
particle number concentrations reaching 30,000 cm-3 compared to background conditions of 
300 cm-3. Furthermore, only about 15% of the plume particles served as CCN, compared to 60 
to 80% in background conditions. Moreover, the CCN concentrations increased with plume 
age, indicative of the condensation of water-soluble and water-insoluble species on particles. 
Recently Crooks et al, 2017 proposed a new scheme for the co-condensation of semi-volatile 
organics into multiple aerosol particle modes. In this new parametrization, the dynamic 
condensation parameterisation differs from equilibrium absorptive partitioning theory by 
calculating time dependent condensed masses that depend on the updraft velocity, making 
the link between SVOC and cloud droplets production. 

The sources of CCN in Amazonia are not yet fully understood, since no new particle 
formation is observed at the ground (Artaxo et al., 2011). Recently it was found out that new 
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particle formation actually happens unexpectedly in high altitudes (10-14 Km), and it is a key 
source of CCN in Amazonia (Andreae et al., 2017) (see section 1.6). The high altitude aircraft 
campaign will study the CCN activity of these newly formed particles, and how they can 
repopulate the CCN concentrations at cloud base and at the ground. The link between 
hygroscopicity parameter, particle growth and optical properties will be studied using imaging 
polar nephelometer at varying relative humidity. The hygroscopicity parameter Kappa will be 
measured using size selective CCN measurements and the integration with the imaging polar 
nephelometer with varying relative humidity will link with the optical properties, since 
refractive index will be measured in parallel. 

 

 

 
Figure 1.4.1 – CCN and 
hygroscopicity parameter 
Kappa measured for one full 
year at the ATTO site. The 
dominant kappa values are 
around a low value of 0.22, 
showing the dominance of 
organic aerosol on CCN 
activity in Amazonia. Very 
low seasonal variability as 
well as variability according 
to the particle size was 
observed. From Pöhlker et 
al., 2016, Thalman et al., 
2017. 

 
Larger super micron particles are dominated by primary biological aerosol particles 

(PBAP) released from rainforest biota (Elbert et al., 2007; Pöschl et al., 2010; Huffman et al., 
2012), which can play a significant role as ice nuclei (Prenni et al., 2009). These PBAP consist 
of wind driven particles, such as pollen, bacteria, and plant debris, as well as actively ejected 
material, such as fungal and plant spores (Laskin et al., 2017). 

1.5 - Optical properties and radiative forcing of Amazonian 
aerosols 

The optical properties of carbonaceous aerosols, including natural biogenic aerosol 
particles as well as secondary organic aerosol (SOA) and biomass burning emissions is not well 
constrained (Wang et al., 2016, Laskin et al., 2015). The balance between scattering and 
absorption is a key property of aerosol, expressed as single scattering albedo (SSA). The SSA, 
surface reflectance and aerosol optical depth are the ingredients that determines the aerosol 
radiative forcing. The radiative impact of organic aerosols (OA) is a large source of uncertainty 
in estimating the global direct radiative effect (DRE) of aerosols (Forster et al., IPCC 2007). This 
impact includes not only light scattering but also light absorption from a subclass of OA 
referred to as brown carbon (BrC). Several papers have observed strong absorption properties 
of natural biogenic aerosols (Schafer et al., 2008; Rizzo et al. 2011). Because of the intricate 
shapes and composition, biogenic particles can absorb significant amounts of visible light 
(Andreae and Gelencsér, 2006; Després et al., 2012). Rizzo et al. (2013) showed that the 
aerosol single scattering albedo (SSA) in a forest site in Amazonia is rather constant along the 
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year even though there is large variability in the presence of biomass burning aerosols. The 
surface radiative forcing of aerosol particles have important effects on the ecosystem, 
including the reduction of total radiation fluxes and increasing the ratio of diffuse to direct 
radiation (Oliveira et al., 2007, Rap et al., 2015). These changes directly affect plant 
photosynthetic rate (Cirino et al., 2014), specially on tropical forests, where enhanced 
photosynthesis was observed to reach 30-40 % of Net Ecosystem Exchange (NEE) for ZF2 
station (forest site north of Manaus), Santarém, and Rondônia. The overall effects of aerosols 
on photosynthetic rate in the whole Amazonia was studied recently in our work published in 
Rap et al. (2015), and we found that BBA (Biomass Burning Aerosol) increases overall Amazon 
basin annual mean diffuse radiation by 3.4–6.8% and net primary production (NPP) by 1.4–
2.8%. The enhancement of Amazon basin NPP by 78–156 Tg C is very high and equivalent to 
33–65% of the annual regional carbon emissions from biomass burning. 

Figure 1.5.1 below shows a time series of aerosol light scattering and light absorption 
from 2008 to 2016 (Saturno et al., 2017). It is very clear that a strong seasonal cycle can be 
observed and that the year-to-year variability in aerosol optical properties is very high. In this 
figure, the El Nino index is also shown, indicating the strong influence of large-scale climatic 
forcers in aerosol properties in Amazonia, through variability in precipitation and biomass 
burning. 

 

 
Figure 1.5.1 - Long time series (2008-2016) of aerosol light scattering (a) and light absorption 
(b) in Central Amazonia. El Nino index is also shown (c), indicating the strong influence of large-
scale climatic forcers in aerosol properties in Amazonia. 
 



FAPESP Thematic Project - Aerosols and Clouds lifecycles in Amazonia                   13 

Other long-term measurement network that IFUSP is running in partnership with NASA 
Goddard is the AERONET network. Figure 1.5.2 shows the time series of aerosol optical depth 
(AOD) measured from 2000 to 2017 using the AERONET sunphotometer network in several 
sites in Amazonia. These 17 years of continuous measurements in difficult conditions in 
Amazonia shows a lot of information in addition to AOD, such as aerosol size distribution from 
Almucantar inversions, refractive index, single scattering albedo and scattering and 
absorption Ångström exponent, among other key aerosol properties. 

 
Figure 1.5.2 Time series of aerosol optical thickness measured from 2000 to 2017 using the 
AERONET sunphotometer network in several sites in Amazonia.  AERONET Level 2 data with 
inversion algorithm 3.0. (Compilation done by Rafael Palácios, 2017) 

1.6 - Aerosol production at high altitudes and convective transport 
by clouds 

A lack of evidence for new particle formation at ground-based measurements (Zhou et 
al., 2002; Rissler et al., 2004; Martin et al., 2010a) in Amazonia implies that nucleation 
processes could occur at higher altitudes, and new particles are entrained into the boundary 
layer from aloft (Krejci et al., 2005; Wang et al., 2016, Andreae et al., 2017). This particular 
relationship between VOC forest emissions, vertical transport due to deep convection and 
aerosol aging at high altitudes is an important particle production mechanism unveiled 
recently as a result of the GoAmazon2014/15 and the ACRIDICON-CHUVA measurements and 
this project will address this issue further. Figure 1.6.1 shows aerosol size distribution and total 
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particle concentration as a function of altitude measured with the G1 aircraft up to 5.5 Km 
(Wang et al., 2017). It is clear that concentrations increase with altitude, indicating that the 
source of these particles is at high altitudes. As many of the aerosol particles go through cloud 
processing several times before they are deposited, and Amazonia has one of the most intense 
hydrological cycles in terrestrial ecosystems, this mechanism is critically important to sustain 
the concentrations of aerosol particles and CCN in tropical regions. 

 

 
 
Figure 1.6.1 – Measurements 
of aerosol size distribution 
shows an increase in 
concentrations and decrease 
in size for higher altitudes, 
normally the opposite what 
could be observed if the 
source of particles are on 
lower altitudes. (Wang et al., 
2017)  

 

 
 

Figure 1.6.2 – Vertical profile up to 13 km of particle concentrations measured by the HALO 
high altitude plane. It was found very high concentrations of more than 22,000 particles per 
cc at 12 km altitude. The picture on the right is the vertical profile of CCN, also showing high 
concentrations above 10 Km. 
 

Fortunately, we also had an experiment with the HALO high altitude plane in the dry 
season of 2014. Figure 1.6.2 shows the vertical profile up to 13 km of particle concentrations 
measured by the HALO high altitude plane. Very high concentrations of more than 22,000 
particles per cc were found at 12 km altitude. The picture on the right is the vertical profile of 
CCN, also showing very high concentrations for higher altitude. The enhanced particle 
concentrations in the ultrafine (UF) size range (here defined as particles smaller than 90 nm), 
on the other hand, cannot be explained by transport from the lower troposphere, since they 
far exceed typical concentrations in the PBL and generally are too short-lived to survive deep 
convection and long-range transport. Therefore, nucleation and new particle formation (NPF) 
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from gas phase precursors brought into the UT by the outflow from deep convection have 
been proposed as the source of these enhanced particle concentrations (Andreae et al., 2017). 
No enrichment of sulfate was observed at high altitudes, and possibly extremely low volatility 
organic compounds (ELVOCs) are involved. The production of particles in the UT may be a key 
component of the atmospheric budget of optically and cloud-microphysically active aerosols, 
especially in pristine or relatively unpolluted regions. In turn, the concentrations of aerosols in the 
PBL have a pronounced influence on the characteristics of convection and thereby influence cloud 
radiative forcing and atmospheric dynamics (Cechini et al., 2017). Figure 1.6.3 shows a conceptual 
framework that will be tested with measurements in this project (adapted from Wang et al., 2017, 
Andreae et al., 2017).  

  
Figure 1.6.3 - On the left panel we can observe how clouds can be active aerosol processors in 
the atmosphere of Amazonia. The right panel shows how semi volatile compounds produced 
by the vegetation can be transported to the upper atmosphere by convection, where it 
condenses due to low temperature and is processed and oxidized to less volatile compounds 
and produce particles that are brought to the low atmosphere by precipitation. 

 
 In this proposal, we are planning a dedicated airborne campaign to further clarify the 

processes that leads to this aerosol production in high altitude, and how VOCs and organic 
aerosols are vertically transported through cloud processes. This campaign will be done in 
partnership with Max Planck Institute and INPE. 

1.7 - Precipitation, clouds and climate 

In our current understanding of the Earth’s climate system and its man-made 
perturbation, the multi-scale and feedback rich life cycles of clouds represent one of the 
largest uncertainties (Boucher et al., 2013, Stevens et al., 2016). Accordingly, the adequate 
and robust representation of cloud properties is an Achilles’ heel in climate modeling efforts 
(Bony et al., 2015). The picture is aggravated because the Amazon has different cloud regimes 
in the several sub regions (Saraiva et al, 2016), a feature not well represented by Global 
Climate Models (GCMs). The microphysical link between clouds and aerosol has been the 
subject of manifold and long-term research efforts in Amazonia (Wendish et al., 2016, Cechini 
et al., 2016). Overall, the observations indicate that increasing aerosol concentrations can 
have substantial impacts on spatial and temporal rainfall patterns in the Amazon (e.g., Martins 
et al., 2009a; Reutter et al., 2009) but may also alter cloud dynamics (e.g. Camponogara et al, 
2017).  Also, surface patterns such as deforestation and urban areas may affect cloud patterns 
(e.g. Dos Santos et al, 2014, Saad et al, 2010, Albrecht et al. 2011). In view of the globally 
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increasing pollution levels and the ongoing deforestation in the Amazon, pollution-triggered 
perturbations of the hydrological cycle are discussed as potential major threats to the 
Amazonian ecosystem, its forest structure, stability, and integrity (e.g., Wright et al., 2017, 
Coe et al., 2013; Junk, 2013). 

Especially in Amazonia, clouds are critically important to sustain a vigorous 
hydrological cycle, recycling water vapor and strongly influencing most of atmospheric 
properties (Martin et al., 2010). Specific cloud life cycle research areas are categorized into 
three broad areas: dynamics, the atmospheric motions that generally dominate cloud life 
cycles; microphysics, the properties of cloud droplets/ice particles and rain and snow 
hydrometeors and the processes that determine these properties and their interactions; and 
radiation, the impacts of cloud amount and properties on absorption, emission, and transport 
of shortwave and longwave radiation (Rosenfeld et al., 2008, Boucher et al., 2013). There are 
a significant number of studies that highlight the mechanisms by which interactions among 
land surface processes, atmospheric convection, and biomass burning may alter the timing of 
wet season onset and provide a mechanistic framework for understanding how deforestation 
extends the dry season and enhances regional vulnerability to drought (Wright et al., 2017). 

Climate models have great difficulty in simulating deep convective clouds and their 
radiative effects. The convective activity and the atmospheric circulation of tropical South 
America are part of an American monsoon system, and any changes in tropical precipitation 
can have significant, potentially global consequences because of non-linear interactions of 
tropical waves with tropical precipitation in the Amazon, leading also to possible changes in 
the tropical Atlantic intertropical convergence zone (ITCZ). Models of future climate 
accounting for human activities have suggested a possible drying in Amazonia, especially in 
the eastern region (Nobre et al., 1991; Boisier et al., 2015). Significant changes in the amounts 
and patterns of precipitation in the basin can have far-reaching consequences because of the 
nonlinear, multi-scale interactions that affect clouds, precipitation, and atmospheric 
circulation, leading for example to possible modifications in the annual migration of the 
Intertropical Convergence Zone (ITCZ) (Wang and Fu, 2007). The hydrological cycle in the 
Amazon basin has changed over the past 2 decades, but the causes are not fully identified and 
understood (Davidson et al., 2012; Gloor et al., 2013). Moreover, Camponogara et al (2017), 
among others, show the potential impact of increased concentration of CCN upon cloud 
dynamics, essentially the strength of cloud scale updrafts and downdrafts, thus affecting the 
organization of mesoscale convective systems. 

The GoAmazon and Acridicon-chuva experiments strongly improved our knowledge on 
aerosol-cloud-precipitation interaction, several papers discuss the different 
parameterizations, the effect of Manaus plume, and the sensitivities of these interactions. 
However, mostly all of these studies deal with only aerosol concentration and preliminary 
studies show how important is the aerosol size distribution and hygroscopicity. The aerosol 
effect depends from these parameters because the cloud droplet formation can be saturated 
as function of the water vapor availability. All these features need to be better describe and 
modeled to provide a clear picture of the CAPI. A critical issue for GCMs which is still open is 
that GCMs is not able to organize convection. This GCM deficiency could have an important 
impact in climate simulation. Amazonia is the perfect place to study cloud organization over 
land because of the green ocean behavior and the long lived tropical squall lines. 
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2 – Current Scientific Gaps 
Although there were important and large scientific experiments in Amazonia over the 

last 30 years studying atmospheric properties, the system is very complex. The interactions 
between the forest biology and atmospheric properties and climate is very strong. We will 
describe bellow the main scientific gaps we observe in Amazonia for the several project 
components. 

2.1 – Aerosol Life cycle in Amazonia 

Aerosol Life Cycle in Amazonia: Aerosol particles exert important influences on 
climate and climate change by scattering and absorbing solar radiation with strong impact on 
radiation balance and by influencing the properties of clouds (Boucher et al., 2013). The 
aerosol life cycle determines the spatial and temporal distribution of atmospheric particles 
and their chemical, microphysical, and optical properties. It is essential to improve 
understanding of the roles of aerosols in the climate system and specifically to decrease 
uncertainty in radiative forcing by aerosols (Forster et al., 2007). Current aerosol models 
require improvement in several areas: emissions, mechanisms, new particle formation events, 
aerosol physical-chemical changes under biogenic and anthropogenic influences. The research 
that will be conducted by this proposal is usefully distinguished into four topical areas or 
elements: new particle formation, aerosol growth and aging, the direct radiative impacts of 
aerosol, and separating the natural vs. anthropogenic aerosol influences on aerosol 
properties. 

 
New particle formation: Besides primary emissions of primary aerosol particles, 

another important source of atmospheric aerosols is the chemical conversion of gas-phase 
atmospheric precursors to new particles through nucleation and growth (Kulmala et al., 2012). 
New particle formation (NPF), which affects the number concentration of particles, is a key 
process in aerosol dynamics that governs size-distributed composition and in turn the aerosol 
optical and cloud nucleating properties. Freshly nucleated particles are approximately a few 
nanometers in size and thus are too small to directly influence climate. But these particles can 
quickly grow, even over the course of a single day, to reach the size where they can serve as 
cloud condensation nuclei (CCN) or appreciably scatter light (Heald et al., 2010). A strong 
coupling between nucleation and growth rates of nucleated particles further contributes to 
the climate importance of new particle formation. As particles grow their ability to serve as 
CCN or Ice Nuclei (IN) depends strongly on the size and composition of the particle (Fuzzi et 
al., 2007). Amazonia is a place where NPF is rarely observed naturally on the ground (Artaxo 
et al., 2009), but new observations indicate that these particles could be formed at high 
altitudes (Wang et al., 2016, Andreae et al., 2017).Which is the partitioning for the different 
particles types in Amazonia? Is high altitude NPF the only source of new aerosol particles in 
Amazonia? 

 
Aerosol Aging and Mixing State: Aging of aerosols consists of modification of the 

composition, size, and surface properties of aerosol particles in the atmosphere by 
coagulation, condensation, and surface reactions. These processes are important as they 
affect the optical and cloud nucleating properties of the aerosol. Measurements downwind of 
urban sources of aerosol particles and precursor gases have shown that the mass 
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concentration of secondary organic aerosol (SOA) can be several-fold greater than can be 
explained on the basis of current model calculations using observed precursor concentrations. 
The dependence of SOA formation on sulfur and nitrogen oxides and other factors will be 
examined in this proposal. This information is essential to the development of comprehensive 
chemical mechanisms that can contribute to a better understanding of the remote aerosol life 
cycle (Heald et al., 2008, 2010, Carslow et al., 2016). How aerosol aging, hygroscopicity and 
mixing state influence particle properties?  

 
Direct radiative impacts of aerosol: Scattering and absorption of solar radiation by 

aerosols modify the amount of incoming solar radiation taken up by Earth, and modify the 
vertical distribution of that absorption and the resultant heating profile of the atmosphere. 
(Trenberth et al., 2009). Aerosol optical properties depend strongly on particle size, 
composition, mixing state and morphology, all properties that will be measured in this study. 
Previous studies from the IFUSP group shows a large effect from biomass burning aerosol on 
regional direct radiative balance (Procópio et al., 2003, 2004, Sena et al., 2013). Aerosols 
containing black and “brown” carbon absorb radiation in the visible spectral region (Martins 
et al., 1998, 2009, 2010) and have a potential large impact on climate by reducing the net solar 
radiative flux at the Earth’s surface and by warming the air in their vicinity, possibly leading to 
cloud evaporation (Koren et al.,  2012). Measurements at the ATTO tower and at the 7 
NASA/AERONET and SunRadNet sites in Amazonia will help to understand the processes that 
controls the effects of aerosols on the radiation balance in Amazonia. What is the large-scale 
effect of aerosol radiative forcing in carbon uptake, changes in the vertical dynamics and other 
key effects in Amazonia? 

 
Natural vs. Anthropogenic Influences on Aerosol Properties: Measurements that 

distinguish natural and anthropogenic influences on aerosol properties are needed to 
determine the anthropogenic perturbation to radiative forcing (Carslow et a., 2016, Andreae 
et al., 2007, Artaxo et al., 2008). Both anthropogenic and natural processes contribute to the 
atmospheric aerosol loading, influencing the new particle formation, the role of 
anthropogenically enhanced levels of atmospheric oxidants in SOA formation from natural 
and more volatile organic emissions, and the oxidation reactions on aerosol surfaces and 
within cloud droplets. How does the long range transport of aerosols from Africa and outside 
the basin influence atmospheric chemistry in Amazonia? 

2.2 - Cloud Life Cycle in Amazonia 

Atmospheric dynamics: Convection and advection air motions play a central role in 
cloud life cycles. Whereas emissions and nucleation lead to new aerosol particles, it is 
primarily atmospheric dynamical conditions in a sufficiently humid environment that lead to 
new cloud particles. To simulate cloud life cycles, models must adequately represent the 
strength and depth of updrafts and downdrafts. Important parameters in clouds include 
vertical air velocity variability, the structure of turbulent motions, the skewness of the vertical 
air velocity distribution, and atmospheric stability profiles. This proposal will use a multi-
instrument and -platform approach to study the variability of these dynamical parameters 
with the cloud microphysics in order to reveal the important linkages between boundary layer 
dynamics, radiation, cloud formation, and cloud composition, all of which are crucial to 
understanding the life cycle of these clouds. Entrainment of environmental air into clouds is a 
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key process that is poorly understood and we will use a modeling approach to better 
understand processes that regulates entrainment in shallow clouds in Amazonia (Williams et 
al., 2002; Braga et al. 2017a, 2017b).  How do boundary layer dynamics, radiation, cloud 
formation, and cloud composition affect cloud life cycle? 

 
Cloud microphysics: Accurate knowledge of the hydrometeor number, size, surface 

area, volume or mass, dispersion, skewness, and phase are required in order to understand 
basic cloud processes such as the microphysical evolution through competition for available 
water vapor, formation of precipitation-sized particles, sedimentation, and collisions among 
cloud particles. Within mixed-phase clouds both liquid and ice size distributions exist within 
the same cloud system, interacting and coevolving through myriad, complex mechanisms, also 
being responsible for the main charging mechanism in cloud electrification.. Several key 
parameters in cloud model simulations remains very poorly constrained by measurements. 
How to reconcile models and measurements of cloud droplet size and CCN concentrations for 
liquid and mixed phase clouds? 

 
Cloud processing of particles: Aerosols and clouds are inextricably coupled throughout 

their life cycles in processes that dictate cloud formation and development, spatial coverage, 
persistence, and precipitation efficiency (Khain, 2009). Cloud processing of aerosols plays an 
important role in aerosol chemical and microphysical properties through aqueous-phase 
chemistry, aerosol removal and vertical redistribution mediated by precipitation and vertical 
motions, especially in a convective region as Amazonia. The light-absorbing properties of 
aerosols trough BC and BrC can have a strong influence on cloud dynamics though heating. 
Typically, the presence of absorbing aerosol is thought to change atmospheric stability, 
suppress vertical motion, and decrease cloud formation (Gonçalves et al., 2014, Koren et al., 
2004). On the other side, recent studies shows that clouds are active in processing aerosol 
particles, changing their hygroscopicity, size, and properties, but the mechanisms are unclear. 
How do cloud processing of aerosols change their physico-chemical properties?   

2.3 – Modeling aerosol-cloud interactions in Amazonia 

In the tropical to equatorial regions, particularly in the heart of the Amazon Basin, 
clouds play a major role in several processes spanning a range of scales. They are also the main 
cause of uncertainty in numerical modeling of the atmosphere from activities that range from 
weather forecasting, to seasonal forecasting, to climate projections and in a broader sense to 
Earth Climate System Modeling. As shown by recent modeling studies (Raupp and Silva Dias, 
2009, 2010) the diurnal life cycle of clouds in atmospheric models is the basis for resonant 
wave interactions that excite slower modes in the atmosphere (e.g. Maden-Julian Oscillation). 

 
The complex interactions between clouds and aerosol have been the focus of many 

studies in the last decade or so (for instance Silva Dias et al., 2013). Local observations, remote 
sensing data and modeling have been combined to unravel the microphysical, thermodynamic 
and dynamic causes for observed behavior and to reduce uncertainty of model simulations. 
However, still no final answer has been reached on the overall, global impact of aerosols on 
clouds, and to a certain extent of clouds on aerosol. The reason for this is that the main process 
describing the microphysical processes, the formation of the different hydrometeors still lack 
in representation of the observable cloud processes. From another side, turbulence has very 
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important implications in the entrainment, microphysical process, energy exchange and this 
is roughly represented. Important effort should be done to improve these representations to 
make the model more representative of the observable fields. Over land, in tropical region, 
models have several issues in the rainfall localization and timing. Without the improvement 
of these specific topics, models will not be able to represent correctly the aerosol-cloud-
rainfall interaction. One example of complex interactions happens during the transition 
between the dry and the wet season, when deep convection may be seen as quite continental 
showing severe convective features  (Nunes et al 2016, Saraiva et al 2016) including deeper 
cloud cores (Silva Das et al 2002, Carvalho et al 2002) and  strong electrification (Williams et 
al 2002, Albrecht et al 2011). 

 
The region of Central Amazonia is particularly well suited to study the evolution of 

tropical convective systems and their regional and global upscale feedbacks since it 
experiences a wide range of convective storm types and environmental conditions throughout 
the year. There is a strong seasonal cycle in rainfall with a maximum in March-April (wet 
season) and a minimum in August-September (dry season). Large mesoscale convective 
systems are predominant in the wet season while more isolated but intense thunderstorms 
are predominant in the dry to wet transition season (Machado et al., 1998; Machado et al., 
2004; Romatschke and Houze, 2010; Rasmussen and Houze, 2011, Nunes et al 2016). In the 
wet to dry season, large squall lines originated at the Northern Coast of South America 
propagate throughout the Central Basin (Alcântara et al., 2011). Local circulation is formed 
where contrasting surface features impose local gradients of temperature, moisture and 
atmospheric pressure. In the Amazon, these conditions have been associated with 
deforestation (Silva Dias et al., 2009, Saad et al., 2010) and with large rivers (Silva Dias et al., 
2004, Lu et al., 2005, Dos Santos et al 2014)). Paiva et al. (2011) have shown that rainfall is 
reduced over large Amazonian rivers, and the authors point to reduced surface sensible heat 
and the occurrence of local circulation as the reason. Thus, the Central Amazonia region is a 
natural laboratory, not only to observe the characteristics of the tropical continental 
convective life cycle, but also to study cloud-aerosol precipitation interactions, and the role of 
land surface processes. How do aerosol-cloud interactions influence precipitation in pristine 
conditions in Central Amazonia? 

3 - Objectives of the proposed work  
This project aims to study aerosols and clouds lifecycles, and their impact in the 

Amazonian ecosystem using long-term measurements at ATTO, river ships, the high altitude 
HALO airplane and measurements in the Andes (Chacaltaya). The key scientific questions to 
be answered by this project are composed by four main topics: 

 
1. Secondary Organic Aerosol (SOA) formation: Interactions of biogenic and 
anthropogenic emissions 
1a. What are the chemical and physical processes that controls and affect the production 

of SOA in Amazonia? 
1b.  How are (organic) particles produced (e.g., nucleation and SOA formation)? 
1c. What are the potential roles of primary particles (fungal spores, bacteria, and leaf 

cuticle) as cloud condensation nuclei (CCN)? 
1d. In the pristine Western Amazon, what is the contribution of the IEPOX-SOA 

component? What is the role of ELVOCs? 
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1e. How SOA is formed and oxidized at high altitude (>12 Km)? 
 
2. Links between particle size distributions, optical properties, and cloud condensation 
nuclei (CCN) activity 
2a. What are the main characteristics of the life cycle of aerosols in the Amazon, and what 

are the impacts of the biogenic, soil dust and long range transported biomass-burning 
emissions on the atmospheric chemistry in Central Amazonia? 

2b.  What Is the impact of “Brown Carbon” (BrC) in aerosol absorption in pristine 
conditions? How is the partition between BrC versus BC absorption as function of 
biomass burning aging in Central and Western Amazonia? 

2c. How is the aerosol absorption in Central Amazonia linked with the atmospheric 
conditions leading to cloud formation, evolution and lifetime? 

2d. What is the influence of primary and secondary organic aerosols on the cloud 
condensation nuclei (CCN) activity and in the hygroscopicity parameter Kappa? 
 

3. Biogenic Volatile Organic Compound (BVOC) emissions and impact on atmospheric 
chemistry and aerosol production 
3a. What are the characteristics of BVOCs emission from vegetation, and how do they vary 

with season and climate conditions? 
3b. In BVOC emission, what are the roles of the physical environment (e.g., temperature, 

rainfall, radiation, and nutrients), environmental perturbations (e.g., drought, nutrient 
deposition, and temperature extremes)? 

3c. What is the relative contribution of isoprene oxidation products ISOPOOH (low NOx 
conditions) and MVK+MACR in Western Amazonia? 

 
4. Impact of aerosol particles on cloud processes and precipitation in Amazonia. 
 
4a What is the more appreciated microphysical parameterization for shallow and deep 

convective clouds in the Amazonas region? 
4b What are the physical parameters that improve model rainfall field descriptions in the 

Amazonas region. 
4c What are the physical parameters controlling the Amazonas cloud organization and 

life cycle in convective parameterization models? 
4d What are the controls of cloud microphysics, aerosols and cloud dynamics upon cloud life 

cycle and rainfall in the Amazon region? 
4e What are the controls of clouds mixed phase in the Amazonas region? 

4f What are the relative roles into convective cloud intensity and severity in the Amazon 
of  large scale dynamics, local thermodynamics and  aerosol concentration? 

4g What controls the transition between shallow and deep convection in the Amazon region 
and why models do not simulate this transition properly? 

4h How is the diurnal cycle of convective activity linked to aerosol variability? 
4i What is the relative impact of surface features, such as large rivers and land use features and 

patterns of deforestation, and aerosols upon convective cloud life-cycle? 
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We propose to use long-term observations from the ATTO tower, boat measurements 
in Western Amazonia, observations over the Andes, high altitude aerosol and trace gas 
measurements using the HALO plane to answer these questions. We will use a range of 
instruments, remote sensing from surface and satellite based sensors, and numerical 
modeling of physical processes acting in several spatial and temporal scales as tools to 
advance the understanding of the underlying processes expressed in the above questions. 

 
The main theme uniting these objectives is the development of a data-driven knowledge 

base for predicting how the present-day energy and mass flows in the Basin might change by 
internal forcing prevenient from projected changes in the Basin. Our ultimate goal is to 
estimate future changes in direct and indirect radiative forcing, energy distributions, regional 
climate, and feedbacks to global climate by improving our understanding of the basic 
processes controlling the atmospheric chemistry, clouds, precipitation, mass and energy 
fluxes in Amazonia. 

6 - Measurement strategy 
We are proposing a complex set of measurements with different strategies, involving 

long-term ATTO tower measurements, Riverboat, Andes and large-scale aircraft. A coherent 
set of instruments to characterize aerosols CCN, clouds and trace gases will be used in each of 
the sampling sites. In this section, we describe the measurement strategy to achieve our 
project goals. 

6.1 – Long term measurements at the ATTO – Amazon Tall Tower 
Observatory 

The ATTO site is located in one of the most pristine sites in continental areas in the 
world, with coordinates at S 02° 8' 38.8", W 58° 59' 59.5". At this site, a German-Brazilian scientific 
cooperation had already built four 85 meters towers and a 325 meters tall tower. The site is 
already fully operational and aerosol and trace gases are being measured in one of the 85 
meters auxiliary towers, and also starting in July 2017 at the 325 m tall tower. The site is 
operated by INPA – The Brazilian Institute for Research in Amazonia, and have support from 
the Max Planck Institute, UEA (Universidade Estadual do Amazonas) and many other partners, 
including USP and INPE. Figure 6.1.1 shows the location of the ATTO tower, and part of the 
measurement strategy, adapted from Fuentes et al., 2016.  

The figure 6.1.2 illustrates the 325 meters tower. Aerosol physical and chemical 
properties are being measured at ATTO including the organic aerosol composition with an 
Aerosol Chemical Speciation Monitor (ACSM) from IFUSP. The site will be kept with continuous 
measurements in a long-term basis (>20 years). The pristine condition of this site makes it 
perfect for background aerosol characterization. The site is very difficult to access, requiring 
many hours for a trip from Manaus to the ATTO site. Table 6.1.1 shows the main continuous 
measurements that will be done at the ATTO tower continuously. Most of the instruments are 
already operational, and this proposal will provide a few extra key measurements such as the 
cloud radar, the Micro Pulse Lidar, the real time total organic carbon analyzer, the AE33 
Aethalometer, and a few others. 
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Figure 6.1.1 – Location of the ATTO tower in central Amazonia, downwind of very 

pristine areas. At the right figure, an illustration showing the exchange of trace gases and 
aerosols and the role of canopy and PBL in regulating concentrations and processes (adapted 
from Fuentes et al., 2016). 

  
Figure 6.1.2 – The ATTO 325 meters tall tower in Central Amazonia. Top of the tower as well 
as profiles for trace gases and aerosols will be measured continuously over 5 years of this 
project. 
 

Vertical profile of trace gases and aerosols will be measured along the tower, and data 
will be analyzed together with 8 levels of vertical fluxes measurements. A Micro Pulse Lidar in 
parallel with a cloud radar will provide the vertical profiles up to 12 Km. Detailed 
physicochemical properties will also be measured along the vertical, to analyze the role of the 
forest canopy at low levels and how it influences atmospheric composition up to 325 meters. 

ATTO 



FAPESP Thematic Project - Aerosols and Clouds lifecycles in Amazonia                   24 

We will deploy for specific campaign instrumentation such as API-ToF-MS, CIMS-ToF-MS, PTR-
MS to measure detailed organic gas composition in parallel with aerosol measurements, 
including size selective CCN concentration. Brown Carbon and Black Carbon will be measured 
as well as solar radiation fluxes and aerosol optical thickness with CIMEL sunphotometers to 
study radiation balance at the ATTO tower. 
 
Table 6.1.1 - Instrumentation to measure aerosol, trace gases, radiation fluxes and cloud 
properties at the ATTO site. 

Cloud Condensation Nuclei CCN from DMT – 
Droplet Measurement Technology. 

8 levels of Eddy Correlation System – Latent 
and sensible heat fluxes 

Nephelometer from TSI model 3563 Microwave Radiometer 
Particle/Soot Absorption Photometer – PSAP 
– Spectral light absorption 

Downwelling Radiation 

TSI 3776 Condensation Nuclei Counter Shaded Black and White Pyranometer 
Aerodyne Aerosol Chemical Speciation 
Monitor (ACSM) 

Normal Incidence Pyrheliometer 

Photo-Acoustic Soot Spectrometer (PASS-3) 8 levels of 3D Anemometers 
Ultra-High Sensitivity Aerosol Spectrometer 
(UHSAS) 

Vaisala Ceilometer (range ~7 km) 

PTR-MS Real-time VOC Vertically Pointing Cloud Radar (94 or 35 GHz) 
Carbon Monoxide Analyzer from Picarro Total Sky Imager for cloud cover 
Trace Gas – O₃ , SO₂ , NOx Narrow Field of View Radiometer 
Optical particle counter - OPC Precision Infrared Radiometer 
Aethalometer AE33 for Black Carbon Precision Spectral Radiometer 
Single Particle Soot Photometer (SP2) Infrared Thermometer 
Total column of CO, CO2 and CH4 Surface Meteorology 
Cimel Sun Photometer for AOD Barometer 
Micropulse Lidar with Dual Polarization Temperature and Humidity Sensor 
Doppler Cloud Lidar Upwelling Radiation 
Scanning Mobility Particle Sizer (SMPS) Multiangle Absorption Photometer (MAAP) 
Disdrometers (JOSS, Parsivel and Thies) Real  time total carbon analyzer 
SIPAM S-band radar 1290 MHz Radar Wind Profiler (RWP) 

6.1.2- Clouds observation framework at the ATTO tower 

Our general aim is to better understand the processes that modulate the formation of 
shallow convection and its subsequent conversion to deep convection in Central Amazonia, 
and what role do aerosols have in this process. The instruments deployed at the ATTO site will 
include: (1) remote sensing ranging profilers with LIDAR, ceilometer, microwave radiometer, 
thermal infrared imager, and a vertical pointing cloud and rain radars; (2) ground observation 
with disdrometers (JOSS, Parsivel and Thies) and three different meteorological weather 
stations with P, T, RH, wind and radiation; and (3) column integrated measurements including 
a multi filter shadow band radiometer, a Cimel AERONET sunphotometer and a Global 
Navigation Satellite System (GNSS) receiver. 

Continuous and long-term observations such as these, combined with satellite images 
and SIPAM volume scan radar data, enable the characterization of the diurnal cycle of 
different cloud types, convection and precipitation structure and life cycle. For instance, the 
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use of the GNSS stations allowed Adams et al. (2011) to describe the typical pattern of 
afternoon deep convection events. Figure 9 shows an example of PWV time series derived 
from the GNSS station at INPA. It is clear that there is an increase in PWV before the 
precipitation event, a decrease afterwards, and that there are concurrent variations of cloud 
top and surface temperatures. The authors, however, could say very little on the possible role 
played by moisture convergence during the event. This could be tackled by the integrated use 
of all GNSS stations and soundings that will allow precise derivation of the vapor convergence 
and transport while different types of radars observe the formation of deep convection over 
the sites. Vertical profiles of diabatic heating associated with continental and maritime 
convective systems derived from sounding (Yanai et al., 1973) and radar (Schumacher et al., 
2004) measurements, and the connection of heating profiles to the reversal of the large-scale 
wind pattern derived from the radiosonde network, wind profilers, and reanalysis data will 
shed light on how convective heating is linked to moisture transport to central Amazonia. 

Looking at the water vapor content in the atmosphere is only one aspect of the shallow 
to deep transition. At the same time, ceilometers and Lidar will provide the vertical 
thermodynamic profile, distribution of aerosols and position of cloud base/top. This was done 
by Bourayou et al. (2011) with data from CHUVA’s campaign in Fortaleza. They compared 
cloud base heights from MP3000, MRR and LIDAR and found that only the LIDAR gives a 
reasonable measurement. On the other hand, as pointed out by Barbosa et al. (2012), it is very 
hard to translate the time evolution of a single vertical profile to what shall be the horizontal 
distribution of clouds and their instantaneous development stage. This caveat can be 
overcome combining these vertical profiles with the spatial distribution of precipitation from 
SIPAM radar (Giangrande et al. 2013; Kumar et al. 2015; Giangrande et al., 2016). These 
combinations provide mass fluxes of cloud particles and precipitation which are parameters 
more directly comparable to those of cloud models (Kumar et al. 2015). The proposed detailed 
measurements will also be able to address fundamental aspects of aerosol and cloud 
microphysics and can be used to advance our understanding of the aerosol-cloud interactions.  

6.2 – Large scale measurements using ships in western Amazonia 

Western Amazonia is still a region where no systematic atmospheric measurements 
were done, mostly because of difficult logistics.  However, of course is an important region in 
Amazonia, with most of the area consists of untouched forest. In addition, the climatology is 
different from Central and Eastern Amazonia, which could make the forest emissions different 
from the Santarem and Manaus regions, for instance. Figure 6.2.1 below indicates this region, 
and where fluvial measurement campaigns will analyze atmospheric properties. 
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Figure 6.2.1 – Main Rivers in the Western Amazonia, where instrumented boat campaigns will 
analyze atmospheric properties in pristine regions. 
 

The boat for this component will be provided by USP that recently bought a large 
laboratory ship to assist in terms of health the Madeira River population and to do research 
in this difficult to access Amazonia region. The ship belongs to the ICB (Instituto de Ciências 
Biomédicas da USP) is based in Porto Velho, and every 15 days it goes down the Madeira River 
in very undisturbed regions in Western Amazonia. 

 

 
Other boat platform that we plan to use is the new UEA (Universidade Estadual do 

Amazonas), a river research vessel planned from the original project to be research ship for 
Amazonia. The figure bellow shows an illustration of the ship that is under construction in the 
final stage in Manaus, and should be ready in mid-2018. We can alternatively also rent local 
boats in other rivers in the basin to complement measurements for this component of the 
project. The person responsible for this UEA platform is Prof. Rodrigo de Souza. 
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The main objectives of this component will be to characterize VOC emissions and the 

SOA production in this remote region. The very high biodiversity in Amazonia and the species 
dependence of VOC emissions makes necessary to measure atmospheric properties in 
different conditions and regions. We will use this boat of opportunity to expand atmospheric 
studies to Western Amazonia.  The most important instrumentation for this boat campaign 
will be: 1) PTR-MS for VOC measurements; 2) ACSM for organic aerosol characterization; 3)  
SMPS for aerosol size distribution in the range of 7 to 500 nm; 4) Optical properties 
measurements (Nephelometer and Aethalometer); 5) Total organic carbon analyzer, 6) trace 
gases (CO, CO2), 7) Micro pulse Lidar, among others. 

6.4 – Large Scale Measurements using the High Altitude HALO 
plane 

One of the most striking findings from the HALO aircraft campaign during GoAmazon 
was that aerosol particles in Amazonia are produced not at the ground, as in marine and other 
terrestrial ecosystems, but at high altitudes of about 12-14 Km (Wand et al., 2017, Andreae et 
al., 2017). The mechanism for this particle production is not clear, and one of the ideas is 
illustrated in figure 1.6.4, that discuss semivolatile compounds being transported to the upper 
atmosphere by convection, where it condenses due to low temperature. The particles 
produced are processed and oxidized to less volatile compounds and produce particles that 
are brought to the low atmosphere by clouds with active precipitation (Wang et al., 2016, 
Andreae et al., 2017). We will need a special configuration of the plane to measure precursors 
and nanoparticles. 

In order to detail the measurements we plan to do an experiment called Chemistry of 
the Atmosphere: Field Experiment in Brazil - (CAFE-Brazil), that is a partnership between Max 
Planck Institute for Chemistry (coordinator), Karlsruhe Institute of Technology, Research 
Center Jülich, University of Frankfurt, University of Mainz, Centre for Weather Forecasting and 
Climate studies (CPTEC-INPE) and the University of Sao Paulo. We are planning to bring to 
Brazil again the High Altitude Atmospheric Observatory (HALO) G5 airplane.  To study particle 
and trace gas at 14 km altitude, it is necessary to use a platform that can reach such high 
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altitude, and we will use the HALO German plane. This mission has already been approved by 
DLR and HALO Science committee. 

 

 
Figure 6.4.2 – The HALO plane and its configuration to be used in the CAFÉ-Brazil experiment. 
 

 
 The PTR-ToF-MS coupled to the C-ToF-AMS and the ALABAMA instrument will allow 
single and bulk particle organic composition in addition to the precursor VOCs. The APi-ToF-
MS will measure the ELVOCs (extremely low volatility organic compounds), which were 
recently identified to directly produce particles without sulfur or nitrogen compounds. 
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6.5 – Measurements of Amazonian aerosols in Chacaltaya 

Chacaltaya is a unique site, very close to Amazonia (100 km), but at the Andes 
Mountains at 5,240 meters of altitude, where an international team with our Brazilian 
participation is planning a large experiment in 2018 to study the impact of Amazonian aerosols 
into the Andes. The station is located at the Bolivian Andes (16°21.014'S, 68°07.886'W, 5240 
masl). The station is also a WMO Global Atmosphere Watch station under the code CHC/GAW. 
Figure 6.5.1 shows the location of the Chacaltaya station in the Andes and several air mass 
trajectories showing that some of the trajectories came directly from Amazonia that is less 
than 100 km from Chacaltaya. On the same picture on the right, it is possible to observe a 
photo of the sampling station, where aerosol and trace gases will be sampled in an 
international experiment in 2018. The opposite is also true; air mass from Bolivia penetrates 
the Amazon basin. Trajectories histories from several flights during Acridicon-CHUVA show air 
coming directly from the Andes toward the Amazon basin as shown in Figure 6.5.2 (Andreae 
et al. 2017). 

Rose et al. (2015) measured and identified several events of new particle formation in 
Chacaltaya, and they are enhanced for air masses coming from Amazonia, for unknown 
reasons. Recent work from Pérez-Ramírez et al., 2017 analyzing AERONET data from Amazonia 
and the Andes shows clearly the impact of Amazonian aerosols in Chacaltaya. Episodic 
intrusions of air masses from Amazonia shows different single scattering albedo attributed to 
changes in water vapor. 

  
Figure 6.5.1 – Location of the Chacaltaya station in the Andes and several air mass trajectories 
showing that some of the trajectories came directly from Amazonia, that is less than 100 Km 
from Chacaltaya. Right: photo of the station, where aerosol and trace gases will be sampled 
in an international experiment. 
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Figure 6.5.2 – Air mass backtrajectories (up to 5 days) from FLEXPART (“FLEXible PARTicle”) 
Lagrangian Particle Dispersion Model version 9.02 (Stohl et al., 2005) for several leg segments 
of flight AC07 during Acridicon-CHUVA. Air mass position is colored by the value of cloud-top 
temperatures from GOES-13 weather satellite images (Andreae et al., 2017). Location of the 
Chacaltaya station is highlighted by a star symbol in the figure. 

 
Several previous studies shows that Chacaltaya received natural biogenic aerosols 

from Amazonia during the wet season (December to July), and biomass burning during the dry 
season (August-December). The picture in Figure 6.5.3 shows the Chacaltaya station under a 
severe plume of biomass burning aerosol going up to the Andes. The deposition of black 
carbon on the Andes snow could change significantly the surface albedo, increasing 
temperature and melt snow. 

An international team will study the transport and aerosol properties at Chacaltaya 
Station in 2018. The team is led by the Laboratorio de Física de la Atmósfera, IIF-UMSA 
(Marcos Andrade) with the participation of the University of Helsinki (Markku Kulmala), 
University of Grenoble (Paolo Laj), University of Stockholm (Radovan Krejci), University of Sao 
Paulo (Paulo Artaxo), Leibniz Institute for Tropospheric Research (Alfred Wiedensohler) and 
others. The group will deploy a large set of instruments that are shown in Table 6.5.1. In 
particular, an APiTOF-AMS, a CIMS with Figaero inlet and an ACSM will study the composition 
of aerosol and trace gases with high time resolution. A PTR-MS-ToF will measure VOC 
concentrations and several instruments will investigate particle nucleation (NAIS, PSM, and 
SMPS). The Bolivian group lead by Prof. Marcos Andrade will coordinate the operation of this 
large set of measurements. The local Bolivian scientists will be Dr. Ricardo Forno and Dr. Luis 
Blacutt, among others. The team operates the station for more than 5 years already. 
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Figure 6.5.3 – Left: Chacaltaya station under a severe plume of biomass burning aerosol going 
up to the Andes and originated in Amazonia. Right: Air mass trajectories during the dry season, 
showing that part of the complex air mass trajectories are coming from Amazonia. 

 
Table 6.5.1 - Instrumentation to be deployed at Chacaltaya 2018 experiment 

Instrument measured parameter PI Institute 
Hi-Vol Sampler Aerosol Chemistry M. Andrade/J.L. Jaffrezo LFA/CNRS-IRD 
Meteo Station RH,T,P, wind dir & speed M. Andrade /P.Ginot LFA/IRD 
Horiba CO F. Velarde LFA 
Picarro  CO2/CH4/H20/CO M. Andrade/M. Ramonet LFA/CNRS-IRD 
Picarro  CO2 M. Andrade/M. Ramonet LFA/CNRS-IRD 
Thermo O3 M. Andrade/P. Cristofanelli LFA/CNR 
Aurora Neph Aerosol scatt; coef M. Andrade/J. Nicolas LFA/CNRS-IRD 
TSI 3 wav. neph Aerosol scattering Paulo Artaxo Inst. Physics USP 
MAAP Aerosol abs. coef M. Andrade/A. Wiedensohler LFA/TROPOS 
SMPS Aerosol size distribution M. Andrade/Wiedensohler/R. Krejci LFA/TROPOS/SU 
Total CN Aerosol number M. Andrade/Wiedensohler/R. Krejci LFA/TROPOS/SU 
Aethalometer AE31 Aerosol abs. coef M. Andrade/J.Nicolas LFA/CNRS-IRD 
NAIS Ultra-fine particles M. Andrade/ K. Sellegri LAF/CNRS-IRD 
APiTOF AMS Positive and negative ions Federico Bianchi UHEL 
CI-APITOF AMS H2SO4, MSA, HOMs Federico Bianchi UHEL 
PSM ultra fine particles Karine Sellegri  CNRS 
SP2 BC size distribution  Patrick Ginot CNRS-IRD 
ACSM organic/inorganic aerosols Paulo Artaxo Inst. Physics USP 
FIGAERO - CIMS VOCs Claudia Mohr Stockholm 
PTR-ToF-MS VOCs Armin Hansel Innsbruck 

 
AERONET sun photometers in several locations in Amazonia (Porto Velho, Rio Branco 

and low lands Bolivia) as well as in Chacaltaya, La Paz and El Alto will measure aerosol optical 
properties and optical depth. High-resolution modeling with WRF-Chem will derive air mass 
trajectories from Central Amazonia to the Andres. MODIS remote sensing aerosol products as 
well as CALIPSO and MISR will help in the identification of transport episodes from Amazonia 
to Chacaltaya. 
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7 - Bridging Models and Observations 
For a better understanding of cloud life cycle, it is critical that long-term measurements 

of cloud and related atmospheric properties be performed. Therefore, the CLOUDS AND 
MODELING component of this proposal will have an observation framework where continuous 
measurements capable of relating atmospheric thermodynamics, aerosols and cloud 
properties to the diurnal cycle of convection in Central Amazonia will be performed allowing 
for water vapor-cloud-convection-aerosol-climate feedbacks to be investigated. These 
measurements will be carried out at the ATTO tower. 

At the same time, a myriad of physical, chemical and meteorological processes that 
range from the sub micrometer to the continental scale drives the clouds’ life cycle making 
modeling of clouds in Amazonia very challenging. To address this issue models were 
developed to represent different scales, ranging from parcel to meso (or even global) scales. 
Therefore, the adequate representation of the entire life cycle of clouds demands several 
different models, and we propose to use parcel, LES and regional models. Regional models 
(BRAMS and WRF) with various land surface scenarios under different aerosol loads and large-
scale dynamic lateral boundary conditions will also be used to shed light on the scientific 
questions raised in the previous sections. High-resolution simulations will also be used for 
forward and backward trajectories of air parcels to help the interpretation of data collected 
in the ATTO tower as well as in the boat and aircraft measurements component. While 
modeling will serve as research tool for the overall objectives of this proposal, it is expected 
that model improvements will also be obtained by the comparison/validation of model output 
to the special measurements proposed in this project. Tools for model-data comparison will 
be used for this purpose. Models like CR-SIM (Cloud resolving models radar simulator) 
developed by McGill is one of these several tools available to compare model to observation. 
In addition, it has been demonstrated that local vertical profiles of precipitation can be 
combined with scanning radars for convection area representation, and directly model 
comparison (Giangrande et al. 2013, 2016; Kumar et al. 2015). 

7.1 - High Resolution Regional Scale Modeling 

For regional scale modeling, the Brazilian developments on the Regional Atmospheric 
Modeling System (Freitas et al., 2009, 2017) will be used, as well as the WRF-Chem model. 
Among other important features, the BRAMS model is equipped with a simplified 
photochemical module (Freitas et al., 2005) which is intended to perform high-resolution 
simulations of air quality features, especially over urban areas and its vicinities, where 
vehicular and industrial emissions are the main source of pollution. The model also has an 
appropriate parameterization for urban areas. The Town Energy Budget (Masson, 2000), 
which was modified to be compatible with the SPM parameterization and be able to represent 
the vehicular behavior in large urban areas, such as São Paulo and Rio de Janeiro. Most of the 
modifications are described in Freitas et al., 2007. This is a very important feature, since the 
urban area of Manaus is surrounded by large water bodies (Negro and Amazonas rivers), being 
subjected to river breeze circulations. In addition, some evidences show that urban heat island 
effects in Manaus are very dependent on vehicular emissions of heat and moisture. Souza and 
Alvalá (2012) found that the strength of UHI are marked by two periods of the day, being one 
in the morning (around 8:00 Local time) and the other in the afternoon (around 16:00 Local 
time). These hours are coincident with rush hours in many large urban cities and the diurnal 
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cycle presented in the paper (Souza and Alvalá, 2012) fits very well with that characteristic. 
The same cycle is used for latent heat fluxes and for pollutant emissions in the SPM (CO, SO2, 
PM2.5, NOx, and VOC). 

Modeling of the local circulations in the area will be performed with BRAMS, with SPM 
and TEB activated, operating in high spatial resolution (≤ 500 m) to account for the steep 
gradients in a realistic way. BRAMS output will be used to calculate high resolution forward 
and backward trajectories to the ATTO tower, as well as in the Western Amazonia boat 
measurements. An operational version of BRAMS for the area is already running at the 
MASTER Lab at USP with 2 km resolution. 

7.2 High resolution cloud dynamics, aerosol and microphysics 
interactions 

As shown by Camponogara et al (2017) aerosols may impact cloud dynamics through 
complex cloud microphysics processes involving water and ice formation.  Injection of aerosols 
in different levels in the atmosphere by biomass burning or by deep convection (Wang et al, 
2017) is produced by atmospheric large scale circulations that will advect aerosol particles 
over very large distances (Freitas et al 2005). Upon entering a convective system, either 
through cloud base or in specific levels, aerosol may act as CCN and disturb cloud 
microphysical processes.  Depending upon the large scale setting the effect of different 
aerosol features may be different as has been seen in several previous studies. Looking for 
patterns of response in specific situations in the Amazon will be the goal of a series of 
numerical simulations.  Specifically, the efficiency of the collision-coalescence efficiency, and 
the efficiency of ice processes such as  riming are fundamental issues that may be affected by 
the three dimensional nature of aerosol concentration in the cloud environment. The 
efficiency of these processes may actually affect the strength of cloud scale updrafts and 
downdrafts, thus affecting cloud life cycle and rainfall production.  

Patterns of evolution given by models and observations will be addressed through the 
methodology proposed by Cecchini et al (2017). Microphysical processes are analyzed by 
considering the space and time evolution of droplet concentration in the lower part of the 
convective core and up into the transition into the mixed layer. Cecchini et al (2017) 
considered observations of cloud distributions in deep convection in the Amazon represented 
by Gamma functions. The associated parameters are used to define a phase space where 
processes like condensation and collision growth may be analyzed directly.   Generalization of 
this approach will be used based on model parameters related to size distribution of the 
different hydrometeors and their evolution in specific phase spaces defining the life-cycles 
and microphysical processes under different aerosol scenarios. This novel approach will 
potentially highlight and summarize the different microphysical processes at play in a given 
convective core and may be associated with changes in cloud dynamics.  

Simulation with different microphysical parameterization, as well with 3D turbulence 
and different cloud mixing length will also be evaluated.  In cloud resolving models 
microphysics and turbulence parameterization play a very important role and models are very 
sensitivity. The combination of different parameterizations, the observed data from filed 
campaign and model simulators will provide a framework to study the main issues in models 
to reproduce convection in Amazonas. With, the best model adjustment and parameterization 
aerosol-cloud-rainfall interaction will be studied with more confidence and precision. Also 
these model-observation facilities will provide information to understand cloud life cycle, 
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cloud organization, the transition from shallow to deep convection, the effect of the surface 
on cloud formation from cloud to large scale organization and the complex interaction 
deforestation-aerosol-cloud-rainfall. 

8 - Time schedule of the project 
This project is scheduled to start in January-June 2018 and last for 5 years. The team 

already started preparation for this project, since we are deeply involved in the planning for 
the ATTO tower measurements, and other components. In 2018, we will start the ATTO data 
collection and analysis that is planned to continue for the whole duration of the project. In 
2019, we plan to do the boat field campaign in the Western Amazonia, followed by the data 
analysis and modelling component. We will have a large aircraft campaign in 2020. In 2022 
and 2023, we will focus on data analysis, modeling of the measurements and publications. 
Most of ATTO instrumentation was already ordered with funds from other projects. We just 
included here additional essential instrumentation that will be necessary to achieve our goals. 

 
Project Activity 2018 2019 2020 2021 2022 2023 

ATTO tower 
measurements XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 

Analysis and consolidation 
of ATTO measurements  XXXXXX XXXXXX XXXXXX XXXXXX XXXXXX 
Chacaltaya measurement 
campaign XXXXXX XXXXXX     
Development of the 
aerosol-cloud interaction 
modelling component. 

 XXXXXX XXXXXX XXXXXX   

Western Amazonia Boat 
Component  XXXXXX XXXXXX    
ATTO and Boat modeling 
component data analysis   XXXXXX XXXXXX XXXXXX XXXXXX 
Cloud measurements 
integration with modeling   XXXXXX XXXXXX XXXXXX  
Western–Central 
Amazonia Boat 
Component 

   XXXXXX XXXXXX  

CAFÉ-Brazil HALO 
Experiment   XXXXXX    
Data integration HALO and 
ATTO measurements    XXXXXX XXXXXX  

Students thesis defense   XXXXXX XXXXXX XXXXXX XXXXXX 
Publications and scientific 
conference participations    XXXXXX XXXXXX XXXXXX 

 
It is important to emphasize that two of the activities are heavily international in 

nature and depends on difficult logistical issues, some changes in this schedule can happen. 
This is particularly true for the HALO aircraft campaign. The campaign was already approved 
at the DLR and Max Planck level, there are financial resources to bring and operate the plane 
in Brazil, but technical challenges are large, and small displacements in this schedule can 
happen. 
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9 - Expected results and innovation 
 
The large scope of the scientific agenda of this project will allow a better understanding 

of critical issues in tropical forests that has strong impacts far from the Amazonian region.  The 
proposed studies of the effects of aerosols and clouds on the radiation balance can help to 
constrain this critically important area, since there it is difficult to obtain closure of the 
radiation balance at the ground in Amazonia. The photochemistry of tropical areas is another 
area that will also gain from the results of this project, since we will study the mechanisms of 
ozone production from NOx and VOCs emissions from natural biogenic and biomass burning 
emissions. The joint use of LIDAR’s, radiosondes, cloud radars and meteorological radars is a 
powerful tool in tropical area experiments, because it allows a detailed picture of the vertical 
profile of trace gases and aerosols. This will be combined with experiments studying the 
vertical distribution of trace gases and aerosols at the 325 meters ATTO tall tower. This 
powerful combination of measurements will add a critical knowledge on the vertical structure 
of the aerosol-clouds interactions, together with the thermodynamics and dynamical 
atmospheric conditions that are relevant for cloud modeling in tropical regions. We will 
integrate these detailed measurements with the modeling strategy in order to have a more 
comprehensive understanding of tropical forest ecosystems. The cloud and aerosol 
interactions will be integrated in regional models such as WRF-Chem and BRAMS, to increase 
our capability to predict precipitation in tropical areas. 

 

10 – Role of each investigator 
Paulo Artaxo – Overall coordination of the measurement component, responsible for the 

ATTO tower continuous measurements over the 5 years duration of the project, as well 
as to arrange logistics for the Boat experiment in Western Amazonia, the sampling 
campaign in Chacaltaya, and the HALO airplane campaign in 2020. Responsible for the 
AERONET operation and data analysis. 

Maria Assunção Faus da Silva Dias – Overall coordination of the modeling activities, and 
development of the aerosol-cloud interaction component. Integration of the modelling 
component with measurements. 

Luiz Augusto T. Machado – Responsible for the Cloud Radar observations, as well as 
measurements associated to aerosol-cloud interactions. Responsible to collect data 
from the SIPAM Precipitation radar that runs in Manaus. Also responsible for remote 
sensing of clouds and precipitation. Coordinator for the HALO 2020 aircraft campaign. 

Rachel Albrecht – Cloud and Precipitation Radar observations at ATTO, and measurements 
associated with cloud-aerosol-precipitation interactions, as well as their impacts on 
deep convection and cloud electrification. 

Henrique Melo Jorge Barbosa – Responsible for measurements with the Raman Lidar and CCN 
measurements, as well as operation and data analysis with the Polar Nephelometer to 
retrieve optical properties and size distribution from scattering measurements. 
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Luciana Varanda Rizzo – Responsible for the aerosol optical properties measurements and its 
coupling with size distribution and composition. Also responsible for the data 
compilation and data base maintenance. 

Samara Carbone – Responsible for the operation and data analysis of the 4 Aerosol Mass 
Spectrometers that will be run in this project. 

Edmilson Dias de Freitas – responsible for the BRAMS and WRF-Chem modeling simulations 
and integration with the measurements. 

Niro Higuchi – responsible for the ATTO tower operation, and data integration with other 
groups at the INPA and UEA. 

Meinrat O. Andreae – They coordinate the German component of the ATTO tower operation. 
Andi Andreae is also co-responsible for the HALO plane campaign. 

Jos Lelieveld and Meinrat O. Andreae – They are the German coordinators of the CAFÉ 
experiment with the German HALO high altitude plane. 

Hans Christen Hansson, Ilona Riipinen, Radovan Krejci – They will be partners in the 
Chacaltaya experiment as well as in the modeling of aerosol-cloud-VOCs interactions. 

Scot T. Martin – Will collaborate in the VOCs and organic aerosols for the Western Amazonia 
boat experiment. 

José Vanderlei Martins – Will collaborate in the aerosol optical properties, in special the 
measurement of refractive index and other inversion products using the Polar Imaging 
Nephelometer. 

11 – Data management plan and data sharing 
All data collected in this project will be freely distributed and available for the whole 

science community. As part of the LBA experiment, this project follows the open data policy 
of the LBA program for all the components (data from the ATTO tower, Chacaltaya, boat 
experiments and HALO aircraft. As an example, all data from the GoAmazon2014/15 FAPESP 
Thematic project is being shared in our FTP site: http://lfa.if.usp.br/ftp/public/. At the US 
Department of Energy DoE web site, our data as well as all the other large projects that are 
part of the GoAmazon2014/15 is being shared using a common and easy to use data sharing 
platform: http://www.archive.arm.gov/discovery/ .  

For this project, we plan to have a close partnership with Prof. Pedro Luiz Pizzigatti 
Corrêa, from POLI-USP, who is a specialist on data sharing. We plan to use tools developed by 
the group of Pedro Corrêa, based on DataONE initiative to facilitate collaboration on data 
analysis. DataONE focuses on both the research and education, with a cyberinfrastructure that 
supports sharing, conservation, preservation and open access to scientific data. DataONE's 
cyberinfrastructure promotes institutional cooperation with national and international 
coverage, multidisciplinary and interdisciplinary participation. We will also use the ARM 
Climate Research Facility from DoE. The ATTO and Chacaltaya stations are part of the WMO 

http://lfa.if.usp.br/ftp/public/
http://www.archive.arm.gov/discovery/
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Global Atmospheric Watch (GAW) program that also has its own data repository. Our previous 
data from FAPESP projects are stored at the GAW dataset, under the Manaus station name. 

12 – Major existing equipment to be used in this project 
In the last 25 years, several successful FAPESP thematic projects allowed the 

acquisition of several key equipment that were well maintained and are in operation to collect 
and analysis samples for this project. At the ATTO tower, the INPA-MPI collaboration already 
installed most of the instruments. At Chacaltaya, the existing collaborations between 
Bolivians, French, German and Swedish investigators already has in operation a large sweep 
of instruments that will be complemented with the proposal.  At the University of São Paulo, 
some of the available equipment that will be used in this project includes: 

 
1 – Four Aerodyne Aerosol Mass Spectrometers - Aerosol Chemical Speciation Monitors 

(ACSM), 3 of which uses a quadrupole and one a ToF detector. All four will be available 
for this project in all field measurements. 

2 – Ionicon PTR-MS - Proton Transfer Reaction Mass Spectrometer, with a quadrupole for VOC 
measurements. 

3 – Integrating Nephelometers - IFUSP has 3 Aurora and TSI 3 lambdas nephelometers 
4 – Aethalometers – IFUSP has 2 Aethalometers but from an old version (AE10). 
5 – SMPS – Scanning Mobility Particle Sizer – IFUSP has 3 TSI SMPS 3080. 
6 – CCN Counter – Droplet Measurement Technology CCN 100 counter. 
7 - Sunphotometers – IFUSP has 4 CIMEL sunphotometers, and NASA/AERONET provides 

another 5 instruments for a total AERONET network of 7 sites, with some spare 
instruments. 

8 –  X-Ray Fluorescence Analyzer – IFUSP has one PanAnalytical Epsilon 5 XRF analyzer 
9 –  Sunset EC/OC analyzer and associated laboratory. 
10 – Raymetrics Raman Lidar with water vapor channel to measure vertical aerosol 

distribution and water vapor. 
11 – Filter collection systems using Teflon, quartz or Nuclepore filters. 
12 – 1290 MHz Radar Wind Profiler (RWP) – This radar was recently acquired by the ATTO 

project. It is a Doppler radar originally designed to measure the vertical distribution of 
winds in clear air (Bragg scattering) along the planetary boundary layer and lower 
troposphere, but it also measures precipitation if the radar resolution volume contains 
hydrometeors or other scatterers larger than 0.1 mm (Rayleigh scattering). 

 

13 – Major equipment to be acquired in this project 
In addition to the large set of existing instruments, as well as instruments that will be 

provided by our international partners such as CIMS, API-ToF-MS, Figaero-ToF-MS and others, 
we need a few extra equipment listed below. 

 
1 – Vertically Pointing Cloud Radar (94 GHz or 35 GHz) 
 In other to measure vertical distribution of cloud properties, a cloud radar will be 

acquired.  Cloud properties can be measured with millimeter radars such as 35 GHz (8.6 
mm) (e.g., Williams et al. 2016) or 94 GHz (3.2 mm) (e.g., Delanoë et al., 2016) and 
combined with the precipitation measurements of the already available RWP we will be 
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able to study the transition from clouds to precipitation and their interactions with 
aerosols.    

 
2 – Micro Pulse Polarized  Lidar 

This Lidar will measure the vertical profile of aerosol concentrations up to 15 Km, with a 
low altitude (0.3 Km) to start the measurements. It is an instrument with polarization 
and constructed in a way to be deployable in Amazonian conditions. The polarization 
helps separates different types of particles from the particle geometry and composition. 
The data will be instantly processed and available at the MPL Network site. 

 
3 – Magee Scientific Aethalometer AE33 

The Aethalometer AE33 instrument measures the aerosol absorption in 7 wavelengths, 
with a special algorithm to compensate for filter loading. It is a robust instrument. It 
allows to measure the Absorption Angstrom Exponent to help discriminate between 
brown and black carbon. 

 
4 – High resolution Aerosol Mass Monitor 
 This instrument measure the total aerosol mass concentration with high time resolution 

and will complement measurements of SMPS, ACSM, and Aethalometer to obtain mass 
closure. The measure of total aerosol mass with high resolution must be done in parallel 
with the organic aerosol mass and size distribution to allow quantification of aerosol 
mass produced. 

 
5 - Thermo Scientific Partisol 2025i-D 

The Partisol allows the automatic collection of aerosol fine and coarse modes on Teflon 
filters and allow XRF trace element analysis. We can also use Quartz filters to determine 
EC/OC amounts using a Sunset OC/EC analyzer. 
 

6 –  Total Aerosol Carbon Analyzer  
 This new instrument from Magee Scientific allows the measurements of total aerosol 

carbon contents in real time with 30 minutes time resolution. It is essential to 
characterize the dynamics of secondary organic aerosol formation. The instrument is the 
first that if field deployable with no carrier gas needed, what is essential for operation in 
difficult Amazonian conditions. 

7 – High Performance computational cluster 
 Equipment essential for the project modeling component. The air mass trajectory 

calculation system, the regional WRF-Chem modeling and the aerosol-cloud modeling 
component needs a dedicated workstation to the duration of the project. We plan to 
acquire a SGI workstation for this task. 

 

14 – Results from previous FAPESP Thematic projects 
 

Most of the basic team of this project have already worked together in several previous 
large FAPESP thematic projects. In addition, our international partners (Harvard, Stockholm, 
Max Planck etc.) has a long history of successful scientific collaboration along the last 25 years.  
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We had run several FAPESP Thematic projects and we have other projects close to the 
thematic of this proposal. They are: 

1) Thematic project FAPESP 2013/05014-0 – GoAmazon - Interactions between urban and 
forest emissions in Manaus, Amazonia: The Brazilian component of GoAmazon. PI: Paulo 
Eduardo Artaxo Netto, Co-PI: Maria Assunção Faus da Silva Dias – IAG-USP. In the 
completing phase, run from Nov. 2013-Nov. 2017. The project studied the Manaus 
pollution plume and its interaction with the natural biogenic component. In the last 4 years, 
it produced about 120 papers, of which 7 of them in Nature and Nature Comm. More than 
25 students have worked their PhD and MSc using data from the GoAmazon project. 

2) Thematic Project FAPESP 2008/58100-2, Title: AEROCLIMA - Direct and indirect effects of 
aerosols on climate in Amazonia and Pantanal. Period from 01/06/2009 to 31/05/2013. 
We studied the large scale effects of aerosol on the Amazonian radiation budget in 
Amazonia and Pantanal. About 60 papers were published with the results from 
AEROCLIMA, several of them in Science and Nature. 

3) Thematic Project FAPESP 1997/11358-9: Interações físicas e químicas entre a biosfera e a 
atmosfera da Amazônia no experimento LBA, PI: Paulo Artaxo, Co-PI: Maria Assunção F. 
Silva Dias, with a participation of about 18 collaborators, allowed to stablished the LBA 
scientific agenda in several measurements stations in Amazonia, including Santarem, 
Manaus, Porto Velho and Alta Floresta. Period from July 1998 to July 2002. 

4) Thematic project FAPESP 1990/2950-2 - Caracterização de gases e partículas de aerossóis 
da atmosfera Amazônica e seu relacionamento com processos de transporte e emissões 
em queimadas. Period: August 1991 to August 1995. This Project studied the impact of 
biomass burning emissions on atmospheric chemistry in Amazonia. 2 papers on Science in 
1992 and more than 20 publications. The PI was Artaxo. 

5) LBA Millennium Institute - Integração de abordagens do ambiente, uso da terra e dinâmica 
social na Amazônia: as relações homem-ambiente e o desafio da sustentabilidade – 
MilênioLBA2.  The team participated in the two MCT/CNPq Millennium Institutes from 
2001 to 2008, with integrated studies in Amazonia. PI: P. Artaxo. Large interdisciplinary 
team integrated physical processes measurements with socio-economic issues in 
Amazonia. It was responsible for a large number of new PhD students in Amazonia (more 
than 30) and a large number of scientific papers, with more than 80 publications. 
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