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LBA Synthesis Project: "Spatial and Temporal Distributions of Sources for non-CO2 
Greenhouse Gases (CH4, CO, N2O) and aerosols over Amazônia" 
Principal Investigators: S. C. Wofsy and Daniel J. Jacob, Harvard University;  
Principal Brazilian counterparts (collaborators), Paulo Artaxo (USP), Karla Longo 
(INPE), and Saulo Freitas (INPE) 
 

Motivation for the synthesis 
The non-CO2 greenhouse gases (CH4, CO, N2O) and radiatively active aerosols represent 
major concerns for the US Climate Change Science Program (2003) and the IPCC (IPCC, 
2007). CH4 and N2O together account for almost half of the radiative forcing attributed to 
CO2, and aerosols represent potentially comparable radiative forcing with very large 
uncertainties. CERES and AERONET data imply direct radiative cooling from smoke 
over South America between 30 and 60 Wm-2 [Li et al., 2000; Zhou et al., 2005] with 
potentially larger indirect effects due to physicochemical interactions in cloud forming 
processes. Measurements of CO and hydrocarbons are also integral to understanding the 
sources of greenhouse gases associated with the vast biomass fires of Amazônia, since 
CO is a tracer for the CO2 and aerosols emitted during combustion, as well as for the 
NOx and hydrocarbons that affect a key contributor to radiative forcing, tropospheric O3.  
 

A wealth of data for CO2, non-CO2 greenhouse gases, CO, and aerosol species 
was collected during the LBA-ECO program (1999—2006), both by LBA projects and 
by other studies that leveraged LBA-ECO activities. These observations define the spatial 
and temporal distributions of all of these gases in the Amazon Basin, as summarized in 
part in Table 1. Several papers have used some of these data to derive emissions 
inventories, based on aggregated observations and simple treatments of transport [e.g. 
Miller et al., 2007]. To date these rich, diverse data sets have not been collected into a 
comprehensive data base, inhibiting their use for Basin-wide analysis of sources and 
sinks. The present synthesis proposal will create a comprehensive data base and 
undertake a focused set of synthetic studies using the data. 
 

The first goal of the proposed synthesis activity is to collect in one place all of the 
relevant data that can be obtained, and to create an accessible data archive available 
widely to the scientific community and to the public. The data will reside with other 
LBA archives at the ORNL DAAC (see letter from Bob Cook). 
 

The second goal of the synthesis activity is to produce reliable estimates of the 
budgets for major species at large scale (e.g. Basin-wide), seasonally resolved, 
including CH4, CO, N2O, major classes of aerosols, and selected hydrocarbons. 
These syntheses will give both data providers and the scientific community opportunities 
to use powerful analysis tools to quantify key land surface processes from the data. 
 

Our synthesis studies will employ three complementary frameworks to address 
this goal: (1) inverse model studies with the global chemistry/transport model GEOS-
CHEM [Bey et al., 2001]; (2) high-resolution receptor-oriented studies using the 
Lagrangian Particle Dispersion model STILT [Gerbig et al., 2003; Lin et al., 2003]; and 
(3) high-resolution models based on the Brazilian implementation of RAMS 
(“BRAMS”), using both Eulerian and Langrangian frameworks, tailored specifically for 
Brazil [Freitas et al. 2005]. The work will combine these tools in new ways to deliver 
comprehensive, robust assessments of South American sources/sinks for target species. 
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The modeling work will benefit greatly by having the originators of the data sets 
participating in the activity from the outset. Conversely, the data providers will 
participate as principal authors in the synthetic studies, providing both recognition and 
appropriate incentive to maximize utilization of the data. The synthesis will provide the 
first comprehensive top-down analysis using this diverse data base, enabling policy-
relevant top-down validation and improvement of emission inventories. 
 

Survey of data sets 
 

Table 1 summarizes the diverse sets of data to be collected in this synthesis effort: 
inventoried, organized, documented, checked, and employed in our synthesis modeling. 
Figures 1 – 6 illustrate the data types and characteristics of these data. Fig. 1 shows 
observed speciated concentrations of aerosols during the SMOCC campaign in the dry 
season of 2002 [Fuzzi et al., 2007] and in the wet season of 2008 (AMAZE and 
EUCAARI) (see Table 1). Fig. 2 shows the simulation of boundary-layer aerosol 
concentrations using the CATT-BRAMS model. CATT-BRAMS ingests the GOES fire 
product to estimate sources of speciated smoke aerosols, and then transports the particles 
using the high-resolution assimilated meteorology of the Brazilian implementation of 
RAMS (“BRAMS”) [Freitas et al., 2005; Andreae et al. 2004]. Note the huge emission 
sources in September and October that blanket a sizable fraction of the continent with 
organic aerosols. AIRS data for CO indicate transport to hemispheric scale of significant 
quantities of pollutants from dry-season fires during that time in Amazônia. In contrast 
aerosol concentrations are < 1 µg m-3 during the wet season. The capability of these 
aerosols to affect cloud processes represents a major climate research question (e.g. see 
http://www.seas.harvard.edu/amaze-08). 
 

Fig. 3 shows a sampling of the IPEN/NOAA data set, which has collected and 
analyzed flasks in vertical profiles over Manaus (2004-2008), Santarém (2001-2008), and 
Fortaleza (2001-2004). Note the excess CH4 and N2O in the near the surface, reflecting 
the surface source influence on the profile, and also the C-shape of the profiles, indicating 
the complexity of the circulation. Miller et al. [2007] used isentropic trajectories to 
estimate Basin-wide sources of CH4 from the region. We anticipate an element led by the 
measurement team that will determine sources and sinks of CH4, CO, and N2O using the 
powerful tools participating in our proposed synthesis project. 
 

Fig. 4 shows a selection of data for CH4 from P. Crill and coworkers [do Carmo et 
al., 2006] at the LBA towers near Santarém (km 67, undisturbed; km 83, logged in 2001). 
The nighttime increases imply significant CH4 production in this upland forest. Both 
vertical profiles and direct soil flux data show that the soil is a weak sink for CH4, 
implying a source in the bole and canopy space—possibly due to emissions associated 
with ubiquitous arboreal termites and/or rotting wood and plant matter (do Carmo et al., 
2006]. The associated ecosystem fluxes are similar to those inferred by Miller et al. 
[2007] (Fig. 3b), and with the same unexpected phase (maximum in the dry season). 
 
Modeling Framework 
 

Synthesis of the data sets to infer regional and continental sources and sink will be 
carried out using three modeling components, including Eulerian synthesis inversions and 
Eulerian and Lagrangian forward and adjoint models. 
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I. GEOS-Chem model synthesis studies  
 

We propose to use the GEOS-Chem global chemical transport model to interpret 
the LBA observations for methane, CO, and carbonaceous aerosols in terms of their 
constraints on regional sources in Amazonia, and to integrate the detailed information 
from LBA with the larger scale information from satellites (MOPITT, AIRS, TES, 
SCIAMACHY) for CO, TES and SCIAMACHY for CH4) to provide a broad perspective.  

 

GEOS-Chem is a global Eulerian model used for a wide range of studies in 
atmospheric composition (http://www.as.harvard.edu/ctm/geos). It has been developed by 
Prof. Daniel Jacob and associates over the past 15 years. It is publicly available and has a 
large user community. GEOS-CHEM is driven by GEOS assimilated meteorological data 
from the NASA Global Modeling and Assimilation Office (GMAO). A number of 
previous studies in Professor Jacob’s group have applied GEOS-Chem to the 
interpretation of CO, methane, and carbonaceous aerosol observations in different regions 
of the world (for example Duncan et al. [2007] for CO; J. Wang et al. [2004] for 
methane; Park et al. [2005] for black carbon aerosol; Fu et al. [2008a] for organic 
aerosol). Work with CO in particular has involved synthesis of multiple aircraft and 
satellite datasets in consistent inversion frameworks using GEOS-Chem as a transfer 
platform [Heald et al., 2004; Kopacz et al., 2008]. A nested version of GEOS-Chem with 
high resolution has been used in a number of regional model studies [Y. Wang et al., 
2004; Park et al., 2006; H. Wang et al., 2008]. For the present application we will use a 
nested version of GEOS-Chem with high resolution (0.5ox0.625o) over Amazonia, 
corresponding to the native resolution of the GEOS-5 data, embedded in a coarser global 
domain (4ox5o) to provide dynamic boundary conditions. 
 

Our analyses of the LBA CO and methane data will focus on quantifying regional 
sources in Amazonia and surrounding regions through inverse analyses, and integrating 
satellite observations for CO (MOPITT, AIRS, TES) and methane (TES, SCIAMCHY) in 
this inverse analysis. The inverse analysis will use the adjoint of GEOS-Chem in order to 
constrain the sources with high spatial (and if needed temporal) resolution, as we have 
done previously in an analysis of Asian CO sources using MOPITT data [Kopacz et al., 
2008]. LBA flux data will be used as constraints in the inversion. The integration of the 
LBA data with satellite data will involve two steps: (1) independent comparison of the 
LBA and satellite data with GEOS-Chem, to assess consistency between the data sets; (2) 
independent inversions of sources, to assess consistency and redundancy in the 
constraints on the inversion.  

 

The inverse analysis for CO will build directly on our prior work in Asian outflow 
(TRACE-P aircraft campaign), where we integrated aircraft and satellite data into the 
inverse analyses of regional CO sources [Palmer et al., 2003; Heald et al., 2004; Kopacz 
et al., 2008]. It will also build on our ongoing intercomparison of CO measurements from 
MOPITT, AIRS, and TES using GEOS-Chem as a transfer platform [Kopacz, 2008]. 
Biomass burning dominates the CO source over Amazonia during the fire season and we 
will use the LBA data to better quantify this contribution, drawing on daily fire 
information from MODIS to drive the GEOS-Chem simulation [Turquety et al., 2007]. 
We are also will exploit LBA data to better understand the CO budget over Amazonia 
outside of the burning season. Previous observations in ABLE-2B found that the forest 
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was a significant source of CO [Kirchhoff and Marinho, 1990; Jacob and Wofsy, 1990]. 
The magnitude of this source is, however, highly uncertain, and it is not clear whether it 
originates from oxidation of biogenic VOCs or from direct emissions. Quantifying this 
biogenic source of CO could have significant implications for understanding the carbon 
cycle over Amazonia and for defining the sources of organic aerosol observed during the 
AMAZE experiment. 

 

We will also use the LBA data and GEOS-CHEM to better understand the sources 
of carbonaceous aerosols over Amazonia and their implications for radiative forcing. A 
large combustion source of aerosol is expected during the biomass burning season and we 
will use the LBA data to place constraints on its magnitude and influence, as above for 
CO. Outside of the biomass burning season, the LBA observations show a dominance of 
organic aerosol from biogenic sources. GEOS-Chem includes a state-of-science 
representation of organic aerosol formation from biogenic VOC precursors, with two 
pathways: (1) gas-aerosol partitioning of semi-volatile products of VOC oxidation [Liao 
et al., 2007], and (2) irreversible uptake and oxidation/oligomerization of dicarbonyls by 
aqueous particles [Fu et al., 2008a]. We previously showed that this scheme can 
reproduce at least in a mean sense the organic aerosol concentrations observed over the 
eastern U.S. [Fu et al., 2008b]. We propose here to test it for Amazonia. Biogenic VOC 
sources will be specified with the MEGAN inventory of Guenther et al. [2006], enriched 
with information from the LBA campaign. Primary biological sources made a significant 
contribution to the organic aerosol concentrations observed in LBA and we will seek a 
suitable parameterization for them, probably including a dependence on wind speed. 
Beyond comparison between simulated and observed organic aerosol concentrations, we 
will also compare simulated and observed correlations of organic aerosols with other 
species, taking advantage of the multi-species simulation capability of GEOS-Chem.  
 
II. STILT-BRAMS/STILT-ECMWF 
 

The Stochastic Time Inverted Lagrangian Transport (STILT) model is a 
Lagrangian Particle Dispersion Model (LPDM) that has been developed over the past 8 
years in Professor Wofsy’s group and by scientists in Germany (MPI-Jena), Canada 
(Waterloo University) and industry (AER, Bedford, MA) [Lin et al., 2003, Gerbig et al., 
2003a, b, Matross et al., 2007]. It is publicly available with a growing user community. 
STILT runs forward in time, or time-reversed (when it functions as a receptor-oriented 
adjoint model). It has been used to obtain sources and sinks of CO2 [e.g. Matross et al., 
2007], CO [Miller et al., 2008], and N2O/CH4 [Kort et al., 2008], in regions of North 
America for several time periods. Applications to CO2 data from NOAA tall towers and 
aircraft are currently underway (Hirsch, Andrews, Sweeney), and it is being used in a 
synthesis project, (see http://nacp.ornl.gov/mast-dc/int_synth_greenhouse.shtml ) “North 
American sources of non-CO2 Greenhouse Gases”, analogous to the present proposal.  
 

STILT is capable of using a wide variety of meteorological drivers, including 
GFS, WRF, MM5, ECMWF, RAMS, and BRAMS. As part of the present work, it will be 
coupled to GEOS winds and interfaced with GEOS-CHEM global fields (e.g. as 
boundary conditions), enabling it to function as a receptor-oriented sub-element of 
GEOS-CHEM in addition to independent operation using the high-resolution mesoscale 
products.  
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Given input meteorological data, the STILT model transports ensembles of 100-
1000 particles (air parcels) backwards in time 6-10 days from each receptor point. 
Typically the particles reach the boundary of the domain (all of the continent plus 
adjacent waters out to several thousand km) in that time, where it is assigned an entry or 
background value (to be derived from GEOS-CHEM in this project). For each receptor, 
we calculate the “footprint”, representing the sensitivity of the receptor point to surface 
sources, in units of ppb/(µmol m-2 s-1), by counting the number of particles in a surface-
influenced region (defined as ½ of the estimated PBL height, [Gerbig et al., 2003b]) and 
the time spent in the region (for details, see Lin et al., [2003]).  The footprint is multiplied 
by an a priori emission field) to compute the associated contribution to the mixing ratio 
at the receptor. Turbulent transport in the Planetary Boundary Layer is represented as a 
Markov chain process [Lin et al., 2003]. 
 

Figures 6 and 7 show an example of application of STILT to infer sources of CH4 
and N2O over North America from the COBRA-2003 aircraft data. Roughly 300 flask 
samples were acquired in ~100 hours of flights that traversed North America twice (Fig. 
6). (Ironically, these flights were originally planned for Amazônia and were shifted to 
North America when permissions were not granted by the Brazilian government.) A 
priori emission fields were developed as shown in Fig. 6, using published sources. 
 

For this analysis, we drove STILT with meteorological fields from the Weather 
Research and Forecasting (WRF) model [Skamarock et al., 2005].  We modified WRF to 
output time-averaged mass fluxes (rather than instantaneous advective velocities) to drive 
STILT, which results in very good mass conservation (a critical consideration for surface 
flux estimates), and we also obtained WRF convective mass fluxes to use directly in 
STILT. We employed 40-km resolution in WRF version 2.2 that includes analysis 
nudging to improve meteorological realism.  
 

We fit model results to observations including uncertainty in both x and y to 
ensure unbiased fit parameters [Miller and Tans, 2003]. Results for CH4 were remarkable 
in the point-by-point agreement between simulated and measured mixing ratios (Fig. 7), 
with a fitted slope notably close to one (0.924 ± 0.13), implying a scaling factor for the 
inventory of 1.08 ± 0.15.  Applying the scaling factor to the emissions gives the vertical 
distribution illustrated in Fig. 7; the very good agreement suggests that the WRF-driven 
STILT model is able to accurately connect measurement locations with source regions 
upstream, and thus to faithfully model the vertical distribution of CH4 in the 
atmosphere—a critical indicator of surface emissions.  The agreement above 3km 
indicates that the advected boundary condition was sufficiently accurate.   
 

The fidelity of the model to the observations also suggests accuracy spatial 
distribution of the prior emissions inventory.  Anthropogenic sources dominate the 
inventory in the region that we sampled: fossil fuels, waste handling, and agriculture 
produce 97% of the total modeled enhancement.  Natural wetlands are hardly represented 
(< 3% total modeled enhancement) in our measurements, and so our assessment of the 
inventory is restricted to anthropogenic emissions.  Spatially, we are sensitive to the high 
emissions regions in the northern Midwest and Northeast, but not to the large emissions 
from the gulf coast region (Figs. 6 and 7).  
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Results for N2O are also shown in Fig. 7. Fitting model vs. the EDGAR inventory 
yields a slope of 0.381 ± 0.072 and vs. GEIA (a different N2O inventory) a slope of 0.328 
± 0.065.  Increasing emissions by factors of 2.62 ± 0.50 and 3.05 ± 0.61 for EDGAR and 
GEIA, respectively, optimizes model-measurement agreement but the shape is not as 
well-simulated as for CH4, suggesting less fidelity of the a priori surface flux 
distribution.  The offset above 3 km is likely caused by the upwind boundary condition. 
The results indicate that in early summer current inventories give N2O emissions too low 
by a factor of 2-3 for much of the USA and southern Canada, an error of considerable 
interest in the public arena. 
 
III. CATT-BRAMS 
 

We propose to use the Eulerian chemistry–transport model CCATT-BRAMS (Coupled 
Chemistry-Aerosol-Tracer Transport model to the Brazilian developments on the 
Regional Atmospheric Modeling System, Freitas et al., 2005, 2006, 2007, Longo et al., 
2006, 2007, 2008) to study and provide a high space-time resolution non-CO2 gases and 
aerosols distribution and its linkage with atmospheric dynamics over Amazon basin. 

The CCATT system is on-line and fully coupled with the atmospheric dynamics 
core of BRAMS. The sub-grid transport parameterizations include diffusion in PBL, 
shallow and deep convection and plume rise for biomass burning emissions. The 
atmospheric model has a complex and state-of-the-art set of parameterizations to simulate 
surface-atmosphere exchanges, boundary layer development, cloud microphysics and 
cumulus convection. The radiative parameterization takes into account the interaction 
between aerosol particles and short and long wave radiation. Photolysis rates are 
calculated on-line using FAST-JX and FAST-TUV codes and are fully coupled with the 
aerosol and microphysics modules. The chemistry equation system is solved using 
Rosenbrock methods with dynamic time-step control to keep numerical efficiency, 
stability and accuracy. Sequential and symmetric splitting operator has been used also to 
gain performance allowing the chemistry integration to use large time steps. Dry 
deposition is based on the resistance formulation and is coupled to the surface 
parameterization of the atmospheric model. Wet deposition and scavenging are coupled 
to the cumulus precipitating parameterization. For initial and boundary condition this 
system is able to use any global atmospheric-chemistry space-time varying data through 
Newtonian relaxation.  

For emissions, a full set of published inventories for biogenic, anthropogenic and 
biomass burning are available. The fire source emission term, Q, is derived from the half-
hourly GOES-8 ABBA fire product and field observations. Inside of each grid box of the 
transport model there may be several fires observed by the high-resolution GOES 
imagery, each burning a different type of vegetation. For each fire pixel detected by the 
GOES-8 WF_ABBA, the mass of the emitted tracer is calculated from the product of the 
amount of biomass over the ground (α), the combustion factor (β) and the emission factor 
(EF) for the vegetation type at that pixel [η] during a burning event covering the observed 
area (afire): M[η] = αveg × βveg× EF[η]veg × afire. A fire covering one GOES pixel is set to 
0.14 km2 (from the GOES-8 ABBA database). The instantaneous emission rate is 
assumed to follow a diurnal cycle given by a Gaussian function centered at 17:45 UTC. 



 7

This system has been validated using near surface and airborne measurements 
from SMOCC/2002 and CLAIRE/1998 field campaigns as well as data retrieved from 
AIRS, MOPITT and MODIS sensors. Figs. 8 and 9 show some model evaluations.  
 

The model has also been used to do an assessment of the radiative forcing of 
biomass burning aerosols pointing to a significant impact on the energy budget, with the 
reduction of solar radiation reaching 40% and consequent reductions of the 
evapotranspiration and sensible heat, and increasing on the near surface temperature 
(Figure 10a and b). The effect of the aerosol on precipitation, as a result of the 
thermodynamic stabilization due the direct biomass burning aerosol radiative forcing is 
shown on Figure 11. Over 3-month time integration during the dry season, modeling 
results suggest a reduction about 30 % of the accumulated precipitation (a, b) on the red 
box centered on Rondônia. Looking at the observed climatology between 1979-1995 and 
the observed rainfall for 2002, seems that there was a reduction for this time period. 
However, due scarcity of data on this region, we can not firmly state this reduction  was 
associated to the aerosol effect or a internal variability of the local climate. 
 

Using this system, we propose to develop a very high space-time resolution 
biomass burning emissions estimate based on fire counts and MODIS burnt area as well 
as the fire radiative energy.  A 6 years run over South America of several relevant 
aerosols and gases will be produced as tool for understanding the space-time variability 
and perform budget studies, using the comprehensive data sets from the project. The role 
of aerosols on radiation budget, planetary boundary layer, surface fluxes and hydrological 
cycle will be also addressed. The space-time resolution will be 30 km and 3 hourly, 
respectively. As part of the synthesis, we will carry out an intercomparison between the 
CCATT-BRAMS, STILT-BRAMS, and GEOS-CHEM modeling systems addressing the 
differences of scales, dynamics and physical parameterizations involved. 
 

Summary of Goals and Deliverables of the Proposed Synthesis Activity 
 

The proposed synthesis activity will provide:  
1. A comprehensive data base in uniform, accessible format. The motivation is to bring 
together the rich, diverse data sets for climate relevant species developed during the LBA 
period, either directly in LBA-ECO projects or in the numerous projects that were 
leveraged on LBA-ECO. We anticipate that the data base will be hosted at the ORNL 
DAAC. 
2. Value-added data products (combined time series, data comparisons, spatially explicit 
representations (a.k.a. maps), etc). These products will greatly enhance the accessibility 
of the data to the scientific community, providing a visual framework to stimulate novel 
applications of the data.  
3. Bottom-up inventories with best possible spatial and temporal resolution, 
disaggregated by source type. In order to lay the groundwork for developing synthesis 
products, spatially explicit, time-resolved surface flux inventories will be developed. The 
initial use will be in the proposed syntheses, but the products will have intrinsic value 
and will be included in the data base.  
4. Model studies defining sources, sinks, and exports of major climate-relevant species 
from Amazônia, including CH4, N2O, CO, and aerosols (organic aerosol, elemental 
carbon/black carbon). We will employ three complementary approaches: i. the global 
chemical transport model GEOS-CHEM, with a high-resolution window installed over 
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Amazônia, inverted to obtain surface fluxes either directly or via its adjoint 
representation; ii. the high-resolution, receptor-oriented  STILT Lagrangian Particle 
Dispersion Model; iii. the CATT-BRAMS model from CPTEC, which provides a bridge 
between global and receptor modeling as well as giving an independent representation of 
transport. 
5. Validation and improvement of emissions inventories from the synthesis products at 
various scales from regional to continental, defining emissions of these gases in the LBA 
domain. 
 
The data products of recent and ongoing programs will be the foundation for the results 
from the synthesis. Scientists active in acquiring data in these projects will be key 
collaborators. Each collaborator will have an ownership stake in the products, engendered 
by participation in the workshop and in the work of the synthesis, and in authorship of the 
published products. The high-level goal for our synthesis activity is to facilitate scientific 
utilization of data currently under-utilized and to stimulate involvement in the synthesis 
process of those making the measurements. We intend to provide experimental data to the 
modelers and models to the experimenters.  
 
Management Plan and Schedule of Proposed activities 
 

The duration of the project, 30 months (see below), is scoped to meet the demands 
of diverse data sources widely distributed in Brazil, USA, and Europe (see Participants, 
Table 2). Although all of the Synthesis activities will extend through the project period, 
each of the 5 Deliverables/goals will be emphasized in the corresponding 6-month period. 
Project management will be the joint responsibility of S. Wofsy and D. Jacob, with 
emphasis by Wofsy on the data components and by Jacob on modeling. 

 
Months Schedule of Activities 
01-06  Identify data sets, collect them, begin organizational activities, prepare 

metadata information, initiate website; 1st workshop. 
07-12  Data analysis and comparison, preparation of value-added data products. 
13-18  Refinement of source fields for input to data synthesis models, including fire 

emissions, ecosystem processes, soil processes; preparation of models for 
application in the LBA domain (GEOS-CHEM window, linking STILT to 
GEOS, updating STILT-CATT-BRAMS, archiving GEOS and BRAMS 
products. 

19-24  Inverse model studies, including interactive studies linking different modeling 
frameworks; study teams and specific study designs developed at the 2nd 
workshop. 

25-30  Analysis of the synthesis products and writing of scientific papers. 
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Data sets and Models for the LBA synthesis study 
 
Table 1a. Atmospheric chemistry data sets 

Experiment Location Period Species 
measured Observations 

SMOCC aircraft 
campaign 

South and Western part 
of Amazonia 

September-
October 2002 

CO, NOx, O3, BC, 
aerosols 

Bandeirante 
measurements of 
biomass burning. 

SMOCC ground based 
measurements 

Ji-Paraná, Rondonia, 
Fazenda Nossa 
Senhora Aparecida 
(10° 45" S, 62° 21" W) 

September-
November 
2002 

CO, NOx, O3, BC, 
aerosols 

Pasture site heavilly 
loaded with biomass 
burning 

CLAIRE 2001 Ground 
based measurements  

Balbina 125 km 
northeast of Manaus, 
(−1°55" S, 59°28"W) 

June-July 2001 CO, O3, BC, 
aerosols. 

Wet season natural 
biogenic  components 

CLAIRE 2001 Airborne 
measurements 

Central Amazonia 
region 

July-August 
2001 

CO, O3, CO2, 
CH4, aerosols 

Bandeirante 
measurements 

LBA/CLAIRE-98 
(Cooperative LBA 
Airborne Regional 
Experiment) 

Balbina 125 km 
northeast of Manaus, 
(−1°55" S, 59°28"W) 

Wet season 
1998 

CO, O3, BC, 
aerosols. 

Wet season natural 
biogenic  components 

Continuous 
measurements of 
aerosols  in Santarem 

Santarem (2.9°S, 55"W 2000-2005 
BC, aerosols, 
elemental 
composition  

Continuous ground 
based measurements 
at Km67 in Santarem 

Continuous CO 
measurements  

Santarem (2.9°S, 
55"W), Natal 2001-2006 CO 

Continuous ground 
based measurements 
at Km67 in Santarem 

Continuous aerosol 
measurements  

Alta Floresta (−9.9S, 
−56W), 1992-2000 

BC, aerosols, 
elemental 
composition  

Continuous 
measurements 

Continuous aerosol  
measurements in 
Balbina 

Balbina 125 km 
northeast of Manaus, 
(−1°55" S, 59°28"W) 

2000-2003 
BC, aerosols, 
elemental 
composition 

Continuous 

Measurements in Rio 
Branco, Acre Rio Branco, Acre 2000-2007 O3, BC, aerosols Continuous. 

AMAZE Manaus Jan-March 
2008 

O3, CO, aerosols, 
VOCs, NOx 

Intensive 
measurements 

EUCAARI Manaus March-October 
2008 

BC, aerosols, 
ozone. 

Continuous 
measurements 

Tropical Forest and Fire 
Emissions Experiment: 
TROFFEE 

Mato Grosso, Pará and 
Amazonas 

 August– 
September 
2004. 
 

FTIR: (CH4, CO, 
CH3OH, C2H4, 
C6H5OH, acetone, 
C5H8, HCN, 
C4H4O, NO, NO2, 
HCHO)   aerosols. 

Bandeirante aircraft 
measurements with 
FTIR and PTR-MS. 
references: (Yokelson 
et al., 2006, 2007) 

NASA/AERONET 

8 sites: Santarem, 
Manaus, Rio Branco, Ji 
Paraná, Cuiabá, Alta 
Floresta, Brasília, 
Campo Grande 

1998-2008 
(varies for the 
different sites) 

Aerosol optical 
depth 

Continuous 
measurements for 10 
years 
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Table 1b. non-CO2 Greenhouse Gas Data Sets: 
Dates Campaign Location & Description Gr nd Air Science Focus Ref./PIs 
2001-
2007 

LBA-ECO - STM km 67 and 83, GC 
data for CH4 and N2O 
fluxes and profiles 

Y N Emissions and boundary 
layer concentrations of non-
CO2 GHGs 

Crill, 
Camargo, and 
Keller 

2001-
2007 

LBA-ECO CD-
10 

STM km 67 and Natal, 
hourly  CO 
measurements  

Y N Emission rates and 
boundary layer 
concentrations of non-CO 

Munger and 
Wofsy 

2001-
2005 

LBA-ECO; 
IPEN/NOAA 
CCG 

Fortaleza, STM, Manaus; 
flask vertical profiles, 
CH4, CO, N2O, H2, SF6) 

N Y Vertical profiles, inference 
of regional sources sinks 

Gatti and 
Miller 

2008-
2009 

LBA-BARCA 
(pending) 

CO, CH4, N2O, aerosols, 
CO2 

Y Y Basin-wide 1Hz and flask 
data,  aircraft and ground 

Artaxo, 
Wofsy, Gerbig 

 
Table 1c. Models 
Type Model Name Description Role in Synthesis Principals 
Eulerian GEOS-CHEM Full Chemistry Global 

model, with regional 
resolution (0.3 degrees) 

Forward and inverse simulations 
and analysis on a new high-
resolution mesh in Amazonia 

Jacob, Artaxo, 
Andreae, Martin, 
Munger 

Eulerian CCATT-
BRAMS 
 

Regional Chemical 
Transport model (40 km) 

Simulations of O3, CO, and primary 
aerosols, high resolution  

Longo, Freitas, 
Artaxo, Munger 

Lagrangian STILT-
BRAMS 
 

Regional Source-Transport 
model (40 km) 

Inversion studies of CO, CH4, N2O, 
and primary aerosols 

Longo, Freitas, 
Gerbig, Lin, Gatti, 
Miller, Crill 

Lagrangian STILT-
ECMWF; 
STILT- 
BRAMS 
STILT-WRF 

Regional and Landscape 
scale Source-Transport 
model (nested to 2 km) 

Inversion studies of CO, CH4, N2O, 
and primary aerosols 

Longo, Freitas, 
Gerbig, Gatti, 
Miller, Crill 

 

Table 2. Collaborators in the synthesis activity (non-exclusive/open invitation)  
Brazil Germany USA Canada 

John C. Lin (U. 
Waterloo) 

Paulo Artaxo (USP) 
Karla Longo (CEA-INPE) 
Saulo Freitas (CPTEC-INPE) 
Luciana Gatti (IPEN) 

Christoph Gerbig 
(MPI-Jena) 
 
Andi Andreae (MPI-
Mainz) 

Daniel Jacob (Harvard) 
Scot Martin (Harvard) 
Bill Munger (Harvard) 
John B. Miller (CIRES/NOAA) Sweden 

Patrick Crill (U. 
Stockholm) 

 
Facilities 

The work will be carried out in the home laboratories of the participants and does 
not require special facilities other than general purpose computation that already exists. 
We will need a data server to provide accessible interim data archiving capability, for 
which we have requested a small equipment purchase of $7.5 K (Linux workstation with 
5 Tbytes RAID) to archive the meteorological fields, data sets, and model products 
during the production phase of the synthesis). This server is intended to facilitate 
exchange of large files among the participants, in a flexible, moderate-security 
environment readily accessible to all parties from all continents, and it will provide a 
platform for preparing data sets for archiving at the DAAC. 



Figure 1. Time series of speciated aerosol in Manaus 
during the wet season (AMAZE, 1a) and in Rondônia
during the burning season (LBA SMOCC, 1b). A steady, 
low background of organic aerosol with little EC is observed, 
in the wet season, with 20x higher values, and copious EC,  
in the dry season. TC=Total Carbon; WSOC=Water Soluble 
Organic Carbon; EC=Elemental (black) carbon opbserved in 
2002 [Fuzzi et al., 2007].  

Fig. 2. Smoke aerosols (D < 2.5 µm; µg m-3 ) in the BL 
during SMOCC, covering much of Brazil, obtained by GOES 
ABBA estimates of smoke emissions plus a simulation of 
transport and removal using the CATT- RAMS [Freitas et al., 
2005].

Figure 3b. Mean vertical profiles 
of CH4 across Amazonia, wet vs
dry season [IPEN/NOAA airborne 
flask data]. Miller et al. [2007] 
estimated fluxes averaging 35 ±
23 at SAN and 20 ± 17 mg CH4 
m-2 day-1 at MAN.” using a simple 
transport concept. The inverted 
profile at FTL and the C-shaped 
profile at MAN indicate  complex 
transport processes; the proposed 
project will combine global and 
high-resolution models to address 
the influence of this transport 
complexity on synthesis analysis. 

1b 2

1a

% EC/TC

Figure 3a. Mean vertical profiles of N2O.
(left) from the IPEN/NOAA airborne flask 
data, for 2004-2005 (Manaus) and 2001-2005 
(Santarem, adjusted for the secular increase.  
(right) Time history of Amazônian N2O. Note 
the cross-Basin gradient (~0.2 ppb, o vs ■) 
[L. Gatti and J. Miller, NOAA ftp archive].



Figure 4. CH4 fluxes and concentrations at LBA tower sites in STM (km 67, km 83). (upper left) Daily variations of 
CH4 concentrations at canopy top. Note the larger amplitude in the dry season, indicating larger ecosystem production 
rates. [upper right] Vertical profiles of CH4 and CO2 at km 83, showing the strong surface source and canopy sink of 
CO2 while CH4 originates above the surface, with weak consumption in the soils [lower left] CO2 – CH4 relationships in 
the canopy layer, showing the much greater release of CG4 in the dry season. [Table, lower right],  Ecosystem CH4
fluxes estimated from canopy exchanges. Values [Keller et al., 2005; do Carmo et al., 2006] are very similar to those 
inferred by Miller et al. [2007] from aircraft data (see Fig. 4, above).



Figure 6. North American CH4 sources from the STILT 
LPDM. [upper] Locations of flask collections (+, all altitudes) 
and STILT/WRF footprints, summer 2003. [lower left] 
Distributions of CH4 and N2O emissions from EDGAR-2000 
anthropogenic) and J. Kaplan (natural, CH4 only).

Figure 7. Observed and predicted CH4 [upper], and flux-
weighted footprints from STILT+EDGAR [lower left]. 
Observed, a priori model predictions, and optimized model 
for N2O [lower right]. A priori model fluxes were equal to 
optimized fluxes within error for CH4, but N2O fluxes in the 
data base were too small by factor 2.5 [Kort et al., 2008].

Figure 8a. The long-distance transport of the CO 
plume at 10700 m above surface at 00Z on 9 
September 2002 on the coarse resolution grid 
[Freitas et al., 2005]. AIRS data confirm the presence 
of CO plumes circumnavigating the southern 
hemisphere, such as shown here.

Figure 8b. Time series of the PM2.5 mass concentration (µg 
m−3) as simulated by the model (black) and measured with a 
TEOM-instrument (Tapered Element Oscillating Mass Balance) 
at the surface (gray) at the Ji-Paraná site in Rondônia. An inset 
scatter plot shows a linear regression of the PM2.5 mass 
concentration observed values versus modeled values. Results 
are from the SMOCC experiment in 2002 [Freitas et al., 2005].



Figure 9. CCATT-BRAMS model 
evaluations comparing model 
results with near-surface and 
airborne direct observations and 
satellite products.

9

10a

10b

Figure 10a.: CCATT-BRAMS model 
results for sensible and latent heat 
(mean values for Aug-Sep-Oct/2002 –
1500UTC)and their evaluation against 
observation.
Figure 10b.: Smoke aerosol impact on 
the energy budget and boundary layer 
thermodynamic properties.



Figure 11.: Smoke aerosol 
direct radiative impact on 
the precipitation, as 
simulated by CATT-
BRAMS. By stabilizing the 
atmosphere, the aerosol 
reduces total precipitation 
by more than 30% in 
Rondonia.
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