Linking Vegetative Cover and Inundation in Amazonian Wetlands with Regional Analyses of Carbon Dynamics (LBA-ECO LC-07)

JERS-1 mosaic of the Amazon basin at high water stage; boundaries of
the Amazon and Tocantins watersheds are shown in yellow. Rectangle
shows central Amazon study quadrat for which dual-season mapping of
vegetation and inundation at 100 m resolution has been completed.

Areas for which inundation mapping from time series of SMMR passive
microwave data has been completed are shown in orange (Amazon main
stem floodplain), red (Roraima-Rupununi savannas), blue (Bolivian Llanos
de Moxos), and green (Bananal wetland). Bright areas on radar mosaic
are flooded forests. Open water, savannas, and deforested areas appear
dark.

JERS-based mapping of wetlands vegetation and inundation at (a)low
water stage (Sept.-Oct. 1995), and (b) high water stage (May-June
1996). Floodplain reaches pictured below are outlined in red.

Mapped classes at three 110 x 90 km sites on the Solimdes-
Amazonas River (a) Mamiraua, near Tefé, (b) Cabaliana, near
Manacapuru, (c) Curuai, near Obidos. Differences in
proportions of habitats are evident. Red lines on high-water
scenes mark floodplain boundaries.
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SATELLITE REMOTE SENSING

1. Basinwide dual-season mapping of wetland inundation and
vegetation at ~100 m resolution using JERS-1 synthetic aperture
radar (SAR) mosaics.

2. High-resolution (~25 m) bimonthly mapping of seasonality of
inundation and wetland vegetation using time series of JERS-1,
Radarsat, and Envisat SAR for representative mesoscale sites.

3. High-resolution (~25 m) calculation of aquatic macrophyte
biomass and net primary production for selected Amazon
mainstem sites using multi-temporal Radarsat and Envisat data.

4. Moderate resolution (~250 m) and high-resolution (~30 m)
determination of seasonal variations in optical properties of
floodplain waters and vegetation using MODIS and Landsat
imagery for Amazon mainstem sites.

5. Low spatial resolution (~25 km) measurements of inundation
extent for floodplains of Amazon mainstem and major tributaries
using passive microwave SMMR and SMMI data.
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Multi-temporal study sites: Cabaliana (CB), Lago Grande (LG), Curuai (CU),
Japura (JP), Jau (JA), Moxos (MX), Bananal (BN), Roraima-Rupununi (RO), Upper
Negro (UN), Amapa (AM), Marajo savanna (MS), Guapore Pantanal (GP), Napo
(NP), Maranon (MR), Ucayali (UC), Uaupes (UP), Casiquiare (CQ), Jurua (JR),
Purus (PR), Iriri (IR), Marajo forest (MF), and Balbina (BA). Sites where field work
is planned are shown in blue.

REGIONAL ESTIMATES OF CO, and CH, EMISSIONS

By combining our satellite-based mapping of seasonal
inundation and vegetation with previously measured emission
rates for key floodplain habitats, we have estimated CO, (in
collaboration with J. Richey) and CH, emissions for the
central Amazon region. These are the first such estimates
based on accurate mapping of inundation and vegetation.
During LBA-ECO Phase I, we will refine and extend these
estimates to other Amazonian wetlands.

CO, Evasion from Waters of the Central Amazon
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Spatially integrated sequences of monthly carbon dioxide evasion for four
hydrographic environments (Amazon mainstem channel, MC; mainstem floodplain,
MF; channels and floodplains of tributaries over 100 m wide, T; streams and
riparian zones less than 100 m wide, S). Shaded regions represent the 67%
confidence interval for the range of values likely in a particular year.
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Spatial distribution of annual net carbon production by aquatic vegetation in
Lago Grande de Monte Alegre, based on a time series of SAR images (Costa
2000).

SCIENCE QUESTION

What are the contributions of wetlands to the carbon
and water cycles of the Amazon basin?

APPROACH
1. Ct ize | variations in inundation and
cover for wetlands throughout the basin

using multi-temporal microwave and optical remote
sensing.

2. Estimate aquatic macrophyte biomass and net primary
pi ivity using active remote sensing.

3. Measure dissolved CO,and CH, and their fluxes for
wetland habitats not previously measured.

4. Provide input to (a) process-based CH, production and
emission model and (b) hydrological, biogeochemical,
and biophysical models being developed in
collaboration with other LBA investigators.

INTEGRATIVE SCIENCE

Calculate regional CO, and CH, emissions based on remote
sensing and field measurements. Collaborators: J. Richey & R.
Victoria

Integrate remote sensing measurements of inundation and
vegetation with process-based model of CH, production and
emission on floodplains. Collaborators: C. Potter & C. Carvalho

Provide inundation estimates for validation of HYDRA hydrologic
model. Collaborators: J. Foley & M. Costa

Improve our understanding of the relation between inundation and
fish yields from the Amazon floodplain. Collaborators: INPA

Provide inundation estimates as input to regional and mesoscale
biophysical models. Collaborators: S. Denning & M. Silva Dias

Provide seasonal inundation mapping to use in conjunction with
measurements from flux tower to be installed in Bananal wetland.
Collaborators: P. Artaxo & H. Rocha

Provide inundation mapping to CO, Budget Regional Airborne
Study (COBRA,) investigators for flight planning and data
interpretation. Collaborators: S. Wofsy & M. Silva Dias; J. Sun &
P. Artaxo
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Digital video survey flightlines for 1997 (low-water stage; yellow)
and 1999 (high-water stage; red).

AIRBORNE REMOTE SENSING

Dual-season videographic surveys of Brazilian Amazon acquired
very high resolution (5 to 150 cm) digital video and laser data,
used to automatically generate geocoded mosaics for training
and validation of wetland mapping. We will continue to analyze
these datasets for wetland sites in Phase II.

AVIRIS and LVIS coverage requested during LBA Airborne
Campaign for Amazon floodplain reaches in order to assess (a)
ability of hyperspectral sensors to detect macrophyte species,
phytoplankton assemblages, suspended sediment

concentrations, and forest phenology; (b) height of floodplain
forest, shrub, and shrubby macrophyte stands. J
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Mosaicked low-water video segment for varzea site near Parintins (top), same
segment at high water stage (middle), and (bottom) enlargement of blue inset,
showing projected ground track of laser altimeter (red) and 100 m UTM grid
(white). A 1-ha validation sample (black square) is centered on randomly
selected point along flightline (marked by X). This sample had mixed cover of
flooded forest and open water at high water stage. Smooth green patches at
lower left of inset are floating grasses at high water, and grass and bare soil at
low water.

FIELD MEASUREMENTS

1. Dissolved CO, and CH, measurements, and floating chamber
measurements of evasion, at Balbina, Jau, Barcelos,
Cabaliana, Curuai, and Lago Grande sites.

2. Structure and biomass measurements of aquatic macrophyte
communities in conjunction with SAR imaging.

3. Field spectrometry of lake and river waters to aid mesoscale
studies at Curuai and in conjunction with LBA Airborne
Campaign.

4. Bathymetric surveys of intensive study sites for validation of
satellite-based mapping.

5. Stand measurements of varzea woody communities to support
LVIS data analysis.

SUMMARY

We will continue our studies of the ecology and biogeochemistry of
Amazon wetlands in the field and with microwave and optical remote
sensing to address important aspects of the regional carbon
dynamics of the Amazon basin by:
. Extending and validating calculations of seasonal variations in
inundation and vegetative cover to wetlands throughout the Amazon
basin using multi-temporal microwave and optical remote sensing
Applying new remote sensing techniques to the estimation of aquatic
macrophyte biomass and net productivity
Measuring dissolved methane and carbon dioxide concentrations
within the Negro basin and in selected habitats of the central Amazon
Improving our understanding of the relationship between inundation
and fish yields of Amazon floodplains and apply the understanding to
regional assessments of floodplain fisheries.
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Our remote sensing of il
entail:

Further analyses of the JERS high and low water mosaic (L-band
synthetic aperture radar (SAR)) complemented with Radarsat and
Envisat (C-band SAR) and optical data (digital videography, Landsat,
MODIS) focused on flooded savannas, palm and shrub swamps and
interfluvial regions.

Analyses of multi-temporal SAR data (JERS, Radarsat, Envisat)
complemented by optical data (digital videography, Landsat, MODIS)
for selected mesoscale areas to determine seasonality in vegetative
cover, inundation and sediment concentrations in floodplain waters.
Extending the time series of monthly inundation for the mainstem
Amazon to the present using passive microwave data (SSMI).
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Our proposed remote sensing and field studies will provide information
essential for the following integrative and modeli ivities:
Calculations of regional carbon dioxide and methane emissions based
on the combination of remotely sensed inundation and wetland
vegetation with measurements of dissolved gas concentrations
(collaborative with LBA-ECO Richey/Victoria team).

Development of a model of methane production and emission in
collaboration with LBA-ECO Potter/Carvalho team.

Incorporate our remotely sensed information into the hydrological /
biogeochemical / biophysical modeling activities of the LBA-ECO
Foley/Costa and Denning/Silva Dias teams.
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