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T1 – T4
T1. Apr ’14 (High)

T2. Nov. ‘14 (Low)

T3. Jul ‘15 (Falling)

T4. Feb ‘16 (Rising)

T5 – T6
T5. Nov ‘16 (low)

T6 Apr ‘17 (high)

TROCAS Cruise Transects
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Cross -section ADCP profiles over the 10 transects of 

the Macapá S channel, April 29, 2017. 

Q (m3/s): by ADCP*
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Objective. 1.2. Sampling Period Flow Dynamics: Direct ADCP Measurements  

 There are two primary limitations to the ANA data. The first is that Óbidos is the last gauging station, 

which is the TROCAS beginning point. The second is that the full complexity of the hydrodynamic 

modeling and the interpretation of the multiple 

chemistry datasets requires further information on 

flow properties (depth, velocity, area, etc) and 

those over tidal cycles. Hence the project deployed 

an acoustic Doppler current profiler (ADCP) 

measurements, using a Sontek River Surveyor M9 

Portable nine-beam 3.0 MHz/1.0 MHz/ 0.5 MHz 

ADCP. For the tidal stations of Almeirim, Macapá 

North and Macapá South, ADCP transects were 

performed at approximately 1–2 h intervals for 10–

13 h in order to assess river velocity over the span 

of a tidal cycle and calculate the total Amazon 

River discharge to the ocean.  

The ADCP discharge data can be simply 

visualized by cruise. The mass balance difference between the upstream station and the downstream 

station indicates net gains/losses between each (tributary inputs, floodplain exchange, potential exchange 

via the Breves channel). 

ANA flow records for Óbidos (solid line), 2000-2017, with project sampling dates and 

locations (plotted by discharge of each).     

 

ADCP measured discharge (Q) by cruise (left panel), mass balance % differences as STM50-

Obidos, Almeirim – STM50, and Macapá – Almeirim (right panel). 

GPS unit of Sontek ADCP. Connects to the transducer 

in the water and to computer control (unit on right is 

air-conditioning, not ADCP).    

 

*Acoustic Doppler Current Profiler



On-board processing of samples, from surface 

and depth pumping systems 

Measurement of Chemical Parameters, [C] 

- pCO2/pCH4

- DOC/DIC
- TN
- TSS
- Major ions 
- Nutrients

- Temperature
- pH
- Dissolved O2
- Condutivity

Sawakuchi et al (2017) Frontiers in Marine Science Ward et al (2015) Marine Chemistry



RESP - GROSS PPR

Ward et al (in review, L&O Letters)

Gagne-Maynard et al (2017) Frontiers in Marine Science

pCO2 was linked to river velocity during 

transects performed across the river 

mouth over a tidal cycle (i.e. 12 hrs).

An O2 mass balance from Óbidos to 

Almeirim estimates primary production 

to occur at roughly 25-50% the rate of 

respiration in this reach.



CO2 OUTGASSING

Sawakuchi et al (2017) Frontiers in Marine Science
Sawakuchi et al. (2016) Global Change Biology



Ward et al (2017) Frontiers in Marine Science

Revised global CO2 outgassing budgets
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1. PROJECT MAJOR GOALS AND BACKGROUND   

TROCAS seeks to unravel the sequence of processes and source(s) of terrestrially-derived organic 

matter (OM) that culminate in the immense CO2 outgassing to the atmosphere from tropical rivers 

worldwide, with an immediate focus on the lower Amazon River.  Research is being conducted to 

examine the dynamics of OM sources and sinks that culminate in the production of elevated pCO2 over 

the last 900 km of the Amazon River, framed as Net Ecosystem Exchange (NEE).  The core question is, 

what is the fate of the organic matter that is consumed and how does consumption relate to outgassing of 

CO2? The research directly addresses a surprising conundrum in the global carbon cycle, at the scales 

commensurate with the problem. Recent research rejects the traditional perspective that rivers are simply 

passive pipes exporting material to the ocean. Processes occurring in rivers play a critical role in 

transporting and recycling carbon and nutrients, not only within watersheds but in their marine receiving 

waters.  This paradigm shift results from new knowledge that rivers and other inland waters outgas 

immense quantities of CO2 to the atmosphere. If current estimates of net fluvial fluxes are correct, carbon 

cycling in rivers essentially relocates and/or mitigates almost all of the annual terrestrial carbon 

sequestration. But the underlying mechanisms that drive carbon fluxes, from land to the lower reaches of 

major rivers, to the oceans, remain poorly understood.  

The research being conducted here addresses not only the magnitudes but especially the dynamics of 

carbon, in the vast but essentially uncharacterized ecotone between the lower Amazon, the atmosphere, 

and the ocean. A co-investment by FAPESP and NSF provides an absolutely unique and powerful 

opportunity to address fundamental 

ecosystem science questions, with 

broad impacts.   A unique synchrony 

of cutting edge geochemical, 

biological, and geospatial analyses to 

explore the influence of downstream 

processing on globally-relevant 

geochemical fluxes approaches is 

being deployed seasonally over the 

last 850 km of the Amazon, from 

Óbidos to the mouth. These include 1)  

in situ, instrumented incubator 

systems, 2) measurement of CO2 

fluxes and 
13

C isotopes in floating 

chambers and the incubators  using a 

field-portable isotopic gas analyzer, 3) 

examination of the OM compounds 

fueling respiration, 4) deployment of 

Acoustic Doppler Current Profilers 

(ADCP)  to accurately quantify water 

fluxes in the hydrodynamically-complex study region, 5) remote-sensing of optical properties of the 

water, and 6) development of  coupled  transport/basin hydrology/hydrodynamic  models to provide the 

quantitative context to integrate results into the evaluation of NEE.     

The strategy for this progress report is to build from and integrate the individual units of work in the 

respective topic areas (objectives) that have been accomplished to date, as expressed through the papers 

that have been published, the papers in review/revision, and the manuscripts under advanced 

development. Each topic will start with the lead author and title italicized, and then the direct abstract 

from that work.  Full references are provided in the Publications section. Each section begins with a brief 

summary of the work to date. 

 

TROCAS domain of the lower Amazon, from Óbidos to Macapá, 

from Macapá to the mouth (green), and the approximate extent of 

totally freshwater (blue). 



pCO2 along the lower Amazon River

Large pCO2 increase after Tapajos input

Evidence of increased respiration due to algal 
OM input



Coupled hydrologic-hydrodynamic-biogeochemical modeling

Establishing a Synthetic Model Framework 



Obrigado!!


