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INCT-TMCOcean / IRD Memorandum of Understanding on Scientific 

Cooperation on Global Climate and Regional Land Use Changes 

Research - Science Plan 

 

This MoU results form a series of visits by the National Institute of 

Science and Technology on Continent-Ocean Materials Transfer (INCT-

TMCOcean) coordinators, Dr. Luiz Drude de Lacerda and Dra. Rozane Valente 

Marins, to France in September, 2011; when meetings with IRD coordinators 

and researchers (Dr. Abdelfettah Sifeddine; Dr. Bruno Turcq; Dra. Patricia 

Turcq; Dr. Luc Ortlieb, and Dra. Nathalie Lefèvre, researchers of the LOCEAN 

(CNRS-IRD-UPMC-MNHN), as well as Dr. Robert Arfi, Director of the 

Department Environment and Resources (DER) of IRD, were organized. The 

objective of these meetings was to revise existing activities and to identify and 

discuss potential areas of scientific cooperation, particularly in environmental 

research, with emphasis on biogeochemistry, with emphasis on Carbon, global 

climate changes, ocean variability, CO2 and paleo-environmental and 

palaeoclimate analysis, and to establish a science plan for future research and 

capacity building programs between the two scientific networks. 

From the point of view of environmental research, Brazil is characterized 

by its vast dimensions and large range of resources, capabilities and research 

experience. Large-scale and complex bi-lateral research programs can only be 

implemented through the use of regional networks of expertise and resources, 

leading to the accomplishment of better scientific goals and increasing the 

funding success of well designed projects. One fundamental tool should be the 

setup of a human capacity building program based on existing knowledge and 

capacities and on going cooperation programs which, with relatively modest 

resources, would rapidly strengthen the research network, tending to a desired 

critical mass of trained scientists and should allow effectively designing and 

implementing successful regional projects. As a general scientific principle, a 

global approach to ecosystems must be used to achieve a better understanding 

of the processes studied. There is a need to develop methodologies and 

technologies that can be easily used in the region and allow the production of 

databases large enough to study complex environmental processes. As far as 

possible, projects should include modeling aspects which help to synthesize our 

understanding of the processes studied. Then, efforts should be devoted to the 

most sensitive parameters which are likely specific of tropical environments. 

Networks should be developed on an ad hoc basis. Although it is 

recognized that the existence of a database of laboratories, researchers and 

expertise, both at IRD, within its Mixed Units in France and in Brazil, within the 

14 institutions involved in the INCT-TMCOcean (Figure 1) and within the 



Dr. Luiz Drude de Lacerda, (Coordenador) a/c. Instituto de Ciências do Mar, Universidade Federal do Ceará, Av. 
Abolição 3207, Fortaleza, 60.165-081, CE. Tel: 085 33667024; Fax: 33667014; ldrude@pq.cnpq.br 

 

4 

International Laboratory “PALEOTRACES” of IRD formed between Brazil-

France-Chile would be very useful, such an effort, which must be sustained in 

time, is out of reach of the scientific community (www.inct-tmcocean.com.br). 

  

 

Figure 1. Institutional interactions available at the INCT-TMCOcean framework. 

 

Existing association databases should be explored as an alternative. As 

far as possible, the proposed projects should have, at least in part, a regional 

(Latin American) dimension, and global if at all possible. Existing regional 

institutional framework support already exists through IRD regional programs 

(LMI) and through INCT-TMCOcean coordination of the Latin American and 

Caribbean Node of LOICZ, and associated projects. Several specific initiatives 

were proposed and discussed during the meetings in France and we 

summarize them here under tentative thematic project titles.  

 

Records of land use and global climate changes 

Records of land use and global climate changes in the South Atlantic and 

Eastern Pacific have been studied from the reconstruction of the evolution of 

biogeochemical proxies due to natural and human derived activities, available in 

sediment cores, speleothems and coral reefs (See Lacerda et al., 1999; 

Pessenda et al., 2010; Souto et al., 2011; Sifeddine et al., 2008, Gutierrez et al., 

2011). A first step is the better understanding and integration of these records to 

improve the evaluation of the historical human impact trends in the environment 
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(i.e. climate change, pollution, and land use changes). This approach should be 

extended to zones with important human impacts that could lead to relevant 

biogeochemical change records in lakes, dams, coastal lagoons and the coastal 

zone.  

Special attention should be paid to proxies of climate reconstructions, 

biogeochemical alterations due to land use change, rapid agricultural and 

industrial development, damming of rivers and the effect of environmental 

policies on reduction (or not) of erosion and material fluxes. Major topics should 

include changes in sedimentation dynamics in depositional environments, burial 

and/or remobilization of Carbon in flood plains, the dynamics, mobility and 

bioavailability of pollutants, mostly those globally transported and of high 

environmental concern, such as Hg, and which could also be use as proxies of 

environmental change drivers and records of the magnitude of their past fluxes.  

An effort should be made, at the regional level, to synthesize published 

results as well as apply different technique to available samples (e.g. using Hg 

as a proxy to temperature changes as determined by coral reefs core analysis; 

cross-checking dating techniques and procedures). This may be better obtained 

by establishing a task force to review the existing data, prepare a publishable 

report and/or policy papers, and study ways of integration among the existing 

database . 

 

Coastal ecosystems dynamics as analogues of future Climate Change 

All climate projections indicate that the global earth surface temperature 

will increase by 3 - 6 ºC by 2100. This will be accompanied in many areas by 

decreasing rainfall, such as the case in the semi-arid coast of Northeastern 

Brazil (Moncunil, 2006) and, therefore, water shortage, in particular under arid 

and semi-arid climates and at the continent-ocean interface. Also, changing El 

Ninõ/La Niña strength, forecasted in some climate change scenario, will also 

result in significant impacts on coastal semi-arid ecosystems, and other marine 

ecosystems as has been demonstrated by the dynamics of coastal sand dunes 

in NE Brazil  and on deep sea corals (Maia et al., 2005; Evangelista et al., 2007; 

Mangini et al., 2010). Future conditions of some tropical coastal ecosystems at 

the global level can be found in coastal ecosystems under semi-arid climate, 

which have naturally adapted to runoff shortage conditions and increasing 

saline intrusion. Increasing extension of mangrove ecosystems in NE Brazil is 

an example of such response (Lacerda et al., 2007). A careful analysis and 

understanding of these ecosystems, by using advanced methodologies such as 

the use of remote sensing techniques, coupled with dating and geochemical 

interpretation of sedimentary records, can provide clues for adaptation to 

climate change in the future as well as in other similar regions.  

In regions of weak tectonic activity, salt-marshes (under temperate 

climate) and mangroves (under tropical and subtropical climates) accretion can 
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be good indicators of sea-level rise. A selection of salt-marshes and mangrove 

settings, for which good geological knowledge exists, could be used as regional 

network of sea level rise records. Similarly, some mangroves in northern Brazil 

and French Guiana, for example, have also been the subject of sea-level 

change studies using radioisotopes as tracers (Al-Numairy et al., 1993; Smoak 

& Patchineelam, 1999; Lara et al., 2002; Sanders et al., 2008), which showed a 

rapid response of mangroves to relative seas level change. The network results 

can be checked against direct measurements with tide gauges, where available 

and trends observed in the last 100 years could be used to validate climate 

model projections in the region (regional coupled ocean-atmosphere models). 

A similar reasoning could be used to propose other ecosystems in South 

America as analogues of tropical ecosystems in the future. The theme 

addresses terrestrial, aquatic and marine ecosystems, by studying the 

ecosystem functioning from the terrestrial catchments (notably erosion 

processes), through the coastal zone to the open ocean.   

 

Physical interaction between the continental shelf and estuaries  

A decreasing freshwater supply to the ocean due to damming of rivers 

draining into the semi-arid coast of Brazil has modified the current circulation 

and tidal wave propagation patterns in the estuaries draining this coastline. It is 

possible that modification of the thermohaline structure of the continental shelf 

is also being altered. Thus, changes in land use may affect both the estuarine 

system and the continental shelf dynamics. To better understand this 

phenomenon Soares & Castro (1996) and Dias (2011) built a numerical model 

to study the response of continental shelf water masses to wind forcing. This 

showed that raising sea level and strengthening surface currents may occur 

close to shore affecting the transfer of material from the estuaries to the coastal 

waters. More recently a link has been suggested between the rapid increase in 

the heat content of the South Atlantic Ocean (Lee et al., 2011), the 

strengthening of the Agulhas leakage (Beal et al., 2011) and choking of coastal 

waters in NE Brazil and simultaneous increase of the residence time of water 

masses within estuary, with a direct impact on the mobilization of accumulated 

substances, in particular mercury and carbon (Lacerda, 2007). Also, the 

increasing heat content of the South Atlantic has been linked to changing 

emission/deposition rates at the sea-air interface, in particular of Hg (Slemr et 

al., 2011). Since wind strength is high seasonal at the NE coast, it is possible 

that a seasonal pattern due to modifications of the water dynamics at the 

continental shelf also occur. Therefore, based on theses theoretical scenarios, 

some questions need to be answered to proper understand the transport 

through the land-sea interface. How does the changing of transport and water 

masses patterns relate to wind variability? How this interacts with other forces 

such as river flux of water and sediments? And is there any effect on the 
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distribution of materials through the continental shelf? Is there a direct link 

between the increasing heat accumulation of the Atlantic Ocean and the 

hydrodynamics of estuaries in NE Brazil? On the other hand there may be a link 

between this continental shelf processes and the intensification of saline 

intrusion mainly during periods of sever drought. These aspects may be 

assessed through the monitoring of the physical dynamics of the continental 

shelf simultaneously to flux studies NE Brazil rivers, where an existing detailed 

history of data sets will facilitate answering those questions. 

 

Origin, degradation, preservation and mobilization of organic carbon at 

the continent-ocean interface 

The information on material fluxes across the land-sea interface is mainly 

restricted to larger river systems. However, recent research has shown that 

non-point sources along large stretches of coastline can be significant on a 

regional and global scale (Dittmar et al., 2006). Coastal outwelling, i.e. the 

transport of material out of the intertidal zones into the ocean, along with 

riverine fluxes, is probably the most significant source of terrigenous organic 

matter to the world oceans. Marine dissolved organic matter (DOM) is one of 

the largest reservoirs of organic carbon at the Earth’s surface, but the dynamics 

of this reservoir remain poorly constrained especially at the land-sea interface. 

The high productivity of intertidal ecosystems, combined with efficient water and 

material exchange, makes the intertidal zone exceptionally important for the flux 

of terrigenous organic compounds to the ocean. Dittmar et al. (2006) estimated 

that >10% of the terrestrial DOM fluxes to the world oceans are derived from 

mangroves alone, while they cover only <0.1% of the continents’ surface. Salt 

marshes can also export extraordinarily high proportions of their net primary 

production to the ocean (e.g. Pakulski 1986). Outwelling from southeastern U.S. 

salt marshes probably contributes DOC to the continental shelf in amounts 

similar to that of rivers (Williams et al., 1992; Moran and Hodson, 1994). For 

example, a rough global estimate of the potential DOM-outwelling from salt 

marshes, assuming an average DOM production rate of 6 mol-C·m2·y-1 which is 

approximately 10% of the mean aboveground primary production of the major 

salt marsh species (Hsieh, 1997), results in a global annual DOM outwelling 

from salt marshes worldwide of approximately 2.3×1012 mol-C y-1, which is 

equivalent to the Amazon River DOC discharge or 10% of the annual land-

ocean flux of DOC. When mangroves are brought to this scenario DOM fluxes 

from inter-tidal coastal ecosystems can thoroughly affect the fate of Carbon in 

coastal areas. 

The amount and impact of this outwelling process from intertidal zones 

has hitherto not been adequately quantified and is not well understood. Our first 

estimates show that coastal outwelling from mangroves and salt marshes 

probably play a significant role in the global carbon cycle. This observation 
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gains particular relevance in light of the rapid destruction of intertidal 

environments. Twenty-one percent (21%) of the world’s population lives within 

30 km of the coast (Gommes et al., 1997), making coastal development, 

aquaculture, and water management the prime causes for direct destruction of 

coastal wetlands. In addition, if rates of global sea level rise increase, it is 

unlikely that natural succession can be sustained (Morris et al., 2002; 2005). 

Therefore, coastal outwelling must be better understood in order to assess the 

changing role of salt marshes in the global carbon cycle.  

Coastal outwelling is different in several aspects from fluvial transport. 

While river mouths often act as a point-source destination for continental 

materials onto the shelf, intertidal zones generally accommodate highly 

productive ecosystems covering broad geographic areas. The complex 

geomorphology of tidal creek systems resembles a fractal geometry in which a 

high proportion of the sediment surface is exposed to tidal waters (Fagherazzi 

and Sun, 2004; Mudd et al., 2004; D’Alapaos et al., 2005). As a result, material 

exchange in intertidal zones is far more efficient compared to terrestrial 

ecosystems (e.g. Dittmar and Lara, 2001). Overall, a comparatively high 

proportion of net primary production is introduced to the ocean, whereas in 

terrestrial ecosystems most of it accumulates or is respired in soils. In fact, 

dissolved organic matter has been referred to as the soil of the sea (Hansell 

and Carlson, 2002). In mangroves, about 50% of net primary production is 

exported as organic matter to the ocean (Robertson et al., 1992; Dittmar and 

Lara, 2001; Dittmar et al., 2001; Jennerjahn and Ittekkot, 2002) which is almost 

two orders of magnitude higher than the global average for terrestrial 

ecosystems (0.7%; Spitzy and Leenheer, 1991).  

The impact of outwelling on coastal and marine environments depends 

not only on the quantity of the exported organic matter but also on its 

bioavailability and chemical stability in the aquatic environment. Outwelling of 

labile compounds promotes bacterial production within the intertidal and shelf 

environments. Semi-labile to refractory compounds, on the other hand, can be 

transported via currents across the continental shelves and impact marine 

biogeochemical cycles on scales far beyond the coastal margin (Moran and 

Hodson, 1994; Vlahos et al., 2002; Dittmar et al., 2006). Coastal outwelling may 

affect food webs of entire shelves with extensive economic consequences, e.g. 

on regional fisheries. For example, the continental flux of DOM is one of the 

major sources of reduced nitrogen to the ocean, and it is the availability of 

nitrogen that often limits phytoplankton growth in the euphotic zone. The 

occurrence of toxic algae blooms may also be associated with the availability of 

DOM (Anderson, 2002). Furthermore, many trace elements form stable 

complexes with natural organic matter, which links the dynamics of essential 

trace nutrients, such as iron, or toxic elements, like mercury, to the flux and 

turnover dynamics of DOM. 
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To identify the major source terms of DOM we will employ different 

molecular tools. Lignin is produced only by vascular plants and can thus be 

used as a tracer to distinguish between vascular and algal DOC (Lobbes et al., 

2000; Dittmar et al., 2001). Dittmar et al., (2001) used the lignin tracer in a 

three-source mixing model for a mangrove estuary in Northern Brazil to 

distinguish mangrove-derived DOM from other terrestrial and aquatic sources. 

Lignin patterns of litter, particulate organic material (POM) and DOM were 

highly different, although they all derived from a single source, Rhizophora 

mangle (Dittmar and Lara, 2001). The compositional differences could be 

attributed to different pathways of release, degradation and transport to the 

estuary.  

 The ocean margin, from the land to the edge of the continental 

slope, is a zone of intense biogeochemical interactions. It is in this zone that the 

particulate burden carried by rivers encounters seawater, hydraulic gradients 

permit sub-tidal discharge of groundwater to the coastal ocean, organic carbon 

cycling is well developed and scavenging of reactive chemical species is 

intense. Determining the fluxes associated with these processes is often 

difficult, but natural radionuclides form a group of collective tracers that are 

useful in this regard.  

The role of soils, water and sediments as carbon sinks under a Global 

Change scenario are an important contribution to the Climate Sciences. Several 

radionuclides can be used to quantify the relevant processes, such as 210Pb, 
7Be, 234Th and radiocarbon. Important scientific questions to address are i) the 

short term transport of C associated to particles, ii) the accumulation of C with 

soils and sediments, iii) the long-term preservation of C with buried soils and 

sediments and iv) the role of sediment remobilization to release C and other 

substances (such as nutrients) to the water column. The ultimate objective is to 

provide total balance of C in key ecosystems such as dry lands, tropical forests, 

coastal lagoons, etc. It is also possible to follow the evolution of C burial by 

coupling radiocarbon with 210Pb, 7Be and 234Th in sediment cores from the 

continental shelf, which will also serve as a proxy to anomalies in continental 

runoff. 

 

Carbon dioxide fluxes in coastal and ocean environments 

 

 Carbon dioxide fluxes at the air-sea interface are affected by physical 

processes (ocean circulation, changes in temperature, salinity) and biological 

activity (nutrients supply, photosynthesis, respiration, calcification). The 

increase of CO2 in the atmosphere leads to an increase of oceanic CO2, which 

has consequences on the marine biota (e.g. acidification). It is highly probable 

that effects on fluxes and on the consequent trophic status of marine areas are 

already occurring with direct impacts on ocean biogeochemistry, including 
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acidification, bioavailability of toxic substances and their fluxes and some 

sedimentary processes.  

Observational CO2 monitoring programs are already in place at 

international level (e.g. European project CARBOCHANGE) to better estimate 

the air-sea CO2 flux at a seasonal scale. Attempts are made to produce 

synoptic maps of the CO2 flux at basin scale (Watson et al., 2009).  

In order to derive observationally constrained estimates of sea-surface 

CO2 fluxes for the SWTA, the suite of atmospheric CO2 mixing ratios, surface 

ocean fCO2 together with meteorological data and remote sensing information 

should be merged in a data assimilation framework that inverts observed 

atmospheric mixing ratios of CO2 to provide a posteriori estimates of surface 

CO2 fluxes. Surface fCO2 measurements from buoys and ships can be 

extrapolated to the basin of interest using ocean model and remote sensing 

information and combined with assimilated winds to produce a priori estimates 

of surface CO2 exchange. Surface fluxes can then be combined with 

atmospheric transport models to predict atmospheric mixing ratios and will be 

compared to the observed atmospheric CO2 mixing ratios at selected sites 

along the Tropical Western Atlantic Ocean. Both forward model approaches and 

inverse approaches where observed concentrations are combined with 

backward trajectory models as a constraint for optimizing parameters that drive 

the surface flux estimates can be used. This data assimilation approach has 

been successfully used to derive estimates of regional to continental scale land-

surface CO2 fluxes in North America (Matross et al., 2006) and is the basis for 

analysis of observations across the Amazon Basin (LBA/BARCA), for example. 

Coupled to CO2 studies, natural radionuclides of the uranium decay series 

have been widely used in to study of chemical scavenging processes and 

particle transport in marine environments. In the oceanic water column, 234Th 

(half-life= 24 days) is produced in solution from decay of dissolved 238U and can 

rapidly scavenged onto particles.  For such reasons, this tracer can be used to 

estimate fluxes of particulate organic carbon. Measurement of the POC/234Th 

ratio and C on the particles is combined with 234Th flux to estimate the sinking 

flux of terrestrial and marine POC. Two complementary approaches have been 

used to quantify the flux of carbon and sinking particles in the oceans. First, 

falling particles are collected with large conical or cylindrical traps. Second, 

information has been gathered based on abundances of natural radionuclides in 

seawater and suspended matter.  

The two approaches (CO2 flux measurements and radionuclide tracing of 

Carbon scavenging) can be applied together to create a scenario of the effects 

of regional and global climate changes on the Carbon biogeochemistry in the 

South Western Tropical Atlantic Ocean. 
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Institutional framework 

The present Science Plan is to be supported by the INCT-TMCOcean and 

IRD networks. The high level of excellence of the involved institutions both 

scientifically and in capacity building will be integrated to maximize human 

resources formation and interdisciplinary scientific advances.  

Some of the themes are shared within the objectives of the Rede Clima, 

Sub-Rede Clima & Oceanos, from the Ministry of Science and Technology of 

Brazil, which will follow up some of the activities. On going cooperation program 

with IRD on ocean biogeochemistry will also be eventually involved in the 

proposed scientific activities, such as the Climate Change and Natural 

Disasters: Toward an Observation and Modeling Platform for Regional Analysis 

of Climate Change Impacts (CLADIS): Mudanças, Variabilidade e Tendências 

do Clima no Passado, Presente e Futuro e Desastres Naturais nas Regiões 

Tropicais e Subtropicais do Brasil: Observações e Modelagem: PRIMO, 

proposal submitted to CNPq with support from the INCT-TMCOcean. Other 

ongoing scientific agreements between INCT-TMCOcean and LOICZ 

(www.loicz.org) and with the IAEA (www.inct-tmcocean.com.br), will provide 

specific facilities and research opportunities. The IRD-CNPq project 

ITHHATropical will develop the CO2 capabilities in Brazil and contribute to the 

international CO2 network in the Atlantic Ocean.  

Training facilities, both formal (Faculty Degrees) or dedicated to specific 

areas or tasks, will be provided by the existing institutions already working 

together in human capacity building within the INCT-TMCOcean framework.  

The IRD through its joint research unit LOCEAN, ALYSES platform 

laboratories and International Mixed Laboratory in Brazil (i.e. PALEOTRACES), 

established during the past 20 years a strong research network in Brazil, always 

counting on the cooperation and collaboration with Brazilian institutions. In this 

way IRD has significantly contributed to the expansion and development of the 

thematic related with past, present and future climate and its impacts on 

continental and marine ecosystems. This cooperative science plan between the 

INCT-TMCOcean and IRD aims at strengthening the academic activities 

already on going involving the two research groups, thus allowing the exchange 

between researchers/teachers of Brazilian and French institutions respectively. 

Within this cooperative project, the IRD will also encourage the training program 

of undergraduate, graduate and Post-Doc from Brazil in France, which will allow 

sharing experiences and reinforcement the scientific formation.  
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Fortaleza, 2 de Outubro de 2011 

 

 

 

Prezados Drs. José Antonio Marengo Orsini e Abdelfettah Sifeddine 

 

 Como é de seu conhecimento, o “Instituto Nacional de Ciência e 

Tecnologia sobre Transferência de Materiais na Interface Continente-Oceano” 

busca desenvolver uma agenda científica relevante que, entre outros aspectos, 

estuda algumas respostas da zona costeira às mudanças climáticas globais e 

objetiva contribuir para a criação de uma capacidade adaptativa das cadeias 

produtivas locais aos efeitos de tais mudanças sobre a zona costeira.  

 

 Tomei conhecimento de sua proposta de cooperação internacional 

CLimate chAnge and natural DISasters: Toward an observation and 

modeling platform for regional analysis of climate change impacts 

(CLADIS): Mudanças, variabilidade e tendências do clima no passado, 

Presente e futuro e desastres naturais nas Regiões Tropicais e Subtropicais do 

BrasIl: observações e MOdelagem: PRIMO, submetida ao CNPq. 

 

Há um enorme potencial de colaboração com nosso Instituto. Portanto, 

quero expressar que o “Instituto Nacional Transferência de Materiais na 

Interface Continente-Oceano” gostaria de manter estreita colaboração com seu 

projeto, inclusive criando mecanismo de coordenação de alto nível e apoiando 

suas atividades no âmbito d suas atividades. 

 

 

Atenciosamente, 

 

 

LDL 
 

Luiz Drude de Lacerda 

 

Coordenador do Instituto Nacional de Ciência e Tecnologia de Transferência de 

Materiais Continente-Oceano - CNPq 
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