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Resumo

A bacia do Rio Araguaia esta localizada no Brasil Central e apresenta uma ampla
diversidade de paisagens naturais, além de comportar uma importante zona de transicao
entre os biomas Cerrado e Amaz6nia. Uma grande planicie aluvial se estende por todo o
médio Araguaia, onde se forma a maior ilha fluvial do mundo e um conjunto de areas
Umidas que sdo essenciais na regulacdo do balanco hidrico e climatico, e para a
biodiversidade local. No Brasil, essas areas tém sido constantemente ameagadas
principalmente devido a expansdo da fronteira agricola e do desmatamento, associados a
emissdes significativas de dioxido de carbono para atmosfera. O monitoramento e a
deteccdo de mudancgas ambientais se tornam cada vez mais amplos, no entanto, pouco se
sabe sobre a variabilidade espaco-temporal do ciclo do carbono nessas areas. A
produtividade primaria da vegetacdo € um dos processos mais relevantes para avaliar o
balanco global de carbono e mudancas climaticas em escala regional e global, podendo
ser estimada através de dados de sensoriamento remoto. O objetivo deste estudo foi
compreender o papel do relevo e da cobertura da terra sobre a sazonalidade anual da
produtividade priméria bruta na bacia do Araguaia. Os dados primarios corresponderam
aos dados topograficos, mapa de cobertura da terra e os dados de produtividade primaria
bruta (GPP) gerados a partir de uma série temporal de 15 anos do produto MOD17A2HV6
do sensor Moderate Resolution Imaging Spectroradiometer (MODIS). Observamos que
as pastagens apresentam distribuicdo ampla e heterogénea em toda a bacia do rio
Araguaia, enquanto as areas agricolas concentram-se principalmente em topografias
relativamente antigas, altas e planas, que podem representar um fator negativo para a
conservacdo da regido. FormacgOes campestres e savanicas apresentam menor
contribuicdo para o montante de sequestro de carbono, porém boa parte dos estoques de
carbono no bioma Cerrado ndo se encontra no compartimento aéreo da vegetagdo, o que
podera ser abordado em estudos futuros. As areas florestais apresentaram as maiores
médias anuais de GPP ao longo do periodo, provando ser uma componente chave para

estimar o sequestro de carbono em escalas regionais e globais.

Palavras-chave: paisagem; dindmica de carbono; sazonalidade; séries temporais.



Abstract

The Araguaia River Basin is located in Central Brazil and presents a wide
diversity of natural landscapes, as well as an important transition zone between the
Cerrado and Amazon biomes. A large alluvial plain extends throughout the middle
Araguaia, where the largest fluvial island in the world is formed and a set of wetlands that
are essential in regulating the water and climate balance, and for local biodiversity. In
Brazil, these areas have been constantly under threat mainly due to the expansion of the
agricultural frontier and deforestation associated with significant emissions of carbon
dioxide to the atmosphere. The monitoring and detection of environmental changes
become increasingly large, however, little is known about the space-time variability of
the carbon cycle in these areas. The primary productivity of vegetation is one of the most
relevant processes to assess global carbon balance and climate change on a regional and
global scale and can be estimated through remote sensing data. The objective of this study
was to understand the role of relief and land cover on the annual seasonality of gross
primary productivity in the Araguaia basin. The primary data corresponded to
topographic data, land cover map, and gross primary productivity (GPP) data generated
from a 15-year time series of the MODIS2A2HV6 product of the Moderate Resolution
Imaging Spectroradiometer (MODIS) sensor. We observed that pastures present a wide
and heterogeneous distribution throughout the Araguaia river basin, while the agricultural
areas are mainly concentrated in relatively old, high and flat topographies, which may
represent a negative factor for the conservation of the region. Field and savanna
formations present less contribution to the amount of carbon sequestration, but a good
part of the carbon stocks in the Cerrado biome are not found in the aerial compartment of
the vegetation, which may be addressed in future studies. Forest areas presented the
highest annual mean GPPs over the period, proving to be a key component for estimating

carbon sequestration at regional and global scales.

Keywords: landscape; carbon dynamics; seasonality; temporal series.
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CAPITULO 1 - CONTEXTUALIZACAO

A Amazonia e o Cerrado sdo os dois maiores biomas da América do Sul, ocupando
juntos mais de 6 milhdes de km2 com elevada biodiversidade, paisagens heterogéneas e
importantes bacias hidrogréaficas, com destaque para as bacias Amazénica e Tocantins-
Araguaia (ANA, 2015). Nessas regides hidrogréficas, sdo encontradas grandes areas
Umidas, associadas as transi¢des entre ambientes aquaticos e terrestres nas bacias de
drenagem dos grandes rios, com suas maiores areas concentradas nas faixas tropical e
subtropical (NEIFF, 2001). Esses ecossistemas sdo importantes por abrigarem extensas
cadeias alimentares e uma rica biodiversidade (ROLON e MALTCHIK, 2006) e padrdes
fenoldgicos ciclicos fortemente relacionados com pulsos hidrolégicos em diferentes
escalas espaciais e temporais (GOPAL, 1994; NEIFF, 1996, 1999; JUNK et al., 1989;
NAIMAN et al., 1989).

Apesar de serem essenciais na regulacdo do regime hidroldgico regional e na
conservacdo da biodiversidade (GETZNER, 2002; JUNK et al., 2014), essas zonas
umidas perderam aproximadamente metade das areas Umidas do mundo em funcéo de
atividades antropicas no ultimo século (SHINE e KLEMM, 1999). O Brasil detém cerca
de 50% das areas Umidas do continente sul-americano, tendo, como principais fatores
responsaveis por sua degradacao, a poluicdo industrial, o desmatamento e as pastagens
cultivadas (NARANJO, 1995). A protecdo desses ecossistemas terrestres foi priorizada
na América do Sul nas Ultimas décadas, pressupondo que tais areas cobririam 0s
ecossistemas aquaticos que ocorrem em seu interior (JUNK, 2007). No entanto, tais
medidas ndo representam uma protecdo real da diversidade de habitats e peixes aquaticos,
sendo necessario um maior enfoque para a protecdo de areas Umidas, lagos e partes de
rios, a exemplo da bacia Amazonica, que detém o maior percentual de areas protegidas
(JUNK, 2007; ANA, 2013).

Esse cenario de degradacao evidencia a necessidade de politicas de conservagédo
especificas que, por muitas vezes, tém deixado de ser implementadas por falta de uma
administracdo eficiente, o que facilita a destruigdo de rios, zonas imidas e seus recursos
(GETZNER, 2002; JUNK, 2007). Para atingir uma gestdo eficaz dos sistemas naturais,
s8o0 necessarios estudos completos e integradores de florestas, com boas estimativas dos
fluxos energéticos e suas interacGes. Esse conhecimento favorece o entendimento da

dindmica, da perturbacdo e da variabilidade da vegetacdo em diferentes escalas



geograficas, a compreensdo dos processos ecofisiologicos e da dinamica da cobertura
natural e padrfes espaciais de gestdo do uso da terra (MALHI et al. 1999). Além disso,
os estudos sobre a produtividade em rios de planicie também devem avaliar
temporalmente os sub-sistemas que interatuam com o fluxo de escoamento, trocando
elementos transportados ao longo dos rios (NEIFF, 1990). Embora a atual conjuntura de
areas Umidas no Brasil ainda ser pouco enfatizada na literatura, varios aspectos ecoldgicos
sobre a planicie de inundacdo do Rio Araguaia tém sido abordados nos Gltimos anos,
revelando a importancia dessas regifes para a regulacdo do regime hidrico, do clima e
para conservacdo da biodiversidade (AQUINO et al., 2008, 2009; COE et al., 2011,
IRION et al., 2016; LININGER e LATRUBESSE, 2016).

As zonas Umidas do Rio Araguaia, incluindo a Ilha do Bananal, destacam-se no
Brasil Central (Figura 1), por suas seguintes principais caracteristicas (JUNK et al.,
2013): sdo ecossistemas de interface entre ambientes aquaticos e terrestres; podem ser
permanentemente ou periodicamente inundados e abrigam comunidades de plantas e
animais adaptados a sua dindmica hidroldgica. Esses autores destacaram ainda que a
extensdo das zonas umidas pode ser determinada pela area permanentemente inundada
ou pelo limite da area influenciada durante a inundacdo maxima media, devendo incluir,
caso existam, as areas internas permanentemente secas que sao fundamentais para a
manutencdo da integridade ecoldgica dessas regides.

A producdo primaria de gramineas em ambientes de varzeas é compativel com a
producdo comercial do milho em regibes de clima temperado quente (PIEDADE et al.,
1991; MORISON et al. 2000). A vegetacdo herbacea que cresce as margens de grandes
rios e em ambientes de varzea apresenta ainda forte relacdo com a hidrodindmica do rio
(NEIFF, 1990), podendo atingir taxas bastante elevadas de produtividade primaria bruta,
porém, sua biomassa maxima permanente é geralmente menor (JUNK e PIEDADE,
1993).
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Figura 1 - Distribuicdo das principais areas umidas no norte da América do Sul. Fonte:
Junk et al. (2014).

Apesar da planicie de inundacdo do Rio Araguaia pertencer ao grupo de trés
sistemas de areas Umidas de savana no sul da bacia Amazénica (IRION et al., 2016), ela
tem sofrido ameacas da expansao de novas areas de agricultura e pecuéria (PIEDADE et
al., 2012). Esse cenario de mudancas da cobertura da terra mostra-se ainda mais sensivel
no caso dessas planicies aluviais tropicais, pois sdo consideradas uma das paisagens mais
produtivas com alta variabilidade espacial e temporal de taxas de producdo primaria e
suas relacbes com os aportes de sedimentos e nutrientes nesse sistema (DAVIES et al.
2008). Esses impactos antropicos podem afetar a dindmica hidrogeomorfologica de
grandes rios tdo rapidamente quanto em bacias de pequeno e médio porte
(LATRUBESSE et al., 2009). Esses autores relataram um aumento da vazao e um elevado
aporte de sedimentos no canal principal do rio e areas proximas a planicie aluvial, em um
periodo da ordem de uma decada para a bacia do Araguaia.

Um dos principais avancos da tecnologia espacial que permitiu a ampliacdo da

compreensdo espacial e temporal de feicBes da superficie terrestre foi o langamento do
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sensor denominado Moderate Resolution Imaging Spectroradiometer (MODIS) que,
desde 2000, tem disponibilizado imagens digitais que expressam as condicGes biofisicas
da superficie da Terra, por exemplo, por meio de indices de vegetacdo e produtividade
priméaria (JUSTICE et al., 2002; LATORRE, 2003). Esse sensor dispde de alta resolucao
espectral e temporal, viabilizando estudos de monitoramento global da atmosfera, terra e
oceano, sendo possivel definir o fluxo dindmico e sazonal do carbono na superficie
terrestre, estimar rendimento de colheitas, produtividade de florestas e outros produtos
associados ao crescimento da vegetacdo (RUNNING et al. 2004; SAKAMOTO et al.
2011; NASA, 2018). Os dados derivados de diferentes produtos deste sensor tém um
potencial para andlises integradas dos padrGes e mudangas da cobertura vegetal, inclusive
para areas de inundacdo, que apresentam um regime hidrico intenso e comportamentos
bem particulares (AQUINO et al., 2005; PEREIRA et al., 2011). A integracdo desses
dados orbitais permite avaliar os padrdes temporais da produtividade primaria, inferir
sobre estoques do carbono e evidéncias sobre as mudancas climaticas em escala regional
e global (RUNNING et al. 2004; ZHANG et al., 2017; YU et al., 2018).

Considerando a contextualizacdo apresentada, o objetivo desta dissertacdo foi
caracterizar os padrdes temporais de produtividade primaria bruta da cobertura da terra e
dos dominios de relevo da bacia do Rio Araguaia. Para alcancar esse proposito, foi
desenvolvido o artigo intitulado “Temporal patterns of Gross Primary Productivity of
land cover in the Araguaia Basin”, que apresenta os principais padrdes temporais de GPP
no contexto dos dominios de relevo e cobertura da terra, ao nivel de subbacias presentes

em seu interior.

Area de Estudo

A Regido Hidrografica Tocantins-Araguaia possui uma area de aproximadamente
920.000 km?, abrangendo um total de 409 municipios distribuidos entre os estados de
Goiés, Tocantins, Mato Grosso, Pard, Maranhdo e Distrito Federal, com uma populacao
de aproximadamente 8,6 milhGes de habitantes (IBGE, 2010). O Rio Araguaia, com uma
extensdo de mais de 2.000 km, é tipico de planicie, com ambientes compostos por rochas
sedimentares do Paleozoico e Mesozoico, entremeadas por paisagens acidentadas em que
0 rio corre encaixado sobre rochas pre-cambrianas (LATRUBESSE e STEVAUX, 2002).

A bacia do Rio Araguaia estd localizada no Brasil Central e apresenta uma zona de

12



transicdo entre os biomas Amazonia e Cerrado (Figura 2), uma transicao ecolégica que
vem sofrendo um processo continuo de desmatamento e queimadas para exploracdo
madeireira, producdo de carvao vegetal e agropecuaria (ANA, 2009).

Segundo a classificacao climatica de Koeppen (ALVARES et. Al., 2013), a bacia
hidrografica do Rio Araguaia estd inserida na zona climatica tropical, com clima
predominante Aw (tropical com inverno seco), caracterizado pela sazonalidade tipica das
areas de Cerrado, com indices pluviométricos e termomeétricos crescentes no sentido sul—
norte. Ressaltam-se as zonas de transicdo entre Cerrado e AmazOnia, com maior
ocorréncia do bioma Amazdnia na parte norte da bacia (LATRUBESSE e STEVAUX,
2002). As cheias do rio ocorrem entre janeiro a abril, com sazonalidade bem definida, isto
é, estacdo chuvosa que vai de outubro a abril, e estacdo seca que vai de maio até setembro

(LATRUBESSE et al., 1999; MORAIS et al., 2008).
61°W . 52°W _43°W
-66.00 -46.00

2

6°S
6°S

T
-38.00

0 700 1400 km
Bt

|eueueg op ey|r
SUnUedo) oY

L ‘/{\\\\f /\L/\/

¢
o fo
s jg s
oF
0 200 400
| |
61oW 5200 43°W

Figura 2 - Mapa de localizacdo da bacia do Rio Araguaia em relacdo aos biomas
Amazonia e Cerrado.
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A planicie aluvial do médio Araguaia € um complexo mosaico de unidades morfo-
sedimentares, resultantes de uma sucessao de eventos paleohidrol6gicos, associadas as
coberturas cenozoicas recentes e responsaveis pela formacdo da ilha do Bananal, maior
ilha fluvial do mundo (LATRUBESSE e STEVAUX, 2002; MORAIS et al., 2008). A
jusante da Planicie do Bananal, surge o Baixo Araguaia que se desenvolve sobre areas de
rochas cristalinas do Pré-Cambriano, até sua confluéncia com o Rio Tocantins
(LATRUBESSE e STEVAUX, 2002, 2009; LATRUBESSE e CAVALHO, 2006).
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CAPITULO 2 - TEMPORAL PATTERNS OF GROSS PRIMARY
PRODUCTIVITY OF LAND COVER IN THE ARAGUAIA BASIN

ABSTRACT - The Araguaia river basin is located in Central Brazil and presents wide
diversity of environments in a transition zone between the Cerrado and Amazonia biomes.
Geomorphology basically controls the spatial and temporal dynamics of land cover. The
primary productivity of vegetation is one of the most relevant processes to assess global
carbon balance and climate change and can be estimated using remote sensing data. The
objective of this study was to propose a systemic approach to survey the landscape of
Araguaia river basin. The primary data corresponded to topographic data, land cover map,
and the gross primary productivity (GPP) data generated from a 15-year time series of the
MOD17A2HV6 product from the Moderate Resolution Imaging Spectroradiometer
(MODIS). We observed that the pastures have a wide and heterogeneous distribution
throughout the Araguaia river basin, while agricultural areas are mostly concentrated on
relatively old, high elevation, and flat topographies (plateaus), which can represent a
negative factor for the conservation of the region. Forest areas showed the highest annual
mean GPPs throughout the period, proving to be a key component for estimating the
carbon sequestration on regional and global scales.

1. Introduction
Brazil has one of the largest river networks in the world, distributed in 12

hydrographic regions. Among the major Brazilian river networks, the Tocantins-Araguaia
hydrographic region covers around 11% of the Brazilian territory, with its largest portion
located in the Center-West region of the country. Besides representing more than 41% of
this specific hydrographic region and hosting the Bananal Island, the largest river island
in the world, the Araguaia River basin plays a key role in terms of wetland conservation
(LATRUBESSE et al., 2009). This is because the two largest biomes of the South
America are present: the Amazonia, which has the largest forestlands and largest river
basin in the world (IBGE, 2004; ANA, 2015), corresponding to 23% of the total basin
area, in the north; and the Cerrado (Brazilian savanna), one of the world's hotspots for
biodiversity conservation, representing 77% of the basin (MYERS et al., 2000; SILVA
and BATES, 2002; KLINK and MACHADO, 2005).

Even with its remarkable importance for the maintenance of key wetland areas
in central Brazil and being considered a priority area for conservation of aquatic
biodiversity in the Cerrado (GETZNER, 2002; AQUINO, 2008; JUNK et al., 2014), the
Araguaia River basin still presents little relevance in the international literature regarding
large rivers. Its research is still relatively scarce (LATRUBESSE, 2002), although several

efforts have been made in fields such as geomorphology, hydrology, ecology, and remote
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sensing (LATRUBESSE and STEVAUX 2002, 2006; CARVALHO and LATRUBESSE,
2004; MARINHO et al., 2006; MORAIS et al., 2008; AQUINO et al., 2009;
LATRUBESSE et al., 2009; IRION et al., 2016; LININGER and LATUBESSE, 2016).

The dynamics of natural landscapes are constantly modified by human activities
and are intensified as the population grows and technology improves. Measuring these
impacts has been a complex task. However, it is possible to characterize worldwide
patterns and trends in agriculture and environment, which are crucial for formulation and
implementation of regional and global policies (FOLEY et al., 2011; HANSEN et al.,
2013). It is important to note that the current situation of the basin is a result of temporal
changes that happened in a similar manner in the Cerrado biome (LATRUBESSE et al.,
2009; COE et al., 2011) which went through intense transformations in the last decades,
mainly because of extensive livestock farming and crop production, resulting in a loss of
around half of its native vegetation (SANO et al., 2008, 2010).

The Moderate Resolution Imaging Spectroradiometer (MODIS) sensor onboard
the Terra and Aqua platforms produces ready-to-use time series of vegetation indices,
fractional photosynthetically active radiation, and net primary productivity, among others
(LATORRE, 2003; RUNNING et al., 2004; SAKAMOTO et al., 2011). MOD17A2H
(gross primary productivity) and MOD17A3H (net primary productivity) are part of the
National Aeronautics and Space Administration (NASA) Earth Observation System
(EOS) products. They are the first satellite-driven dataset to monitor vegetation
productivity on a global scale (NASA, 2018). MOD17 data allow an integrated analysis
of the patterns of vegetation cover and its changes, especially in the case of wetlands,
which present high water dynamics (FLORENZANO, 2005; DAVIES et al., 2008;
PEREIRA, 2011).

Freshwater wetlands provide a potential sink of atmospheric carbon, however, if
not managed properly, they can become a source of greenhouse gases (KAYRANLI et
al., 2010). In addition, more research is needed to understand the impacts of water level
fluctuations on carbon fluxes under variable climatic regimes, especially the spatial
distribution of relevant wetland characteristics. The vegetation photosynthesis at the
ecosystem scale, also known as the gross primary productivity (GPP), is the first step in
the process of carbon dioxide (CO3) entering the biosphere from the atmosphere (ZHANG
et al., 2017). These authors highlighted that accurate estimation of GPP from terrestrial

16



vegetation is crucial to understand the global carbon cycle and predict future climate

change.

Considering the importance So far, no research has demonstrated the
spatiotemporal variability of variables for quantifying carbon cycle in the Araguaia’s
basin. In this sense, the objective of this study is to characterize the topography and to
correlate it with both land cover and GPP in the Araguaia River basin, which is a
centerpiece for the maintenance of tropical biomes such as the Cerrado and the Amazonia.
The purpose of this approach is to understand the spatial distribution of land cover

through GPP in a systemic context of the landscape.

2. Study Area

According to Latrubesse and Stevaux (2002), the Araguaia River basin can be
divided in High, Middle, and Low compartments. The High Araguaia extends through
450 km of dominant mountain valleys and is controlled by lithological and structural
elements formed by Pre-Cambrian and Paleozoic rocks. The Middle Araguaia has the
largest contribution area and holds the largest tributaries of the basin, encompassing the
Bananal plain, a Quaternary sedimentary basin of low topography occupying
approximately 5% of the basin. A prominent feature is the well-developed alluvial plains
with some outcrops, composed by Holocene and late Pleistocene sedimentary units. The
Low Araguaia, on the other hand, presents almost no alluvial plain. The river, with around
500 km of extent, flows through areas with strong structural control formed by Pre-
Cambrian crystalline rocks, up to its confluence with the Tocantins River.

The present study is based in the ottocoded watersheds proposed by the National
Water Agency (ANA). This data were based on the Otto Pfafstetter watershed coding
method (PFAFSTETTER, 1989), established by the National Council of Water Resources
(CNRH) (Resolution n°. 30/2002) as the official codification of river basins in Brazil.
This method adopts a hierarchical and multiscale coding logic for river basins. The limits
are generated from digital elevation models (DEM) derived from the Shuttle Radar
Topography Mission (SRTM) with spatial resolution of 90 m, enabling a more realistic
representation of interfluves. These, in turn, allow a better systematization of remote
sensing data and the integration with different geographic information systems (GIS)
databases.
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The ottocoded hydrographic basin are classified from levels 1 to 6, based on the
degree of disaggregation. We selected the level 2 with the aim of obtaining an integration
of equal proportions between the scales of the different regional and global databases
used in this study. The vector-format ottocoded hydrographic basins (shapefiles) can be
obtained freely from the ANA"s website (http://metadados.ana.gov.br). Details of the

ottobasins are presented in Figure 1.
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Figure 1 - Upper left: map of the location of the Araguaia River basin in relation to the
Cerrado and the Amazonia biomes. Lower right: divisions by ottobasins according to the
National Water Agency (ANA).

Morphological Domains

The topography data were obtained from the Geodiversity mapping available at
the Brazilian Geological Service (CPRM - http://www.cprm.gov.br/publique/Gestao-
Territorial/Geodiversidade-162), which provides good potential for integrated studies. In
this study, it was used a hierarchical approach to geomorphological information on

morphological domain levels (Figure 2). According to the geodiversity data (DANTAS,
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2013), four domains are found in the Araguaia River basin: Domain | - Aggradational
Units; Domain 111 - Denudational Units in Litified Sedimentary Rocks; Domain IV - Flat

Reliefs; and Domain V - Denudational Units in Crystaline or Sedimentary Rocks.
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Figure 1 - Spatial distribution of morphological domains in the Araguaia River basin,
based on geodiversity mapping produced by the Brazilian Geological Service (CPRM).
The domains are listed by order of topographic plane. On the right, the percentage of
occurrence of each domain is presented in charts per basin.

The Aggradational Units (Domain 1) comprises a large set of fluvial, marine,
gravitational and wind depositional environments, generating the various Quaternary
plains and occurring on 29% of the total area of the Araguaia basin. This domain is mostly
present in ottobasins 66 and 67 (Middle Araguaia) through 68 and 69 (Upper Araguaia).
The Denudational Units in Litified Sedimentary Rocks (Domain 111) occurs on 12% of
the Araguaia basin and is comprised of elevated and flat tops, usually formed in
intracratonic sedimentary basins during the Paleozoic and Mesozoic. The main forms of
relief observed in these regions are plateaus similar to those formed in the Parana,
Parnaiba, Amazonas and Sanfranciscana sedimentary basins. This domain is mainly
observed in the southwestern portion of the Araguaia (ottobasin 68), which, because of
its continuous and flat relief, can be an indicator of where large-scale anthropogenic

activities, such as monocultures, are concentrated.
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Occupying 28% of the Araguaia River basin, the Flat Reliefs (Domain V)
encompasses extensive eroded surfaces with flat relief that occupy the basis of the current
interplanaltic depressions, representing a transition from more resistant, older reliefs to
more recent ones (depressions to aluvial plains). Lastly, the Domain of Denudational
Units in Crystalline or Sedimentary Rocks (V) is composed of a diverse set of relief
patterns found in any lithology and occurring on 29.79% of the Araguaia basin. This
Domain includes all types of dissected terrain, ranging from broad hills with smooth
morphology to rough terrain of mountainous masses and mountain escarpments, which

are mostly observed in ottobasin 69 (Upper Araguaia).
Land Cover Spatial Patterns

The land use and land cover data considered in this study (year 2016) was
produced by the MapBiomas project, collection 2.3, which provides an annual data of
land use and land cover maps of Brazil since 2000, based on the time series of Landsat
satellite automated image classification with the support of the Google Earth Engine
platform. According to the 2016 landcover map of MapBiomas, the most predominant
classes in the Araguaia basin are pasture (40%), forest formations (24%), grasslands
(11%) and savannas (10%). Pastures are present in all morphological domains, while
agriculture is mainly concentrated in Denudational Units in Sedimentary Rocks (Domain
I11), probably because of its high plateaus. These relief patterns can be observed mainly
in High Araguaia (ottobasins 68 and 69), representing 30% and 14% respectively.

The natural land covers (forestlands, shrublands, and grasslands) occur mainly in
Middle Araguaia. This is justified by the lack of morphological characteristics that are
susceptible to large-scale anthropogenic interventions in this region, which restricts the
establishment of activities such as agriculture and livestock productions. Considering that
56% of ottobasin 66 and 53% of ottobasin 67 are composed of Aggradational Units,
constantly subjected to flood events caused by fluvial dynamics, it is expected that the
largest fragments of natural formations would be found in these areas (Figure 3).

The dynamics between relief and land cover can better explain the behavior of the
vegetation in terms of biomass production and carbon storage throughout the basin, being

the central focus of the discussion section.
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Figure 2 - Percentage of land cover classes in the Araguaia basin according to the
MapBiomas collection 2.3. Higher-occurrence classes represented in the charts on the
right.

3. Material and Methods

Climate Data

Climate data from WorldClim version 2 were used to characterize the seasonality
and its link with GPP in the Araguaia basin. Precipitation averages were calculated by
interpolating data from weather stations with temporal range of 1970-2000, and spatial
resolution of 1 km? which can be used in mappings and spatial modeling (FICK and
HIJIMANS, 2017).

Temporal GPP patterns

In this study, it was used the MOD17A2HV6 GPP product, a cumulative 8-day
composites with 500-meter pixel size from MODIS sensor onboard the Terra platform
(RUNNING et al., 2015). This product is based on the radiation-use efficiency concept
that can be potentially used to estimate terrestrial energy and carbon, water cycle
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processes, and biogeochemistry of the vegetation models (RUNNING et al., 2004; ZHAO
et al., 2005).

A set of 724 scenes was selected, comprising almost 16 years of time series
(February/2000 to November/2015). The data were smoothed from atmospheric
interferences and instrumental artifacts with a median filter and Minimum Noise Fraction
(MNF) transformations (CARVALHO Jr. et al., 2012). After the data smoothing, the land
cover temporal patterns from the Araguaia basin and from each level-2 otto codification
sub-basins (65, 66, 67, 68 and 69), by month and integrated with the precipitation data
(Worldclim). To highlight the annual shifts, we used the 1% derivative of the month value

for each land cover by basin.

4. Results and Discussion

Forest formations can keep an almost constant canopy cover throughout the year,
maintaining biomass production higher than other natural formations even during dry
season from April to September, with 16% of the total precipitation in the Araguaia basin
(Figure 4). On the other hand, non-forest formations and pastures behave differently and
undergo more rigorous transformations because of seasonal climatic changes (BECERRA
et al., 2009) and in the floods, when much of the vegetation in the floodplain oscillates
with river fluctuations (DAVIES et al., 2008; JUNK and PIEDADE, 1993).

Seasonality of GPP in the Araguaia basin can be observed through the monthly
averages extracted from the WorldClim data. The strong relationship between vegetation
productivity and precipitation occurs in all ottobasins (Figure 4). Variations in the
precipitation distribution can significantly alter vegetation spatial distribution and energy
processes (SCHUUR, 2003; HUXMAN et al., 2004; DALMAGRO et al., 2011), and it is
worth noting that there are great diversity of phytophysiognomies, which have a particular
time of response in the intervals between dry and rainy seasons.

The GPP presented marked seasonality, with curves tending to accompany
precipitation, with peaks in the rainy periods and decrease in drought. All the cover
classes presented similar curves between them. The differences are greater when observed
between the basins (horizontal direction of figure 4) than between the land cover classes
(vertical). This reveals that the ottobacias have particular regional responses in the
seasonality of the vegetation, and that the land cover does not behave homogeneously in

the Araguaia basin as a whole.
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Figure 3 - Average monthly GPP and precipitation discriminated by ottobasin and land
use and land cover classes. FO = forestlands; SA = shrublands (savanna); GR =
grasslands; PA = pasturelands; AG = croplands (agriculture).

Photosynthesis is one of the most sensitive physiological processes to the climate,
which directly affects the carbon fixation processes (VOURLITIS et al., 2011). However,
historical averages of precipitation are insufficient to explain the phenological behavior
of the different phytophysiognomies and the dynamics of GPP in tropical ecosystems,
particularly in areas with low weather station density, where prediction errors are usually
high because of all climate variables (FICK and HIJMANS, 2017).

All land use and land cover classes presented highest GPP averages in ottobasins
65 and 67, and lowest GPP in ottobasins 68 and 69. This indicates a decreasing pattern of
GPP in the North/South direction. These results indicate that there may have been
interannual variations due to the climatic conditions that change over the study period,
highlighting the occurrence of the transition areas of Amazonia/Cerrado in the northern
part of the basin. It also indicates the occurrence of seasonal droughts. The interannual
variables are probably the most important interfering factors to the productivity of tropical
ecosystems and carbon cycling processes.

The forest formations maintained the highest average of GPP in all ottobasins of
the Araguaia, with a minimum of 269 g C m in sub-basin 68, and a maximum of 387 g
C m2in ottobasin 65. The annual average of GPP in forest formations in the entire
Araguaia basin was 326 g C m. The pastures had a minimum value of 174 g C m?in
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ottobasin 68 and a maximum of 360 g C min ottobasin 65. It is important to note that,
despite the high rates of primary productivity presented by pastures, the amount of
biomass produced does not last in the system as it does in forest compartments or in other
forest formations of the Cerrado, for example.

In general, the shrublands, grasslands, and agricultural classes alternated between
low and intermediate mean annual GPP over the time period considered. These classes
had minimum and maximum variations (ottobasins 68 and 65, respectively) from 252 to
316 g C m in the savanna, from 258 to 327 g C m2in the grasslands and from 242 to
336 g C m2in agricultural areas.

Lower averages and lower differentiation between these classes possibly happen
because the potential light use efficiency does not show difference between C3 and C4
species for some classes in the MODIS data, considering that C4 crop species, for
example, have higher photosynthetic capacity compared to C3 species (TAO YU et al.,
2018). Another aspect is that there may be inconsistency between MapBiomas classes
and actual coverage, as in grasslands that are often classified as pastures, overestimating

the values of one class over another.
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Figure 4 — 1% Derivatives of GPP averages per land use and land cover classes and
ottobasins. Legend: FO - forestlands; SA - shrublands (savanna); GR - grasslands; PA -
pasturelands; AG - agriculture.

In general, higher losses of GPP rates were mainly concentrated between April to
October (dry season) in each basin. The ottobasins 65, 66 and 67 maintained higher GPP
gains during the first months of the year, with emphasis on the forestlands and
pasturelands, while other classes showed lower values. However, forestlands and

pasturelands in these ottobasins presented higher amplitudes of loss of GPP and higher
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delay in returning to positive values. In the southern region of the Araguaia basin
(ottobasins 69 and 68), vegetation presents less abrupt variation in GPP, with losses in
January and February, and gains in August and September, when they are equal or even
surpass the averages observed in ottobasins 65, 66 and 67 (Figure 5).

In order to better understand the spatiotemporal patterns of the Araguaia basin,
the mean, standard deviation and variance of GPP and precipitation were combined in
RGB color composites (Figure 6). The basin presents a good contrast between areas that
had high GPP variation over time (bluish and greenish tones, associated with standard
deviation and variance), and regions better represented by the means, that is, indicate a
more stable temporal pattern, which tend to reddish tones.

The areas highlighted by the mean were mainly forestlands, while the majority of
the basin, mainly occupied by pasturelands, indicates more dynamic changes in land use
and land cover over time. The precipitation composition presented a similar appearance,
with the northern region being more represented by the mean (Figura 6). It is possible
that this is because ottobasin 65 contains the largest ecotone area of the basin, expressing

greater climatic influence by the transition between Amazonia and Cerrado biomes.
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Figure 5 — Gross Primary Productivity composition (GPP): R-Mean; G-Standard
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It is important to note that studies of biomass estimate of underground roots are
even scarcer than aerial biomass determinations. Castro and Kauffmann (1998) analyzed
data of underground biomass and observed a variation of 16.3 t ha™! to 52,9 t ha™* for
different Cerrado’s phytophysiognomies. The deep woody roots of the Cerrado biome,
which can grow up to 18 meters, are adapted to capture water and nutrients from poor and
deep soils (RAWITSCHER, 1948), and also become place for large carbon stocks, which
Is why the root/vegetation ratio ends up being ignored by studies that stick to interactions
that occur above ground.

Thus, a considerable part of the biomass produced in tropical biomes is not stored
only in the aerial compartment of the vegetation, which reveals the need of new
approaches to estimate, through integrated models, the total contribution of the different
land use and land cover classes to the amount of primary productivity and carbon

sequestration at regional and global scales.

5. Conclusions
The integrated assessment of existing baselines with land use and land cover, and
with the GPP map generated from MODIS data was efficient in the basic characterization
of the land cover dynamics and carbon sequestration in the Araguaia Basin.

The forest formations were the classes that most contributed to the amount of
primary productivity during the studied period, functioning as large sinks of carbon on
the terrestrial surface. Although the grasslands and savanna formations presented less
representation for the carbon sequestration in the region, these formations correspond to

important areas of remaining natural vegetation in the Middle Araguaia.

There is a great heterogeneity in the spatial distribution of pastures along the
Araguaia Basin, and a concentration of agricultural activities over the Domain Il1, formed
by older reliefs, with flat and raised tops. Such distribution emphasizes the need for
continuous efforts related to conservation actions directed not only to areas of forest
remnants but also to the natural landscapes located over reliefs that are more susceptible

to human interventions.
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