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Challenges

The Brazilian Amazon region is perceived a most precious
biome due to its various globally relevant functions and
resources. The Amazon forest is considered a key control
for the global and regional climate system (Trumbore et al.
2015; Coe et al. 2017) and is a principal driver for the
global and regional water cycle (Castello and Macedo
2016; Getirana 2016; Gimeno et al. 2012). It is home to a
unique share of Earth’s genetic resources (Laurance et al.
2012; Pimm et al. 2014; Myers et al. 2000) as well as a rich
human cultural heritage which includes indigenous popu-
lations yet unexplored (Walker et al. 2016; Pringle 2014).
The Brazilian savannah ecosystems, known as Cerrado,
add another set of unique wildlife habitats (Simon et al.
2009). Both ecosystems represent important resources for
the Brazilian and global economy, yet there are still serious
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issues regarding sustainable natural resources manage-
ment. Up until today, the ongoing destruction of both eco-
systems has stirred attention worldwide.

More than 750,000 km?® of pristine forest has been lum-
bered in the Amazon between 1970 and 2013 (Nogueira et al.
2015; INPE 2017). During this period, deforestation rates
have steadily increased until 2003/2004 (INPE 2014;
Nepstad et al. 2014), and then slowed down as a result of
political will and enforcement until 2013 (Boucher et al.
2013; Hansen et al. 2013; Nepstad et al. 2014). Since then,
its rate is again increasing (Schonenberg et al. 2015; INPE
2016). Similarly, the Cerrado has also become subject to sig-
nificant land use change (Jepson 2005; Beuchle et al. 2015; de
Oliveira et al. 2017). The conversion of both ecosystems into
cattle pastures and agricultural land already considerably af-
fected biodiversity (Lees and Peres 2006), but also carbon (C)
stocks and emissions, and the consequences for environment
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and society, are currently under debate, also in the context of
climate change (Fearnside 2005; Cox et al. 2000; Malhi et al.
2008; Schaldach et al. 2018). The Brazilian Amazon is one of
the world’s largest biomass carbon pools, containing approx-
imately 149 Mg C ha ' (Nogueira et al. 2015). The risk of
releasing all this carbon into the atmosphere explains a large
part of the attention being currently paid to the fate of the
Amazon rainforest. A change in land use (LUC), from forest
to anything else, implies massive releases of C, which are
expected to boost atmospheric carbon dioxide concentration
[CO,] with potentially catastrophic consequences for Earth’s
climate system. Apparently, Brazil is the place where human
society seems to have the most immediate control of LUC-
associated C emissions into the atmosphere (Fearnside and
Laurance 2004; Fearnside et al. 2009). A loss of 2.7 mil-
lion km? of rainforest by 2050 and of another 0.5 million km?
of Cerrado have been predicted from an early millennium
perspective (Soares-Filho et al. 2006; Resck et al. 2000).
Even today, at the basis of much slower deforestation rates,
trend scenarios see losses of 144,000 km? rainforest and
47,000 km?* savannahs only in the states of Mato Grosso and
Para (Gopel et al. 2018) or around 800,000 km? rainforest in
the total Amazon biome until 2030 (Aguiar et al. 2016). If
such trend continues unaltered, a tipping point of the planet’s
climate system is feared to be triggered, with irreversible con-
sequences for the whole planet (Lenton et al. 2008; Nepstad
et al. 2008; Boers et al. 2017).

The Brazilian Government and international organisations
have developed a number of different action programs which
aim at the development of sustainable land management prac-
tices in the context of climate change mitigation and nature
conservation (e.g. related to the Kyoto Process, Brazilian
ABC Program, National Climate Change Policy of Brazil,
Amazon Fund; Assunc¢ao et al. 2015; Fearnside 2005;
Nepstad et al. 2014; Soares-Filho et al. 2010; Strassburg
et al. 2014). Officially, Brazil plans to reduce deforestation
in the Amazon by 80% by 2020 (Soares-Filho et al. 2010)
and initially made successful efforts to reach the objective
by reducing clear cutting of mature forest from 27,772 km?a”"'
in 2004 to 4571 km? a~' in 2012 (INPE 2017) as a result of
public policy and frontier governance (PPCDAm, Plan for the
Protection and Control of Deforestation in the Amazon; Soy
Moratorium; Cattle Moratorium, Arco Verde+, Critical
Counties program, Amazon Region Protected Areas
Program; Nepstad et al. 2014; Tollefson 2015). Since
August 2014, however, deforestation has begun to soar again.
This drastically illustrates that “the battle for the Amazon is far
from won” (Fearnside 2015) and that monitoring (Detection
of Deforestation in Real Time—DETER) and effective inspec-
tion via Brazilian governmental institutions (e.g. IBAMA)
must be accompanied by an increased understanding of the
socio-economic driving forces and political aspects in the
global, national and regional agro-economic development
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(Nepstad et al. 2014; Schonenberg et al. 2015). In fact, prop-
erty rights in the Amazon region are still not well regulated
and the lack of law enforcement gives rise to wariness of
smallholder farmers and a very volatile colonisation pattern
(Benatti and Fischer 2018). Profits from timber logging and
agricultural production drive a cascade of land use change,
starting with pioneer cattle ranching on freshly cleared forest,
with industry-style soybean production following a few years
after. With this, more financial power enters the region, facil-
itating the construction of paved roads and railways to im-
prove accessibility to markets and ports and to further increase
the profits (Barona et al. 2010; Boucher et al. 2013; Fearnside
2005; Macedo et al. 2012; Meyfroidt et al. 2013; Richards
2012). Initially, such land use change processes in the south-
ermn Amazon region were first triggered by global market in-
centives (demand for beef and soybean-based feedstock), but
as a result of increasing policy interventions since 2004
(PPCDAm, Soy and Cattle Moratoria), these drivers are now
temporally decoupled from land use displacement (soybean
expansion in Mato Grosso and deforestation with cattle
expansion at the pioneer front in Pard; Gollnow and Lakes
2014).

To date, deforestation has been concentrated in the “arc of
deforestation” along the eastern and southern edges of the
Amazon (see Fig. 2 in Barni et al. 2014). Before 2004, more
than half of the forest clearing in the Amazon region occurred
in the state of Mato Grosso, Brazil’s largest producer of cotton
(59%), maize (37%) and soybean (30%; CONAB 2017), and
many studies have investigated the impact of deforestation on
various ecosystem services (Davidson et al. 2012; Laurance
et al. 2012). However, similar studies for the Brazilian
Cerrado biome are rare. The Cerrado covers around 204 mil-
lion hectares of Central and part of Northern Brazil (IBGE
2013). Due to rainfall seasonality, soil fertility, drainage prop-
erties and the occurrence of fire, the Cerrado structure ranges
from the treeless “campo” to a relatively dense forest of trees
of approximately 15 m in height (Neri et al. 2012). Indeed, its
biodiversity is very high, including the existence of endemic
species. However, its current state is also at risk of being
irreversibly destroyed; a reduction of around 50% of its natu-
ral vegetation cover has been observed in the last decades
(Beuchle et al. 2015; Rocha et al. 2011) and climate change
is expected to add to this (Lima et al. 2017). Although defor-
estation is still the dominant transition form, portions of the
Cerrado are experiencing a recovery of secondary woody veg-
etation (Redo et al. 2013).

A large body of literature on the Amazon region addresses
the impact of LUC on ecosystem services (ESS), including C
sequestration and climate regulation, in a separated manner
and with partly contradictory results (Fearnside 2005).
However, holistic examinations on multiple ESSs and their
relation to local drivers and actors are scarce among these
studies. Next-generation assessments of land use and climate
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change impacts on local and global climate, biodiversity and
society along the southern Amazon land use frontier will need
to follow an inter- or even transdisciplinary approach to cap-
ture the full range of interactions in the coupled socio-
ecological system. This special issue reports the highlights
of such an attempt, summarising results of a bilateral
Brazilian-German research program which has been active
in the period between 2011 and 2016.

Regional focus

The research activity puts its focus at the section of the BR-163
highway between Cuiaba in Mato Grosso and Novo Progresso in
Southern Par4, at the southern marge of the Brazilian rainforest
(Fig. 1). Along its route, the highway follows a historical land use
gradient which passes through three distinct zones of agricultural
expansion and development. Around the city of Cuiaba, notable
agricultural land use started around 1975 and has expanded
northwards ever since. The pioneer front then passed through
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the area of Sinop during the 1990s and reached southern Para
approximately 10 years later. Today, Central Mato Grosso is a
highly industrialised area, with large-scale soybean, cotton and
maize production. Northern Mato Grosso is still dominated by
intensive cattle ranching, which in Southern Para only recently
started to replace timber logging as the main income source for
the local pioneer communities. The BR-163 is an excellent illus-
tration of all the problems associated with pioneer front develop-
ment in the Amazon (Brando etal. 2013). Itis continuously being
paved northwards to improve the connection between the soy and
cotton production region in Northern Mato Grosso with the ex-
port harbour of Santarem (Coy and Klingler 2011) (Fig. 1).

The land use gradient parallels a climatological gradient,
from the Cerrado biome in the semi-humid tropics at central
Mato Grosso to the evergreen rainforest of the humid tropics
in Paré (Fig. 1). Along this gradient, the mean annual precip-
itation increases from 1700 mm at Cuiaba to 2100 mm in the
southern Amazon, while seasonality is changing from a dis-
tinct wet and dry season to an all-year hot and wet tropical
pattern (Moreno and Souza Higa 2005).
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Three representative investigation sites have been selected
along the BR-163: (1) Campo Verde (15°33'S; 55° 10’ W) as a
typical example of the intensively used agricultural area of the
Cerrados; (2) Sinop (11° 51" S; 55° 30" W) in northern Mato
Grosso as an intermediate stage with industrialised soy, corn
and cattle production; and (3) Novo Progresso (7° 02’ S; 55°
25" W) in southern Para, representing the agricultural pioneer
front with extensive cattle pastures and emerging patches of crop
production in the rainforest (Fig. 1). At each of these sites, four
farms of different sizes and similar land use histories were select-
ed (Table 1). Much of the experimental work that forms the basis
for a large part of the research presented in the following articles
has been performed on these farms.

Inter- and transdisciplinary research
approach

Two research projects were established to foster Brazilian-
German collaboration and inter- and transdisciplinary research
in the southern Amazon region. In the scope of the German
BMBF-FONA program (Federal Ministry for Education and
Research—Research for Sustainable Development), the
Carbiocial consortium (www.carbiocial.de) investigated C
stock changes, greenhouse gas (GHG) emissions, erosion,
catchment hydrology, agricultural production, land cover,
socio-economic drivers, policy impact and actor networks
using experiments, monitoring, surveys, remote sensing and
dynamic simulation modelling. In Brazil, the corresponding
research project Carbioma focused more specifically on the
political programs which were established to mitigate environ-
mental problems arising from inappropriate land use, such as
Brazil’s Sector Plan for the Mitigation and Adaptation to
Climate Change for the Consolidation of Low Carbon
Emission Agricuture (ABC Plan; Plano Setorial de
Mitigacdo e de Adaptacdo as Mudancas Climaticas para a
Consolidacao de uma Economia de Baixa Emissdo de
Carbono na Agricultura; MAPA-MDA 2012), the
Nationally Appropriate Mitigation Actions (NAMAS) and
the intended Nationally Determined Contributions (iNDC;
Brazil 2015). For this, Carbioma performed field experiments
at the different experimental field stations of the Empresa
Brasileira de Pesquisa Agropecuaria (Embrapa).

The main objective of both project consortia was to inves-
tigate viable, carbon-optimised land management strategies
for this hotspot of global change research. Together with its
Brazilian partners, collaborators and local stakeholders,
Carbiocial concentrated on obtaining parameters for simula-
tion models, which are then used to test and improve carbon-
optimised land use management strategies. The project collab-
orators studied soil, water, climate, agro-economics, social
context and policy relevance to identify possible entry points
for mitigating the pressure on pristine rainforest and to derive
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recommendations and scenario simulations to integrate im-
proved carbon storage, social well-being and ecological re-
quirements by providing a sound trade-off analysis of differ-
ent ecosystem services. Carbioma focused on developing sus-
tainable management options for agriculture in the Cerrado
and the Cerrado-Amazon transition zone. It contributed to
the evaluation of integrated agricultural production systems
in the context of carbon sequestration and sustainable land
use (Oliveira et al. 2018).

The multidisciplinary project consortia were built around
four thematic priorities: (1) closing knowledge and data gaps
related to LUC impact on water supply and quality, green-
house gas reduction, soil C stocks and soil erosion; (2) testing
management strategy using experimental farming with C en-
richment; (3) scenario building and simulation of future land
use change using dynamic models; (4) simulation of agro-
economic developments and socio-economic assessments
and consequences. Both projects followed an inter- and trans-
disciplinary research strategy (Schonenberg et al. 2017). The
authors demonstrate how the different disciplines were inter-
woven within the projects and which conflicts, but also new
insights arose from the collaboration, especially between
natural science and social disciplines. Schonenberg et al.
(2017) illustrate furthermore how stakeholder involvement
from the very first beginning of the research activities deter-
mined content and direction of the research and how results
were continuously played back to the stakeholders, who
reflected upon the consequences for practical application.
The art of finding the crucial deciders and actors for such an
approach is a research on its own. Schonenberg et al. (2015)
investigated in depth the network of decision-makers, looking
back to more than 30 years’ experience of on-site research
(Coy and Klingler 2011) in the study region and evaluating
recent changes in the local society and the reasons given for
the observed fluctuations of people and their objects of work.
Much of the insecurity which drives the local people to change
continuously is the lack of land regularisation and juridical
certainty. Benatti and Fischer (2018) take up this issue and
shed light on the problems that especially the poorest land
users face when arriving at new lands in Mato Grosso and
Par4, and on the entry points for illegal actions that drive some
of the societal and proprietary changes. Policies of environ-
mental command-and-control, environmental regulation
(CAR) and land tenure regularisation (Terra Legal) were
discussed in relation to the efficiency of recent environmental
governance strategies and its potential for alternative land use
pathways on the local scale. Klingler et al. (2018) show the
low effectivity of TAC cattle agreements to control extensive
pasture use on newly deforested land because of contradic-
tions between land tenure security and environmental laws
(see also Benatti and Fischer 2018). Together with biographic
research (Schumann et al. 2015) and institutional research
(e.g. actor constellation) along the BR-163, qualitative data
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was gathered which was used for scenario development, along
with regional and local expert knowledge for the southern
Amazon region (Schonenberg et al. 2017). These narratives
were later translated into quantitative parameters to be used
for LUC and impact modelling (Gopel et al. 2018; Schaldach
et al. 2018) with the development of four regional adapted
LUC scenarios. LUC simulations (until 2030) were carried
out using LandSHIFT (Schaldach and Koch 2009) on data
obtained from The International Model for Policy Analysis
of Agricultural Commodities and Trade (IMPACT), IBGE
statistics and agricultural yield predictions obtained from the
MONICA agro-ecosystem model (Nendel et al. 2011).
MONICA simulates the growth and yield of the main agricul-
tural crops (soybean, maize and cotton) and their response to
weather variables and rising atmospheric CO, concentrations
(Carauta et al. 2018). In the concept of Carbiocial, this is the
entry point for climate change (CC) considerations being pro-
duced from two different downscaling approaches for a reso-
lution of 30 km?, driven by the ECHAMS5/MPI-OM global
circulation model. The statistical regional climate modelling
(STAR) showed a clear decreasing trend of precipitation for
the whole study area (15-25%; 1981-2010 to 2011-2040),
while dynamic WRF downscaling gave a much more hetero-
geneous spatial distribution with slightly increasing and de-
creasing areas. Agro-economic simulation using MPMAS
(Carauta et al. 2018) on detailed data on farm asset endow-
ments and production requirements, crop management prac-
tices, historical prices for agricultural products and inputs,
available sources of credit, relevant taxes and use of ABC
program, as well as storage and transportation costs, produced
the probably most complete dataset available for farm-level
simulation in Mato Grosso, Brazil, including a detailed anal-
ysis of integrated crop-livestock systems (iCL) as part of the
Brazilian ABC Program on their potential to improve land
management and soil carbon storage (Oliveira et al. 2018;
Carauta et al. 2018; Gil et al. 2015).

From these farm-level insights and from further extrapola-
tion of the current yield trends towards a certain levelling in
the near future as observed today in highly industrialised
counties, the LandSHIFT simulations were driven along the
future LUC scenarios (Gopel et al. 2018) and produced a land
use distribution which was subsequently used for further im-
pact analysis, such as simulations or calculations for soil or-
ganic C (SOC) stock change, GHG emissions, soil erosion
and water balance simulation (Schaldach et al. 2018).
Outputs from LandSHIFT were additionally used at the re-
gional scale to set up different panel regression models to test
processes of deforestation and land use displacement
(Gollnow et al. 2018).

Parameters for impact analysis were obtained from four
farms which were selected for each study region along the
false time series of land use change (Table 1), representing
combinations of main land use types and natural vegetation.
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Field work was carried out in plot-based and micro-catchment
studies for each land use type, including SOC stock and GHG
emission measurements. On the basis of SOC stock
investigations, Boy et al. (2018) found that the impact from
land use change on SOC stocks was much smaller than ini-
tially expected. However, SOC stock change may be higher in
subsoils than in topsoils, which emphases the need to properly
account for subsoil C when evaluating the potential for C
gains and losses under LUC. The soil type itself also
strongly influences more the size and even the direction of
the modification of SOC stocks compared to LUC, but the
proportion of carbon lost from soils was negligible as
compared to the emissions from biomass reduction by
deforestation itself, a fact that questions the use of dynamic
modelling for SOC changes under LUC. Fearnside (2018)
also points out the high uncertainty of quantifying carbon
stocks in the Amazon for impact studies on global warming.
The same conclusion was also drawn for the emissions of N,O
which—maybe except for a short period directly after a clear
cut—seem to persist at a very low level and do also not re-
spond very lively to rewetting events after a dry period, some-
thing that earlier has been identified as a hot moment of N,O
emissions in other environments. These results find their entry
into a modelling of future greenhouse gas emissions by land
use change in the southern Amazon region (Gopel et al. 2018).

In addition to the plot-based investigations, five micro-
catchments were instrumented for catchment-scale hydrology
investigations (Nobrega et al. 2015), where continuous mea-
surements are being carried out since October 2012. Results
suggest a relevant increase of runoff for pure pasture catch-
ments compared to natural vegetation (Nobrega et al. 2015;
Guzha et al. 2014), but no increase of discharge in the crop-
land catchment due to adapted land management (no-till soy-
bean—maize double cropping). Macro-catchment modelling
using SWAT (Lamparter et al. 2018) with CC and dynamic
LUC showed only small changes in discharge components
due to the large groundwater buffer in the Cerrado region.
Discharge significantly increases with increasing pasture area
as a consequence of forest cut down in the Cerrado and
rainforest biome, but less after conversion to cropland
(Lamparter et al. 2018). No-tillage crop systems with flat con-
tour banks being established after Cerrado conversion showed
the lowest soil erosion risk and sediment and carbon loss to the
rivers. Large area remote-sensing classification of pasture,
cropland and natural vegetation distribution (Miiller et al.
2015) allowed upscaling from local field measurements to
the watershed scale for erosion modelling, using EROSION-
3D (Schob et al. 2006). Also here, the increase of pastures in
combination with CC (rainfall pattern) and pasture degrada-
tion (Miiller et al. 2016) results in a high risk of soil erosion,
being highest in the first year after clearance (eightfold after
Cerrado conversion, 20-fold after rainforest conversion). The
importance of gallery forests in the agricultural landscape was
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supported by EROSION-3D modelling. With decreasing buff-
er width, sediment inputs are increasing exponentially with at
least doubled input after buffer clearance. This demonstrates
the importance of gallery forest conservation as discharge
buffer and as sediment and nutrient filter for water quality as
well as for biodiversity and adds to the present discussion of
the New Forest Code which sees a further decrease of gallery
forest width. Siqueira et al. (2018) illustrate the ongoing pro-
cess of fragmentation of native vegetation and importance of
conserving and linking the patches of “Legal Reserves” inside
private rural properties to avoid further environmental deteri-
oration of ESS. Also, Hissa et al. (2018) point out with a
detailed assessment of carbon loss from deforestation along
the BR-163 highway an increase of GHG emissions (1984—
2012) with fragmentation, not considered in the official
Brazilian deforestation assessments (PRODES).

Linking the interdisciplinary results of the Carbiocial and
Carbioma projects, the importance of a greater distribution of
integrated agro-silvo-pastoril systems within a better imple-
mentation of the ABC program (see Carauta et al. 2018) com-
bined with an intensified crop production along a sustainabil-
ity pathway (Gopel et al. 2018) is necessary for better land
management to reach the GHG reduction goals of the
Brazilian Climate Plan.

Acknowledgements This study was carried out in the framework of the
integrated project Carbiocial funded by the German Ministry of
Education and Research (BMBF) under the grant number 01LL0902F
and Carbioma funded by the National Council for Scientific and
Technological Development (CNPq) grant number 562601/2010-4 and
the Brazilian Agricultural Research Corporation (Embrapa) grant number
02.11.05.001. We thank all involved stakeholders and farmers for their
support as well as FAPEG and FAPEMAT for co-funding of Brazilian
counterpart projects.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Aguiar APD, Vieira ICG, Assis TO, Dalla-Nora EL, Toledo PM, Oliveira
Santos-Junior RA, Batistella M, Coelho AS, Savaget EK, Aragio
LEOC, Nobre CA, Ometto JPH (2016) Land use change emission sce-
narios: anticipating a forest transition process in the Brazilian Amazon?
Glob Chang Biol 22:1821-1840. https://doi.org/10.1111/gcb.13134

Assungdo J, Gandour CC, Rocha R (2015) Deforestation slowdown in the
Legal Amazon: prices or policies? Environ Devel Econ 20:697-722.
https://doi.org/10.1017/S1355770X15000078

Barni PE, Fearnside PM, Graca PMLA (2014) Simulating deforestation
and carbon loss in Amazonia: impacts in Brazil’s Roraima state from
reconstructing highway BR-319 (Manaus-Porto Velho). Environ
Manag 55:259-278. https://doi.org/10.1007/s00267-014-0408-6

Barona E, Ramankutty N, Hyman G, Coomes OT (2010) The role of pasture
and soybean in deforestation of the Brazilian Amazon. Environ Res Lett
5:1-9. https://doi.org/10.1088/1748-9326/5/2/024002

Benatti JH, Fischer LRC (2018) New trends in land tenure and environ-
mental regularization laws in the Brazilian Amazon. Reg Environ
Chang. https://doi.org/10.1007/s10113-017-1162-0

Beuchle R, Grecchi RC, Shimabukuro YE, Seliger R, Eva HD, Sano E,
Achard F (2015) Land cover changes in the Brazilian Cerrado and
Caatinga biomes from 1990 to 2010 based on a systematic remote
sensing sampling approach. Appl Geogr 58:116-127. https://doi.
org/10.1016/j.apgeog.2015.01.017

Boers N, Marwan N, Barbosa HMJ, Kurths J (2017) A deforestation-
induced tipping point for the South American monsoon system.
Sci Rep 7:41489. https://doi.org/10.1038/srep4 1489

Boucher D, Roquemore S, Fitzhugh E (2013) Brazil’s success in reducing
deforestation. Trop Conserv Sci 6:426-445. https:/doi.org/10.1177/
194008291300600308

Boy J, Strey S, Schonenberg R, dos Santos OW, Nendel C, Strey R,
Klingler M, Schumann C, Hartberger K, Guggenberger G (2018)
Seeing the forest not for the carbon—why concentrating on land-use
induced carbon stock changes of soils can be climate-unfriendly.
Reg Environ Chang. https://doi.org/10.1007/s10113-016-1008-1

Brando PM, Coe MT, DeFries R, Azevedo AA (2013) Ecology, economy
and management of an agroindustrial frontier landscape in the south-
east Amazon. Philos Trans R Soc Lond Ser B Biol Sci 368:
20120152. https://doi.org/10.1098/rstb.2012.0152

Brazil (2015) Intended nationally determined contribution. Towards
achieving the objective of the United Nations Framework
Convention on Climate Change. http://www4.unfccc.int/
ndcregistry/PublishedDocuments/Brazil%20First/ BRAZIL %
20iINDC%?20english%20FINAL.pdf. Accessed 25 Sept 2017

Carauta MMM, Latynskiy E, Mossinger J, Gil J, Libera AD, Hampf AC,
Monteiro LA, Siebold M, Berger T (2018) Can preferential credit
programs speed up the adoption of low-carbon agricultural systems
in Mato Grosso, Brazil? Results from bioeconomic microsimulation.
Reg Environ Chang. https://doi.org/10.1007/s10113-017-1104-x

Castello L, Macedo MN (2016) Large-scale degradation of Amazonian
freshwater ecosystems. Glob Chang Biol 22:990—1007. https:/doi.
org/10.1111/gcb.13173

Coe MT, Brando PM, Deegan LA, Macedo MN, Neill C, Silvério DV
(2017) The forests of the Amazon and Cerrado moderate regional
climate and are the key to the future. Trop Conserv Sci 10:1-6.
https://doi.org/10.1177/1940082917720671

CONAB (2017) Séries Historicas de Area Plantada, Produtividade e
Producao, Relativas as Safras 1976/77 a 2015/16 de Graos, 2001 a
2016 de Café, 2005/06 a 2016/17 de Cana-de-Agucar. http:/www.
conab.gov.br/conteudos.php?a=1252. Accessed 25 Sept 2017

Cox PM, Betts RA, Jones CD, Spall SA, Totterdell 1J (2000) Acceleration of
global warming due to carbon cycle feedbacks in a coupled climate
model. Nature 408:184—187. https://doi.org/10.1038/35047138

Coy M, Klingler M (2011) Pionierfront im brasilianischen Amazonien
zwischen alten Problemen und neuen Dynamiken. Das Beispiel des
“Entwicklungskorridors” Cuiaba (Mato Grosso) — Santarém (Para).
Innsbrucker Jahresbericht 20082010, Innsbruck, pp 109—-129

Davidson EA, de Aratjo AC, Artaxo P, Balch JK, Brown IF, Bustamente
MMC, Coe MT, DeFriess RS, Keller M, Longo M, Munger JW,
Schroeder W, Soares-Filho B, Souza CM Jr, Wofsy SC (2012) The
Amazon basin in transition. Nature 481:321-328. https://doi.org/10.
1038/mature10717

de Oliveira SN, de Carvalho OA, Gomes RAT, Guimardes RF, McManus CM
(2017) Landscape-fragmentation change due to recent agricultural ex-
pansion in the Brazilian savanna, western Bahia, Brazil. Reg Environ
Chang 17:411-423. https://doi.org/10.1007/s10113-016-0960-0

Fearnside PM (2005) Deforestation in Brazilian Amazonia: history, rates,
and consequences. Conserv Biol 19:680-688. https://doi.org/10.
1111/4.1523-1739.2005.00697.x

@ Springer


https://doi.org/10.1111/gcb.13134
https://doi.org/10.1017/S1355770X15000078
https://doi.org/10.1007/s00267-014-0408-6
https://doi.org/10.1088/1748-9326/5/2/024002
https://doi.org/10.1007/s10113-017-1162-0
https://doi.org/10.1016/j.apgeog.2015.01.017
https://doi.org/10.1016/j.apgeog.2015.01.017
https://doi.org/10.1038/srep41489
https://doi.org/10.1177/194008291300600308
https://doi.org/10.1177/194008291300600308
https://doi.org/10.1007/s10113-016-1008-1
https://doi.org/10.1098/rstb.2012.0152
http://www4.unfccc.int/ndcregistry/PublishedDocuments/Brazil%20First/BRAZIL%20iNDC%20english%20FINAL.pdf
http://www4.unfccc.int/ndcregistry/PublishedDocuments/Brazil%20First/BRAZIL%20iNDC%20english%20FINAL.pdf
http://www4.unfccc.int/ndcregistry/PublishedDocuments/Brazil%20First/BRAZIL%20iNDC%20english%20FINAL.pdf
https://doi.org/10.1007/s10113-017-1104-x
https://doi.org/10.1111/gcb.13173
https://doi.org/10.1111/gcb.13173
https://doi.org/10.1177/1940082917720671
http://www.conab.gov.br/conteudos.php?a=1252
http://www.conab.gov.br/conteudos.php?a=1252
https://doi.org/10.1038/35047138
https://doi.org/10.1038/nature10717
https://doi.org/10.1038/nature10717
https://doi.org/10.1007/s10113-016-0960-0
https://doi.org/10.1111/j.1523-1739.2005.00697.x
https://doi.org/10.1111/j.1523-1739.2005.00697.x

G. Gerold et al.

Fearnside PM (2015) Deforestation soars in the Amazon. Nature 521:
423. https://doi.org/10.1038/521423b

Fearnside PM (2018) Brazil’s Amazonian forest carbon: the key to south-
ern Amazonia’s significance for global climate. Reg Environ Chang.
https://doi.org/10.1007/s10113-016-1007-2

Fearnside PM, Laurance WE (2004) Tropical deforestation and green-
house gas emissions. Ecol Appl 14:982-986. https://doi.org/10.
1890/03-5225

Fearnside PM, Righi CA, Graga PMLA, Keizer EWH, Cerri CC, Nogueira
EM, Barbosa RI (2009) Biomass and greenhouse-gas emissions from
land-use change in Brazil’s Amazonian “arc of deforestation”: the states
of Mato Grosso and Ronddnia. For Ecol Manag 258:1968—1978.
https://doi.org/10.1016/j.foreco.2009.07.042

Getirana A (2016) Extreme water deficit in Brazil detected from space. J
Hydrometeorol 17:591-599. https://doi.org/10.1175/JHM-D-15-0096.1

Gil J, Siebold M, Berger T (2015) Adoption and development of integrated
crop-livestock-forestry systems in Mato Grosso, Brazil. Agric Ecosyst
Environ 199:394-406. https://doi.org/10.1016/j.agee.2014.10.008

Gimeno L, Stohl A, Trigo RM, Dominguez F, Yoshimura K, Yu LS,
Drumond A, Duran-Quesada AM, Nieto R (2012) Oceanic and
terrestrial sources of continental precipitation. Rev Geophys 50:
RG4003. https://doi.org/10.1029/2012RG000389

Gollnow F, Lakes T (2014) Policy change, land use, and agriculture: the case
of soy production and cattle ranching in Brazil,2001-2012. Appl Geogr
55:203-211. https://doi.org/10.1016/j.apgeog.2014.09.003

Gollnow F, Gopel J, Hissa LBV, Schaldach R, Lakes T (2018) Reg
Environ Chang. https://doi.org/10.1007/s10113-017-1129-1

Gopel J, Schiingel J, Schaldach R, Meurer KHE, Jungkunst HF, Franko
U, Boy J, Strey R, Strey S, Guggenberger G, Parker PS, Hampf AC
(2018) Future land-use and land-cover in southern Amazonia and
resulting greenhouse gas emissions from agricultural soils. Reg
Environ Chang. https://doi.org/10.1007/s10113-017-1235-0

Guzha A, Nobrega R, Kovacs K, Rebola-Lichtenberg J, Amorim R, Gerold G
(2014) Characterizing rainfall runoff signatures from micro catchments
with contrasting land cover characteristics in southern Amazonia.
Hydrol Process 29:508-521. https://doi.org/10.1002/hyp.10161

Hansen MC, Potapov PV, Moore R, Hancher M, Turubanova SA,
Tyukavina A, Thau D, Stehman SV, Goetz SJ, Loveland TR,
Kommareddy A, Egorov A, Chini L, Justice CO, Townshend JRG
(2013) High-resolution global maps of 21st-century forest cover
change. Science 342(6160):850—-853. https://doi.org/10.1126/
science.1244693

Hissa LBV, Miiller H, Aguiar APD, Hostert P, Lakes T (2018) Historical
carbon fluxes in the expanding deforestation frontier of southern
Brazilian Amazonia (1985-2012). Reg Environ Chang. https:/doi.
org/10.1007/s10113-016-1076-2

IBGE (2013) Instituto Brasileiro de Geografia e Estatistica. Geociéncias -
Produtos. http://www.ibge.gov.br/home/geociencias/default prod.
shtm#TERRIT. Accessed 25 Sept 2017

INPE (2014) Programma de monitoramento do desmatamento da floresta
Amazonica Brasileira por satélite (PRODES). http://www.obt.inpe.
br/prodes/index.php/. Accessed 25 Sept 2017

INPE (2016) PRODES estima 7.989 km2 de desmatamento por corte raso
na Amazoénia em 2016. http://www.inpe.br/noticias/noticia.php?
Cod Noticia=4344. Accessed 25 Sept 2017

INPE (2017) Taxas annuais de desmatamento - 1988 até 2016. http://www.
obt.inpe.br/prodes/prodes 1988 2016.htm. Accessed 25 Sept 2017

Jepson W (2005) A disappearing biome? Reconsidering land-cover
change in the Brazilian savanna. Geogr J 171:99-111. https://doi.
org/10.1111/).1475-4959.2005.00153.x

Klingler M, Richards PD, Ossner R (2018) Cattle vaccination records ques-
tion the impact of recent zero-deforestation agreements in the Amazon.
Reg Environ Chang. https://doi.org/10.1007/s10113-017-1234-1

Lamparter GJ, Nobrega RLB, Kovacs K, Amorim RS, Gerold G (2018)
Modelling hydrological impacts of agricultural expansion in two

@ Springer

macro-catchments in southern Amazonia, Brazil. Reg Environ
Chang. https://doi.org/10.1007/s10113-016-1015-2

Laurance WF, Useche DC, Rendeiro J, Kalka M, Bradshaw CJA, Sloan
SP, Laurance SG, Campbell M, Abemethy K, Alvarez P, Arroyo-
Rodriguez V, Ashton P, Benitez-Malvido J, Blom A, Bobo KS,
Cannon CH, Cao M, Carroll R, Chapman C, Coates R, Cords M,
Danielsen F, De Dijn B, Dinerstein E, Donnelly MA, Edwards D,
Edwards F, Farwig N, Fashing P, Forget PM, Foster M, Gale G,
Harris D, Harrison R, Hart J, Karpanty S, Kress WJ,
Krishnaswamy J, Logsdon W, Lovett J, Magnusson W, Maisels F,
Marshall AR, McClearn D, Mudappa D, Nielsen MR, Pearson R,
Pitman N, van der Ploeg J, Plumptre A, Poulsen J, Quesada M,
Rainey H, Robinson D, Roetgers C, Rovero F, Scatena F, Schulze
C, Sheil D, Struhsaker T, Terborgh J, Thomas D, Timm R, Urbina-
Cardona JN, Vasudevan K, Wright SJ, Arias-G JC, Arroyo L,
Ashton M, Auzel P, Babaasa D, Babweteera F, Baker P, Banki O,
Bass M, Bila-Isia I, Blake S, Brockelman W, Brokaw N, Bruhl CA,
Bunyavejchewin S, Chao JT, Chave J, Chellam R, Clark CJ, Clavijo
J, Congdon R, Corlett R, Dattaraja HS, Dave C, Davies G, Beisiegel
BD, da Silva RD, Di Fiore A, Diesmos A, Dirzo R, Doran-Shechy
D, Eaton M, Emmons L, Estrada A, Ewango C, Fedigan L, Feer F,
Fruth B, Willis JG, Goodale U, Goodman S, Guix JC, Guthiga P,
Haber W, Hamer K, Herbinger I, Hill J, Huang ZL, Sun IF, Ickes K,
Itoh A, Ivanauskas N, Jackes B, Janovec J, Janzen D, Jiangming M,
Jin C, Jones T, Justiniano H, Kalko E, Kasangaki A, Killeen T, King
HB, Klop E, Knott C, Kone I, Kudavidanage E, Ribeiro JLD, Lattke
J, Laval R, Lawton R, Leal M, Leighton M, Lentino M, Leonel C,
Lindsell J, Ling-Ling L, Linsenmair KE, Losos E, Lugo A, Lwanga
J, Mack AL, Martins M, McGraw WS, McNab R, Montag L,
Thompson JM, Nabe-Nielsen J, Nakagawa M, Nepal S, Norconk
M, Novotny V, O'Donnell S, Opiang M, Ouboter P, Parker K,
Parthasarathy N, Pisciotta K, Prawiradilaga D, Pringle C,
Rajathurai S, Reichard U, Reinartz G, Renton K, Reynolds G,
Reynolds V, Riley E, Rodel MO, Rothman J, Round P, Sakai S,
Sanaiotti T, Savini T, Schaab G, Seidensticker J, Siaka A, Silman
MR, Smith TB, de Almeida SS, Sodhi N, Stanford C, Stewart K,
Stokes E, Stoner KE, Sukumar R, Surbeck M, Tobler M, Tscharntke
T, Turkalo A, Umapathy G, van Weerd M, Rivera JV, Venkataraman
M, Venn L, Verea C, de Castilho CV, Waltert M, Wang B, Watts D,
Weber W, West P, Whitacre D, Whitney K, Wilkie D, Williams S,
Wright DD, Wright P, Xiankai L, Yonzon P, Zamzani F (2012)
Averting biodiversity collapse in tropical forest protected areas.
Nature 489:290-294. https://doi.org/10.1038/nature11318

Lees AC, Peres CA (2006) Rapid avifaunal collapse along the
Amazonian deforestation frontier. Biol Conserv 133:198-211.
https://doi.org/10.1016/j.biocon.2006.06.005

Lenton TM, Held H, Kriegler E, Hall JW, Lucht W, Rahmsdorf'S, Schellnhuber
HJ (2008) Tipping elements in the Earth’s climate system. Proc Natl Acad
Sci 105:1786—1793. https://doi.org/10.1073/pnas.0705414105

Lima JS, Ballesteros-Mejia L, Lima-Ribeiro MS, Collevatti RG (2017)
Climatic changes can drive the loss of genetic diversity in a
Neotropical savanna tree species. Glob Chang Biol 23:4639-4650.
https://doi.org/10.1111/gcb.13685

Macedo MN, DeFries RS, Morton DC, Stickler CM, Galford GL,
Shimabukuro YE (2012) Decoupling of deforestation and soy pro-
duction in the southern Amazon during the late 2000s. Proc Natl
Acad Sci 109:1341-1346. https://doi.org/10.1073/pnas. 1111374109

Malhi Y, Timmons Roberts J, Betts RA, Killeen TJ, Li W, Nobre CA
(2008) Climate change, deforestation and the fate of the Amazon.
Science 319:169—172. https://doi.org/10.1126/science.1146961

MAPA-MDA (2012) Plano setorial de mitigagdo e de adaptagdo as
mudanc,as climaticas para a consolidagdo de uma economia de
baixa emissdo de carbono na agricultura. Plano ABC
(Agricultura de Baixa Emiss@o de Carbono). Ministério da
Agricultura, Pecuaria e Abastecimento/Ministério do
Desenvolvimento Agrario, Brasilia. http://www.agricultura.gov.


https://doi.org/10.1038/521423b
https://doi.org/10.1007/s10113-016-1007-2
https://doi.org/10.1890/03-5225
https://doi.org/10.1890/03-5225
https://doi.org/10.1016/j.foreco.2009.07.042
https://doi.org/10.1175/JHM-D-15-0096.1
https://doi.org/10.1016/j.agee.2014.10.008
https://doi.org/10.1029/2012RG000389
https://doi.org/10.1016/j.apgeog.2014.09.003
https://doi.org/10.1007/s10113-017-1129-1
https://doi.org/10.1007/s10113-017-1235-0
https://doi.org/10.1002/hyp.10161
https://doi.org/10.1126/science.1244693
https://doi.org/10.1126/science.1244693
https://doi.org/10.1007/s10113-016-1076-2
https://doi.org/10.1007/s10113-016-1076-2
http://www.ibge.gov.br/home/geociencias/default_prod.shtm#TERRIT
http://www.ibge.gov.br/home/geociencias/default_prod.shtm#TERRIT
http://www.obt.inpe.br/prodes/index.php/
http://www.obt.inpe.br/prodes/index.php/
http://www.inpe.br/noticias/noticia.php?Cod_Noticia=4344
http://www.inpe.br/noticias/noticia.php?Cod_Noticia=4344
http://www.obt.inpe.br/prodes/prodes_1988_2016.htm
http://www.obt.inpe.br/prodes/prodes_1988_2016.htm
https://doi.org/10.1111/j.1475-4959.2005.00153.x
https://doi.org/10.1111/j.1475-4959.2005.00153.x
https://doi.org/10.1007/s10113-017-1234-1
https://doi.org/10.1007/s10113-016-1015-2
https://doi.org/10.1038/nature11318
https://doi.org/10.1016/j.biocon.2006.06.005
https://doi.org/10.1073/pnas.0705414105
https://doi.org/10.1111/gcb.13685
https://doi.org/10.1073/pnas.1111374109
https://doi.org/10.1126/science.1146961
http://www.agricultura.gov.br/assuntos/sustentabilidade/plano-abc/plano-abc-agricultura-de-baixa-emissao-de-carbono

Carbon-optimised land management strategies for southern Amazonia

br/assuntos/sustentabilidade/plano-abc/plano-abc-agricultura-
de-baixa-emissao-de-carbono. Accessed 25 Sept 2017

Meyfroidt P, Lambin EF, Erb K, Hertel TW (2013) Globalization of land
use: distant drivers of land change and geographic displacement of
land use. Curr Opin Environ Sustain 5:438—444. https://doi.org/10.
1016/j.cosust.2013.04.003

Moreno G, Souza Higa TC (2005) Geografia de Mato Grosso. Territorio,
Sociedade, Ambiente. Entrelinhas, Cuiaba

Miiller H, Rufin P, Griffiths P, Siqueira AJB, Hostert P (2015) Mining
dense Landsat time series for separating cropland and pasture in a
heterogeneous Brazilian savanna landscape. Remote Sens Envrion
156:490-499. https://doi.org/10.1016/j.rse.2014.10.014

Miiller H, Griffiths P, Hostert P (2016) Long-term deforestation dynamics
in the Brazilian Amazon—uncovering historic frontier development
along the Cuiaba-Santarém highway. Int J Appl Earth Obs Geoinf
44:61-69. https://doi.org/10.1016/j.jag.2015.07.005

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J
(2000) Biodiversity hotspots for conservation priorities. Nature
403:853-858. https://doi.org/10.1038/35002501

Nendel C, Berg M, Kersebaum KC, Mirschel W, Specka X, Wegehenkel M,
Wenkel KO, Wieland R (2011) The MONICA model: testing predict-
ability for crop growth, soil moisture and nitrogen dynamics. Ecol Model
222:1614-1625. https://doi.org/10.1016/j.ecolmodel.2011.02.018

Nepstad DC, Stickler CM, Soares-Filho B, Merry F (2008) Interactions
among Amazon land use, forests and climate: prospects for a near-
term forest tipping point. Phil Trans R Soc B 363:1737-1746.
https://doi.org/10.1098/rstb.2007.0036

Nepstad DC, McGrath D, Stickler C, Alencar A, Azevedo A, Swette B,
Bezerra T, DiGiano M, Shimada J, Seroa da Motta R, Armijo E,
Castello L, Brando P, Hansen MC, McGrath-Horn M, Carvalho O,
Hess L (2014) Slowing Amazon deforestation through public policy
and interventions in beef and soy supply chains. Science 344:1118—
1123. https://doi.org/10.1126/science.1248525

Neri AV, Schaeffer CEGR, Silva AF, Souza AL (2012) The influence of
soils on the floristic composition and community structure of an area
of Brazilian Cerrado vegetation. Edinb J Bot 69:1-27. https://doi.
org/10.1017/S0960428611000382

Nobrega RLB, Guzha AC, Torres GN, Kovacs K, Lamparter G, Amorim
RSS, Couto E, Gerold G (2015) Identifying hydrological responses
of micro-catchments under contrasting land use in the Brazilian
Cerrado. Hydrol Earth Syst Sci Discuss 12:9915-9975. https://doi.
org/10.5194/hessd-12-9915-2015

Nogueira EM, Yanai AM, Fonseca FOR, Fearnside PM (2015) Carbon
stock loss from deforestation through 2013 in Brazilian Amazonia.
Glob Chang Biol 21:1271-1292. https://doi.org/10.1111/gcb.12798

Oliveira JM, Madari BE, Medeiros JC, Ramos Assis PC, Rodrigues
Silveira AL, de Leles LM, Wruck FJ, Oliveira de Almeida
Machado PL (2018) Integrated farming systems for improving soil
carbon balance in the southern Amazon of Brazil. Reg Environ
Chang. https://doi.org/10.1007/s10113-017-1146-0

Pimm SL, Jenkins CN, Abell R, Brooks TM, Gittleman JL, Joppa LN,
Sexton JO (2014) The biodiversity of species and their rates of
extinction, distribution, and protection. Science 344(6187):
1246752. https://doi.org/10.1126/science. 1246752

Pringle H (2014) Uncontacted tribe in Brazil emerges from isolation. Science
345:125-126. https://doi.org/10.1126/science.345.6193.125

Redo D, Aide TM, Clark ML (2013) Vegetation change in Brazil’s dryland
ecoregions and the relationship to crop production and environmental
factors: Cerrado, Caatinga, and Mato Grosso, 2001-2009. J Land Use
Sci 8:123-153. https://doi.org/10.1080/1747423X.2012.667448

Resck DVS, Vasconsellos CA, Vilela L, Macedo MCM (2000) Impact of
conversion of Brazilian Cerrados to cropland and pastureland on soil
carbon pool and dynamics. In: Lal R et al (eds) Global climate

change and tropical ecosystems. Adv Soil Sci, CRC Press, Boca
Raton, pp 169-196

Richards PD (2012) Indirect land use change and the future of the
Amazon. Dissertation, Michigan State University

Rocha GF, Ferreira LG, Ferreira NC, Ferreira ME (2011) Detecgdo de
desmatamentos no bioma Cerrado entre 2002 a 2009: padrdes,
tendéncias e impactos. Rev Bras Cartogr 63:341-349

Schaldach R, Koch J (2009) Conceptual design and implementation of a
model for the intergated simulation of large-scale land-use systems.
In: Athanasiadis IN, Rizzoli AE, Mitkas PA, Gomez JM (eds)
Information technologies in environmental engineering. Springer,
Berlin, pp 425-438. https://doi.org/10.1007/978-3-540-88351-7 32

Schaldach R, Meurer KHE, Jungkunst H, Nendel C, Lakes T, Gollnow F,
Gopel J, Boy J, Guggenberger G, Strey R, Strey S, Berger T, Gerold G,
Schoénenberg R, Bohner J, Schindewolf M, Latynski E, Hampf AC,
Parker PS, Sentelhas PC (2018) A model-based assessment of the envi-
ronmental impact of land-use change across scales in southern Amazonia.
Reg Environ Chang. https://doi.org/10.1007/s10113-017-1244-z

Schob A, Schmidt J, Tenholtern R (2006) Derivation of site-related mea-
sures to minimise soil erosion on the watershed scale in the Saxonian
loess belt using the model EROSION 3D. Catena 68:153—-160.
https://doi.org/10.1016/j.catena.2006.04.009

Schonenberg R, Hartberger K, Schumann C, Benatti JH, Fischer LC
(2015) What comes after deforestation control? Learning from three
attempts of land-use planning in southern Amazonia. Gaia 2:73—
144. https://doi.org/10.14512/gaia.24.2.10

Schonenberg R, Boy J, Hartberger K, Schumann C, Guggenberger G, Siebold
M, Lakes T, Lamparter G, Schindewolf M, Nendel C, Hohnwald S,
Meurer K, Gerold G, Klingler M (2017) Methods of inter- and transdis-
ciplinary research—a trajectory of knowledge integration. Erdkunde 71:
177-193. https://doi.org/10.3112/erdkunde.2017.03.02

Schumann C, Hartberger K, Klingler M, Schonenberg R (2015) Sempre
pra frente — Historias de vida da BR 163. Editora Olhares, Sdo Paulo

Simon MF, Grether R, de Queiroz LP, Skema C, Pennington RT, Hughes
CE (2009) Recent assembly of the Cerrado, a neotropical plant
diversity hotspot, by in situ evolution of adaptations to fire. Proc
Natl Acad Sci 106:20359-20364. https://doi.org/10.1073/pnas.
0903410106

Siqueira A, Ricaurte LF, Borges GA, Nunes GM, Wantzen KM (2018)
The role of private rural properties for conserving native vegetation
in Brazilian southern Amazonia. Reg Environ Chang. https://doi.
org/10.1007/s10113-015-0824-z

Soares-Filho BS, Nepstad D, Curran L et al (2006) Modelling conserva-
tion in the Amazon basin. Nature 440:520-523. https://doi.org/10.
1073/pnas.0913048107

Soares-Filho BS, Moutinho P, Nepstad D, Anderson A, Rodrigues H,
Garcia R, Dietzsch L, Merry F, Bowman M, Hissa L, Silvestrini
R, Maretti C (2010) Role of Brazilian Amazon protected areas in
climate change mitigation. Proc Natl Acad Sci 107:10821-10826.
https://doi.org/10.1073/pnas.0913048107

Strassburg BB, Latawiec AE, Barioni LG, Nobre CA, da Silva VP, Valentim
JE, Vianna M, Assad D (2014) When enough should be enough: im-
proving the use of current agricultural lands could meet production
demands and spare natural habitats in Brazil. Glob Environ Chang 28:
84-97. https://doi.org/10.1016/j.gloenvcha.2014.06.001

Tollefson J (2015) Stopping deforestation: battle for the Amazon. Nature
520:20-23. https://doi.org/10.1038/520020a

Trumbore S, Brando P, Hartmann H (2015) Forest health and global change.
Science 349:814-818. https://doi.org/10.1126/science.aac6759

Walker RS, Kesler DC, Hill KR (2016) Are isolated indigenous popula-
tions headed toward extinction? PLoS One 11:¢0150987. https://doi.
org/10.1371/journal.pone.0150987

@ Springer


http://www.agricultura.gov.br/assuntos/sustentabilidade/plano-abc/plano-abc-agricultura-de-baixa-emissao-de-carbono
http://www.agricultura.gov.br/assuntos/sustentabilidade/plano-abc/plano-abc-agricultura-de-baixa-emissao-de-carbono
https://doi.org/10.1016/j.cosust.2013.04.003
https://doi.org/10.1016/j.cosust.2013.04.003
https://doi.org/10.1016/j.rse.2014.10.014
https://doi.org/10.1016/j.jag.2015.07.005
https://doi.org/10.1038/35002501
https://doi.org/10.1016/j.ecolmodel.2011.02.018
https://doi.org/10.1098/rstb.2007.0036
https://doi.org/10.1126/science.1248525
https://doi.org/10.1017/S0960428611000382
https://doi.org/10.1017/S0960428611000382
https://doi.org/10.5194/hessd-12-9915-2015
https://doi.org/10.5194/hessd-12-9915-2015
https://doi.org/10.1111/gcb.12798
https://doi.org/10.1007/s10113-017-1146-0
https://doi.org/10.1126/science.1246752
https://doi.org/10.1126/science.345.6193.125
https://doi.org/10.1080/1747423X.2012.667448
https://doi.org/10.1007/978-3-540-88351-7_32
https://doi.org/10.1007/s10113-017-1244-z
https://doi.org/10.1016/j.catena.2006.04.009
https://doi.org/10.14512/gaia.24.2.10
https://doi.org/10.3112/erdkunde.2017.03.02
https://doi.org/10.1073/pnas.0903410106
https://doi.org/10.1073/pnas.0903410106
https://doi.org/10.1007/s10113-015-0824-z
https://doi.org/10.1007/s10113-015-0824-z
https://doi.org/10.1073/pnas.0913048107
https://doi.org/10.1073/pnas.0913048107
https://doi.org/10.1073/pnas.0913048107
https://doi.org/10.1016/j.gloenvcha.2014.06.001
https://doi.org/10.1038/520020a
https://doi.org/10.1126/science.aac6759
https://doi.org/10.1371/journal.pone.0150987
https://doi.org/10.1371/journal.pone.0150987

	Carbon-optimised land management strategies for southern Amazonia
	Challenges
	Regional focus
	Inter- and transdisciplinary research approach
	References


