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A B S T R A C T

Brazil has become an agricultural powerhouse, producing roughly 30 % of the world’s soy and 15 % of its beef by
2013 – yet historically much of that growth has come at the expense of its native ecosystems. Since 1985,
pastures and croplands have replaced nearly 65 Mha of forests and savannas in the legal Amazon. A growing
body of work suggests that this paradigm of horizontal expansion of agriculture over ecosystems is outdated and
brings negative social and environmental outcomes. Here we propose four strategies that can reduce defor-
estation, while increasing production and social wellbeing. First, eliminate land grabbing and land speculation
through designation of public forests. This would clarify land tenure and limit the pool of land available for un-
controlled expansion of agriculture and ranching. Second, reduce deforestation on private properties by im-
plementing existing mechanisms in Brazil’s Forest Code to facilitate payments for environmental services, with
support from market initiatives for sustainable sourcing of agricultural products. Third, incentivize increased
productivity on medium and large properties through targeted investments. By stimulating adoption of proven tech-
nologies for sustainable intensification, this would help meet Brazil’s production targets and growing interna-
tional demand for agricultural products, without expanding into new production areas. Finally, foster economic,
environmental and social improvements through technical assistance to small farmers. Small farmers occupy a large
swath of the Amazon and often lack access to technical assistance, production technology, and markets.
Providing quality technical assistance to small farmers could help them better align production practices with
local opportunities; increase household income and improve livelihoods; and reduce deforestation pressure. By
implementing these four strategies in a coordinated effort between public and private agents, Brazil can show the
world how to reduce deforestation while increasing agricultural output, reestablishing its leadership in mana-
ging natural resources and mitigating climate change.

1. Introduction

Over the last three decades Brazil has emerged as a global agri-
cultural powerhouse. In the 1970s it was a net importer of food com-
modities, with an average international trade deficit of US$1.8 billion
per year (MDIC and Brasil, 2018). To address this imbalance, the Fed-
eral Government implemented a structured, long term plan including
subsidies for rural credit; investments in agricultural research through
the creation of Embrapa; a national plan for Amazon integration; and
infrastructure projects to enable transportation of agricultural goods
(Chaddad, 2015). Fifty years later, Brazil is a leading exporter of

agricultural products such as soy, sugar, chicken, coffee and beef. Its
agricultural sector is responsible for over 20 % of the country’s GDP,
producing roughly 30 % of the world’s soybeans and 15 % of its beef
(FAO et al., 2018).

The revolution in Brazilian agricultural production was built
through strong political will, long-term planning and billions of dollars
in targeted subsidies and incentives (Caldart et al., 2012). However, the
expansion of Brazilian agriculture in the legal Amazon states1 occurred
at the expense of nearly 65 million hectares (Mha) of native ecosystems,
which were converted to pasture or croplands from 1985 to 2018
(MapBiomas, 2019). Over the same period, annual soy production in
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the region increased from 1.7 to ∼40 million tons (IBGE, 2018a), while
the cattle herd increased from 15 to ∼86 million animals (IBGE,
2018b). In some regions, this boom in agricultural production gener-
ated social benefits such as increased income, access to schools and
better health (Richards et al., 2015). In others, the deforestation-based
model of frontier expansion caused income inequality and land con-
centration (Sant’anna, 2017), rural violence (Dantas et al., 2017), land
grabbing (Azevedo-Ramos and Moutinho, 2018), and environmental
degradation (Nepstad et al., 1999).

Although it enabled the region to produce grains and meat to feed
domestic and foreign markets, the associated environmental degrada-
tion has become a threat to future production (IPCC et al., 2019). The
cumulative effect of this agricultural expansion has contributed to re-
gional climate changes (Silvério et al., 2015) and has the potential to
alter planetary-scale circulation (Mahmood et al., 2014; Snyder, 2010).
For example, in the southern Amazon, local deforestation (by reducing
water vapor flux to the atmosphere) has already delayed the onset of
the rainy season and shortened the growing season (Leite-Filho et al.,
2019). Mitigating such climate changes has thus become a real and
growing challenge for Brazil’s agricultural sector.

Between 2004 and 2017, annual deforestation in the legal Amazon
states fell by > 70 % (INPE, 2018a, 2018b) while soybean and beef
production increased by 130 % and 72 %, respectively (IBGE, 2019,
2018a) (Fig. 1). These reductions in deforestation have been linked to
various public and private policies and the observed trends are subject
to complex interactions, time lags, and teleconnections (Alix-Garcia
et al., 2017; Boucher et al., 2013; Kastens et al., 2017). Even so, several
studies suggest that Brazil now has an opportunity to significantly in-
crease its agricultural production without new deforestation (Chambers
and Artaxo, 2017; Garcia et al., 2017; Macedo et al., 2012; Nepstad
et al., 2014). This opportunity is rooted in the fact that Brazil has a very
large pool of already cleared, underutilized land (Strassburg et al.,
2014), as well as capable agricultural sector that is primed for in-
novation.

The business case for improving environmental performance is in-
creasingly clear. International markets are demanding deforestation-
free products that meet multiple sustainability criteria (Lambin et al.,
2018). In response, producers and companies (e.g. traders, meatpackers
and animal feed producers) have made a series of voluntary commit-
ments to source deforestation-free commodities. These include pledges

by the Consumer Goods Forum (CGF, 2019), the Tropical Forest Alli-
ance (TFA, 2020, 2019), the New York Declaration on Forests (NYDF,
2019), the Amsterdam Declaration Partnership (AD-Partnership, 2015)
and the Soy and Beef Moratoriums, among others. Brazilian society
knows that it cannot continue to sacrifice its natural environment to
satisfy short-term targets for economic and agricultural growth (Pinto
et al., 2017; Strassburg et al., 2014).

The model of increasing production through “frontier expansion” is
outdated and increasingly out-of-step with markets and societal de-
mands. It not only falls short of sustainability standards, but also faces
increased production risks as deforestation and forest fragmentation
alter regional climate (Butt et al., 2011; Spracklen et al., 2018). Many
studies have pointed to sector-specific proposals to address this (Cohn
et al., 2014; Gibbs et al., 2015; Nepstad et al., 2014), but Brazil still
lacks a long term, integrated approach to reconcile its production goals
with environmental conservation. For example, by 2030 the Brazilian
Ministry of Agriculture aims to increase beef production by ∼43 % and
grain production by ∼33 % (Brasil and Secretaria de Política Agrícola,
2017). The current strategy to achieve those targets is rooted in the old
paradigm of expanding agriculture at the expense of forests (Azevedo-
Ramos and Moutinho, 2018). Moreover, agricultural expansion is at
odds with the goals set by the federal government’s Nationally De-
termined Contribution (NDC), which aims to restore 12 million ha of
forests and end illegal deforestation in the Amazon by 2030 (Brasil,
2017a).

Despite the lack of coherence in federal policies, producers are al-
ready testing new modes of agricultural production, including planting
grains in degraded pasturelands, double cropping (Kastens et al., 2017)
and integrated agriculture-forest-pasture systems (EMBRAPA, 2017).
This move towards intensification has occurred with few (if any) gov-
ernment incentives, but new incentives and strategic investments could
accelerate its widespread adoption. Mato Grosso, the largest commodity
producer in Brazil, has been proactive in setting targets to increase
production, while promoting forest conservation and social inclusion
(Mato Grosso, 2016). At the same time, the environmental policies now
being proposed by Brazil’s federal government threaten to dismantle
Brazil’s Forest Code (Tollefson, 2018) and may have already con-
tributed to the recent surge in land speculation and deforestation in the
Amazon (Venâncio et al., 2018). This dissonance between regional and
federal policies underscores the urgent need for a new, integrated

Fig. 1. Deforestation (km2/yr) in the Amazon (green bar) and Cerrado (yellow bar) biomes of the legal Amazon states in the primary Y axis and the annual
production of soy (purple line) and beef (red line) in the region (Data sources: IBGE, 2019, 2018a; INPE, 2018a, 2018b).
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model of development that reconciles agricultural growth, forest con-
servation and social well-being in the Amazon.

This study explores potential pathways to foster a new development
paradigm for the Brazilian Amazon (Fig. 2). We focus on four com-
plementary strategies: (1) eliminate land grabbing and land speculation
through designation of public forests; (2) reduce deforestation on private
properties; (3) incentivize increased productivity on medium and large
properties through targeted investments; and (4) foster economic, environ-
mental and social improvements through technical assistance to small
farmers. Given that implementing all four strategies simultaneously is
unrealistic, a key issue is to prioritize implementation across strategies
or regions to maximize the benefits to conservation, climate mitigation,
production and social inclusion goals. Furthermore, the model proposed
here assumes that existing public policies and command-and-control
enforcement mechanisms are maintained and improved.

2. More food, more forests: charting a path forward

(1) Eliminate land grabbing and land speculation through desig-
nation of public forests. Brazil has over 65 Mha of undesignated public
forests in the Amazon – an area the size of France never officially al-
located by the government (Fig. 2). In the absence of clear land tenure,
land speculators and grabbers often occupy and deforest these lands
illegally, whether by forging land titles or using loopholes in existing
legislation to resolve tenure issues, selling these areas at a profit and
flooding the market with low opportunity cost lands (Brown et al.,
2016; Sparovek et al., 2019). Recent changes to the laws governing land
occupation have only encouraged this dynamic by creating confusion
and the perception that environmental laws have no teeth. For example,
Terra Legal (Brasil, 2009) – a government program designed to give
long-time occupants a pathway to legalize their land claims – recently
extended its cut-off date for filing claims (Brasil, 2017b), sending the
signal that land speculation can pay off. As a result, 25 % of Amazon
deforestation in 2017 (INPE, 2018a) occurred in undesignated lands.

Designating undesignated public forests as protected areas with
adequate management and clear tenure could significantly reduce

illegal deforestation and limit the market for illegal land grabbing and
land speculation (Azevedo-Ramos and Moutinho, 2018; Moutinho
et al., 2016). The cost of creating and maintaining such protected areas
varies greatly (Geluda et al., 2012; da Silva et al., 2019), but could be
compensated by a stronger regional forest economy and by sustainable
use of the forest resources. At the same time, creating new protected
areas would contribute to maintenance of ecosystem services and bio-
diversity (Golden Kroner et al., 2019). An important aspect of inclusion
would be through sustainable use of these new protected areas, pro-
viding incentives and income generating opportunities for local com-
munities, such as tourism or sustainable extraction of timber, rubber,
“açaí”, Brazil nuts, and other forest products (Medeiros and Young,
2011). The avoided deforestation could also attract green investments,
including existing mechanisms for Reducing Emissions from Defor-
estation and Forest Degradation (REDD+) under the United Nations
Framework Convention on Climate Change (UNFCCC).

(2) Reduce legal deforestation on private properties. We estimate
that there are 28 Mha of Amazon forests on private properties that
could be legally deforested under existing legislation (Stabile, 2018)
(Fig. 2). Roughly 16 Mha of this legal deforestation could be avoided
through a market for environmental offsets known as Environmental
Reserve Quotas (CRA, Portuguese acronym) – a mechanism proposed in
the 2012 revision of the Brazilian Forest Code (Soares-Filho et al.,
2016). The CRA would establish a cap-and-trade system of forests
certificates, making it possible for landowners with forest surpluses (i.e.
forest areas exceeding the legal requirement) to transfer their “right to
deforest” and offset forest deficits elsewhere (i.e. illegally deforested
land that needs to be restored). Implementation of the CRA mechanism
is still pending regulation.

Avoiding legal deforestation in the remaining areas (12 Mha) would
require a new mechanism and regulation for payments for environ-
mental services (PES) to compensate farmers for the foregone profits
associated with conserving forests on their property. Our preliminary
calculations suggest an opportunity cost of US$77-123 ha-1yr-1 to
compensate 12 Mha of forest surplus (Stabile, 2018). The Brazilian
government could promote private or public compensation programs

Fig. 2. Land tenure categories in the Brazilian Amazon related to our four proposed strategies to reduce deforestation in the region (see text for details). Inset:
Representation of large private property with areas (in yellow) that can be financially compensated to avoid legal deforestation (see the text for details). CRA is a
Portuguese acronym for Environmental Reserve Quotas as established by the Forest code (Brasil, 2012). The number in parenthesis indicated which strategy applies
to each of the colours in the maps.
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using a PES approach (Börner et al., 2017), implementing a national
cap and trade scheme (IPAM, 2014) or REDD + mechanisms (Angelsen
et al., 2012). Payments for avoiding legal deforestation would generate
income for farmers that could be reinvested to improve productivity.
The regulation of PES mechanisms has moved forward recently with
Brazilian Congress approving legislation to regulate such mechanisms.

Market initiatives that support deforestation-free supply chains
could also play a crucial role in reducing legal deforestation. Examples
include industry-led initiatives such as the Soy and Beef Moratoria
(Gibbs et al., 2015), as well as international commitments to source
zero-deforestation products such as Consumer Goods Forum (CGF,
2019), Tropical Forest Alliance 2020 (TFA, 2020, 2019), New York
Declaration on forests (NYDF, 2019) and the Amsterdam Declaration
Partnership (AD-Partnership, 2015). These initiatives could provide
additional incentives to promote intelligent land-use planning and
agricultural intensification. Harnessing international financing for
avoided deforestation (e.g., the Green Climate Fund and International
Civil Aviation Organization) could provide additional funding and fa-
cilitate trading of forest certificates.

(3) Incentivize increased productivity on medium and large prop-
erties through targeted investments. Achieving Brazil’s agricultural
development targets (MAPA 2017) solely through agricultural expan-
sion (into new areas) could require as much as 12 Mha of additional
deforestation. Targeted intensification can play a substantial avoiding
this deforestation by increasing production on already cleared land
(Garcia et al., 2017; Martha et al., 2012; Strassburg et al., 2014). In this
regard, intensification of cattle ranching on existing pastures represents
particularly low-hanging fruit. Increasing beef productivity in the
Amazon from 60 kg ha-1yr-1 to 150 kg ha-1yr-1 on just 21 % (11.5 Mha)
of existing rangelands would free enough land (4 Mha) to meet beef
production targets and allow for crop expansion in these areas (MAPA
2017) without any new deforestation. The economic benefits of in-
tensifying beef production on medium and large ranches outweigh the
needed investments (Garcia et al., 2017; Silva and Barreto, 2014;
Stabile et al., 2017), but there are cultural and economic barriers to
doing so. Ranchers are often risk-averse because they cannot control the
price of beef or accurately predict the return on investments to increase
production. Furthermore, expanding into new areas is still seen as a
sign of prosperity, and purchasing new land is often cheaper than in-
vesting in productivity gains (Koch et al., 2019).

This third strategy would redirect (or reinvent) incentives to in-
crease productivity on private properties (Fig. 2). This could involve
both public and private sectors. For example, a portion of public in-
vestments through Brazil’s “Plano Safra” (an existing subsidized credit
program for agriculture) could be redirected to increasing agricultural
productivity. Subsidies could help promote adoption of existing tech-
nologies, innovation, and sound land management. Moreover, setting
environmental criteria to access credit could encourage producers to
implement changes that ultimately help them meet commercial de-
mands for deforestation-free products, comply with environmental
legislation, and increase the long-term sustainability of production. For
instance, a greater share of agricultural credit lines could be earmarked
for “low-carbon agriculture” as proposed by Brazil’s Low Carbon
Agriculture (ABC) Program – which now represents only 2 % of total
rural lending. At the same time, the private sector has signaled with
commitments to source deforestation-free products. This demand
should be accompanied by direct support to producers and supply
chains to increase productivity while complying with existing legisla-
tion (Azevedo et al., 2015).

(4) Foster economic, environmental and social improvements
through technical assistance to small farmers. The fourth and final
strategy is to strengthen small family farming through technical assis-
tance to improve their economic, social and environmental outcomes
(Fig. 2). About two million people occupy the 77 Mha of official set-
tlements in the Amazon (INCRA, 2017) – the same areas responsible for
30 % of all Amazon deforestation in recent years (INPE, 2018a).

Historically, small family farming has been neglected in the moder-
nization of Brazilian agriculture (de Castro and Pereira, 2017). The high
rates of deforestation on these properties stem from low income; a lack
of basic infrastructure and institutional support; and poor access to
technical assistance, farming technology, and markets (Alencar et al.,
2016). Current farming practices often lead to the depletion of soil
nutrients, as farmers lack the technical assistance, know-how, or re-
sources to implement new practices and invest in inputs (dos Santos
et al., 2018). The result is low crop productivity, which generates in-
sufficient income and encourages more deforestation to gain scale or
increase production.

A recent pilot project providing technical assistance to small farmers
succeeded in increasing household income and reducing deforestation
(IPAM, 2017). The Sustainable Settlements Project (PAS) provided
technical assistance to over 650 families in eastern Amazonia over three
years. Technicians encouraged smallholders to adopt integrated man-
agement systems designed to avoid (or reverse) environmental de-
gradation and sustain the production capacity of agricultural lands over
the long term. Key components included: planning of farm interven-
tions along with smallholders; adoption of new technology to increase
productivity for beef, milk and other produce; improvements in pro-
cessing infrastructure to comply with health and sanitary regulations;
and increased access to markets (IPAM, 2017b). A PAS market study
revealed opportunities to replace many products being imported into
the region (at a great cost) with locally sourced goods. Technical as-
sistance and extension services helped farmers become more competi-
tive due to increased scale of production, legal compliance and com-
petitive prices. Farmers were also engaged in new activities – e.g.
production and processing of fruits, milk, meat, rice, beans and cassava
– and improved supply chains, such as black pepper and açai. As a
result, household income more than doubled (+121 %), raising the
average annual net revenue from US$2190 to US$4831 ha-1yr-1 (as-
suming an exchange rate of 3.93 Brazilian Reais per US dollar, IPAM,
2017). Simultaneously, deforestation rates in these properties dropped
by 79 %. This experience suggests that current technical assistance
provided by government agencies (EMATER and ANATER) needs to be
modernized and adapted to a new, more sustainable production model
focused on increasing productivity, while minimizing dependence on
expensive agriculture inputs.

3. Conclusion

The conventional narrative posits that conserving forests and re-
ducing CO2 emissions is simply too expensive to be practical. Here we
argue that this paradigm is outdated, particularly in the Brazilian
Amazon. By investing in the strategies proposed here, designating lands
to protected areas will limit the market for expansion of agriculture,
while enabling sustainable use of the protected areas, fostering a new
forest economy. Conservation in private lands can generate income to
farmers through PES and other mechanisms, while allowing for com-
pliance with the environmental legislation and sourcing of deforesta-
tion-free products. Furthermore, through intensification of cattle
ranching and agriculture (rather than expansion in medium and large
properties), as well as diversification and access to markets for small-
holders, Brazil can prove to the world that it is possible to curb de-
forestation and increase production. This assumes that Brazil will
maintain or strengthen existing environmental policies, and command
and control initiatives to combat illegal deforestation as required by its
Paris Agreement targets. To succeed, the approach outlined here must
be coordinated with efforts to limit the land available for land grabbing;
targeted investments to preserve forests on private properties; and in-
novation to increase the productivity of farms and ranches.
Implementation of the four strategies could be staged, first prioritizing
locations where it is possible to maximize environmental, social and
economic benefits but then expanded to the whole region.

Now is the time to set Brazil on a path to economic growth and
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environmental conservation – contributing to the region’s GDP in the
short term, while securing its socio-environmental well-being over the
long-term. Careful and targeted investments in the strategies described
here could yield environmental, economic, and social gains for Brazil,
while helping to mitigate the impacts of global climate change in the
region. Doing so would not only generate revenue, but also have global
repercussions. Given its targets to supply over 10 % of global food
demand, Brazil could help feed the world while providing much-needed
leadership in meeting or exceeding its targets to reduce greenhouse
gases emissions and conserve functioning ecosystems. It is up to
Brazilian society and its new government to chart a different path for
Amazon development. Brazil has the opportunity to prove its leadership
in the world by managing its land and resources for the benefit of both
current and future generations.
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