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The Amazon Forest is an unquestionable cradle of planetary biological diversity and
plays a fundamental role in regional and global climate change regulation. Annual
deforestation rates in the Brazilian Amazon have gone up since 2012, presenting a grim
scenario for 2021. The majority of this deforestation is illegal, but a significant proportion,
11.3 million hectares of forest in privately owned land, can be legally deforested and
impact local climate, compromising Brazil’s Nationally Determined Contribution (NDC)
to the Paris Agreement. Thus, a fundamental question remains: how can we avoid
potentially legal deforestation? Farmers and ranchers who have the right to deforest
have long demanded financial incentives to keep their forests standing, but few (if
any) mechanisms exist to achieve it. We developed a compensation mechanism called
CONSERV, hypothesizing that legal deforestation can be avoided through targeted
compensation. CONSERV can potentially contribute to climate change mitigation
and foster business models geared towards conservation and increased agricultural
productivity when implemented at scale. We present CONSERV’s concept and potential
to become an operational mechanism for Payment for Ecosystem Services/REDD + in
line with Brazil’s Native Vegetation Protection Law and NDC commitment. Furthermore,
we introduce some ideas on how CONSERV ensures permanence and minimizes
leakage while gaining scale. To successfully maintain climatic stability and ecosystems,
we need to reduce deforestation, both illegal and legal. CONSERV can help us solve
the latter.

Keywords: avoided deforestation, Amazon, financial mechanism, targeted compensation, CONSERV

INTRODUCTION

The Brazilian Amazon houses the world’s largest tropical forest, hosting 10% of the world’s
biodiversity (Cavender-Bares et al., 2018), and contributing to global climate change mitigation
by retaining large carbon stocks (Phillips et al., 2017; Gatti et al., 2021). The forest is also
responsible for providing the rain that a large proportion of the Brazilian agricultural sector
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relies on (Sampaio et al., 2007; Spera et al., 2016; Rizzo et al., 2020;
Leite-Filho et al., 2021). Despite these benefits, deforestation rates
in the Legal Amazon are once again on the rise. Since 2012,
when the annual deforestation rate was 4,571 km2, deforestation
in the region has increased by 120%, reaching 10,851 km2

in 2020 (Instituto Nacional de Pesquisas Espaciais [INPE],
2021). The rate for 2021 is predicted to be even higher, with
more than 16.000 km2 of deforestation alerts from January
to October 2021 in the Legal Amazon (Instituto Nacional de
Pesquisas Espaciais [INPE], 2021). Most of the deforestation is
not authorized, with over 90% of deforested properties doing so
illegally (Azevedo et al., 2017; MapBiomas Alerta, 2020; Rajão
et al., 2020; Vasconcelos et al., 2020). Nevertheless, according to
Brazil’s Native Vegetation Protection Law (hereafter referred to
as NVPL) (Brasil, 2012), many private forested areas can still
be deforested legally. The NVPL imposes special restrictions on
rural properties in the Legal Amazon – a group of nine states
hosting the entire portion of the Amazon biome in Brazil and
part of the Cerrado biome, transitioning to forest as it approaches
the Amazon biome. Properties in savanna ecophysiognomies
must maintain 35% of the property as native vegetation cover
while properties in forest ecophysiognomies must maintain
80% as so-called “Legal Reserves” (LR). Independently of
the LR requirement, properties also are required to maintain
the native vegetation around water bodies, varying in size
according to the water body type and size – these areas are
the Permanent Preservation Areas (hereafter referred to as
PPA). The area of native vegetation in these properties beyond
the LR and PPA can be legally deforested if licensed by the
state’s environmental agencies; this portion is defined as native
vegetation assets.

These assets available for legal deforestation are
mainly concentrated along the agricultural frontier, where
expansion is primarily promoted. Legal deforestation is still
observed within consolidated regions on a smaller scale.
Nevertheless, the amount of native vegetation with the
potential to be legally cleared has not yet been precisely
determined.

In this paper, we estimate the total area of native vegetation
surplus in the Brazilian Legal Amazon (hereafter referred to as
the Amazon). We also propose an innovative payment concept
for ecosystem services – CONSERV – to compensate those
landowners willing to give up their legal right to deforest.
To demonstrate how CONSERV could be operationalized,
we describe on how it has been implemented – on a pilot
scale – in the state of Mato Grosso, Brazil. We expect
the program to be scaled up with the development of a
business model, possibly more than one. Participation of
landowners in CONSERV is voluntary but governed by well-
established legal institutions (national and state contract law
and traditions) between private landowners and emerging
markets for carbon sequestration and other ecosystem services.
In addition, participation in CONSERV can represent added
value for farm enterprises through preferential access to
markets as global and national sustainable supply chain efforts
evolve to focus on compliance with environmental and social
governance standards.

ESTIMATING AREAS AVAILABLE FOR
LEGAL CONVERSION AND ASSOCIATED
AVOIDED EMISSIONS

We estimated the area at risk of legal deforestation by modeling
the native vegetation assets in private rural properties according
to the NVPL (Brasil, 2012). Our model receives three inputs: a
rural property mesh, a hydrological mesh representing rivers, and
a deforestation layer. The rural properties mesh is a compilation
of land tenure (Instituto Nacional de Colonização e Reforma
Agrária [INCRA], 2021) and the Rural Environmental Registry
(CAR Portuguese acronym – Serviço Florestal and Brasileiro
[SFB], 2021). The CAR is an instrument proposed in the 2012
revision of the forest code which mandates that farmers register
their property boundaries and areas of LR and PPA in a public
registry called SICAR. Any property overlapping areas with
any tenure conflict with public land, such as undesignated
public lands, indigenous lands, public protected areas, traditional
land “quilombolas,” rural settlements, or military areas, is
excluded. The hydrological mesh is a compilation of simple river
representation from different sources, prioritizing those built at a
finer scale (Agência Nacional de Águas [ANA], 2018; Fundação
Brasileira and Desenvolvimento Sustentável [FBDS], 2021). The
deforestation layer is derived from PRODES data for the Amazon
and Cerrado (Instituto Nacional de Pesquisas Espaciais [INPE],
2021), and MapBiomas land cover layers (MapBiomas, 2020).

For each property, we calculated the total area, the remaining
native vegetation area, the PPA (using a default width of 30 m
around rivers), the LR according to the proportion of different
ecophysiognomies on the property, and native vegetation assets
as a difference between property area and the sum of LR and PPA
areas. We also estimated the carbon stocks above ground within
the native vegetation assets using the spatially referenced data
from the fourth Brazilian carbon inventory (MCTI, 2021). The
carbon stocks were calculated by multiplying the carbon density
in the remaining native vegetation by the assets in each property
throughout the states of the Brazilian Amazon.

We estimate that a total of 11.3 Mha of native vegetation
in private properties in the Legal Amazon represents assets
which could be legally deforested (Figure 1). The state of Mato
Grosso alone hosts 3.1 Mha of these assets. The results for the
Brazilian Amazon were lower when compared to other studies,
which indicated an area of native vegetation beyond LR and PPA
ranging from ∼21 to ∼38 Mha in the same region (Soares-Filho
et al., 2014; Rajão et al., 2020; Observatório do Código Florestal
[OCF], 2021). This difference can be explained by the fact that
we excluded from our analysis any property overlapping with
public lands, but also due to our restriction of defining assets
exclusively as native vegetation that could legally be deforested.
The NVPL creates few mechanisms to reduce the required LR if
it is deforested already, and some studies model the LR surplus
as native vegetation in a property beyond these reductions.
However, such surpluses cannot necessarily be legally deforested
today. Nevertheless, asset estimates are likely to change over time
due to deforestation (reducing assets) or through a mechanism in
the NVPL which, if implemented, would reduce the general rule
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FIGURE 1 | Distribution of properties with native vegetation assets in the Legal Amazon states. Assets are the remaining native vegetation in private rural properties
beyond what are required for Legal Reserves and Permanent Preservation Areas, and which can be legally deforested.

of LR requirements in certain regions to 50% of the properties in
forest areas. Freitas et al. (2018) have estimated this mechanism
could increase the assets in the Amazon by between 6.5 and 15.4
million hectares.

The carbon stock of these native vegetation assets equates
to 474 Mt of above ground carbon stocks for the Brazilian
Amazon and 126.1 MtC for the state of Mato Grosso. If all
this native vegetation were to be legally deforested, it would
release to the atmosphere around 1,738 MtCO2e, and 462.6
MtCO2e, respectively. This would amount to 110% of liquid
Brazilian emissions in 2019 across all sectors (1,570,912,809
tCO2e), according to Albuquerque et al. (2020). Such assets are at
risk of legal deforestation since they are not protected by public
policy, as long as the property being registered within the CAR is
able to obtain a license.

REDUCING LEGAL DEFORESTATION:
THE CONSERV CONCEPT

To avoid the legal deforestation of 11.3 Mha in the Brazilian
Amazon, we proposed CONSERV. The concept of CONSERV
was developed as a 3 year pilot experiment, beginning in 2020. In
its first stage, we will contract 20,000 ha of native vegetation assets
distributed among 20–30 farms in three different locations within
the Amazon; currently, we have contracted 9 farms totaling
8,410 ha under conservation. To join CONSERV, farmers must be

in full compliance with the existing legislation and are monitored
quarterly, being penalized if contract conditions are not met.
Monitoring is crucial to ensure that the native vegetation is
being conserved.

The CONSERV concept aims to contribute to a new
paradigm based on the recognition that standing forests have
an intrinsic value due their provision of ecosystem services
and biodiversity maintenance. Their value thus needs to be
recognized by market actors and become a revenue stream for
rural landowners. In implementing CONSERV, we expect to
develop, discuss and test different business models to establish
this new paradigm. Additionally, CONSERV emerges as a private
mechanism which is simple, as it targets areas not protected
by law; agile, in comparison to bureaucratic public services in
the environmental arena in Brazil; and voluntary, which enables
farmers to willingly join.

Prioritizing Locations With Forest Assets
There is a predefined process for CONSERV operationalization
on the ground. We combine a series of variables for the selection
of locations, where at a municipality level we compute the
areas available for legal conversion, along with indicators of
environmental services, deforestation pressure and a model of
opportunity cost of forgone alternative agricultural activities as
an indicator of compensation value. Through this procedure,
we identify the areas most likely to be converted, with higher
provision of environmental services and where the costs are
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not prohibitive. We then select areas that provide us the best
value in terms of environmental benefits by dollar spent. We,
thus, select these priority areas to start on-site operations. This
approach, which aims to align the assessment of opportunity
costs and environmental service provision with land tenure
guarantees, has been recognized in the literature for producing
cost-effective results (Chomitz et al., 2004; Börner et al.,
2017).

Subsequently, we engage local stakeholders to present the
project and its characteristics, allowing producers to voluntarily
apply for the program. Land owners can apply to the CONSERV
initiative by submitting a letter of interest along with supporting
documents which are used to evaluate legal compliance. The
state government is not directly involved, however, it does
provide CONSERV with public data which is used during
the due diligence procedure. During this procedure we ensure
that the applicant (i) is the legal owner of the land and
the areas that can be legally converted, (ii) is not in conflict
with environmental and social regulations, and (iii) has no
criminal offenses on record. All these aspects are analyzed by
comparing the documentation submitted by the applicant with
open databases made available by the Brazilian government. Legal
ownership is analyzed against a land tenure dataset (both public
and private land), while environmental and social compliance
is assessed by searching for legal actions against the applicant
in regard to environmental crimes on the state and federal
level. We require registration in the CAR system, exclude
properties which overlap with protected areas or traditional
communities (both indigenous and “quilombolas”) and search
for violations of environment and labor regulations, including
modern slavery. This verification is not only conducted for
the candidate property, but for all partners involved in the
ownership; as a consequence, we can capture leakage processes
linked to the legal owners.

Contracting, Monitoring and Paying
Follow up communication with land owners is carried out to
clarify and update the information submitted, and they can
join CONSERV once the screening process is concluded. Farm
selection is done considering a combination of factors, including
willingness to join, compliance with the program criteria and
an analysis of candidate properties to determine which will
deliver the best environmental outcomes. Prices are individually
negotiated and set, being influenced by different factors, such
as opportunity cost, carbon stock and other ecosystem services,
as well as deforestation risk. Eventually, reverse auction will be
tested as a pricing methodology in which farmers compete for
compensation among themselves and, thus, prices trend down as
the bidding goes on. A private contract bound by Brazilian law is
signed between CONSERV and land owners, and both partners
have obligations and penalties for non-compliance.

Once the properties have joined CONSERV, they are
monitored quarterly and reports on the status of the contracted
areas are generated. Payments are conditional upon prior
verification of contract requirements, including monitoring of
native vegetation and all compliance aspects analyzed upon
applying for CONSERV.

Impact Evaluation and Effectiveness
A robust impact monitoring system is central to establishing
and maintaining the program’s long term credibility in terms
of additionality and permanence of forest carbon, as well as
reporting on environmental and social governance performance
standards. CONSERV is in a pilot phase and since establishment
has contracted 9 farms into its program, with more than 20 others
currently in varying stages of the application process. As such, it
has not yet been possible to conduct a robust impact assessment
(e.g., full randomized control experiment). CONSERV will
adopt a quasi-experimental approach to biophysical forest
monitoring, comparing deforestation baselines established ex
ante in participants farms, to counterfactuals constructed ex
post based on the synthetic control method (West et al., 2020).
The approach is a good fit to the CONSERV context, unlike
more traditional methods from the impact evaluation literature
(e.g., difference-in-differences estimator), because of our small
number of treated units and likely heterogeneity of the treatment
across them (Rubin, 1974; Rosenbaum and Rubin, 1983; Abadie
et al., 2015). Synthetic controls will be constructed as a weighted
average of selected “donor” units through a nested optimization
procedure, such that the resulting weighted average outcome
of the selected donor units closely matches the pretreatment
outcome in the treated unit (Abadie et al., 2010).

In CONSERV, to understand the eventual impact on
participating farmers, as well as their compliance with the
program operating standards, a beneficiary contact monitoring
approach is applied. This includes a baseline survey of
participants upon joining the program, regular monitoring
surveys and, upon the contract conclusion, an exit survey to
determine and evaluate changes to participants’ knowledge,
attitudes and practices towards conservation and climate change,
farm enterprise management and experiences with evolving
management practices.

Furthermore, at the end of the contract period, for ex post
evaluation of social and economic impacts, we will randomly
evaluate contracted properties against control properties, testing
the effectiveness of the mechanism (Jayachandran et al., 2017).
In the meantime, we are developing different business models
with the private sector to enable mechanisms such as CONSERV
to gain scale and become a market mechanism to avoid
legal deforestation.

DISCUSSION

Payment for Environmental Service (PES) initiatives are subject
to numerous uncertainties (Bleischwitz et al., 2017) that relate
to the impact and effectiveness of these programs. One of
these is due to the complexity of human-environment systems
(HES) (Barnaud and Antona, 2014). Clearly, PES programs
interact with preexisting social-ecological systems and policy
frameworks in ways that are rarely well enough understood
(Börner et al., 2017). Moreover, because HES are multi-scalar, i.e.,
they are temporally dynamic and spatially distributed (Liu et al.,
2015), they are subject to different time, frequency, amplitude,
and scale dynamics.
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We have determined that the Legal Amazon hosts 11.3 Mha
of native vegetation assets available for legal deforestation,
corresponding to 1,738 MtCO2e, and have proposed a
mechanism designed to avoid the deforestation of such assets.

Deforestation and its associated emissions represent a
challenge for Brazil in meeting its NDC and making significant
contributions to global climate change mitigation. Brazil’s NDC
(Brasil, 2015) presented at the 21st Conference of Parties to
the UN Framework Convention on Climate Change determined
that the country would reduce its annual CO2 emissions to
1.3 GtCO2e/year by 2025. This value is equivalent to75% of
the estimate CO2 above the ground in the calculated assets,
demonstrating how important it is to avoid legal deforestation
not only from the perspective of Brazil’s NDC, but also to mitigate
climate change at the global (Coe et al., 2017) and local levels
(Silvério et al., 2015).

We expect that CONSERV can serve as an inductor, a
lever to stimulate the debate around PES regulation and
other incentives for landowners to protect forests within their
properties. In parallel, CONSERV can be used as an operational
tool for meeting Environmental Conversation Quotas (CRA,
in Portuguese) included in the NVPL, or to implement the
PES mechanism that was approved in Congress (Brasil, 2021);
both are not yet regulated. From a private perspective, it
can also be used as a tool to generate credible, verifiable
and high-integrity carbon credits within a jurisdictional setup
in the Amazon states. Furthermore, it can also be used
to provide sustainable, zero-conversion commodities, which
have seen an increase in market demand. Investors can
allocate capital upfront, accepting lower returns with increased
environmental outcomes, or carbon credits, for instance.
Such models are being discussed and developed as we test
CONSERV on the ground.

At the international level, it is also necessary to approve
the Paris Agreement’s Article 6 on forest offsets in a way
that cooperation through carbon markets can bring additional
public and private financing, catalyzing emissions reductions
in a country hosting the mitigation activity. Voluntary carbon
markets mobilized 104 MtCO2e in 2019, a 6% increase compared
to 2018. In 2019, despite the lower volume, the market value of
AFOLU offsets was more than twice that of Renewable Energy,
and demand for offsets associated with forest management in
developing countries (i.e., REDD+) remains especially strong
(Donofrio et al., 2020).

The use of carbon markets, voluntary or preferably regulated
under a jurisdictional setup, will allow for the use of forest
carbon offsets from countries such as Brazil, helping to
increasing emitting countries’ ambition. This will allow for
resource investment in forest conservation, targeting both
legal (through innovative mechanisms) and illegal deforestation
(improved command and control). Mechanisms like CONSERV
can contribute substantially, both to protecting tropical forests
beyond the Amazon, and to engaging landowners in conservation
efforts, in addition to stimulating a new economic model for
farms, which includes standing forests as a revenue stream.
Together, these incentives represent an important contribution
to climate change mitigation.

However, there are many challenges facing CONSERV,
such as the engagement and recruitment of farmers and
contract negotiations at scale, where mechanisms such as
reverse auctions can and must be used. Leakage can be
minimized through due diligence procedures on the part
of landowners and constant monitoring. Monitoring of the
contracted areas is a challenge eased by technological innovation,
where the contracted areas can be closely monitored remotely.
Implementing MRV is also important to ensure that processes
and procedures are being followed and that the contracted areas
are kept standing. Innovative models that value native vegetation,
not only for its carbon stock, but also for the embedded
environmental services (biodiversity, climate regulation, etc.),
must be developed to ensure the permanence in these areas of
native vegetation.

Such models must involve private resources from the markets
and people that benefit from more sustainable commodities
contributing to climate change mitigation. New financial markets
must be developed which consider native vegetation assets
in the equation, such as using these assets as collateral in
agricultural loans, or as guarantees. These forest assets can
also be used to reduce insurance premiums for the farmer, or
to grant concessional loans to farmers with assets, provided
they invest in agricultural intensification. Lastly, retail and
the meatpacking industry could also provide premiums to
farmers with assets, recognizing their role in sustainable
production and reducing the company’s reputational risks.
Through further developing these ideas, CONSERV’s impact can
be significantly enhanced.

Landowners have long complained about the lack of incentives
to keep their forests standing. Native vegetation areas which were
marginal for production had been spared by the complexities
of acquiring a deforestation license, along with relatively
low commodity prices. Since COVID-19, however, commodity
prices have risen significantly and marginal areas have become
quite profitable, increasing deforestation pressure in previously
disregarded areas. Thus, the conservation of these forest
assets becomes even more important in the context of higher
deforestation pressure and urgency to mitigate climate change.
To jump ahead and begin testing our hypothesis, addressing the
lack of positive incentives, we built CONSERV, a mechanism
that has the potential to avoid legal deforestation and its
associated emissions.
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