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Abstract: The forest carbon market in Brazil presents a complex scenario filled with challenges and
opportunities. This study employed SWOT analysis to evaluate the dynamics of this market, based on
the perceptions of 77 specialists from various professional fields. The analysis revealed that extensive
forest cover and biodiversity preservation are significant strengths that position Brazil as a potential
leader in the global carbon credit market. However, weaknesses such as illegal deforestation and
fragile public policies undermine the effectiveness of conservation efforts. Opportunities include
the growing international demand for carbon credits and the recognition of the importance of local
communities in forest conservation. Nevertheless, external threats like land conflicts and political
instability pose considerable risks. The study concludes that it is crucial to strengthen public policies
and regulatory frameworks, promote technological innovation, and ensure the active inclusion of
local and indigenous communities to guarantee the sustainability and growth of Brazil’s forest carbon
market. The research suggests that despite significant challenges, Brazil can overcome these obstacles
with the implementation of effective strategies.
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1. Introduction

We are currently facing a concerning scenario, as indicated by the Sixth Assessment Re-
port (AR6) of the Intergovernmental Panel on Climate Change (IPCC) published in 2023 [1],
which shows that the temperature has already risen by 1.1 °C. The intensification of global
warming, exacerbated by the significant increase in greenhouse gas (GHG) emissions over
the last century, is a well-documented phenomenon, as highlighted by Zhang et al. [2]. Sci-
entists have found that Earth’s climate is always changing due to various factors, including
changes in Earth’s orbit, biotic processes, solar radiation fluctuations, volcanic eruptions,
oceanic and orogenic modifications related to tectonic plates, and natural variations in
atmospheric GHG concentrations. Additionally, human actions have been identified as the
primary causes of the current climate changes [3].

An increase in temperatures, a significant reduction in precipitation, and changes in
wind speed in several semi-arid regions are expected as a consequence of global warm-
ing [4]. According to the AR6 [1], climate change will intensify the impacts on natural
and human systems, increasing regional disparities and negatively affecting biodiversity,
human health, and food production. These changes include challenges to water security,
severe health effects due to rising epidemics, especially vector-borne diseases, degradation
of coral reef ecosystems, risks to food security due to frequent and extreme droughts, and
damage to life and infrastructure caused by floods, landslides, sea level rise, storm surges,
and coastal erosion.
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Various strategies are considered in the fight against climate change, such as the role of
carbon sinks, energy efficiency, the use of renewable energy, and the minimization of emis-
sions from the burning of fossil fuels, which should be monetarily evaluated to prioritize
their implementations based on cost-effectiveness [5]. Mitigation strategies include con-
ventional decarbonization efforts such as renewable energy and carbon capture; negative
emissions technologies like reforestation and biochar; and radiative forcing geoengineering,
which is still in the theoretical field or early testing stages [6].

Nature-based solutions (NbS), particularly forests, are also gaining prominence as
essential strategies for climate change mitigation, supporting biodiversity and ensuring
the flow of ecosystem services vital for human well-being [7]. However, several barriers,
including measurement challenges, inadequate financial models, and rigid governance
structures, hinder the effective integration of NbS into climate and development policies [7].
Emissions trading schemes (ETSs) have become vital for meeting global emissions reduction
targets. They are gaining momentum, as witnessed by increasing market size and improved
information mechanisms, which examine key emissions markets—the European Union,
New Zealand, California, and Hubei (China) [8].

In Brazil, the main GHG emissions originate from land use changes, making forest
conservation and restoration crucial strategies, not only to address the root cause of emis-
sions but also to foster the emerging carbon market [9]. However, the opportunity cost
between conserving excess forest and converting it to alternative economic activities, such
as soybean cultivation, remains significant, highlighting the need to value forest conserva-
tion beyond financial incentives [10]. Emissions trading schemes (ETSs) incentivize climate
action by allowing entities to exchange emissions allowances created by the reduction in
greenhouse gases (GHGs) in the atmosphere or by their removal. As such, ETSs bring
together companies, investors, and policymakers to ensure a cleaner transition to meet
net-zero emissions targets [8].

In this context, carbon credit markets offer a solution, providing compensation for
emissions reductions through reduced deforestation and forest degradation, as well as
improved forest management under the REDD+ acronym [11]. The global carbon mar-
ket has seen substantial growth, with its total value increasing by 34%, reaching EUR
194 billion and registering over 14,500 carbon credit projects [12]. In 2019, the total volume
of carbon credit emissions in the voluntary market reached 142 MtCO,e, with 66.2% of
this volume linked to the VCS standard [12]. To address climate issues, countries have
developed carbon markets and climate policies, including the establishment of the Chicago
Climate Exchange (CCX) in 2003, where 400 enterprises traded carbon instruments until
2010, and the European Union Emissions Trading System (EU ETS) in 2005, which is now
the world’s largest and most active carbon trading system [13].

With increasing emissions reduction targets in the coming years, the need for a robust
and effective carbon market arises, which should become the main source of funding for for-
est owners adopting management practices aimed at carbon storage and sequestration [5].
Historically, emissions trading was regulated by the Kyoto Protocol until 2020, which
established an emissions trading system (ETS) between countries and introduced mecha-
nisms such as Joint Implementation and the Clean Development Mechanism (CDM) [12].
Various climate policies have been proposed globally, such as the Energy Independence and
Security Act of 2007 signed by George W. Bush to reduce US dependence on international
crude oil, address global climate change, and expand renewable energy production, the
Clean Energy Plan announced by Barack Obama in 2015, and the UK’s Ten Point Plan for a
Green Industrial Revolution issued in November 2020 [13].

In voluntary carbon markets (VCMs), there is an organic demand, unlike in regulated
markets, which are driven by mandatory targets [14]. Sellers in VCMs usually include forest
owners and managers, with these markets experiencing significant expansion, facilitated
by more flexible legislation and simplified exchange procedures [14]. Regulated markets
are defined by mandatory carbon management regimes, such as the European Union
Emissions Trading System (EU ETS), a cap-and-trade scheme where regulated entities
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trade allowances within a set emissions limit [15]. California’s Cap-and-Trade Program
exemplifies this, allowing excess emissions to be offset through the purchase of credits for
climate benefits achieved in other locations [16].

The commercialization of carbon credits, which is essential for emissions reduction,
requires accurate forecasts of the carbon price, considering factors such as climate changes
and extreme weather events, which impact the demand for energy and emission rights [17].
Both regulated and voluntary markets have recently experienced growth in carbon credit
transactions, but certification presents challenges for credit generation, despite increasing
reliability [12]. Inconsistency in information for evaluating carbon credits compromises
market integrity and generates financial and reputational risks [7]. The risk of the dou-
ble counting of climate benefits in systems like CORSIA and transactions under Article
6 of the Paris Agreement needs special attention to maintain the integrity of the Paris
Agreement [18]. The carbon market is an important way to guide enterprises to actively
participate in environmental governance and promote enterprises to achieve green trans-
formation [19].

It is important to note that, in the international context, when talking about Brazil and
climate change, the discussion often focuses on the Amazon region, globally recognized for
its vital role in climate balance and biodiversity. This is reflected in the international bibli-
ography, where most references about Brazil are associated with the Amazon, highlighting
its importance and the challenges faced by the region.

This research addresses the Brazilian forest carbon market with a focus on the Brazilian
Amazon. It specifically aims to assess the importance of nature-based solutions, empha-
sizing forests as tools for climate change mitigation. Additionally, it seeks to identify the
strengths, weaknesses, opportunities, and threats to optimize the market’s contribution to
combating global warming. The study aims to understand the magnitude and impacts of
climate change, comprehend the role and potential of the carbon market in financing forest
conservation and reforestation efforts in Brazil, and provide support for developing public
policies and regulatory frameworks that promote collaboration between sectors and the
inclusion of local communities and indigenous peoples.

The core of the methodological approach used in this dissertation is the SWOT
(strengths, weaknesses, opportunities, and threats) analysis for the strategic analysis of the
Brazilian forest carbon market. We used a questionnaire applied to sector specialists, whose
responses were analyzed to identify the main opportunities and challenges for the sector.

2. Materials and Methods

To achieve the objectives of this study, a comprehensive methodology integrating
both quantitative and qualitative analyses, including the construction of a detailed SWOT
matrix, was chosen. This approach ensured a detailed evaluation of the perceptions and
experiences of professionals involved in the Brazilian forest carbon market, capturing both
economic and environmental aspects and identifying key strategies for market growth and
its challenges.

The process began with the development of a structured questionnaire designed to
collect relevant information aimed at evaluating the strengths, opportunities, weaknesses,
and threats perceived by professionals, thus composing a SWOT matrix, based on a lit-
erature review. The main sources of literature included reports and publications from
the Intergovernmental Panel on Climate Change (IPCC), peer-reviewed journal articles,
reports from non-governmental organizations, and publications from academic institutions
addressing climate change mitigation strategies, sustainable forest management, and car-
bon markets. Key references included IPCC reports [1,20,21], studies on climate change
mitigation strategies [5,6,22], and carbon market analyses [10-12].

The scope of this study encompasses the Brazilian forest carbon market, with a special
focus on the Amazon, known for its ecological value and significant potential in carbon
sequestration projects. The choice of Brazil reflects its global environmental relevance and
the challenges associated with developing the forest carbon market. The selected variables
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reflect the diverse nature of the market, addressing economic, environmental, social, and
regulatory dimensions. The economic variables include the market value of carbon credits
and the economic impact of projects. The environmental variables consider the capacity
of Brazilian forests to sequester carbon, the deforestation rates, and the forest restoration
potential. The social variables reflect the impact of projects on local communities. The
regulatory variables address the legal and political framework governing the carbon market
in Brazil.

To ensure the validity of the questionnaire, a pilot test was conducted with a group
of randomly selected specialists, which helped identify and correct any ambiguities or
difficulties in the questions. Additionally, consultation with experts in the field ensured
that the questions were relevant and comprehensive in relation to the study’s objective.
The sample consisted of individuals with proven experience in the carbon market, encom-
passing a wide range of professionals from environmental NGOs, academics, government
representatives, and private sector participants. The representativeness of each area in
the survey participation was detailed in the results. The questionnaire was disseminated
online via Google Forms, and data collection took place over a month, with reminders sent
to increase the response rate.

The quantitative data were analyzed using Microsoft Excel, while the qualitative
responses were analyzed manually. The integration of quantitative and qualitative results
allowed a deep understanding of the dynamics of the Brazilian forest carbon market. After
analyzing the responses, a detailed SWOT matrix was constructed, which formed the basis
for the strategic analysis. Data handling involved verification and preparation, coding of
quantitative data, and content analysis of qualitative responses. Data triangulation enabled
cross-validation, strengthening the research conclusions. Confidentiality measures were
adopted to protect the participants’ identities.

3. Results and Discussion

The investigation into the Brazilian forest carbon market involved 77 specialists, pro-
viding a diversified view of the sector. The participants had varied academic backgrounds
and were primarily forest engineers (18.2%) and environmental engineers (11.7%); among
the participants were also lawyers, agronomists, and economists (5.2% each) and those
from a broad range of disciplines (49.4%), including environmental scientists and biologists.
Most of the participants were from private companies (75.3%), indicating strong business
sector interest, while state public entities, academic institutions, federal agencies, NGOs,
funding agencies, and sectoral associations also contributed.

The common professional roles included analysts (45.4%), coordinators (16.9%), and
managers (9.1%), with other roles such as researchers, consultants, entrepreneurs, tech-
nicians, public managers, students, directors, and professors also represented. The data
showed that most of the respondents (39.9%) had 1-3 years of experience, while 33.8% had
less than one year, reflecting both maturity and novelty in the market.

The diversity of specializations and experiences in areas like forest engineering, en-
vironmental engineering, law, agronomy, and economics is essential for a comprehensive
analysis of the Brazilian forest carbon market. This multidisciplinary approach enriches
the analysis, integrating environmental, legal, economic, and social aspects, and provides a
solid foundation for the subsequent strategic SWOT analysis of the collected data.

3.1. Strengths

The analysis of the strengths of the Brazilian forest carbon market, based on the
questionnaires, revealed an overall average of 8.09, with variations between 6.87 and 9.14.
Only 2 items had a mode different from 10, and half of the standard deviations exceeded 2,
indicating significant divergence in item evaluation (Table 1).
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Table 1. Descriptive statistics of strengths in the forest carbon market.
Description Mean Mode Median Star.lda.rd
Deviation

Extensive forest cover in Brazil 9.14 10 10 117

Preservation of forest biodiversity, with the possibility of generating
o i 8.90 10 9 1.37

additional carbon credits

Large availability of land for restoration/recovery projects 8.77 10 9 1.56
Conservation of endangered species 8.40 10 9 1.93

Potential for creating ecological corridors to connect preservation and
. o . . 8.38 10 9 212

conservation areas, contributing to biodiversity maintenance
Potential for job creation 1r'1 con§ervat10n and restoration projects, 8.13 10 9 1.94
especially in rural areas
Traditional knowledge about forest management by traditional peoples
and communities that can contribute to the implementation of forest 7.77 10 8 227
carbon projects

Large number of protected areas, such as UCs, that can be subjects of

. 7.39 7 7 2.33
forest carbon projects

Development of sustainable tourism projects in forest areas 7.17 10 8 2.39
Existence of forest certification systems that attest to the quality and 6.87 - 7 293

sustainability of forest carbon projects

The “Extensive Forest cover in Brazil” emerged as the main strength, with an average
of 9.14 and a mode and median of 10, highlighting the collective appreciation of the
country’s forest wealth.

The “preservation of forest biodiversity” was also highly valued, with an average of
8.90 and a mode of 10, despite a standard deviation of 1.37 indicating a moderate variation
in opinions. Sreekar et al. [23] demonstrated that the commercialization of nature-based
carbon credits at USD 5 per ton of CO; could expand protected areas, generate USD
121 billion annually in return on investment, and sequester up to 3 GtCOze. However,
the IPCC [20] “Mitigation of Climate Change” report warns of the risks of inadequate
conservation and reforestation implementations.

The large availability of land for restoration and recovery projects was recognized as
crucial, with an average of 8.77, showing that most of the participants perceived this as a
significant strength, evidenced by the mode of 10 and median of 9, although a standard
deviation of 1.56 reveals variations in responses.

Among the identified strengths, the “Traditional knowledge about forest management
by traditional peoples and communities” was elucidated by the work of Garcia et al. [24],
who highlight the vital role of indigenous peoples in forest carbon projects in the Ama-
zon. According to them, carbon credits generated by REDD+ projects in the voluntary
carbon market (VCM) are the property of indigenous peoples, granting them exclusive
rights over forest management and carbon revenue distribution. This recognition not only
demonstrates that traditional knowledge is a valuable resource but also underscores the
importance of including these communities in the development and implementation of
forest carbon projects, ensuring that their values and practices are respected and valued.

The standard deviations indicate a general agreement on the relevance of the identified
strengths but reveal divergences in certain aspects. Areas with higher standard deviations,
such as protected areas and forest certification systems, suggest the need for additional
discussions to align visions and methodologies. In contrast, topics such as extensive forest
cover and biodiversity demonstrate a broader consensus, indicating a shared perception of
their importance.

The participants also highlighted several fundamental elements that reinforce Brazil’s
potential in the carbon credit market, emphasizing the country’s established expertise in
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forest management. They underscored the extensive forest cover and rich biodiversity,
along with robust technical-scientific knowledge and the availability of professionals
specializing in the environmental area. These factors constitute a favorable scenario for the
development and implementation of carbon credit projects. Sustainable practices, such as
agroforestry and integrated farming systems, were recognized as valuable opportunities
for carbon sequestration, encompassing both above- and below-ground biomass.

Moreover, the importance of regulating the Brazilian carbon market was emphasized
by participants as crucial for stimulating both private and public initiatives aimed at for-
est conservation and restoration. The strengthening of ESG policies by companies was
acknowledged for its positive impact, steering the supply chain towards more sustainable
practices and the pursuit of emissions reduction methods. This trend not only enhances en-
vironmental benefits but also fosters the socio-economic development of local communities,
generating employment and promoting sustainable tourism in forest areas.

The synergy between the three main strengths—extensive forest cover, biodiversity
preservation, and land availability for restoration—creates an optimal environment for
environmental conservation and carbon credit production. This combination offers a
significant contribution to sustainability and helps mitigate climate change.

3.2. Opportunities

Table 2 highlights an optimistic evaluation of the opportunities in the Brazilian forest
carbon market by the specialists, with an overall average of 8.5. This average suggests a
positive perception, with means ranging from 7.94 to 8.95, which are indicative of opportu-
nities considered to be of great importance. Additionally, the standard deviation values
for the items were lower than those in other sections of the SWOT matrix, suggesting a
stronger consensus among the respondents.

Table 2. Descriptive statistics of opportunities in the forest carbon market.

Description Mean Mode Median Star}da}rd
Deviation
Increasing international demar'ld for c.arbon credits from forest 8.95 10 10 1.65
conservation projects
Valuation of biodiversity and ecosystem services 8.94 10 9 1.52
Implementation of policies to promote research and development of
. . 8.73 10 9 1.49
technologies for forest conservation
Implementation of public policies aimed at encouraging forest
. . O 8.71 10 9 1.73
conservation and reducing greenhouse gas emissions
Recognition of the importance of local communities and traditional 8.68 10 9 172
peoples in forest conservation
Increasing demand for sustainable products 8.40 10 9 1.63
Improvement of land management 8.32 10 9 1.94
Possibility of raising financial resources 8.31 10 9 191
Implementation of training and capacity-building programs 8.06 8 8 1.76
Strengthening public-private partnerships 7.99 10 8 1.82
Technological innovation 7.94 10 8 2.04

The “increasing international demand for carbon credits” received the highest mean
(8.95), demonstrating a strong consensus on its importance and potential for expansion.
Some concerns were raised by the participants, suggesting the need for a more careful
approach, particularly regarding the additionality and permanence of REDD+ projects,
indicating the relevance of ensuring the effectiveness of these initiatives in the long term.
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The “valuation of biodiversity” and the “recognition of local communities” were
emphasized as crucial, with means of 8.94 and 8.68, respectively. These points reinforce the
importance of public policies and practices that promote environmental conservation and
climate justice, integrating local communities into conservation efforts.

The “improvement of land management” and the “strengthening of public-private
partnerships” were recognized as areas requiring attention, with means of 8.32 and 7.99,
indicating the need for advancements. The raising of financial resources, with a mean
of 8.31, was highlighted as vital for the development of more comprehensive projects,
especially those involving traditional populations.

“Technological innovation” presented the lowest mean and showed a large standard
deviation (2.04), revealing significant variations in the specialists’ opinions. This divergence
emphasizes the need for caution regarding the risks associated with new technologies.

In addition to these opportunities, areas not mentioned in the initial questionnaire,
such as the “regulation of the carbon market” and “public-private partnership for project
development”, were identified, suggesting the importance of clear governance and closer
collaboration between sectors. The “exploration of the bioeconomy” also emerged as a
promising area, indicating significant potential for the sector.

These opportunities underline the recognition of collaborative and innovative ap-
proaches that are essential to maximize the potential of the Brazilian forest carbon market.

3.3. Weaknesses

The analysis of weaknesses in the Brazilian forest carbon market, as detailed in Table 3,
reveals a significant recognition of these challenges by the specialists, with an overall
average of 7.3. The identified challenges range from illegal deforestation and logging to
limitations in the legal and operational infrastructure, highlighting critical areas that require
immediate attention to improve market efficiency and sustainability.

Table 3. Descriptive statistics of weaknesses in the Brazilian forest carbon market.

Description Mean Mode Median Star.lda.rd
Deviation
Illegal deforestation and logging 8.25 10 9 2.36
Fragility of public policies and national regulatory frameworks related
. 8.14 10 9 2.08
to forest conservation and the carbon market
Challenges in the implementation and scalability of forest projects 8.00 10 8 1.94
Complexity and bureaucracy in the certification and validation
L . . 7.75 10 8 2.30
processes of forest carbon emissions reduction projects
Lack of transparency and reliable systems for monitoring and verifying
-~ . 7.66 10 8 2.31
forest carbon emissions reductions
Lack of technical and financial capacity of local communities and 7 49 10 8 248
traditional peoples to participate and benefit from forest carbon projects ' '
Inequality of access to the forest carbon market in Brazil 7.45 10 8 2.31
Risks associated with fraud and fgrgery of Brazilian forest carbon 736 10 8 252
credits
Difficulties in obtaining certified carbon credits and trading them in the 712 10 8 255
market
Technological and scientific knowledge limitations 6.48 9 7 2.58
Introduction of invasive exotic species into forest ecosystems 5.83 5 6 2.51

“Illegal deforestation and logging” emerged as the greatest weaknesses, with a mean
of 8.25, but a high standard deviation (2.36) indicates a divergence of opinions among
specialists. This variation suggests the complexity of the issue and the need for multi-
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faceted strategies to effectively address these illegal practices and ensure the integrity of
conservation projects.

The “fragility of public policies and regulatory frameworks”, with a mean of 8.14,
reflects the urgent need to strengthen the legal and institutional structures that support
forest conservation and the carbon market. This weakness highlights the imperative of
establishing a more robust and efficient regulatory environment.

The “challenges in the implementation and scalability of forest projects” were also
recognized as a significant barrier, with a mean of 8.00 and the lowest standard deviation
(1.94) among the weaknesses, indicating a broader agreement on the importance of this
challenge. The need for vast land areas to make projects financially viable underscores the
obstacles to expanding and replicating successful initiatives.

The “complexity and bureaucracy in the certification processes”, although recognized
as a guarantee of project reliability, implies a prolonged development and implementation
period, which becomes an obstacle to the agility and efficiency of the market.

Interestingly, the “introduction of invasive exotic species” was perceived as the least
of the weaknesses (mean of 5.83), but the high standard deviation (2.51) reveals a variety
of opinions, highlighting the complexity of ecological management in conservation and
restoration projects.

The specialists also suggested the importance of developing national and international
demand, improving project traceability, and enhancing specific methodologies for Brazilian
biomes, indicating areas for innovation and improvement. Addressing land irregularities
and legal insecurity, along with increasing competition among validating entities, was
identified as essential for strengthening the market.

In summary, the results and comments from the specialists clearly illustrate the weak-
nesses in the Brazilian forest carbon market, underscoring the critical need to reinforce
public policies and overcome operational barriers to promote a more robust, transparent,
and accessible carbon market.

3.4. Threats

The analysis of the threats section reveals the specialists’ perspectives on the external
challenges that threaten the Brazilian forest carbon market, as illustrated in Table 4. With
an overall average of 7.5 for the listed threats, reflecting the relevance of these challenges,
a moderate consensus on the importance of these threats is observed, despite divergent
views, as indicated by the standard deviations above 2.

“Land conflicts and lack of legal security” emerge as the most significant threat, with
the highest mean (8.99) and the lowest standard deviation (1.47), indicating a high degree
of agreement among specialists. This concern underscores the urgency of resolving these
conflicts and strengthening legal security to ensure the integrity and viability of forest
carbon projects.

The “vulnerability to changes in international carbon policies” and potential changes
in market regulations, with a mean of 7.82 and a standard deviation of 2.30, highlight the
concern with global regulatory instability and its impact on local projects.

The “political and economic instability in Brazil”, as well as the “competition with
other economic sectors”, such as agriculture, livestock, and mining, both with means of
7.77, reflect the threats posed by the country’s internal dynamics and the competition for
natural resources, potentially harming forest areas.

Notably, the consideration of the “lack of credibility of REDD+ and AFOLU carbon
credits” as an unlisted threat originally suggests concerns about the perception and effec-
tiveness of these mechanisms in the broader context of conservation and carbon trading.

The presence of varied threats with high standard deviations reflects the complexity
and multiplicity of challenges facing the Brazilian forest carbon market, ranging from legal
and regulatory issues to socio-economic and environmental impacts.

These specialists’ perceptions underline the need for a multifaceted approach to
mitigate these threats, emphasizing the importance of robust public policies, integrating
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sustainable practices in competing sectors, and strengthening societal engagement in forest
conservation and the benefits of the carbon market. Addressing regulatory instability
and ensuring a conducive environment for sustainable development and the effective
implementation of forest carbon projects is vital.

Table 4. Descriptive statistics of threats in the forest carbon market.

Description Mean Mode Median Star}da'rd
Deviation

Land conflicts and lack of legal security 8.99 10 10 1.47

Vulnerability to changes in international carbon policies and potential changes in
. 7.82 10 8 2.30

carbon market rules and regulations
Political and economic instability in Brazil 7.77 10 8 2.37
Competition with other economic sectors, such as agriculture, livestock, and
- . 7.77 10 8 2.24
mining, which may pressure forest areas
Economic and market pressures that may encourage illegal exploitation of 771 10 8 216
forest resources
Lack of awareness and engagement of society regarding the importance of forest 7 64 10 8 1.95
conservation and the benefits of the forest carbon market ' ’
Increased pressure for the conversion of forest areas into agricultural land or 7 48 10 8 266
other uses

Lack of specific tax incentives and benefits for forest carbon projects 7.42 10 8 2.35
Risks associated with extreme weather events 7.25 8 8 232
Dependence on external funding for the implementation of forest carbon projects 7.18 7 7 2.28
Difficulties in obtaining financing and resources for forest carbon projects 7.13 7 7 2.16

3.5. Strategic Analysis

Following a detailed analysis of the questionnaires administered to the sector special-
ists, an updated SWOT matrix was developed. This instrument emphasizes the three most
critical aspects identified in each SWOT category: strengths, weaknesses, opportunities,
and threats. The selection was based on the importance attributed to these aspects by the
participants, highlighting the most significant factors.

The new SWOT matrix is presented below and is examined in depth. Each element is
analyzed for its implications for the sector and the possible strategies to leverage strengths
and opportunities, mitigate weaknesses, and address threats (Table 5).

Table 5. New SWOT matrix.

Internal External

Strength Opportunity

Large forest cover in Brazil

Increasing international demand for carbon credits from
forest conservation projects

Preservation of forest biodiversity Valuation of biodiversity and ecosystem services

Large availability of land for restoration/recovery projects

Implementation of policies to promote research and
development of technologies for forest conservation

Weakness Threat
Illegal deforestation and logging Land conflicts and lack of legal security
Fragility of public policies and national regulatory frameworks Vulnerability to changes in international carbon policies and
related to forest conservation and the carbon market potential changes in carbon market rules and regulations

Challenges in the implementation and scalability of forest projects Political and economic instability in Brazil
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This matrix serves as a crucial strategic tool. Further strategic analyses were con-

ducted to deepen understanding and provide clear directions for future actions. These
analyses include:

Offensive Actions (Strengths and Opportunities): Brazil’s vast forest area and bio-
logical diversity, combined with international demand for carbon credits, position
the country as a potential leader in the global carbon market. Promoting policies
that encourage innovation and technological development for forest conservation can
optimize these advantages.

Defensive Actions (Strengths and Threats): Brazil’s extensive land availability for
restoration and biodiversity protection can neutralize threats such as land disputes
and sensitivity to international carbon policy changes. Strengthening legislation and
legal security is an essential step.

Debilities (Weaknesses and Opportunities): Vulnerabilities like fragile public guide-
lines and project implementation challenges can be overcome by exploiting current
opportunities. Improving land management and enhancing community capacity are
measures accelerated by emerging sector opportunities.

Vulnerabilities (Weaknesses and Threats): Issues like illegal deforestation and log-
ging, combined with political and economic instability, require a cautious approach.
Strengthening governance and command-and-control policies and establishing incen-
tives for sustainable forest management practices are fundamental strategies.

These strategic analyses are crucial to achieving the research objective: proposing

strategies and recommendations to strengthen Brazil’s forest carbon market, overcoming
challenges, and seizing opportunities (Figure 1).

Strengthen public policies and
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Figure 1. Interrelations among the main evaluated components.
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Strengthening public policies and regulatory frameworks is vital to combat defor-
estation in Brazil. The World Bank [11] highlights that subsidies and rural credit policies,
combined with the structure of the Rural Land Tax (ITR), promote deforestation for agri-
culture. Additionally, the Plano Safra, the main subsidized credit program, intensifies
this trend in the states of the Legal Amazon. Conversely, JP Morgan [15] emphasizes
that the voluntary carbon market cannot replace effective public policies in combating
climate change.

Illegal logging, agriculture, and land grabbing are identified by the World Bank
Group [11] as primary deforestation causes, exacerbated by weak law enforcement and
poor land governance. This scenario underscores the need for actions to reduce land
conflicts, such as mapping untitled public lands and modernizing land registration.

Preserving forest cover is essential for maintaining biodiversity and ecosystem services.
ARG [1] recommends minimizing additional stresses, reducing habitat fragmentation,
and protecting small-scale refuges. Vargas et al. [10] emphasize that implementing and
expanding forest projects requires large land areas to be financially viable, highlighting the
importance of an integrated approach to forest conservation and sustainable development.

The IPCC [21] warns about the dangers of large-scale reforestation and biomass pro-
duction, which can negatively impact biodiversity, food and water security, and local
communities and indigenous rights. If poorly managed, these practices increase depen-
dence on carbon removal, putting additional pressure on land and biodiversity. The scarcity
of high-quality carbon credits, according to ICC Brasil and WayCarbon [12], is attributed to
variations in accounting and verification methodologies, limiting the necessary capital for
more effective projects.

Incentivizing research and development in forest conservation technologies is crucial
for sector innovation and efficiency. Dong et al. [22] conclude that nations with significant
green technology advances are more efficient in carbon emissions. Rej et al. [25] suggest
government promotion of these innovations, especially during economic progress phases.

Carbon financing projects that protect tropical forests, as highlighted by Koh et al. [26],
contribute to both nature conservation and climate change mitigation. Pache et al. [5]
reinforce the need for a functional and stable carbon market in light of increasing emissions
reduction targets. Finally, the World Bank [11] and Pache et al. [5] emphasize the impor-
tance of integrating technologies to quantify, spatialize, and monetize carbon storage and
sequestration, providing a systemic view for carbon market advancement.

The SWOT analysis of the Brazilian forest carbon market highlights valuable opportu-
nities, such as extensive forest cover and international interest in carbon credits. However,
it also reveals significant challenges like illegal deforestation and political instability. These
insights direct the need to strengthen public policies and sustainable practices, ensuring
the long-term growth and effectiveness of the market.

4. Conclusions

This research, conducted with 77 specialists from various professional fields, provided
valuable insights into the Brazilian forest carbon market. The in-depth analysis of the
questionnaire responses highlighted the sector’s main strengths, opportunities, weaknesses,
and threats, reflecting its complexity and the challenges faced.

Brazil’s vast forest coverage and biodiversity preservation emerged as key strengths,
showcasing the country’s natural wealth and creating a robust foundation for carbon credit
generation. The growing international demand for carbon credits presents a significant
opportunity for Brazil, driven by the global recognition of the importance of biodiversity
and ecosystem services.

However, illegal deforestation and weak public policies are major weaknesses, chal-
lenging the effectiveness and integrity of forest conservation projects. Additionally, exter-
nal threats, such as land conflicts, political and economic instability, and vulnerability to
changes in international carbon policies, pose significant risks that could adversely impact
the market.
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The results suggest an urgent need to strengthen public policies and regulatory frame-
works to combat deforestation and ensure the effectiveness of carbon projects. Collaboration
between public and private sectors, technological innovation, and the active inclusion of
local communities and indigenous peoples are essential for the market’s sustainability
and growth.

A recent example is the decision by the Brazilian Supreme Federal Court (STF) in 2023,
rejecting the thesis of the temporal framework for the demarcation of indigenous lands,
which brings a new context for forest conservation and the carbon market in Brazil. This
legal change, by affirming the fundamental rights of indigenous peoples over their lands
based on ancestry and tradition can positively influence biodiversity preservation and the
expansion of the forest carbon market. It underscores the importance of integrating forest
conservation policies with the recognition of indigenous rights, aiming for sustainable
development that values both biodiversity and traditional cultures.

This research has limitations that should be considered. The possibility of bias in the
participants’ responses, influenced by their professional experiences and areas of expertise,
is one of them. The questionnaire-based methodology may not have fully captured the
complexity and nuances of the carbon market.

For future research, it is recommended to use more in-depth qualitative methods, such
as detailed interviews or case studies, to better understand the specific dynamics of the
Brazilian forest carbon market. It would be beneficial to expand the research to include
analyses of ongoing forest carbon projects, evaluating their environmental, social, and
economic impacts. Comparative studies with established carbon markets in other countries
could offer additional insights and best practices to enhance the Brazilian market.

Author Contributions: Conceptualization, L.L.M.A. and H.A.; methodology, L.LM.A. and AN.A;
software, L.L.M.A ; validation, A.N.A., G.ES. and E.A.T.M,; formal analysis, L.L.M.A.; investigation,
L.L.M.A,; resources, H.A.; data curation, L.L.M.A.; writing—original draft preparation, L.LM.A.,
H.A. and AN.A,; writing—review and editing, E.A.T M., G.ES., AN. and C.V.N.SJ.; visualization,
AN.A; supervision, A.N. and C.V.N.S.J.; project administration, H.A. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
first author.

Acknowledgments: The authors are very grateful to UnB and CAPES.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

IPCC (Intergovernmental Panel on Climate Change). Climate Change 2023: Synthesis Report; Contribution of Working Groups I, I
and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change; IPCC: Geneva, Switzerland, 2023.
[CrossRef]

Zhang, Z.; Hu, G.; Mu, X.; Kong, L. From low carbon to carbon neutrality: A bibliometric analysis of the status, evolution and
development trend. |. Environ. Manag. 2022, 322, 116087. [CrossRef] [PubMed]

Mesarovié, M.M. Global warming and other climate change phenomena on the geological time scale. Therm. Sci. 2019, 23,
1435-1455. [CrossRef]

De Jong, P,; Barreto, T.B.; Tanajura, C.A.S.; Kouloukoui, D.; Oliveira-Esquerre, K.P; Kiperstok, A.; Torres, E.A. Estimating the
impact of climate change on wind and solar energy in Brazil using a South American regional climate model. Renew. Energy 2019,
141, 390-401. [CrossRef]

Pache, R.G.; Abrudan, 1.V.; Nita, M.D. Economic valuation of carbon storage and sequestration in Retezat National Park, Romania.
Forests 2021, 12, 43. [CrossRef]

Fawzy, S.; Osman, A.I; Doran, ].; Rooney, D.W. Strategies for mitigation of climate change: A review. Environ. Chem. Lett. 2020,
18, 2069-2094. [CrossRef]


https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1016/j.jenvman.2022.116087
https://www.ncbi.nlm.nih.gov/pubmed/36041302
https://doi.org/10.2298/TSCI190208320M
https://doi.org/10.1016/j.renene.2019.03.086
https://doi.org/10.3390/f12010043
https://doi.org/10.1007/s10311-020-01059-w

Sustainability 2024, 16, 6898 13 of 13

10.

11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

Seddon, N.; Chausson, A.; Berry, P; Girardin, C.A.; Smith, A.; Turner, B. Understanding the value and limits of nature-based
solutions to climate change and other global challenges. Philos. Trans. R. Soc. B Biol. Sci. 2020, 375,20190120. [CrossRef] [PubMed]
Lyu, C.; Scholtens, B. Integration of the international carbon market: A time-varying analysis. Renew. Sustain. Energy Rev. 2024,
191, 114102. [CrossRef]

Barros, EV,; Lewis, K.; Robertson, A.D.; Pennington, R.T.; Hill, T.C.; Matthews, C.; Lira-Martins, D.; Mazzochini, G.G.; Oliveira,
R.S.; Rowland, L. Cost-effective restoration for carbon sequestration across Brazil’s biomes. Sci. Total Environ. 2023, 876, 162600.
[CrossRef] [PubMed]

Vargas, D.B.; Delazeri, LM.M.; Ferreira, V.H.P.F. Mercado de Carbono Voluntdrio no Brasil: Na Realidade e na Prdtica; FGV, EESP: Sao
Paulo, Brazil, 2022. Available online: https:/ /eesp.fgv.br/sites/eesp.fgv.br/files/ocbio_mercado_de_carbono_1.pdf (accessed on
24 June 2024).

World Bank. State and Trends of Carbon Pricing; World Bank: Washington, DC, USA, 2023. [CrossRef]

ICC Brasil; WAYCARBON. Oportunidades para o Brasil em Mercados de Carbono; ICC Brasil: Sao Paulo, Brazil, 2021.

Liang, C.; Goodell, ].W.; Li, X. Impacts of carbon market and climate policy uncertainties on financial and economic stability:
Evidence from connectedness network analysis. |. Int. Financ. Mark. Inst. Money 2024, 92, 101977. [CrossRef]

Nonini, L.; Fiala, M. Estimation of carbon storage of forest biomass for voluntary carbon markets: Preliminary results. J. For. Res.
2021, 32, 329-338. [CrossRef]

JPMorgan. Carbon Market Principles: Our Approach to Strengthening the Voluntary Carbon Market to Scale Decarbonization Solutions;
JPMorgan: New York, NY, USA, 2023.

Anderson-Teixeira, K.J.; Belair, E.P. Effective Forest-Based Climate Change Mitigation Requires Our Best Science; John Wiley and Sons
Inc.: Hoboken, NJ, USA, 2022.

Xie, Q.; Hao, J.; Li, J.; Zheng, X. Carbon price prediction considering climate change: A text-based framework. Econ. Anal. Policy
2022, 74, 382-401. [CrossRef]

Streck, C. Who owns REDD+? carbon markets, carbon rights and entitlements to REDD+ finance. Forests 2020, 11, 959. [CrossRef]
Wu, Y;; Liu, X,; Tang, C. Carbon Market and corporate financing behavior-From the perspective of constraints and demand. Econ.
Anal. Policy 2024, 81, 873-889. [CrossRef]

IPCC (Intergovernmental Panel on Climate Change). Climate Change 2022: Mitigation of Climate Change; Contribution of Working
Group III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change; Issue 1; Cambridge University
Press: Cambridge, UK, 2022. Available online: https://www.ipcc.ch/report/ar6/wg3/ (accessed on 24 June 2024).

IPCC (Intergovernmental Panel on Climate Change). Summary for Policymakers. In Climate Change 2023: Synthesis Report; A
Report of the Intergovernmental Plane on Climate Change; IPCC: Geneva, Switzerland, 2023.

Dong, F; Zhu, J.; Li, Y,; Chen, Y.; Gao, Y.; Hu, M.; Qin, C.; Sun, J. How green technology innovation affects carbon emission
efficiency: Evidence from developed countries proposing carbon neutrality targets. Environ. Sci. Pollut. Res. 2022, 29, 35780-35799.
[CrossRef] [PubMed]

Sreekar, R.; Zeng, Y.; Zheng, Q.; Lamba, A.; Teo, H.C,; Sarira, T.V.; Koh, L.P. Nature-based climate solutions for expanding the
global protected area network. Biol. Conserv. 2022, 269, 109529. [CrossRef]

Garcia, B.; Rimmer, L.; Vieira, L.C.; Mackey, B. REDD+ and forest protection on indigenous lands in the Amazon. Rev. Eur. Comp.
Int. Environ. Law 2021, 30, 207-219. [CrossRef]

Rej, S.; Bandyopadhyay, A.; Das, N.; Hossain, M.E.; Islam, M.S.; Bera, P; Yeediballi, T. The asymmetric influence of environmental-
related technological innovation on climate change mitigation: What role do FDI and renewable energy play? Environ. Sci. Pollut.
Res. 2023, 30, 14916-14931. [CrossRef] [PubMed]

Koh, L.P; Zeng, Y.; Sarira, T.V.; Siman, K. Carbon prospecting in tropical forests for climate change mitigation. Nat. Commun.
2021, 12, 1271. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1098/rstb.2019.0120
https://www.ncbi.nlm.nih.gov/pubmed/31983344
https://doi.org/10.1016/j.rser.2023.114102
https://doi.org/10.1016/j.scitotenv.2023.162600
https://www.ncbi.nlm.nih.gov/pubmed/36871717
https://eesp.fgv.br/sites/eesp.fgv.br/files/ocbio_mercado_de_carbono_1.pdf
https://doi.org/10.1596/978-1-4648-2006-9
https://doi.org/10.1016/j.intfin.2024.101977
https://doi.org/10.1007/s11676-019-01074-w
https://doi.org/10.1016/j.eap.2022.02.010
https://doi.org/10.3390/f11090959
https://doi.org/10.1016/j.eap.2024.01.006
https://www.ipcc.ch/report/ar6/wg3/
https://doi.org/10.1007/s11356-022-18581-9
https://www.ncbi.nlm.nih.gov/pubmed/35061172
https://doi.org/10.1016/j.biocon.2022.109529
https://doi.org/10.1111/reel.12389
https://doi.org/10.1007/s11356-022-23182-7
https://www.ncbi.nlm.nih.gov/pubmed/36161560
https://doi.org/10.1038/s41467-021-21560-2
https://www.ncbi.nlm.nih.gov/pubmed/33627656

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Strengths 
	Opportunities 
	Weaknesses 
	Threats 
	Strategic Analysis 

	Conclusions 
	References

