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ABSTRACT

Reducing Emissions from Deforestation and Forest Degradation (REDD+) has emerged as one of the most significant nature-based climate mitigation
strategies under the United Nations Framework Convention on Climate Change (UNFCCC). Simultaneously, Voluntary Carbon Markets (VCMs) have
become a critical source of finance for REDD+ projects by enabling corporations, governments, and individuals to voluntarily purchase carbon credits
generated through forest conservation and sustainable land management activities. While VCMs have expanded financial resources for forest protection,
biodiversity conservation, and community development, concerns regarding additionality, permanence, leakage, over-crediting, and governance continue
to challenge the credibility of REDD+ credits. This paper critically evaluates the evolution of REDD+, the role of voluntary carbon markets in financing
forest conservation, emerging market integrity initiatives, and the socio-economic and environmental outcomes of REDD+ implementation. Through
comparative analysis and case studies from the Amazon Basin, Congo Basin, Indonesia, and India, the paper highlights both the opportunities and challenges
associated with market-based forest conservation. The findings indicate that high-integrity carbon markets can play a substantial role in achieving climate
mitigation objectives provided that robust monitoring, reporting and verification systems, transparent governance mechanisms, and equitable benefit-

sharing frameworks are implemented.
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Introduction

Climate change remains one of the most pressing environmental
challenges confronting humanities in the twenty-first century.
Anthropogenic greenhouse gas emissions resulting from fossil
fuel combustion, industrial processes, agriculture, and land-use
change continue to drive global warming and associated ecological
disruptions. The Intergovernmental Panel on Climate Change
(IPCC) has repeatedly emphasized that limiting global temperature
increases requires both substantial emissions reductions and
enhanced carbon sequestration.

Forests are among the most effective natural carbon sinks.
Tropical forests absorb billions of tonnes of atmospheric carbon
dioxide annually and provide essential ecosystem services
including biodiversity conservation, watershed protection, climate
regulation, and livelihood support. However, deforestation and
forest degradation contribute approximately 10-12% of global
greenhouse gas emissions, highlighting the importance of forest
conservation as a climate mitigation strategy.

The REDD+ mechanism was introduced under the UNFCCC
to create financial incentives for developing countries to reduce
emissions from deforestation and forest degradation while
promoting conservation and sustainable forest management.
During the past decade, Voluntary Carbon Markets have become

amajor financing source for REDD+ initiatives. As corporate net-
zero commitments expanded globally, demand for nature-based
carbon credits increased significantly, resulting in substantial
growth of REDD+ projects.

Despite this growth, concerns regarding environmental integrity,
additionality, permanence, leakage, and social safeguards have
generated intense debate regarding the effectiveness of REDD+
credits. This paper examines the impacts of VCMs on REDD+
projects globally and evaluates their contribution toward climate
mitigation and sustainable development.

Literature Review

Evolution of REDD+

The concept of REDD was formally introduced at COP 11 in
Montreal in 2005. Subsequent negotiations expanded REDD
into REDD+, incorporating conservation of forest carbon stocks,
sustainable forest management, and enhancement of carbon
sequestration.

The Cancun Agreements (2010) established safeguards
emphasizing:

*  Biodiversity conservation

* Indigenous rights

»  Stakeholder participation

»  Transparent governance

The Paris Agreement further strengthened the role of forests
by recognizing REDD+ as a mechanism supporting Nationally
Determined Contributions (NDCs).

J Eng App Sci Technol, 2026

Volume 8(6): 1-6



Citation: Nandagopal Paramesh (2026) Impact of Voluntary Carbon Markets on REDD+ Projects Globally: Opportunities, Challenges and Future Directions. Journal
of Engineering and Applied Sciences Technology. SRC/JEAST-499. DOI: doi.org/10.47363/JEAST/2026(8)362

Emergence of Voluntary Carbon Markets

Voluntary carbon markets emerged as a mechanism enabling

organizations to offset greenhouse gas emissions through carbon

credit purchases. Unlike compliance markets, VCMs operate

outside regulatory mandates and are driven primarily by corporate

sustainability commitments.

Major standards include:

e Verra Verified Carbon Standard (VCS)

e ART-TREES

¢ Gold Standard

*  Climate, Community and Biodiversity Standards (CCBS)

*  Recent literature highlights increasing scrutiny regarding
credit quality and environmental integrity.

Carbon Market Integrity Debate

Recent studies have raised concerns regarding:
*  Baseline inflation

*  Over-crediting

*  Additionality

* Leakage

*  Permanence

At the same time, market reforms initiated by the Integrity Council
for the Voluntary Carbon Market (ICVCM) and other organizations
seek to strengthen confidence in forest carbon credits.

Research Methodology

This study adopts a qualitative and comparative analytical
approach based on:

Data Sources

*  Peer-reviewed literature (2020-2025)

*  UNFCCC reports

*  FAO Global Forest Resources Assessments

*  Verra and ART-TREES documentation

*  World Bank carbon market reports

»  Ecosystem Marketplace datasets

Analytical Framework

The study evaluates:
Environmental impacts
Socio-economic impacts
Governance performance
Market integrity

Future scalability
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Figure 1: Global Tropical Rainforest Regions

Source: Adapted from UNFCCC REDD+ Web Platform

Forests absorb approximately 30% of anthropogenic carbon emissions annually and serve as critical reservoirs of biodiversity. Tropical
forests located in the Amazon Basin, Congo Basin, and Southeast Asia represent the most significant terrestrial carbon sinks globally.
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Forest Cover Trends

Global Forest Cover Trends: 2000 vs. 2025 (Latest FAO Data)
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Figure 2: Global Forest Cover Trends (2000-2025)
Source: Adapted from FAO Global Forest Resources Assessment (2025)

Although global forest cover declined during the early 2000s, recent trends indicate slowing net deforestation rates due to afforestation
programs, improved forest governance, and increased investment in conservation initiatives.

The figure illustrates long-term changes in global forest area. Although substantial forest losses occurred between 1990 and 2020, the
rate of net forest loss has slowed considerably during the last decade due to afforestation, forest restoration initiatives, and improved
forest management practices. The estimated global forest area of approximately 4.14 billion hectares in 2025 reflects both forest
gains in several regions and improvements in national forest reporting systems.

REDD+ and Voluntary Carbon Market Mechanisms

The structure of the
voluntary carbon market.
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Figure 4: REDD+ Monitoring, Reporting and Verification Framework

MRYV systems are fundamental for ensuring credibility and transparency in REDD+ projects.

Growth of REDD+ Credits in Voluntary Carbon Markets
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Figure 5: Evolution of REDD+ in Voluntary Carbon Markets

Table 1: Estimated Global REDD+ Credit Issuance

Year Credits Issued (Million tCO-e)
2015 30

2017 50

2019 100

2021 130

2023 80

2024 50

Corporate net-zero commitments have significantly increased demand for forest carbon credits, although recent concerns regarding

integrity have influenced market dynamics.
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Market Evolution and Credit Issuance Trends

The rapid growth of voluntary carbon markets between 2018
and 2021 was driven largely by increasing corporate net-zero
commitments and growing interest in nature-based climate
solutions. During this period, REDD+ projects represented a
substantial share of all nature-based carbon credits issued globally,
resulting in a peak issuance of approximately 130 million tCO-e
in 2021.

However, the market subsequently entered a period of adjustment.
Beginning in 2022, several academic studies, investigative
reports, and market assessments raised concerns regarding
the environmental integrity of certain avoided-deforestation
methodologies, particularly related to baseline setting,
additionality, and over-crediting. As a result, buyers became
increasingly selective, prioritizing high-quality and independently
verified credits over large volumes of lower-cost offsets.

The decline in REDD+ credit issuance observed between 2021
and 2024 should therefore not be interpreted solely as a reduction
in market demand. Instead, it reflects a broader transition toward
quality-focused carbon markets characterized by stronger due
diligence requirements, enhanced transparency expectations,
stricter certification standards, and growing adoption of integrity
frameworks such as the Core Carbon Principles developed by the
Integrity Council for the Voluntary Carbon Market (ICVCM).
While total issuance volumes have decreased, demand for high-
integrity forest carbon credits remains comparatively resilient and
is expected to play an important role in future climate mitigation
strategies.

Positive Impacts of VCMs on REDD+ Projects

Forest Conservation

VCMs generate financial incentives that encourage governments
and communities to protect forests rather than convert them for
alternative land uses.

Biodiversity Conservation

Many REDD+ projects protect habitats supporting endangered
species and contribute to ecosystem resilience.
Community Development

Benefits include:

*  Employment generation

*  Sustainable livelihoods

*  Education programs

*  Healthcare improvements

Institutional Strengthening

Carbon finance supports:

*  Forest monitoring

*  Governance reforms

*  Capacity building

*  Remote sensing systems

Mobilization of Private Capital

VCMs attract private investment, reducing dependence on public-
sector funding.

Environmental Integrity Challenges

Additionality

Projects must demonstrate that emission reductions would not
occur without carbon finance.

Over-Crediting
Concerns exist regarding inflated baseline scenarios resulting in
excessive credit issuance.

Leakage

Deforestation activities may shift outside project boundaries.
Permanence

Forest carbon storage remains vulnerable to:
*  Wildfires

*  Droughts

*  Pest outbreaks

* Illegal logging

Social and Governance Challenges
Indigenous Rights

Successful REDD+ implementation requires:
*  Free Prior and Informed Consent (FPIC)
*  Land tenure recognition

*  Community participation

Benefit Sharing

Transparent revenue-sharing mechanisms are essential for long-
term project sustainability.

Governance

Strong institutions are necessary to:

*  Monitor project outcomes

*  Prevent corruption

*  Ensure accountability

Global Case Studies

Amazon Basin

Largest concentration of REDD+ projects globally.
Achievements

*  Reduced deforestation

* Increased indigenous participation

»  Large-scale carbon finance

Challenges

*  Agricultural expansion

* Illegal logging

*  Policy uncertainty

Congo Basin

Second-largest tropical rainforest globally.
Achievements

*  Biodiversity conservation

*  Community forestry

Challenges

*  Limited institutional capacity

* Infrastructure pressures

Indonesia

Focus areas include:

*  Peatland restoration

*  Mangrove conservation

*  Fire prevention

The Katingan Mentaya Project is among the most recognized
REDD+ projects globally.

India

Emerging opportunities include:

*  Agroforestry systems

*  Green India Mission

* Joint Forest Management

*  Community forestry initiatives
Potential REDD+ regions include:
*  Western Ghats

*  Northeastern India

*  Himalayan ecosystems

*  Central Indian forests
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Comparative Assessment of REDD+ Standards
Table 2: Comparison of Major REDD+ Standards

Criteria Verra VCS ART-TREES | Gold Standard

Scale Project & Jurisdictional/ Project
Jurisdictional National

Market Share Highest Growing Moderate

Biodiversity Moderate High High

Focus

Social Strong Strong Very Strong

Safeguards

Article 6 Moderate High Moderate

Compatibility

Future of REDD+ Under Article 6

Emerging developments include:

*  Jurisdictional REDD+

*  Article 6 integration

*  Nature-positive investments

»  Satellite-based monitoring

Artificial intelligence applications

Market participants increasingly prioritize high-integrity credits
supported by transparent methodologies.

Policy Recommendations

1. Strengthen MRV systems.

2. Improve transparency and accountability.

3. Enhance indigenous participation.

4. Promote equitable benefit sharing.

5. Adopt high-integrity standards.

6. Encourage blended finance models.

7. Harmonize international carbon market regulations.
Conclusion

Voluntary Carbon Markets have transformed the financing landscape
for REDD+ projects by mobilizing substantial resources for forest
conservation, biodiversity protection, and climate mitigation.
However, challenges related to additionality, permanence, leakage,
governance, and social safeguards continue to affect market
credibility. Future success depends on strengthening environmental
integrity, enhancing transparency, and ensuring equitable
participation of indigenous and local communities. High-quality
REDD+ projects supported by robust governance and monitoring
systems can contribute significantly to achieving global climate
objectives while promoting sustainable development [1-30].
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