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Greenhouse gas emissions have contributed to climate change, resulting in 
significant environmental and socioeconomic consequences, including rising sea 
levels and more frequent extreme weather events. The urgency to mitigate these 
effects has motivated governments and industries to seek innovative solutions 
that reduce carbon footprints and promote sustainability. Sustainable forest 
management practices, which aim to maximize carbon storage in both forests 
and forest products, offer a powerful strategy to reduce atmospheric CO₂. This 
study explores how market-based mechanisms, such as forest carbon programs, 
can help meet greenhouse gas reduction targets in accordance with international 
agreements, including the Kyoto Protocol. By examining corporate timber companies’ 
participation in carbon markets, the study highlights how sustainable forestry 
practices align with economic goals while reducing atmospheric CO₂ levels. 
Through a strategic assessment of literature and interviews with decision-makers 
in corporate forestry, this research study examines the motivations, barriers, and 
opportunities for carbon market integration, climate policy priorities, and the 
potential to scale up corporate involvement in carbon projects.
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1 Introduction

Carbon markets offer a market-based solution to address greenhouse gas emissions, the 
primary drivers of global warming and climate change (Choi, 2025). In 2011, their global value 
reached approximately $175 billion (Kossoy and Guigon, 2012). These markets incentivize 
companies to lower emissions by giving a monetary value to carbon dioxide (CO₂) and other 
greenhouse gases (Conejero and Farina, 2003; Burke and Gambhir, 2022). The United Nations 
Framework Convention on Climate Change (UNFCCC) introduced the concept of carbon 
markets in 1992, and the Kyoto Protocol formalized it in 2005 (Calel, 2013). Carbon markets 
enable companies to either reduce emissions directly or purchase carbon credits to offset 
excess emissions, thereby encouraging financial and environmental accountability (Chen et 
al., 2022). Forest carbon projects form the fundamental core of carbon markets and play a 
dynamic role in sequestering CO₂ from the atmosphere (Li et al., 2022). Forest-based initiatives 
such as afforestation, reforestation, and improved forest management (IFM) actively increase 
carbon sequestration and promote sustainable forestry (Griscom and Cortez, 2013). 
Afforestation projects plant trees on previously unforested land, while reforestation efforts 
restore trees on deforested land both actions improve forest cover, biodiversity, and ecosystem 
services (Cvjetković and Mataruga, 2020; Rohatyn et al., 2021). Improved forest management 
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boosts forest practices to enhance carbon storage by reducing harvest 
intensity, extending harvest rotations, and regenerating forests 
(Boscolo et al., 2025; Li et al., 2025).

Family forest landowners (FFLs) and large-scale corporate 
timberland companies, including Timber Investment Management 
Organizations (TIMOs) and Real Estate Investment Trusts (REITs), 
can increase their income by participating in carbon markets while 
maintaining forest productivity (Piao et al., 2016). These forest 
management practices support global efforts to mitigate climate 
change through carbon sequestration and sustainable forestry (Ontl 
et al., 2020).

Carbon credits serve as a core component of carbon markets 
(Newell et al., 2014; Gorain et al., 2021). These credits authorize 
companies to emit a specified amount of CO₂, with each credit 
typically representing one ton of CO₂ emissions (Trouwloon et al., 
2023). In contrast, companies generate carbon offsets by actively 
reducing or removing CO₂ or other greenhouse gases from the 
atmosphere through initiatives such as reforestation, renewable energy 
projects, or carbon capture technologies. Companies that exceed their 
emissions targets can purchase these offsets to compensate for their 
excess and neutralize their carbon footprint (Helppi et al., 2023; Aldy 
and Halem, 2024).

Carbon markets include two primary types: compliance and 
voluntary markets (Guigon, 2010). Government frameworks typically 
regulate compliance carbon offset programs, using mechanisms like 
cap-and-trade systems to control emissions (Kollmuss et al., 2010). 
These programs set emission limits for companies; those that exceed 
the cap must purchase carbon credits to support emission reduction 
projects elsewhere. In contrast, voluntary carbon markets allow 
businesses and individuals to buy credits outside of regulatory 
obligations to offset their emissions. Voluntary standards uphold the 
integrity of these markets by applying strict guidelines for generating, 
measuring, and verifying carbon credits (Mansanet-Bataller and 
Pardo, 2008).

Key players in both compliance and voluntary carbon markets 
include registries, project developers, buyers, and producers (Shockley 
and Snell, 2021). Registries such as the Verified Carbon Standard 
(VCS), American Carbon Registry (ACR), and Climate Action 
Reserve (CAR) manage the registration, validation, and issuance of 
carbon credits (Espenan, 2023). These organizations build 
transparency and trust in the carbon market by verifying that carbon 
reduction projects meet essential criteria, including additionality, 
permanence, and non-leakage (Hamrick and Gallant, 2017). Project 
developers design and implement carbon reduction initiatives, while 
buyers and producers participate in the transaction of carbon credits. 
Buyers may include companies aiming to meet regulatory 
requirements or voluntarily offset their emissions to support corporate 
sustainability goals.

The Verified Carbon Standard (VCS), a leading voluntary 
carbon framework, defines four primary forest carbon project 
types: Reforestation (R), Avoidance of Conversion (AC), Improved 
Forest Management (IFM), and Deferred Harvest (DH) (VCS, 
n.d.). These projects support emissions reductions and promote 
long-term forest sustainability. Reforestation and afforestation 
efforts restore tree cover on previously deforested or non-forested 
lands. Avoidance of Conversion projects preserve forests at risk of 
being cleared for non-forest land uses a key criterion for 
generating carbon offset credits (Maggard and VanderSchaaf, 

2022). IFM projects increase carbon stocking in existing forests by 
applying sustainable practices that enhance forest growth and 
health (Kerchner and Keeton, 2015). These approaches help 
reduce deforestation rates and boost carbon sequestration, 
aligning with the requirements of both voluntary and 
compliance markets.

However, forest landowners face several challenges when 
participating in carbon markets. Barriers such as minimum 
landholding requirements, long contract durations, high upfront 
costs, ongoing monitoring expenses, and potential conflicts with 
existing land management practices reduce accessibility for many 
(Wade and Moseley, 2011; Dargusch et al., 2010; Kerchner and 
Keeton, 2015). Landowners who actively manage their land for 
timber production often find these constraints especially restrictive 
(Mason and Plantinga, 2013). To promote broader participation, 
program designers can introduce more flexible requirements, offer 
financial incentives, and implement streamlined monitoring  
protocols.

Despite these challenges, growing emphasis on reducing carbon 
footprints and meeting sustainability goals has shifted the way carbon 
markets operate. This shift has made carbon markets more applicable 
and attractive, particularly for large corporate timberland entities, 
including TIMO’s, REIT’s, and other corporate forestry organizations. 
As of 2017, family forest ownerships accounted for the largest share of 
U. S. forestland, totaling approximately 110 million hectares (272 
million acres). Federal ownerships followed with around 78 million 
hectares (193 million acres). Corporate ownerships encompassed 
about 55 million hectares (135 million acres) in total. Within this 
group, 28 million hectares (70 million acres) were held by small 
corporate owners with less than 18,000 hectares (45,000 acres) each. 
Institutional investors—namely TIMOs and REITs—with holdings 
exceeding 400,000 hectares (1 million acres) controlled 17 million 
hectares (41 million acres). The remaining 10 million hectares (24 
million acres) were managed by large corporate owners not classified 
as TIMOs or REITs (Sass et al., 2021; Smith et al., 2016). These 
companies actively contribute to carbon sequestration and climate 
change mitigation by applying sustainable forest management 
practices. Strategies such as afforestation, improved forest 
management (IFM), and avoided deforestation remain central to 
their efforts.

This study aims to examine how corporate timberland companies 
including, but not limited to, TIMO’s and REIT’s integrate carbon 
market programs into their forest management practices. To address 
this objective, we interviewed decision-makers from a range of timber 
management organizations to capture their perspectives on carbon 
market participation, including their motivations, perceived barriers, 
and enabling conditions. The findings provide a detailed assessment 
of how corporate forestry is responding to the emergence of forest 
carbon markets and highlight its potential role in advancing large-
scale climate change mitigation through sustainable forest 
management. This study is needed because corporate actors manage 
a substantial share of U. S. forests yet their decision rules for carbon 
participation remain under-characterized. Prior work typically 
examined landowner intentions or program design in isolation; few 
studies synthesize the perspectives of TIMOs/REITs alongside other 
corporate owners. By documenting motivations, barriers, and 
enabling conditions, our interviews establish a some groundwork with 
which future policy or market changes can be assessed.
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2 Methodology

2.1 Virtual one-on-one interviews

To assess perspectives on carbon market programs, we conducted 
interviews with decision-makers from four types of organizations 
involved in U. S. commercial forestry: TIMOs, REITs, forest industry 
firms (companies primarily engaged in processing and manufacturing 
timber, paper, and other wood-based products for commercial use), and 
forest management companies (organizations focused on the sustainable 
oversight of forestlands, including timber harvesting, conservation 
practices, and land stewardship). We developed an interview protocol 
using guidance from Qualitative Inquiry (Charmaz, 2006) and Research 
Design (Creswell and Poth, 2016). Following a semi-structured format, 
we asked qualitative and open-ended questions focused on familiarity 
with carbon programs, current participation or interest, perceived benefits 
and challenges, and strategies for integrating sustainable forest 
management into timber operations (Blandford, 2013).

We designed the questions to capture qualitative data by combining 
yes/no items for clarity with open-ended questions for deeper exploration. 
This approach enabled a comprehensive understanding of the companies’ 
perspectives. A thorough literature review on forest carbon markets 
informed the development of the interview questions. Some questions 
explored general awareness of carbon markets, while others addressed 
specific gaps identified in the literature. This structure allowed us to 
examine both broad themes and targeted issues. We identified 
participating companies through industry directories and online 
databases. We obtained Institutional Review Board (IRB) approval to 
ensure ethical compliance and protect participants’ rights (Table 1).

We contacted timber management companies including TIMOs, 
REITs, forest industry firms, and forest management organizations 
and invited them to participate in the interview process. In total, 14 
companies participated: 5 TIMOs, 3 REITs, 5 forest industry firms, 
and 1 forest management organization.

In January 2024, we initiated contact via email, explaining the 
research objectives, the importance of their participation, and the 
confidentiality of the data collected. We included contact 
information for the research team to facilitate communication. 
To ensure informed consent, we attached an information letter 
outlining the study’s objectives, potential benefits, risks and 
discomforts, voluntary nature of participation, and strict 
confidentiality protocols. The letter also included the Institutional 
Review Board (IRB) protocol number and approval details.

2.2 Data analysis

We categorized the participating companies into four groups: TIMOs, 
REITs, forest industry companies, and forest management companies. To 
maintain clarity and consistency while protecting the anonymity of 
organizations, we assigned a unique participant identification (ID) to each 
interviewee based on their organization type. The coding system used the 
following structure: T for TIMOs (e.g., T1, T2, T3), R for REITs (e.g., R1, 
R2, R3), F for forest industry companies (e.g., F1, F2, F3),  
and FM for forest management companies (e.g., FM1) (see Table 2).

TABLE 1  Topics and questions used to guide one-on-one interviews.

Topic Question

Carbon Markets Awareness Are you currently aware of carbon markets and their potential benefits for corporate timberland companies?

Climate Policy Priorities
What is your business’s current climate policy priorities on the following mechanisms/actions: understanding climate change, 

carbon incentives, mitigation activities, carbon/climate tax and subsidy, revenue allocation, regulations, and mandates?

Consideration of Carbon Markets
Have you ever considered participating in carbon markets to monetize carbon sequestration or offsetting efforts on your 

land?

Opportunities for Participation
Are you aware of any current opportunities for industrial forestland and companies like yours to participate in carbon offset 

programs?

Motivation for Participation
What factors would motivate you to participate in carbon markets (e.g., financial incentives, environmental conservation, 

reputation enhancement, regulatory compliance)?

Barriers to Participation
What barriers or concerns might prevent you from participating in carbon markets (e.g., uncertainty about regulations, 

transaction costs, impacts on land use)?

Government Incentives If there were incentives or financial aid from the government, would you be more likely to participate in carbon markets?

Current Carbon Sequestration Practices
What types of carbon sequestration or offsetting practices are currently implemented on your land (e.g., reforestation, 

improved forest management, deferred harvest)?

Commitment to Sustainability
How crucial is it for your company to participate in carbon markets to show your commitment to sustainability and 

environmental stewardship?

Impact on Brand Image Do you believe that participating in carbon markets would positively impact your company’s brand image and reputation?

During interviews, each organization was asked each question in an open-ended format.

TABLE 2  Participants’ organizations represented in one-on-one 
interviews, and number of participants from each organization type.

Organization type Number of participants

TIMOs 5

REITs 3

Forest Industry 5

Forest Management 1

Organization types represented include Timber Investment Management Organizations 
(TIMOs), Real Estate Investment Trusts (REITs), Forest Industry, and Forest Management 
Organizations.
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We used NVivo version 14 (Lumivero, Denver, CO, USA) to 
manage and code interview transcripts for this qualitative study. We 
developed codes inductively, drawing directly from the language and 
ideas expressed by participants rather than relying on a predefined 
codebook. Within NVivo, we labeled recurring themes, generated 
word frequency queries, and created word clouds to highlight key 
terms and topic areas emerging from the data. We also used Microsoft 
Excel and R version 4.3.1 (R Core Team, Vienna, Austria) to compile 
and summarize coded data, which enabled us to generate most of the 
visual graphs and summary tables.

Our analysis followed an inductive content analysis approach, in 
which we derived codes and themes directly from the raw data 
without applying preexisting theoretical frameworks or fixed 
categories. This approach is particularly effective in exploratory 
qualitative research, as it allows researchers to remain open to the data 
and let patterns, categories, and themes emerge naturally (Williams 
and Moser, 2019). This strategy helped ground our findings in the 
actual experiences and perspectives of the participants, rather than 
shaping them through researcher assumptions.

To conduct the analysis, we reviewed transcripts multiple times 
to develop a deep understanding of participant responses. During 
this iterative process, we identified recurring ideas, phrases, and 
concerns and assigned them descriptive codes within NVivo. We 
then grouped related codes into broader themes that captured key 
issues related to corporate engagement in carbon markets. Each 
theme remained closely tied to participant responses, reflecting their 
motivations, perceived barriers, and views on climate policy, carbon 
programs, and sustainable forest management practices. With each 
round of coding and refinement, we ensured the analysis preserved 
the complexity and nuance of the data.

3 Results

3.1 Climate policy priorities of 
organizations

We discussed climate policy priorities with all participants. Their 
responses addressed a broad range of topics, including their 
understanding of climate change, participation in carbon markets, 
implementation of mitigation strategies on company lands, navigation 
of regulatory frameworks, and considerations for revenue allocation. 
Table 3 presents a summary of these priorities and perspectives.

TIMOs demonstrated strong awareness of climate policies and 
emphasized their role in carbon credit investments. Participant T1 
described a deep understanding of climate change issues and 
policies, which they actively integrated into operational planning. 
T2 discussed the challenge of balancing client investment goals with 
the need to ensure long-term financial feasibility for projects, 
highlighting post-harvest reforestation as a key component of their 
mitigation strategy. T3 emphasized forestry’s role in climate change 
mitigation and viewed carbon incentives as a promising opportunity 
to diversify income, though they placed less emphasis on tax 
incentives or subsidies. T4 stressed the importance of assessing 
climate risks and called for national-level engagement to standardize 
greenhouse gas accounting, while also advocating for flexible 
regulations to avoid one-size-fits-all approaches. Similarly, T5 
prioritized the use of strong climate data and relied heavily on 
resources from the United States Department of Agriculture (USDA) 
and Forest Service to guide their decision-making.

REIT participants also showed a strong focus on climate policy, 
particularly through regulatory compliance and aligning climate 
initiatives with business objectives. R1 emphasized the company’s 
commitment to achieving net-zero targets, especially in their sawmills 
and plywood mills, and reported participation in both compliance and 
voluntary carbon offset programs. R1 also underscored full 
compliance with U. S. Securities and Exchange Commission (SEC) 
regulations. R2 highlighted the importance of natural climate 
solutions and emphasized forests’ critical role in both reducing 
emissions and removing atmospheric carbon. R3 noted that while 
they engage in carbon markets, they prioritize the quality of carbon 
projects over financial returns. They pointed out that voluntary carbon 
credit prices often fail to match the profitability of timber sales, which 
limits their level of engagement.

Participants from the forest industry expressed a more mixed 
approach, balancing regulatory compliance with practical business 
considerations. F1 emphasized the importance of maintaining 
certifications such as the Sustainable Forestry Initiative (SFI) but 
noted that proactive restoration efforts like longleaf pine 
reforestation were not a major focus. F2 operated under California’s 
stringent environmental regulations and described the legal 
challenges associated with carbon offset implementation. Their 
timber harvest plans included detailed assessments of carbon 
impacts. F3 established ambitious emissions reduction targets for 
2030 and 2050, prioritizing direct emissions reductions and carbon 
capture while viewing offsets as a last resort. F4 had monitored 

TABLE 3  Climate policy priority themes and key points discussed for each theme by participants from each organization type in regard to climate 
change, carbon incentives, mitigation activities, carbon and climate tax and subsidies, revenue allocation, regulations, and mandates.

Themes Participant IDs Key points

Understanding climate change in general T1, T3, T4, R1, F3
Strong awareness of climate policies, risk assessment, long-term reduction 

goals.

Carbon incentives T1, T3, R1, FM, F4
Carbon incentives are viewed as important revenue streams and market 

opportunities.

Mitigation activities on company lands T2, T3, F1, F2, F3, R3 Reforestation, Carbon sequestration, emissions, reduction, Carbon capture.

Carbon or climate tax and subsidy T4, F3, R2 Varied focus, some prioritize carbon removal over taxes or subsidies.

Revenue allocation T3, T4, F2, R1 Revenue allocation toward carbon sequestration projects and offsets.

Regulations and mandates T4, R1, F2, F1 Compliance with regulations (e.g., SEC, SFI), engagement with national policy.

T1-5 = TIMO participants, R1-3 = REIT participants, F1-5 = Forest Industry participants, FM – Forest Management participant (n = 14).
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developments in the carbon market but had not yet identified a 
feasible strategy for engagement. F5 approached carbon markets 
primarily from a financial perspective, focusing on whether 
participation would prove economically viable.

The forest management company (FM) explained that their role 
involves guiding landowner clients through climate-focused solutions. 
They aim to align carbon market participation with each client’s long-
term land management and business objectives.

3.2 Motivations for participation in carbon 
markets

Participants across sectors indicated that no single factor drives 
participation in forest carbon markets; instead, decisions stem from a 
combination of economic, environmental, and social motivations. 
Although financial returns and market incentives emerged as 
dominant drivers, many participants also acknowledged the role of 
environmental stewardship and corporate responsibility (Figure 1). 
For TIMOs, financial incentives played the most significant role. 
Participant T1 explained that fluctuations in timberland and carbon 
market prices directly influence decision-making. When carbon prices 
justify delaying harvests or investing in carbon projects, those options 
take priority highlighting TIMOs’ strong focus on profitability and 
their reliance on carbon markets meeting financial expectations. T2 
reinforced this emphasis on economic benefit, noting that dependable 
income from carbon programs attracts landowners. T3 and T4 echoed 
this sentiment, pointing to customer interest and new revenue streams 
as key motivators. T4 further noted that companies seeking to 
diversify income find the potential returns from carbon markets 
especially compelling.

REITs (R) are motivated not only by financial incentives but also 
by environmental and reputational considerations. According to R1, 
recent developments such as the flexibility of voluntary markets with 
shorter project durations (as little as 40 years or less) have increased 
the attractiveness of carbon markets for commercial landowners. 
While R1 emphasized the importance of financial returns, they also 
acknowledged concerns about reputational risks. Their participation 
in carbon markets remains cautious due to the complexity of meeting 
program requirements and the potential for stakeholder criticism, 
although anticipated financial gains may justify the effort. R2, 
representing one of the largest private timberland owners in the U. S., 
emphasized that forests play a vital role in combating climate change. 
For R2, engaging in carbon markets is not solely a financial strategy 
but a way to leverage large forest holdings to deliver meaningful 
climate benefits. R3 noted that although carbon credit sales generate 
revenue, participation in climate initiatives also enhances their brand 
and public image. For REITs, involvement in carbon markets requires 
balancing financial returns, environmental responsibility, and 
reputation management.

Forest industry firms (F) expressed a blend of financial motivation 
and growing commitment to environmental stewardship. F1 
highlighted that future regulatory changes could increase compliance-
related participation. F1 also expressed interest in expanding carbon 
markets to include carbon-storing products, such as processed lumber, 
which could further incentivize participation. F2, a family-owned 
company, viewed long-term investment strategies as well-suited to 
carbon market participation. They emphasized that longer project 

timelines are essential for maximizing both carbon storage and timber 
harvest value, indicating that sustainability plays a central role in their 
profit-oriented approach.

F3 raised concerns about whether current carbon programs 
meaningfully reduce emissions. While recognizing the importance of 
public perception and shareholder expectations, F3 remained hesitant 
to participate in programs that may enable companies to continue 
emitting without making real progress on climate goals.

For the forest management company (FM), strong market 
demand and service expansion opportunities drive engagement. FM 
observed that the high demand for carbon credits, coupled with 
limited supply, creates favorable conditions for offering value-added 
forest management services. Expanding services to support more 
landowners serves as a major motivation, along with the potential to 
generate jobs and increase profitability for foresters across various 
regions. FM views carbon markets to grow their business while 
advancing forest sustainability and contributing to climate 
change mitigation.

3.3 Barriers for participation in carbon 
markets

The inductive analysis of interview transcripts identified several 
key barriers that participants face when considering or engaging in 
forest carbon markets (Figure 2). A word cloud visualization highlights 
these recurring challenges. The most frequently cited barrier is a lack 
of sufficient incentives, indicating that many companies do not 
perceive enough financial or strategic benefit to justify participation. 
Participants also emphasized high costs, particularly those related to 
implementation, monitoring, and verification, as a major deterrent.

Uncertainty emerged as another dominant theme, reflecting 
concerns about market stability, unpredictable carbon pricing, and 

FIGURE 1

Word cloud illustrating the primary motivations for participating in 
carbon markets. The prominence of certain words reflects their 
frequency and significance in responses by study participants 
(n = 14).
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evolving regulatory frameworks. Many organizations, especially those 
with limited operational capacity, reported management challenges 
that complicate their ability to engage in carbon programs. Participants 
also pointed to the administrative complexity of meeting regulatory 
requirements and navigating unfamiliar program protocols as 
discouraging factors. Additional concerns included market instability, 
price volatility, the risk of carbon reversal, and the absence of 
standardized guidelines across programs or projects, all of which 
contribute to hesitancy in market participation.

Among TIMOs, T1 identified pricing as a major obstacle, particularly 
when traditional silvicultural practices do not align with carbon project 
requirements. T1 explained that timberland values often exceed the 
potential financial returns from carbon credits, and demonstrating 
additionality, a fundamental requirement for carbon projects, remains 
difficult, thereby limiting the development of credible, high-quality 
offsets. Similarly, T2 raised concerns about financial risks and contractual 
uncertainties, especially regarding the division of responsibilities if a 
project were terminated by a grantor or lessor. These legal and financial 
ambiguities make landowners hesitant to commit to carbon agreements. 
T3 and T4 also emphasized the importance of financial viability. T3 noted 
that carbon credit prices often fail to justify the effort required for 
participation, while T4 described carbon investments as riskier and less 
stable than traditional timberland assets. T4 also highlighted internal 
company challenges, such as limited administrative capacity, reputational 
risks, and uncertainty surrounding evolving regulations and 
market structures.

REIT participants echoed many of these concerns. R1 described 
the significant time commitment and complexity involved in 
developing a carbon project, including audits, regulatory approvals, 
and administrative burdens. While large corporate landowners can 
typically manage these demands, R1 observed that they can be 
overwhelming for smaller stakeholders. R1 also pointed to 
reputational risks, noting that scrutiny from environmental 
organizations over the validity of carbon offsets could harm a 
company’s public image. R2 underscored the importance of 
maintaining high-quality carbon credits to protect corporate 
reputation, while R3 highlighted inconsistencies in certification 

systems, stating that the rejection of some standards for inadequacy 
further complicates participation.

Forest industry participants reported similar barriers. F1 
emphasized that the relative novelty of carbon markets makes it 
difficult for companies with smaller landholdings to achieve 
meaningful returns. F2 pointed out that small project size presents a 
significant challenge, with difficulties in achieving economies of scale 
and penalties incurred when growth thresholds are exceeded. F2 also 
criticized the rigidity of outdated protocols, which limit flexibility in 
project design. F3 noted that companies are reluctant to invest in 
carbon initiatives without regulatory mandates driving participation. 
F4 and F5 identified monitoring and measurement costs as major 
deterrents. F4 added that companies already practicing sustainable 
forestry struggle to meet additionality criteria, while F5 expressed 
concern that future political changes could alter the trajectory of 
carbon markets, adding another layer of uncertainty. The forest 
management participant (FM) explained that non-industrial private 
forest owners face distinct challenges, as carbon market structures 
often favor large industrial landowners, making meaningful 
participation more difficult for smaller owners.

Most participants indicated that opportunities currently exist for 
them to engage in forest carbon markets, a perspective shared across 
all organizational types (Figure 3). TIMOs and forest industry firms 
expressed particularly optimistic views, while REITs conveyed more 
mixed responses. Although underrepresented, the forest management 
organization also reported a positive outlook. These findings suggest 
a generally favorable perception of carbon market opportunities 
among commercial forestry organizations. However, the variation in 
responses highlights how organizational context and strategic 
priorities influence whether companies view carbon market 
participation as feasible or advantageous.

3.4 Verification and reporting process

Verification and reporting processes play a critical role in 
maintaining the credibility and integrity of forest carbon projects. 

FIGURE 2

Word cloud illustrating key barriers to participation in forest carbon markets. The most prominent phrases include ‘lack of incentives,’ ‘uncertainty,’ 
‘costs,’ ‘management,’ ‘complexity,’ ‘lack of standardization,’ ‘market instability,’ and ‘price volatility.’ The relative size of each phrase reflects its 
frequency in participant responses.
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Participants described a variety of experiences and challenges related 
to the rigor, effectiveness, and efficiency of these procedures. Their 
responses reflected both practical operational concerns and 
suggestions for future improvements. A summary of these insights is 
presented in Table 4.

While participants recognized verification as essential for 
protecting a project’s credibility and reputation, many expressed 
concerns about the operational difficulties, bureaucratic hurdles, and 
time-intensive nature of current systems. Several also suggested that 
emerging technologies, particularly artificial intelligence (AI), could 
improve the efficiency and accuracy of verification processes in 
the future.

Participant T1 emphasized that verifying the validity of carbon 
credits is critical to a project’s long-term success. T2 explained that 
verification becomes especially difficult when carbon-sequestered 
land lies in rugged or remote terrain and lacks proper verification 

infrastructure, often resulting in confusion and added complexity. T3 
echoed these concerns, stressing that although third-party verification 
is vital, finding qualified independent experts remains a challenge. T2 
further noted difficulties in physically marking project boundaries, 
adding that many verification platforms rely heavily on satellite 
imagery, which can lead to spatial inaccuracies. T4 raised similar 
concerns, pointing out that external verifiers often lack the forestry 
expertise possessed by in-house specialists, making accurate 
assessments more difficult.

Forest industry participants shared similar frustrations regarding 
verification processes. F2 noted that the small scale of some carbon 
projects led to significant delays in receiving verified offsets. F3 added 
that while remote sensing and periodic measurements are essential, 
applying these techniques consistently across diverse projects remains 
a challenge. Bureaucratic complexity was a recurring theme. T5 
described the carbon market’s verification protocols as overly 
bureaucratic and poorly aligned with traditional forest management 
practices, which creates unnecessary friction. R1 pointed out that 
organizations like Verra (Verified Carbon Standard) and ACR 
(American Carbon Registry) are overwhelmed by the volume of 
project verifications, contributing to widespread delays. R2 
emphasized that the verification process often involves such complex 
infrastructure requirements that it becomes inaccessible for smaller-
scale projects.

Participants also underscored the time-consuming nature of 
verification. T4 acknowledged the necessity of rigorous standards but 
noted that the high costs and time investments significantly reduce 
project profitability. T5 echoed these concerns, describing multiple 
rounds of forest inventory data collection as a heavy burden on 
operational teams. R1 stressed that even major registries like Verra face 
administrative bottlenecks, while R3 explained that their organization’s 
familiarity with Measurement, Reporting, and Verification (MRV) 
systems, thanks to data-driven forest management, helps them cope 
with the time demands, though this is not typical across the industry.

Looking ahead, many participants proposed streamlining and 
standardizing verification protocols to improve efficiency. R2 
recommended strengthening document submission systems and 
internal capacity to maintain quality verification outcomes. F4 
emphasized that verification procedures must become more credible 

TABLE 4  Verification and reporting process themes and key points discussed for each theme by participants from each organization type regarding 
carbon sequestration practices on forest lands.

Themes Participant IDs Key points

Critical role of 

verifications
T1, F3, R1

Verification is essential for ensuring the credibility of carbon projects and preventing reputational damage. Third-party 

validation and oversight are key to maintaining project integrity.

Operational challenges T2, T4, F2
Managing project boundaries, expertise mismatches, and delays in receiving offsets due to project size are significant 

operational hurdles. Additionally, the reliance on satellite imagery creates potential discrepancies in verification.

Bureaucratic and 

regulatory challenges
T5, R1, F2

The slow, bureaucratic nature of verification, combined with overwhelmed regulatory bodies and lack of experienced staff, 

creates significant delays. Regulatory inefficiencies in states like California compound these issues for landowners.

Time-intensive nature T4, T5, R1
The verification process is time-consuming, affecting net revenue from projects. Running multiple inventory processes is 

difficult for teams, and large organizations like VERRA are overwhelmed by project volumes, further slowing progress.

Future improvements R2, F4, T3, R3
Streamlining and standardizing methodologies, improving document transmission, and aligning verifiers with project 

needs would improve the efficiency of the verification process and lead to better market outcomes.

Technological and AI 

potential
F5

Advancements in spatial algorithms, AI, and better imagery solutions could revolutionize the verification process, making 

it more accurate and less reliant on costly ground-level inspections, though implementation costs remain a barrier.

T1-5 = TIMO participants, R1-3 = REIT participants, F1-5 = Forest Industry participants, FM – Forest Management participant (n = 14).

FIGURE 3

Bar chart displaying the number of organizations, by type (TIMO, 
REIT, Forest Industry, Forest Management), that report current 
opportunities to participate in forest carbon markets. TIMOs and 
forest industry organizations report the greatest number of 
opportunities, REITs provide mixed responses, and forest 
management organizations indicate generally positive outlooks.
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to gain wider industry acceptance. T3 suggested that verification 
bodies should better align with companies’ operational realities to 
reduce friction. Several participants also called for clearer policies and 
more supportive regulations to enable easier and more confident 
engagement in carbon markets.

Technology emerged as a key area of promise. F5 discussed the 
potential of AI-driven tools, such as spatial algorithms developed by 
NCX (Natural Capital Exchange), to enhance landscape-level 
verification. Although current AI technologies and high-resolution 
imagery remain costly and out of reach for many smaller projects, F5 
expressed optimism that continued technological development could 
lower verification costs and broaden access to carbon markets.

In summary, while participants agreed that robust verification and 
reporting are essential to maintaining credibility in carbon markets, 
they also recognized that current systems are burdened by operational 
inefficiencies, bureaucratic delays, and prohibitive costs. They 
emphasized the need for more streamlined methods, standardized 
protocols, and the integration of emerging technologies like AI and 
remote sensing to create a more accessible, cost-effective, and scalable 
verification framework for landowners and organizations of all sizes.

3.5 Views on support needed

Participants across TIMO, REIT, the forest industry, and forest 
management organizations expressed varied perspectives on the types 
of support needed to participate in forest carbon market programs. 
However, all emphasized the importance of a well-rounded support 
system that includes technical assistance, financial incentives, 
regulatory guidance, and improved market access.

Among TIMO participants, market transparency and financial 
clarity emerged as top priorities. T1 and T5 stressed the importance 
of stable, long-term policy frameworks to encourage investment in 
carbon markets. T2 highlighted concerns about pricing transparency 
and called for greater visibility into who the major carbon credit 
buyers are, noting that working with third-party brokers often feels 
ambiguous and risky. T3 emphasized the need for better education 
and outreach, asserting that broader participation requires improved 
access to both financial and educational resources. Similarly, T4 
recommended developing a standardized carbon accounting system—
ideally recognized by agencies like the USDA to streamline 
participation and reduce the high consultancy costs that discourage 
many landowners.

REIT participants prioritized regulatory and policy 
improvements. R1 described the current carbon market landscape 
as fragmented and advocated for a centralized reporting system to 
improve consistency. R1 also pointed out that existing REIT tax 
codes complicate participation, as income from carbon offsets is 
not currently classified as “good” REIT income. R2 emphasized 
the need for clearer and more user-friendly documentation, 
explaining that current carbon program materials are often too 
technical. R3 called for enhanced capacity-building tools, such as 
improved GIS and data analytics systems, and noted that small 
projects often lack the scale to absorb the fixed costs 
of participation.

Forest industry participants restated many of these concerns but 
also emphasized the importance of market access and strategic 
partnerships. F1 proposed the creation of a centralized credit trading 

platform, potentially managed by the USDA, while advising against the 
formation of a government-sanctioned monopoly. F2 asked for better 
technical support, consistent training opportunities, and financial 
incentives to stabilize participation within regulatory and economic 
uncertainty. F3 advised federal agencies to provide updated research 
and forest science that suggests modern management practices. F4 
suggested that greater recognition of the carbon sequestration potential 
of wood products would help engagement, while F5 highlighted the 
need for standardized methodologies and centralized data access to 
make participation more efficient and accessible.

The forest management company (FM) placed particular 
emphasis on education and outreach. FM participants proposed 
workshops and educational resources to help landowners 
understand cost-sharing opportunities and available financial aid. 
They believed that informed landowners would be more 
empowered to participate, and that increased awareness would 
also allow FM companies to deliver more direct services rather 
than relying on third-party developers.

Across all organization types, financial support and incentives 
emerged as a consistent and unifying theme. TIMO participants T3 
and T4, along with R1 from the REIT group, noted that smaller 
landowners would benefit greatly from financial assistance to offset 
consultancy and entry costs. F2 stressed the need for economic buffers 
to mitigate market volatility, while FM participants emphasized cost-
sharing mechanisms as vital to easing financial burdens for 
private landowners.

3.6 Views on government incentives

Across all organizational types, participants consistently indicated 
that government incentives would likely enhance their participation 
in forest carbon markets. Responses were generally similar within 

FIGURE 4

Bar chart showing the influence of government incentives on the 
likelihood of organizations participating in forest carbon markets, 
broken down by organization type. TIMO and forest industry groups 
report increased likelihood with incentives, while some REIT and 
forest management groups indicate no increase.
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each organization type, except for REITs, which showed more 
variability in their perspectives (Figure 4).

Among TIMO participants, four out of five companies (T1, T2, 
T3, T5) indicated that government incentives would increase their 
likelihood of participating in forest carbon markets. These companies 
viewed financial support as a key motivating factor in their decision-
making processes. In contrast, T4 stated that government incentives 
would not influence their participation, explaining a preference for 
operating independently without relying on public-sector support.

Responses from REITs were more mixed. R1 and R2 reported that 
government incentives would not affect their engagement, noting that 
they do not rely on financial assistance or policy-driven encouragement 
to participate in carbon markets. However, R3 expressed that such 
incentives would positively influence their participation, demonstrating 
that perspectives on government support can vary significantly even 
within a single organizational category.

Within the forest industry group, most companies (F1, F3, F4, 
F5) indicated that government incentives would encourage 
participation in carbon markets. These firms viewed public 
financial support as a valuable tool for lowering the economic 
barriers to entry. In contrast, F2, operating under California’s 
stringent regulatory framework, reported that such incentives 
would not influence their decision. This response may reflect a 
perception that existing regulations already guide their activities, 
reducing the need for additional support. The forest management 
company (FM) also stated that government incentives would 
increase their likelihood of participation, aligning with the broader 
trend observed across most organization types.

In summary, while most participants across organizational 
categories viewed government incentives as a key motivator for 
carbon market engagement, notable exceptions exist. Some 
organizations, particularly select REITs and those operating in 
heavily regulated environments, expressed a preference for limited 
government involvement. Nevertheless, financial incentives remain 
a critical policy tool for promoting broader participation in forest 
carbon offset programs.

3.7 Importance of carbon market 
participation to show commitments to 
sustainability

The importance of forest carbon market participation to show 
commitment to sustainability and environmental stewardship varies 
across organization types (Figure 5).

Responses from TIMOs and REITs generally reflected a more 
favorable view of carbon market participation as a marker of 
sustainability and environmental stewardship. Many TIMOs viewed 
involvement in carbon markets as a significant indicator of climate 
responsibility, with the sale of carbon credits serving both as a key 
revenue stream and a visible demonstration of proactive climate 
action. REITs also acknowledged the value of participating in carbon 
markets to signal environmental commitment; however, they tended 
to see it as important but not essential, often weighing participation 
against broader compliance obligations and operational priorities.

In contrast, most forest industry participants expressed a more 
limited view. Many within this group prioritized direct emissions 
reductions or traditional revenue streams and exhibited greater 

skepticism toward carbon credits or offsets, which they regarded as 
less central to their sustainability efforts. Similarly, the forest 
management company (FM) adopted a more neutral stance. While 
FM participants assist landowners in accessing carbon markets, they 
do not necessarily consider participation a critical component of their 
own business strategy unless it aligns with long-term 
organizational objectives.

4 Discussion

The analysis of corporate timberland companies’ participation in 
forest carbon markets reveals a complex and evolving landscape shaped 
by financial motivations, environmental objectives, and regulatory 
challenges. This multifaceted engagement underscores the potential of 
carbon markets to align profit-driven interests with climate mitigation 
goals. A central finding of this study is the key role of financial 
incentives. Many corporate timberland entities view forest carbon 
markets to diversify revenue streams (Francis and Zhang, 2024). 
Participation is strongly influenced by how well carbon credit revenues 
compare with traditional timber harvest returns (Mei, 2023). Moser et 
al. (2022) similarly observed that timber prices often yield larger 
financial returns, a dynamic echoed by our findings, which indicate that 
timber markets remain more attractive than carbon offset initiatives for 
many companies. These financial considerations are further constrained 
by high costs associated with data collection methods such as LiDAR 
(light detection and ranging), inconsistent carbon pricing, and 
skepticism toward long-term market commitments.

Global research supports these findings. Lou et al. (2023), in a 
study of corporate carbon investments, noted that many companies 
treat carbon markets as supplementary income sources, citing unstable 
pricing and the greater profitability of timber production. However, 
our research, along with Lou et al. (2023), emphasizes that financial 
motivations are not the sole drivers. Regulatory challenges such as 
navigating differing carbon accounting standards, complex verification 
protocols, and jurisdiction-specific approval processes significantly 

FIGURE 5

Stacked bar chart displaying the number of organizations by type 
and their rating of how essential forest carbon market participation is 
for demonstrating sustainability commitment. Categories include 
Neutral, Not Important, Important but Not Essential, and Essential.
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influence participation in voluntary carbon markets (Battocletti et al., 
2024). Schmitz et al. (2016) highlights how the administrative burden 
of these evolving frameworks often deters engagement, particularly 
among organizations unfamiliar with compliance procedures. Wang 
et al. (2022) further connected regulatory opacity with pricing 
volatility, pointing to increased risks for long-term investments.

Participants in our study echoed these concerns, particularly 
regarding inconsistent methodologies and unpredictable approval 
timelines. These findings suggest that regulatory uncertainty not only 
discourages new entrants but also hinders scalability and strategic 
planning among current participants. Even experienced actors reported 
difficulties adapting to proliferating verification standards across different 
registries, indicating a need for greater harmonization and policy clarity.

Beyond financial and regulatory considerations, reputational 
concerns also shape participation decisions. While Lohmann 
(2009) critiques carbon trading as a mechanism that can delay 
substantive emissions reductions, his analysis draws attention to 
the scrutiny faced by companies perceived to lack environmental 
integrity in their offset strategies. Lou et al. (2023) reported that 
many corporate actors pursue carbon market involvement to 
strengthen public image and align with sustainability 
commitments. However, these engagements are often selective, 
favoring projects with strong reputational and financial benefits, 
such as forestry initiatives and renewable energy investments 
with local co-benefits (Lovell et al., 2009; Goldstein, 2016; 
Anderson and Bernauer, 2016).

Participants in our study emphasized that only large-scale efforts, 
such as deferred harvest or intensive forest management (IFM), are 
likely to produce substantial carbon sequestration. Lou et al. (2023) 
similarly observed that the scale and cost of carbon projects limit 
access for smaller landowners, reinforcing the market’s current bias 
toward large corporate participants with sufficient financial and 
operational capacity. Despite these barriers, many participants 
expressed optimism about the future of carbon markets. They 
anticipated that regulatory stabilization, increased market 
transparency, and growing climate awareness would contribute to 
broader adoption. This aligns with projections by Redmond and 
Convery (2015), who forecasted significant global growth in carbon 
markets driven by expanding demand for emissions reductions and 
carbon offsetting.

Several participants also pointed to government incentives as 
a critical mechanism for expanding engagement. Financial 
assistance was viewed to offset participation costs, particularly for 
smaller entities, an observation supported by Stephan and 
Paterson (2012), who identified government support as a key 
enabler of market entry. At the same time, some participants 
expressed concern that increased government involvement could 
force additional regulatory burdens, creating further complexity 
in already cumbersome market structures.

Beyond credits and offsets, there is increasing interest in 
integrating sustainable wood products into carbon market 
strategies. Participants noted that this approach enhances both 
financial viability and environmental performance, aligning 
forest management practices with long-term climate goals. 
Previous studies have highlighted the potential of wood products 
to contribute to emissions reductions through substitution and 
long-term carbon storage (Sathre and O’Connor, 2010; 
Schlamadinger and Marland, 1996; Lippke et al., 2011). 

Malmsheimer et al. (2011) similarly emphasized the value of 
incorporating wood products into forest carbon projects, framing 
sustainable forest management as a legitimate and measurable 
component of climate mitigation.

5 Conclusion

This study investigated the participation of corporate 
timberland entities in forest carbon markets, focusing on climate 
policy priorities, motivations, barriers, verification challenges, 
and perspectives on enabling mechanisms, such as government 
incentives. Financial returns emerged as the primary factor 
influencing participation across organization types. TIMOs 
demonstrated the highest level of engagement, integrating carbon 
market activities, particularly carbon credit sales and 
reforestation, into broader investment strategies. REITs expressed 
interest in carbon markets but evaluated participation in relation 
to regulatory obligations and reputational risks. Forest industry 
firms reported limited engagement, citing uncertain revenue 
potential, while forest management companies attributed their 
involvement to client demand rather than internal strategic 
priorities. Volatility in carbon pricing, high transaction costs, and 
administrative burdens related to verification and reporting were 
consistently identified as barriers. Participants highlighted the 
need for technical assistance, stable policy frameworks, and 
increased transparency in credit valuation. While most TIMOs 
and forest industry participants considered government 
incentives essential for broader adoption, REITs presented more 
diverse perspectives. These findings indicate that integrating 
carbon market mechanisms into corporate forest management is 
uneven and highly context dependent. Addressing structural 
barriers, particularly those related to pricing, regulation, and 
verification, is critical for enabling broader and more effective 
participation. Additional empirical research is required to assess 
the impact of evolving policy instruments, incentive structures, 
and technological innovations on corporate engagement with 
forest carbon markets. With adequate support, such as stable 
policy frameworks, financial and government incentives, and 
streamlined verification systems, corporate timberland managers 
could make a more significant contribution to climate mitigation 
objectives while maintaining economically viable land 
use systems.
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