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ABSTRACT Why do some firms participate in voluntary carbon markets (VCMs), whereas others
do not? This research proposes a multilevel theoretical framework to explain corporate engage-
ment in VCMSs. The comparative cross-national empirical analysis of over 1,200 large-scale firms
demonstrates that corporate sustainability governance structures, institutional complementarities
between voluntary and compliance carbon markets, and transnational non-governmental organi-
zations’ climate shaming significantly drive corporate participation in VCMs. The causal media-
tion analysis further reveals how these multilevel factors interactively influence corporate
engagement. These findings contribute to understanding the regime complex for global climate
governance and highlight the interplay of multilevel factors in shaping voluntary climate
responsibility.

Keywords: global climate governance; voluntary carbon markets; private governance; corporate
responsibility; comparative analysis

Introduction

Nonstate actors appear to be “global governors” in the global policy arena (Sending and
Neumann 2006; Andonova et al. 2009; Avant et al. 2010; Abbott 2012; Bulkeley et al.
2014; Abbott et al. 2016; Hale 2020; Hale et al. 2021). As one of the key nonstate forces,
firms increasingly establish net-zero targets and actively participate in voluntary carbon
markets (VCMs) to reduce carbon emissions. In essence, VCMs are a form of voluntary
regulation that encourages participants to go beyond existing legal requirements (Prakash
and Potoski 2012). As a critical market-based policy tool to control greenhouse gas
(GHG) emissions, VCMs enable nonstate entities, such as firms or individuals, based on
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voluntary purposes to purchase carbon credits produced elsewhere to offset residual
emissions that cannot be further reduced. Article 6 of the Paris Agreement further
expands the potential for VCMs to assist countries in achieving nationally determined
contributions and other voluntary climate commitments.

While firms are among the most predominant participants in VCMs, their engagement
in VCMs varies significantly across regions and countries, with firms in the European
Union and North America being the most active (Donoftrio et al. 2021a). How do we
explain the variations in corporate engagement in VCMs? Why do firms in some
countries choose to participate in VCMs, whereas others do not? Existing research
suggests that firms’ determination to fulfill net-zero targets directly drives their participa-
tion in VCMs (Donofrio et al. 2021b). However, the decision to participate in VCMs is
contingent upon a firm’s assessment of potential costs and benefits (Prakash and Potoski
2012). Both macrolevel factors, such as the broader political and economic environment,
and microlevel factors within individual firms can motivate firms to engage in VCMs.

To unify these factors, we propose a multilevel analytical framework to investigate
corporate participation in VCMs, which integrates explanations at the firm, country, and
transnational levels. We then employ multilevel mixed-effects logistic models to empiri-
cally examine these factors and find that firm-level environmental, social, and govern-
ance (ESG) structures, country-level carbon market complementarities, and
transnational-level climate shaming by international non-governmental organizations
(INGOs) drive corporate participation in VCMs. Additionally, we leverage a causal
mediation analysis to show that INGOs’ climate shaming can drive firms toward adopt-
ing more pro-climate behaviors by incentivizing governments to strengthen climate
regulations. Furthermore, the impact of institutional complementarities between volun-
tary and compliance carbon markets on firms’ engagement in VCMs operates through
firm-level emissions reduction policies. Similarly, the effect of ESG structures on
corporate participation in VCM is facilitated through firms’ commitments to the United
Nations Sustainable Development Goals (SDGs).

Our findings demonstrate three significant aspects of VCMs as an ideal case for
observing the dynamics of voluntary programs. First, VCMs target reducing GHG
emissions and allow participants to quantify their climate and environmental impacts.
Unlike other vague voluntary commitments, VCMs offer clear and actionable solutions
with strong operability, making them highly scalable and practical for broader imple-
mentation. Second, as a market-driven and voluntary scheme, VCMs attract participants
motivated by internal drivers rather than externally mandated regulation. Studying VCMs
can provide insights into developing incentive-compatible policy tools that align with
participants’ motivations and encourage greater engagement in tackling climate change.
Third, VCMs exhibit institutional complementarities with compliance carbon markets
(CCMs) in terms of participant demographics, market boundaries, and operational
regulations (Chen and Xie 2023). Examining corporate participation motivations from
a comparative perspective can help us better understand corporate climate mitigation
behavior, thereby improving regulation and governance across both carbon markets.

This paper contributes to the existing studies in the following ways. Theoretically, we
employ a multilevel analytical framework to advance the understanding of the multi-
faceted reasons behind corporate pro-climate voluntary behavior. Although the “regime
complex” theory emphasizes the role of non-hierarchical institutions in managing
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specific issues, it largely neglects the importance of nonstate actors in global politics
(Keck and Sikkink 1998; Raustiala and Victor 2004). This article provides a new
perspective to observe the dynamics of the regime complex for global climate govern-
ance and better understand how the complex interplay of cross-level factors can motivate
corporate participation in VCMs. We provide insights into mechanisms by which factors
at various levels affect corporate engagement in VCMs, thereby broadening the theore-
tical landscape of Hsueh (2019a) and offering a more nuanced perspective on the drivers
of corporate participation in VCMs.

Methodologically, this article leverages a causal mediation analysis to elucidate the
underlying mechanisms through which multilevel factors influence corporate participation
in VCMs. Such analysis allows for a more detailed dissection of the causal pathways,
contributing to a deeper understanding of VCM participation dynamics. We also conduct
a cross-national analysis of corporate engagement in VCMs and employ quantitative
analysis of over 1,200 firms worldwide. To mitigate the risk of potential selection bias,
we use a newly developed panel matching method for causal inference (Imai et al. 2023).

Literature Review

Existing research on carbon markets has largely focused on CCMs, with limited attention
to VCMs. Despite the growing importance of VCMs as a form of voluntary regulation,
few studies have systematically examined why firms participate. Voluntary regulation
complements traditional “command and control” approaches (Peters and Pierre 1998) by
encouraging firms to exceed legal requirements and generate positive environmental
externalities (Prakash 2000). However, participation often depends on a cost-benefit
calculation, as engaging in VCMs can involve additional costs, such as third-party audits
(Prakash and Potoski 2012). Therefore, additional incentives are needed to motivate
firms to join VCMs (Gillenwater et al. 2007).

Compared with non-participants, firms that go beyond compliance receive rewards from
the government and market, often termed “club goods” (Buchanan 1965; Potoski and
Prakash 2004, 2005, 2009; Prakash and Potoski 2012; Roger and Dauvergne 2016). These
benefits, both intangible (such as enhanced reputation and goodwill) and tangible (such as
access to technical knowledge and financial capital), provide valuable incentives (Coglianese
and Nash 2006; Hsueh and Prakash 2012). Take certification schemes as an example. They
help firms achieve effective self-management and signal their environmental efforts to
consumers, which raises participants’ reputation and gains wide market support. Such
certification can reduce information asymmetry and provide external audiences, including
consumers, shareholders, and environmental groups, with information about corporate over-
all environmental governance performance (Potoski and Prakash 2009), which allows for
better product differentiation (Potoski and Prakash 2005; Green 2013).

Meanwhile, the domestic political and economic environment can provide incentives
for participation in voluntary initiatives. Institutions can shape incentives and affect
individual decision-making and collective outcomes (North 1990; Ostrom 1990). The
development of voluntary regulation relies on institutional interactions with public
regulators (Hall and Biersteker 2002; Héritier and Eckert 2008). For instance, Kollman
and Prakash (2001) show that regulatory styles influence firms’ voluntary adoption of
environmental management systems based on how governments view these voluntary
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programs. Potoski and Prakash (2004) also highlight how regulatory and economic
contexts, including adversarialism, stringency, and flexibility, impact ISO 14001 adop-
tion across 59 countries. Moreover, in anticipation of future regulatory pressure, some
firms join voluntary programs to preempt stricter public regulations (Hsueh 2019b),
aiming to shape future regulations. This argument has been further advocated by
Malhotra et al. (2019), who quantify the causal effects of firm-level self-regulation on
support for new government regulations.

As the rise of voluntary regulation closely connects to globalization, the incentives
from the international arena also account for the widespread adoption of voluntary
environmental programs. Several studies emphasize the role of global economic ties.
International trade and foreign direct investment (FDI) motivate countries to adopt
environmental standards like ISO 14001, especially when trading with or receiving
FDI from nations with high adoption rates (Prakash and Potoski 2006, 2007).
Multinational corporations (MNCs) also spread voluntary regulation through their sub-
sidiaries and global supply chains, using harmonized standards to address inconsistencies
in legal systems across jurisdictions (Guler et al. 2002). Moreover, globalization accel-
erates the spread of norms (Kollman and Prakash 2001), with civil society pressuring
firms to operate toward sustainability through international environmental movements
(Newell 2008). Under public pressure, firms address climate change and respond to
stakeholders’ environmental concerns by participating in voluntary programs.

Overall, existing studies have investigated the determinants of voluntary program
adoption (Guler et al. 2002; Prakash and Potoski 2006, 2007). However, with a few
exceptions (Berliner and Prakash 2014; Hsueh 2019b), the majority still focus on
countries rather than firm-level responses to voluntary environmental programs.
Qualitative analyses of firms within specific national or sectoral contexts are susceptible
to selection bias due to small sample sizes, thereby potentially compromising the validity
of the findings. Meanwhile, only a few studies explored how interactions between macro-
and microlevel factors affect firms’ participation in VCMs (Hsueh 2019a). We address
these gaps from two aspects. First, we leverage a panel dataset of over 1,200 large-scale
firms across 48 countries from 2002 to 2022 to provide a more robust basis for
comparative analysis. Second, we take one step further from Hsueh (2019a) by conduct-
ing a causal mediation analysis to unpack the mechanisms through which multilevel
factors influence corporate participation in VCMs, highlighting more nuanced interac-
tions among the mechanisms.

A Multilevel Analytical Framework for Corporate Participation in VCMs

We propose a multilevel theoretical framework to explain corporate participation in
VCMs. Firms engage in VCMs because of complex factors at the firm, country, and
transnational levels. In this light, we use the lens of the level of analysis to explore the
determinants of corporate participation in VCMs. Specifically, we focus on the corporate
ESG structures, domestic institutional complementarities of carbon markets, and transna-
tional INGOs’ climate shaming as three main driving forces (see Figure 1). This multi-
level theoretical framework also allows for examining the interactions among these
across-level factors.
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Figure 1. The multilevel theoretical framework

Corporate ESG
structures
(corporate level) \ Mediator 1:
Corporate SDG
commitments
Carbon market Mediator 2: Corporate
complementarities Corporate emission | participation in
(domestic level) reduction policy VCMs

Mediator 3:

National regulatory
INGO climate / stringency
shaming

(transnational level)

Source: created by the authors.

This multilevel approach highlights the multidimensional pressures on firms and
captures the complexity of a firm’s decision-making in VCM participation. By examining
both internal drivers and external pressures, this framework further offers a new lens for
identifying the mechanisms through which firms decide to engage in VCMs.

Firm Level: The Impacts of Corporate ESG Structures

Existing studies have indicated that corporate governance structures closely connect with
firms’ environmental performance (Walls et al. 2012; Hsueh 2017). Establishing ESG
structures can lead to business mode adjustments and motivate firms to pursue
a sustainable development route voluntarily.

As the research on “policy supporters” demonstrates (for example, Prakash 2001;
Strand 2013), executives and the board of directors within firms are critical to allocating
resources and guiding firms to participate in voluntary environmental programs. Hsueh
(2017, 2019a) highlights that internal management factors and leadership commitment to
ESG principles drive Global 500 firms’ participation in voluntary carbon disclosure
initiatives. If the mindset of leaders and members of the organization does not integrate
sustainable development, corporate sustainability efforts face higher risks of failure
(Baumgartner 2009). Some scholars further indicate that firms are more likely to adopt
pro-climate behaviors when they share board members with other firms that have already
implemented similar actions (Lerner and Osgood 2023), which highlights the role of
corporate boards in shaping firm-level ESG actions and policies.

Advancing sustainable business requires setting incentives within firms, including
monetary or non-monetary rewards. In particular, firm-level sustainability compensation
incentives play a pivotal role by rewarding executives who effectively integrate the
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SDGs into business strategies. As reshaping business structures toward sustainable
development may incur considerable organizational costs, the support from senior
managers endowed with decision-making power is significant in enabling sustainable
corporate transformation. Therefore, given the alignment between individuals and
broader corporate long-term sustainable development goals, corporate ESG structures
reflected in sustainability compensation incentives can drive firms to participate in VCMs
to transform toward sustainable business modes. In light of this, we focus on the role of
business leaders and argue that the provision of incentives to business executives may
promote corporate participation in VCMs. We thus propose the following hypothesis:

HI: Firms with designed sustainability compensation incentives for executives are
more likely to participate in VCMs.

Country Level: The Impacts of Domestic Institutional Complementarities of Carbon Markets

Firms may be driven to participate in voluntary environmental programs due to economic
incentives, particularly when compliance costs are low. VCMs and CCMs are not entirely
independent, and regime interactions exist between these two types of carbon markets (Chen
and Xie 2023), which implies the interactions between public and private governance.
Government-initiated carbon markets can interact with those governed by nonstate actors,
blurring the lines between “public” and “private” (Green 2017). This intersection increases
flexibility for firms to engage in both markets, potentially lowering compliance costs.

Specifically, the existing research suggests four distinct modalities of regime interac-
tions between VCMs and CCMs, namely cognitive, rule, behavioral, and functional
(Chen and Xie 2023). Cognitive interactions entail the flow of knowledge and informa-
tion across different carbon market types, potentially reshaping the perspectives of
decision-makers. Rule-based interactions involve the diffusion of regulatory experiences,
where practices from one carbon market may be adopted and learned by another. For
instance, VCMs can act as a testing ground for the government to establish CCMs in
terms of procedures, methodology, and technologies (Kollmuss et al. 2008). For beha-
vioral interaction, some countries and regions are beginning to accept carbon credits
from VCMs certified by private standards for domestic mandatory or voluntary carbon
neutrality programs. As illustrated by the case of the Climate Action Reserve (CAR) —
a voluntary carbon offset program — part of the agreements of the CAR have been
recognized by the state of California, which provides eligible carbon credits to
California’s Cap-and-Trade Program. Lastly, functional interactions refer to shifts in
governance objectives within one carbon market influenced by another, reflecting an
interplay in governance targets.

The interactions between VCMs and CCMs display diverse forms, with different
levels of intensity. Whether the interactions can happen is contingent upon conditions
such as the integrity of VCMs. However, once the connections have been established,
more participants may be included and they face lower compliance costs. Therefore, we
argue that the economic incentives provided by carbon market complementarities can
facilitate corporate participation in VCMs. Our second hypothesis is as follows:
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H?2: Firms headquartered in countries with institutional complementarities between
compliance and voluntary carbon markets are more likely to participate in VCMs.

Transnational Level: The Impacts of Climate Shaming by INGOs

Civil society has emerged as a powerful bottom-up force in global governance (Avant
et al. 2010), and NGOs are actively shaping global and domestic environmental politics.
They can influence international climate negotiations while also changing the behavior of
countries (Betsill and Corell 2001; Gulbrandsen and Andresen 2004; Allan and Hadden
2017; Koliev et al. 2023). For issue areas such as climate change, INGOs are more
capable of tackling these wicked and transnational challenges. Due to the wide geo-
graphic scope, the global presence of INGOs can enable access to substantial resources,
bring together diverse stakeholders, and embody a high level of expertise in their work.
As Lall (2025) suggests, INGOs can not only better identify performance problems by
bringing them under the public spotlight but also mobilize resources and form coalitions
to pressure countries to make policy reforms.

Although INGOs adopt various instruments to enhance their influence, such as using
the framing power or transmitting information to negotiators, naming and shaming is
a popular strategy to exercise their monitoring and enforcing power (Keck and Sikkink
1998; Hafner-Burton 2008; Murdie and Davis 2012; Koliev et al. 2023). In essence,
climate shaming is information disclosure on environmental performance. The external
audience can recognize entities that perform well and shame those that perform poorly
through the information disseminated by INGOs (Kelley and Simmons 2015). Due to the
substantial reputational costs incurred through the INGO’s negative publicity, targeted
actors may change their behaviors accordingly (Keck and Sikkink 1998).

We thus posit that INGO’s climate shaming of countries can affect the behavior of
firms headquartered in the corresponding countries. INGO’s climate shaming of countries
leads to changes in domestic regulatory stringency, prompting governments to enact
stronger climate laws (Koliev et al. 2023). When a country creates pro-environmental
advocacy, the firms headquartered in such a context may face substantial societal
monitoring, thereby taking more voluntary eco-friendly measures through self-discipline
as a preemptive response to anticipated regulatory changes. Purchasing carbon credits
from VCMs can be feasible for firms to respond to regulatory and reputational pressures
raised by INGOs.

Nonetheless, the governance of VCMs is highly fragmented, and the lack of market
integrity may pose risks such as “greenwashing” and “carbon leakage” (Gillenwater et al.
2007). Participating in VCMs may be perceived as a lack of commitment to decarboni-
zation, potentially drawing more criticism from civil society. In this sense, exposure to
INGO scrutiny may also make firms more reluctant to participate in VCMs. Therefore,
the above discussions yield the following hypotheses:

H3a: Firms headquartered in countries facing climate shaming from INGOs are
more likely to participate in VCMs.
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H3b: Firms headquartered in countries facing climate shaming from INGOs are less
likely to participate in VCMs.

Research Design
The Data

To test our hypotheses, we use firm-level data from the Sustainable Leadership Monitor
of the London Stock Exchange Group (hereinafter referred to as LSEG),' which was
created in partnership with the World Economic Forum. The LSEG is a leading database
delivering comprehensive ESG data. It includes more than 630 ESG metrics and covers
over 15,500 publicly listed and private firms from 76 countries, representing 90 per cent
of the global market cap (London Stock Exchange Group 2023). The data is collected
based on available public sources, including company websites, annual reports, NGO
websites, news sources, and Corporate Social Responsibility (CSR) reports (London
Stock Exchange Group 2023). The values of common ESG criteria are also standardized
to conduct comparative analysis across all firms. To ensure data validity and transpar-
ency, ESG specialists audit the data collection process, and each data point is linked back
to the original sources. For the sector category, we follow the two-digit hierarchical ID
(identification) of The Refinitiv Business Classification (TRBC), which comprises ten
main economic sectors: energy, basic materials, industrials, consumer cyclicals, consu-
mer non-cyclicals, financials, healthcare, technology, utilities, and real estate.

Specifically, we collected an original panel dataset from 2002 to 2022, covering 1,265
large-scale firms in ten economic sectors from 48 countries. As the list of large-scale
firms is updated annually based on the changes in firms’ market values, we select all
firms that are classified as “large” in the Sustainable Leadership Monitor as of the
fiscal year 2023. These firms have a market capitalization of $10 billion or more. As
shown in Figure Al in the Online Appendix, the selected large-scale firms significantly
contributed to global CO, emissions, accounting for 15 per cent in 2017 and peaking at
nearly 18 per cent in 2021. Figures A2—A6 in the Online Appendix further illustrate the
geographic distribution and sectoral coverage of the selected firms.

We focus on large-scale firms primarily for three reasons. First, firms with greater
financial strength can better bear the fixed costs of voluntary programs, including seeking
third-party certifications and providing environmental training for their employees.
Second, large-scale firms may face tremendous external monitoring pressure from
regulators, competitors, and the public. This may motivate them to take voluntary actions
to maintain a good public reputation. Third, large-scale firms, particularly MNCs, are
more likely to resort to harmonized voluntary regulation to enhance common expecta-
tions among different actors and better coordinate regulations across borders (Andonova
et al. 2017).

Dependent Variable

Our dependent variable, “firm’s participation in VCMs”, is a binary indicator coded as 1
if a firm participated in VCMs in a given fiscal year, by purchasing and/or originating
carbon credits, and 0 otherwise. Data on the dependent variable are mainly extracted
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from the LSEG. Although the LSEG provides information on corporate engagement in
carbon offset markets, whether firms voluntarily do so remains less studied. For instance,
some cap-and-trade emissions trading initiatives allow regulated entities to purchase
a certain proportion of carbon credits to balance the extra emissions if they exceed the
limit. In this sense, to better differentiate whether firms participate in VCMs voluntarily,
we complement the data from the LSEG by manually collecting the firm-level informa-
tion from the Carbon Disclosure Project (CDP) Climate Change Questionnaires. As
a prominent INGO, CDP provides the largest dataset on corporate and city reporting
regarding the impact of climate and environmental change. In the CDP survey, firms self-
report the details of their project-based carbon credits canceled in the reporting year and
indicate whether it is voluntary or compliance offsetting, which helps to measure our
dependent variable more precisely.

Specifically, we follow four principles when using these two databases. First, we keep
the firms that only engage in carbon offset markets without participating in any emissions
trading initiative (cap and trade) during the same fiscal year. In this way, we can ensure
that firms do not purchase and/or produce carbon credits for compliance purposes.
Second, for the firms participating in carbon offset markets and emissions trading
initiatives in the same fiscal year, we use the data from the CDP to conduct further
distinctions. If the CDP survey discloses that the corporate activity about carbon off-
setting is voluntary, we code it as 1; otherwise, 0. Third, for a given firm, if there is no
information about carbon offsetting from the LSEG, we use the available data from the
CDP. If CDP data is reported for a voluntary purpose, we code it as 1; otherwise, 0.
Fourth, if there is any inconsistency between the data from the LESG and CDP, we
mainly rely on the information from the former. We believe employing these two
databases can obtain a fine-grained measurement of our key dependent variable.

Independent and Control Variables

We include three key independent variables in this study. Specifically, our country- and
transnational-level independent variables are based on the country where a firm is
headquartered rather than the country of its operation. While large-scale firms often
operate across multiple jurisdictions, their headquarters serve as the central node for
decision-making and policy compliance. Therefore, the location of a firm’s headquarters
acts as a proxy for its primary regulatory and institutional environment.

At the firm level, we employ the variable “sustainability compensation incentives” to
measure corporate ESG governance structures. This binary indicator is coded as 1 when
the compensation of executive directors or senior executive officers is tied to firms’
short-term or long-term sustainability targets, regardless of the market cap of firms;
otherwise 0. The data is from the LSEG, which draws from firms’ public filings,
including annual and remuneration reports. However, due to data limitations, it is not
feasible to incorporate the actual monetary value or the proportion of compensation tied
to sustainability performance.

At the country level, we further discuss whether interactions exist between VCMs and
CCMs and create a binary variable “carbon market complementarities”. Specifically, we
code it as 1 if the carbon credits issued by a given voluntary offset program are accepted
for compliance by an emissions trading system and/or a carbon tax; otherwise 0. While
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the interactions between VCMs and CCMs can be bidirectional, the dominant direction is
from VCMs to CCMs rather than the reverse (Chen and Xie 2023). Meanwhile, the
intensity of these interactions varies. The acceptance of one market’s tradable asset by
another represents the strongest form of linkage (Green 2017), but this occurs exclusively
in the direction of VCMs to CCMs. If we find no evidence of the impact of carbon credit
acceptance for compliance on corporate participation in VCMs, the second hypothesis
will not apply to weaker institutional interactions. The data is collected from the World
Bank’s Carbon Pricing Dashboard (World Bank 2023), and either the voluntary or
compliance carbon initiatives may come from a country or subnational level.

At the transnational level, our independent variable is “INGO climate shaming”, which
records the total number of shaming events by INGOs for a targeted country each year.
We follow a newly published dataset on INGO’s climate shaming (Koliev et al. 2023)
based on the natural language processing method to extract shaming events from multi-
ple media sources.

We control for a set of variables that potentially affect corporate participation in VCMs
and the independent variables. First, we include “GDP per capita” and “total population”
of the country where a firm is headquartered, measured by the World Development
Indicators (World Bank 2022). To avoid the skewness of the distribution, we use the
natural log of GDP per capita and total population. Second, we control for “regime type”
using the electoral democracy index (v2x_polyarchy) from the Varieties of Democracy
Project (Sundstrom et al. 2017) and “federalism” of a given country based on data from
the Forum of Federations to account for variations in political and regulatory environ-
ments. Third, we control for two dummy variables, “ISO 14000 certification” and
“UNGC membership” from the LSEG, coding each as 1 if applicable; otherwise 0.
Lastly, we control for firm size variations by including the natural log of the “firm’s
revenue (log)” and “firm’s CO, emissions (log)”, both sourced from the LSEG. Table Al
in the Online Appendix shows descriptive statistics for all variables used in the analysis.

Modeling Strategies

Given that our dependent variable is binary, we employ multilevel mixed-effects logistic
models to test our hypotheses. Such models consider the nested structures of the data. In
this research, as firm-level variables are nested at the sector level, individual firms form
the first level, whereas the sector to which the firm belongs forms the second level.
Consequently, firm-level observations within sectors are correlated. The nested structure
can result in inter-group differences between the higher-level data. The standard error of
regression coefficients may be underestimated, leading to overestimated statistical
significance.

Multilevel mixed-effects logistic models are used to estimate the effects among
individual units and different sectors simultaneously. Furthermore, such models allow
for incorporating both fixed and random effects. Fixed effects capture the overarching
influences consistent across all units of analysis, while random effects account for the
idiosyncrasies of individual firms. To avoid simultaneity bias, all independent and control
variables are lagged by one year, ensuring that explanatory factors precede the dependent
variable in the analysis.
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As robustness checks, we employ alternative modeling strategies (Tables C1-C2 in the
Online Appendix) and include additional control variables (Tables C3—C7 in the Online
Appendix). Additionally, we employ a newly developed panel matching method for
causal inference (Imai et al. 2023) to mitigate the potential endogeneity issue (Figures
C1-C4 in the Online Appendix). Given space constraints, we present all the regression
tables for the robustness checks in the Online Appendix.

Empirical Results
Main Results

We present our findings using coefficient visualizations, while the results for full regres-
sion tables and the unconditional model are summarized in Tables Bl and B2 in the
Online Appendix. Figure 2 displays the main regression findings from multilevel mixed-
effects logistic models, with mixed effects included at the sector and firm levels. Models
1-3 contain independent variables at the firm, transnational, and country levels, respec-
tively. As expected, the coefficients of sustainability compensation incentives, INGO
climate shaming, and carbon market complementarities are all positive and statistically
significant at the 99 per cent confidence interval.

Model 4 is a full model involving all independent variables. The results show that
sustainability compensation incentives, INGO climate shaming, and carbon market
complementarities variables are all positive and significant, providing supportive evi-
dence for Hypotheses 1-3. In other words, the corporate ESG structures, the

Figure 2. Results of multilevel mixed-effects logistic models with 95 per cent confidence intervals
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Note: Full results are shown in Table B1 in the Online Appendix.


https://doi.org/10.1080/13876988.2025.2510596
https://doi.org/10.1080/13876988.2025.2510596
https://doi.org/10.1080/13876988.2025.2510596
https://doi.org/10.1080/13876988.2025.2510596
https://doi.org/10.1080/13876988.2025.2510596
https://doi.org/10.1080/13876988.2025.2510596
https://doi.org/10.1080/13876988.2025.2510596

256 M. Xie and L. Chen

complementarities between compliance and voluntary carbon markets, and the transna-
tional pressure from INGOs are strongly associated with corporate involvement in
VCMs.

Causal Mediation Analysis

One potential concern is that cross-level interactions may exist, but we do not know the
mechanisms through which factors at different levels may affect corporate participation
in VCMs. Therefore, we conduct a causal mediation analysis to investigate whether the
effects of independent variables are mediated (Imai et al. 2011; Tingley et al. 2014).
Specifically, causal mediation analysis is based on two statistical models, that is, the
mediator model and the outcome model. We calculate the average causal mediation
effects (ACME) and the average direct effects (ADE). ACME refers to how that total
effect can be attributed to the mediator, whereas ADE measures the remaining total effect
after excluding the mediation effect.

Compared with independent variables, mediators are supposed to be at the same or an
even lower level. Following this principle, we propose three specific mechanisms and
examine how influences at the transnational, country, and firm levels might impact
corporate engagement in VCMs.

First, we suggest that corporate sustainability compensation incentives affect firms’
participation in VCMs through the pathway of corporate commitments to SDGs. The
design of sustainable compensation incentives may directly motivate executives to
focus more on corporate long-term performance and invest in sustainability business.
In this light, the alignment of personal and corporate goals makes firms more com-
mitted to achieving SDGs. Firms that integrate the SDGs into their business may value
participating in VCMs as a way to achieve their SDG commitments. This is because
purchasing carbon offsets can help offset firm-level carbon emissions, demonstrating
their effort in addressing global climate change. Meanwhile, VCMs have a dual nature,
encompassing both market and non-market elements. Carbon credits are tradable
among different entities while the projects developed in VCMs can produce broad
socio-economic co-benefits for local communities (Lovell 2010). To quantify this
mechanism, we create a dummy variable “SDG commitments” using data from the
LSEG and code it as 1| if a firm has made at least one SDG commitment out of 17
goals; otherwise 0.

Second, we argue that firm-level emissions reduction policies can serve as a pathway
through which carbon market complementarities affect corporate involvement in VCMs.
Establishing the institutional complementarities between compliance and voluntary car-
bon markets helps to reduce firms’ compliance costs. In this sense, lower compliance
costs may free up more financial resources and enable firms to set more ambitious
emissions targets. As participating in VCMs will be cost-effective in complying with
ambitious emissions targets, firms may become more active in VCMs. We therefore rely
on data from the LSEG and code “firm-level emissions reduction policy” as 1 if a firm
has a policy to improve emissions reduction; otherwise 0.

Third, we posit that country-level climate laws can serve as the pathway by
which transnational climate shaming by INGOs affects corporate participation in
VCMs. Existing studies indicate that INGO’s climate shaming can pressure
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governments to issue climate laws (Koliev et al. 2023). We argue that the improved
domestic stringency in climate regulation may generate corporate transformation
toward becoming more pro-climate, thereby affecting their behavior in VCMs.
Following Koliev’s studies (Koliev et al. 2023), we use a dummy variable “climate
laws” to measure the domestic stringency on climate regulation based on the
Climate Change Laws of the World database. We code “climate laws” as 1 if
governments implement climate laws in a given year; otherwise 0.

In Figure 3(a), the dependent variable in the mediator model is the firm’s SDG
commitments. In the outcome model, we use multilevel mixed-effects logistic
models with sector mixed-effects to obtain the ACME of the firm’s SDG commit-
ments. Figure 3(a) demonstrates that the positive coefficient for the firm’s SDG
commitments is statistically significant. It suggests that the design of corporate
sustainability compensation incentives can encourage firms to commit more to
SDGs, thereby increasing their VCM participation.

Likewise, Figure 3(b,c) show that the coefficients for firm-level emissions reduction
policy and country-level climate laws are positive and statistically significant. The results
demonstrate that carbon market complementarities affect firms’ participation in VCMs
through a firm-level emissions reduction policy. Meanwhile, INGOs employing climate
shaming tactics can promote more pro-climate corporate behavior by prompting govern-
ments to enhance climate regulation stringency. Therefore, the above findings provide
evidence of how these multilevel factors interactively influence corporate engagement in
VCMs.

Figure 3. (a) Results for causal mediation analysis (SDG commitments as the mediator). (b)
Results for causal mediation analysis (emissions reduction policy as the mediator). (c) Results for
causal mediation analysis (climate laws as the mediator).
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Note: Confidence intervals of Figures 3a—3c are estimated via 1,000 bootstrapping.
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Figure 3. (Continued).
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Sector Heterogeneity Analysis

We further assess whether the sector to which the firm belongs can lead to various reactions
toward VCMs. Whether in the consumer-facing or carbon-intensive sectors, firms may face
different pressures to transform toward pro-climate practices (Hsueh 2019a). As shown in
Figures A5 and A6 in the Online Appendix, considerable variations exist for the firms
affiliated with diverse sectors to be involved in VCMs. In this sense, we adopt multilevel
linear models with varying slopes to analyze sector heterogeneity, allowing the relationship
between the independent and dependent variables to vary across groups. Figure 4 is divided

I T I T
0.005 0.010 0.015 0.020

into three parts, with each representing our three key independent variables.
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Figure 4. Estimated random effects by sector (varying slope models)
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Note: The horizontal lines represent 95 per cent confidence intervals for these estimates.

Three main findings are worthy of highlighting. First, we find that consumer-facing
sectors are not very active in participating in VCMs. This may be because firms do not
disclose to consumers whether they have joined VCMs by labeling their products. Thus,
compared to other eco-certification labels that appear on products, consumers may have
little access to information about corporate participation in VCMs. Second, firms in the
financial sector are more subject to the influence of compensation incentives and INGO’s
climate shaming. If firms in the financial sector have established sustainability compen-
sation incentives and are headquartered in a country facing severe INGO’s climate
shaming, these firms are more likely to participate in VCMs. Third, the estimated random
effects for both carbon market complementarities and compensation incentives in the
energy sector are statistically significant and negative. Since the energy sector is carbon-
intensive, firms may be more likely to be regulated by CCMs rather than VCMs, making
participating in VCMs less beneficial. In addition, the negative effect of carbon market
complementarities for the energy sector could be driven by variations in whether VCMs
can be used for compliance or not, which has changed over time. Due to concerns about
the integrity of VCMs, some CCMs are more cautious about establishing connections
with VCMs and limit the use of voluntary carbon credits for compliance.
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Conclusion

This article advances the understanding of complex corporate motivations for partici-
pating in VCMs. We argue that corporate ESG structures, carbon market complemen-
tarities, and transnational INGO’s climate shaming are strongly associated with
corporate engagement in VCMs. Our findings are robust across alternative modeling
strategies and additional control variables. Moreover, findings from the sector hetero-
geneity analysis suggest that firms in different sectors react differently to VCMs.
Financial sector firms are subject to the influence of compensation incentives and
climate shaming by INGOs, while consumer-facing sectors are not very active in
participating in VCMs. Meanwhile, in the energy sector, carbon market complementa-
rities and compensation incentives are negatively associated with firms’ participation in
VCMs.

We further find that cross-level interactions mediate corporate participation in VCMs.
Specifically, INGOs employing climate shaming tactics can promote more pro-climate
corporate behavior by prompting governments to strengthen climate regulation. The
effects of carbon market complementarities are mediated by firm-level
emissions reduction policies, while corporate ESG structures affect firms’ participation
in VCMs through the pathway of corporate commitments to SDGs. Examining these
causal mediation effects can better identify the causal mechanisms through which firms
are motivated to participate in VCMs.

The role of nonstate actors in global climate governance demands further exploration
(Andonova et al. 2009; Avant et al. 2010; Bulkeley et al. 2014; Green 2014; Abbott et al.
2016; Hale 2020). As the motivations behind firms’ participation in VCMs are complex
and influenced by multiple factors at different levels, economic incentives alone may be
insufficient to drive corporate engagement. Consequently, it highlights the need for more
incentive-compatible policy tools to encourage broader participation in climate action.
For instance, as the institutional complementarities between VCMs and CCMs can shape
corporate engagement in VCMs, policymakers should strengthen synergies between
public and private governance by integrating greater compliance flexibility within man-
datory regulatory frameworks, thereby better motivating firms to take voluntary action.

Our paper has several important implications for future studies. First, this study does
not intend to provide comprehensive explanations for corporate engagement in VCMs,
and alternative explanations at various levels may exist. For instance, the supply chain
dynamics may drive corporate climate action (Cory et al. 2021). Firms that serve as
suppliers to customers with ambitious climate goals may have stronger incentives to
engage in voluntary carbon markets, as aligning with these expectations can bring
financial benefits. Therefore, incorporating firm-level data on supply chains would enable
a more fine-grained analysis of corporate participation in VCMs.

Second, the role of small and medium-sized enterprises (SMEs) in VCMs warrants
more attention in future research. Our sample primarily focuses on large-scale firms due
to the significant challenges associated with collecting ESG data on SMEs. While large
firms are often the pioneers, this selection may limit the generalization of our findings.
Given that SMEs constitute a considerable share of businesses and employment world-
wide and an increasing number of SMEs commit to voluntary climate action, under-
standing their motivations and barriers to participation in VCMs may unlock new
pathways for promoting climate action.
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Third, future research can further explore alternative mechanisms influencing corpo-
rate engagement in VCMs. While we conduct causal mediation analysis to quantify the
mechanisms through which factors at different levels may affect corporate participation
in VCMs, qualitative analysis, such as in-depth case studies, could provide further
insights into the potential pathways that are not captured in our study.

Lastly, there is still room for further refinement of the measurement of independent
variables. Although this study focuses on firms’ headquarters, large MNCs operate
across multiple jurisdictions, making it essential to consider subnational or operational-
level determinants. Since subsidiaries are often located in different regions with
varying regulatory and institutional environments, future studies could capture such
dynamics by examining how local contexts shape firm-level climate actions.
Meanwhile, a more precise measurement of sustainability compensation incentives
that incorporates the actual monetary value or the proportion of compensation tied to
sustainability performance would provide deeper insights into the relationship between
executive incentives and corporate climate commitments. Additionally, measuring
carbon market complementarities has limitations. In countries without national carbon
trading, we rely on subnational complementarities between CCMs and VCMs. When
multiple subnational schemes exist, we use the earliest complementarity as the
starting year. The lack of data on carbon crediting standards prevents identifying
which firms purchase specific types of carbon credits from VCMs in a given year,
which poses a risk of overestimating the effects of carbon market complementarities.
Addressing these challenges in future research can shed light on a better understanding
of corporate participation in VCMs.

Note

1. As Refinitiv’s data and analytics services have been acquired by LSEG Data & Analytics, Refinitiv is
rebranding as LSEG.
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