Exploring Policy engagement:
The Impact of Public Policy and
Carbon Emissions

Abstract: The complexity of governance patronage among firms, especially in relation to their policy
engagement and its influence on corporate carbon emissions, presents a multifaceted challenge. This
study delves into a detailed analysis of how varying levels of policy engagement influences corporate
carbon emissions. Our results reveal that intensified policy engagement does not necessarily translate
to a reduction in significant carbon emissions but may instead heighten symbolic carbon emissions, a
phenomenon more evident in smaller firms. What’s more, we find that carbon awareness reflects a
significant negative moderating effect on the relationship between corporate policy engagement and
substantive carbon emissions. When firms aim to reduce emissions, the effective resources generated
by these policy activities will inevitably tilt towards the reduction of substantive emissions reductions.
Our research underscores that while strategic policy engagement can yield advantageous outcomes for
firms, its effectiveness is heavily reliant on the specific environmental strategies and conditions of
each firm.
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1. Introduction

In the past few years, climate change has emerged as a crucial socio-political issue, coinciding with
increasingly proactive market responses to address this global challenge. Due to substantive variations
in regulatory regimes across countries, businesses encounter diverse challenges, significantly

impacting their strategies and competitiveness (Lu et al., 2022). Consequently, a growing number of



firms are turning to political intervention as a means to tackle climate-related issues (Klusak et al.,
2023; Huang et al., 2022).

Extending beyond the scope of their internal operations and supply chains, firms are now
actively adopting political strategies to navigate the uncertainties stemming from the regulatory
landscape (Gao and McDonald, 2022; Hadani et al., 2017). This shift has transformed the partnership
dynamics between governmental administrations and businesses, with corporate political activity
becoming increasingly influential in shaping public policy (Liedong, 2021; Tyllstrom and Murray,
2021). Accordingly, there is an escalating expectation for firms to engage in long-term commitments

with political activities to enhance corporate environmental quality (Haque and Ntim, 2018).

The intersection of climate change, regulatory dynamics, and policy engagement is reshaping

how businesses approach sustainability and collaborate with governments to address this pressing

global issue through political channels. Climate change imposes significant pressures, compelling

governments to more comprehensively address environmental issues in public policy (Chai et al.,

2020). In regions like Europe and North America, companies are increasingly adopting proactive

stances by aligning with public policies targeted at curbing the impact of climate change on their

operations (Setzer and Higham, 2021). As awareness of climate change intensifies, the public and

investors are increasingly holding firms accountable for their actions concerning climate change,

scrutinizing their political activism, affiliations with trade groups, and involvement in political

strategies (De Angelis et al., 2022; Garel and Petit-Romec, 2021). Thus, public policies serve as a

linchpin in shaping corporate behavior, offering incentives or imposing constraints. Government

interventions through these policies can directly affect firm interests, both positively and negatively.

Scholars have observed that the character of the interplay between firms, political actors, regulators,

and government bureaucrats can directly influence firm performance (Van Den Broek, 2022; Yan and

Chang, 2018). Hence, enhanced engagement with political processes allows firms to leverage these



activities to their advantage.

Recent evidence suggests that public policy has a significant influence on firm performance. As a

policy engagement behavior of firms, lobbying activities can accumulate political capital to enhance

firm’s value (Anderson et al. 2023; Vadakkepatt et al. 2022). As a vital component of the zero-sum

political game, it is important to point out that corporate lobbying activities primarily advance their

own interests, which may not always align with societal expectations (Ongis and Davidai 2022;

Baumgartner et al. 2009). Just as firms join trade associations, although these trade associations are

responsible for self-regulation and regulating member behavior (Barnett and King, 2008), firms may

also use the pooled resources of trade associations primarily to serve their individual interests, rather

than the collective interests of the association's membership (Briihler and Downey, 2022; Williams et

al., 2022). Especially in larger firms, due to disparities in resources, they exert control over trade

association agendas for their specific interests (Barnett, 2013). Technological development has also

become a strategic focus for businesses in addressing environmental degradation and externalities

(Mullen and Marcus 2019). The firm's own R&D necessitates substantial capital costs and entails

greater risks. However, funding research institutions can effectively alleviate the financial pressures

associated with R&D (He et al. 2021, Lee and Min 2015). In this way, multiple firms can also develop

collaboratively and benefit from technological advancements. Therefore, given the pivotal function of

corporate policy participation in responding to climate change, this paper seeks to explore the

influence of corporate policy engagement on their carbon emission strategies and dissect the key

contingent factors on which this process depends.

Our study aims to make several additions to the scholarly corpus. First, we bridge a void in

empirical research by investigating the relationship between policy engagement and corporate carbon



emissions. While some prior studies, such as Rajwani et al. (2015), have touched upon the influence

of trade associations on firms and highlighted their theoretical and practical importance, empirical

inquiry into this topic remains strikingly scarce. Similarly, Delmas et al. (2016) explored the effect of

corporate policy engagement on carbon emissions, but their focus was solely on lobbying. In our

empirical analysis, we comprehensively explore the impact of diversified policy engagement on

carbon emissions, thereby enriching the existing literature theoretically.

Second, we delineate the boundary conditions governing the relationship between corporate

policy engagement and corporate carbon emissions. This includes examining whether corporate

carbon awareness and sustainable carbon practices moderate the relationship between policy

engagement and carbon emissions. By investigating these moderating effects, we provide deeper

insights into the dynamics of corporate policy engagement and its influence on carbon emissions.

Lastly, our study provides a novel lens by applying institutional theory to our research. This

approach enables us to gain fresh insights into policy behavior and its implications for firms’ carbon

emissions. By extending the application of institutional theory to interpret corporate policy

engagement, we present novel theoretical contributions to the existing literature and provide empirical

evidence that can facilitate the continued development of institutional theory.

Overall, through empirical research, examination of boundary conditions, and the application of

institutional theory, our study brings substantive academic merit and deepens our insight into the

complex interplay between policy processes, corporate behavior, and carbon emissions. We hope that

our contributions will inspire further research and policy development in pursuit of sustainable and

environmentally responsible practices within the corporate sector.

The article proceeds as follows: Section 2 sets forth an overview of previous studies, along with



the theoretical background supporting the study. Then, we present the formulation of hypotheses

grounded in the information gathered in the preceding sections. Section 3 outlines the data sources

utilized in the research and describes the research methodology. Section 4 lists the empirical results

obtained from the data analysis and provides a comprehensive analysis of these findings. Lastly,

Section 5 concludes the paper, boiling down the key findings, examining their implications, and

proposing future research directions.

2. Theoretical framework, previous studies, and hypothesis development

2.1 Institutional theory

Institutional theory serves as a powerful lens to examine the influence of societal norms, values,

and practices on organizations and individuals (Meyer and Rowan, 1977). This theory explores how

formal and informal rules and routines guide behaviour, with a particular emphasis on environmental

considerations. It highlights how institutions bring stability, confer legitimacy, and maintain social

order, shaping organizational actions towards environmental stewardship.

In the environmental context, institutional theory can be viewed from several aspects. Firstly,

there’s the impact of regulatory pressures. Environmental regulations imposed by governments and

international bodies compel organizations to adopt sustainable practices and invest in climate-friendly

technologies, not only for compliance but also to avoid penalties or reputational risks. Secondly,

normative expectations from society play a critical role (Tolbert and Zucker, 1983, 1996; DiMaggio,

1988). These societal norms and values about environmental responsibility deeply influence

organizational behaviour, driving them towards adopting eco-friendly practices, sometimes even in

the absence of stringent regulations. What’s more, the theory also underscores the influence of key

stakeholders, ranging from customers, investors, and employees to environmental advocacy groups,



on shaping organizational environmental strategies. The preferences and demands of these

stakeholders can influence a firm's environmental practices, as they seek to align with societal values

and expectations. Whereas stakeholders’ expectations often lead organizations to mimic the

sustainable practices and initiatives of successful peers or industry leaders, this behavior—known as

mimetic isomorphism—is more focused on legitimacy and competitiveness than mere compliance.

Additionally, institutional theory explores the diversity in organizational approaches towards

environmental responsibility, termed as ‘institutional logics’. This diversity results in different

prioritizations, ranging from firms focusing on immediate profit maximization to those emphasizing

long-term environmental and social responsibilities. The theory also highlights the role of

‘institutional entrepreneurs’ - like environmental activists and non-governmental organizations - who

challenge existing norms and advocate for sustainable practices and stricter regulations.

In summary, institutional theory elucidates our results not as mere economic calculations, but as

strategic maneuvers within an institutional field. Firms navigate policy engagement, stakeholder

expectations, and internal cognitive shifts to construct and maintain legitimacy, resulting in the

complex pattern of symbolic and substantive carbon emissions.

2.2 Overview of public policy engagement status related to climate change

Figure 1 describes the graphical representation of sample firms' instances and the degree of public

policy engagement in the US over the period from 2012 to 2019, there has been a consistent upward

trend in firms' engagement with public policy regarding climate change. The count of firms exhibiting

various levels of engagement with public policy demonstrates a year-on-year increase. Notably, the

degree of firm public policy engagement varied from 305 in 2012 to 841 in 2019. The trend of



increasing corporate policy activity on climate issues signifies a field-level institutionalization of

climate change as a critical arena for corporate policy strategy.

[INSERT FIGURE 1 HERE]

2.3 Policy engagement and Carbon Emission Dynamics

Policy engagement in environmental policy is an intricate institutional outcome, influenced by a

dynamic interplay of forces involving citizens, firms, and governments. These entities are critical

decision-makers in the policy process, with each group holding varying degrees of influence and

authority. Governments, with their exclusive legislative power, are central in this matrix, while firms

and citizens actively shape policies through their engagements. This dynamic is crucial for managers

representing firms, as they must navigate this complex landscape to implement policies effectively,

aligning with the broader intentions of decision-makers (Hill and Hupe, 2005). In this context, firms

hold both a moral and legal imperative to be proactive in policy engagements, influencing policy

formulation rather than merely reacting to it (Werner, 2015).

Although scholars have done some empirical research on policy engagement and corporate

carbon emissions, the results are not uniform and depend on the design, implementation of policies

and the commitment levels of the firms involved. Some studies propose that policy engagement has

active effect on firms' competitive strategy and performance (Richter, 2011; Delmas and

Montes-Sancho, 2010). Engaging with environmental policies keeps firms abreast of regulatory

developments and emission reduction targets set by governments. Compliance with these policies

enables firms to mitigate their carbon footprint, thereby avoiding potential penalties and reputational

harm. High-polluting firms are active in political tactics to reduce their policy pressures (Cho et al.,

2006). Some scholars have further found that not only high-polluting companies but also greener



companies are competing for political influence, as stricter environmental standards can give green

companies an advantage over their competitors (Delmas et al., 2016). Some policies offer incentives

for adopting green practices and reducing emissions, such as tax benefits, grants, or subsidies. These

incentives encourage firms to adopt emission reduction measures. Additionally, through policy

engagement, firms gain access to valuable resources, including research, expertise, and funding,

which are instrumental in implementing innovative technologies and sustainable practices for lower

emissions. Furthermore, policy engagement bolsters a firm’s environmental reputation, enhancing its

standing among stakeholders, customers, and investors who prioritize sustainability. Engagement in

policy discussions also aligns firms with the growing emphasis on low-carbon technologies and green

markets, enabling them to leverage emerging market opportunities tied to sustainable products and

services. In essence, policy engagement aligns firm strategies with global climate initiatives, fostering

enduring organizational resilience and viability in a changing regulatory landscape. However, there

are also companies affected by carbon emission measures that try to lobby to delay the development

of treaties and legislation (Beder, 2014). Quite a few organizations believe that economic

competitiveness must take precedence over climate goals. To avoid the resulting economic

disadvantage, they acted as quiet reactionaries, lobbying here becomes a means of delaying climate

policy (Vesa et al., 2020). Given this, we argue that proactive engagement with policymakers

sometimes aims to align public policies with firms’ developmental needs, potentially influencing

policy outcomes to suit their interests. Firms may engage in lobbying to shape regulations and policies

favoring their immediate interests and profit goals, possibly overlooking significant carbon emissions

reductions. Therefore, we propose the following hypotheses:

H1(i): Policy engagement increases a firm’s substantive carbon emissions.



H1(1i): Policy engagement increases a firm’s symbolic carbon emissions.

2.4 Carbon Awareness, Policy engagement, and Carbon Emissions

Corporate carbon awareness, a critical aspect of broader environmental consciousness, reflects a

firm’s ability to proactively recognize and address carbon-related opportunities and risks. This

awareness guides the importance placed on carbon management strategies and directs business

operations. Firms highly aware of carbon implications are better positioned to implement proactive

strategies against climate change risks (UNEP, 2006), enhancing shareholder value and securing

competitive advantages. For example, Centrica’s integration of carbon trading into its strategy

illustrates proactive adaptation to carbon regulations and market conditions. Recognizing the

significance of government regulations, litigation risks, and reputation, firms engage with political

policies not only as a compliance strategy but also to influence and shape regulations in line with their

business interests and sustainability commitments (Jung et al., 2018).

Companies with elevated carbon awareness are expected to not only support but also actively

advance substantive carbon reductions. Their insight into carbon risks and opportunities motivates

them to engage with political policies, seeking policy support to foster favorable business

environments and aligning policy influence with sustainability goals. Therefore, as firms’ carbon

awareness heightens, they tend to favor real and meaningful efforts to reduce emissions over merely

symbolic actions. Based on these observations, we propose:

H2 (i): Carbon awareness weakens the active relationship between policy engagement and

substantive carbon emissions.

H2 (ii): Carbon awareness weakens the active relationship between policy engagement and

symbolic carbon emissions.



2.5 Intensity Targets, Policy engagement, and Carbon Emissions

Firms are increasingly emphasizing their commitment to sustainability by reporting greenhouse gas

(GHG) reduction targets in their Global Reporting Initiative (GRI) reports and/or through carbon

disclosure projects (CDP). According to a survey of U.S. firms, 40% have published sustainability

reports, with 80% of these reports listing carbon dioxide reduction targets (Price Waterhouse Cooper

2013). Establishing carbon reduction targets has become a "must-do" for firms (Byrd et al. 2014),

signaling a growing awareness of their responsibility to address climate change. These targets play a

crucial role in triggering cognitive and motivational processes within firms, driving changed

behaviors and encouraging a focus on emissions reduction (Locke and Latham 2009, Zhang and Jia

2013). Firms setting emission reduction targets demonstrate greater ambition for emissions reductions

and commit to longer-term efforts, leading to significant reductions in their carbon emissions. Indeed,

these targets genuinely reflect substantive intentions to reduce emissions (Dahlmann et al. 2019). By

using intensity targets, firms can promote public policy engagement that goes beyond merely pursuing

profit, with a stronger emphasis on substantive emissions reductions. Intensity targets offer a balanced

approach, showcasing firms' active efforts in emissions reduction while avoiding potential

suppression of firm growth. When a firm adopts intensity targets, it is generally committing to

reducing its carbon emissions per unit of output, which aligns with meaningful efforts to combat

climate change. The focus on actual emissions reductions, driven by intensity targets, should not

result in a growth in symbolic carbon emissions, as the aim is to make real progress in carbon

footprint reduction. Consequently, we hypothesize:

H3(i): Intensity targets weaken the active relationship between policy engagement and

substantive carbon emissions.

10



H3(i1): Intensity targets weaken the active relationship between policy engagement and symbolic

carbon emissions.

2.6 Voluntary Disclosure, Policy engagement, and Carbon Emissions

Voluntary environmental disclosures are strategic actions undertaken by firms to share both

quantitative and qualitative nonfinancial data related to environmental aspects. This transparency

initiative bridges a knowledge imbalance between a firm and external stakeholders involved in its

activities, enhancing stakeholder understanding and trust (Adhikari and Zhou, 2022). Consistent with

economic theories, firms often voluntarily disclose favorable environmental information while being

more reticent about less favorable data. This selective disclosure serves as a reputational management

tool and fulfills the firm’s need for legitimacy (Luo, 2019). On one hand, the disclosure process

enables the assimilation of stakeholder norms and expectations, driving performance improvements

(Kurnia et al., 2020). Additionally, voluntary disclosure minimizes potential regulatory interference

(De Villiers and Van Staden, 2006; Blacconiere and Patten, 1994). Firms engaged in voluntary

disclosure typically face less resistance in public policy interactions, allowing them a more influential

role in shaping policy discussions. Moreover, carbon disclosure reflects managers' concerns about

sharing carbon-related information, which, in turn, encourages companies to proactively cut emissions

and enhance carbon performance (Burritt and Schaltegger, 2010). We contend that increased attention

to carbon-related issues steers firm policies toward more substantive emission reduction initiatives.

Voluntary disclosure thus emerges as a catalyst for firms to bolster their environmental performance,

especially in contexts involving public policy engagement. In practice, voluntary disclosure often

stems from a firm’s desire to polish its corporate image, address stakeholder calls for transparency,

and showcase its commitment to sustainability. Through such disclosures, firms frequently highlight

11



their carbon emission reduction efforts, renewable energy initiatives, carbon offset programs, and

other climate-friendly endeavors. Symbolic carbon emissions are actions taken by firm sthat represent

actions that may superficially address climate change, often motivated by public relations or

image-enhancing goals. While Voluntary disclosure can create positive publicity and enhance a firm's

image, it does not directly influence the level of symbolic carbon emissions. Consequently, we

propose the following hypotheses:

H4(i): Voluntary disclosure weakens the active relationship between policy engagement and

substantive carbon emissions.

H4(ii): Voluntary disclosure weakens the active relationship between policy engagement and

symbolic carbon emissions.

Figure 2 in our conceptual framework visualizes the dual research aspects: the impact of firm

engagement with various policy approaches on carbon emissions and the efficacy of these policies in

varying corporate contexts. Our hypotheses inform the depicted interrelationships within this

framework. Additionally, Figure 2 illustrates the moderating role of policy engagement on carbon

emissions.

[INSERT FIGURE 2 HERE]

3. Methodology

3.1 Data descriptions and source

We utilize data related to carbon emissions from the CDP report. Founded in the United Kingdom in

2002, CDP obliges the world’s largest enterprises to disclose details regarding their carbon emissions

and measures they are implementing to address climate change. Over time, CDP has not only become

the standard for carbon emission disclosure methodology but also a crucial database for scholars

12



studying how firms respond to climate change.

The CDP report comprises fourteen sections (CDP, 2019), several of which are pertinent to this

research. The first section introduces the firms, providing information about their names and

industries. The third section focuses on firms’ identification of opportunities and risks from climate

change, providing insights into climate change awareness. The fifth section pertains to firms’ targets

and performance in addressing climate change, offering data on intensity targets and symbolic carbon

emissions. The seventh section presents detailed information about the firm’s accounting for carbon

emissions, including Scope 1, 2, and 3 emissions for listed firms. The twelfth section provides carbon

prices, furnishing information on whether firms are regulated by carbon emission trading schemes.

The thirteenth section gives comprehensive information about the firm’s engagement, including

details on the policy selection of firms, specific policies they engage with, and voluntary disclosures.

To gather control variable-related data, we use the Compustat database. The study employs

unbalanced panel data from 2012 to 2019, covering 601 U.S.-listed firms. After meticulously

matching the two databases based on firm names and eliminating missing data, we obtain a total of

2,987 observations.

3.2 Dependent variables

Substantive carbon emissions (CE). The GHG Protocol defines the range of each firm’s GHG

emissions, including Scope 1, 2, and 3 emissions (Ranganathan et al., 2004). Scope 1 and Scope 2

stand for GHGs emitted directly and indirectly by firms, respectively. To measure the substantive

carbon emissions, we use the sum of Scope 1 and 2 emissions.

Symbolic carbon emissions (SCE). SCE refers to the environmental management and institutional

reforms implemented by firms in response to environmental policies, and without involving specific

13



upgrades to production processes (Zhang et al.,, 2024). SCE is measured by adding 12 dummy
variables proxying for enterprises’ level of involvement in emission reduction activities. An elevated
index value signifies a higher degree of symbolic carbon emissions for an enterprise, as shown in
Table 1. Consequently, an enterprise’s SCE score spans from 0 (signifying no or zero carbon emission
reduction measures implemented) to 12 (indicating the full, 100% adoption of carbon mitigation
Initiatives).
[INSER TABLE 1 HERE]
3.3 Independent variable
The degree of policy engagement (PED). We create a continuous variable to represent the company’s
level of engagement with policy related to climate change. The data for this variable were obtained
from a question in the CDP report, which asks: "Do you engage in activities that could either directly
or indirectly influence public policy on climate-related issues through any of the following?" The
answers are shown in Table 2, and based on these responses, we calculate a score ranging from 0 to 3.
[INSERT TABLE 2 HERE]
Policy selection (PS). A dummy variable that, if firms engage with any public policies on climate
change, has a value of “1”, otherwise “0”.
3.4 Moderating variables

‘6179

Carbon awareness (Regulation). A binary variable coded as if a firm recognizes any climate
change risks and opportunities, and “0” otherwise.

Intensity targets (Intensity). A dummy variable that, if firms have intensity targets for emissions

reduction, has a value of “1”, otherwise “0”.

14
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Voluntary disclosure (Voluntary) A binary variable that takes the value of if a firm publicly
discloses information regarding its climate change response and carbon emissions performance
through channels other than its CDP submission, otherwise “0”.

3.5 Control variables

Firm size (Fsize) is considered to account for firm characteristics related to size (Kolk and Pinkse,
2004). Additionally, firms’ awareness of engagement with public policy might be influenced by
previous state-level politics and regulations, where climate change legislation in different states can
cause considerable variations in firm actions. Thus, we incorporated two binary variables indicating
whether a firm’s headquarters is a member of the Regional Greenhouse Gas Initiative (RGGI) and
whether the firm participates in any emission-trading schemes (E£7S). Furthermore, Carbon sensitivity
(Carbon) is a binary variable that judges whether the firms belong to carbon-sensitive sectors.
Carbon-sensitive firms face more requirements of environmental regulations (Finnerty et al., 2018)
and also often have the capacity to shape policies and political processes (Vieira et al., 2023).
Additionally, several financial variables are included. We consider that less leveraged firms are likely
to possess more discretionary resources to engage with public policy, making the Leverage ratio (Lev)
a relevant control variable. We use the net return on assets (ROE) and the market-to-book value (M/B)
as proxies for firm performance. To account for variations in available cash, we also include Cash
holdings (Cash). For further details on variable operationalization and summary statistics, please refer

to Table 3.

[INSERT TABLE 3 HERE]
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3.5 Empirical models

We adopt the Hausman test for selecting between fixed and random effects models, and the test
outcome rejects the presence of systematic differences in coefficients (p=0.000). Accordingly, we
proceed with the panel fixed effects model to examine the association between a company’s degree of

policy engagement and carbon emissions.
Yi,t :a—l—ﬁlPEDi,t+5'Xi,t+7/];+9};;+€i,t (D

where Y, represents the enterprise’s carbon emissions. It includes substantive carbon emissions

and a symbolic carbon emissions reduction. PE ,, denotes the degree of policy engagement. X ”

1

consists of a sequence of vectors representing the control variables. T, is the year dummy variable,

used to control for secular temporal trends. F, is the firm dummy variable, introduced to control for

differences across firms. &, denotes the error term.
Furthermore, we explore the potential moderating effect of the firm’s degree of engagement with

public policy on climate change and carbon emissions.

Y., =a+ B PED,, + B,PED, xRegulations +6'X,, +yT, + OF, +¢,, )
Y., =a+ B PED,, + B,PED, xIntensity+6'X,, +yT, +OF, +¢,, 3)
Y, =a+ B PED,, + B,PED, xVoluntary +6'X,, +yT, + OF, +¢,, 4)

where Regulations, , is climate change awareness, Intensity,,is intensity targets, and Voluntary;,
is voluntary disclosure.

4. Results and discussion

4.1 Descriptive statistics

Table 4 displays the descriptive statistics for the main variables. CE spans from 0 to 18.81, featuring a

mean of 12.55 and a standard deviation (S.D.) of 3.238. As for SCE, spanning from 0 to 11, featuring
16



a mean of 3.007 and a S.D. of 1.948. The average value of PS is 0.646, with a S.D. of 0.478,

indicating that more than half of the firms tend to engage with public policy. Furthermore, the

variable PED ranges from 0 to 3, featuring a mean of 1.201 and a S.D. of 1.087. This suggests that

although firms engage with public policy, the implementation is not strong.

[INSERT TABLE 4 HERE]

The Pearson correlation coefficient is suitable for continuous data that follow a normal

distribution, but many of the variables in our dataset are dummy variables (De Winter et al., 2016).

Therefore, to measure the association of discrete variables, we use the Spearman rank correlation

coefficient (Mesfioui et al., 2018). Both the results of the correlation coefficient are simultaneously

listed in Table 5. Before conducting the regression tests, it was important to perform multivariate

analysis to examine the relationships among the variables. The maximum variance inflation factor is

3.06, which falls significantly below the widely recognized threshold of 10 and even beneath the

stricter cutoff of 5 (Jeng, 2023). This suggests that the variables do not suffer from any serious issues

of multicollinearity.

[INSERT TABLE 5 HERE]

4.2 Baseline regression results

Table 6 reports the impact of policy engagement and control variables on carbon emissions. We find

that policy engagement is positively associated with a firm’s symbolic carbon emissions (fscz =

0.4173, psce < 0.01; fsce = 0.2776, psce < 0.01), but instead of leading to a reduction, it actually

results in an increase in substantive carbon emissions (fcg = 0.2236, pce < 0.1; fsce = 0.1235, pce <

0.01). It indicates that for every S.D. increase in PED, CE will increase by about 4.1%, while the

SCER will increase significantly by about 15.5%. Firms show obvious symbolic management

17



tendencies in policy engagement, and the response intensity of their symbolic behaviors is about three

times that of substantive emission reduction behaviors.

For control variables, the positive coefficient for Fsize indicates that large firms have a greater

need for carbon emissions than do small firms (fcz = 0.3364, pce < 0.05; fce = 0.3383, pce < 0.05) but

also need to achieve greater reduction in symbolic carbon emission compared to small firms (fsce =

0.3157, psce < 0.01; fsce = 0.3155, psce < 0.01). The negative coefficient for M/B on CE suggests

greater firm market performance corresponds to a lower level of substantive carbon emissions (fce =

-0.4818, pce < 0.01; fcr=-0.4857, pce < 0.01) and a lower level of symbolic carbon emissions (Bsce =

-0.3265, psce< 0.01; fsce = 0.3346, psce< 0.01). It is worth noting that a firm’s emissions liability

may result in a decline in the book value of long-term assets and adversely affect cash flow (fcr =

-1.5583, pce < 0.05; fce = -1.5564, pce < 0.05). This is consistent with Yongqing et al. (2013).

Furthermore, the negative coefficient for Rggi on SCE indicates that becoming a member of the RGGI

effectively constrains the symbolic carbon emissions of firms (Bscz = -1.2692, psce < 0.01; Bsce =

-1.2699, psce < 0.01).

[INSERT TABLE 6 HERE]

4.3 Robustness test

Since the sample comprises only firms that voluntarily report their carbon emissions, there is a high

risk of selectivity bias. To address this issue, our robustness tests are conducted through three different

regression approaches.

First, we employ the two-step Heckman selection model. In the initial step, the probit model is

employed to estimate the propensity of all firms to voluntarily disclose carbon emissions. In the

second step, we incorporate the estimated dummy variable into the OLS model to alleviate selectivity
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bias and calculate the regression parameters. Table 8, Panel A displays the results for the Heckman

model, with the following covariates: (i) Emission trading schemes (E£T7S), indicating whether firms

participate in any emission trading schemes; (ii) Internal carbon price (/CP), indicating whether firms

adopt internal carbon price mechanisms; (iii) Voluntary disclosure (Voluntary), indicating whether

firms disclose details regarding their climate change response measures and emission performance

outside their CDP response; (iv) Avoid third-party emissions (7hirty), indicating whether the goods

and/or services used by firms directly enable third parties to avoid emissions, and (v) Research and

development (R&D), indicating the amount of R&D invested by firms in the year. In columns (1) and

(2), all covariates are found to be statistically significant, and the effect of policy engagement (PED)

on carbon emissions (CE) remains significant without selectivity bias (Scz = 0.7448, pce < 0.01).

Second, the causal relationship between the degree of policy engagement and carbon emissions

is complex to determine. Corporate carbon emissions can influence their inclination to engage with

public policy, as larger-emitting firms may seek governance patronage through such engagement. We

argue that firms’ engagement with public policy can impact future carbon emissions, while the degree

of policy engagement in the current year does not directly influence carbon emissions from the prior

year. To address this endogeneity issue, we utilize the degree of policy engagement lagged by one

year as the instrumental variable in a two-stage least squares regression, with the results displayed in

Table 8, Panel B. In column (3), the model passes the Hansen test (§ = 3.062), supporting the baseline

results (ﬂCE = 0.033,pCE < 01)

Third, the dynamic two-step system Generalized Method of Moments (GMM) is commonly

adopted to handle potential endogeneity issues (Blundell and Bond, 1998; Arellano and Bond, 1991).

In GMM regression, we consider PED as an endogenous variable, and its first lag is utilized as an
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instrument. Table 8, Panel C, displays the results. Notably, in column (4), we observe that PED
exhibits a statistically significant positive effect on CE, with robust results (fcz = 0.4163, pcr < 0.01).

We present the robustness test results for CE here, while the robustness test results for SCE are
provided in Appendix A. Findings from Table 7 and Appendix A are consistent with our findings from
Table 6 in the previous section. Greater policy engagement by firms does not lead to a decrease in
substantive carbon emissions; rather, it decreases symbolic carbon emissions (i.e., positively
associated to symbolic carbon emissions (SCE).

[INSERT TABLE 7 HERE]

4.4 Additional analysis
4.4.1 The impact of firm size and carbon sensitivity on the association between policy engagement
and carbon emissions
Our analysis encompasses all firms and industries, and we further categorize them based on their size
and carbon sensitivity. By conducting a comparative analysis of large and small firms, as well as
carbon-sensitive and non-carbon-sensitive firms, we explore the effect of a firm’s policy engagement
on both substantive and symbolic carbon emissions, considering these two firm characteristics. To
categorize firms by size, we use the mean firm size, defining firms above the mean as large firms and
those below the mean as small firms. Subsequently, we adopt the classification of carbon-intensive
industries provided by Zhou et al. (2018), wherein transportation, gas and electrical utilities,
chemicals, oil and gas, coal mining, steel, and pipelines are categorized as part of the carbon-sensitive
sector. The regression results for these analyses are presented in Table 8.

In columns (1) to (4), we investigate the impact of policy engagement (PED) on carbon

emissions (CE) ,considering various firm sizes and carbon sensitivities. We observe that PED only
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exerts a positive effect on the CE of carbon-sensitive firms (i.e., increases substantive carbon

emissions) (Sce= 0.1356, pcr < 0.05), and this positive impact is more pronounced in small firms

compared to large firms (fce= 0.1201, pce < 0.1; fcg= 0.1249, pce < 0.05). In columns (5) to (8), we

further investigate the effects of policy engagement (PED) on symbolic carbon emissions (SCE) under

distinct firm sizes and carbon sensitivities. The results show a strong and positive impact of PED on

SCE (i.e, increase symbolic carbon emission), particularly in carbon-sensitive firms and small firms

(Bsce = 0.3533, psce < 0.01; Bsce = 0.3118, psce < 0.01). We also find evidence that M/B have negative

impacts on CE or SCE in columns (2), (4), (5), (7), and (8) (fce = -0.4445, pce < 0.05; fce = -0.4649,

PcE < 0.05; ﬂSSCE = -0.5309, Psce < 0.05; ﬂSCE = -0.7504, Psce < 0.01; = ﬂSCE :0.3206, Psce < 0.05

correspondingly).

As such, greater policy engagement by firms is linked to an increase in substantive carbon

emissions while resulting in a growth in symbolic carbon emissions. These effects are particularly

pronounced for small and carbon-sensitive firms. Further, evidence shows that a greater firm market

performance is related to a lower level of both substantive and symbolic carbon emissions. Investors

show less inclination to allocate investment to firms with elevated levels of substantive and symbolic

carbon emissions.

[INSERT TABLE 8§ HERE]

4.4.2 The impact of a firm’s carbon tendency on policy engagement and carbon emissions

Through our above research, we have discovered that firm engagement with public policy does not

lead to a decrease in substantive carbon emissions; rather, it appears to increase symbolic carbon

emissions. To better understand these results, we investigate boundary mechanisms that influence this

relationship. We chose carbon tendency as the moderator and studied three dimensions of carbon
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tendency: carbon awareness, intensity targets, and voluntary disclosure. We further explore the effect

of policy engagement (PED) on CE through the moderating effect of carbon tendency. We find that

when the moderator is not included in the model, both PS and PED show a positive effect on CE,

suggesting that firm engagement with public policy may not effectively decrease substantive carbon

emissions.

In columns (1) and (2) of Table 9, we introduce the moderating variable Regulation (proxy for

carbon awareness) into the model. The interaction terms of PS X Regulation and PED X Regulation

exhibit a negative effect on CE (BCE = -0.5067, pce < 0.1; fce = -0.2393, pce< 0.1). Similarly, in

columns (3) and (4), we include the moderating variable Intensity (proxy for intensity targets) in the

model, and the interaction terms of PS x Intensity and PED X Intensity also show negative effects

(Bce = -0.0831, pce < 0.1; BCE = -0.0879, pce < 0.05). Furthermore, in columns (5) and (6), we add

the moderating variable Voluntary (proxy for voluntary disclosure) into the model, and the interaction

terms of PS x Voluntary and PED X Voluntary are found to be statistically significant and negative at

the level of 1 % (Bce = -0.4349, pcr < 0.01; fce = -0.1950, pce < 0.01). These results indicate that

carbon tendency encourages firm engagement, while PED policy leads to a decrease in CE. We also

find strong evidence that M/B have negative impacts on CE in all columns from (1) to (6) (fSce

:-0.4682, PcCE <0.01; ﬂCE :-0.4757, PCE <0.01; ﬂCE :-0.0971, PCE <0.05; ﬂCE :-0.4852, PCE <0.01; ﬂCE

=-0.4644, pce <0.01; Bce =-0.4611, pce <0.05). In other words, companies that have higher substantive

carbon emissions have weaker market performance. Investors are less likely to invest in firms that

have high substantive carbon emissions. Next, we examine the moderating role of carbon tendency in

the association between policy engagement and SCE. Our results indicate that carbon tendency does

not moderate this relationship. In other words, the effect of policy engagement on symbolic carbon
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emissions is the same for firms with high carbon tendency and firms with low carbon tendency. We

also find that firm market performance is negatively affected by SCE. This suggests that firms may be

engaging in symbolic carbon emission in order to improve their reputation. Full results can be

provided in Appendix B.

[INSERT TABLE 9 HERE]

5. Conclusion

Policy engagement has emerged as a crucial avenue for firms to effectively combat climate

change through political activities. By analyzing unbalanced panel data from 2012-2019

encompassing 601 U.S.-listed firms, we investigate how PED impacts CE and SCE. Grasping the link

between policy engagement and carbon emissions is vital for enterprises to formulate effective

strategies for mitigating climate change. Overall, we find that greater policy engagement by firms

does not lead to a decrease in substantive carbon emissions, and it increases symbolic carbon

emissions. The growing concern over climate change has posed notable political challenges for firms,

compelling them to engage in political activities. Previous research has suggested that such

heightened policy engagement can potentially have adverse effects on a firm’s profitability, as

politically active firms often oppose environmental regulations (Meckling, 2015). However, we

present a different perspective. According to the existing literature, firms are the beneficiaries of

policy maximization (Brunell, 2005), and the motivation for firms to participate in policy is to obtain

preferential treatment from the government (Kim and Zhang, 2016). Consistent with the view

proposed by Muttakin et al. (2021), companies are using policy engagement as a strategic approach to

mitigate the business risks that may arise from carbon emissions. Thus, a firm’s emphasis on political

activity depends on whether such engagement aligns with the firm’s overall strategy to improve
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performance concerning climate-related issues. Our study not only supports the findings of Delmas et

al. (2016) but also delves deeper into the question of whether firms’ political activity genuinely

translates into tangible improvements in firm performance.

With in-depth research on policy engagement, we find that carbon-sensitive firms and small

firms benefit the most from their degree of policy engagement in terms of reducing substantive carbon

emissions. Small firms will take more action to improve their environmental performance to avoid

increased energy costs (Bradford and Fraser, 2008). Unlike large firms that prefer incentive programs,

they tend to be reluctant to go beyond regulatory compliance and prefer a relatively level playing field

brought about by mandatory regulations (Conway, 2015). Whereas, carbon- sensitive firms maintain

their vested interests through policy participation as a core strategy to delay the low-carbon transition

(Okereke and Russel, 2010), and this compensatory policy also serves as the support for firms to

consolidate their interests.

In further research, we consider the boundary effect of corporate public policy participation on

carbon emission dynamics under the action of multiple mechanisms. Carbon awareness, intensity

targets, and voluntary disclosure are chosen as the three different dimensions for measuring carbon

tendency. We find that carbon awareness, intensity targets, and voluntary disclosure have a negative

effect on the relationship of firm engagement with public policy and carbon emission dynamics. This

indicates that policy initiatives can play a pivotal role in facilitating carbon reduction efforts,

particularly for firms that are inherently more attuned to environmental concerns. Existing research

explores the antecedents of reducing corporate carbon emissions and focuses on management

preferences on how to reduce corporate carbon emissions (Li et al., 2025). Although our study finds

no consistent antecedents for direct effects, we validate the feasibility of indirect effects. After the
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enterprise has a clear propensity to decrease emissions, the political activities of the firm help create

potential resources to achieve the corporate goals (Najaf and Najaf, 2021). We argue that carbon

awareness can alleviate the opportunism that firms gain from policy engagement and effectively curb

their tendency to use policy resources for justifying their high-carbon behaviors.

The results underscore the significance of accounting for a firm’s carbon sensitivity and size

when assessing the impact of policy engagement on carbon emissions. These findings enrich the

burgeoning literature regarding corporate climate action and deliver actionable insights for

policymakers, enterprises, and other stakeholders committed to achieving sustainability.

5.1 Theoretical contributions

Our research explores a pivotal distinction between substantive and symbolic carbon emissions. The

fact that heightened policy engagement is associated with increased symbolic emissions, but not with

reductions in substantive emissions, may be interpreted as a strategic initiative to address institutional

pressures. Firms, especially smaller ones seeking stability and resources, may engage politically to

gain socio-political legitimacy. This engagement provides a license to operate and can create a form of

implicit political patronage, reducing the immediate regulatory and social pressure for genuine

environmental reform. Consequently, firms prioritize visible, symbolic gestures that signal conformity

to environmental norms over costlier substantive changes. The role of carbon awareness emerges as a

critical moderating variable, aligning with the theory's emphasis on cognitive institutions. Carbon

awareness reflects the internalization of environmental norms within the organization’s

decision-making logic. When carbon awareness is high, it counteracts the legitimizing shield of

political patronage, strengthening the internal normative pressure for substantive action and thus

negatively moderating the link between policy engagement and substantive emissions. Thus, a firm’s
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emphasis on policy activity depends on whether such engagement aligns with the firm’s overall

strategy to improve performance concerning climate-related issues. Our study not only supports

Delmas et al.’s (2016) findings about the link between lobbying and carbon emissions, but also delves

deeper into the question of whether firms’ policy activity genuinely translates into tangible

improvements in firm environmental actions. This study not only offers valuable insights into the

complexities of firm engagement with policies concerning climate change and its influence on firm

market performance, but also provides an understanding of how firms can navigate the political

landscape to achieve favorable performance outcomes amidst environmental challenges from multiple

mechanisms.

5.2 Practical contributions

Corporate policy engagement plays a complex role in carbon emission governance, but it is not a

panacea for emission reduction. Managers often display inconsistency in their focus on policy strategy

(Drutman, 2015), and factors like poor political stickiness and policy uncertainty can lead them to be

skeptical about the true impact of their political efforts. Because the available research shows that

many companies do not seem to derive significant benefits from policy engagement. However, this

study presents a different perspective by proposing that firm’s policy engagement can indeed enhance

firm performance. Whether it is aimed at reducing substantive carbon emissions or increasing

symbolic carbon emissions, policy activities (including direct engagement with policy makers, trade

associations and funding research organizations) are deemed necessary. While existing research tends

to conclude that substantive carbon emissions have a negative impact, as they do not substantively

decrease a firm’s overall emissions value, we suggest that symbolic carbon emissions is also a

manifestation of the company’s active carbon management behavior. Just like a hospital requires not
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only skilled surgeons but also doctors who are adept at public relations to represent the hospital in the

media, the promotion and reputation of firms are crucial for their development. Nonetheless, it is

important to acknowledge that being skilled at public relations does not necessarily imply that the

doctor is less competent than their counterparts who may not excel in media representation. In essence,

this study advocates that firm’s policy engagement can lead to tangible benefits and improved

performance. Considering both substantive and symbolic carbon emissions can enhance a firm’s

reputation and overall success. It underscores the importance of strategic and consistent political

efforts for firm managers, highlighting the potential positive impact on their organizations.

Whether corporate policy engagement can become a boost to climate governance depends on

whether it can form a synergy with the enterprise’s internal carbon management dynamics. For

managers, using political resources strategically and integrating policy engagement into the

company's overall climate strategy deeply is crucial. Management should focus on improving

transparency in carbon management, turning external pressure into internal innovation drivers by

setting ambitious carbon intensity targets and improving carbon disclosure, and avoiding short-term

behavior of political resources being used to circumvent regulation. For policymakers, it is necessary

to create a fair and incentive institutional environment for innovation and design a refined policy

system. Targeted low-carbon technology subsidies and tax incentives for carbon-sensitive enterprises

and SMEs need to be prevented from being used by large corporations to hinder climate policy

progress. Investors need to play their capital-oriented and supervisory role, and deepen the evaluation

of corporate political behavior in investment decision-making, not only to look at the scale of political

expenditure, but also to analyze whether it is linked to verifiable emission reduction performance.
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5.3 Limitations

While our research has shed light on important aspects of firm engagement with public policy and its

impact on carbon emissions, we acknowledge certain limitations that open up directions for further

investigations. Firstly, our paper explores specific moderating mechanisms of firm engagement with

public policy that influence carbon emissions, but does not explore the evolving role of such

engagement. Future research could further analyze how a firm’s policy engagement can lead to

enhanced firm performance and reduced carbon emissions. Secondly, our analysis of the impacts of

policy activities on carbon emissions was somewhat limited in scope. Future research can conduct a

more comprehensive examination, exploring the distinctions and variations in the effects of different

policy activities on carbon emissions. By doing so, researchers can identify the most suitable public

policies for different types of firms to maximize their effectiveness in reducing carbon emissions.
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FIGURE.2. Conceptual framework
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TABLE 1. Symbolic carbon emission reduction (SCER)

What methods do you use to drive investment in emissions reduction

NO o Score Source
activities?

1 Compliance with regulatory requirements/standards Oorl

2 Dedicated budget for energy efficiency Oorl

3 Dedicated budget for low-carbon product R&D Oorl

4 Employee engagement Oorl

5 Internal incentives/recognition programs Oorl

6  Dedicated budget for other emissions reduction activities Oorl CDP

7 Lower return on investment (ROI) specification Oorl database

8 Financial optimization calculations Oorl

9 Internal finance mechanisms Oorl

10 Partnering with governments on technology development Oorl

11 Internal price on carbon Oorl

12 Marginal abatement cost curve Oorl
Possible total score 0-12
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TABLE 2. A firm's degree of engagement with public policy (PublicD)

Do you engage in activities that could either directly or indirectly

NO influence public policy on climate-related issues through any of the Score Source
following?

1 Direct engagement with policy makers Oorl

2 Trade associations Oorl CDP

3 Funding research organizations Oorl database
Possible total score 0-3
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TABLE 3. A firm's degree of engagement with climate lobbying (Plobby)

On what issues have you been engaging directly with policy makers? -

NO Focus of legislation Score Source

1 Adaptation resiliency Oorl

2 Cap and trade Oorl

3 Carbon tax Oorl

4 Clean energy generation Oorl

5 Climate finance Oorl CDP database
6 Energy efficiency Oorl

7 Mandatory carbon reporting Oorl

Possible total score 0-7
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TABLE 4. Operationalization and summary of variables

Variables Symbols Definition Source
Substantial The sum of the organization’s emissions of Scope 1 and
carbon CE . . CDP
S Scope 2 in metric tons COse.
emissions
. SCER is calculated by adding 12 dummy variables that
Symbolic . .
carbon measure the firm's degree of engagement with
. SCER emissions-reduction activities, with a higher index value =~ CDP
emissions s . 2. .
. indicating greater symbolic carbon emissions reduction
reduction
of a firm.
Pubhg policy Public A d}lmmy variable thit }’f firms er.lgage”wnh public CDP
selection policy has a value of “1”, otherwise “0”.
. . A score ranging from 0 to 3 adding three dummy
Public policy . ) . .
PublicD variables that measure the firm degree of public policy CDP
engagement .
engagement as in Table 2.
Political Political A dummy variable that if firms engage with public
lobbying lobbying policy on climate change through direct engagement
selection selection with policy makers has a value of “1”, otherwise “0”.
The degree A score ranging from 0 to 7 adding seven durpmy
I variables that measure the firm degree of political
of political Plobby . . CDP
. lobbying as in Table 3.
lobbying
Trade A dummy variable that if firms engage with public
.. Tass . . . CDP
associations policy on climate change through trade associations.
Funding Firm engagement with public policy on climate change
research Fro through funding research organizations has a value of CDP
organizations “17, otherwise “0”.
Carbon A dummy variable that if firms identify any climate
Regulation change risks and opportunities a value of “1”, otherwise CDP
awareness >
Intensity Intensity A d.un'lmy Varlab.le that if firms haze’}ntensny .tar%etf for CDP
targets emissions reduction has a value of “1”, otherwise “0”.
A dummy variable that if firms publish information
Voluntary about organization’s response to climate change and
disclosure Voluntary GHG emissions performance in places other than in CDP CDP
response has a value of “1”, otherwise “0”.
Firm size Frsize Natural logarithm of total assets that represents firm size. ~Compustat
Market to Natural logarithm of the market value of assets over the
M/B Compustat
book value book value of assets.
Cash Cash Natural logarithm of current assets over total assets. Compustat
holdings
?;;/:rage Lev Natural logarithm of all debt over total assets. Compustat
:ISeStetr:turn " Roe Natural logarithm of net return over total assets. Compustat
Regional A dummy variable that if a firm is headquartered in a Compan
Greenhouse Rggi state participating in Regional Greenhouse Gas Initiative pany
o R N Website
Gas Initiative has a value of “1”, otherwise “0”.
Carbpp Carbon A d.u.mmy variable that if ‘f‘lr’r’ns belogg fo” carbon CDP
sensitive sensitive sectors has a value of “1”, otherwise “0”.
Emission A dummy variable that if firms participate in any
trading Ets emission trading schemes has a value of “1”, otherwise CDP
schemes “0”.
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TABLES 5. Descriptive Statistics of Variables

Variable N Mean S.D Min Max
CE 2,987 12.55 3.238 0 18.81
SCER 2,987 3.007 1.948 0 11
Public 2,987 0.646 0.478 0 1
PublicD 2,987 1.201 1.087 0 3
Plobby 2,987 1.273 1.706 0 7
Tass 2,987 0.702 0.457 0 1
Fro 2,987 0.265 0.442 0 1
Regulation 2,987 0.822 0.382 0 1
Intensity 2,987 0.487 0.500 0 1
Voluntary 2,987 0.646 0.478 0 1
Fsize 2,987 3.021 1.521 -6.215 7.741
M/B 2,987 0.968 0.436 0 2.806
Cash 2,987 0.249 0.168 0 0.653
Lev 2,987 0.704 1.046 -5.458 6.898
Roe 2,987 0.0736 0.0853 -1.305 0.537
Rggi 2,987 0.211 0.408 0 1
Carbon 2,987 0.231 0.421 0 1
Ets 2,987 0.315 0.465 0 1

Notes: Total number of observed firms N=2987. SD is the value of standard deviation. Min is the value of
minimum. Max is the value of maximum.
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TABLE 6. Pearson and Spearman rank correlation coefficient.

(@) ) 3) ) () (6) (7) (8) ) (10) an a2) a3) (14) (5)

()CE 1 0.305%**  0.279%**  0.390***  0.267***  0.394%*%*  (.342%**  (.395%**  _0.058***F  -0.208***  (0.123*¥**  (.072**¥*  -0.074%¥**  0.307*F** 0.432%**
(2)SCER 0.319%** 1 0.165***  0.245%**  (0.234***  0.256***  0.260***  0.204*** -0.035% -0.094*** 0.046** -0.012 0.001 0.032* 0.233%**
(3)Public 0.289***  (.150%** 1 0.864***  0.107**%*  0.454***  0.213***  (.085*** 0.002 -0.039** -0.012 0.084#** -0.039** 0.038** 0.178%**
(4)PublicD 0.375%*%  (0.242%%*%  (.819%** 1 0.296**%  0.464***  (0.469%**  (.107*** -0.036%*  -0.113%** 0.024 0.049%** -0.035%* 0.089%#** 0.265%**
(5)Plobby 0.252%*%  0.260%**  0.117***  0.307*** 1 0.270%*%  0.297***  (.054*** -0.023 -0.079%** 0.011 -0.036** -0.038** 0.216%** 0.273%**
(6)Tass 0.401%%*  (0.238%**  (0.454%**  (.452%**  (.223%** 1 0.293%**  (0.062%** -0.010 -0.083%** 0.022 0.069%** -0.003 0.143%%%* 0.233%**
(7)Fro 0.306%**  0.252%**%  (0.213%**  0.507***  0.314*%**  (.203%** 1 0.095%**  -0.057***  -0.178*%*%*  (.111*** -0.026 0.017 0.102%** 0.201***
(8)Fsize 0.335%**%  0.199%**  0.083***  0.103***  0.084***  0.063*%**  0.096%** 1 0.047*%*  0.086%**  0.206***  (.145%** -0.046**  -0.141%** 0.219%**
©O)M/B -0.024 -0.027 0.016 -0.009 0.015 -0.000 -0.025 0.077%** 1 0.478%**  .0.220%**  (.726%*** 0.004 -0.075%** -0.017
(10)Cash -0.155%**  -0.083***  -0.042%*  -0.124***  -0.070%**  -0.084***  -0.175%**  0.110%**  0.470*** 1 -0.279%**  0.390***  -0.108***  -0.064***  -0.108***
(11)Lev 0.073*** 0.039** -0.028 -0.007 -0.030 -0.009 0.080%**  0.257***  -0.180%**  -0.230%** 1 -0.198%**  (.058%** -0.029 0.049%**
(12)Roe 0.035* -0.001 0.065%** 0.025 -0.013 0.036** -0.011 0.153**%  0.562%**  (.288***  -0.108*** 1 -0.007 -0.034* 0.035*
(13)Rggi -0.036* -0.007 -0.039%* -0.031* -0.059%** -0.003 0.017 -0.039%* -0.027 -0.105%**  0.060*** -0.006 1 -0.086%** 0.010
(14)Carbon 0.239%**  (0.048*** 0.038** 0.098***  0.162%**  (.143***  (.102%**  -0.127*** -0.010 -0.059%**  -0.054%**  -0.071*¥**  -0.086*** 1 0.133%**
(15)Ets 0.345%**  (0.244%**  (.178***  (.272%**  (.245%*%*  (0.233*¥**  (.201***  0.200%** 0.002 -0.107%** 0.036** 0.014 0.010 0.133%** 1

Notes: *** p<0.01, ** p<0.05, * p<0.1
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TABLE 7. Fixed-Effects Regression of the relationship between Public Policy and Carbon Emissions.

CE SCER
1) (2) 3) 4)
Public 0.2236° 04173
(0.1255) (0.0895)
PublicD 0.1235™* 0.2776™"
(0.0415) (0.0453)
Fsize 0.3364™ 0.3383" 0.3157" 0.3155"
(0.1514) (0.1509) (0.0870) (0.0867)
M/B -0.4818" -0.4857" -0.3265" -0.3346"
(0.1796) (0.1801) (0.1180) (0.1164)
Cash -1.5583" -1.5564™ 0.1617 0.1958
(0.7116) (0.7120) (0.7067) (0.7096)
Lev 0.0499 0.0531 0.0151 0.0226
(0.0457) (0.0453) (0.0491) (0.0489)
Roe 0.1253 0.1104 0.2581 0.2285
(0.3847) (0.3866) (0.3783) (0.3696)
Rggi -0.4103 -0.4163 -1.2692** -1.2699*
(0.3315) (0.3200) (0.3887) (0.4401)
Carbon -0.1831 -0.1761 0.1913 0.2087
(0.1210) (0.1205) (0.1670) (0.1679)
Ets -0.0596 -0.0609 0.0640 0.0571
(0.0578) (0.0569) (0.1350) (0.1342)
Cons 12.2075" 122113 2.0488"" 1.9965"**
(0.5335) (0.5192) (0.3572) (0.3552)
N 2954 2954 2954 2954
R 0.0277 0.0292 0.0678 0.0792
F 2.3482 2.4259 6.2821 7.3015

Notes: This Table presents the impact of public policy selection (Public) and public policy engagement (PublicD) on
carbon emissions using our baseline model (1). Variables are defined in Table 4. Firm and year dummy variables are
included in the models. Bootstrap standard errors are shown in parentheses and clustered at the firm level for the
model. *, ** and *** indicate statistical significance at 10%, 5%, and 1% levels, respectively.
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TABLE 8. The results of the robustness test regressions with dependent variable is substantial carbon emission (CE)

Panel A Heckman test Panel B IV Panel C GMM
(1) First stage (2) Second stage 3) 4)
PublicD 0.7448™ 0.0330" 0.4163™
(0.0635) (1.68) (0.1199)
Frsize 0.4559™ 0.3860™ 0.1936
(0.0342) (0.1509) (0.8634)
M/B 0.3802™ -0.4405™ 1.7737
(0.1547) (0.1357) (3.1479)
Cash -3.1789™" -0.2296™ -26.0362™
(0.3427) (0.1019) (11.0138)
Lev -0.0644 0.0643 -1.5500"
(0.0477) (0.0484) (0.8535)
Roe -0.3360 0.0503 4.7032
(0.6476) (0.3440) (10.1401)
Rggi -0.3478"™" -0.4236 -5.1622
(0.1168) (0.4450) (4.1904)
Carbon 1.9020™ -0.1259 0.6141
(0.1154) (0.0882) (2.2052)
Ets 0.5842™ 0.9595™ -0.0371 0.6084
(0.0581) (0.1275) (0.0470) (3.6944)
Icp -0.9340™"
(0.0828)
Voluntary 0.1638™"
(0.0515)
Thirty 0.4814™
(0.0509)
R&D 0.0138"
(0.0081)
Cons -0.1343™ 10.4298"* 19.3096™
(0.0563) (0.2822) (5.0945)
N 2956 2202 2289
lambda 0.0758
(0.2773)
AR (1) -2.09 (0.037)
AR (2) -1.61 (0.107)
Hansen 3.0627 (0.082) 0.222

Notes: This Table presents the results of robustness tests conducted through three different regression approaches.
Panel A employs a two-step Heckman selection model. In the first step (column 1), we estimate the propensity of all
firms to voluntarily disclose carbon emissions using the probit model. In the second step (column 2), the estimated
dummy variable is incorporated into the ordinary least squares model to mitigate selectivity bias and estimate the
regression parameters. Panel B (column 3) utilize the degree of public policy engagement lagged by one year as the
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instrumental variable in a two-stage least squares regression model. Panel C (column 4) presents the dynamic
two-step system Generalized Method of Moments (GMM) regression model. The dependent variable is CE. All
variables are defined in Table 4. Firm and year dummy variables are included in the models. Bootstrap standard
errors are shown in parentheses and clustered at the firm level for the model. *, ** and *** indicate statistical
significance at 10%, 5%, and 1% levels, respectively.
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TABLE 9. The effect of firm size and carbon sensitivity on the relationship between public policy and carbon emissions

CE SCER
Carbon Non-carb Large Small Carbon  Non-car Large Small
sensitive on firms firms sensitive bon firms firms
sensitive sensitive
() 2 3) 4) ) (6) @) (8)

PublicD  0.1356"  0.0294  0.1201°  0.1249”  0.3533°" 0.1667 0.2149" 03118
(0.0581)  (0.0526)  (0.0652)  (0.0510)  (0.0859) (0.0546)  (0.0845)  (0.0534)

Fsize 0.1705 0.3410 0.2300"  0.2771
(0.1205)  (0.2773) (0.1043)  (0.2248)
M/B 03298 -0.4445" 04984  -0.4649™  -0.5309" -0.1713  -0.7504  -0.3206™
(0.2440)  (0.1798)  (0.3643)  (0.2014)  (0.2368) (0.1198)  (0.2520)  (0.1322)
Cash 27946 09271  -0.6608  -1.9553" 11643  -0.2674  -0.4514 0.1904
(1.7661)  (0.6594)  (0.6975)  (0.9447)  (1.2175) (0.9845) (1.8615)  (0.7949)
Lev 0.0216  -0.0050  -0.0170  0.1166°  0.0133  -0.0286  0.0058 0.0581
(0.0414)  (0.0591)  (0.0634)  (0.0652)  (0.0904) (0.0576)  (0.0908)  (0.0592)
Roe 0.1328  -0.0689  -1.0546  0.1240 0.0979  0.1119  -0.1977 0.1721
(03526)  (0.9173)  (1.0736)  (0.4229)  (0.4540) (0.4598)  (1.6821)  (0.4019)
Rggi 0.4576 0.0620  0.0000  -0.0142  -1.0801  -0.1868  0.0000  -1.3101""
(0.6915)  (0.5012) Q) (0.2024)  (0.6988)  (0.3931) 0 (0.3813)
Carbon 0.0517  -0.2138 0.1746 0.1655
(0.1231)  (0.1570) (0.5187)  (0.1634)
Ets 20.0596  -0.0675  0.0793  -0.0769  0.5448"  -0.0799  -0.0937 0.1060

(0.1027)  (0.1226)  (0.0885)  (0.0730)  (0.2735) (0.1906)  (0.2994)  (0.1419)
Cons  13.0184™ 11.7938" 14.2061° 127771  2.0902*"* 2.0574" 42653  2.5930""

(0.5295)  (L.1114)  (0.3457)  (0.3105)  (0.4124) (0.9198) (0.5735)  (0.2831)

N 1270 1684 760 2227 1270 1684 760 2227
R’ 0.0363 0.0200 0.0270 0.0250 0.0977 0.0472 0.0341 0.1065
F 1.4174 . 1.4216 1.8471 5.6272 . 2.0407 7.7165

Notes: This Table presents the effect of firm size and carbon sensitivity on the relationship between public policy
and carbon emissions. We categorize all firms according to their size and carbon sensitivity. We define firms above
the mean as large firms, and below the mean as small firms. Following Zhou et al. (2018), we define chemicals, gas
and electrical utilities, oil and gas, coal mining, pipelines, steel, and transportation as belonging to the carbon
sensitive sector. Columns (1) to (4) investigate the influence of Public Policy engagement (PublicD) on substantial
carbon emissions (CE), while column (5) to (8) analyze the impact of Public Policy (PublicD) on symbolic carbon
emissions reduction (SCER). Variables are defined in Table 4. Firm and year dummy variables are included in the
models. Bootstrap standard errors are shown in parentheses and clustered at the firm level for the model. *, **, and
*** indicate statistical significance at 10%, 5%, and 1% levels, respectively.
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TABLE 10. Moderating effect of carbon tendency on the relationship between public policy engagement and

substantial carbon emissions (CE)

CE
1) 2) 3) (4) (5) (6)
Public 0.5689™" 0.0779" 0.5263™"
(0.2872) (0.0448) (0.1956)
Public xRegulation -0.5067"
(0.2869)
Public xIntensity -0.0831"
(0.0424)
Public xVoluntary -0.4349™"
(0.1638)
PublicD 0.3106™ 0.1695™" 0.2552"""
(0.1295) (0.0534) (0.0603)
PublicD xRegulation -0.2393"
(0.1300)
PublicD xIntensity -0.0879™
(0.0383)
PublicD xVoluntary -0.1950™"
(0.0559)
Regulation 0.6520™ 0.5727"
(03098)  (0.2738)
Intensity 0.0595 0.2007™
(0.0406)  (0.1021)
Voluntary 0.5881*" 0.5566"*"
(0.1689) (0.1472)
Fsize 0.3372" 0.3369™ 0.0042™* 0.3294™ 0.3611" 0.3653"
(0.1514)  (0.1504)  (0.0007)  (0.1508)  (0.1529) (0.1528)
M/B -0.4682"" -0.4757"" -0.0971* -0.4852™"  -0.4644™" -0.4611™
0.1751)  (0.1769)  (0.0399)  (0.1798)  (0.1796) (0.1812)
Cash -1.5046™ -1.5043™ -0.7263™" -1.5722™ -1.3587" -1.3595"
(0.6930)  (0.6965)  (0.2442)  (0.7129)  (0.7184) (0.7172)
Lev 0.0500 0.0543 0.0132 0.0551 0.0572 0.0592
(0.0457)  (0.0453)  (0.0126)  (0.0453)  (0.0466) (0.0459)
Roe 0.1062 0.0807 -0.0428 0.1131 0.0386 0.0296
03773)  (0.3799)  (0.1002)  (0.3856)  (0.3778) (0.3799)
Rggi -0.4003 -0.4112 -0.1230 -0.4546 -0.4065 -0.4139
(03295)  (0.3191)  (0.1194)  (0.3325)  (0.3724) (0.3558)
Carbon -0.1855 -0.1811 -0.0090 -0.1641 -0.2028" -0.1903
0.1191)  (0.1186)  (0.0638)  (0.1199)  (0.1218) (0.1207)
Ets -0.0622 -0.0568 0.0215 -0.0555 -0.0623 -0.0595
(0.0576)  (0.0559)  (0.0439)  (0.0554)  (0.0585) (0.0575)
Cons 11.7382"" 11.7779""  13.0308™"  12.1549"  11.6303"™" 11.6432""
(0.5724)  (0.5524)  (0.0985)  (0.5203)  (0.5499) (0.5420)
N 2954 2954 2888 2954 2954 2954
R’ 0.0367 0.0375 0.0609 0.0311 0.0437 0.0459
F 2.1600 2.3828 5.6307 2.2618 2.7322 2.9823

Notes: This Table examines the impact of public policy engagement on carbon emission under the moderating effect
of carbon tendency across three dimensions: carbon awareness, intensity targets, and voluntary disclosure. In
column (1) & (2) we introduce the moderating variable Regulation (proxy for carbon awareness. In columns (3) &
(4), we include the moderating variable Infensity (proxy for intensity targets). In columns (5) & (6), we add the
moderating variable Voluntary (proxy for voluntary disclosure). The dependent variable is CE. Variables are defined
in Table 4. Firm and year dummy variables are included in the models. Bootstrap standard errors are shown in
parentheses and clustered at the firm level for the model. *, **, and *** indicate statistical significance at 10%, 5%,
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and 1% levels, respectively.
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TABLE 11. The regression results of the relationship between political lobbying and carbon emissions.

CE SCER
ALL Carbon Non-carbon ALL Carbon Non-carbon
sensitive sensitive sensitive sensitive
Plobby 0.0065 0.0117 -0.0189 0.0590™ 0.1114™ 0.0196
(0.0128) (0.0179) (0.0144) (0.0272) (0.0552) (0.0273)
Fsize 0.3477" 0.1801 0.3464 0.3329™ 0.1411 0.2824
(0.1568) (0.1268) (0.2767) (0.0879) (0.1278) (0.2248)
M/B -0.4831™" -0.3403 -0.4439™ -0.3266™" -0.2351 -0.1500
(0.1814) (0.2486) (0.1771) (0.1196) (0.5738) (0.1211)
Cash -1.6334™ -2.8857 -0.9663 0.0434 0.7654 -0.4281
(0.7245) (1.7793) (0.6377) (0.7093) (1.4001) (0.9868)
Lev 0.0503 -0.0298 -0.0058 0.0210 0.2380" -0.0307
(0.0449) (0.0423) (0.0592) (0.0493) (0.1405) (0.0579)
Roe 0.1165 0.1653 -0.0653 0.2520 0.7582 0.0920
(0.3855) (0.3536) (0.9190) (0.3861) (0.5332) (0.47006)
Rggi -0.4383 0.4579 0.0478 -1.2842™ -0.9050 -0.2347
(0.3507) (0.7139) (0.5126) (0.3684) (0.8027) (0.3989)
Carbon -0.1879 0.1770
(0.1211) (0.1660)
Ets -0.0504 -0.0478 -0.0627 0.0738 0.7427" -0.0622
(0.0566) (0.1058) (0.1196) (0.1340) (0.3022) (0.1914)
Cons 12.3601"" 13.2315™ 11.8388™" 2.2854™ 2.2840™" 2.2567"
(0.5527) (0.5604) (1.1361) (0.3557) (0.5516) (0.9241)
N 2954 1270 1684 2954 1270 1684
R 0.0249 0.0289 0.0200 0.0611 0.0642 0.0369
F 2.2561 1.5671 : 5.0879 3.5054

Notes: This Table presents the regression results of the relationship between political lobbying and carbon emissions.
We also conduct two separate analyses for carbon-sensitive and non-carbon-sensitive sectors. Variables are defined
in Table 4. Firm and year dummy variables are included in the models. Bootstrap standard errors are shown in
parentheses and clustered at the firm level for the model. *, ** and *** indicate statistical significance at 10%, 5%,
and 1% levels, respectively.
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TABLE 12. The regression results of the relationship between trade associations and carbon emissions.

CE SCER
AL iive semstve A nsitve sentive
Tass 0.1445 0.6209™ -0.0030 0.2913™ 1.0316™ 0.1183
(0.1000) (0.3048) (0.1029) (0.0980) (0.2306) (0.1008)
Fsize 0.3416™ 0.0017 0.3426 0.3245™ 0.2365™ 0.2845
(0.1563) (0.0018) (0.2767) (0.0890) (0.0993) (0.2241)
M/B -0.4762"™* -0.2016 -0.4412™ -0.3150™ -0.5817" -0.1540
(0.1797) (0.1735) (0.1765) (0.1200) (0.2508) (0.1203)
Cash -1.5734™ -3.8103" -0.9588 0.1430 1.1724 -0.3728
(0.7192) (1.9596) (0.6286) (0.7137) (1.2042) (0.9789)
Lev 0.0517 -0.0080 -0.0055 0.0189 -0.0219 -0.0261
(0.0456) (0.0427) (0.0609) (0.0490) (0.0983) (0.0584)
Roe 0.1075 0.1775 -0.0714 0.2236 0.0543 0.1006
(0.3861) (0.3618) (0.9197) (0.3801) (0.4615) (0.4714)
Rggi -0.4422 0.6370 0.0522 -1.3284™ -1.1585" -0.2213
(0.3462) (0.6407) (0.5152) (0.3717) (0.6013) (0.3959)
Carbon -0.1875 0.1830
(0.1215) (0.1678)
Ets -0.0572 -0.0760 -0.0640 0.0674 0.5598™ -0.0623
(0.0573) (0.1201) (0.1194) (0.1356) (0.2772) (0.1919)
Cons 12.2733™ 13.9274™ 11.8328"" 2.1574™ 2.0460™" 2.1747"
(0.5498) (0.4747) (1.1465) (0.3645) (0.4171) (0.9152)
N 2954 1270 1684 2954 1270 1684
R? 0.0259 0.0471 0.0198 0.0624 0.0933 0.0377
F 2.2924 2.1728 . 5.2266 5.9846

Notes: This Table presents the regression results of the relationship between political lobbying and carbon emissions.
Variables are defined in Table 4. Firm and year dummy variables are included in the models. Bootstrap standard
errors are shown in parentheses and clustered at the firm level for the model. *, ** and *** indicate statistical
significance at 10%, 5%, and 1% levels, respectively.
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TABLE 13. The regression results of the relationship between funding research organizations and carbon emissions

CE SCER
ALL e semve A cnive semitive
Fro 0.0898 0.2779 -0.0930™ 0.2445" 0.3946 0.1216
(0.0806) (0.2084) (0.0454) (0.1415) (0.2991) (0.1497)
Fsize 0.3466™ 0.1738 0.3482 0.3335™ 0.2614™ 0.2790
(0.1552) (0.1222) (0.2779) (0.0880) (0.0944) (0.2257)
M/B -0.4852™ -0.3400 -0.4382™ -0.3344™ -0.5573" -0.1567
(0.1814) (0.2484) (0.1765) (0.1184) (0.2455) (0.1212)
Cash -1.6588"™ -2.8829 -0.9260 -0.0451 0.9198 -0.4783
(0.7258) (1.7849) (0.6374) (0.7126) (1.2334) (0.9976)
Lev 0.0510 -0.0185 -0.0070 0.0185 -0.0431 -0.0290
(0.0452) (0.0338) (0.0593) (0.0490) (0.0956) (0.0579)
Roe 0.1112 0.1463 -0.0606 0.2285 0.1539 0.0842
(0.3864) (0.3615) (0.9185) (0.3758) (0.4522) (0.4725)
Rggi -0.4436 0.4632 0.0528 -1.3314™ -1.0964" -0.2400
(0.3470) (0.7070) (0.5124) (0.3647) (0.6318) (0.3995)
Carbon -0.1842 0.1918
(0.1208) (0.1688)
Ets -0.0451 -0.0470 -0.0714 0.0947 0.5757" -0.0512
(0.0561) (0.1057) (0.1201) (0.1348) (0.2794) (0.1904)
Cons 12.3554™ 13.1725™ 11.8222™ 2.3149™ 2.5799™* 2.2761™
(0.5435) (0.5627) (1.1366) (0.3554) (0.4095) (0.9292)
N 2954 1270 1684 2954 1270 1684
R? 0.0252 0.0311 0.0202 0.0606 0.0749 0.0374
F 2.2651 1.3722 4.9555 4.3550

Notes: This Table presents the regression results of the relationship between funding research organizations and
carbon emissions. Variables are defined in Table 4. Firm and year dummy variables are included in the models.
Bootstrap standard errors are shown in parentheses and clustered at the firm level for the model. *, ** and ***
indicate statistical significance at 10%, 5%, and 1% levels, respectively.
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APPENDIX A. The regression of the robustness test with dependent variable is symbolic carbon emission (SCER)

Panel A Heckman test Panel B IV Panel C GMM
(1) First stage (2) Second stage 3 “
PublicD 0.5142™ 0.256™ 0.2625™
(9.10) (0.10) (0.1269)
Fsize 0.1892*" 0.415™ 0.9032
(6.26) (0.09) (1.1462)
M/B -0.1495 -0.293" -2.5469
(-1.09) (0.15) (2.8004)
Cash -0.0059 -1.203" -0.8134
(-0.02) (0.73) (1.1255)
Lev -0.0368 -0.029 0.8922
(-0.87) (0.06) (0.6222)
Roe -0.1050 0.570 -0.0451
(-0.18) (0.55) (0.5510)
Rggi 0.0467 -1.505™* -6.9821
(0.45) (0.58) (4.4248)
Carbon -0.1126 0.180 -0.2968
(-1.09) (0.13) (1.2933)
Ets 0.5842™* 0.9941*™ 0.090 -1.5819
(10.06) (8.27) (0.14) (1.9804)
Icp -0.9340™"
(-11.29)
Voluntary 0.1638™"
(3.18)
Thirty 0.4814™
(9.47)
R&D 0.0138"
(1.70)
Cons -0.1343™ 1.0401*™ 1.6038
(-2.38) (4.05) (4.7363)
N 2956 2202 2289
lambda 1.2840™
(4.99)
AR (1) -2.15(0.031)
AR (2) -1.21(0.225)
Hansen 7.707™" (0.006) 0.269

Notes: This Table presents the results of robustness tests conducted through three different regression approaches
with dependent variable being SCER. Panel A employs a two-step Heckman selection model. In the first step
(column 1), we estimate the propensity of all firms to voluntarily disclose carbon emissions using the probit model.
In the second step (column 2), the estimated dummy variable is incorporated into the ordinary least squares model to
mitigate selectivity bias and estimate the regression parameters. Panel B (column 3) utilize the degree of public
policy engagement lagged by one year as the instrumental variable in a two-stage least squares regression model.
Panel C (column 4) presents the dynamic two-step system Generalized Method of Moments (GMM) regression
model. Variables are defined in Table 4. Firm and year dummy variables are included in the models. Bootstrap
standard errors are shown in parentheses and clustered at the firm level for the model. *, ** and *** indicate
statistical significance at 10%, 5% and 1% levels, respectively.
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APPENDIX B. Moderating effect of carbon tendency on the relationship between public policy engagement and symbolic catbon
emissions (SCER)

SCER
(@) 2) 3) “4) () (0)
Public 0.2967" 0.3404™ 0.3239™
(0.1583) (0.1090) (0.1471)
Public XRegulation 0.1270
(0.1802)
Public xIntensity 0.1667
(0.1593)
Public xVoluntary 0.1298
(0.1557)
PublicD 0.2803™ 0.2531™ 0.2449™"
(0.0834) (0.0543) (0.0655)
PublicD xRegulation -0.0157
(0.0870)
PublicD xIntensity 0.0469
(0.0635)
PublicD xVoluntary 0.0484
(0.0601)
Regulation 0.1777 0.2531"
(0.1523) (0.1396)
Intensity -0.0839 -0.0314
(0.1590) (0.1300)
Voluntary -0.0799 -0.0504
(0.1403) (0.1167)
Fsize 0.3141™ 0.3141™ 0.3229™ 0.3200" 0.3111™ 0.3111™
(0.0865) (0.0863) (0.0873) (0.0867) (0.0871) (0.0870)
M/B -0.3292"™* -0.3332™* -0.3298"™" -0.3377" -0.3287" -0.3379™"
(0.1182) (0.1164) (0.1181) (0.1164) (0.1178) (0.1160)
Cash 0.2286 0.2513 0.1428 0.1881 0.1452 0.1874
(0.7032) (0.7066) (0.7084) (0.7110) (0.7078) (0.7121)
Lev 0.0157 0.0228 0.0136 0.0219 0.0161 0.0240
(0.0486) (0.0487) (0.0488) (0.0485) (0.0493) (0.0492)
Roe 0.2437 0.2158 0.2652 0.2290 0.2572 0.2241
(0.3774) (0.3716) (0.3835) (0.3728) (0.3769) (0.3690)
Rggi -1.2633™* -1.2632™* -1.2512™ -1.2586™ -1.2764™ -1.2757
(0.3955) (0.4449) (0.3989) (0.4469) (0.3925) (0.4449)
Carbon 0.1959 0.2104 0.1868 0.2073 0.1915 0.2070
(0.1665) (0.1677) (0.1674) (0.1687) (0.1661) (0.1674)
Ets 0.0662 0.0583 0.0660 0.0585 0.0660 0.0578
(0.1353) (0.1344) (0.1343) (0.1335) (0.1355) (0.1345)
Cons 1.9013™ 1.7973™ 2.0618™ 1.9986™" 2.1186™" 2.0417"
Frsize (0.3753) (0.3741) (0.3609) (0.3587) (0.3736) (0.3719)
N 2954 2954 2954 2954 2954 2954
R 0.0711 0.0818 0.0687 0.0796 0.0683 0.0796
F 6.4082 7.2671 5.5519 6.5276 5.6247 6.6722

Notes: This Table examines the impact of public policy engagement on symbolic carbon emission reduction under
the moderating effect of carbon tendency across three dimensions: carbon awareness, intensity targets, and voluntary
disclosure. In column (1) & (2) we introduce the moderating variable Regulation (proxy for carbon awareness. In
columns (3) & (4), we include the moderating variable /ntensity (proxy for intensity targets). In columns (5) & (6),
we add the moderating variable Voluntary (proxy for voluntary disclosure). The dependent variable is SEC.
Variables are defined in Table 4. Firm and year dummy variables are included in the models. Bootstrap standard
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errors are shown in parentheses and clustered at the firm level for the model. *, ** and *** indicate statistical
significance at 10%, 5% and 1% levels, respectively.
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APPENDIX C. The regression results of the relationship between political lobbying selection and carbon emission

CE SCER
ALL Carbon Non-carbon ALL Carbon Non-carbon
sensitive sensitive sensitive sensitive

Political 0.0719 -0.0123 0.1440 0.1257 0.5573" -0.0878
lobbying (0.1276) (0.1489) (0.1830) (0.0982) (0.2992) (0.0985)
selection
Fsize 0.3485™ 0.1798 0.3510 0.3383™" 0.2413™ 0.2813

(0.1575) (0.1265) (0.2680) (0.0884) (0.1043) (0.2249)
M/B -0.4856™" -0.3403 -0.4478™ -0.3333™" -0.5783™ -0.1487

(0.1825) (0.2480) (0.1817) (0.1189) (0.2471) (0.1212)
Cash -1.6431" -2.8659 -0.9414 0.0042 1.1115 -0.4472

(0.7301) (1.7747) (0.6396) (0.7140) (1.2556) (0.9910)
Lev 0.0514 -0.0314 -0.0030 0.0177 -0.0090 -0.0326

(0.0441) (0.0426) (0.0589) (0.0491) (0.0919) (0.0579)
Roe 0.1265 0.1618 -0.0362 0.2589 0.2061 0.0768

(0.3829) (0.3537) (0.9079) (0.3838) (0.4818) (0.4707)
Rggi -0.4333 0.4476 0.0121 -1.3133™ -0.9788 -0.2150

(0.3581) (0.7156) (0.5540) (0.3683) (0.6461) (0.3989)
Carbon -0.1849 0.1876

(0.1207) (0.1678)
Ets -0.0505 -0.0470 -0.0690 0.0812 0.5678" -0.0577

(0.0565) (0.1062) (0.1226) (0.1351) (0.2733) (0.1923)
Cons 12.3414™  13.2501™" 11.7677"*" 2.3016™" 2.5130™" 2.3036™

(0.5470) (0.5575) (1.0648) (0.3622) (0.3949) (0.9266)
N 2954 1270 1684 2954 1270 1684
R’ 0.0251 0.0287 0.0210 0.0591 0.0785 0.0372
F 2.3861 1.4289 . 4.7959 4.1878

Notes: This Table reports the results of regression analysis of the relationship between political lobbying selection
and carbon emission. We use dummy variables for political lobbying selection that takes value of 1 if the firm
engages in political lobbying and 0 if it does not. All other variables are defined in Table 4. Firm and year dummy
variables are included in the models. Bootstrap standard errors are shown in parentheses and clustered at the firm
level for the model. *, ** and *** indicate statistical significance at 10%, 5% and 1% levels, respectively.
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APPENDIX D. Table 1 The regression results of the relationship between political lobbying and carbon emission

under different firm size

Large firms Small firms Large firms Small firms
Plobby -0.0155 0.0194 -0.0239 0.1109"**
(0.0175) (0.0205) (0.0252) (0.0369)
M/B -0.5336 -0.4551™ -0.8134™ -0.2912*
(0.3803) (0.2021) (0.2567) (0.1367)
Cash -0.7275 -2.0537** -0.5672 -0.0335
(0.7111) (0.9602) (1.8705) (0.8063)
Lev -0.0222 0.1142" -0.0028 0.0562
(0.0643) (0.0644) (0.0920) (0.0602)
Roe -0.8332 0.1188 0.2000 0.1723
(0.9913) (0.4225) (1.6997) (0.4247)
Rggi 0.0000 -0.0027 0.0000 -1.2399***
() (0.2419) () (0.2850)
Carbon 0.0498 -0.2284 0.1710 0.1208
(0.1216) (0.1574) (0.5140) (0.1575)
Ets 0.1113 -0.0664 -0.0381 0.1278
(0.0820) (0.0735) (0.3003) (0.1398)
Cons 14.4232" 12.9335" 4.6483*** 2.9141**
(0.4372) (0.3307) (0.5779) (0.2761)
N 760 2227 760 2227
R 0.0220 0.0212 0.0233 0.0880
F 1.4237 1.7238 1.3403 5.9829

Notes: This Table presents the regression results of the relationship between political lobbying and carbon emission
under different firm size. Variables are defined in Table 4. Firm and year dummy variables included in the models.
Bootstrap standard errors are shown in parentheses and clustered at the firm level for model. *, ** and *** indicate
statistical significance at 10%, 5% and 1% levels, respectively.
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APPENDIX D. Table 2 The regression results of the relationship between political lobbying selection and carbon

emission under different firm size

CE SCER
Large firms Small firms Large firms Small firms
Political lobbying 0.4235 -0.0302 -0.0994 0.2148"
selection (0.3901) (0.1089) (0.2126) (0.1118)
M/B -0.5915 -0.4566" -0.8004"" -0.2998"
(0.4159) (0.2022) (0.2598) (0.1355)
Cash -0.6195 -2.0565™ -0.5672 -0.0991
(0.7216) (0.9670) (1.8497) (0.80406)
Lev -0.0140 0.1117° 0.0001 0.0581
(0.0594) (0.0630) (0.0927) (0.0590)
Roe -0.9996 0.1090 0.2508 0.1898
(1.1145) (0.4218) (1.6742) (0.4187)
Rggi 0.0000 -0.0213 0.0000 -1.2728"
) (0.2428) ) (0.2805)
Carbon 0.0899 -0.2265 0.1600 0.1390
(0.1015) (0.1574) (0.5085) (0.1638)
Ets 0.1014 -0.0641 -0.0493 0.1291
(0.0870) (0.0737) (0.3002) (0.1428)
Cons 14.2676™" 12.9659™" 4.6442" 2.9589™"
(0.3429) (0.3205) (0.5833) (0.2753)
N 760 2227 760 2227
R’ 0.0338 0.0210 0.0231 0.0825
F 1.2793 1.8339 1.2672 5.6008

Notes: This Table presents the regression results of the relationship between political lobbying selection and carbon
emission under different firm size. We use dummy variables for political lobbying selection that takes value of 1 if
the firm engages in political lobbying and 0 if it does not. Variables are defined in Table 4. Firm and year dummy
variables are included in the models. Bootstrap standard errors are shown in parentheses and clustered at the firm
level for the model. *, ** and *** indicate statistical significance at 10%, 5% and 1% levels, respectively
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APPENDIX D Table 3 The regression results of the relationship between trade associations and carbon emission

under different firm size

CE SCER
Large firms Small firms Large firms Small firms
Tass 0.0576 0.1818 0.0936 0.4175**
(0.1530) (0.1276) (0.2247) (0.1097)
M/B -0.5355 -0.4477" -0.8164™ -0.2793™
(0.3788) (0.1992) (0.2598) (0.1370)
Cash -0.6975 -1.9435* -0.5196 0.1966
(0.6833) (0.9614) (1.8675) (0.8051)
Lev -0.0195 0.1171* 0.0014 0.0586
(0.0639) (0.0657) (0.0924) (0.0586)
Roe -0.8025 0.1022 0.2494 0.1201
(1.0150) (0.4240) (1.7305) (0.4131)
Rggi 0.0000 -0.0142 0.0000 -1.3105***
() (0.2324) () (0.2875)
Carbon 0.0472 -0.2267 0.1667 0.1333
(0.1203) (0.1583) (0.5172) (0.1627)
Ets 0.0966 -0.0710 -0.0614 0.1219
(0.0772) (0.0745) (0.3057) (0.1424)
Cons 14.3611" 12.8023" 4.5491** 2.6864***
(0.4642) (0.3404) (0.6244) (0.2899)
N 760 2227 760 2227
R 0.0217 0.0225 0.0230 0.0888
F 1.4340 1.7669 1.2514 6.6239

Notes: This Table presents the regression results of the relationship between trade associations and carbon emission
under different firm size. Variables are defined in Table 4. Firm and year dummy variables included in the models.
Bootstrap standard errors are shown in parentheses and clustered at the firm level for model. *, ** and *** indicate

statistical significance at 10%, 5% and 1% levels, respectively
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APPENDIX D Table 4. The regression results of the relationship between funding research organizations and

carbon emission under different firm size

CE SCER
Large firms Small firms Large firms Small firms
Fro -0.0087 0.1555 0.0600 0.3458"
(0.0731) (0.1132) (0.1934) (0.1853)
M/B -0.5330 -0.4565™ -0.8203"* -0.2995™
(0.3818) (0.2023) (0.2642) (0.1360)
Cash -0.7150 -2.1195™ -0.5334 -0.2032
(0.7069) (0.9681) (1.8474) (0.8063)
Lev -0.0197 0.1149" 0.0026 0.0535
(0.0636) (0.0651) (0.0932) (0.0594)
Roe -0.8298 0.1033 0.2321 0.1234
(0.9876) (0.4236) (1.7083) (0.4046)
Rggi 0.0000 -0.0334 0.0000 -1.3532***
() (0.2426) () (0.2797)
Carbon 0.0485 -0.2195 0.1729 0.1494
(0.1206) (0.1571) (0.5160) (0.1675)
Ets 0.1027 -0.0639 -0.0424 0.1381
(0.0796) (0.0736) (0.3092) (0.1427)
Cons 14.4040™ 12.9417*** 4.5885"** 3.0075***
(0.4299) (0.3366) (0.5724) (0.2727)
N 760 2227 760 2227
R 0.0215 0.0218 0.0228 0.0843
F 1.5180 1.7500 1.2520 5.6311

Notes: This Table presents the regression results of the relationship between funding research organizations and
carbon emission under different firm size. Variables are defined in Table 4. Firm and year dummy variables included
in the models. Bootstrap standard errors are shown in parentheses and clustered at the firm level for model. *, ** and
**% indicate statistical significance at 10%, 5% and 1% levels, respectively.
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