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Abstract 

Climate change has been of great concern to the public in recent decades. Global governments 

have implemented both international and regional policies to mitigate ongoing global warming. 

The impact of those environmental regulations on the real economy provides crucial 

implications for investors, managers, and policymakers. This study examines how carbon risk 

affects corporate payout policy by employing the California cap-and-trade rule as an exogenous 

shock. Our results indicate that following the cap-and-trade rule, cash dividends increase 

significantly, and this is more pronounced for light emitters. We further show that the cap-and-

trade rule does not affect corporate leverage and capital expenditure but decreases innovation 

investment and total investment for heavy emitters.  
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1. Introduction 

As global warming has led to a series of adverse effects on economic and social activities, 

firms and policymakers are taking action to combat the financial and economic risks caused by 

climate change. An essential and challenging means to mitigate climate change is to curb 

carbon and greenhouse gas emissions, which requires the joint participation of companies and 

governments. Thus far, governments globally have developed, agreed, and published various 

policies, such as the Paris Agreement, Kyoto Protocol, European Union Emissions Trading 

System, and carbon tax, among others. Given the particular characteristics and economic 

development of different countries and states, most regulatory interventions are introduced in 

scattered ways and climate policies are highly decentralized, due to such heterogeneity.  

Growing awareness of climate-related risks has motivated researchers to conduct a surge 

of studies in finance. As reported in recent global surveys of economists, professionals, and 

policymakers (Krueger et al., 2020; Stroebel & Wurgler, 2021), regulatory risk is regarded as 

the first-order climate risk for investors and businesses in the short term and has begun to 

materialize recently. This draws attention to the importance of understanding how corporate 

behavior may vary in response to specific climate regulations. In this paper, we explore how 

companies adjust their payout policies (especially cash dividends) to mitigate carbon emissions 

risk arising from the adoption of the California cap-and-trade rule. There are vast numbers of 

studies centred on carbon risk which mainly focus on the engagement of intuitional investors 

(Azar et al., 2021), stock returns (Bolton & Kacperczyk, 2021; Oestreich & Tsiakas, 2015), 

capital structure (Nguyen & Phan, 2020), mergers and acquisitions (Bose et al., 2021), and 
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asset prices (Ilhan et al., 2021). However, an understanding of the effects of carbon risk on 

corporate payout policy is still limited, especially how such effects may vary under different 

environmental regulations. 

At the beginning of 2013, California imposed a state-wide cap-and-trade rule to mitigate 

greenhouse gas emissions, which was also the first multi-sector cap-and-trade program to 

emerge in North America (Bartram et al., 2022). The main theoretical attraction of the cap-

and-trade rule (a system of tradable emissions allowances) is to achieve emissions reductions 

at a lower cost through the incentives arising from emissions pricing rather than mere 

technological mandates or performance standards (Goulder & Schein, 2013). Carbon-intensive 

firms are positively correlated with higher carbon-related management costs, cost of capital, 

stock returns, earnings uncertainty, and financial constraints (Balachandran & Nguyen, 2018; 

Bolton & Kacperczyk, 2021; Nguyen & Phan, 2020; Oestreich & Tsiakas, 2015). Consequently, 

the implementation of climate policies in reducing carbon emissions may lead to additional 

regulatory costs, further negatively affecting the corporate financial condition and cash flows. 

Bartram et al. (2022) explore the effect of the localized cap-and-trade rule and document 

that many firms shift their greenhouse gas emissions from California to other less regulated 

states, distorting the main goal of emission reductions. This implies that the enactment of cap-

and-trade regulation not only increases regulatory costs, but also highlights the difficulties of 

reducing firm-level carbon emissions through complex incentivization. This is consistent with 

the general consensus that emission control regulations may broadly increase firms’ carbon 

risk.  
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As climate policies can push firms to improve energy efficiency, conduct technological 

innovations, and use renewable energy sources, to limit carbon emissions (Bolton & 

Kacperczyk, 2021), the related management costs may be amplified dramatically in response. 

Similarly, the increased expense inherent in reducing carbon emissions may affect managers’ 

confidence about their firms’ future prospects (Oestreich & Tsiakas, 2015), leading to greater 

conflicts of interest between managers and shareholders. The aforementioned California cap-

and-trade rule allows firms to trade their free carbon emission allowances so it increases the 

uncertainty of future emission costs given that future carbon allowance prices are determined 

by the carbon trading market. Moreover, the risk associated with future price of carbon 

allowances brings uncertainty to future cash flows (Oestreich & Tsiakas, 2015), which 

motivates managers to retain a higher level of cash holding, in particular for potential financing 

shocks. However, the excess free cash may cause shareholder concerns about overinvestment, 

so managers may be under shareholder pressure to distribute more dividends (Ni et al., 2020). 

From these conflicts of interest between managers and shareholders, we are motivated to 

examine how carbon risk induced by emission control regulations may affect corporate payout 

policy. 

In this study, we utilize a difference-in-differences (DID) approach with a sample of 

17,886 firm-year observations in the US markets from 2010 to 2020, to investigate the impact 

of climate policy on corporate payouts. To address the potential endogeneity concern, we use 

the California cap-and-trade rule in 2013 as a quasi-natural experiment. Since the cap-and-

trade rule is designed to reduce carbon emissions, it is arguably an exogenous shock to carbon 
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risk, especially for heavy carbon emitters (firms with high emissions), which allows us to 

identify the causal relationship between carbon risk and firm payout policies. In line with our 

expectations, the results show that the implementation of the cap-and-trade rule manifests a 

positive effect on cash dividends.  

We further classify firms into heavy and light emitters, based on the typical carbon 

emission profiles of each firm’s industry. The industry-based classification is independent of 

individual firm characteristics (Nguyen & Phan, 2020). This aims to alleviate concerns that a 

firm’s payout policy may affect its carbon risk, and that both payout policy and carbon risk are 

correlated with other control variables. Consistent with our expectation, the results indicate that 

after the introduction of the California cap-and-trade rule, firms with light emissions increase 

their cash dividend payout significantly, while firms with heavy emissions do not change their 

dividend payout policy. 

Furthermore, we conduct several robustness checks. First, we test the parallel trend 

assumption underlying the difference-in-differences model. We document that an increase in 

cash dividends for treated firms relative to control firms only occurs after adapting to the 

California cap-and-trade rule. Second, we examine the association between carbon risk and 

payout policy by adopting propensity-score matching and entropy balancing approaches. These 

two matching methods are employed to mitigate the concern that systematic differences 

between the treated and control firms may potentially drive the regression results. The 

estimated results based on the propensity-score matched and entropy balanced samples indicate 

that our main findings are robust and consistent. Third, we examine the consistency of the main 



 5 

results using a three-year window before and after the introduction of the California cap-and-

trade rule, with our results remaining materially unchanged. 

In addition, we investigate the impact of the cap-and-trade rule on corporate behavior and 

particularly explore the plausible channels of its effect on corporate payout. We provide 

evidence to support that firms decrease their share repurchases after the implementation of the 

cap-and-trade rule, especially heavy emitting firms, while we find no significant changes in 

total payout. Moreover, we show that firms with higher financial constraints are more likely to 

distribute cash dividends following the application of the cap-and-trade rule, especially light 

emitters. Our results further suggest that the rule leads to an increase in firms’ cash holdings 

but no changes in innovation investment and total investment for light emitters, while for heavy 

emitters, there is a significant and negative relationship between the rule and innovation and 

total investment. Finally, we find that with the cap-and-trade rule imposed, firms do not change 

their capital expenditure and leverage. 

This study makes two-fold contributions to the literature. First, it fills the research gap in 

associating emission risk induced by environmental policies to corporate payout policy, by 

complementing the extant literature that links climate-related risk to corporate payout policy. 

Huang et al. (2018) utilize the Global Climate Risk Index constructed by Eckstein and Kreft 

(2020) to examine the impact of extreme weather events on corporate policies and firm 

performance. Similar to Huang et al. (2018), Chang and Mi (2021) use the Global Climate Risk 

Index to measure climate risk and investigate its effect on payout policies. They document the 

substitution effect between dividends and repurchases, which increase payout flexibility to 
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address strengthened climate risk. Hendijani Zadeh (2021) examines how corporate payout 

policies respond to social and environmental (E&S) transparency, as measured by Bloomberg's 

E&S transparency scores. 

Second, our findings provide supportive evidence for the role of state environmental 

regulations in corporate policies, in particular payout policy. Balachandran and Nguyen (2018) 

throw light on the role of national climate policy, finding that after the ratification of the Kyoto 

Protocol, the reduction in dividend payouts is significantly stronger for polluters than non-

polluters. Conversely, we reveal a novel finding that state environmental regulation increases 

cash dividends for light emitters but decreases share repurchases for heavy emitters. 

Our study is distinct from that of Balachandran and Nguyen (2018), who explore the role 

of carbon risk on the likelihood of paying cash dividends and the level of cash dividends under 

Australia’s particular tax system setting, using the Kyoto Protocol ratification as an exogenous 

shock on carbon risk. Notably, the Kyoto Protocol and the California cap-and-trade rule 

contrast in their regulatory nature. Indeed, Balachandran and Nguyen (2018) review the 

Australian markets with both imputation and classical tax environments quite different from 

the respective settings in the US markets. Finally, we utilize the characteristic of the US 

markets of having both cash dividends and share repurchase as their two payout means, to 

explore changes in both these as well as their interactions induced by the California cap-and-

trade rule; meanwhile the Australian markets have not considered share repurchase as a part of 

their payout policy. 
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This paper proceeds as follows: Section 2 presents the related literature and hypothesis 

development; Section 3 provides the methodology and data; Section 4 exhibits the main results 

and alternative robustness tests; Section 5 presents some additional tests; and Section 6 

concludes the study. 

 

2. Related literature and hypotheses development 

2.1.1 California’s cap-and-trade program 

California’s cap-and-trade program started at the beginning of 2013. It is implemented by 

the California Air Resources Board (CARB) to reduce greenhouse gas emissions. The program 

establishes a declining limit on major sources of GHG emissions throughout California and 

creates a powerful economic incentive for significant investment in cleaner, more efficient 

technologies (ICAP, 2020). Covering approximately 80% of the state’s GHG emissions, the 

program is the first multi-sector cap-and-trade program in North America (Bartram et al., 2022). 

The cap-and-trade rule covers all electric power facilities and industrial facilities that emit 

25,000 t CO2e or more annually, based on allocations of capped allowances with a specific 

calendar year vintage. The allowances are distributed via free allocation, free allocation with 

consignment, and quarterly auction. If firms emit more than allowances they have received, 

they can buy additional allowances through market transactions. That is, this program 

encourages firms to reduce emissions (e.g., through technological innovations) so they can sell 

their surplus unused allowances for profit (ICAP, 2020). 
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2.1.2 Hypotheses development 

As regulatory risk has started to materialize recently and is regarded as the first-order 

climate risk for investors and businesses in the short term (Krueger et al., 2020; Stroebel & 

Wurgler, 2021), there is a growing body of studies exploring the effect of climate policy. 

Monasterolo & de Angelis (2020) show that after the announcement of the Paris Agreement, 

low-carbon indices are less risky than carbon-intensive indices and thus are more attractive for 

investment opportunities. Ilhan et al. (2021) argue that carbon-intensive firms benefit from 

President Trump’s election because the cost of downward option protection associated with 

climate policy uncertainty decreased significantly after President Trump’s election. Nguyen & 

Phan (2020) state that following the Kyoto Protocol ratification, the financial leverage of heavy 

carbon-emitting firms decreases, especially for firms with financially constraints. 

However, although there is a body of studies exploring the potential effect of different 

climate policies, there is little empirical analysis on the association between carbon risk, 

climate regulations, and corporate payout policy. The most relevant literature is Huang et al. 

(2018), Hendijani Zadeh (2021), and Balachandran & Nguyen (2018). Huang et al. (2018) 

show that firms exposed to severe climate change would reduce cash dividends to better 

respond to unexpected climate change. This is consistent with the finding that managers in low 

E&S transparent firms prefer to retain more cash flow to adjust the dividend payout policy 

(Hendijani Zadeh, 2021). Moreover, Balachandran & Nguyen (2018) find that carbon risk leads 

to earning uncertainty, further reducing the dividend payout ratio. They also highlight the 
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impact of the climate policy that after the ratification of the Kyoto Protocol, the probability of 

paying dividends and dividend payout ratio is lower for heavy-emitting firms.  

Motivated by the most recent paper (Bartram et al., 2022) that revealed the spillover effect 

of the California cap-and-trade rule, this paper attempts to use the California cap-and-trade rule 

as a quasi-natural experiment to study its impact on corporate payout policy, particularly cash 

dividends, and fill the abovementioned gap. We assume that the enactment of the California 

cap-and-trade rule could lead to two opposing effects on cash dividends. Environmental 

regulations could have costly impacts on corporate activities, especially for carbon-intensive 

firms. The enforcement of the local climate policy leads to increases in carbon-related 

management costs such as regulatory costs, transition costs, and litigation costs. These 

increased costs could enhance earnings uncertainty, undermining managers’ confidence in 

future profitability. As a result, managers are more cautious about payout policy and are less 

likely to pay cash dividends. This is consistent with the precautionary perspective that firms 

would retain more cash as a hedge against high external capital costs and heightened 

uncertainty in the future (Attig et al., 2021; Nyborg & Wang, 2021).  

However, empirical evidence show that cash dividends play a relevant role in alleviating 

agency problems (Attig et al., 2021; Nyborg & Wang, 2021), lending further credence to the 

agency theory motive of corporate payout policy. The increased costs arising from the cap-

and-trade rule motivate managers to pay out excess cash flow as a commitment to not 

overinvest (Ni et al., 2020). Furthermore, as changes in dividends convey value-relevant 

information about future cash-flow volatility (Michaely et al., 2021), firms have a greater 
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incentive to distribute payout in the form of cash dividends rather than share repurchases. In 

other words, cash dividends signal future earnings (Bhattacharya, 1979; Millerr & Kevin, 1985), 

consistent with the importance of the second moment of the earnings distribution in payout 

decisions. Therefore, we make an alternative conjecture that the cap-and-trade rule would cause 

a larger increase in cash dividends.  

As mentioned above, the California cap-and-trade rule was introduced to control carbon 

emissions, which could impose substantial risks for firms transitioning to a low-carbon 

economy. In addition, the implementation of the cap-and-trade rule allows firms to trade their 

free carbon emission allowances in the market. Heavy emitters can use their money to buy 

carbon emission allowances, while light emitters can sell their excess free emission allowances 

for a profit. In this sense, the enactment of the cap-and-trade rule leads to higher operating costs 

and uncertain cash flow for heavy emitters. As heavy-emitting firms may confront higher 

carbon allowance prices in the future due to catastrophic climate change (Oestreich & Tsiakas, 

2015; Weitzman, 2009), they are exposed to higher carbon risk following the rule. As a 

consequence, those firms are more likely to choose conservative financing policies in response 

to this regulation. That is, heavy-emitting firms would hold more cash reserves, reduce cash 

dividends to preserve liquidity, and forgo profitable investments (Dang et al., 2022). However, 

since dividends are generally related to stable and permanent cash flow (Jagannathan et al., 

2000), firms with heavy emitting under this rule are less likely to reduce cash dividends to 

avoid giving a negative signal to the market. Therefore, given the cash flow uncertainty arising 
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from the California cap-and-trade rule, heavy emitters are more likely to maintain the initial 

level of cash dividends. That is, our first hypothesis is as follows:  

Hypothesis 1: After the introduction of California cap-and-trade rule, firms with heavy 

emitting do not change their cash dividends. 

 

Since light emitters can create more cash inflows by selling their excess allowances, they 

may have a higher level of cash holding and confront less cash flow uncertainty after the 

introduction of California cap-and-trade rule. Both the increased in cash holding and decrease 

in cash flow uncertainty leads to more agency conflicts between shareholders and managers in 

terms of resource allocation. To mitigate the shareholder’s concern that managers may 

overinvest due to the excess cash holding, firms have more incentives to pay out excess cash 

as a commitment for shareholders. In particular, as firms’ cash dividends may have a signalling 

effect about the prospects of their future earnings (Bhattacharya, 1979; Millerr & Kevin, 1985) 

and convey value-relevant information about future cash-flow volatility (Michaely et al., 2021), 

light emitters are more likely to distribute more cash dividends to send a positive signal to the 

markets and boost their share prices. We consequently make the conjecture that the cap-and-

trade rule could lead to a greater increase in cash dividends for firms with lighter emission. 

That is, our second hypothesis is as follows:  

Hypothesis 2: After the California cap-and-trade rule, firms with lighter emission are more 

likely to increase their cash dividends. 
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3. Methodology and Data 

3.1 The baseline regression model 

This paper uses the enactment of California’s cap-and-trade rule in 2013 as an exogenous 

shock to investigate the effect of climate policy on corporate payout policy. The difference-in-

difference (DID) model is applied to measure this relationship. To measure the corporate 

payout policy, cash dividends are used as the main dependent variable. In the additional test, 

share repurchase, and total payouts are used to further test the impact of the climate rule on 

payout policy. Cash dividends (DVC) represent the corporate annual cash dividends scaled by 

the total asset. Share repurchases (REP) is the corporate annual net repurchase amount by 

subtracting any decrease in the value of the net number of preferred stocks outstanding from 

purchases of common and preferred stock, also scaled by the market value. Total payouts (Total 

payout) is the sum of cash dividends (DVC) and share repurchases (REP).  

The baseline regression model is as follows: 

																				𝐷𝑉𝐶!" = 𝛽# + 𝛽$𝐶𝐴!" ∗ 𝑃𝑜𝑠𝑡!" + 𝛽%𝑋!"&$ + 𝛽'𝑍!"&$ + 𝜌( + 𝜑" + 𝜀!"																		(1) 

Where i, t and j denote firm, year, and industry, respectively. DVCit refers to cash dividends of 

firm i in year t. The original value of the payout measure is multiplied by 100 to facilitate the 

interpretation of estimation results (Ni et al., 2020). CAit is an indicator variable equals to one 

if firm i has a plant located in California, and zero otherwise. Postit is a dummy variable, which 

equals to one if firm i is observed in the post-cap-and-trade period 2013-2020, otherwise it is 

zero. Xit-1 and Zit-1 are a set of time-varying firm- and state-level control variables, respectively. 

Similar to previous studies (Balachandran & Nguyen, 2018; Grullon & Michaely, 2002; Von 
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Eije & Megginson, 2008), firm-level control variables contains firm size (Size), firm age (Age),  

return on assets (ROA), market-to-book ratio (MB), leverage (LEV), sales growth (SALEG),  

cash holdings (CASH), retained earnings (RETAIN), As those firm-level control variables are 

well-documented determinants of corporate payout policy, they are lagged by one period to 

alleviate potential endogenously. For state-level control variables, we consider state GDP 

growth (GDPG), and state unemployment rate (Unemplr), following Dang et al. (2022) and Ni 

et al. (2020), which are also lagged by one period to alleviate potential endogenously. The 

description of all variables presents in Appendix A. 

To control for time-varying macro-economic conditions and the influence of industry 

characteristics, the year fixed effect φt and industry fixed effect ρj are included in the model. 

Since these two fixed effects absorb the effects of CAit and Postit, the CAit and Postit dummies 

are not included as independent variables in the model. εit is the error term. 

The Eq. (1) tests how corporate payout policy changes in response to the cap-and-trade 

rule. To further study the impact of carbon risk on corporate payout policy under the cap-and-

trade rule, we estimate Eq. (1) separately for heavy emitting and light emitting firms and 

evaluate whether the coefficients on the interaction term CAit*Postit are significantly different 

in the two models. 

Firms are classified as heavy and light emitters following Balachandran & Nguyen, (2018) 

and Nguyen & Phan (2020). Heavy emitters are those carbon-intensive firms with the largest 

greenhouse gas emissions. In addition, a firm is considered as a heavy emitter if it belongs to 

one of the following GICS industries: (1) Oil, Gas & Consumable Fuels; (2) Electric Utilities; 
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(3) Gas Utilities; (4) Independent Power Producers & Energy Traders; (5) Multi-Utilities; (6) 

Chemicals; (7) Construction Materials; (8) Metals & Mining; and (9) Paper & Forest Products 

(CDP 2012). 

Similar to Bartram et al. (2022), a triple-difference framework incorporated with a 

Emitterit dummy is used to alternatively compare coefficients from separate DID regressions 

on heavy emitting and light emitting subsamples. The triple-difference model is as follows: 

𝐷𝑉𝐶!" = 𝛽# + 𝛽$𝐶𝐴!" ∗ 𝑃𝑜𝑠𝑡!" + 𝛽%𝐶𝐴!" ∗ 𝐸𝑚𝑖𝑡𝑡𝑒𝑟!" + 𝛽'𝑃𝑜𝑠𝑡!" ∗ 𝐸𝑚𝑖𝑡𝑡𝑒𝑟!"

+ 𝛽)𝐶𝐴!" ∗ 𝑃𝑜𝑠𝑡!" ∗ 𝐸𝑚𝑖𝑡𝑡𝑒𝑟!" + 𝛽*𝑋!"&$ + 𝛽+𝑍!"&$ + 𝜌( + 𝜑" + 𝜀!"											(2) 

Like Eq. (1), DVCit refers to cash dividends of firm i in year t. CAit and Postit dummies are not 

included in the model since we control for industry and year fixed effects. The standard errors 

are adjusted by clustering at the firm level. 

 

3.2 Data 

3.2.1 Sample selection 

To construct the sample, we collect annual financial data as well as GICS industry 

classification of all firms listed on the Compustat database from 2010 to 2020. Since the 

California cap-and-trade rule was implemented in the US, we only consider publicly listed U.S 

firms. Firms incorporated or located outside the US are excluded from the sample. As the 

California cap-and-trade rule was enforced in early 2013, the sample can be divided into two 

sub-periods: pre-rule period (2010-2012) and post-rule period (2013-2020). Financial firms 

(SIC 6000-6999) and utilities (SIC 4900-4999) are excluded because they are highly regulated 
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and monitored. The information on state-level GDP growth and state-level unemployment rate 

are from the U.S. Bureau of Economic Analysis (BEA) and the U.S. Bureau of Labor Statistic 

(BLS), respectively.  

In addition, firms are required to have positive total assets and sales greater than $10 

million. Firms with missing or negative value for equity are also excluded. To mitigate the 

impact of outliers, all continuous financial variables expecting macroeconomic ones are 

winsorized at the 1% level. After the selection process, the sample is an unbalanced panel 

containing 17,886 firm-year observations and 2,765 firms. 

 

3.2.2 Definition of treated and control group 

Considering that the California cap-and-trade rule affects plants in California and these 

pants may be owned by companies located in California or other states, we resort firms into 

treated and control groups based on whether a firm has a plant in California. First, we collect 

plant-level data from the Facility Level Information on GHGs Tool (FLIGHT) of the EPA. The 

EPA published the Greenhouse Gas Reporting Program (GHGRP) in October 2009 and 

reported sources that emit 25,000 tons or more of CO2e greenhouse gases per year according 

to the estimation methodologies prescribed by the EPA. Plant-level information from FLIGHT 

consists of identity, parent company ownership, geographic location, the quantity of plant 

annual greenhouse gas emissions since 2010, and the North American Industry Classification 

System (NAICS) industry code. Second, we select facilities located in California and hand-
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matched them with annual financial data from Compustat based on the names of parent 

companies. 

Given that parent company names may be recorded differently in these two datasets, we 

use extensive google searches to account for parent-subsidiary linkages during the matching 

process. After this process, we find 157 firms with at least one plant in California. Combining 

with aforementioned sample selection criterion, the final sample contains 439 firm-year 

observations in the treated group and 17,447 in the control group.  

The final sample is also highly unbalanced in terms of firm emitting level. It contains 

2,519 observations classified as heavy emitters and 17,886 observations classified as light 

emitters. Therefore, in the robustness test section, we apply other categorization methods such 

as propensity score matching (PSM) and entropy balancing (EB) to reclassify firms and check 

the baseline results. 

 

3.2.3 Summary statistics and correlation matrix 

Table 1 presents summary statistics of the variables used in the baseline regression model. 

All variables, except for dummy and macroeconomic ones, are winsorized at 1st and 99th 

percentiles to alleviate the potential impact of outliers. It shows that the average cash dividend 

is 1.254. As firms’ dividends at 25th and 50th percentile is 0, implying that most firms in this 

sample distribute their payout through share repurchases rather than cash dividends. The means 

of firm size and ROA are 6.697 and 0.009, respectively. The average book-to-market ratio is 

3.818 and the average leverage is 0.219. The average firm has a sales growth of 0.084, a cash 



 17 

holding of 0.190, and retained earnings of -0.203. And the average logarithm of firm age is 

about 3.049.  

[Insert Table 1 about here] 

In Table 2, we report the correlations matrix of all variables used in the empirical analyses. 

The correlation coefficient between share repurchases and the total payout is 0.843, which is 

greater than that between cash dividends and the total payout. This implies that firms are more 

inclined to distribute cash to shareholders through share repurchases. Since other correlation 

coefficients are lower than 0.75, it seems that there is no multicollinearity concern in the 

regression models. In addition, we find a positive correlation between three measures of 

corporate payouts and firm size, suggesting that large firms are more willing to pay back cash 

to shareholders. 

[Insert Table 2 about here] 

 

4. Empirical results 

4.1 The effect of the emission regulation on cash dividends 

The preliminary results of Eq. (1) using cash dividend (DVC) as the dependent variable 

are exhibited in Table 3. We examine how firms adjust their payout policies through cash 

dividends in response to the California cap-and-trade rule. The key coefficient on the 

interaction term CA*Post captures the differential treatment effect of the enforcement of the 

cap-and-trade rule on payout policies. Columns (1) - (6) report the estimated results for cash 
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dividends based on the whole sample. In column (1), we only include year fixed effect but no 

controls. In column (2), we add eight well-documented firm-level control variables used in the 

prior payout policy literature (i.e., firm size, ROA, market-to-book ratio, leverage, sales growth, 

cash holdings, retained earnings, and firm age). In column (3), we further add two state-level 

control variables, namely, state GDP growth and state unemployment rate, to control for state-

level economic conditions that may affect both the implementation of the climate rule and 

payout policy. Columns (4) - (6) are similar to columns (1) - (3) but further control for industry 

fixed effect. All these firm-level and state-level controls are lagged by one year to mitigate 

potential endogenously. The results of all regression models show a consistently positive and 

significant relationship between the introduction of the cap-and-trade rule and cash dividends.  

Without any control variables at the firm- and state- levels, when controlling both year 

and industry fixed effects, the coefficient on the interaction term CA*Post is 1.038, significant 

at 1% significant level. This suggests that cash dividends increase significantly by more than 

100% following the cap-and-trade rule without controlling for any control variables.  After 

including a set of firm-level and state-level control variables, the coefficients on CA*Post 

remain positive. But the magnitude and statistical significance of the coefficients decrease 

slightly. As shown in column (6), the coefficient is 0.769, which is statistically significant at 

5% level. These consistently positive results indicate that the implementation of the cap-and-

trade indeed exerts a positive impact on cash dividends. This finding is consistent with the 

conjecture that firms could increase their cash dividends in response to the cap-and-trade rule. 

[Insert Table 3 about here] 
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4.2 The effect of the emission regulation on cash dividends for firms with heavy and light 

emission 

To further investigate if this positive effect is more apparent for heavy emitting firms, we 

estimate Eq. (1) for the sample of heavy emitters and light emitters based on industry 

classification respectively. In addition, we run the pool regression model Eq. (2) to examine 

whether firms change their payout policy under the cap-and-trade rule depending on their 

carbon emission levels. The main coefficient of interest is the triple-interaction term 

CA*Post*Emitter, which captures how firms adjust their cash dividends under the climate 

policy according to their emission nature. The results are reported in Table 4 for total cash 

dividends. Columns (1) and (2) present results for subsample splits based on emitting level, 

and columns (3) show the result by using the pool regression model incorporated with the 

Emitter dummy variable. 

As shown in column (1) of Table 4, the coefficient on CA*Post is positive but statistically 

insignificant. This finding is consistent with our Hypothesis 1 that heavy emitters do not change 

cash dividends following the cap-and-trade rule since, after the introduction of the rule, firms 

with higher emission prefer to retain more cash to hedge against possible higher allowance 

prices and financial distress. Nevertheless, due to the signalling effect of cash dividends, they 

would not decrease cash dividends as it gives the market a negative signal about future earnings 

and ultimately depresses the stock price. Therefore, heavy emitters are more likely to maintain 

the current level of cash dividends after implementing the rule. However, for lighter emitters, 
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the coefficient on CA*Post is positive and statistically significant at 5% level in Column (2). 

This is consistent with our Hypothesis 2 that light emitters pay more cash dividends following 

the introduction of the cap-and-trade rule. This may be explained by the fact that light emitters 

can generate more cash inflows by selling their excess free carbon allowances. To mitigate 

agency problems arising from excess cash holding, they distribute more cash dividends to 

shareholders as a commitment to not overinvest and bust their share prices. 

[Insert Table 4 about here] 

Besides running separate regressions and comparing coefficients across the two models, 

we also run a triple-difference regression to capture this relationship. We further find a 

consistent result from the pooled regression model in column (3). The main coefficient on the 

triple interaction term CA*Post*Emitter is negative (-1.382) and statistically significant at 5% 

level, indicating that the impact of the cap-and-trade rule on the cash dividends is more 

pronounced for light emitters compared to heavy emitters.  

 

5. Robustness tests 

5.1 The test of parallel trend assumption 

The DID model is based on the assumption that payout policies of treated and control 

groups should move in a similar way in the absence of the cap-and-trade rule. If this pre-

treatment parallel trend assumption fails, regression results will be invalid. To test the validity 

of the parallel trend assumption in the dependent variable before and after initiating the cap-

and-trade rule, we conduct falsification tests using the dynamic treatment model.  
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Following Landsman et al. (2022) and Nguyen & Phan (2020), we replace CA*Post 

dummies with new interactions between newly created time indicator variables with CA 

dummy in the Eq. (1). The newly created time dummies include Before-2, Before-1, Current0, 

After+1, After+2, After+3, After+4, After+5, After+6, After+7, which refer to two years before, one 

years before, the current year of, one year after, two years after, three years after, four years 

after, five years after, six years after, and seven years after the implementation of the cap-and-

trade rule, respectively. The cap-and-trade rule year is 2013. The indicator variable Before-3 

(the three years before the cap-and-trade rule) is omitted, which is regarded as the benchmark 

year. The coefficients of the new interactions between CA and these time dummies capture the 

changes in payout policy of treated and control firms in the corresponding years. If the pre-

treatment parallel trends assumption is valid, the coefficients on CA*Before-2 and CA*Before-1  

will be insignificantly different from zero.  

We present the key findings from this regression by graphing the coefficients of these new 

interactions, including the 95% confidence interval surrounding each coefficient. Figure 1 

exhibits the findings of the dynamic treatment model estimation. The figure reveals that the 

coefficients of the interaction variables CA*Before-2 and CA*Before-1 are statistically 

insignificant, which indicates that cash dividends in the two years before the implementation 

year are indistinguishable. Thus, we can conclude that the treated and control firms’ payout 

policy follows pre-treatment parallel trends. That is, the falsification test results rule out the 

possibility that our findings are driven by time trends or anticipation of the implementation of 

the cap-and-trade rule. 
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Furthermore, the figure reveals that after two years of the implementation of the cap-and-

trade rule, the coefficients on the new interactions are positive and statistically significant. This 

finding confirms that cash dividends increase following the cap-and-trade rule, consistent with 

our baseline results. 

[Insert Figure 1 about here] 

 

5.2 Propensity-score matching and entropy balancing approaches 

We use both propensity score matched and entropy balanced samples to address the 

concern that the results may be driven by differences in characteristics between treatment and 

control groups. The treatment and control groups are classified by whether or not firms have a 

plant in states that adopt the California cap-and-trade rule. Following Landsman et al. (2022) 

and Nguyen & Phan (2020), we start to construct the propensity score matched sample by 

retaining all observations for treated and control firms in one year before the adoption of the 

cap-and-trade rule. Then we use a logit regression of the CA dummy on all firm characteristics 

used in Eq. (1) as well as industry fixed effects (2-digit SIC industry classification) to estimate 

the probability of being a treated firm. After that, we calculate propensity scores for each firm 

by using estimated parameters. We match each treated firm in year t-1 (i.e., 2012) to control 

firm with the closest propensity score (without replacement) and exclude all observations that 

do not satisfy the common support condition.  

After obtaining the propensity score matched sample, we rerun the DID regression of Eq. 

(1) to test the robustness of prior results. Regression results are present in Table 5. The p-values 
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of the post-match diagnostic test in Panel A are all greater than 0.1, suggesting that the sample 

mean between treated and control firms for the variables used in the logit regression are not 

significantly different. In other words, treated and control firms in the PSM-matched sample 

have similar firm characteristics prior to the passage of the cap-and-trade rule. In columns (1) 

- (3) of Panel C, we estimate our DID model using propensity score matched sample. Consistent 

with the baseline results, we find that the coefficient on CA*Post for full sample and light 

emitters are still positively and statistically significant, whereas for heavy emitters are still 

positively and statistically insignificant. This finding further confirms that firms pay 

significantly higher total cash dividends after enacting the cap-and-trade rule, especially for 

light emitters. 

Moreover, we use entropy balancing (EB) as an alternative matching approach following 

Dang et al. (2022). Similar to the PSM matching process discussed above, we start with all 

firm-level observations in one year before the adoption of the cap-and-trade rule (i.e., 2012). 

We then use EB to match treated firms to control firms and assign based on the first two 

moments (i.e., the mean and variance) of the firm-level covariates. The results on the Panel B 

compare the mean and variance of treated and control groups for different corporate 

characteristics, showing that the entropy balance has been achieved. We then estimate DID 

model using entropy balance sample. The result is reported in columns (4) – (6) of Panel C. 

The positive and statically significant coefficient on CA*Post for full sample and light emitters 

further prove our baseline finding that the adaption of the cap-and-trade rule induces increase 
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in cash dividends for light emitters. Overall, our main regression result continues to hold after 

using two alternative matching methods (i.e., PSM and EB). 

[Insert Table 5 about here] 

 

5.3 A three-year window before and after the introduction of the emission regulations 

To alleviate the concern that our results are driven by different sample periods, we further 

estimate the Eq. (1) by using a three-year window to capture the effect of the cap-and-trade 

rule on payout policy. Following prior DID studies (Balachandran & Nguyen, 2018; Bartram 

et al., 2022; Dang et al., 2022), we use a balanced sample period around the event as a 

robustness check. The sample period now is from 2010 to 2015, with three years before and 

after the enforcement of the California cap-and-trade rule in 2013.  

Table 6 presents the results. All coefficients on CA*Post are positive and statistically 

significant with no control variables (in column (1)), with only firm-level control variables (in 

column (2)), and with both firm- and state-level controls (in column (3)). This finding is 

consistent with previous results using a longer sample period, although at the 10% significance 

level. That is, using the same event window before and after the event if introduction of the 

cap-and-trade rule, our results also suggest that the enactment of the cap-and-trade rule 

increases cash dividends.  

[Insert Table 6 about here] 
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6. Additional analyses 

6.1 The impact of emission regulations on firms’ total payouts and share repurchases  

Although our analysis above has indicated a robust, significant, and positive effect of the 

California cap-and-trade rule on cash dividends, it is of interest to extend our analysis from 

cash dividends to other forms of corporate payouts, such as total payouts and share repurchases. 

Due to the rigidity nature of cash dividends, share repurchases are a more flexible tool to adjust 

the payout policy without giving a negative signal to the market. Considering this property, we 

conjecture that the implementation of the cap-and-trade rule could lead to decreases in share 

repurchases, especially for heavy emitters.  

To test this conjecture, we rerun Eq. (1) using share repurchases as a dependent variable 

based on full samples and heavy and light emitting subsamples. The share repurchases (REP) 

is the corporate annual net repurchase amount by subtracting any decrease in the value of the 

net number of preferred stocks outstanding from purchases of common and preferred stock, 

scaled by total assets. Columns (4)-(6) in Table 7 report the estimated results for share 

repurchases. The coefficients on CA*Post reveal that there is a negative and significant 

relationship between the cap-and-trade rule and share repurchases. Moreover, this negative 

impact of the climate rule on share repurchases is more apparent for heavy emitters than light 

emitters. This finding suggests that after the adaption of the cap-and-trade rule, heavy emitters 

decrease their share repurchases significantly while there is no change in light emitters’ share 

repurchases.  
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For completeness, we also test the impact of the cap-and-trade rule on total payouts (Total 

payout), which is measured by the sum of cash dividends (DVC) and share repurchases (REP). 

Columns (1) - (3) in Table 7 report the egression results of Eq. (1) using total payouts as the 

dependent variable. Since all the coefficients on CA*Post are insignificant, implying that the 

cap-and-trade rule does not affect total payouts. Overall, after implementing the California cap-

and-trade rule, heavy emitters decrease their share repurchases to hold more cash without fear 

of sending a negative signal to the market. This finding confirms the flexibility of share 

repurchases relative to cash dividends. 

[Insert Table 7 about here] 

 

6.2 Financial constraint and payout policies 

To investigate if the impact of the California cap-and-trade rule on payout policies is 

related to financial constraints, we follow the method of Kaplan & Zingales (1997) and Lamont 

et al. (2001). We use the Kaplan-Zingales (KZ) index as an indicator to measure whether a firm 

is financially constrained†. The higher value of the KZ index indicates that firms are highly 

financially constrained. The main coefficient of interest is the triple-interaction term 

KZit*CAit*Postit which captures whether the impact of the carbon risk on payout policies is 

more pronounced in companies with severe financial constraints. Table 8 reports the results of 

the triple-difference model concerning the financial constraints based on full sample and heavy 

and light emitting subsamples. From the results of full sample, as shown in columns (1), (4) 

 
† 𝐾𝑍 = −1.001909 × 𝐹𝑙𝑜𝑤 + 0.2826389 ×𝑀𝐵 + 3.139193	 ∗ 𝐿𝐸𝑉 − 39.3678 ∗ 𝐷𝑉𝐶 − 1.314759 ∗ 𝐶𝐴𝑆𝐻	 
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and (7), we find that the coefficient on KZit*CAit*Postit or cash dividends and total payouts is 

positive and statistically significant at 1% level. However, the triple term coefficient is negative 

and significant for share repurchases. These opposing findings suggest that heavily financially 

constrained firms increase the total payouts and are more willing to distribute payout via cash 

dividends rather than share repurchases after the cap-and-trade rule. In addition, from columns 

(5) and (6), we find that heavy and light emitters with severe financial constraints increase their 

cash dividends after the cap-and-trade rule. However, for share repurchases, as shown in 

columns (8) and (9), we find light emitters with higher financial constrain decreases their share 

repurchases.   

[Insert Table 8 about here] 

 

6.3 Cash holdings and the emission regulations 

In this section, we test whether the cap-and-trade rule would affect the cash balance. 

Following Jiang & Lie (2016) and Nyborg & Wang (2021), we control for firm size, firm age, 

market-to-book ratio, leverage, cash flow, sales growth, R&D, capital expenditures, and ROA 

in the regression model. We also include state-level controls, industry fixed effect and year 

fixed effect in the model. The dependent variable is cash holding, measured by the ratio of cash 

and cash equivalents to total assets. The detail description of variables is shown in Appendix 

A and the standard errors are robust to clustering by firm. 

Table 9 shows the results for cash holdings based on the full sample and subsamples. The 

coefficients on CA*Post are positive and statistically significant for the full sample (column 



 28 

(1)), suggesting that the enactment of the cap-and-trade rule increases cash holdings by 3%, 

which could explain previous findings that cash dividends increase after the cap-and-trade rule. 

From columns (2) and (3), we can find that the positive and significant effect of the cap-and-

trade rule on cash holdings is more pronounced for light emitters, which further explains the 

apparent positive relationship between the rule and cash dividends of light emitters. This 

finding also confirmed that light emitters make a profit by selling excess free emission 

allowances, thus, are more willing to pay cash dividends to mitigate potential agency problems. 

[Insert Table 9 about here] 

 

6.4 Leverage and the emission regulations 

To further investigate why firms distribute more cash dividends following the cap-and-

trade rule, we test how the cap-and-trade rule affects firms’ leverage. Following prior studies 

(Dang et al., 2022; Nguyen & Phan, 2020), we control for one year lagged firm size, ROA, 

market-to-book ratio, tangibility, cash holdings as well as state GDP growth and state 

unemployment rate. We also include industry fixed and year fixed effects in the model. The 

dependent variable is leverage, measured by the debt to total asset ratio. The detailed 

description of variables is shown in Appendix A and the standard errors are robust to clustering 

by firm. 

Table 10 shows the results for leverage based on full sample and subsamples. The 

coefficients on CA*Post are all statistically insignificant, indicating that the enactment of the 
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cap-and-trade rule does not affect leverage. That is, after the rule, firms do not obtain external 

financing funds.  

[Insert Table 10 about here] 

 

6.5 Innovation investment, capital expenditure and total investment 

The implementation of the cap-and-trade rule aiming at curbing carbon emissions could 

lead to an impact on corporate innovation investment, capital expenditure, and total investment. 

To measure this effect, we use R&D investment, capital expenditures, and total investment as 

dependent variables and regress it on the interaction term CA*Post dummies. In this regression, 

we control for a set of the firm- and state-level characteristics, industry fixed effect, and year 

fixed effect. Regression results are reported in Table 11. We find no effect of the rule on capital 

expenditures since all the coefficients on CA*Post in columns (4)-(6) are statistically 

insignificant. However, for R&D investment and total investment, we can find a statistically 

negative relationship with the cap-and-trade rule for heavy emitters. The reduction in R&D and 

total investment may be caused by the increased operating costs arising from the introduction 

of the California cap-and-trade rule. Combining these findings, we can conclude that the 

implementation of the cap-and-trade rule affects corporate behaviors. Following the rule, firms 

hold more cash but decrease their innovation and total investments.   

[Insert Table 11 about here] 
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7. Conclusion 

In this study, we exploit the enactment of the California cap-and-trade rule as an 

exogenous shock and examine its impact on the corporate payout policy. We document the 

supportive evidence that the adoption of the cap-and-trade rule leads to an increase in firms’ 

cash dividends for light emitters while there are no significant changes in cash dividend for 

heavy emitters. It may be plausible that light emitters improve their corporate profits via selling 

their free emission allowances and do not invest the induced additional cash inflows. 

Consequently, they pay more cash dividends to send a positive signal to the markets and 

alleviate potential agency issues. This conjecture is further supported by our finding of the 

increase in cash holdings of light emitters. 

In addition, we find a significant and negative relationship between the cap-and-trade rule 

and share repurchases for heavy emitters. This may be due to the fact that share repurchases 

are more flexible and a reduction in share repurchases does not have a negative signalling effect 

on the market when heavy emitters require more cash for the increase in emission costs caused 

by the rule. However, for total payouts, we do not find a statistically significant impact of the 

rule for the full sample. This implies that the adoption of the rule does not affect total payouts 

when both heavy and light emitters are included as a whole. 

In additional analyses, our results indicate that the introduction of the cap-and-trade rule 

does not affect firms’ leverage and capital expenditures. There is also an insignificant relation 

between the cap-and-trade rule and R&D and total investments but a positive and significant 

relation with cash holdings for light emitters. This further provides the explanation for the 
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increase in cash dividends for light emitters. For heavy emitters, it is intriguing to find that after 

the introduction of the cap-and-trade rule, those companies decrease their R&D expenditure 

and total investments, possibly due to the higher operating costs induced by the rule.  
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Table 1 Summary statistics 
This table presents summary statistics on key variables used in the main empirical analysis. The sample 
contains 17,886 observations for the whole sample period 2010–2020. For each variable, number of 
observations, mean, standard deviation, 25th percentile, median and 75th percentile are reported. Continuous 
variables, except macroeconomic ones, are winsorized at 1st and 99th percentiles to reduce the effects of 
outliers. Detailed definitions of all the variables are presented in Appendix A. 

Variable N Mean Std 25th  Median 75th  
DVC 17,886 1.254 2.616 0.000 0.000 1.547 
Payout 17,158 2.387 4.520 0.000 0.272 2.729 
REP 17,158 3.772 5.866 0.000 1.358 4.906 
Size 17,886 6.697 2.004 5.252 6.719 8.060 
ROA 17,884 0.009 0.132 -0.014 0.036 0.075 
MB 17,874 3.818 4.961 1.368 2.333 4.117 
Lev 17,845 0.219 0.188 0.034 0.196 0.348 
SALEG 17,884 0.084 0.231 -0.023 0.056 0.154 
CASH 17,886 0.190 0.189 0.046 0.127 0.274 
RETAIN 17,882 -0.203 1.336 -0.213 0.141 0.388 
Age 17,886 3.049 0.705 2.565 3.091 3.584 
GDPG 17,886 1.011 0.027 1.002 1.012 1.022 
Unemplr 17,886 5.982 2.344 4.100 5.600 7.800 
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Table 2 Correlation matrix 
This table shows correlation matrix between variables. Figures in bold indicate that the coefficient are significant at 5% level. 

 DVC Payout REP Size ROA MB Lev SALEG CASH RETAIN Age GDPG Unemplr 

DVC 1.000             
Payout 0.610 1.000            
REP 0.121 0.843 1.000           
Size 0.083 0.180 0.203 1.000          
ROA 0.292 0.364 0.276 0.307 1.000         
MB 0.137 0.250 0.223 0.090 -0.031 1.000        
Lev -0.082 -0.083 -0.046 0.370 -0.063 0.174 1.000       
SALEG -0.06 -0.065 -0.044 0.018 0.146 0.127 -0.018 1.000      
CASH 0.010 0.081 0.077 -0.271 -0.182 0.197 -0.406 0.083 1.000     
RETAIN 0.173 0.184 0.140 0.377 0.574 -0.110 0.043 0.025 -0.288 1.000    
Age 0.206 0.143 0.068 0.257 0.224 -0.091 0.017 -0.160 -0.213 0.220 1.000   
GDPG 0.025 0.014 0.005 -0.015 0.046 -0.084 -0.034 0.042 -0.090 0.051 0.026 1.000  
Unemplr -0.046 -0.026 -0.010 -0.076 0.009 -0.052 -0.117 0.054 0.109 -0.035 -0.075 -0.219 1.000 
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Table 3 The effect of the California’s cap-and-trade rule on cash dividends 
The table reports the preliminary results of Eq. (1) using cash dividends (DVC) as the dependent variable. 
The variable, CA, is an indicator variable equal to one if a firm has a present located in California, and zero 
otherwise. Post is a dummy variable set to one for 2013 and later, and zero otherwise. Columns (1)-(3) only 
control for year fixed effect, while columns (4)-(6) control for both year and industry fixed effects. All the 
variables are defined in Appendix A. The standard errors are clustered by firms and t-statistics are provided 
in square brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively.  

 (1) (2) (3) (4) (5) (6) 
CA*Post 1.037*** 0.760** 0.767** 1.038*** 0.763** 0.769** 
 (0.376) (0.315) (0.315) (0.379) (0.318) (0.318) 
Sizet-1  -0.033 -0.032  -0.036 -0.035 
  (0.032) (0.032)  (0.032) (0.032) 
ROAt-1  4.782*** 4.780***  4.762*** 4.760*** 
  (0.477) (0.477)  (0.477) (0.476) 
MBt-1  0.106*** 0.105***  0.104*** 0.104*** 
  (0.012) (0.012)  (0.012) (0.012) 
Levt-1  -1.316*** -1.320***  -1.301*** -1.303*** 
  (0.225) (0.225)  (0.227) (0.227) 
SALEGt-1  -0.928*** -0.924***  -0.919*** -0.915*** 
  (0.098) (0.098)  (0.099) (0.098) 
CASHt-1  0.982*** 1.009***  1.006*** 1.033*** 
  (0.313) (0.316)  (0.310) (0.313) 
RETAINt-1  0.111*** 0.110***  0.113*** 0.112*** 
  (0.030) (0.029)  (0.030) (0.030) 
Aget-1  0.527*** 0.522***  0.530*** 0.526*** 
  (0.053) (0.053)  (0.054) (0.053) 
GDPGt-1   0.811   0.813 
   (0.996)   (0.989) 
Unemplrt-1   -0.031   -0.029 
   (0.026)   (0.026) 
Constant 1.163*** -0.398 -0.928 1.058*** -0.499** -1.046 
 (0.244) (0.270) (1.112) (0.060) (0.219) (1.094) 
Industry FE NO NO NO YES YES YES 
Year FE YES YES YES YES YES YES 
Observations 17,886 17,886 17,886 17,886 17,886 17,886 
R-squared    0.006 0.147 0.147 
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Table 4 The effect of the California’s cap-and-trade rule on cash dividends for firms 
with heavy and light emission 
The table reports the results of Eq. (1) using cash dividends (DVC) as dependent variable for subsample 
splits based on carbon emission nature of a firm’s industry. Columns (3) presents the results of Eq. (2). All 
the variables are defined in Appendix A. The standard errors are clustered by firms and t-statistics are 
provided in square brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively.  

 (1) (2) (3) 
 Heavy emitter Light emitter Pooled 
CA*Post 0.203 1.268** 1.252** 
 (0.249) (0.499) (0.501) 
CA*Emitter   0.195 
   (0.300) 
Post*Emitter   0.137 
   (0.148) 
CA*Post*Emitter   -1.356** 
   (0.561) 
Sizet-1 0.067 -0.046 -0.036 
 (0.052) (0.036) (0.032) 
ROAt-1 5.041*** 4.527*** 4.746*** 
 (0.927) (0.511) (0.477) 
MBt-1 0.170*** 0.099*** 0.104*** 
 (0.033) (0.012) (0.012) 
Levt-1 -2.134*** -1.266*** -1.316*** 
 (0.569) (0.243) (0.226) 
SALEGt-1 -0.457** -0.931*** -0.913*** 
 (0.225) (0.108) (0.098) 
CASHt-1 2.764*** 1.144*** 1.035*** 
 (1.052) (0.330) (0.312) 
RETAINt-1 0.421*** 0.105*** 0.111*** 
 (0.104) (0.031) (0.030) 
Aget-1 -0.028 0.610*** 0.524*** 
 (0.113) (0.058) (0.053) 
GDPGt-1 1.524 0.586 0.800 
 (1.995) (1.084) (0.989) 
Unemplrt-1 0.021 -0.029 -0.029 
 (0.050) (0.028) (0.026) 
Constant -1.058 -1.059 -1.020 
 (2.121) (1.212) (1.094) 
Industry FE YES YES YES 
Year FE YES YES YES 
Observations 2,519 15,367 17,886 
R-squared 0.198 0.149 0.148 
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Figure 1 Results of the dynamic treatment analysis.  
This figure presents the results of the dynamic treatment analysis, which tests the parallel trend assumption 
between treated and control group before the introduction of the cap-and-trade rule. Before-2, Before-1, 
Current0, After+1, After+2, After+3, After+4, After+5, After+6, and After+7 are	 time	 indicator	
variables	that	indicate	two	years	before,	one	year	before,	the	current	year	of,	one	year	after,	and	two	
or	more	years	after	the	implementation	of	the	cap-and-trade	rule,	respectively,	where	the	cap-and-
trade	rule	year	is	2013. We use Eq. (1) by replacing CA*Post by new interaction between CA and time	
indicator	variables mentioned above to test this assumption. This figure graphs the coefficients on new 
interactions, including the 95% confidence interval.  

 

  

-.5
0

.5
1

1.
5

2

-2 -1 0 1 2 3 4 5 6 7



 40 

Table 5 DID Regression Using PSM-matched and Entropy Balanced Samples  
The table reports the regression results of Eq. (1) using the PSM-matched and entropy balanced sample. 
Panel A presents the post-match diagnostic test results with p-values of mean differences between treated 
and control firms in 2012. During the matching procedure, we calculated the propensity scores through all 
control variables (e.g., Sizet-1, ROAt-1, MBt-1, Levt-1, SALEGt-1, CASHt-1, RETAINt-1, and Aget-1) and 
industry fixed effects (2-digit SIC industry classification) using the logit model. Then we match each treated 
firms in 2012 to control firm without replacement based on the closest propensity score. Panel B tabulates 
the mean, variance, and skewness of firm characteristics for the treated and control firms of the entropy 
balanced sample. We balance treated and control firms for 2012 using the first two moments (i.e., the mean 
and variance) of all the firm-level control variables. Panel C shows regression results based on the propensity 
score matched and entropy balanced samples. In Panel C, columns (1) – (3) reports the result using PSM-
matched sample and column (4) – (6) reports the result using entropy balanced sample. All the variables are 
defined in Appendix A. The standard errors are clustered by firms and t-statistics are provided in square 
brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively. 

Panel A: Post-match diagnostic test 
 (1) (2) (3) (4) 
 Treated 

group 
Control 
group 

Mean 
Difference 

p-value 

Sizet-1 8.768 8.488 0.280 0.447 
ROAt-1 0.057 0.071 -0.014 0.544 
MBt-1 2.940 3.095 -0.155 0.804 
Levt-1 0.217 0.180 0.037 0.330 
SALEGt-1 0.188 0.200 -0.012 0.868 
CASHt-1 0.170 0.243 -0.073 0.174 
RETAINt-1 0.154 0.171 -0.017 0.910 
Aget-1 3.454 3.394 0.060 0.718 

 

Panel B: Entropy balanced sample 
 (1) (2) (3) (4) 
 Treated group Control group Difference  

in Mean 
Difference  
in Variance  Mean Variance Mean Variance 

Sizet-1 9.137 2.680 9.135 3.126 0.002 -0.446 
ROAt-1 0.060 0.007 0.060 0.006 0.000 0.001 
MBt-1 3.472 11.100 3.471 10.180 0.001 0.920 
Levt-1 0.247 0.030 0.246 0.025 0.001 0.005 
SALEGt-1 0.184 0.074 0.184 0.089 0.000 -0.015 
CASHt-1 0.176 0.033 0.176 0.030 0.000 0.003 
RETAINt-1 0.127 0.281 0.127 0.858 0.000 -0.577 
Aget-1 3.511 0.561 3.511 0.420 0.000 0.141 
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Panel C: Regression results using PSM-matched and Entropy balanced samples 
 (1) (2) (3) (4) (5) (6) 
 Propensity Score matching Entropy balancing 
 Full 

sample 
heavy 

emitters 
light 

emitters 
Full 

sample 
heavy 

emitters 
light 

emitters 
CA*Post 0.678* 0.307 1.024* 0.746** 0.136 1.224** 
 (0.375) (0.323) (0.523) (0.335) (0.288) (0.492) 
Sizet-1 -0.050 0.032 -0.056 -0.045 0.074 -0.058 
 (0.049) (0.079) (0.057) (0.037) (0.063) (0.042) 
ROAt-1 5.991*** 5.331*** 5.724*** 6.084*** 4.904*** 5.971*** 
 (0.752) (1.089) (0.837) (0.624) (0.945) (0.680) 
MBt-1 0.154*** 0.266*** 0.145*** 0.142*** 0.219*** 0.134*** 
 (0.023) (0.067) (0.024) (0.017) (0.038) (0.018) 
Levt-1 -1.611*** -1.883** -1.687*** -1.490*** -2.163*** -1.457*** 
 (0.409) (0.813) (0.445) (0.281) (0.672) (0.303) 
SALEGt-1 -1.320*** -0.546 -1.376*** -1.291*** -0.597** -1.346*** 
 (0.159) (0.330) (0.180) (0.123) (0.264) (0.139) 
CASHt-1 0.765 3.268** 0.867 1.182*** 2.868** 1.324*** 
 (0.502) (1.398) (0.529) (0.402) (1.173) (0.424) 
RETAINt-1 0.094** 0.538*** 0.079** 0.102*** 0.584*** 0.086** 
 (0.038) (0.171) (0.040) (0.037) (0.161) (0.038) 
Aget-1 0.525*** -0.164 0.682*** 0.539*** -0.136 0.655*** 
 (0.104) (0.165) (0.116) (0.077) (0.147) (0.085) 
GDPGt-1 2.639* 3.109 1.999 0.644 1.286 0.326 
 (1.404) (2.799) (1.508) (1.080) (2.091) (1.188) 
Unemplrt-1 -0.038 0.003 -0.037 -0.037 0.024 -0.037 
 (0.038) (0.063) (0.043) (0.028) (0.054) (0.032) 
Constant -2.768* -2.309 -2.598 -0.929 -0.698 -0.946 
 (1.527) (2.874) (1.690) (1.201) (2.242) (1.341) 
Industry FE YES YES YES YES YES YES 
Year FE YES YES YES YES YES YES 
Observations 8,662 1,434 7,228 14,811 2,190 12,621 
R-squared 0.171 0.254 0.171 0.164 0.223 0.165 
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Table 6 The effect of the California’s cap-and-trade rule on cash dividends for period 
2010-2015 
The table reports the preliminary results of Eq. (1) using cash dividends (DVC) as dependent variable. The 
variable CA is an indicator variable equals to one if a firm has a present located in California, and zero 
otherwise. Post is a dummy variable set to one for 2013 and later, and zero otherwise. All the variables are 
defined in Appendix A. The standard errors are clustered by firms and t-statistics are provided in square 
brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively.  

 (1) (2) (3) 
CA*Post 0.808* 0.624* 0.636* 
 (0.416) (0.351) (0.351) 
Sizet-1  -0.070* -0.068* 
  (0.037) (0.037) 
ROAt-1  5.177*** 5.169*** 
  (0.593) (0.593) 
MBt-1  0.146*** 0.146*** 
  (0.020) (0.020) 
Levt-1  -1.510*** -1.515*** 
  (0.286) (0.286) 
SALEGt-1  -1.146*** -1.140*** 
  (0.148) (0.148) 
CASHt-1  0.960*** 1.001*** 
  (0.364) (0.368) 
RETAINt-1  0.138*** 0.136*** 
  (0.036) (0.036) 
Aget-1  0.512*** 0.506*** 
  (0.065) (0.064) 
GDPGt-1   1.691 
   (1.256) 
Unemplrt-1   -0.017 
   (0.026) 
Constant 1.084*** -0.278 -1.775 
 (0.063) (0.256) (1.335) 
Industry FE YES YES YES 
Year FE YES YES YES 
Observations 10,335 10,335 10,335 
R-squared 0.006 0.125 0.126 
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Table 7 The impact the cap-and-trade rule on share repurchases and total payouts 
The table reports the main results of Eq. (1) based on full sample and subsamples. The dependent variables 
are share repurchases (REP) and total payouts (Total payouts), respectively. The original value of these 
payout measures is multiplied by 100 to facilitate the interpretation of estimation results (Ni et al., 2020). 
All the variables are defined in Appendix A. The standard errors are clustered by firms and t-statistics are 
provided in square brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively. 

 (1) (2) (3) (4) (5) (6) 
 Total payouts REP 
 Full 

sample 
heavy 

emitters 
light 

emitters 
Full 

sample 
heavy 

emitters 
light 

emitters 
CA*Post 0.101 -0.661 0.773 -0.665* -0.858** -0.443 
 (0.541) (0.436) (0.853) (0.354) (0.363) (0.546) 
Sizet-1 0.460*** 0.489*** 0.458*** 0.538*** 0.434*** 0.551*** 
 (0.048) (0.082) (0.053) (0.032) (0.057) (0.035) 
ROAt-1 13.732*** 11.332*** 13.613*** 7.654*** 5.564*** 7.743*** 
 (0.800) (1.678) (0.857) (0.505) (0.881) (0.544) 
MBt-1 0.290*** 0.293*** 0.296*** 0.173*** 0.116*** 0.182*** 
 (0.023) (0.050) (0.025) (0.020) (0.034) (0.021) 
Levt-1 -4.078*** -3.750*** -4.259*** -2.750*** -1.637*** -2.949*** 
 (0.411) (0.755) (0.456) (0.344) (0.480) (0.386) 
SALEGt-1 -2.493*** -1.304*** -2.673*** -1.410*** -0.926*** -1.538*** 
 (0.212) (0.411) (0.239) (0.151) (0.222) (0.174) 
CASHt-1 4.160*** 6.226*** 4.094*** 2.519*** 2.650** 2.352*** 
 (0.547) (1.512) (0.576) (0.385) (1.029) (0.416) 
RETAINt-1 0.050 0.396** 0.036 -0.053 -0.033 -0.058 
 (0.070) (0.173) (0.073) (0.054) (0.129) (0.057) 
Aget-1 0.646*** -0.172 0.797*** 0.097 -0.079 0.147* 
 (0.092) (0.174) (0.105) (0.069) (0.115) (0.079) 
GDPGt-1 -2.013 -0.638 -2.558 -2.620 -1.436 -2.974 
 (1.985) (3.323) (2.255) (1.688) (2.535) (1.931) 
Unemplrt-1 0.011 0.143* -0.003 0.045 0.124** 0.033 
 (0.044) (0.082) (0.048) (0.034) (0.057) (0.039) 
Constant -0.772 -1.958 -0.383 -0.102 -1.884 0.360 
 (2.119) (3.784) (2.399) (1.757) (2.836) (2.003) 
Industry FE YES YES YES YES YES YES 
Year FE YES YES YES YES YES YES 
Observations 17,158 2,459 14,699 17,158 2,459 14,699 
R-squared 0.228 0.228 0.230 0.163 0.147 0.165 
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Table 8 Financial constraints and payout policies respond to the cap-and-trade rule 
The table reports results of the pooled triple-difference regressions by incorporating the measure of financial 
constraints (Kaplan-Zingales index). KZ index is computed following Kaplan & Zingales (1997) and Lamont 
et al. (2001). All the variables are defined in Appendix A. The standard errors are clustered by firms and t-
statistics are provided in square brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, 
respectively.  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
 Total payouts DVC REP 

 Full 
sample 

heavy 
emitters 

light 
emitters 

Full 
sample 

heavy 
emitters 

light 
emitters 

Full 
sample 

heavy 
emitters 

light 
emitters 

CA*Post -1.303*** -0.423 -1.603*** -0.057 0.081 -0.105 -1.494*** -0.592 -1.800*** 
 (0.388) (0.430) (0.605) (0.069) (0.125) (0.091) (0.371) (0.373) (0.597) 
KZ*Post -0.027*** -0.029*** -0.027*** -0.025*** -0.023*** -0.025*** 0.001 -0.004** 0.001 
 (0.001) (0.002) (0.001) (0.000) (0.001) (0.000) (0.001) (0.002) (0.001) 
CA*KZ -0.014*** 0.000 -0.018*** -0.018*** -0.012*** -0.019*** 0.003 0.009** 0.001 
 (0.004) (0.006) (0.004) (0.001) (0.002) (0.001) (0.004) (0.004) (0.005) 
CA*KZ*Post 0.009* 0.007 0.011* 0.018*** 0.012*** 0.019*** -0.013*** -0.004 -0.013** 
 (0.005) (0.008) (0.005) (0.001) (0.002) (0.001) (0.005) (0.006) (0.006) 

Sizet-1 0.484*** 0.426*** 0.491*** -0.012 0.010 -0.014 0.531*** 0.432*** 0.542*** 
 (0.035) (0.066) (0.039) (0.012) (0.027) (0.013) (0.032) (0.057) (0.035) 

ROAt-1 9.382*** 7.393*** 9.419*** 1.375*** 1.904*** 1.283*** 7.453*** 5.001*** 7.579*** 
 (0.619) (1.249) (0.668) (0.195) (0.560) (0.206) (0.525) (0.783) (0.569) 

MBt-1 0.205*** 0.154*** 0.214*** 0.031*** 0.057*** 0.030*** 0.172*** 0.097*** 0.182*** 
 (0.022) (0.043) (0.024) (0.004) (0.016) (0.004) (0.021) (0.033) (0.022) 

Levt-1 -3.133*** -2.205*** -3.339*** -0.403*** -0.841*** -0.380*** -2.793*** -1.387*** -3.016*** 
 (0.372) (0.564) (0.419) (0.093) (0.297) (0.099) (0.346) (0.447) (0.393) 

SALEGt-1 -1.672*** -0.898*** -1.853*** -0.232*** -0.153 -0.244*** -1.392*** -0.870*** -1.529*** 
 (0.185) (0.343) (0.212) (0.051) (0.161) (0.054) (0.155) (0.215) (0.181) 

CASHt-1 3.208*** 3.946*** 3.034*** 0.385*** 0.758 0.420*** 2.343*** 2.590** 2.151*** 
 (0.444) (1.133) (0.474) (0.131) (0.464) (0.139) (0.390) (1.100) (0.422) 

RETAINt-1 0.013 0.015 0.011 0.036** 0.116** 0.035** -0.016 -0.086 -0.017 
 (0.066) (0.145) (0.070) (0.014) (0.055) (0.015) (0.059) (0.126) (0.062) 

Aget-1 0.187** -0.177 0.282*** 0.118*** -0.081 0.154*** 0.099 -0.038 0.152* 
 (0.075) (0.134) (0.087) (0.022) (0.063) (0.024) (0.069) (0.113) (0.080) 

GDPGt-1 -0.572 -2.941 -0.411 2.032*** 0.416 2.299*** -2.411 -2.338 -2.660 
 (1.812) (2.884) (2.066) (0.606) (1.595) (0.659) (1.695) (2.468) (1.942) 

Unemplrt-1 0.029 0.120* 0.016 -0.007 0.022 -0.010 0.041 0.102* 0.030 
 (0.038) (0.070) (0.043) (0.014) (0.034) (0.015) (0.034) (0.055) (0.039) 
Constant -0.971 1.287 -1.141 -1.262** 0.797 -1.643** -0.215 -0.874 0.139 
 (1.874) (3.123) (2.130) (0.596) (1.508) (0.653) (1.762) (2.766) (2.012) 
Industry FE YES YES YES YES YES YES YES YES YES 
Year FE YES YES YES YES YES YES YES YES YES 
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Observations 15,921 2,404 13,517 16,588 2,463 14,125 15,921 2,404 13,517 
R-squared 0.358 0.370 0.358 0.667 0.550 0.680 0.166 0.153 0.169 
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Table 9 The impact the cap-and-trade rule on cash holdings 
The table reports the regression results based on full sample and subsamples. The dependent variable is cash 
holdings (CASH). Control variables contain firm size, firm age, market-to-book ratio, leverage, cash flow, 
sales growth, R&D, capital expenditures, ROA, state GDP growth and state unemployment rate. All the 
variables are defined in Appendix A. The standard errors are clustered by firms and t-statistics are provided 
in square brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively. 

 (1) (2) (3) 
 Full sample heavy emitters light emitters 
CA*Post 0.030** 0.003 0.059*** 
 (0.014) (0.011) (0.020) 
Size -0.002 -0.002 -0.002 
 (0.001) (0.002) (0.002) 
ROA 0.261*** 0.122*** 0.269*** 
 (0.027) (0.046) (0.029) 
MB 0.000*** 0.000*** 0.000*** 
 (0.000) (0.000) (0.000) 
LEV -0.257*** -0.127*** -0.270*** 
 (0.014) (0.030) (0.016) 
SALEG 0.019*** -0.025*** 0.018*** 
 (0.004) (0.008) (0.004) 
Age -0.026*** -0.020*** -0.027*** 
 (0.004) (0.006) (0.004) 
Flow -0.427*** -0.144** -0.440*** 
 (0.037) (0.071) (0.039) 
Capex -0.295*** -0.163** -0.311*** 
 (0.049) (0.081) (0.059) 
R&D 0.914*** 1.227*** 0.823*** 
 (0.051) (0.231) (0.053) 
GDPG -0.101 0.011 -0.101 
 (0.066) (0.074) (0.075) 
Unemplr 0.004*** -0.001 0.005*** 
 (0.001) (0.002) (0.002) 
Constant 0.396*** 0.222** 0.405*** 
 (0.073) (0.093) (0.083) 
Industry FE YES YES YES 
Year FE YES YES YES 
Observations 16,580 2,462 14,118 
R-squared 0.338 0.204 0.315 
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Table 10 The effect of cap-and-trade rule on firm leverage 
The table presents the impact of the cap-and-trade rule on leverage (LEV) controlling for one-year lagged firm 
size, ROA, market-to-book ratio, tangibility, cash holding, state GDP growth and state unemployment rate. All 
the variables are defined in Appendix A. The standard errors are clustered by firms and t-statistics are provided 
in square brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively. 

 (1) (2) (3) 
 Full sample heavy emitters light emitters 
CA*Post 0.004 -0.029 0.033 
 (0.018) (0.018) (0.027) 
Sizet-1 0.024*** 0.025*** 0.024*** 
 (0.001) (0.004) (0.002) 
ROAt-1 -0.245*** -0.363*** -0.237*** 
 (0.016) (0.056) (0.016) 
MBt-1 0.008*** 0.010*** 0.008*** 
 (0.001) (0.002) (0.001) 
Tangibilityt-1 0.105*** 0.034 0.126*** 
 (0.023) (0.037) (0.027) 
CASHt-1 -0.325*** -0.334*** -0.318*** 
 (0.014) (0.062) (0.015) 
GDPGt-1 0.068 0.197 0.055 

 (0.073) (0.170) (0.078) 
Unemplrt-1 0.000 0.003 -0.000 
 (0.002) (0.004) (0.002) 
Constant -0.027 -0.172 -0.011 
 (0.076) (0.185) (0.082) 
Industry FE YES YES YES 
Year FE YES YES YES 
Observations 17,833 2,514 15,319 
R-squared 0.279 0.227 0.282 
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Table 11 The implementation of the cap-and-trade rule, innovation investment, capital 
expenditures and total investment 
The table presents the impact of the cap-and-trade rule on innovation investment, capital expenditures and 
total investment controlling for firm size, ROA, market-to-book ratio, tangibility, cash holding, leverage, 
sales growth, retained earnings, firm age, state GDP growth and state unemployment rate. The innovation 
investment is proxied by the R&D investment, which is measured by R&D expenditures to total assets. All 
the variables are defined in Appendix A. The standard errors are clustered by firms and t-statistics are 
provided in square brackets. ∗∗∗, ∗∗ and ∗indicate significance at the 1%, 5%, and 10% level, respectively.  

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 
 R&D investment capital expenditures total investment 

 
Full 

sample 
heavy 

emitters 
light 

emitters 
Full 

sample 
heavy 

emitters 
light 

emitters 
Full 

sample 
heavy 

emitters 
light 

emitters 

CA*Post -0.009** -0.008*** -0.001 0.001 -0.003 0.002 -0.019 -0.057** -0.005 
 (0.004) (0.003) (0.006) (0.003) (0.006) (0.004) (0.017) (0.022) (0.022) 
Size 0.002*** 0.000 0.002*** -0.000 0.000 -0.000 0.004*** 0.006 0.003** 
 (0.001) (0.001) (0.001) (0.000) (0.001) (0.000) (0.002) (0.006) (0.002) 
ROA -0.134*** -0.010 -0.140*** 0.008*** 0.012 0.007** -0.058** 0.031 -0.058** 
 (0.013) (0.012) (0.013) (0.003) (0.013) (0.003) (0.025) (0.073) (0.025) 
MB 0.000*** -0.000 0.000*** 0.000 -0.000* 0.000 0.000 -0.000* 0.000 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
CASH 0.131*** 0.057** 0.121*** -0.026*** -0.053*** -0.022*** 0.035* 0.169* 0.021 
 (0.008) (0.023) (0.008) (0.003) (0.020) (0.003) (0.019) (0.086) (0.020) 
LEV -0.035*** -0.007 -0.037*** -0.003 -0.006 -0.005 0.071*** 0.177*** 0.072*** 
 (0.005) (0.006) (0.006) (0.005) (0.013) (0.005) (0.024) (0.066) (0.025) 
SALEG 0.011*** 0.003 0.009*** 0.002** 0.012** 0.001* 0.167*** 0.167*** 0.166*** 
 (0.002) (0.002) (0.002) (0.001) (0.006) (0.001) (0.043) (0.038) (0.044) 
RETAIN -0.006*** -0.012*** -0.006*** -0.000 0.001 0.000 -0.003 0.009 -0.003 
 (0.002) (0.004) (0.002) (0.000) (0.002) (0.000) (0.002) (0.007) (0.002) 
Age -0.005*** 0.003*** -0.005*** -0.005*** -0.008*** -0.005*** -0.029*** 0.011 -0.030*** 
 (0.001) (0.001) (0.002) (0.001) (0.003) (0.001) (0.005) (0.015) (0.005) 
GDPG -0.133*** -0.029* -0.141*** 0.035** 0.056 0.025 -0.093 -0.168 -0.100 
 (0.027) (0.017) (0.030) (0.018) (0.051) (0.019) (0.105) (0.299) (0.110) 
Unemplr 0.001** 0.000 0.001** 0.001*** 0.001 0.001*** 0.001 -0.014** 0.002 
 (0.001) (0.000) (0.001) (0.000) (0.001) (0.000) (0.002) (0.006) (0.002) 
Constant 0.143*** 0.022 0.158*** 0.009 0.019 0.017 0.256** 0.240 0.267** 
 (0.031) (0.019) (0.035) (0.019) (0.059) (0.020) (0.116) (0.308) (0.121) 
Industry FE YES YES YES YES YES YES YES YES YES 
Year FE YES YES YES YES YES YES YES YES YES 
Observations 17,829 2,513 15,316 17,819 2,512 15,307 8,527 612 7,915 
R-squared 0.367 0.251 0.341 0.039 0.077 0.034 0.087 0.129 0.085 
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Appendix A. Definitions of variables 

Variable Definition 
Total payouts Total payouts, the sum of cash dividends and share repurchases. 
DVC Cash dividends, the corporate annual cash dividends scaled by total assets. 
REP Share repurchases, the corporate annual net repurchase amount by subtracting any 

decrease in the value of the net number of preferred stocks outstanding from 
purchases of common and preferred stock, scaled by total assets. 

CA A dummy variable equals 1 if a firm has a plant located in California, and 0 otherwise. 
Emitter A dummy variable equals 1 if a firm belongs to one of following heavy emitting GICS 

industries: (1) Oil, Gas & Consumable Fuels; (2) Electric Utilities; (3) Gas Utilities; 
(4) Independent Power Producers & Energy Traders; (5) Multi-Utilities; (6) 
Chemicals; (7) Construction Materials; (8) Metals & Mining; and (9) Paper & Forest 
Products (CDP 2012) , and 0 otherwise. 

Post A dummy variable, which equals to 1 if firm i is observed in the post-cap-and-trade 
period 2013-2020, otherwise it is 0. 

Size Firm size, measured by natural logarithm of total assets. 
Age Firm age, calculated by natural logarithm of 1 plus the number of years since a firm 

first appeared in the Compustat. 
ROA Return on assets, the ratio of pre-tax earnings to total assets. 
MB Market-to-book ratio, measured by the market value of equity divided by book value 

of equity. 
LEV Leverage, measured by the debt to total asset ratio. 
SALEG Sales growth, the difference between the sales for the current fiscal year and the sales 

for the previous year divided by the sales for the previous year. 
CASH Cash holdings, the ratio of cash and cash equivalents to total assets. 
REATIN Retained earnings, the ratio of retained earnings to total assets. 
R&D The ratio of research and development expense to total assets. If the research and 

development expense is missing, then set R&D to zero. 
Flow Cash flow, measure by earnings before interest subtract interest, taxes, and common 

dividends, scaled by total assets. 
Capex Capital expenditure, the ratio of capital expenditures to total assets. 
Invest Total investment, the ratio of capital, research and development, advertising, and 

acquisition expenditures to one-year-lagged total assets. 
KZ Kaplan-Zingales index, measured following Kaplan & Zingales (1997) and Lamont 

et al. (2001):𝐾𝑍 = −1.001909 × 𝐹𝑙𝑜𝑤 + 0.2826389 ×𝑀𝐵 + 3.139193	 ∗ 𝐿𝐸𝑉 −
39.3678 ∗ 𝐷𝑉𝐶 − 1.314759 ∗ 𝐶𝐴𝑆𝐻. 

GDPG State GDP growth, the annual GDP growth rate of a state over a fiscal year.  
Unemplr State unemployment rate, the unemployment rate of a state in a fiscal year 

 


