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Abstract

:

The purpose of this study is to investigate the relationship between overconfident CEOs, voluntary disclosure of greenhouse gas emissions and firm value, and whether corporate (internal and external) governance affects this association. Using logistic regression and a firm-fixed effect model, I analyzed a sample of voluntary disclosing firms with the fiscal year in December that are listed in the Korean stock market for the period from 2011 to 2019, measuring corporate governance based on female representation within boards and industry-level competition. As a result, this study finds that, on average, CEO overconfidence is positively related to voluntary disclosure of greenhouse gas emissions. Moreover, in firms with more female representation on boards, the positive relationship between CEO overconfidence, voluntary disclosure of greenhouse gas emissions, and firm value is more pronounced, implying that women directors effectively monitor overconfident CEOs. Similarly, this positive relationship is also strengthened according to the degree of industry-level competition, which indicates that the external governance role of competition can alleviate CEO overconfidence. This study is meaningful as the first study to examine the effect of voluntary greenhouse gas (GHG) emissions disclosure on investors’ valuation in the Korean capital market, taking the characteristics of managers and governance structure into account.
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1. Introduction


Since the Industrial Revolution, rapid social changes have resulted in the material abundance necessary for human life, but the counterattack of nature has begun to be recognized as a major crisis to humanity through climate change. In particular, due to resource depletion and the destruction of the global environment, such as soil pollution, ozone layer destruction, and global warming, humanity has come to feel the need for accountability from the industrial society and raise concerns about the sustainable existence of the earth. To solve these problems, in the 21st century, the global capital market was reorganized into trade liberalization and a green round economy related to the environment under the WTO system. Companies become aware of the necessity of carrying out eco-friendly management activities to effectively respond to these environmental challenges and gain an edge in market competition. In addition, investors have begun to actively demand that companies create continuous profits by securing a competitive advantage through environmental management, supporting the notion that the corporate environmental management acts as an essential factor in corporate valuation.



As public interest in climate change in South Korea has increased in recent years, a need for companies to disclose environmental issues and greenhouse gas (GHG) emissions has emerged. In 1996, in the process of revising corporate accounting standards by the Korea Securities Management Commission, the Korean government stipulated that environmental information could be included in footnotes on financial statements. Subsequently, in 1998, the Financial Supervisory Commission enacted to include information on corporate environmental policies and standards, safety and accident matters, environmental investment, the consumption of resources and energy, and generation and disposal of waste in financial statements. However, since environmental accounting information is additionally disclosed in the notes on financial statements in a supplementary manner, it does not clearly state what content should be included in each required item. In addition, there are differences in the level of objectivity since opinions differ from company to company regarding the importance of items and the quality of disclosure of environmental accounting information, which most companies overlook because the disclosure of environmental accounting information is not mandatory. However, there has been an improvement in the public awareness of the emergence of private environmental organizations, the green consumers’ purchasing power, the impact of investments in eco-friendly companies, and the general quality of life, all of which increase the need and demand for environmental management, which, in turn, leads to a gradual increase in the number of companies that disclose environmental information.



The great interest in the voluntary disclosure of environmental information was also sufficient to attract the attention of academia. Recent studies documented that corporate proactive environmental activities and disclosures are related to reputational assets, stockholders’ attractiveness, and investors’ satisfaction, which lead to positive economic consequences. Prior studies suggest that environmental disclosures are associated with positive firm value. Matsumura et al. (2014) report that investors view carbon emission disclosures as value-relevant for firm value [1]. Similarly, stockholders react positively to the environmental disclosure, and that the reactions are more favorable for smaller firms with restricted public information accessibility and firms within environmentally sensitive industries [2,3]. Botosan and Plumlee (2002) report that firms with a high degree of disclosure level can enjoy lower costs for equity financing [4]. Dhaliwal et al. (2011) show that firms that voluntarily disclose their environmental information induce lower costs of equity capital [5]. In a similar vein, timely sustainability reports in the capital market create a positive market reaction [6]. Since lower costs for equity are associated with higher market value, it is plausible that voluntary environmental disclosure such as greenhouse gas (GHG) emission can increase the market value of equity. Finally, voluntary disclosure can be strategically used to mitigate the negative externalities when firms lack environmental reputation [7]. Even when chemical companies perceive negative stock price returns after a significant chemical leak, the share price quickly recovers for firms with better environmental disclosure, and chemical firms with a high degree of environmental disclosure show a weak negative response to environmental regulations, compared with other firms [8,9]. Corporate reputation capital is developed through social environmental responsibility, product quality, ownership structure, media visibility, financial performance, and board composition. Voluntary environmental disclosures (even without behavior changes) can be regarded as an act of paying attention to the firm’s environmental concerns, signaling the will to make a positive impact on society. Overall, prior studies focus on the fact that voluntary environmental disclosures compile intangible assets such as reputation capital [10,11], which leads to an increase in investors’ wealth in the long term [12].



Healy and Palepu (2001) suggest that various factors may affect managerial voluntary disclosure behavior [13]. Among the various factors, such as capital market reactions, stock-based compensation, litigation risk, proprietary costs, and managerial personal characteristics, this paper focuses on the CEO feature of overconfidence. Overconfident CEOs are described based on the psychological aspects of individual characteristics. In particular, CEO overconfidence refers to the tendency of managers to trust excessively in their abilities or performance, and if this tendency is excessive, companies may be biased toward errors or prejudices in the decision-making process [14]. From the perspective of upper echelon theory, managers’ personal values, dispositions, and past experiences profoundly influence the CEO’s decision-making, and they are more likely to adopt a corporate strategy that fits their individual preferences rather than maximizing the interests of shareholders [15]. Considering that managers are a core factor influencing corporate economic decision-making, it seems natural that voluntary disclosure of environmental issues is affected by the management preference system and individual psychological characteristics [16]. The decision to disclose information on greenhouse gas (GHG) emissions of great social interest provides a significant opportunity to show the ability of overconfident CEOs who have higher demands for attention and praise and a strong desire to strengthen a positive self-image. The reason that greenhouse gas (GHG) emissions are directly measured and disclosed is that the company manager possesses environmental knowledge and values and, through such disclosure, they can show the market their willingness to practice environmental action. The fact that managers directly measure and voluntarily disclose greenhouse gas (GHG) emissions is an opportunity to indirectly prove that managers will practice an environment-friendly strategy based on professional environmental knowledge and values. Besides, voluntary disclosure of environmental issues is sensitive to market participants in terms of respect, media attention, and praise, all of which are external causes to convey attention [17]. Lastly, companies that voluntarily disclose greenhouse gas (GHG) emissions can derive various benefits from changing the present image, bringing opportunities for stability and diversity to overconfident management who have to expose themselves to attentive and responsive shareholders.



Although prior research generally provides negative results about overconfident CEOs through managing financial statements and unethical behaviors and fraud [18,19,20], relatively little attention has been paid to its positive influence on strategic disclosing decision and firm value; namely, CEO overconfidence can instead boost effective leadership and guidance [21]. Thus, this paper attempts to investigate whether CEO overconfidence affects voluntary disclosure decisions on greenhouse gas (GHG) emissions. As Jensen and Meckling’s agency theory postulates that overconfident CEOs have the motivation to maximize their private benefits through environmental disclosure, they will over-commit to engagement in voluntary disclosure on greenhouse gas (GHG) emissions and, as such, those environmental disclosures enhance their reputational capital as ecological citizens and generate a warm-glow effect [22]. In a similar vein, the literature reports that overconfident managers tend to disclose environmental issues voluntarily as an instrument of assurance to recover negative images resulting from unfavorable events [23]. In addition, this paper examines the moderating role of female executives and industry-level competition on the association between CEO overconfidence and corporate value. In the literature, female executives are more careful about the shareholders’ welfare and bring comprehensive eco-friendly solutions with creative perspectives, which results in flexible board decision making [24]. Moreover, prior studies report that female directors are less overconfident and more likely to pursue professional assistance than their male counterparts [25,26]. This monitoring mechanism can harmonize the negative side effects of overconfident managers and improve the quality of voluntary greenhouse gas (GHG) emissions. Similarly, industry-level competition uses an external governance mechanism that enforces managers to exercise their best efforts to not fall behind in the competition. Good governance mechanisms result in better monitoring by outside stakeholders, which also disciplines managers to work harder to satisfy the interest of outside shareholders. As a result, the quality of voluntary greenhouse gas (GHG) emissions could increase.



This study finds the following outcomes in a sample that consists of 13,334 firm-year observations listed in the Korean Stock market. First, overconfident managers are more likely to engage in voluntary greenhouse gas (GHG) emissions. These empirical findings imply that overconfident managers strategically exhibit their environmental awareness by conducting voluntary disclosure of greenhouse gas (GHG) emissions. These acts of voluntary disclosure can draw responsiveness and compliments from associated shareholders, which magnify their favorable self-image. Second, a positive relationship between managerial overconfidence and long-term firm value is strengthened with female representation on board. Given the fact that board diversity is a moderator that improves managerial effectiveness in an organization, overconfident managers who engage in voluntary environmental disclosure can take advantage of corporate value improvement [27]. Finally, this study offers evidence that a positive association between voluntary disclosure of greenhouse gas (GHG) emissions by overconfident CEOs and firm value intensifies with an increased degree of industry-level competition. These outcomes indicate that high product market competition is a market force to mitigate overconfident managerial opportunism, thereby improving the disclosure environment and firm value [28,29,30]. All the aforementioned results remain robust with the procedure through a firm fixed effect model to alleviate the endogeneity concerns. As a result of analyzing the impact of the corporate life cycle, it was found that companies entering the maturity stage more voluntarily disclose their greenhouse gas (GHG) emissions than those in the growth period.



The rest of this study proceeds as follows. Section 2 offers the prior research and develops the hypotheses. In Section 3, the study explains the research design and data. Section 4 presents the empirical analyses’ results of the study, and Section 5 summarizes and concludes the study.




2. Prior Research and Hypothesis Development


2.1. CEO Overconfidence and Voluntary Disclosure of Greenhouse Gas Emissions


The interest in the risk of climate change from professional investors and various market participants has grown by about 18 times over the last decade. Some financial analysts reflect information on greenhouse gas (GHG) emissions in their corporate valuations and investment recommendations [31]. Some scholars anticipate that concerns regarding the relationship between greenhouse gas (GHG) emissions and global climate change could play a role in inducing the redistribution of valuation from companies that cannot successfully control greenhouse gas (GHG) emissions to companies that effectively manage and distribute resources. Despite this concern, research into why some companies voluntarily disclose greenhouse gas (GHG) emissions is rare.



Generally, firms that disclose specific information can reduce information asymmetry between managers and shareholders, thereby enabling the efficient allocation of limited resources [13]. The voluntary disclosure of greenhouse gas (GHG) emissions by managers indicates that it provides transparent non-financial information to the relevant investors to warn them of the future potential liability that could be imposed upon the company due to greenhouse gas emissions. If a firm does not disclose information on greenhouse gas (GHG) emissions, then stakeholders will not only charge the corporate greenhouse gas (GHG) emissions, but also regard the act of non-disclosure as a negative signal and discipline non-disclosing companies [32]. Furthermore, if shareholders bear the cost for information of non-disclosure greenhouse gas (GHG) emissions in the short-term, these increased costs will ultimately pass on to the corporate financing costs [33]. Regarding this, prior studies on firms that voluntarily disclose their corporate social responsibility (CSR) report lead to a reduction in the cost of equity capital [5].



Voluntary disclosure can be strategically used to alleviate adverse events, such as product recalls, employee strikes, and environmental issues, by providing a good information environment to the stakeholders [5]. It is also helpful in terms of a decrease in potential regulatory involvement [8]. For example, even when chemical firms recognized negative stock returns after a substantial chemical leak, the stock price rapidly recovers for firms with a high level of environmental disclosure. Moreover, chemical firms with better environmental disclosures report a weak adverse reaction to environmental regulations than other firms [8,9]. A corporate reputation for environmental responsibility is formed by social environmental responsibility, product quality, ownership structure, media visibility, financial performance, and board composition. Thus, voluntary greenhouse gas (GHG) emission disclosure, even without activity modifications, can show that firms are paying attention to the external environment and signal dedication to being good to others. Overall, these findings support the notion that managers can employ the disclosure of greenhouse gas (GHG) emissions as a strategic tool to address their responsiveness to social and regulatory issues.



CEO overconfidence is a psychological characteristic that impacts corporate environmental policy [34,35]. Prior studies report that overconfident managements overestimate their capacity to predict future operating cash flows through productive investment opportunities. Generally, people with narcissistic characters have a strong need for responsiveness and admiration. In this sense, for narcissistic CEOs, voluntary disclosure of greenhouse gas (GHG) emissions could provide significant opportunities to collect attention. Petrenko et al. (2016) document three reasons to link narcissistic management to environmental disclosures [16]. First, voluntary disclosure of greenhouse gas (GHG) emissions is a value-relevant policy that appears friendly to environmental issues. Second, disclosures of greenhouse gas (GHG) emissions are related to environmentally sensitive audiences, media focus, and praise. Third, firms with high levels of environmental disclosures can mask and control their current status by bringing stability and diversity to the opportunities that overconfident managers seek from their attentive and responsive shareholders. Petrenko et al. (2016) support a positive relationship between CEO overconfidence and environmental disclosure activities [16]. Moreover, firms with a high level of environmental disclosure can reduce uncertainty from potential environmental liability and mitigate financial and litigation risk [36,37]. Collectively, the extent that stakeholders evaluate firms with high levels of disclosure on greenhouse gas (GHG) emissions as being more environmentally responsible, means that overconfident CEOs have incentives to voluntarily disclose environmental issues. From this reasoning, this study proposes the following hypothesis:



Hypothesis 1.

CEO overconfidence is positively associated with voluntary disclosure ofgreenhouse gas (GHG) emissions.






2.2. The Internal Governance Mechanism—The Effect of Female Executives


Based on Jensen and Meckling’s agency theory, there is a possibility that overconfident managements are likely to maximize their private benefits through opportunistic behavior due to misaligned interests with shareholders [22]. Overconfident managers may manage internal free cash flows by adopting investments with negative net present values (NPVs), and this is because they are likely to overvalue their investing returns [38]. Furthermore, Malmendier and Tate [17] show that overconfident managements sometimes overpay for M&A trade when they are involved in value-destroying mergers [39]. Based on the free cash flow hypothesis, these opportunities are derived from their empire-building tendency and overestimation of their ability to manage merged companies. As there is profound information asymmetry between insiders and outsiders, these phenomena of personal bias when taking advantage of the shareholders’ benefit would intensify. Collectively, all of these studies stress the significance of monitoring and controlling mechanisms to discourage overconfident management from sub-optimal investment choices.



Even though greenhouse gas (GHG) emissions information would be helpful to shareholders to recognize future liability, this information is self-reported, voluntary and unassured. Thus, these disclosures could be considered reliable through the effective monitoring of corporate governance. In these circumstances, a female board of directors can affect environmental managerial decision-making, since directors of different genders and cultural backgrounds raise questions that may not have been asked questioned by a board of directors with more traditional backgrounds [40,41]. In recent years, a broadly recognized feature of board diversity in a business boosts managerial effectiveness on corporate financial consequences and is a key mechanism for corporate governance [42]. For example, firms with higher female representation in board meetings are likely to report higher stock returns and market assessment [43]. However, the literature states that this positive relationship is maintained only for firms with more deficient corporate governance mechanisms [40]. Moreover, there is a study reporting a non-linear association between the number of female executives and economic consequences. Specifically, if only a small number of female executives are included in the board meetings, there is no relationship with financial performance. However, if three or more female boards are involved in a board meeting, the financial benefits intensify [43]. In sum, more female representation on a board is associated with more share buybacks [44], more innovation [45], less managerial opportunism, and less empire-building through M&A acquisitions [25].



Female executives on boards have been observed in the overconfidence literature, and they are less likely to show overconfidence compared to their male coworkers [41]. Regarding investment policy, female directors are less likely to engage in M&A deals, debt issuances [41], and overvaluation on acquisition profits [25]. Further, female executives are widely recognized as more socially responsible. For example, prior research provides evidence that female representation is positively related to CSR ratings and being recorded as CSR initiatives in the Kinder Lydenberg Domini (KLD) ratings [46]. This is in line with Post et al. (2011), who report that women directors are associated with a higher quantity and quality of CSR disclosure and the highest scores in the environmental section [47]. For this reason, I argue that firms with frequent female representation on boards decrease the risk of CEO overconfidence and boost the voluntary disclosure of greenhouse gas (GHG) emissions. Given the fact that voluntary disclosure is an effective way of increasing firm value and disclosing greenhouse gas (GHG) emission is conducted by the managers’ discretion, this study proposes the following hypothesis:



Hypothesis 2-1.

Female executives will moderate the relationship between CEO overconfidence and firm value.






2.3. The External Governance Mechanism—The Effect of Industry-Level Competition


The existing literature on the link between industry-level competition, CEO overconfidence, and corporate disclosure environments are inconsistent [48]. On the one hand, industry-level competition is an effective governance mechanism to mitigate agency costs [49,50,51]. Generally, competition plays a disciplinary mechanism to limit managers’ opportunistic behaviors related to earning disclosure, which leads to an improvement in the quality of the disclosure environment [52]. According to Dhaliwal et al. (2012), higher industry-level competition is related to more timely recognition of losses in income statements [53]. Darrough and Stoughton (1990) find that a higher competitive market, which potential competitors can enter with lower market entry costs, encourages better disclosure of negative corporate information by discouraging the further entry of competitors to the present market [54]. Laksmana and Yang (2012) report that earning management is less prevalent among firms in more competitive markets [52]. Li et al. (2013) demonstrate a positive association between the level of competition and voluntary disclosure of industry-level managerial guidance [55], and Cheng et al. (2013) show that product market competition is positively related to several earnings attributes [56]. Further, Stivers (2004) provides evidence that the disclosure of proprietary information can reinforce market competition because this decreases information asymmetry costs, thereby creating more favorable financing conditions [57]. The industry-level competition also limits managerial expropriation of shareholders’ wealth; therefore, firms in industry-level, highly competitive markets are likely to have transparent disclosure environments.



On the other hand, some prior studies raise an opposing view that product market competition can decrease the quality of disclosure environments. If there is enough product market competition, firms can precisely evaluate managerial performance compared to their competitors [58,59], and this also strengthens managements’ career concerns [60]. In line with this, DeFond and Park (1999) demonstrate that firms with a high degree of industry-level competition are positively associated with frequent CEO turnover compared to firms in less competitive industries [61]. Accordingly, it is natural that managements in highly competitive markets tend to withhold negative information, which leads to a less informative disclosure environment. In these competitive markets, management strategies and corporate gains are strongly influenced by the behavior of competitors. Furthermore, the relationship between industry-level competition and the disclosure environment may be linked to industrial innovation strategy. As innovative firms such as biotech are related to information complexity, their R&D expenditure is difficult to estimate. Therefore, it is challenging to properly assess and predict corporate value in competitive industries because overconfident managers may be hesitant to disclose greenhouse gas (GHG) emission information.



The mixed results of prior studies regarding the degree of greenhouse gas (GHG) emissions information disclosure in competitive product markets raise the following intriguing hypothesis. For clear understanding, all of the hypotheses are described in Figure 1.



Hypothesis 2-2.

The industry-level competition will moderate or intensify the relationship between CEO overconfidence and firm value.







3. Research Design


3.1. Estimation of CEO Overconfidence


For measurement of CEO overconfidence, this study uses the model in McNichols and Stubben’s (2008) research, which adjusts Tobin’s Q and controlling variables for asset growth, past investment expenditure, and the difference within the correlation between Tobin’s Q and investment [62]. The research model consists of asset growth at the beginning of the year, past investment expenditure to manage a firm-specific aspect of the investment decision, and a change factor to the equation, since the CEO overconfidence is calculated from the residuals, measured by additional parts of the existing portion of the preceding investment. Finally, to consider variations within corporations in a similar industry-year, McNichols and Stubben (2008) expand the traditional Tobin’s Q model by incorporating additional coefficients of quartiles for Tobin’s Q [62]


    I N  V t  =  α 0  +  β 1   Q  t − 1   +  β 2  Q _ Q R T  2  t − 1   +  β 3  Q _ Q R T  3  t − 1   +  β 4  Q _ Q R T  4  t − 1       +  β 5  C F  O t  +  β 6  G R O W T  H t  +  β 7  I N  V 1  +  ε t     , 



(1)




INV = Capital expenditure; Q_QRT2 (Q_QRT3, Q_QRT4) = Q Χ an indicator variable for partitioning Tobin’s Q into quartiles (1 if Q belongs to the second (third, fourth) quartile of its industry-year distribution and 0 otherwise); CFO = cash flows from operations/total assets; GROWTH = ln (total assets/total assets at the beginning of the year).



In this paper, CEO overconfidence is measured by residuals obtained from an estimation of Equation (1). OVERC (CEO overconfidence) is a dummy variable, equal to 1 if residuals are greater than zero, and 0 otherwise.




3.2. Research Model


Hypothesis 1 predicts whether CEO overconfidence affects management’s voluntary disclosure of greenhouse gas (GHG) emissions. To test the first hypothesis, this study uses the following logistic regression model by employing Equation (2)


    G H  G  t + 1   =  α 0  +  β 1  O V E R  C t  +  β 2  S I Z  E t  +  β 3  L E  V t  +  β 4  Q U I C  K t  +  β 5  T  A t  +  β 6  M T  B t  +  β 7  R O  A 1      +  β 8  T A N  G t  +  β 9  D  A 1  +  ∑  I N D   +  ∑  Y R   +  ε t     



(2)




GHG = a measure of voluntary disclosure of greenhouse (GHG) emissions, which is equal to 1 if firms disclose information on greenhouse gas (GHG) emissions, and 0 otherwise; OVERC = a measure of CEO overconfidence, which is equal to 1 if residual from McNichols and Stubben (2008)’s research model is greater than zero, and 0 otherwise; SIZE = log (total assets); LEV = total liabilities / total assets; QUICK = (current assets—inventories) / (current liabilities); TA = (net income—cash flow from operation) / (total assets); MTB = market value of equity / book value of equity; ROA = net income / total assets; TANG = tangible assets / total assets; DA = discretionary accrual measured by model in Kothari et al. (2005).



In Equation (2), the dependent variable is GHG, and it measures whether managers voluntarily disclose information on greenhouse gas (GHG) emissions. This study obtains information on greenhouse (GHG) emissions from the Carbon Disclosure Project (CDP) data. The CDP is an independent non-profit institution that facilitates greenhouse gas (GHG) emission data collection. They ask for firms to provide information on greenhouse gas (GHG) emissions by responding to a questionnaire. For this reason, responding to the questionnaire indicates a voluntary disclosure decision from the management regarding greenhouse gas (GHG) emissions. This paper uses a lagged dependent variable to manage the endogeneity issues in the equation. Further, the test equation incorporates year-fixed and industry-fixed dummy variables to control variations within firms across the same industry-year sample. If CEO overconfidence is positively related to the voluntary disclosure of greenhouse gas (GHG) emissions, each coefficient is expected to show a significantly positive value.



Hypothesis 2-1 tests whether female representation on boards moderates the negative relationship between CEO overconfidence and firm value. To test hypothesis 2-1, this study uses sub-sample analysis using the ordinary least squares (OLS) regression according to Equation (3). The sub-samples are divided into two parts based on the woman variable, and are measured by a dummy variable which is equal to 1 if the board of directors includes at least one woman director and 0 otherwise.


    F  V  t + 1   =  α 0  +  β 1  O V E R  C t  +  β 2  G H  G t  +  β 3  O V E R C × G H  G t  +  β 4  S I Z  E t  +  β 5  L E  V t  +  β 6  Q U I C  K t  +  β 7  T  A t    1      +  β 8  M T  B t  +  β 9  R O A +  β  10   T A N  G t  +  β  11   D  A 1  +  ∑  I N D   +  ∑  Y R   +  ε t     



(3)




FV = Tobin’s Q as calculated by (market value of equity + total liability) / (beginning book value of equity).



The dependent variable in Equation (3) is a firm value, calculated by Tobin’s Q. Consistent with Equation (2), this paper used a lagged variable to test the long-term influence of CEO overconfidence with GHG disclosure on corporate value. The variable of interest in Equation (3) is the interaction term of OVERC  ×  GHG.



Hypothesis 2-2 forecasts that positive or negative relationship between CEO overconfidence, voluntary disclosure of greenhouse gas (GHG) emissions, and firm value decreased (strengthened) with industry-level competition level; I create this association to test whether product market competition plays a monitoring mechanism role. To test hypothesis 2-2, this paper adopts sub-sample analyses using Equation (3). This sub-sample is divided into two parts: one part with a high degree of industry-level competition and the other with a low degree of industry-level competition. Similar to hypothesis 2-1, if industry-level competition is useful for supervising CEO overconfidence, the coefficients of each group will display a positive value with significance. This study uses a measure of the Herfindahl–Hirschman Index (HHI) as a proxy for industry-level competition. This variable is measured by the sum of the squares of the industry-level market shares of corporate sales at the end of the year.


  H H  I k  =   ∑   i = 1  n        S a l e  s  i k       ∑   i = 1  n  S a l e  s  i k        2   



(4)




Salesik is calculated as the market share of sales for firm i in industry k, and n counts the number of companies incorporated in industry k at the end of the year.



The value of this variable declines as the number of competitors increases, and increases with the variations in market share of the firm within the industry. Namely, HHI is adversely influenced by industry-level competition. To interpret this conveniently, I set a dummy variable that takes a value of one for the situation where the value of HHI is smaller than the median and 0 otherwise.



All of the equations in the study incorporate appropriate controls that may impact CEO overconfidence and corporate value [63,64,65,66]. Consistent with the literature, the study incorporates firm size (SIZE), leverage (LEV), the ratio of current assets (QUICK), total accrual (TA), market-to-book ratio (MTB), return on assets (ROA), the ratio of tangible assets (TANG), and discretionary accrual (DA) calculated by Kothari et al. (2005) [67]. The estimation methods for discretionary accrual (DA) are described in Equation (5).


    T  A t     A  t   1     =  α 0  +  β 1   1   A  t   1     +  β 2    Δ  S t    Δ A  R t     A  t   1     +  β 3    P P  E t     A  t   1     +  β 3  R O  A t  +  ε t   



(5)




TA = net income—cash flow from operations; S = sales revenue; AR = accounts’ receivables; PPE = plant, property, and equipment; ROA = net income/total assets; A = total assets.



Specifically, this study uses a cross-sectional model for discretionary accruals (DA) and forecasts the equation for all industries according to its two-digit industry code. The final sample includes firms with 15 or more firm-year data to guarantee enough samples for parameter estimation. The residuals estimated from Equation (4) are proxies to anticipate the DA variable. The definitions of the rest of the control variables are given below each table.




3.3. Sample Selection Procedure


Table 1 displays the sample-selecting procedure. Excluding non-financial institutions, firms listed in the Korea Stock Exchange (KSE) and Korea Securities Dealers Automated Quotation (KOSDAQ) as of 31 December 2019 are incorporated in the data. Then, the data related to missing observations to measure CEO overconfidence, firm value, and control variables are deleted. The ultimate sample consists of 13,334 firm-year observations that meet the following criteria: (1) firms without financial institution; (2) firms with financial information that is collected from the KIS-VALUE database developed by Korea Investors Service, located in Seoul, South Korea, (3) firms with greenhouse gas (GHG) emissions data that are gathered from the Carbon Disclosure Project (CDP) reports. The CDP reports are an essential reference to measure greenhouse gas (GHG) emissions information, incorporating various issues, such as corporate management and information on the emission inventory, accounting for greenhouse gas (GHG), and climate change information. All of the responses for the CDP report are acquired through voluntary questionnaires, and these responses are used to promote transparency and corporate commitment to fight climate change. The top and bottom one percent of all the variables are winsorized to alleviate the effects of outliers. The industry distribution is described following Table 1.





4. Empirical Results


4.1. Descriptive Statistics and Correlation Analyses


The descriptive statistics on the variables of interest used in the analyses are presented in Table 2. The mean value of CEO overconfidence (OVERC) is 0.790, and the value ranges from 0 to 1. The mean (median) of the dependent variable, GHG, which is measured as whether firms disclose information on greenhouse gas (GHG) emissions, is 0.083 (0.000). Another dependent variable is FV, which is measured by Tobin’s Q and shows the mean of 1.052. Further, the mean of W is 0.169, which shows that about 16% of sample firms include female executives on their boards. Finally, the mean value of HHI presents 0.498 and its standard deviation is 0.500.



Table 3 delivers a correlation matrix of the main variables in the analysis. The correlations between the OVERC and the GHG are significantly positive. The correlations between the OVERC and the W are significant and negative. Besides, the correlations between the OVERC and the HHI are significantly negative. As expected, negative correlations between OVERC and FV were presented, with 1% significance. Collectively, none of the relationships among variables are sufficient to raise the problem, and the test results of variance inflation factors (VIF), regarding the regression models, do not show multicollinearity concerns.




4.2. Main Findings


Table 4 shows the results of the multivariate tests of hypothesis 1 based on the dependent variable of greenhouse gas (GHG) emissions. The coefficient of the OVERC is positive and significant at the 1% level, after controlling for the various determinants of the voluntary disclosure of greenhouse gas (GHG) emissions. These significant and positive significant coefficients suggest that CEO overconfidence affects the managerial voluntary disclosure tendency of greenhouse gas (GHG) emissions, on average. In addition, these results support previous studies that document voluntary environmental disclosure being conducted as a tool to defend managements’ decision making according to their private interests and opportunism. The disclosure of environmental information is sensitive to audiences in terms of respect, media attention, and compliment, all of which are powerful sources of attention for overconfident managers [15]. Consistent with the upper echelons view, corporate managers can affect strategic disclosure decisions and, therefore, firms’ tendency to disclose their environmental information may be influenced by managerial preferences and priorities, motivated by their personal features [16]. Control variables display significant coefficients, indicating that the research model is well-specified and alleviates the omitted variable issues. For example, SIZE, LEV, TA, ROA, and TANG are positively related to GHG, while QUICK, MTB, and DA are negatively associated with GHG. Similarly, most control variables in the research model are significant at the 10% level or higher. Overall, as supported by hypothesis 1, overconfident managers are likely to strategically disclose greenhouse gas (GHG) emission information that brings attention from outside investors.



Next, Table 5 reports the results of the multivariate analysis testing hypothesis 2-1 using Equation (3). Hypothesis 2-1 tests whether female directors within boards take the monitoring mechanism role to moderate the negative association between overconfident CEO, voluntary disclosure of greenhouse gas (GHG) emissions, and firm value. The coefficients of the interaction term between OVERC and GHG are positively and statistically significant in the first column of ‘Effect of Female Executives’. This means that the negative relationship between CEO overconfidence and firm value moderates the strong monitoring power of female executives within boards. These results indicate that independent boards with female monitoring can manage and reconcile CEO overconfidence and adequately supervise and monitor strategic disclosure decisions such as disclosing greenhouse gas (GHG) emissions, which lead to improving firm value. These findings also support the notion that the voluntary disclosure of greenhouse gas (GHG) emissions by overconfident managers, which are not properly monitored by independent and flexible board leadership, can only waste settling disclosing costs and ultimately decrease the firm value in the long run. Hypothesis 2-1 is more evidently supported by the second column results, which report that a negative association between CEO overconfidence and corporate value is more evident in firms with no female leadership on boards. Most of the control variables show significant coefficients. Specifically, MTB, ROA, and TANG are positively related to greenhouse gas (GHG) emissions, while LEV is negatively associated with GHG in the first column. Similarly, most of the control variables in the second column are significant at the 10% level or higher. Overall, as supported by hypothesis 2a, overconfident managers with a voluntary disclosure of greenhouse gas (GHG) emissions are likely to be properly monitored with female representation on boards as an internal governance mechanism.



Table 6 present the evidence for the multivariate tests of hypothesis 2-2 using sub-sample analyses. Hypothesis 2-2 examines whether industry-level competition plays a vital role in moderating the negative relationship between overconfident CEO and firm value as a powerful external governance mechanism. In the first column of Table 6, the coefficient of the interaction term between CEO overconfidence and GHG is positive and significant at the 5% level, after controlling for several determinants of firm value. Furthermore, in the second column of Table 6, the coefficient of the interaction term is not significant, even after controlling for proper control variables. Thus, this provides evidence that the negative association between overconfident CEO and firm value is attenuated with a higher degree of industry-level competition. These findings support the notion that product market competition plays an external governance mechanism in improving managerial disclosure environments to reconcile CEO overconfidence. In the presence of industry-level competition, managers’ voluntary disclosures can increase transparency, enabling the tailoring of their product offerings. Prior studies find that more competitive industries are more likely to disclose firm-specific segment information than less competitive industries [68].



Similarly, Stivers (2004) finds a positive association between industry-level competition and the disclosure level of proprietary information [57]. They argue that, in competitive product markets with a large number of competitors, if at least one firm starts to reveal its private information, others are likely to also do so due to the competition. In other words, market contributors in competitive markets stimulate the disclosure of proprietary information, which leads to full disclosure, including environmental information. Consequently, the above evidence supports hypothesis 2-2 in that industry-level competition plays the role of an external monitoring mechanism to constrain CEO overconfidence and improve the disclosure environment for greenhouse gas (GHG) emissions.




4.3. Robust Regressions


As reported in the previous tables, CEO overconfidence affects the voluntary disclosure of greenhouse gas (GHG) emissions and firm value. It may cause endogeneity issues since the results are derived from different firm characteristics and not by managers’ personal traits. A fixed-effect model is utilized to alleviate this concern. Through this process, unobserved heterogeneity within variables is controlled. By adjusting the group-level mean value, the aforementioned heterogeneity problem can be diminished from the data.



Table 7 shows the empirical findings of the multivariate test of hypothesis H 1, H 2-1, and H 2-2 by using a fixed-effect model. The coefficient of OVERC in Panel A is significantly positive, suggesting that overconfident CEOs are likely to voluntarily disclose information on greenhouse gas (GHG) emissions. Next, Panel B shows the empirical results of hypothesis 2-1, and the coefficient of the interaction term is positive, with 5% significance in the “Effect of Female Executives” sub-sample. This provides evidence that the negative relationship between CEO overconfidence and firm value is weakened by increasing female representation within boards. Finally, the coefficients of interaction term in Panel C show a significantly positive value, indicating that industry-level competition takes a robust external governance mechanism to moderate the adverse effects of CEO overconfidence. Collectively, all the empirical results remain robust after alternative testing to manage endogeneity issues.




4.4. Growth Stage


Corporate growth degree and development level vary depending on their lifecycles. However, there is a lack of research examining whether the corporate lifecycle influences strategic disclosure decisions regarding greenhouse gas (GHG) emissions. Thus, this paper attempts to conjecture the impact of the lifecycle on the relationship between CEO overconfidence and voluntary disclosure of greenhouse gas (GHG) emissions information. In this research, the corporate lifecycle is divided into two states: the growing and mature state. Firms in the mature state are capable of disclosing more or less information on greenhouse gas (GHG) emissions. On the one hand, as firms in the mature state have already compiled enough financial sources and an eco-friendly image, they might attempt to make fewer efforts in terms of voluntary disclosure behavior than firms in the growing state. On the other hand, there is a possibility that firms in the mature state regard the voluntary disclosure of environmental information as essential for raising financial capital through providing warnings about future environmental liability. Therefore, they have great incentives to actively disclose information on greenhouse gas (GHG) emissions.



The coefficient on OVERC in the first column in Table 8 displays a positive value with 1% significance, whereas the coefficient on OVERC in the second column presents the insignificant value. These results indicate that overconfident managers in mature stage firms are more likely to affect the voluntary disclosure of information on greenhouse gas (GHG) emissions than firms in the growing stage.





5. Conclusions


In recent decades, the world economy has developed rapidly. A number of companies have explored and documented the drivers, awareness, and economic consequences of environmental problems such as greenhouse gas (GHG) emissions, water pollution, and waste management [69,70,71,72]. In detail, fewer than 20 companies disclosed environmental information in the early 1990s, while more than 9000 companies reported sustainability or integrated reports by 2016, demonstrating investors’ interest in environmental investments. The focus of previous studies on why companies disclose environmental information is mostly concentrated on external drivers [16]. According to these streams of research, external drivers to disclose environmental information include shareholder pressure [69,70], institutional investors’ force [71], and legal disclosure obligations [72]. In fact, the incentives to disclose environmental information can generally be explained by these external factors; however, if we focus only on these factors, it is hard to draw a complete picture of the corporate incentives to disclose environmental information. Therefore, this study suggests that, while filling the gaps in previous studies, more emphasis should be placed on how the CEO, the key decision-maker of a company, impacts the disclosure of environmental information. This is because the CEO significantly influences the decision-making regarding voluntary disclosure. Moreover, this paper attempts to show a creative and innovative way of influencing the psychological characteristics of CEO on strategic disclosure policy, leading them in an affirmative direction.



Using greenhouse gas (GHG) emissions data for 2011 to 2019, which listed firms with voluntary disclosure, this study finds that overconfident CEOs are aware of environmental issues and voluntarily disclose information on greenhouse gas (GHG) emissions. These results indicate that the voluntary disclosure of environmental information can be derived from an overconfident managements’ private demand for attention and the formation of an eco-friendly self-image. As the disclosure of greenhouse gas (GHG) emissions offers a way of providing this, along with competitive advantages, overconfident managers may disclose environmental information voluntarily compared to less overconfident management. Next, this study reports that integration of the act of overconfident managers’ voluntary disclosure into corporate valuation varies depending on the internal and external corporate governance. In detail, the positive association between the disclosure of greenhouse gas (GHG) emissions and firm value by overconfident managers is greater for firms with women executives on the boards and a high degree of industry-level competition. These results suggest that corporate internal and external governance are effective tools for monitoring and reconciling CEO overconfidence. Additionally, they are efficient at supervising managerial voluntary disclosure which may contribute to the improvement in corporate value. The main findings in the study are still consistent with the use of an alternative regression model of firm-fixed effects, and the results from additional analyses report that the relationship between CEO overconfidence, the voluntary disclosure of greenhouse gas (GHG) emissions, and firm value is more pronounced for firms in mature states.



The research outcomes in this study provide some innovative and meaningful contributions. First, by offering scholarly evidence on the corporate value effects of greenhouse gas (GHG) emissions disclosure, the study warns CEOs that may be helpful to make important decisions regarding the cost and benefit effects of resource allocation to measure and disclose environmental information. From a regulatory body perspective, the findings that managerial psychological features are incorporated in the voluntary disclosure decision may guide correction and enhancement in green policy, emphasizing the positive aspects of environmental disclosure. Likewise, greenhouse gas (GHG) emissions became the focus of global and international regulatory scrutiny, and voluntarily providing information on greenhouse gas (GHG) emissions indicates a corporate commitment to sustainability, given the finite supply of carbon fuels.



Second, the results contribute to the corporate governance literature, as board diversity and market competition can be a strong mechanism to monitor and control CEO overconfidence and lead to better sustainability disclosure. In other words, this paper supports female representation and product market competition as a means to diminish agency costs and help create an invisible contract among overconfident managers and stakeholders. There are very few studies on the disclosure of greenhouse gas (GHG) emissions in the Korean capital market, and existing studies report inconclusive, ambiguous, and contradictory empirical results. Therefore, this study has important implications by reporting the impact of managerial characteristics on greenhouse gas (GHG) emission information disclosure and corporate value.



Third, this study provides evidence on greenhouse gas (GHG) risk management in the context of equity value. In recent decades, there has been increasing discussion about the importance of greenhouse gas (GHG) risk management or carbon risk management. These studies argue that companies should adopt formal carbon risk managing systems, while climate change risk management is also one of the critical corporate strategies for sustainability and long-term success. Nevertheless, to date, investors have incorporated unassured and uncertain greenhouse gas (GHG) emissions information in their firm valuation because disclosure of this information is voluntary. This paper provides evidence of the degree to which the equity market employs environmental information for corporate assessment from sources other than regulatory bodies. These facts may stimulate regulators and accounting standard setters in their future policy deliberations concerning the disclosure of corporate carbon disclosure. Investors may require the following information to refine their valuation of voluntarily disclosing firms: (1) the volume of current greenhouse gas (GHG) emissions; (2) the relative efficiency of greenhouse gas (GHG) emissions compared to its industry peers; (3) information to prove corporate capacity to handle increased greenhouse gas (GHG) costs to customers.



Nevertheless, this paper suffers from several limitations which could be addressed in future research. First, the empirical analyses in this study are cross-sectional in nature. Thus, future studies on the long-term effect and pattern of voluntary disclosure of greenhouse gas (GHG) emission information in terms of firm value could help to resolve possible causality issues and strengthen the importance of the growing relationship between voluntary disclosure of greenhouse gas (GHG) emission information and firm value among Korean companies. Second, among the corporate governance in this paper, female representation needs careful interpretation. There are several factors that could impact the results, such as women being more overconfident themselves, and therefore not restricting the disclosure of information about greenhouse gas (GHG) emission, or companies that have more women on the board generally being more “open-minded”, not only regarding gender issues, but in any other field. However, this study is meaningful as it is the first study to examine the effect of voluntary greenhouse gas (GHG) emission disclosures on investors’ valuation in the Korean capital market, taking the characteristics of managers and governance structure into account.
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Figure 1. The hypothesis description. 
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Table 1. The data description.
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	Industry
	Number of Firms
	%





	Food/Tobacco
	450
	3.37



	Textiles/Bags/Shoes
	305
	2.29



	Paper/Wood/Pulp
	261
	1.95



	Chemicals/Plastics
	2081
	15.61



	Nonmetals
	256
	1.92



	Primary metals/Metals Working in Process
	898
	6.73



	Machinery/Computer/Biotech/Vehicle
	4487
	33.65



	Construction
	428
	3.21



	Wholesale/Retail
	1060
	7.95



	Service/Publication
	3108
	23.32



	Total
	13,334
	100
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Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Variables
	Mean
	STD
	Q1
	Median
	Q3





	OVERC
	0.790
	0.407
	1.000
	1.000
	1.000



	GHG
	0.083
	0.276
	0.000
	0.000
	0.000



	FV
	1.052
	1.078
	0.413
	0.700
	1.268



	W
	0.169
	0.385
	0.000
	0.000
	0.000



	HHI
	0.498
	0.500
	0.000
	0.000
	1.000







Notes: OVERC = a measure of CEO overconfidence which is equal to 1 if residual from research model in McNichols and Stubben (2008) is greater than zero, and 0 otherwise; GHG = a measure of voluntary disclosure of greenhouse gas (GHG) emissions which is equal to 1 if firms disclose information on greenhouse gas (GHG) emissions, and 0 otherwise; FV = Tobin’s Q as measured by (market value of equity + total liability) / beginning book value of equity; W = a dummy variable which is equal to 1 if board of directors include at least one or more female director, and 0 otherwise; HHI = a dummy variable which is equal to 1 if HHI is smaller than the median, and 0 otherwise.
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Table 3. A correlation matrix.






Table 3. A correlation matrix.





	

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)






	
OVERC (1)

	
1.000

	
0.045

	
−0.026

	
−0.038

	
−0.030




	

	
(<0.0001)

	
0.002

	
(<0.0001)

	
0.001




	
GHG (2)

	

	
1.000

	
0.010

	
0.040

	
−0.126




	

	

	
0.210

	
(<0.0001)

	
(<0.0001)




	
W (3)

	

	

	
1.000

	
0.121

	
0.176




	

	

	

	
(<0.0001)

	
(<0.0001)




	
HHI (4)

	

	

	

	
1.000

	
0.180




	

	

	

	

	
0.000




	
FV (5)

	

	

	

	

	
1.000




	

	

	

	

	








(1) See Table 2 for definitions of the variables.
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Table 4. CEO overconfidence and voluntary disclosure on greenhouse gas emission.
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Variables

	
Est.

	
Wald χ2






	
Intercept

	
−20.921

	
696.24 ***




	
OVERC

	
0.366

	
9.61 ***




	
SIZE

	
0.646

	
530.93 ***




	
LEV

	
0.135

	
13.28 ***




	
QUICK

	
−0.030

	
2.85 *




	
TA

	
3.230

	
4.03 **




	
MTB

	
−0.283

	
49.91 ***




	
ROA

	
1.338

	
3.53 *




	
TANG

	
2.583

	
59.80 ***




	
DA

	
−4.062

	
7.32 ***




	
Industry Dummy

	
Included




	
Year Dummy

	
Included




	
Pseudo R2

	
0.15




	
Log Likelihood

	
1895.81 ***




	
observations

	
13,334








(1) *, **, and *** show significance at the 10%, 5%, and 1% levels, respectively. (2) GHG = a measure of voluntary disclosure of greenhouse gas (GHG) emissions which is equal to 1 if firms disclose information on greenhouse gas (GHG) emissions, and 0 otherwise; OVERC = a measure of CEO overconfidence which is equal to 1 if residual from McNichols and Stubben (2008)’s research model is greater than zero, and 0 otherwise; SIZE = log (total assets); LEV = total liabilities / total assets; QUICK = (current assets—inventories) / (current liabilities); TA = (net income—cash flow from operation) / (total assets); MTB = market value of equity / book value of equity; ROA = net income / total assets; TANG = tangible assets / total assets; DA = discretionary accrual measured by model in Kothari et al. (2005).
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Table 5. The effect of female executives on the relationship between CEO overconfidence, voluntary disclosure on greenhouse gas emission, and firm value.
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Variables

	
Effect of Female Executives

	
Without Female Executives




	
Coeff.

	
t-Stat.

	
Coeff.

	
t-Stat.






	
Intercept

	
0.325

	
2.04 **

	
0.353

	
3.96 ***




	
OC

	
−0.013

	
−1.10

	
0.004

	
0.80




	
GHG

	
0.029

	
0.96

	
−0.012

	
−0.87




	
OC Χ GHG

	
0.087

	
2.09 **

	
−0.050

	
−1.13




	
SIZE

	
−0.002

	
−0.48

	
−0.002

	
−0.64




	
LEV

	
−0.338

	
−32.13 ***

	
−0.285

	
−75.54 ***




	
QUICK

	
0.029

	
15.57 ***

	
0.017

	
19.80 ***




	
TA

	
−0.108

	
−0.47

	
−0.636

	
−5.52 ***




	
MTB

	
0.574

	
141.25 ***

	
0.542

	
225.11 ***




	
ROA

	
0.838

	
7.72 ***

	
0.453

	
9.62 ***




	
TANG

	
0.321

	
4.02 ***

	
0.010

	
0.32




	
DA

	
−0.106

	
−0.52

	
0.433

	
4.10 ***




	
Industry Dummy

	
Included

	
Included




	
Year Dummy

	
Included

	
Included




	
Adj. R2

	
0.92

	
0.87




	
F-value

	
1096.20 ***

	
2486.83 ***




	
Observations

	
2,264

	
11,070








(1) ** and *** indicate significance at the 5% and 1% levels, respectively. (2) FV = Tobin’s Q as measured by (market value of equity + total liability) / beginning book value of equity. (3) See Table 4 for definitions of other variables.
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Table 6. The effect of industry-level competition on the relationship between CEO overconfidence, voluntary disclosure on greenhouse gas emission, and firm value.
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Variables

	
High Industry-Level Competition

	
Low Industry-Level Competition




	
Coeff.

	
t-Stat.

	
Coeff.

	
t-Stat.






	
Intercept

	
0.429

	
3.52 ***

	
0.064

	
6.33 ***




	
OC

	
−0.015

	
−2.07 **

	
0.001

	
0.85




	
GHG

	
0.017

	
0.87

	
−0.001

	
−0.62




	
OC Χ GHG

	
0.074

	
2.31 **

	
−0.018

	
−1.61




	
SIZE

	
−0.006

	
−1.39

	
−0.001

	
−5.01 ***




	
LEV

	
−0.325

	
−49.08 ***

	
0.001

	
1.39




	
QUICK

	
0.016

	
14.67 ***

	
−0.000

	
−2.20 **




	
TA

	
−0.251

	
−2.74 ***

	
−0.030

	
−4.20 ***




	
MTB

	
0.579

	
192.58 ***

	
0.987

	
3218.43 ***




	
ROA

	
0.550

	
7.81 ***

	
0.016

	
2.85 ***




	
TANG

	
0.152

	
3.14 **

	
−0.002

	
−0.70




	
DA

	
0.053

	
1.05

	
0.026

	
4.96 ***




	
Industry Dummy

	
Included

	
Included




	
Year Dummy

	
Included

	
Included




	
Adj. R2

	
0.91

	
0.92




	
F-value

	
2042.23 ***

	
6059.14 ***




	
Observations

	
6,649

	
6,685








(1) ** and *** indicate significance at the 5% and 1% levels, respectively. (2) FV = Tobin’s Q as measured by (market value of equity + total liability) / beginning book value of equity. (3) See Table 4 for definitions of other variables.
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Table 7. Robust regressions.
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Panel A. Hypothesis 1




	
Variables

	
Coeff.

	
t-Stat.




	
Intercept

	
−1.482

	
−26.65 ***




	
OVERC

	
0.018

	
2.81 ***




	
Controls

	
Included




	
Adj. R2

	
0.19




	
F-value

	
110.12 ***




	
Observations

	
13,334




	
Panel B. Hypothesis 2-1




	
Variables

	
Effect of Female Executives

	
Without Female Executives




	
Coeff.

	
t-Stat.

	
Coeff.

	
t-Stat.




	
Intercept

	
0.325

	
2.04 **

	
0.352

	
3.96 ***




	
OVERC

	
−0.013

	
−1.10

	
0.004

	
0.80




	
GHG

	
0.029

	
0.96

	
−0.012

	
−0.87




	
OVERC Χ GHG

	
0.087

	
2.09 **

	
−0.050

	
−1.13




	
Controls

	
Included

	
Included




	
Adj. R2

	
0.92

	
0.88




	
F-value

	
1096.20 ***

	
2486.83 ***




	
Observations

	
2,264

	
11,070




	
Panel C. Hypothesis 2-2




	
Variables

	
High Industry-Level Competition

	
Low Industry-Level Competition




	
Coeff.

	
t-Stat.

	
Coeff.

	
t-Stat.




	
Intercept

	
0.429

	
3.52 ***

	
0.064

	
6.33 ***




	
OVERC

	
−0.015

	
−2.07 **

	
0.001

	
0.85




	
GHG

	
0.017

	
0.87

	
−0.001

	
−0.62




	
OVERC Χ GHG

	
0.074

	
2.31 **

	
−0.018

	
−1.61




	
Controls

	
Included

	
Included




	
Adj. R2

	
0.91

	
0.92




	
F-value

	
2042.23 ***

	
6059.14 ***




	
Observations

	
6,649

	
6,685








(1) ** and *** indicate significance at the 5% and 1% levels, respectively. (2) FV = Tobin’s Q as measured by (market value of equity + total liability) / beginning book value of equity. (3) See Table 4 for definitions of other variables.
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Table 8. The effects of R&D state.
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Variables

	
Mature Stage

	
Growing Stage




	
Coeff.

	
t-Stat.

	
Coeff.

	
t-Stat.






	
Intercept

	
−1.538

	
−18.77 ***

	
−1.452

	
−18.84 ***




	
OVERC

	
0.030

	
3.10 ***

	
0.007

	
0.85




	
SIZE

	
0.060

	
19.16 ***

	
0.057

	
19.91 ***




	
LEV

	
0.010

	
2.37 **

	
0001

	
0.27




	
QUICK

	
−0.001

	
−1.07

	
0.001

	
1.50




	
TA

	
−0.209

	
−1.89 *

	
−0.002

	
−0.03




	
MTB

	
−0.008

	
−4.26 ***

	
−0.004

	
−1.81 *




	
ROA

	
−0.038

	
−0.82

	
−0.082

	
−1.79 *




	
TANG

	
0.066

	
1.99**

	
0.297

	
9.47 ***




	
DA

	
0.190

	
1.92 *

	
−0.005

	
−0.05




	
Industry Dummy

	
Included

	
Included




	
Year Dummy

	
Included

	
Included




	
Adj. R2

	
0.24

	
0.13




	
F-value

	
82.36 ***

	
42.31 ***




	
Observations

	
6532

	
6802








(1) *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively. (2) See Table 4 for definitions of other variables.
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