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Abstract  
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efficiency of US firms. I find that when firms are negatively exposed to regulatory 
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efficiency. Exploiting the Paris Agreement as an exogenous shock, I find that carbon 

intensive firms’ investment efficiency improves following the shock.   
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Climate Change-Related Regulatory Exposure and Corporate 

Investment Efficiency 

 

1. Introduction 

When exposed to higher climate change-related regulatory risks, does the investment efficiency 

of firms improve or deteriorate? In this paper, I examine this key question.  Considering the 

impact that capital investment decisions have in driving firm valuation and investor wealth, 

investment efficiency of firms has been studied widely and is of keen interest to both 

practitioners and academics. I explore in the same of line of interest, by providing empirical 

evidence of a previously unexplored nexus between climate change-related regulatory exposure 

and corporate investment decisions. 

As climate change is having a substantial impact globally, in the recent past there is a mounting 

pressure from investors and regulators on companies to curb their carbon emissions. A recent 

McKinsey analysis reports that in order to reach net-zero emissions, capital expenditure needs to 

grow from $5.7 trillion annually today to $9.2 trillion annually over the next three decades.   The 

success of decarbonization to a large extent depends on massive new capital deployment and 

technological innovation. While many have already responded to the brown-to-green transition, 

more firms are poised to develop new game changing technologies.  Anecdotal evidence 

suggests that, there is a growing number of firms who are spending large amounts of money in 

adopting sophisticated and risky technologies like Carbon Capture and Storage (CCS), Carbon 

Dioxide Removal (CDR) and Bioenergy with Carbon Capture and Storage (BECCS). For 

instance, Exxon has promised to inject billions of dollars into a new business line focused on 
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what it calls low-carbon technologies such as carbon capture and hydrogen1. While these firms 

are responding to the growing societal and regulatory pressures, their capital investment 

decisions are also subject to deviation from optimal investment levels which is referred to as 

investment inefficiency according to the literature.   

Theoretically, corporate managers are expected to choose projects with positive net present 

values and make efficient investment decisions (Modigliani and Miller, 1958). However, 

previous studies find evidence of inefficient investments, namely overinvestment and 

underinvestment, which are driven by several factors such as adverse selection (Myers and 

Majluf, 1984), agency problem (Jensen and Meckling, 1976), and managerial overconfidence 

(Malmendier and Tate, 2005). Information asymmetry between managers and outside investors 

are believed to justify the agency problem and adverse selection  while the managerial 

overconfidence is due to a behavioral bias. Prior studies document that high-quality financial 

information can improve investment efficiency by reducing information asymmetry (Biddle et 

al., 2009, Chen et al., 2011). Furthermore, literature also find that private information acquisition 

by external market participants, such as institutional investors (Cao et al., 2020), foreign 

investors (Chen et al., 2017a), and financial analysts (Chen et al., 2017b, Choi et al., 2020). From 

a monitoring standpoint, better corporate governance (Rajkovic, 2020) and media coverage (Gao 

et al., 2021) is linked to high investment efficiency. However, the extant literature overlooks how 

regulatory exposure could affect the managerial capital investment decisions. My paper fills this 

gap by studying the effect of the climate change-related regulatory exposure  on U.S. firms’ 

investment efficiency.  

 

1 https://www.ft.com/content/b79a9804-4f28-4945-a4bd-1144eb729e78 
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I choose climate change-related regulatory exposure since it is considered to be one of the 

important risk factors faced by a firm and affect different firms differently. According to a 

survey by Krueger et al. (2020) about climate risk perceptions, institutional investors believe 

climate risks to have financial implications for their portfolio firms and that these risks, 

particularly regulatory risks, already have begun to materialize. Following the Paris Climate 

Agreement in 2015, there is a consensus among the participating countries to take actions to limit 

the temperature increase to 1.5°C above pre- industrial levels. While some can be negatively 

impacted by the introduction of regulation - e.g. due to increasing operating and input costs - 

others may benefit - e.g. due to subsidies. Thus, climate change-related regulatory exposure can 

affect firm’s investment decisions. 

I contribute to the literature in several ways. First, I extend the literature studying the optimal 

investment decisions. Second, I contribute to the recent literature on climate finance. Our 

understanding of climate change related regulatory exposure and corporate investment efficiency 

is limited, and this study can help explain this puzzle and the investment behavior of firms.  

2. Literature Review  

Overinvestment problem arises when management can abuse its decision-making power by 

adopting unprofitable or excessively risky projects that could be against the interests of the 

stockholders and debtholders  (Jensen and Meckling, 1976, Galai and Masulis, 1976, Jensen, 

1986, Stulz, 1990). Theoretically, overinvestment problem can take several forms. Jensen (1986) 

shows how managers prefer to use free cash flow in opportunistic purposes instead distributing 

then as dividends. With evidence from the oil and gas industry, Jensen (1986) argues that instead 

of returning the excess cash to the stockholders, the industry continued to spend heavily on 

exploration and development (E&D) despite lower returns compared to cost of capital. 
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Furthermore, Stein (2001) connects overinvestment with managerial overconfidence where 

managers act in good faith with the goal of stockholders’ wealth maximization but nevertheless 

overestimate the their competences and abilities or are overly optimistic about the firms’ 

activities by investing in projects that do not generate a positive NPV.  

Firms’ investment decision making is a topic studied widely in the finance literature. Bebchuk 

and Stole (1993), in their study predict that that overinvestment occurs when the market observes 

the number of opportunities for investment but lacks complete information regarding 

productivity. Several studies have contributed to the literature striving to explain the firms’ 

overinvestment behavior in the presence of external uncertainty.  

According to Semieniuk et al. (2021), transition risks are a combination of three factors namely 

policy risk, technology risk and preference change. The term policy risk refers to the risks and 

opportunities that may be caused by climate mitigation policies.  Technology risk means the use 

of cost-saving technologies that would foster the adoption of low carbon energy sources.  

Preference change indicates the unexpected preference changes in green-motivated costumers’ 

tastes and the unanticipated shifts in investor preferences toward carbon-intensive assets. Li et al. 

(2020) find that firms facing higher transition risk tend to spend more on capital expenditure in 

subsequent quarters. Also, they find a negative and significant relation between research and 

development (R&D) investment and transition risk which implies that the increase in capital 

expenditure is not driven by their R&D investments. In another study, Cohen et al. (2020) find 

that firms with lower Environmental, Social, and Governance (ESG) scores, such as oil, gas and 

energy producing firms are leading innovators in the United States’ green patent landscape and 

yet are explicitly excluded from the ESG funds despite their significantly higher quality green 
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innovation. In a more recent study, Ahmad et al. (2023) employ a large sample of US listed firms 

and find that exposure to climate risk is negatively associated with working capital. 

3. Data and Methodology 

3.1. Empirical Model 

The optimal investment level suggests a firm's ability to undertake all positive net present value 

projects and any deviation from the optimal level indicates inefficient investment.  To measure 

firm level investment efficiency, I follow prior research (Biddle et al., 2009, Benlemlih and 

Bitar, 2018); who measure firm-specific inefficient investment as a deviation from the expected 

level of investment. The expected investment is a function of sales growth using the following 

model.  

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖,𝑡 = 
0

+ 
1

𝑆𝑎𝑙𝑒𝑠 𝐺𝑟𝑜𝑤𝑡ℎ𝑖,𝑡−1 + 𝜀𝑖,𝑡      (1) 

where, 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖,𝑡 is the total investment for firm i in year t, calculated as the sum of 

research and development (R&D) expenditure, capital expenditure, and acquisition expenditure 

less cash receipts from sale of property, plant, and equipment, scaled by lagged total assets. 

𝑆𝑎𝑙𝑒𝑠 𝐺𝑟𝑜𝑤𝑡ℎ𝑖,𝑡−1 is the annual sales growth rate for firm i. The absolute value of the residual 

term 𝜀𝑖,𝑡 is the investment that is unexplained by growth opportunities, and hence indicates the 

magnitude of inefficient investment.  

I estimate Eq. (1) annually for each industry based on the Fama and French 48-industry 

classification and require at least 20 observations to be available in an industry-year. From the 

regression estimates, the absolute value of the residuals multiplied by minus one captures 

investment efficiency (INV_EFF), so a higher value means higher efficiency. I also classify the 

residuals as overinvestment (OVERINVESTMENT) and underinvestment 
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(UNDERINVESTMENT)  for each firm-year based on whether the residual if positive or negative 

respectively. 

Then, I estimate the following regression model:  

𝑌𝑖,𝑡 = 𝛽0 + 𝛽1𝐶𝐶𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 − 𝑅𝑒𝑔𝑖,𝑡−1 + 𝑋𝑖,𝑡−1 + 𝜀𝑖,𝑡    (2)   

where the dependent variable 𝑌𝑖,𝑡 equals INV_EFF, OVERINVESTMENT or 

UNDERINVESTMENT. The main dependent variable, 𝐶𝐶𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 − 𝑅𝑒𝑔𝑖,𝑡−1 is a detailed 

measure of climate change related regulatory risk at the firm level constructed by Sautner et al. 

(2023) The measure covers more than 10,000 publicly listed firms from 34 countries and is based 

on a machine learning algorithm that derives the relative frequency with which bigrams related 

to climate change occur in the transcripts of the firm’s quarterly earnings call. It is constructed 

on a quarterly basis and then aggregated to a yearly level. 𝑋𝑖,𝑡−1 denotes the vector of firm level 

control variables.   

To reduce omitted variable bias concerns, following previous literature, I include one year 

lagged control variables that are considered to be the determinants of firm investment decisions. 

Among the various control variables, I include TOBIN’S Q,  to control for firm growth 

opportunities. Furthermore,  inadequate liquidity restricts a firm in undertaking profitable 

investments. In contrast, excess liquidity could induce wasteful spending.  To control for 

liquidity, I include CASH- a ratio of total cash and cash equivalents  to total assets, SLACK-the 

ratio of cash and short term investments to net property, plant and equipment.  Additionally, 

investment efficiency could be hampered when firms face difficulties in raising capital. Thus I 

include  LEVERAGE ,  the ratio of total liabilities to total assets. SIZE refers to log-transformed 

total assets. To account for firms’ stages in the business cycle I include ROA (Profitability) 
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which is measured by dividing Net Income by Total Assets. TANGIBILITY is estimated as the 

ratio of net property, plant and equipment to total assets.  

3.2. Sample Selection and Descriptive Statistics 

I obtain firms’ financial statement data from Compustat database. Following previous literature, I 

exclude financial firms (SIC codes 6000-6999) for the sample. For the measure of climate 

change related regulatory exposure, I use firm level annual climate change exposure data which 

is available in the database constructed by Sautner et al. (2023). The sample covers U.S. listed 

firms for the time period ranging from 2002 to 2019. The summary statistics of the key variables 

are reported on Table 1. Following previous studies, I winsorize all continuous variables at the 

1% and 99% levels. The mean investment efficiency across all firm-years equals -0.18. On 

average, the sample firms possess important growth opportunities as indicated by TOBIN’S Q of 

2.082 In my sample, the average climate change related regulatory exposure is 0.003 and the 

standard deviation is 0.02, showing that considerable variation exists in the measure of climate 

change exposure.  

Table 1: Descriptive Statistics  

Variables Observations Mean Std. Dev. Min Max 

OVERINVESTMENT 8172 .208 .165 .021 .519 

UNDERINVESTMENT 13264 -.167 .167 -.587 -.029 

INV_EFF 21436 -.18 .161 -.537 -.026 

CCExposure-Reg (X100) 21833 .003 .02 0 1.022 

LEVERAGE 21671 .206 .195 0 .55 

TOBIN'S Q 20890 2.082 1.083 .964 4.322 

CASH 21780 .246 .221 .013 .659 

SIZE 21782 6.428 1.392 4.316 8.659 

ROA 21779 -.02 .138 -.328 .123 

TANGIBILITY 21772 .226 .204 .028 .642 

SLACK 21739 3.566 4.808 .037 14.74 
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4. Empirical Results 

 

4.1. Main Tests 

 

Table 2 presents the baseline regression results of Eq.(2) using ordinary least squares (OLS) with 

industry and year fixed effects. The standard errors are clustered at the industry level. The main 

variable of interest is the regression coefficient 
1
, which measures the effect of climate change 

related regulatory exposure on investment efficiency. In columns (1)-(2) and (3)-(4), the 

dependent variables are overinvestment (OVERINVESTMENT), measured as the positive 

residuals from Eq.(1), and underinvestment (UNDERINVESTMENT), measured as the negative 

residuals from Eq.(1), respectively. In columns (5)-(6), the dependent variable is investment 

efficiency (INV_EFF), measured as the absolute value of the residuals from Eq.(1) multiplied by 

minus one, so a higher value means higher investment efficiency.  Models (1), (3) and (5) are 

estimated without controls, but with industry fixed effects (classification based on Fama and 

French 48 Industries) and year fixed effects. Models (2), (4) and (6) include all the control 

variables with industry and year fixed effects. Standard errors are corrected for 

heteroskedasticity and clustered at the industry level.  

 

In columns (1) and (2), the coefficient for CCExposure-Reg t-1 (X100) is positive and significant at 

all the significance levels. The results indicate that when firms are exposed with climate change 

related regulatory risk, overinvestment increases. In columns (3) and (4), the coefficient 

CCExposure-Reg t-1 (X100) is negative and significant at 10% significance level, implying that 

firms’ underinvestment increases when they are exposed with climate change related regulatory 

risks. Combined together, the results in column (5) and (6) show a negative and statistically 
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significant coefficient for CCExposure-Reg t-1 (X100), which indicates that when firms are exposed 

to climate change related regulatory risks, their investment efficiency decreases.  

 
Table 2: Climate change related regulatory exposure and investment efficiency  

  

    (1) (2) (3) (4) (5) (6) 

    Overinvestment Underinvestment Investment Efficiency 

 CCExposure-Reg t-1 (X100) .3261*** .1775*** -.2097* -.1836* -.2348*** -.1519** 

   (.046) (.0644) (.1127) (.1047) (.0701) (.0709) 

 TOBIN'S Q t-1  .0145***  -.0125***  -.0134*** 

    (.0035)  (.0024)  (.0021) 

 LEVERAGE t-1  .0157  -.0603***  -.041*** 

    (.019)  (.0128)  (.0134) 

 CASH t-1  .04***  .0626***  .019 

    (.0137)  (.0195)  (.0138) 

 SIZE t-1  -.0292***  .0076***  .0137*** 

    (.002)  (.0023)  (.0017) 

 ROA t-1  -.1311***  .1526***  .1696*** 

    (.0415)  (.0419)  (.0373) 

 TANGIBILITY t-1  .0329  .0592***  .0344* 

    (.0269)  (.0185)  (.018) 

 SLACK t-1  .0026**  -.0044**  -.0034** 

    (.0012)  (.0017)  (.0014) 

 Constant .193*** .2937*** -.1623*** -.1911*** -.1713*** -.2221*** 

   (.0001) (.017) (.0003) (.0147) (.0002) (.0124) 

 Observations 6677 6393 11167 10681 17846 17076 

 R-squared .1657 .2863 .1755 .2164 .1635 .2276 

Industry fixed effect YES YES YES YES YES YES 

Year fixed effect YES YES YES YES YES YES 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  

 

 

4.2. Additional Tests 

I employ additional tests to disentangle the effects of positive and negative regulatory exposure 

on corporate investment efficiency.  Firms that consider themselves to be negatively impacted by 

the introduction of climate change regulation are considered as negatively exposed firms. For 

these firms, the regulatory changes can negatively affect operating costs, earnings, and cash 

flows as well as it can relate to an increased loss probability (Huang et al., 2018, Nguyen, 2017). 

In contrast, certain firms consider themselves to benefit from the regulatory changes, for 

instance, firms receiving subsidies for greener technologies. These are referred to as positively 
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exposed firms. I use sentiment measures constructed by  Sautner et al. (2023) where 

CCSentiment-Pos t-1 is based on the relative frequency with which bigrams related to climate 

change are mentioned together with positive tone words. Similarly, CCSentiment-Neg t-1 is 

based on the relative frequency with which bigrams related to climate change are mentioned 

together with the negative tone words. The effects are measured using Eq. (3) and (4)  which are 

as follows: 

𝑌𝑖,𝑡 = 𝛽0 + 𝛽1𝐶𝐶𝑆𝑒𝑛𝑡𝑖𝑚𝑒𝑛𝑡 − 𝑃𝑜𝑠𝑖,𝑡−1 + 𝑋𝑖,𝑡−1 + 𝜀𝑖,𝑡    (3)   

𝑌𝑖,𝑡 = 𝛽0 + 𝛽1𝐶𝐶𝑆𝑒𝑛𝑡𝑖𝑚𝑒𝑛𝑡 − 𝑁𝑒𝑔𝑖,𝑡−1 + 𝑋𝑖,𝑡−1 + 𝜀𝑖,𝑡    (4)   

Table 3 demonstrates the results from eq. (3) and (4). Columns (1) and (4) show that when firms 

are exposed to positive regulatory exposure, firms’ overinvestment increases, whereas for 

negatively exposed firms, the overinvestment decreases.  Columns (2) and (5) illustrate that 

negative regulatory exposure leads to  decrease in firms’ underinvestment.  Overall, from column 

(3) and (6),  I find evidence that when firms are faced with negative regulatory exposure, 

investment efficiency improves, the coefficient being positive and statistically significant at 5% 

level. Whereas, there is little evidence that when firms are faced with positive regulatory shocks, 

firms investment efficiency deteriorates, the coefficient being negative and statistically 

insignificant.  
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Table 3: Climate change related regulatory exposure (positive and negative) and investment efficiency  

  

      (1)   (2)   (3)   (4)   (5)   (6) 

       

Overinvestment 

   

Underinvestment 

   

Investment 

Efficiency 

   

Overinvestment 

   

Underinvestment 

   

Investment 

Efficiency 

 CCSentiment-Pos t-1 .3607** -.1742 -.1853    

   (.1611) (.212) (.1489)    

 CCSentiment-Neg t-1    -.3361* .6219** .4305** 

      (.1914) (.2397) (.1751) 

 TOBIN'S Q t-1 .0145*** -.0125*** -.0134*** .0145*** -.0124*** -.0133*** 

   (.0036) (.0024) (.0021) (.0036) (.0024) (.0021) 

 LEVERAGE t-1 .0156 -.0602*** -.041*** .0156 -.0603*** -.041*** 

   (.019) (.0128) (.0134) (.019) (.0128) (.0134) 

 CASH t-1 .0397*** .0625*** .0192 .0394*** .0625*** .0193 

   (.0137) (.0194) (.0138) (.0138) (.0195) (.0139) 

 SIZE t-1 -.0292*** .0076*** .0137*** -.0292*** .0076*** .0137*** 

   (.002) (.0023) (.0017) (.002) (.0023) (.0017) 

 ROA t-1 -.1314*** .1535*** .1701*** -.1312*** .1524*** .1696*** 

   (.0414) (.0416) (.0371) (.0415) (.0418) (.0373) 

 TANGIBILITY t-1 .0328 .0587*** .0342* .0328 .059*** .0343* 

   (.0269) (.0185) (.018) (.0269) (.0185) (.018) 

 SLACK t-1 .0026** -.0044** -.0034** .0027** -.0044** -.0034** 

   (.0012) (.0017) (.0014) (.0012) (.0017) (.0014) 

 Constant .2938*** -.1917*** -.2224*** .2943*** -.1914*** -.2224*** 

   (.017) (.0147) (.0124) (.0172) (.0147) (.0124) 

 Observations 6393 10681 17076 6393 10681 17076 

 R-squared .2861 .216 .2273 .286 .2165 .2276 

Industry fixed effect YES YES YES YES YES YES 

Year fixed effect YES  YES  YES  YES  YES  YES 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  

 

4.3. Cross-sectionally heterogeneity  

To understand better and to identify the effect of climate change related regulatory exposure on 

investment efficiency of firms, I rely on cross sectional comparison and further test on whether 

this effect is stronger for carbon intensive firms following the industry classification employed 

by Ilhan et al. (2021). Carbon-intensive industries are more exposed to climate regulation and 

risk (Bolton and Kacperczyk, 2021, Ilhan et al., 2021). I analyze the effect of climate change 

exposure on carbon intense firms by estimating the following empirical model: 
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𝑌𝑖,𝑡 = 𝛽0 + 𝛽1𝐶𝐶𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 − 𝑅𝑒𝑔𝑖,𝑡−1 ∗ 𝐶𝑎𝑟𝑏𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑣𝑒 + 𝛽2𝐶𝐶𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒

− 𝑅𝑒𝑔𝑖,𝑡−1+𝛽3𝐶𝑎𝑟𝑏𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑣𝑒 + 𝑋𝑖,𝑡−1 + 𝜀𝑖,𝑡                         (3)  

 

In Eq.(3) , the 𝐶𝑎𝑟𝑏𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑣𝑒 is an indicator variable taking the value of 1 if the firm 

belongs to one the carbon intensive industries as employed by Ilhan et al. (2021) and 0 for other 

firms. Table 4 demonstrates the results of regressions as indicated in Eq. (3) run for the carbon 

intensive industries interacted with the climate change related regulatory exposure.  In all the 

specifications, I control for the year fixed effects. The robust standard errors are clustered by 

firms.  

Table 4: Climate change related regulatory exposure-cross sectional heterogeneity 

  

      (1)   (2)   (3) 

    Overinvestment    Underinvestment    Investment 

Efficiency 

CCExposure-Reg t-1 (X100) .2077*** -.2923*** -.2364*** 

   (.062) (.0846) (.0559) 

Carbon Intensive .0497*** -.0438*** -.045*** 

   (.0085) (.0072) (.0058) 

CCExposure-Reg t-1 (x100)* Carbon Intensive -.0747 .7206*** .448** 

   (.3911) (.247) (.2144) 

 TOBIN'S Q t-1 .0172*** -.0137*** -.0153*** 

   (.0021) (.0021) (.0016) 

 LEVERAGE t-1 .0352*** -.0702*** -.0545*** 

   (.0125) (.0107) (.0084) 

 CASH t-1 .0525*** .0589*** .0131 

   (.0158) (.0164) (.012) 

 SIZE t-1 -.0266*** .0058*** .0115*** 

   (.0017) (.0015) (.0012) 

 ROA t-1 -.1795*** .1861*** .215*** 

   (.0171) (.0222) (.0138) 

 TANGIBILITY t-1 .0659*** .0179 -.0033 

   (.0145) (.0111) (.0094) 

 SLACK t-1 .0037*** -.0054*** -.0044*** 

   (.0007) (.0008) (.0006) 

 Constant .2452*** -.1573*** -.1826*** 

   (.013) (.0114) (.009) 

 Observations 6458 10766 17224 

 R-squared .2633 .1846 .2005 

Industry fixed effect NO NO NO 

Year fixed effect YES  YES  YES 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  
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From the results, the interaction between climate change related regulatory exposure and carbon 

intensive firms as indicated by CCExposure-Reg t-1 (x100)* Carbon Intensive shows statistically 

insignificant negative coefficient for column 1 (overinvestment) and statistically significant and 

positive coefficients for the other two specifications (underinvestment and investment efficiency 

respectively). This implies that when faced with regulatory exposures, carbon intensive firms’ 

investment efficiency improves.  More specifically, I find evidence that carbon intensive firm’s 

underinvestment decreases.  

 

4.4. Quasi Natural Experiment  

I conduct a quasi-natural experiment surrounding the Paris Agreement by exploiting the 

exogenous nature of Pairs Agreement. Following the Paris Agreement, governments are 

expected to impose more stringent climate changes regulations which is expected to affect firms’ 

investment decisions. I examine the effect of regulatory exposure on firm’s investment 

inefficiency by estimating the following regression: 

 

𝑌𝑖,𝑡 = 𝛽0 + 𝐶𝑎𝑟𝑏𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑣𝑒 + 𝛽1𝑃𝑎𝑟𝑖𝑠 + 𝛽3𝐶𝑎𝑟𝑏𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑣𝑒 ∗ 𝑃𝑎𝑟𝑖𝑠 + +𝑋𝑖,𝑡−1

+ 𝜀𝑖,𝑡        (4)  

where Paris is an indicator variable taking the value of 1 for the years after 2015 and 0 for the 

other years. The variable of interest is the interaction term 𝐶𝑎𝑟𝑏𝑜𝑛 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑣𝑒 ∗ 𝑃𝑎𝑟𝑖𝑠. The 

results are reported in Table 5.  

Table 5: Paris Agreement as an exogenous shock 

      (1)   (2)   (3) 
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       Overinvestment    Underinvestment    Investment 

Efficiency 

 Carbon Intensive .0454*** -.0429*** -.0433*** 

   (.0073) (.0067) (.0051) 

 CarbonxParis -.0116 .0266** .0224*** 

   (.0122) (.011) (.0085) 

 TOBIN'S Q t-1 .0124*** -.0122*** -.0124*** 

   (.002) (.0019) (.0014) 

 LEVERAGE t-1 .0297*** -.051*** -.0411*** 

   (.0115) (.0099) (.0076) 

 CASH t-1 .0437*** .0459*** .0049 

   (.0145) (.0153) (.0111) 

 SIZE t-1 -.0318*** .0031** .0126*** 

   (.0016) (.0015) (.0011) 

 ROA t-1 -.1922*** .2*** .2322*** 

   (.015) (.0197) (.0122) 

 TANGIBILITY t-1 .0635*** .0112 -.0093 

   (.0126) (.01) (.0083) 

 SLACK t-1 .0034*** -.0051*** -.0041*** 

   (.0007) (.0008) (.0005) 

 Constant .3009*** -.1473*** -.2027*** 

   (.0117) (.0106) (.0081) 

 Observations 7779 12646 20425 

 R-squared .2554 .1361 .1796 

Industry fixed effect NO NO NO 

Year fixed effect YES  YES  YES 

Standard errors are in parentheses 

*** p<.01, ** p<.05, * p<.1  

 

 

5. Conclusion  

 

I identify the effect of climate-change related regulatory exposure on the investment 

efficiency of US firms. I find that when firms are negatively exposed to regulatory 

climate risks, investment efficiency improves. Furthermore, carbon intensive firms who 

are subject to higher regulatory risks  tend to improve on more efficiently. Exploiting the 

Paris Agreement as an exogenous shock, I find that carbon intensive firms’ investment 

efficiency improves following the shock.   

 



6. References 

 

AHMAD, M. F., AKTAS, N. & CROCI, E. 2023. Climate risk and deployment of corporate resources 

to working capital. Economics Letters, 224, 111002. 

BEBCHUK, L. A. & STOLE, L. A. 1993. Do Short-Term Objectives Lead to Under- or 

Overinvestment in Long-Term Projects? The Journal of Finance, 48, 719-729. 

BENLEMLIH, M. & BITAR, M. 2018. Corporate Social Responsibility and Investment Efficiency. 

Journal of Business Ethics, 148, 647-671. 

BIDDLE, G. C., HILARY, G. & VERDI, R. S. 2009. How does financial reporting quality relate to 

investment efficiency? Journal of Accounting and Economics, 48, 112-131. 

BOLTON, P. & KACPERCZYK, M. 2021. Do investors care about carbon risk? Journal of Financial 

Economics, 142, 517-549. 

CAO, Y., DONG, Y., LU, Y. & MA, D. 2020. Does Institutional Ownership Improve Firm Investment 

Efficiency? Emerging Markets Finance and Trade, 56, 2772-2792. 

CHEN, F., HOPE, O.-K., LI, Q. & WANG, X. 2011. Financial Reporting Quality and Investment 

Efficiency of Private Firms in Emerging Markets. The Accounting Review, 86, 1255-1288. 

CHEN, R., EL GHOUL, S., GUEDHAMI, O. & WANG, H. 2017a. Do state and foreign ownership 

affect investment efficiency? Evidence from privatizations. Journal of Corporate Finance, 

42, 408-421. 

CHEN, T., XIE, L. & ZHANG, Y. 2017b. How does analysts' forecast quality relate to corporate 

investment efficiency? Journal of Corporate Finance, 43, 217-240. 



 17 

CHOI, J. K., HANN, R. N., SUBASI, M. & ZHENG, Y. 2020. An Empirical Analysis of Analysts' Capital 

Expenditure Forecasts: Evidence from Corporate Investment Efficiency*. Contemporary 

Accounting Research, 37, 2615-2648. 

COHEN, L., GURUN, U. G. & NGUYEN, Q. H. 2020. The ESG-innovation disconnect: Evidence 

from green patenting. National Bureau of Economic Research. 

GALAI, D. & MASULIS, R. W. 1976. The option pricing model and the risk factor of stock. Journal 

of Financial Economics, 3, 53-81. 

GAO, X., XU, W., LI, D. & XING, L. 2021. Media coverage and investment efficiency. Journal of 

Empirical Finance, 63, 270-293. 

HUANG, H. H., KERSTEIN, J. & WANG, C. 2018. The impact of climate risk on firm performance 

and financing choices: An international comparison. Journal of International Business 

Studies, 49, 633-656. 

ILHAN, E., SAUTNER, Z. & VILKOV, G. 2021. Carbon Tail Risk. The Review of Financial Studies, 34, 

1540-1571. 

JENSEN, M. C. 1986. Agency Costs of Free Cash Flow, Corporate Finance, and Takeovers. The 

American Economic Review, 76, 323-329. 

JENSEN, M. C. & MECKLING, W. H. 1976. Theory of the firm: Managerial behavior, agency costs 

and ownership structure. Journal of Financial Economics, 3, 305-360. 

KRUEGER, P., SAUTNER, Z. & STARKS, L. T. 2020. The Importance of Climate Risks for 

Institutional Investors. The Review of Financial Studies, 33, 1067-1111. 

LI, Q., SHAN, H., TANG, Y. & YAO, V. 2020. Corporate climate risk: Measurements and 

responses. Available at SSRN 3508497. 



 18 

MALMENDIER, U. & TATE, G. 2005. CEO Overconfidence and Corporate Investment. The Journal 

of Finance, 60, 2661-2700. 

MODIGLIANI, F. & MILLER, M. H. 1958. The Cost of Capital, Corporation Finance and the Theory 

of Investment. The American Economic Review, 48, 261-297. 

MYERS, S. C. & MAJLUF, N. S. 1984. Corporate financing and investment decisions when firms 

have information that investors do not have. Journal of Financial Economics, 13, 187-

221. 

NGUYEN, J. H. 2017. Carbon risk and firm performance: Evidence from a quasi-natural 

experiment. Australian Journal of Management, 43, 65-90. 

RAJKOVIC, T. 2020. Lead independent directors and investment efficiency. Journal of Corporate 

Finance, 64, 101690. 

SAUTNER, Z., VAN LENT, L., VILKOV, G. & ZHANG, R. 2023. Firm-Level Climate Change Exposure. 

The Journal of Finance, n/a. 

SEMIENIUK, G., CAMPIGLIO, E., MERCURE, J. F., VOLZ, U. & EDWARDS, N. R. 2021. Low‐carbon 

transition risks for finance. Wiley Interdisciplinary Reviews: Climate Change, 12, e678. 

STEIN, J. C. 2001. Agency, Information and Corporate Investment. National Bureau of Economic 

Research Cambridge, Mass., USA. 

STULZ, R. 1990. Managerial discretion and optimal financing policies. Journal of Financial 

Economics, 26, 3-27. 

 


