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Abstract 

This study explores the impact of corporate default risk on environmental deterioration in the 

international context. We find that corporate bankruptcy is positively associated with CO2 

emissions and its decomposed components. These findings are reliable in low-income and highly 

uncertain countries but weak in countries having more market competition. We also find that the 

negative impact of corporate default risk on environment is more robust in countries with more 

population density and less forest area thresholds. Using instrumental variable approach, we 

provide preliminary evidence that firm-level political risk (for U.S. and Canadian firms only) 

tend to increase corporate default risk leading to degrading environment. Our research will help 

environmental authorities to consider corporate-default risk as a determinant when formulating 

environmental-related strategies. 
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1. Introduction 

Industrial and manufacturing activities such as electric power usage, mining metal, refining 

oil and gas, chemicals for medicines, paints, clothing, and mobile tend to degrade the 

environment2 significantly. For example, if there is no strict regulation on industries to manage 

the toxic chemical waste, it will add noxious emission to the land, air, and water, and that would 

be the firm's operating contribution to the environmental deterioration (Levinson, 2015). For 

instance, the chemical waste (both off-site and on-site) in the USA was almost 3.36 billion 

pounds in which waste is declared chiefly to be hazardous. We graphically sketch the CO2 

emission at the country level in Appendix 3, 4, and 5. Appendix 3 postulates the CO2 emission at 

the country level by raw data. Appendix 4 sort the CO2 emission at country-level and find that 

China, U.S. India, Russia, and Japan are the top five countries majorly CO2 emitter. We also 

enlighten the CO2 emission at the regional level in Appendix 5 and find that North America is 

the proportionally large CO2 emitter internationally. It is also noticed that the high CO2 emitters 

are the developed and high-income regions. However, the environmental protection strategies 

have been flouted when the country's market is prone to insolvencies and more default 

probabilities. 

In 1955, American economist Kuznets, (1955) found a phenomenon between income gap 

and economic growth, that is, in the early stage of economic growth, people's income gap 

increased with economic growth and then gradually decreased after exceeding a peak. A bell-

shaped or inverted "U" shaped the relationship between them (actually a parabolic relationship). 

Many environmental economists have found that the relationship between environmental 

deterioration and economic development may also follow this law. At the higher stage of 

postindustrial society or economic development, with the increase of income, the change of 

economic structure (the proportion of the tertiary industry rises) and the improvement of 

technical level, people's awareness of environmental protection is strengthened, and then the 

environmental load is reduced. This law is called the Environmental Kuznets curve (EKC). 

 
2 We use "environment deterioration"; and "CO2 emission" interchangeably for "environmental degradation" 

throughout the paper. 
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In recent years, researches on the EKC phenomenon in energy use and greenhouse oxygen 

emissions have also appeared. It also means that when the level of economic development is low 

(such as agriculture or not yet developed into the industrial age), the damage to the environment 

is relatively small. When we move towards industrialization or a higher level of economic 

development, although people's lives gradually become more prosperous, some unexpected side 

effects, such as the extensive use of raw materials, at this time, the technology has not kept up, 

resulting in the waste of energy and resources, and the waste treatment technology may be 

relatively backward. In addition, during this period, the expansion of material production and 

economic aggregate ranked first, followed by environmental protection, which will increase the 

number of pollutants and harm to the environment. After that, with the further improvement of 

people's living standards and the further change of economic pattern (such as the evolution of the 

industry to service or knowledge industry), industrial technology is not only more advanced, but 

also people's environmental awareness is gradually improved, which requires better quality of 

life. All kinds of reasons will make people make more environmentally friendly actions, thus 

reducing the environmental load (Kuznets, 1955; 1963). 

However, the EKC hypothesis may be perturbed if there are more default probabilities at 

the firm level, which weakens the respective industry strength to further contribute to 

environmentally designated strategies with full potential. This study examines how the increase 

in a firm’s default probabilities affects the EKC hypothesis and is associated with CO2 

emissions. As the firm’s default probability attenuates the respective industry and the magnitude 

of a contribution designated to improve the local environment by funding and other 

environmental protection agreements, we conjecture that the firm’s financial constraints and 

default probabilities reduce this enthusiasm. We tested the association between a firm’s default 

probability and environment degradations measured by CO2 emission level with this rationale. 

The increase in default probabilities decreases industry revenue, leading to a lower contribution 

to environmental protection strategies. 

Despite the enormous applied literature on the macroeconomic determinants of environment 

deterioration, there is still a lack of evidence that investigates the firm-level determinants of 

environmental degradation using the firm’s characteristics at international level. This study uses 

firm-level data belonging to three major industrial sectors (Energy, Industrial, and Material) that 
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operations have a linear association with the environment. We enlighten several primes 

concerning channels such as an association of environmental degradation with industry 

concentration, firm’s instability, economic uncertainty, and the role of political risk linked with 

the environment. 

Increased competition and environmental degradation have unexplored coincidences 

leading to unclear environmental consequences. For instance, it is previously unexplored that 

increase competition impedes CO2 emission for several reasons. First, increase competition 

coerces firms to focus on uniqueness rather than economies of scale, consequently lower 

production and less CO2 emission. Second, firms tend to reduce the production cost to survive in 

a competitive market; therefore, according to market demand, the firm's products avoid large-

scale production and lessen CO2 emission (Shleifer, 2004). The local authorities are more 

motivated in competitive markets regarding pollution controls. Through the lens of these notions, 

we find a negative association between market competition and environmental degradation. We 

also find that uncertainty over economic policy leads to firms' instability, which causes an 

increase in CO2 emission. 

When there is more uncertainty about economic policy, the firm's default probabilities are 

more expected. Stolbov & Shchepeleva (2020) find that firms' insolvencies are triggered by 

economic policy uncertainty in the UK and the Netherlands. Anser et al. (2021) find supports the 

association in the long run. Abbasi & Adedoyin (2021) argue that CO2 emission in China is 

triggered by energy use and economic growth; however, economic policy uncertainty shows 

statistical insignificance. Keeping in view the mixed postulations, we conjecture that a firm's 

default probability surges the CO2 emission when there is more uncertainty about economic 

policy. We also conjecture that when there is more political risk related to the environment, the 

positive association between a firm's default risk and CO2 emission is more pronounced. 

In this paper, we examine the impact of a firm’s default risk on environmental deterioration. 

For this, first, we investigate the impact of a firm’s default probability on CO2 emission on the 

entire sample as a baseline model. Second, we disentangle CO2 emission from different sectors 

and examine each associated with the firm’s default probability. Third, we again use a complete 

sample to examine the industry concentration impact on CO2 emission. Forth, we apply our 

baseline model on the subsample of different income level countries. Fifth, we construct 
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economic policy uncertainty quantiles and examine each quantile role (as transmission channel) 

between a firm’s default probability and CO2 emission. Sixth, we set threshold parameters in our 

baseline model via population density and forest area and find consistent results. Next, we use 

firm-level political, non-political, and environment-related political risk as instruments for U.S. 

firms only. Lastly, we alternatively measure of firm’s instability and environment degradation 

and find quantitatively intact results. In all the regression models, we absorb the region, country, 

firm, and time fixed effect to address the data diversity and heteroscedasticity biases. 

The renaming of the paper is arranged as follow: Section 2 report literature review and 

hypothesis development. Section 3 reports methodology. Section 4 reports empirical results. 

Finally, Section 5 concludes and reports recommendations. 

2. Literature Review 

This section report the determinant of CO2 emission from the prior literature. Previous 

studies show that CO2 emission is positively associated with economic growth (Apergis & 

Payne, 2010); economic policy uncertainty (Adams et al., 2020; Danish & Khan, 2020; Wang et 

al., 2020); urbanization (Sadorsky, 2014); trade openness, per capita GDP, energy consumption 

(Sharma, 2011). Furthermore, there is extensive literature on the adverse impact of CO2 

emission on macroeconomic development indicators (Abbasi & Adedoyin, 2021). In this study, 

we tend to explore the association between a firm’s default risk and CO2 emission, which is 

previously unexplored. We conjecture that increase in a firm’s default probabilities is positively 

link with CO2 emission. 

It is generally accepted that the country's overall strength will improve if its industries grow 

with more production and more exports as firms keep up with the country's grand strategy and 

policies. In this regard, we conjecture that if there are more probabilities of a firm's bankruptcies, 

it cannot keep up with the country's strategic objectives, such as environmental protection. Up to 

this extent, we rationalize this study first hypothesis as follow: 

Hypothesis 1: Increase in a firm’s default probability is positively associated with carbon 

emission. 



6 

 

We also explore several possible transmission channels between a firm’s default probability 

and CO2 emission positive association based on previous literature. For instance, Danish & 

Khan (2020) find that the positive association between EPU and energy consumption increases 

CO2 emission level. Adams et al. (2020) and Wang et al. (2020) also find that increased 

uncertainty over economic policy escalates CO2 emission magnitude. The positive association 

between EPU and CO2 emission is more pronounced in the long run (Anser et al., 2021). 

Literature also shows an insignificant association between EPU and CO2 emissions (Abbasi & 

Adedoyin, 2021). We also find that firm insolvency is triggered by increased EPU, specifically 

in the Netherlands and UK (Stolbov & Shchepeleva, 2020). 

However, previous literature lacks evidence that mingles the EPU role between the firm’s 

default risk and CO2 emission as a transmission channel. Therefore, we propose our third 

hypothesis as follow: 

Hypothesis 2: The positive association between a firm’s default probability and carbon 

emission is more pronounced when there is more uncertainty about economic policy. 

Literature also shows that more market competition is eco-friendly and impedes the CO2 

emission level. Farber & Martin (1986) state that industry competition decreases in large 

production when there are strict environmental regulations. Antweiler et al. (2001) show that 

industry competition may reduce the firm’s production when strict pollution laws pertain to an 

economy. Shleifer (2004) states that increasing competition coerces firms to reduce per-unit cost 

by reducing the total production that impedes pollution. From prior literature, we conjecture that 

more market competition contributes to upgrading the environment for several reasons. First, 

when there is a more competitive market, the local authorities regarding environmental 

protection will be more active and enthusiastic about their responsibilities due to the progressive 

environment. Second, Guana et al. (2021) find that the positive association between EPU and 

corporate innovation is more pronounced in a competitive market. This means market 

competition plays a significant role in a firm’s growth opportunities. In contrast, firms hold more 

cash and invest less in R&D when there is more uncertainty about economic policy in a less 

competitive market (Phana et al., 2019). Last but not least, increase market competitiveness 

motivate firms to invest in green technology due to government enforcement, such as using 

electric vehicles. 
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Based on the above discussion, this study motivates to investigate the role of market 

competition between a firm’s default risk and CO2 emission. Specifically, we conjecture that a 

firm’s default risk impact is vulnerable to CO2 emission when there is a more competitive 

market. Therefore, we propose our last hypothesis as follow: 

Hypothesis 3: The positive association between a firm’s default risk and carbon emission is 

weak in a competitive market. 

3. Methodology 

3.1. Sample selection 

We obtain our study variables data from several sources. Initially, we obtain quarterly 

firm’s capital structure data (from 2013q1 to 2020q4) from the Bureau van Dijk – Osiris 

database for all world countries. To identify firms that operations are in either way link to the 

environment, we scrutinize 3 out of 11 industries from Global Industry Classification Standard 

(GICS) managed by MSCI and S&P Dow Jones3. Next, we obtain yearly CO2 emission data 

from International Energy Agency (IEA) annual reports for the pre-specified duration. Country-

specific variables data is obtained from the World Bank database and World Governance 

Indicator database. 

Further, the economic policy uncertainty data is obtained from Baker et al. (2016), while 

and firm-level political risk data is obtained from Hassan et al. (2019). For firm-specific political 

risk, we use the firm’s capital structure data from the yearly Compustat database for U.S. listed 

firms only. We link country- and firm-specific data via three-digit country code and fiscal year. 

We drop unmatched and missing data for the firm’s capital structure from our sample. The data 

retrieving process left us with a sample of 2,55,000 observations and 15,505 firms. 

3.2. Environment deterioration measure 

In order to examine the environmental degradation link with firm-level operations, we take 

the natural logarithm of annual production-based emissions of carbon dioxide (CO2), measured 

in a million tons per year. We use a similar procedure with the decomposed CO2 measures. For 

 
3 The three industries that possibly affect the environment are Energy, Industrial, and Material. 
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alternative CO2 measure, we follow IEA report, 2020 and use Kaya’s identity approach that 

scale the CO2 level as a product of following factors: 

𝐶𝑂2_𝐴𝐿𝑇 = 𝑃 × 𝐺𝐷𝑃𝑃 × 𝑇𝐸𝑆𝐺𝐷𝑃 × 𝐶𝑂2𝑇𝐸𝑆            (1) 

where P is the population, GDP is the per capita gross-domestic-product, and TES is the 

total primary energy consumptions. The Kaya’s identity measure ascertains the magnitude of 

CO2 emission from human resources, which is a relevant measure, especially for our study. 

3.3. Firm’s default probability measure 

A firm’s operations are closely related to the degree of financial constraints a firm faces to 

obtain external financing, increasing its default probability. The increase in default probability 

perturbs a firm’s operations that violate the inverted U-shape Environmental Kuznets Curve of 

an economy4. To measure the firm’s default probability, we construct the KZ index by following 

Hadlock & Pierce. (2010) using the following equation: 𝐾𝑍𝑖,𝑞 = −1.002(𝐶𝑎𝑠ℎ 𝐾⁄ )𝑖,𝑞 + 0.283(𝑄)𝑖,𝑞 + 3.139(𝐷 𝐶⁄ )𝑖,𝑞 − 39.368(𝐷𝑖𝑣 𝐾⁄ )𝑖,𝑞− 1.315(𝐶𝑎𝑠ℎ 𝐾⁄ )𝑖,𝑞           (2) 

where Cash is the available cash and cash equivalent with firm, K is the value of property, 

plant, and equipment, Q is the market to book value of the firm, D is the total debt, C is total 

capital, and Div is the total of common and preferred dividend paid by the firm. The notation i 

denote individual firm and t denote each quarter. The higher value of KZ denotes more default 

probability and vice versa. 

3.4. Empirical model 

We estimate the relationship between a firm’s default probability and environmental 

degradation by the following equation: 𝑙𝑛𝐶𝑂2𝑖,𝑞 = 𝛼 + 𝛽1𝐾𝑍𝑖,𝑞 + 𝑋𝑖,𝑞 + 𝑌𝑞 + 𝑅 + 𝐶 + 𝐹𝑖 + 𝑇𝑞 + 𝜀𝑖,𝑡           (3) 

 
4 For instance, the EKC hypothesis states that the growth in industrialization surges the CO2 emission level. 

However, after a specific limit, the industrialization growth persistently increases with stable or diminishing growth 

of CO2 emission. 
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In Eq. (3), lnCO2 is the natural logarithm of annual production-based emissions of carbon 

dioxide (CO2), measured in a million tons per year; KZ denotes the KZ index for a firm’s default 

probability. The notation X denotes the matrix of firm-specific control variables used in this 

study. The control variables include firm’s sales growth (SALG), return on assets (ROA), assets 

tangibility (TANG), cash and cash equivalent scale by total assets (CASH), debt ratio (LEV), firm 

size (SIZE), tax on profitability ratio (TAX), R&D expenditure to total assets ratio (RND), 

operational risk (OPR) and portfolio risk (POR). The notation Y denotes country-specific 

variables. The country-specific variables include GDP per capita (GDP), the market 

capitalization of the domestic listed firms of a country (MCAP), inflation (CPI), and 

unemployment (UEMP). Finally, we control the country’s corporate governance rank (CGI), 

which denotes the stability level in a country due to governance indicators. Detail of each 

variable is reported in Appendix. 

3.5. Descriptive Statistics 

Panel A of Table 2 reports summary statistics of the study variables. We notice that CO2 

emission gradually increases from the 5th to 95th percentile with a larger mean from its standard 

deviation. CO2_ALT shows similar patterns. However, a firm's instability is more volatile across 

countries due to diverse cultures. We find KZ's mean value smaller than its standard deviation. 

The alternative firm's instability measures (WW index and O-Score) show similar patterns. We 

notice that number of firms (NUM) abruptly spikes after the 75th percentile, also depicted in HHI 

and political risk measures. 

Regarding control variables, sales growth shows more volatility, return on assets shows 

average negative return, tangibility shows standard growth patterns, and leverage shows high 

volatility across regions. In this section only, we report the value of the total assets in thousands 

of USD, denoting the firm size. R&D expenditure is existent after the 75th percentile across 

regions. The operation (OPR) and portfolio (POR) risk show an abrupt increase after the median 

value. The country-specific variable shows normalize pattern of growth from the 5th to 95th 

percentile. The average unemployment is noticed as 4.19 over the globe. 

Panel B of Table 2 reports correlation statistics. We notice that CO2 emission is positively 

associated with the KZ index, sales growth, more taxation, more R&D, and more operational 
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risks, while negatively associated with the rest of firm-specific control variables. We notice that 

CO2 emission is positively linked with all country-specific variables. Regarding the KZ index, 

we find its negative association with profitability, having more cash, more taxation, more 

taxation, and country-specific variables (except unemployment). Taken together, most variable’s 

association is below 50%, denoting the absence of multicollinearity among study variables. 

(Insert Table 1 about here) 

Figure 1 shows the time-series quarterly average change in CO2 emission level in 

association with the firm’s default probability separately for different income-level countries. We 

notice the co-movement between the KZ index and CO2 emission in all income-level countries. 

Significantly, the association is more robust in lower-middle-income countries. The upper-

middle-income countries show the increasing trend of CO2 emission with less consideration of 

the firm’s default probability. Taken together, Figure 1 shows that there are positive co-

movements between average CO2 emission and KZ index over time. 

(Insert Figure 1 about here) 

4. Empirical Results 

4.1. Baseline Regression 

We use Eq. (3) to examine the association between a firm’s default probability and 

environmental degradation as a baseline regression model. As we have firm- and country-

specific control variables, we report regression results for each control’s effect. Using a 

multivariate dynamic regression model, we absorb the region, country, firm, and time fixed 

effects to address data diagnostic biases such as heteroscedasticity issues. Column (1) of Table 2 

reports the regression result between the firm’s default probability and environmental 

degradation without control variables. The result shows that the coefficient of KZ is positive and 

significant at a 1% level, denoting that a one percent increase in the KZ index is 2.19% increases 

the CO2 emission level. 

In Column (2), we consider country-specific control variables and find positive and 

significant KZ coefficient against CO2, denoting that one standard deviation increase in the KZ 

index is 1.75% increases the CO2 emission level. The country-specific control variables show 
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that except for inflation, the CO2 emission measure positively links to the rest of the country-

specific control variables (in general). In Column (3), we consider firm-specific control 

variables. The result shows the positive and significant KZ coefficient against the CO2 measure, 

denoting that one standard deviation increase in the KZ index is 2.23% increases the CO2 

emission level. The firm-specific control variables show that sales growth, more cash, large firm 

size, more taxation, more R&D expenditures, and high operation risks are positively associated 

with environmental degradation. Contrarily, profitability, asset tangibility, leverage, and high 

portfolio risks are negatively associated with environmental degradation. In Column (4), we find 

consistent results between the KZ index and CO2 emission measure. 

Our findings suggest that an increase in a firm's default probability affects its operations, 

which affect the industry's overall performance. The decrease in aggregate performance is 

violating the Environmental Kuznets Curve assumption. Consequently, environment degradation 

surges with the increase in a firm's default probabilities. 

(Insert Table 2 about here) 

4.2. Decomposition of CO2 emission 

One can argue that CO2 emissions from various sectors have a differential association with 

firm-level operations. For example, it is expected that the firm’s default probability positive 

association with environmental degradation is more pronounced in the Trade sector than in Coal, 

Gas, or Oil sectors. We conjecture that firm-level default probability has an indifferent positive 

association with CO2 emission in all sectors from this obscurity. One possible reason is that 

firm-level operations have a significant explanatory power to determine the level of CO2 

emission at a micro-level. Therefore, we expect a positive association between a firm’s default 

probability and CO2 emission in all sectors. 

To empirically examine the fore stated discussion, we extract CO2 emission data from 

different sectors with the help of IEA reports, 2020. Precisely, we extract the yearly data for CO2 

emission from Trade, Cement, Coal, Flaring, Gas, and Oil sectors. Each sector's CO2 emission 

data is similarly treated, as discussed in Section 3.2 of this study. Next, we merge the 

decomposed CO2 emission with firm-level KZ index via three-digit country code and fiscal year. 
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We expect that the positive association between a firm's default probability and environmental 

degradation is indifferent in all sectors. 

We use our baseline regression model on the decomposed CO2 sample and report the 

relevant results in Table 3. Results show that the KZ coefficient is positive and significant at a 

1% level against decomposed CO2 components in all columns. For instance, the coefficient of 

the KZ index against CO2 emission from the Trade sector is 0.0223, significant at a 1% level. 

Similarly, the KZ coefficient against CO2 emission from Cement, Coal, Flaring, Gas, and Oil 

sector is 0.0104, 0.0141, 0.0332, 0.0165, and 0.0187, significant at a 1% level, respectively. The 

outcome suggests that an increase in a firm's default probability degrades the environment from 

different sectors. The outcome of this sector supports our baseline estimations and proposes that 

firm-level default probability has an indifferent association with CO2 emission level. 

(Insert Table 3 about here) 

4.3. Market competition 

Previous literature documents that an increase in market competition may result in a lower 

production level when local authorities have strict pollution control over the firm's operations 

(Farber & Martin, 1986; Antweiler et al., 2001). Shleifer (2004) states that a firm reduces its 

production cost to survive in a competitive market, leading to pollution control. One possible 

reason is that market structure shifts the firm's output in an environment-friendly manner. 

Another reason is that it provides incentives to motivate firms to adopt environment-friendly 

technology for production and operations. However, various reasons link more market 

competition with more firm's default probabilities. One reason is that firms with high default 

probability tend to pay more interest rates on the borrowed loans. As market competition spikes 

the cash-flow risk and diminishes the guaranteed income, competition could lead to more default 

probabilities (Valta, 2012). 

Furthermore, firms constantly coerce by a competitive threat from their rivals. This means 

financially robust firms could adopt competitive strategies to combat financially constrained 

firms in a competitive market (Bolton & Scharfstein, 1990). Therefore, it is interesting to 

examine whether the positive association between a firm's default probability and environmental 

degradation still prevalent in competitive industries. 
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For this concern, we frame a difference-in-difference approach. Initially, we construct three 

industry competition measuring variables (see Appendix 1 for detail measurements) by following 

previous literature (Curry & George, 1983; Karuna, 2007; Haushalter et al., 2007; Li, 2010). 

First, we measure industry competition (IC) by counting firms in SIC-based industries (NUM). 

The more number of firms denotes more competition in an industry and vice versa. Second, we 

measure IC by the sum of the top 5 sales of the firms divide by industry total sales (CR5). The 

larger value denotes less competition and more monopoly of the top 5 firms, and vice versa. 

Third, we construct the Herfindahl-Hirschman Index calculated by the sum of the firm's square 

of sale-based market share in SIC-based industry share (HHI). The higher value of HHI denotes 

more competition and vice versa. To frame DID, we construct three dummy variables (DNUM, 

DCR5, DHHI) that equals one (treat) if the value of NUM, CR5, and HHI is above their median 

and zero otherwise (control). For DNUM and DHHI indicators, the treated group indicates more 

competition, while for DCR5, the treated group indicates more monopoly.  

Table 4 report the relevant results. The interaction term KZ×IC denotes the firm's default 

probability in a competitive industry which is our key concern variable. Columns (1) and (2) 

report results for NUM, Columns (3) and (4) report results for CR5, while Columns (5) and (6) 

report results for HHI, respectively. Results show that the KZ×IC coefficient is positive and 

significant in Columns (1), (2), (5), and (6), while negative and significant in Columns (3) and 

(4), denoting that firm's default risk in a competitive industry is also positively associated with 

CO2 emission. However, we notice that the statistical magnitude of the KZ×IC coefficient is 

relatively smaller than the KZ coefficient in our baseline estimations. The notion demonstrates 

that a firm's default probabilities are weakly associated with environmental degradation in a 

competitive industry for several reasons, such as more competition only exists when there are 

more and indifferent buyers in the market. The stable and augmented cash flows from more 

buyers enable firms to employ environment-friendly strategies such as eco-friendly technologies, 

nonpolluting assembly lines, and fuel-efficient supply chains. 

(Insert Table 4 about here) 
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4.4. Sub-sample analysis 

Our baseline model may report different postulations in countries with a financially stable 

and weak economy. We conjecture that the negative association between a firm’s default 

probability and environmental degradation is vulnerable in financially strong countries and vice 

versa. One possible reason is that financially strong countries intervene in the market to support 

defaulting firms to plow back economic downturns. This notion hinders the environmental 

degradation caused by the firm’s default risk by sustaining the environment protection and 

safeguarding policies at the firm level. 

To test whether our baseline model has a differential impact in the sub-sample of different 

income-level countries, we segregate our total sample into sub-sample by income levels by 

taking help from the Countries and Economies Classification section of the World Bank database 

(see Appendix 2 and 3 for detail classification). Specifically, we segregate our total sample into 

four groups ranging from strong financial economies to weak financial economies. We expect 

that the negative association between a firm’s default probability and CO2 emission is salient in 

financially weak economies. 

Table 5 report the relevant results. The result shows that the negative association between a 

firm’s default risk and CO2 emission is salient in all sub-sample, inconsistent with our 

expectations. However, we notice that the statistical magnitude of the KZ coefficient against 

CO2 emission is larger in financially weak economies compare to financially stable economies. 

For instance, Column (1) report result for low-income countries sub-sample, while Column (4) 

report for high-income countries sub-sample. In Columns (1) and (4), the KZ coefficient is 

0.0453 and 0.0044 significant at a 1% level, denoting that one standard deviation increase in KZ 

is 3.14% and 0.31% surges the CO2 emission level. This means the negative association between 

a firm’s default risk and CO2 emission is more in low-income countries than high-income 

countries. One possible explanation is that high-income countries have more environmental 

protection laws that enervate the firm’s default positive link with CO2 emission. 

(Insert Table 5 about here) 
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4.5. Economic Policy Uncertainty (EPU) heterogeneous effect 

One can argue that our baseline estimates could be variant in countries with a higher level 

of EPU from the lower level EPU countries. As previous literature highlight the importance of 

EPU and shows that EPU is negatively associated with economic growth (Baker et al., 2016); 

firm-level investments (Kang et al., 2014); and stock market performance during extreme 

volatility period (Arouri et al., 2016) and positively associated with energy and oil prices (Kang 

& Ratti, 2013). Jirasavetakul & Spilimbergo (2021) states that EPU plays a significant role in the 

country's aggregate outcomes. We conjecture that higher EPU countries may provide 

discrepancies for producers to employ traditional and environmental inimical production 

facilities that benefit the firms at the cost of leading CO2 emissions.  

To mingle the role of EPU between KZ and CO2, we use the mediation analysis approach. 

First, we examine the association between EPU and KZ by our baseline model. Stolbov & 

Shchepeleva (2020) show that the firm's default probabilities are positively linked with economic 

policy uncertainty worldwide. Specifically, the higher EPU can delay private-sector investments, 

which affects the firm's financing decision and leads to financial inflexibilities (Gulen & Ion, 

2016; Lee et al., 2021). The notion depicts that higher EPU episode is associated with firm's 

financial inflexibility and more default probabilities.  

To inject the role of EPU between KZ and CO2, first, we segregate our sample into five 

quantiles based on EPU levels. The first quantile contains the lower EPU episode, while the fifth 

quantile contains the higher EPU episode. We expect that the positive association between a 

firm's default risk and CO2 emission is vulnerable in the lower quantile EPU sample while 

salient in the higher EPU quantile samples. For each EPU quantile sub-sample, we separately 

test the mediation analysis using our baseline model.  

Table 6 reports the relevant results in two sections. In Section A, the dependent variable is 

EPU, and the independent variable is the KZ index. Section B uses our baseline regression by 

adding EPU as an additional control variable with the KZ index. In Section A, we find that the 

association between EPU and KZ index is positive and significant in Columns (4) and (5) and 

insignificant in Columns (1) and (2), denoting that high uncertainty over economic policy has a 
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positive link with firm's default risk. Startlingly, we find a negative association between 

moderate level EPU and firm's default risk in Column (3). 

In Section B, the dependent variable is CO2, the independent variable is KZ, and the 

mediating variable is EPU. Results show that the association between CO2 and KZ index is 

negative at the lowest level of EPU in Column (6). Columns (7) and (8) show a positive 

association between CO2 and KZ. However, we notice that CO2 is negatively associated with 

second and third EPU quantile samples. In the high EPU samples (such as fourth and fifth 

quantiles), we notice that CO2 is positively associated with the KZ index and EPU. We also 

notice that the statistical magnitude of the KZ coefficient is larger in the larger EPU quantiles 

compare to the lower EPU quantiles. For example, the KZ coefficient in Columns (7) and (10) is 

0.0134, and 0.0240 significant at a 1% level, denoting that one standard deviation increase in the 

KZ index is 0.96% and 1.71% increases the CO2 emission level, respectively. This means the 

firm's default risk is degrading the environment, especially when there is uncertainty about a 

country's economic policy. 

(Insert Table 6 about here) 

4.6. Threshold regression 

It is expected that there is structural bias in our baseline model regarding the country’s 

macroeconomic features. For instance, the positive association between a firm’s default risk and 

CO2 emission may be more pronounced when a country has more population density or having 

less forest area coverage. Ribeiro et al. (2019) find that urbanization in the shape of population 

density largely contributes to increasing CO2 emissions. Effect of deforestation contributes to 

greenhouse gas emission, especially CO2 emission. Therefore, it is essential to address the 

country’s macroeconomic features (population density and deformation) as a structural break in 

the data of different economies to examine the relationship between a firm’s default risk and 

CO2 emission. 

Due to the diverse nature of our study data, we use single equation threshold regressive 

developed by Hansen, (2000) using the following equation: 𝑙𝑛𝐶𝑂2𝑖,𝑞 = 𝛼 + 𝑋𝑖,𝑞(𝑍𝑐,𝑡 < 𝛾)𝛽1 + 𝑋𝑖,𝑞(𝑍𝑐,𝑡 ≥ 𝛾)𝛽2 + 𝑢𝑖 + 𝜀𝑖,𝑞           (4) 
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In Eq. (4), X is the explanatory variables, Zc,t is the threshold variable variables measured 

for country c in time t. Our study considers population density (POPDEN) and forest area 

(FOREST) as the threshold variables. The notation 𝛾  denote the threshold parameter that 

separates Eq. (4) into two parts with β1 and β2 coefficients. The notation 𝛼 capture the cross-

sectional heterogeneity between lnCO2i,q and Xi,q that is not controlled by explanatory variables. 

The parameter 𝑢𝑖 is the individual effect, while 𝜀𝑖,𝑞 denotes the error term. By rearranging Eq. 

(4), we have the following equation: 𝑙𝑛𝐶𝑂2𝑖,𝑞 = 𝛼 + 𝑋𝑖,𝑞(𝑍𝑐,𝑡 , 𝛾)𝛽 + 𝑢𝑖 + 𝜀𝑖,𝑞           (5) 

where 

𝑋𝑖,𝑞(𝑍𝑐,𝑡 , 𝛾) = {𝑋𝑖,𝑞𝐼(𝑍𝑐,𝑡 < 𝛾)𝑋𝑖,𝑞𝐼(𝑍𝑐,𝑡 ≥ 𝛾)           (6) 

With the help of threshold variable Zc,t, we divide our study sample into two regimes 

depending on whether the threshold variable is smaller or larger than the known threshold 

parameter 𝛾. For this, the notation I in Eq. (6) denotes an indicator term that equals one when the 

fore stated argument in the function is true and zero otherwise. The threshold 𝛾 is estimated 

using OLS regression to lessen the concentrated sum of squared errors (SSE) (Hansen, 2000). 

Therefore, the equation for γ becomes: �̂� = 𝑎𝑟𝑔𝑚𝑖𝑛𝑆1(𝛾)          (7) 

After generating the predicted threshold estimators, we verify the statistical significance of 

the threshold effect by the following hypothesis: 𝐻0: 𝛽1 = 𝛽2          𝐻𝑎: 𝛽1 ≠ 𝛽2 

The impact of the threshold is unknown under the null hypothesis. If we reject the null 

hypothesis, then our regression estimation would report two-regime threshold regressions. We 

frame the triple-threshold model by setting trimming values for the first, second, and third 

threshold by population density and forest area. We set the bootstrap number to 500 and use grid 

= 400 to reduce the computation cost for double and triple threshold and 0 to the first threshold 

because there is no need to bootstrap again for the first threshold. The basic idea is that the firm's 
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default risk is positively related to CO2 emission only when the firm is located in a country 

already suffering from overpopulation and less forest area. If the country has less population and 

more forest area, the firm's default probability would be irrelevant to the environmental 

degradations. The threshold variables POPDEN and FOREST are winsorizes by 1 to 5 percent at 

both sides in search of threshold estimators.  

The relevant results are reported in Table 7. In the table's end, Th-1 denotes the estimator in 

a single threshold model. Th-21 and Th-22 denote two estimators in the double-threshold model. 

Similarly, Th-3 single estimator for the third-threshold model. The LR statistics of the three 

thresholds are highlighted in Figure 2. The threshold estimator is highly significant at a 1% level 

in the first and second threshold while insignificant at the third threshold. Therefore, we rely on 

the third threshold model estimators in Column (4) of Table 7. Based on the framed POPDEN 

and FOREST thresholds, Column (3) of Table 7 shows a positive and significant association 

between KZ index and CO2 emission, denoting that an increased population density and less 

forest area are augmenting the positive effect of the firm's default risk on environmental 

degradations. This section's findings support our baseline estimates and prove that the positive 

impact of the KZ index on CO2 emission is more pronounced when there is overpopulation and 

less forest area of a country.  

(Insert Table 7 about here) 

4.7. Instrumental variables regression 

Due to the larger sample, it is expected that there is endogeneity bias in our baseline model. 

To address the endogeneity concern, we follow prior literature (Chang et al., 2018; Wu & Lai, 

2020) and use the instrumental variable (IV) regression approach5. We assume that firm-level 

default risk is endogenously associated with macroeconomic variables measured at the firm 

level, such as firm-level political risk. We derive a firm-specific political risk index (PRISK) 

from Hassan et al. (2019), covering U.S. and Canadian listed firms only. This section uses firm-

specific capital structure data from Compustat6 for the study period and pre-specified industries 

 
5 IV regression is a widely used approach in the economics and finance field to address the endogeneity concerns, 

including 1) omitted variable bias, 2) reverse causality, and 3) error in variable bias. 
6 Compustat database can provide detailed quarterly and annual financial statements and historical data of 

financial indicators for more than 24,000 listed companies in the United States and Canada. 
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only. Previous literature shows that firm-level political risk is positively associated with stock 

market volatility (Hassan et al. 2019) and negatively associated with firm's leverage adjustment 

speed (Wu & Lai, 2021) and innovation performance (Rehman et al., 2021). We conjecture that 

firm-level political risk increases a firm's default risk, which degrades the environment.   

We consider firm-level political risk (PRISK), non-political risk (NPRISK), and 

environment-related political risks (EPRISK) as instrumental variables in this section. Hassan et 

al. (2019) distinguish all the three political risks by pattern-based sequence-classification models 

developed in computation linguistics. By these models, the language pattern between the firm's 

manager and its analysis during conference calls is filtered and scrutinized to distinguish 

between PRISK, NPRISK, and EPRISK. Besides, the raw political risk measures are subjected to 

large outliers. For this concern, we normalize all the three measures of political risks by the 

following equation: 

𝑅𝑖𝑠𝑘 = 𝑅𝑖𝑠𝑘𝑖,𝑞 − 𝑚𝑖𝑛𝑅𝑖𝑠𝑘𝑖,𝑞𝑚𝑎𝑥𝑅𝑖𝑠𝑘𝑖,𝑞 − 𝑚𝑖𝑛𝑅𝑖𝑠𝑘𝑖,𝑞           (8) 

In Eq. (8), Risk denotes all the three firm-level risk PRISK, NPRISK, and EPRISK. The 

value of all the three risk measures ranges between 0 and 1 after normalization. The higher value 

denotes more Risk and vice versa. 

Table 8 report the relevant results. Section A reports first-stage regression results. While 

Section B report second-stage IV regression results. In Columns (1), (2), and (3), the dependent 

variable is PRISK, NPRISK, and EPRISK, respectively, while the independent variable is the 

firm-level default risk measured by the KZ index. In Section B, the dependent variable is the 

CO2 emission measure, while the independent variable is the KZ index. In Columns (4), (5), and 

(6) of Section B, the instrumental variables are PRISK, NPRISK, and EPRISK, respectively, 

extracted from the first-stage regressions against the KZ index. Results show that firm-level 

political, non-political and environmental-related-political Risk is positively associated with a 

firm’s default probabilities. For instance, in Column (1), the coefficient of KZ is 0.0063, 

significant at a 1% level. In Columns (2) and (3), the coefficient of the KZ index is 0.0054 and 

0.0053, significant at a 1% level. The outcome suggests that our proposed instrument variables 

are closely related to the endogenous variable (KZ index).  
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In Section B, the results of IV regression show that the instruments-adjusted KZ index is 

positive associated with CO2 emission level, which supports our prior estimates. For instance, 

Column (4) shows that the coefficient of KZ=PRISK is 0.0545 significant at a 5% level. 

Similarly, Columns (5) and (6) show that the coefficient of KZ=NPRISK and KZ=EPRISK is 

positive and significant at a 5% level. The outcome suggests that the association between firm-

level default risk and CO2 emission level remains quantitatively intact using the IV regression 

approach. The statistical magnitude of the KZ index is relatively larger in IV regression compare 

to our baseline regression for several reasons. Das et al. (2011) state that the independent 

variable’s larger coefficient in IV regression compared to OLS regression is the model 

measurement bias that potentially lessens the independent variable’s coefficient in OLS. We 

cover this problem by IV regression (Gujarati, 2003). For instance, we compare the KZ variance 

of baseline regression and IV regression and find that KZ variance in our baseline model is 

0.7696, and in IV regression is 0.1126, which denotes that the larger variance lessens the 

magnitude of the KZ’s coefficient in our baseline compare with the IV regression model. Taken 

together, postulations from this section empirically support our prior estimates. 

(Insert Table 8 about here) 

4.8. Alternative measurements 

In our baseline model, we measure environmental degradation by taking the natural 

logarithm of the CO2 emission. In this section, we measure environmental degradation by 

Kaya’s approach using Eq. (1). In Kaya’s approach, CO2 emission is scaled by its primary 

driving forces such as GDP, population, energy usage. It shows that the increase in population, 

energy usage, and GDP per capita drives the CO2 emission level upward. We denote the 

alternative measure of environmental degradation by CO2_ALT. 

Prior literature measures a firm’s default risk in several ways. For example, Wu & Lai 

(2020) follow Hadlock & Pierce. (2010) and construct the HP index as a measure of financial 

constraints. In our baseline model, we also follow Hadlock & Pierce. (2010) and construct the 

KZ index as a measure of a firm’s default probability. In this section, we follow Whited & Wu 

(2006) to construct the WW index and further follow Ohlson (1980) to construct the O-Score 

index to measure financial constraints that further lead to default probabilities. The relevant 
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results are reported in Table 9. Columns (1)-(3) report the result for the CO2_ALT. Columns (4)-

(6) and Columns (7)-(9) report the result for the alternative firm’s default probability measured 

by WW Index and O-Score, respectively. We find that the positive association between a firm’s 

default risk and environmental degradation is salient in all columns, denoting that our 

postulations are quantitatively intact by alternative measurements.  

(Insert Table 9 about here) 

5. Conclusion and Policy Implication 

This study examines how the firm's default probability is linked with environmental 

degradation in the world's economies. Given that the increase in a firm's default probability is 

affecting its relevant industry's cash-flows and financial policies, we expect it also affects the 

extent to which the firm engages in environmental protections following the EKC hypothesis. 

We tested the afore-stated association by income-level split sample and find that the association 

is salient in all types of income level countries. However, the association is weak in high-income 

countries due to government support plowing back further environmental downturns. 

Further, we find that CO2 emission for different sectors has a linear association with a 

firm's default risk. Using the difference-in-difference approach, we find that the positive 

association between the KZ index and CO2 emission is vulnerable when there is more 

competition in the market. We also find that KZ's positive impact on CO2 emission is weak when 

there is less uncertainty about economic policy. Using threshold regression, we find that 

urbanization and deforestation define the positive association between the KZ index and CO2 

emission. We use firm-level political, non-political, and environment-related political uncertainty 

as instruments for U.S. firms and find that the fore-stated risk augments the positive link between 

the KZ index and CO2 emission. We alternatively measure the firm's default risk and CO2 

emission and find that the results are quantitatively intact. 

Our findings have several policy implications for the market participants and local 

authorities responsible for environmental protection. First, local authorities should consider the 

firm's default probability as a determinant of environmental deterioration. Second, the firm's 

manager should intimate the firm's default risk to the environmental protection agencies and 

develop further funding towards environmental protections. Our study also addresses some 
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transmission channels, such as economic policy uncertainty, industry concentration, population 

density, and political risks. Local authorities should address these transmission channels during 

strategic planning to make laws and regulations for environmental protection. 
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Figure 1: Time-series pattern between firm’s default risk and CO2 emission by Income-level 
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Figure 2. LR statistics of three thresholds 

 

  



28 

 

 

Table 1:  

Descriptive Statistics 

 Section A: Summary Statistics 
 Mean S.D. 5% 25% Median 75% 95% N 
CO2 6.0309 2.4757 2.8837 5.4024 6.3559 7.6891 9.1922 254,879 
CO2_ALT 5.1215 .6017 4.2697 4.6546 4.9047 5.6290 6.0816 152,372 
KZ 1.3902 2.5307 -3.1506 -.6194 1.6044 2.6876 5.0157 254,879 
WWI .2313 .3262 0 0 .4572 .8004 .9434 254,879 
O-Score .1484 .2985 0 0 .0239 .7102 .9398 254,879 
NUM (in numbers) 160.2132 205.1099 8 42 89 178 710 254,879 
CR5 .6290 .1928 .3501 .4666 .6176 .7751 .9711 254,879 
HHI .1844 .1923 .0387 .0651 .1136 .2217 .6302 254,879 
POPDEN 3.2666 2.4068 0 0 3.5980 5.3178 6.2573 254,879 
FOREST 2.6030 1.6489 0 0 3.4530 3.6819 4.2403 254,879 
PRISK .1933 .2476 0 .0246 .0986 .2545 .8259 310,474 
NPRISK .1989 .2487 .0012 .0282 .1037 .2626 .8359 310,608 
EPRISK .1740 .2427 0 .0191 .0767 .2157 .8111 310,595 
SALG .3239 .5287 -.7842 -.1121 0 .5778 1.2623 254,879 
ROA -.0598 .3832 -.3235 -.0113 .0123 .0337 .0921 254,879 
TANG .5171 .2603 .0725 .3218 .5137 .7204 .9431 254,879 
CASH .1531 .1873 .0029 .0337 .0902 .1932 .5519 254,879 
LEV .8471 2.4742 .0497 .2737 .4793 .6630 .8558 254,879 
Assets (th. USD) 5401750 3.66e+08 610 22,827 14,834,6 75,889,3 79,883,17 254,879 
TAX .0132 .0313 0 0 .0064 .0213 .0638 254,879 
RND .3599 .4799 0 0 0 1 1 254,879 
OPR .1342 .1470 0 .0047 .0972 .2120 .4188 254,879 
POR .8595 2.6791 -3.0734 -.3089 .7546 2.2580 4.4995 254,879 
GDP 8.6383 3.4117 0 8.4985 9.9930 10.7406 11.0430 254,879 
MCAP 3.4062 1.8956 0 3.1901 4.2593 4.7266 5.0121 254,879 
CPI 1.8884 2.0863 0 .4769 1.5931 2.2916 6.3949 254,879 
UEMP 4.1965 2.9653 0 2.4 3.9 5.83 9.46 254,879 
CGI 1.5704 1.9149 -.7986 -.3381 2.0713 3.2998 3.8755 254,879 
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 Section B: Spearman Correlation Matrix 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 

1)CO2 1                 

2)KZ .020a 1                

3)SALG .012a .005b 1               

4)ROA -.010a -.019a .326a 1              

5)TANG -.018a .018a -.087a -.118a 1             

6)CASH -.011a -.001 .022a .013a -.467a 1            

7)LEV -.026a -.107a .029a -.034a -.053a -.242a 1           

8)SIZE -.058a -.018a .178a .383a .165a -.080a .182a 1          

9)TAX .002 -.027a .188a .647a -.082a .112a -.086a .374a 1         

10)RND .023a .001 .154a .117a -.168a .138a -.009a .240a .148a 1        

11)OPR .033a -.014a .424a .399a -.261a .047a .117a .236a .239a .159a 1       

12)POR -.005a -.019a .337a .779a -.089a .004b .035a .440a .546a .123a .403a 1      

13)GDP .215a -.034a -.200a -.233a .120a .032a -.000 -.044a -.144a -.128a -.224a -.136a 1     

14)MCAP .178a -.051a -.125a -.138a .016a .071a -.039a -.068a -.058a -.048a -.114a -.075a .596a 1    

15)CPI .251a -.023a -.016a .053a -.015a -.118a .011a -.101a .005b -.057a -.056a .012a .015a .076a 1   

16)UEMP .223a .013a -.201a -.249a .162a -.062a -.004b -.159a -.201a -.176a -.291a -.224a .461a .167a .115a 1  

17)CGI .096a -.020a -.195a -.301a .132a .106a -.064a -.151a -.185a -.155a -.223a -.238a .745a .434a -.314a .377a 1 

Note: Due to capacity of the space, we denote a p<0.01, b p<0.05, c p<0.1 in  
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Table 2:  

Baseline Regression 

  (1)  (2)  (3)  (4) 
KZ 
 
SALG 
 
ROA 
 
TANG 
 
CASH 
 
LEV 
 
SIZE 
 
TAX 
 
RND 
 
OPR 
 
POR 
 
GDP 
 
MCAP 
 
CPI 
 
UEMP 
 
CGI 

 

0.0308*** 
(23.9890) 

 

0.0263*** 
(20.0856) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.0417*** 
(9.2318) 

0.0183*** 
(22.7340) 

-0.0215*** 
(-31.0291) 
0.0766*** 
(138.3993) 
0.0992*** 
(18.1081) 

 

0.0314*** 
(24.1430) 
0.0065*** 
(3.5331) 

-0.0175*** 
(-5.6433) 

-0.0213*** 
(-2.9234) 
0.0189** 
(2.4489) 

-0.0033*** 
(-6.3328) 
0.0109*** 
(8.1831) 

0.1412*** 
(5.0960) 

0.2690*** 
(53.1024) 
0.0666*** 
(6.4393) 

-0.0026*** 
(-7.1050) 

 

0.0263*** 
(19.7904) 
0.0063*** 
(3.3453) 

-0.0180*** 
(-5.7078) 

-0.0410*** 
(-5.4898) 
0.0094 

(1.1924) 
-0.0042*** 
(-7.7760) 
0.0095*** 
(6.8869) 

0.1358*** 
(4.6614) 

0.1356*** 
(25.7671) 
0.0262** 
(2.4695) 

-0.0023*** 
(-6.0580) 
0.0400*** 
(8.8636) 

0.0182*** 
(22.7442) 

-0.0198*** 
(-28.5588) 
0.0744*** 
(132.8442) 
0.0937*** 
(17.1225) 

Firm FE 
Quarter FE 
Country FE 
Region FE 

 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

Obs. 
Adj. R2 
No. of  Firms 
No. of  Quarter-Year 
No. of  Countries 
No. of  Regions 

 

247,756 
0.2470 
14,732 

32 
96 
7 

 

247,756 
0.2437 
14,732 

32 
96 
7 

 

247,756 
0.2570 
14,732 

32 
96 
7 

 

247,756 
0.2469 
14,732 

32 
96 
7 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 3:  

Decomposed CO2 Emission 

 
(1) 

Trade 
 

(2) 

Cement 
 

(3) 

Coal 
 

(4) 

Flaring 
 

(5) 

Gas 
 

(6) 

Oil 

KZ 

 

SALG 

 

ROA 

 

TANG 

 

CASH 

 

LEV 

 

SIZE 

 

TAX 

 

RND 

 

OPR 

 

POR 

 

GDP 

 

MCAP 

 

CPI 

 

UEMP 

 

CGI 

0.0223*** 

(14.2320) 

-0.0119*** 

(-5.4570) 

-0.0148*** 

(-4.0224) 

0.0532*** 

(5.9678) 

-0.0410*** 

(-4.3749) 

0.0026*** 

(4.0564) 

0.0332*** 

(19.7145) 

-0.2489*** 

(-7.3120) 

-0.1021*** 

(-16.0570) 

-0.0218* 

(-1.7333) 

0.0013*** 

(2.9299) 

1.0324*** 

(103.5482) 

-0.0521*** 

(-16.4627) 

0.0395*** 

(42.2603) 

-0.0789*** 

(-104.6018) 

0.5826*** 

(85.7502) 

 0.0104*** 

(7.6301) 

-0.0004 

(-0.2203) 

-0.0185*** 

(-5.7097) 

-0.0336*** 

(-4.3626) 

0.0094 

(1.1543) 

0.0058*** 

(10.4854) 

0.0267*** 

(18.7657) 

0.0017 

(0.0572) 

0.1861*** 

(34.5729) 

0.0787*** 

(7.1977) 

-0.0025*** 

(-6.4509) 

0.3490*** 

(76.0110) 

-0.0432*** 

(-52.5403) 

0.0396*** 

(55.6479) 

0.0318*** 

(54.2965) 

-0.3447*** 

(-61.5017) 

 

0.0141*** 

(11.1478) 

0.0033* 

(1.8380) 

0.0125*** 

(4.1552) 

0.0350*** 

(4.9387) 

0.0110 

(1.4573) 

-0.0038*** 

(-7.4025) 

-0.0275*** 

(-21.0072) 

-0.0276 

(-0.9983) 

0.2600*** 

(51.3820) 

-0.0115 

(-1.1381) 

-0.0040*** 

(-11.1471) 

0.0332*** 

(7.7390) 

0.0742*** 

(97.2193) 

-0.0420*** 

(-63.0310) 

0.0898*** 

(164.0350) 

-0.1120*** 

(-21.3553) 

 0.0332*** 

(18.1776) 

-0.0037 

(-1.4438) 

-0.0053 

(-1.4763) 

0.0309*** 

(3.2179) 

-0.0175* 

(-1.7375) 

-0.0019*** 

(-3.0713) 

0.0065*** 

(3.8503) 

-0.1202*** 

(-3.3273) 

-0.1428*** 

(-18.8219) 

-0.1064*** 

(-7.0679) 

0.0007 

(1.2943) 

0.0356*** 

(6.7846) 

-0.0522*** 

(-48.0134) 

-0.0056*** 

(-5.6217) 

-0.0339*** 

(-35.4584) 

-0.4731*** 

(-57.3317) 

 

0.0165*** 

(12.4126) 

-0.0076*** 

(-4.0489) 

-0.0015 

(-0.4898) 

-0.0478*** 

(-6.4177) 

-0.0544*** 

(-6.8834) 

0.0039*** 

(7.2301) 

0.0136*** 

(9.8809) 

-0.0546* 

(-1.8780) 

0.2394*** 

(43.7547) 

0.0733*** 

(6.9062) 

0.0007* 

(1.8370) 

0.1105*** 

(24.5925) 

-0.1289*** 

(-161.4100) 

0.0446*** 

(63.1799) 

0.0082*** 

(14.4406) 

0.2468*** 

(44.8556) 

 0.0187*** 

(13.0357) 

0.0012 

(0.6068) 

-0.0212*** 

(-6.5598) 

-0.0247*** 

(-3.2382) 

0.0262*** 

(3.2387) 

0.0023*** 

(4.1677) 

0.0398*** 

(28.1308) 

-0.0356 

(-1.1963) 

0.1995*** 

(37.0753) 

0.0360*** 

(3.3101) 

0.0003 

(0.8925) 

0.3613*** 

(78.2792) 

-0.0263*** 

(-32.0550) 

0.0228*** 

(32.0764) 

0.0112*** 

(19.5442) 

0.0415*** 

(7.4083) 

Firm FE 

Time FE 

Country FE 

Region FE 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

Obs. 

Adj. R2 

# Firms 

# Qtr-Years 

# Countries 

# Regions 

193,290 

0.3397 

14,005 

24 

87 

7 

 

224,751 

0.3565 

13,988 

28 

88 

7 

 

227,084 

0.3694 

14,310 

28 

82 

7 

 

148,178 

0.2639 

9,454 

28 

56 

7 

 

228,521 

0.3453 

14,348 

28 

80 

7 

 

230,732 

0.2577 

14,528 

28 

95 

7 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 4:  

Industry Concentration and Environment Deterioration 

 DNUM  DCR5  DHHI 
 (1) (2)  (3) (4)  (5) (6) 

KZ×IC 
 
KZ 
 
IC 
 
SALG 
 
ROA 
 
TANG 
 
CASH 
 
LEV 
 
SIZE 
 
TAX 
 
RND 
 
OPR 
 
POR 
 
GDP 
 
MCAP 
 
CPI 
 
UEMP 
 
CGI 

0.0066** 
(2.4783) 

0.0278*** 
(15.5062) 
0.0108*** 
(4.1217) 

0.0085*** 
(3.3457) 

0.0206*** 
(11.8575) 

-0.0103*** 
(-4.0872) 
0.0054*** 
(3.0498) 

-0.0193*** 
(-6.4531) 

-0.0244*** 
(-3.4817) 
0.0187** 
(2.5075) 

-0.0040*** 
(-7.8852) 
0.0093*** 
(7.2368) 

0.1295*** 
(4.8498) 

0.1643*** 
(33.0690) 
0.0261*** 
(2.6125) 

-0.0017*** 
(-4.8546) 

-0.0086*** 
(-6.0025) 
0.0294*** 
(40.3295) 

-0.0194*** 
(-31.0788) 
0.0506*** 
(121.5542) 
0.0413*** 
(26.8506) 

 

-0.0059** 
(-2.1941) 
0.0336*** 
(18.6167) 

0.0022 
(1.0836) 

-0.0044* 
(-1.6970) 
0.0266*** 
(15.2859) 
0.0079*** 
(4.0293) 

0.0056*** 
(3.1763) 

-0.0192*** 
(-6.4078) 

-0.0247*** 
(-3.5211) 
0.0186** 
(2.4999) 

-0.0040*** 
(-7.8507) 
0.0093*** 
(7.2567) 

0.1293*** 
(4.8414) 

0.1635*** 
(32.9746) 
0.0260*** 
(2.6105) 

-0.0017*** 
(-4.7933) 

-0.0087*** 
(-6.0266) 
0.0293*** 
(40.3042) 

-0.0194*** 
(-31.0761) 
0.0506*** 
(121.5604) 
0.0412*** 
(26.7571) 

 

0.0057** 
(2.0838) 

0.0275*** 
(13.5396) 

0.0029 
(1.4371) 

 

0.0046* 
(1.7558) 

0.0220*** 
(11.1812) 
-0.0026 

(-1.3438) 
0.0055*** 
(3.1215) 

-0.0194*** 
(-6.4584) 

-0.0247*** 
(-3.5249) 
0.0186** 
(2.4977) 

-0.0040*** 
(-7.8636) 
0.0093*** 
(7.2208) 

0.1290*** 
(4.8294) 

0.1633*** 
(32.9316) 
0.0260*** 
(2.6013) 

-0.0017*** 
(-4.8675) 

-0.0086*** 
(-5.9692) 
0.0293*** 
(40.2588) 

-0.0194*** 
(-31.0239) 
0.0505*** 
(121.4476) 
0.0413*** 
(26.8618) 

Firm FE 
Time FE 
Country FE 
Region FE 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Obs. 
Adj. R2 

247,756 
0.2471 

247,756 
0.3097 

 
247,756 
0.2470 

247,756 
0.3097 

 
247,756 
0.2471 

247,756 
0.3096 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 5:  

Sub-Sample Analysis (Income-Level Distribution) 

  Low Income  Average Below Income  Average Above Income  High Income 
  (1)  (2)  (3)  (4) 

KZ 
 
SALG 
 
ROA 
 
TANG 
 
CASH 
 
LEV 
 
SIZE 
 
TAX 
 
RND 
 
OPR 
 
POR 
 
GDP 
 
MCAP 
 
CPI 
 
UEMP 
 
CGI 

 

0.0453*** 
(24.9098) 
-0.0020 

(-0.6811) 
-0.0115*** 
(-3.4108) 

-0.0747*** 
(-7.7122) 
0.0002 

(0.0232) 
-0.0002 

(-0.3592) 
0.0048*** 
(3.0331) 

0.1548*** 
(3.8673) 

-0.0711*** 
(-3.3367) 
0.0364** 
(2.2888) 

-0.0014** 
(-2.5540) 

-0.0636*** 
(-5.4235) 

-0.0634*** 
(-61.9624) 
0.0301*** 
(20.2103) 

-0.0229*** 
(-28.5928) 
-0.1444*** 
(-27.4262) 

 

0.0312*** 
(16.1745) 
0.0186*** 
(6.2831) 
0.0378** 
(2.2126) 
-0.0101 

(-0.8277) 
0.0118 

(0.8490) 
-0.0011 

(-0.4302) 
0.0006 

(0.2596) 
-0.2884*** 
(-6.5509) 

0.0719*** 
(3.9321) 

0.0604*** 
(3.8424) 

-0.0015** 
(-2.5103) 

0.1456*** 
(13.8315) 

-0.0548*** 
(-19.3512) 

0.0008 
(0.9572) 

0.0196*** 
(27.7720) 

-0.0157*** 
(-3.3139) 

 0.0068*** 
(3.2976) 
0.0025 

(0.9628) 
0.0014 

(0.3130) 
-0.0211* 
(-1.7618) 
0.0079 

(0.6230) 
-0.0075*** 
(-9.9513) 

-0.0200*** 
(-8.4230) 

0.2271*** 
(6.1367) 

0.0193*** 
(2.9907) 

-0.0616*** 
(-3.7090) 

0.0039*** 
(8.1209) 

0.0373*** 
(28.1604) 
0.0104*** 
(6.5540) 

-0.1711*** 
(-103.2943) 
0.1716*** 
(141.6575) 
0.1673*** 
(37.5328) 

 0.0044*** 
(2.6571) 
-0.0002 

(-0.0865) 
-0.0076 

(-0.6792) 
-0.0125 

(-1.4368) 
-0.0248** 
(-2.2636) 

0.0043*** 
(2.7808) 
0.0028 

(1.3103) 
0.0173 

(0.4497) 
0.0242*** 
(6.2710) 
0.0079 

(0.8404) 
0.0006 

(0.9699) 
0.3208*** 
(24.2623) 

-0.0711*** 
(-52.2464) 
-0.0218*** 
(-31.1005) 
0.0018*** 
(3.0477) 

-0.0675*** 
(-12.4798) 

Firm FE 

Time FE 

Country FE 

Region FE 

 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

Obs. 

Adj. R2 

# Firms 

# Qtr-Years 

# Countries 

# Regions 

 

26,857 
0.8809 
2,377 

32 
19 
6 

 

54,102 
0.6267 
2,508 

32 
11 
2 

 

63,370 
0.6006 
3,523 

32 
25 
5 

 

103,414 
0.3598 
6,322 

32 
39 
6 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 6:  

EPU Heterogeneity Effect 

 Section A: First-stage regression  Section B: Second-stage regression 

 
WUI_Q1 

(1) 

WUI_Q2 

(2) 

WUI_Q3 

(3) 

WUI_Q4 

(4) 

WUI_Q5 

(5) 
 

CO2 

(6) 

CO2 

(7) 

CO2 

(8) 

CO2 

(9) 

CO2 

(10) 

KZ 

 

WUI_Q1 

 

WUI_Q2 

 

WUI_Q3 

 

WUI_Q4 

 

WUI_Q5 

 

SALG 

 

ROA 

 

TANG 

 

CASH 

 

LEV 

 

SIZE 

 

TAX 

 

RND 

 

OPR 

 

-0.0002 

(-0.1784) 

 

 

 

 

 

 

 

 

 

 

0.0308*** 

(19.2283) 

0.0116*** 

(4.2479) 

-0.0181*** 

(-2.6178) 

-0.0011 

(-0.1521) 

0.0014*** 

(3.0869) 

0.0006 

(0.5154) 

0.0133 

(0.5569) 

-0.0309*** 

(-5.5682) 

-0.0001 

(-0.0073) 

0.0001 

(0.1871) 

 

 

 

 

 

 

 

 

 

 

0.0128*** 

(21.1606) 

-0.0015 

(-1.5247) 

0.0068*** 

(2.8993) 

-0.0008 

(-0.3150) 

-0.0000 

(-0.1776) 

0.0013*** 

(3.1793) 

0.0264*** 

(3.0594) 

-0.0000 

(-0.0217) 

-0.0028 

(-0.8862) 

-0.0013*** 

(-4.1653) 

 

 

 

 

 

 

 

 

 

 

0.0046*** 

(9.9328) 

0.0013* 

(1.7085) 

0.0042** 

(2.3601) 

0.0025 

(1.2942) 

0.0002* 

(1.8802) 

0.0017*** 

(5.5316) 

-0.0030 

(-0.4547) 

-0.0124*** 

(-9.1139) 

-0.0053** 

(-1.9975) 

0.0004* 

(1.7514) 

 

 

 

 

 

 

 

 

 

 

0.0009*** 

(2.8535) 

-0.0004 

(-1.0774) 

0.0006 

(0.4963) 

-0.0029** 

(-2.4529) 

-0.0001 

(-1.3006) 

0.0002 

(0.8381) 

-0.0056 

(-1.3240) 

0.0055*** 

(5.2181) 

-0.0070*** 

(-3.9268) 

0.0012*** 

(5.7585) 

 

 

 

 

 

 

 

 

 

 

-0.0067*** 

(-23.4214) 

0.0019*** 

(3.1808) 

-0.0020 

(-1.6174) 

-0.0035*** 

(-2.6115) 

0.0003*** 

(3.2359) 

-0.0013*** 

(-5.2923) 

0.0018 

(0.3859) 

0.0079*** 

(9.8227) 

0.0123*** 

(7.7977) 

 

-0.0092*** 

(-3.6781) 

-0.4745*** 

(-39.7511) 

 

 

 

 

 

 

 

 

-0.0814*** 

(-23.7839) 

-0.0195*** 

(-3.3677) 

-0.0009 

(-0.0617) 

-0.0491*** 

(-3.2462) 

-0.0025*** 

(-2.6021) 

-0.0009 

(-0.3358) 

-0.0458 

(-0.8999) 

0.1131*** 

(9.5817) 

0.0951*** 

(4.7422) 

0.0134*** 

(5.0462) 

 

 

-0.3445*** 

(-9.6510) 

 

 

 

 

 

 

-0.0410*** 

(-10.3202) 

-0.0351*** 

(-5.6332) 

-0.0032 

(-0.2071) 

0.0039 

(0.2438) 

0.0006 

(0.5797) 

0.0256*** 

(9.4457) 

-0.0541 

(-0.9632) 

0.0171 

(1.2291) 

0.0154 

(0.7436) 

0.0155*** 

(6.4186) 

 

 

 

 

-2.2419*** 

(-53.2684) 

 

 

 

 

-0.0271*** 

(-7.8180) 

-0.0105* 

(-1.7985) 

-0.0462*** 

(-3.4626) 

-0.0108 

(-0.7560) 

-0.0017* 

(-1.7459) 

0.0011 

(0.4643) 

-0.0151 

(-0.3071) 

0.1566*** 

(15.2741) 

0.0892*** 

(4.4985) 

0.0162*** 

(6.4278) 

 

 

 

 

 

 

0.5976*** 

(8.9771) 

 

 

-0.0191*** 

(-5.2042) 

0.0002 

(0.0322) 

-0.0431*** 

(-3.2456) 

0.0149 

(1.0912) 

-0.0008 

(-1.0447) 

0.0048** 

(2.0436) 

-0.0345 

(-0.7063) 

0.1429*** 

(11.8843) 

-0.0785*** 

(-3.8607) 

0.0240*** 

(10.2576) 

 

 

 

 

 

 

 

 

0.3308*** 

(6.8273) 

0.0181*** 

(5.6427) 

-0.0068 

(-1.0375) 

-0.0699*** 

(-5.1232) 

-0.1015*** 

(-6.9061) 

-0.0056*** 

(-5.0218) 

-0.0034 

(-1.1894) 

0.0125 

(0.2429) 

0.2476*** 

(27.6718) 

0.0103 

(0.5878) 
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POR 

 

GDP 

 

MCAP 

 

CPI 

 

UEMP 

 

CGI 

0.0008** 

(2.4589) 

0.0270*** 

(4.9547) 

-0.0131*** 

(-19.7457) 

0.0047*** 

(5.9309) 

0.0063*** 

(12.5947) 

-0.0574*** 

(-23.6306) 

0.0001 

(0.7131) 

0.0058*** 

(15.3725) 

-0.0092*** 

(-30.3537) 

0.0055*** 

(22.3249) 

-0.0018*** 

(-12.0734) 

-0.0090*** 

(-17.6750) 

-0.0004*** 

(-4.4863) 

0.0027*** 

(3.6917) 

-0.0095*** 

(-18.0322) 

0.0066*** 

(37.8360) 

0.0022*** 

(13.2434) 

0.0251*** 

(41.5658) 

0.0001* 

(1.9521) 

0.0006* 

(1.6609) 

-0.0065*** 

(-9.5526) 

0.0039*** 

(29.4072) 

0.0053*** 

(52.9689) 

-0.0218*** 

(-68.4988) 

-0.0002*** 

(-3.3426) 

0.0004* 

(1.9052) 

-0.0014*** 

(-7.6354) 

-0.0015*** 

(-12.5821) 

0.0014*** 

(17.9015) 

-0.0037*** 

(-13.5692) 

-0.0068*** 

(-10.1067) 

-0.0525*** 

(-4.5296) 

-0.0132*** 

(-9.2688) 

-0.0074*** 

(-4.3566) 

0.0367*** 

(34.3625) 

-0.0375*** 

(-7.2044) 

-0.0017** 

(-2.2889) 

0.0610*** 

(24.6142) 

-0.0441*** 

(-22.1648) 

0.0277*** 

(17.2216) 

0.0536*** 

(53.9176) 

0.0409*** 

(12.3248) 

-0.0014** 

(-2.1937) 

-0.0664*** 

(-11.8626) 

-0.0341*** 

(-8.5721) 

-0.0181*** 

(-13.5334) 

0.0316*** 

(25.2590) 

0.1779*** 

(38.0757) 

-0.0011 

(-1.6256) 

0.0389*** 

(9.2792) 

-0.1373*** 

(-17.4792) 

-0.0447*** 

(-29.1059) 

0.0348*** 

(29.1154) 

0.0362*** 

(9.2253) 

0.0036*** 

(5.2488) 

-0.0057** 

(-2.2234) 

-0.0106*** 

(-5.0337) 

-0.0392*** 

(-30.3022) 

0.0464*** 

(51.5315) 

-0.0318*** 

(-10.5819) 

Firm FE 

Time  FE 

Country FE 

Region FE 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Obs. 

Adj. R2 

# Firms 

# Qtr-Years 

# Countries 

# Regions 

42,520 

0.8222 

10,738 

30 

76 

7 

43,379 

0.9048 

10,092 

31 

83 

7 

43,822 

0.8926 

11,668 

30 

80 

7 

39,921 

0.9458 

10,218 

29 

70 

7 

65,657 

0.8630 

13,149 

29 

92 

7 

 

42,520 

0.7536 

10,738 

30 

76 

7 

43,379 

0.6145 

10,092 

31 

83 

7 

43,822 

0.6930 

11,668 

30 

80 

7 

39,921 

0.7517 

10,218 

29 

70 

7 

65,657 

0.5537 

13,149 

29 

92 

7 

Significance of WUI mediating effect   0.1784 0.1871 4.1526 1.7189 4.4018 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 7:  

Population Density and Percentage of Forest Area Threshold 

    Threshold Model 
 Fixed Effect  Single  Double  Triple 

  (1)  (2)  (3)  (4) 
KZ 
 
SALG 
 
ROA 
 
TANG 
 
CASH 
 
LEV 
 
SIZE 
 
TAX 
 
RND 
 
OPR 
 
POR 
 
GDP 
 
MCAP 
 
CPI 
 
UEMP 
 
CGI 

 

0.0292*** 
(12.6581) 

-0.0114*** 
(-3.0769) 

-0.0242*** 
(-4.0330) 
-0.0176 

(-1.2228) 
0.0067 

(0.4463) 
-0.0043*** 
(-4.2444) 
0.0199*** 
(8.2828) 
0.1064** 
(2.2380) 
0.0293** 
(2.3622) 
0.0236 

(1.2059) 
0.0038*** 
(5.9089) 

0.0123*** 
(7.8148) 

-0.0132*** 
(-10.1787) 
0.0100*** 
(9.2367) 

0.0151*** 
(21.8695) 
0.0256*** 
(13.2405) 

 

0.0242*** 
(4.9323) 

-0.0114*** 
(-8.0887) 

-0.0341*** 
(-4.2767) 

-0.0806*** 
(-2.6847) 
0.0089 

(0.2994) 
-0.0048*** 
(-2.9808) 
0.0309*** 
(5.9466) 
0.1688** 
(2.1393) 
0.0395 

(1.2915) 
0.0013 

(0.0288) 
0.0038*** 
(3.3818) 

0.0507*** 
(34.4496) 

-0.0238*** 
(-13.2481) 
0.0235*** 
(8.9519) 

0.0077*** 
(4.8157) 
0.0056 

(1.5556) 

 

0.0234*** 
(5.1430) 

-0.0107*** 
(-7.6503) 

-0.0347*** 
(-4.2977) 

-0.1172*** 
(-4.1112) 
-0.0333 

(-1.1699) 
-0.0054*** 
(-3.3887) 
0.0331*** 
(6.7399) 
0.1659** 
(2.1436) 
0.0386* 
(1.8811) 
0.0602 

(1.4009) 
0.0036*** 
(3.3273) 

0.0523*** 
(35.5856) 

-0.0258*** 
(-14.6379) 
0.0130*** 
(5.2430) 

0.0176*** 
(10.5996) 
0.0118*** 
(3.3642) 

 

0.0220*** 
(4.8786) 

-0.0103*** 
(-7.5211) 

-0.0297*** 
(-3.7398) 

-0.1075*** 
(-3.8642) 
-0.0280 

(-1.0163) 
-0.0060*** 
(-3.8195) 
0.0260*** 
(5.3400) 
0.1458* 
(1.8944) 
0.0336 

(1.5735) 
0.0294 

(0.6969) 
0.0033*** 
(3.0583) 

0.0570*** 
(38.2226) 

-0.0312*** 
(-17.1122) 
0.0131*** 
(5.3004) 

0.0128*** 
(8.3104) 
-0.0035 

(-0.9287) 
Firm FE 
Time FE 
Country FE 
Region FE 

 

Y 
Y 
Y 
Y 

 

Y 
Y 
N 
N 

 

Y 
Y 
N 
N 

 

Y 
Y 
N 
N 

Obs. 
Adj. R2 
# Firms 

 
59,688 
0.3854 
2,487 

 
60,816 
0.2676 
2,534 

 
60,816 
0.3291 
2,534 

 
60,816 
0.3458 
2,534 

Threshold effect test (bootstrap = 500)       
Single (F-stat. p-val.)    2929.54***     

Double (F-stat. p-val.)      4572.97***   
Triple (F-stat. p-val.)        2398.43 

         
Threshold estimator (95% level)       
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Th-1    3.1673     
Th-21      4.1156   
Th-22      4.1878   
Th-3        3.1673 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
 

 

  



38 

 

 

Table 8:  

Instrumental Variable Regression 

  Section A: First-Stage Regression  Section B: Second-Stage Regression 

  
PRISK 

(1) 
NPRISK 

(2) 
EPRISK 

(3) 
 

CO2 
(4) 

CO2 
(5) 

CO2 
(6) 

KZ=PRISK 
 
SALG 
 
ROA 
 
TANG 
 
CASH 
 
LEV 
 
SIZE 
 
TAX 
 
RND 
 
OPR 
 
POR 
 
GDP 
 
MCAP 
 
CPI 
 
UEMP 
 
CGI 

 

0.0063*** 
(3.8919) 

-0.0080*** 
(-4.7261) 

-0.0184*** 
(-3.5016) 

-0.008 
(-0.8093) 
-0.0071 

(-0.9615) 
0.0174*** 
(3.4011) 

0.0281*** 
(19.9138) 
0.0140** 
(2.2348) 
0.0112** 
(2.3151) 

-0.0137** 
(-2.1053) 
-0.0019** 
(-2.0207) 
0.0007 

(0.2271) 
0.0013 

(0.6715) 
0.0022 

(0.5295) 
0.0003 

(0.1616) 
-0.0104*** 
(-3.4117) 

0.0054*** 
(3.3654) 

-0.0061*** 
(-3.5609) 

-0.0172*** 
(-3.2613) 
-0.0043 

(-0.4383) 
-0.0078 

(-1.0578) 
0.0248*** 
(4.8440) 

0.0275*** 
(19.4070) 
0.0195*** 
(3.1204) 
0.0081* 
(1.6684) 
-0.0071 

(-1.0880) 
-0.0011 

(-1.2139) 
-0.0057** 
(-1.9967) 
0.0002 

(0.1032) 
0.0065 

(1.5412) 
0.0056*** 
(2.9374) 

-0.0102*** 
(-3.3677) 

0.0053*** 
(3.3612) 

-0.0094*** 
(-5.6023) 

-0.0161*** 
(-3.0924) 
0.0063 

(0.6397) 
-0.0064 

(-0.8745) 
0.0133*** 
(2.6287) 

0.0290*** 
(20.7296) 
0.0246*** 
(3.9768) 
0.0100** 
(2.0887) 
-0.0051 

(-0.7848) 
-0.0021** 
(-2.2109) 
-0.0065** 
(-2.2805) 
0.0023 

(1.1675) 
0.0012 

(0.2916) 
0.0047** 
(2.5002) 

-0.0116*** 
(-3.8520) 

 

0.0545** 
(2.4139) 

0.0054*** 
(5.9153) 

-0.0146*** 
(-2.9631) 

-0.0212*** 
(-2.6566) 
-0.0138 

(-1.4389) 
0.0134* 
(1.8472) 
0.0005** 
(2.3505) 
-0.0013 

(-0.6193) 
-0.0045** 
(-2.4777) 
-0.0056** 
(-2.2472) 
0.0004** 
(2.2314) 

-0.0243*** 
(-19.8156) 
0.0451*** 
(55.4427) 

-0.0365*** 
(-20.2051) 
0.0501*** 
(62.8530) 

-0.0291*** 
(-24.4885) 

0.0513** 
(2.3387) 

0.0053*** 
(5.9003) 

-0.0139*** 
(-2.9032) 

-0.0201*** 
(-2.5884) 
-0.0125 

(-1.3385) 
0.0124* 
(1.7571) 
0.0005** 
(2.3104) 
-0.0013 

(-0.6406) 
-0.0043** 
(-2.4066) 
-0.0054** 
(-2.1933) 
0.0004** 
(2.2191) 

-0.0243*** 
(-19.8943) 
0.0451*** 
(55.6281) 

-0.0365*** 
(-20.3178) 
0.0501*** 
(63.0213) 

-0.0291*** 
(-24.5460) 

0.0563** 
(2.2302) 

0.0055*** 
(5.6900) 

-0.0149*** 
(-2.7441) 
-0.0218** 
(-2.4539) 
-0.0146 

(-1.3640) 
0.0139* 
(1.7283) 
0.0005** 
(2.3337) 
-0.0013 

(-0.6056) 
-0.0047** 
(-2.3213) 
-0.0057** 
(-2.2080) 
0.0004** 
(2.2337) 

-0.0242*** 
(-19.7335) 
0.0451*** 
(55.2423) 

-0.0364*** 
(-20.0221) 
0.0501*** 
(62.6937) 

-0.0291*** 
(-24.4265) 

Firm FE 
Time FE 

 
Y 
Y 

Y 
Y 

Y 
Y 

 
Y 
Y 

Y 
Y 

Y 
Y 

Obs. 
Adj. R2 
# Firms 
# Qtr-Years 

 

129,326 
0.3399 
13,738 

23 

129,326 
0.3445 
13,738 

23 

129,326 
0.3210 
13,738 

23 

 

131,140 
0.0218 
13,948 

23 

131,140 
0.0270 
13,948 

23 

131,140 
0.0187 
13,948 

23 
Under-identification test (Anderson LM Stat.)  121.268*** 127.474*** 97.250*** 
Over-identification test (Sargan Stat. p-val.)  *** *** *** 
Weak-identification test (Cragg-Donald Wald F-Stat) 121.284*** 127.497*** 97.245*** 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 9:  

Alternative measurements 

 IEA, (2019)  Ohlson, (1980)  Whited and Wu (2006) 
 CO2_ALT CO2_ALT CO2_ALT  O-Score O-Score O-Score  WWI WWI WWI 
 (1) (2) (3)  (4) (5) (6)  (7) (8) (9) 

FINSTB 
 
SALG 
 
ROA 
 
TANG 
 
CASH 
 
LEV 
 
SIZE 
 
TAX 
 
RND 
 
OPR 
 
POR 
 
GDP 
 
MCAP 
 
CPI 
 
UEMP 
 

0.0457*** 
(26.3757) 
-0.0028 

(-1.1466) 
-0.0171*** 
(-4.6678) 

-0.0903*** 
(-9.4388) 

-0.0314*** 
(-3.1537) 
0.0003 

(0.4073) 
0.0144*** 
(8.1542) 

0.2091*** 
(5.7908) 

0.2676*** 
(38.2596) 
0.1115*** 
(7.4589) 
0.0012** 
(2.4819) 

0.0339*** 
(20.6211) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.3414*** 
(34.6928) 

-0.2536*** 
(-64.8869) 
0.0023** 
(2.3066) 

0.0532*** 
(67.9041) 

0.0371*** 
(22.2245) 
-0.0029 

(-1.2336) 
-0.0152*** 
(-4.3123) 

-0.1003*** 
(-10.9241) 
-0.0220** 
(-2.3081) 
-0.0008 

(-1.3316) 
0.0095*** 
(5.5699) 

0.1967*** 
(5.6836) 

0.1830*** 
(26.2020) 
0.0646*** 
(4.5069) 
0.0008* 
(1.7352) 

0.3268*** 
(33.0522) 

-0.2581*** 
(-66.1637) 
0.0074*** 
(7.2705) 

0.0507*** 
(64.2944) 

 0.0379*** 
(13.3107) 
0.0053*** 
(2.8968) 

-0.0145*** 
(-4.6476) 
-0.0150** 
(-2.0654) 

0.0241*** 
(3.1145) 

-0.0055*** 
(-10.4531) 
0.0076*** 
(5.7423) 

0.1329*** 
(4.7935) 

0.2604*** 
(51.1206) 
0.0625*** 
(6.0344) 

-0.0024*** 
(-6.4353) 

0.0447*** 
(16.4604) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-0.0087*** 
(-6.0218) 

0.0299*** 
(40.9533) 

-0.0210*** 
(-33.7438) 
0.0527*** 
(127.8611) 

0.0378*** 
(13.7623) 
0.0044** 
(2.4673) 

-0.0169*** 
(-5.6243) 

-0.0200*** 
(-2.8504) 

0.0228*** 
(3.0618) 

-0.0057*** 
(-11.3842) 
0.0067*** 
(5.2337) 

0.1243*** 
(4.6515) 

0.1547*** 
(31.0544) 
0.0221** 
(2.2129) 

-0.0014*** 
(-4.0764) 

-0.0090*** 
(-6.2497) 

0.0292*** 
(40.1397) 

-0.0191*** 
(-30.5142) 
0.0509*** 
(122.6103) 

 0.0173*** 
(6.3592) 

0.0061*** 
(3.3155) 

-0.0156*** 
(-5.0133) 
-0.0151** 
(-2.0740) 

0.0231*** 
(2.9893) 

-0.0052*** 
(-9.9362) 

0.0079*** 
(5.9847) 

0.1291*** 
(4.6527) 

0.2667*** 
(52.6085) 
0.0643*** 
(6.2085) 

-0.0028*** 
(-7.6404) 

0.0260*** 
(9.8870) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-0.0089*** 
(-6.1765) 

0.0301*** 
(41.1945) 

-0.0212*** 
(-34.0753) 
0.0529*** 
(128.2406) 

0.0262*** 
(9.9606) 

0.0049*** 
(2.7816) 

-0.0183*** 
(-6.1068) 

-0.0206*** 
(-2.9310) 

0.0217*** 
(2.9140) 

-0.0055*** 
(-10.8964) 
0.0071*** 
(5.5567) 

0.1228*** 
(4.5929) 

0.1607*** 
(32.4061) 
0.0241** 
(2.4157) 

-0.0019*** 
(-5.3290) 

-0.0092*** 
(-6.4021) 

0.0294*** 
(40.3704) 

-0.0191*** 
(-30.6632) 
0.0510*** 
(122.7430) 
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CGI 0.0921*** 
(12.2034) 

0.0913*** 
(12.1310) 

0.0439*** 
(28.4834) 

0.0421*** 
(27.3516) 

0.0438*** 
(28.3760) 

0.0420*** 
(27.2521) 

Firm FE 
Time FE 
Country FE 
Region FE 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 

Obs. 
Adj. R2 
# Firms 
# Qtr-year 
# Countries 
# Regions 

151,586 
0.2373 
11,391 

24 
54 
7 

151,586 
0.2944 
11,391 

24 
54 
7 

151,586 
0.2992 
11,391 

24 
54 
7 

 

247,756 
0.2557 
14,732 

32 
96 
7 

247,756 
0.3053 
14,732 

32 
96 
7 

247,756 
0.3090 
14,732 

32 
96 
7 

 

247,756 
0.2553 
14,732 

32 
96 
7 

247,756 
0.3047 
14,732 

32 
96 
7 

247,756 
0.3088 
14,732 

32 
96 
7 

Firm-quarter clustered t-statistics in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Appendix 1: Variable Definitions 

Variable Description Source 
Dependent Variables:  
CO2 Annual production-based emissions of carbon dioxide (CO2), measured in million tons per year. We 

take natural log plus one of the original data. 
IEA 

CO2_TRD Net CO2 emissions embedded in trade; this is the net difference between CO2 embedded in exported 
and imported goods, measured in million tons. We take natural log plus one of the original data. 

IEA 

CO2_CEM CO2 emissions from cement production, measured in million tons. We take natural log plus one of the 
original data. 

IEA 

CO2_COL CO2 emissions from coal production, measured in million tons. We take natural log plus one of the 
original data. 

IEA 

CO2_FLA CO2 emissions from gas flaring, measured in million tons. We take natural log plus one of the original 
data. 

IEA 

CO2_GAS CO2 emissions from gas production, measured in million tons. We take natural log plus one of the 
original data. 

IEA 

CO2_OIL CO2 emissions from oil production, measured in million tons. We take natural log plus one of the 
original data. 

IEA 

CO2_ALT Alternative measure of CO2 emission is measured by following Kaya identity reported in IEA report, 
2020. 

IEA 
Calculations 

   
Independent Variables  
KZ KZ index is measured by following Hadlock & Pierce., (2010) Index 
NUM NUM is the number of firms in two digit SIC based industry. Higher value of NUM denote more 

concentration. 
Index 

CR5 CR5 is the ratio of top five firm’s sales to industry sales. Lower value denote more concentration and 
vice versa. 

Index 

HHI Herfindahl-Hirschman Index (HHI) is the sum of the square of sale-based market share of the firm in a 
SIC based industry classification. Higher value of HHI denote more concentration and vice versa. 

Index 

EPU Country-level Economic Policy Uncertainty Index (Yearly) Baker et al., 
(2016) 

PRISK U.S. based firm-level political risk index Hassan et al., 
(2019) 

NPRISK U.S. based firm-level non-political risk index Hassan et al., 
(2019) 

EPRISK U.S. based firm-level environment related political risk index Hassan et al., 



42 

 

(2019) 
Control Variables (firm-specific)  
SALG Sales growth is the sales difference between year t and t-1 OSIRIS 
ROA Return on total assets OSIRIS 
TANG Total tangible assets divide by total assets  OSIRIS 
CASH Cash and cash equivalent divide by total assets OSIRIS 
LEV Total debt divide by total assets OSIRIS 
SIZE Natural logarithm of total assets OSIRIS 
TAX Amount of the tax deductions by country c in a fiscal year t on profitability of firm i divide by firm i 

total sales 
OSIRIS 

RND R&D expenditures divide by total assets OSIRIS 
OPR Operational risk is measured by firm-wise standard deviation of operating income. OSIRIS 
POR Portfolio risk is measure by dividing the ROA on firm-wise standard deviation of ROA. OSIRIS 
   
Control Variables (country-specific)  
GDP Gross-domestic product per capita (current US$) WDI 
MCAP Market capitalization of listed domestic companies (% of GDP) WDI 
CPI Inflation, consumer prices (annual %) WDI 
UEMP Unemployment, total (% of total labor force) (national estimate) WDI 
CGI Corporate governance index is constructed using PCA approach from five basic governance indicators, 

including Control of Corruption; Government Effectiveness; Political Stability; Regulatory Quality; 
Rule of Law; Voice and Accountability. 

WGI 

POPDEN Population density (people per sq. km of land area) WDI 
FOREST Forest area (% of land area) WDI 
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Appendix 2: Regional Distribution 

Sn Regions Countries 
1 East Asia & 

Pacific 
Australia; China; Hong Kong SAR, China; Indonesia; Japan; Korea, Rep.; 
Malaysia; Mongolia; New Zealand; Papua New Guinea; Philippines; 
Singapore; Thailand; Vietnam. 

2 Europe & 
Central Asia 

Armenia; Austria; Belgium; Bulgaria; Croatia; Czech Republic; Denmark; 
Finland; France; Germany; Greece; Hungary; Ireland; Italy; Kazakhstan; 
Kyrgyz Republic; Latvia; Lithuania; Netherlands; North Macedonia; 
Norway; Poland; Portugal; Romania; Russian Federation; Slovak Republic; 
Slovenia; Spain; Sweden; Switzerland; Turkey; Ukraine; United Kingdom. 

3 Latin 
America & 
Caribbean 

Argentina; Bolivia; Brazil; Chile; Colombia; Costa Rica; Dominican 
Republic; Ecuador; Honduras; Jamaica; Mexico; Panama; Paraguay; Peru; 
Uruguay; Venezuela, RB. 

4 Middle East 
& North 
Africa 

Egypt, Arab Rep.; Iran, Islamic Rep.; Iraq; Israel; Jordan; Kuwait; Lebanon; 
Morocco; Oman; Qatar; Saudi Arabia; Tunisia; United Arab Emirates; 

5 North 
America 

Canada; United States 

6 South Asia Bangladesh; India; Nepal; Pakistan; Sri Lanka; 
7 Sub-Saharan 

Africa 
Botswana; Gabon; Ghana; Kenya; Malawi; Mauritania; Nigeria; South 
Africa; Tanzania; Uganda; Zambia; Zimbabwe. 
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Appendix 3: Country-level evidence of CO2 emissions 

 

 

 

  



45 

 

 

Appendix 4: Country-level evidence of CO2 emissions trend 
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Appendix 5: Country-level contribution of CO2 emission (Continent-level) 

 


