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[bookmark: _Toc175947478]Abstract

As the world is facing various uncertainties and conflicts, this study aims to explore the impact of environmental uncertainty on corporate bankruptcy risk. We also investigate whether this relationship is impacted by regional differences in China, differences in ESG performance, and the gender diversity of the board. Using an extensive sample of listed Chinese firms from 2010 to 2022, we find that the risk of corporate bankruptcy is higher in the presence of higher environmental uncertainty. In terms of regional differences, compared to the Western region of China, the corporate bankruptcy risk of firms in the Central and Eastern regions is lower, under the influence of environmental uncertainty. Interestingly, given the gender diversity of the executive board, our results show that female directors' participation does not reduce a firm's bankruptcy risk in the presence of environmental uncertainty. However, a higher environment, social and governance (ESG) score mitigates bankruptcy risk to a greater extent for firms above the median ESG level. Findings from this study have significant contributions and implications for the academic literature. In particular, the study expands on existing debates on environmental uncertainty and fills a research gap in bankruptcy risk. Moreover, by providing evidence that the region a firm is headquartered influences risk, the study also contributes to practice and offers important insights to management/policymakers.
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1. [bookmark: _Toc175947482]Introduction
[bookmark: OLE_LINK7]Due to global uncertainties, including recent new tariffs imposed by the US President (April, 2025), Brexit in the UK (2016), the continued US-China trade war, political conflict during the 2016 US presidential election, the Russia-Ukraine war in 2022, and Israel’s war on Gaza in 2023, firms need to increasingly consider the impact of external environmental uncertainty (EU) on business operations. Based on the effect that uncertainty has on firms, Nguyen et al. (2022) assert that EU is an increasingly important topic in academic research, and for business practice. Prior studies find that external EU instability challenges a firm’s capability to enact successful business operations (Feng et al., 2021). Particularly, because predicting the future can be a challenge in an uncertain external environment, it reduces managers' ability to set goals, hence, EU makes decision-making more difficult (Govindarajan, 1984). In addition, EU causes both firms and stakeholders to take additional risks due to information asymmetry. EU can make it difficult for firms to efficiently allocate resources to new projects, which reduces efficiency, which in turn affects an enterprise's financial stability/performance (Kong et al., 2022). Thus, in order not to take on perceived high-risk costs in the presence of EU, firms tend to adopt more conservative measures (Bloom et al., 2007), such as increasing cash reserves or reducing capital expenditures (Campello et al., 2010; Milliken, 1987). While these measures can enhance financial stability in the short term, they may limit the firm's long-term growth and competitiveness. 
In addition, standing on the side of the stakeholder perspective, different stakeholders may have different interests and expectations from the business during the uncertainty period. For example, investors may demand higher risk premiums due to their inability to assess the value and performance of the firm, leading to higher corporate finance costs (Bloom, 2014). Suppliers and customers may also reevaluate their relationship with the firm due to the possible instability of the firm, which increases the risk of the business transactions (Banerjee et al., 2014). Interestingly, some studies have suggested that EU also brings positive effects on financial markets. Child (1972) argues that pressures in the environment may force organizational decision-makers to make adjustments to the company structure to adapt to changes in the environment, and that such adjustments can improve firm performance. For example, in times of environmental change, organizations may increase resources in external markets to develop new products or expand market share (Cheng and Kesner, 1997).
However, most of the existing research is on the impact of EU on firm performance and firm investment. There are few studies that directly link EU to bankruptcy risk. For a firm, a high risk of bankruptcy not only generates huge losses for itself, but also creates a chain reaction in the financial market, which can harm the whole financial system (Nie et al., 2023). Moreover, in today's market, where there are constant shocks in the external environment, the bankruptcy risk faced by firms is increasing. China, the second largest economy in the world, has exceeded 600 billion yuan in debt defaults by the end of 2022 (Nie et al., 2023). Therefore, it is particularly urgent to study the impact of EU on corporate bankruptcy risk. Considering the potential threat of corporate bankruptcy risk to the stability of financial markets, this paper aims to answer the research question of whether EU increases a firm's bankruptcy risk. Answering this question can fill an existing gap in the literature and provide practical implications to policymakers and corporate managers to better cope with uncertainty, improve risk management capabilities, and ensure the stability of financial markets.
To answer the research question above, this study uses a data sample of 23,977 firm-year observations of Chinese listed firms for the 2010-2022 period. The study uses Altman's (1968) Z-Score to capture a firm’s bankruptcy risk, and applies regression analysis as a research instrument. Empirical results reveals a positive relationship between EU and bankruptcy risk, which implies that an increase in EU is associated with an increase in a firm’s potential to default financially. The results of this study withstand a number of sensitivity and robustness tests, including the use of alternative risk measures, firm-level clustering standard errors, firm fixed effects, and the addition of omitted control variables. Moreover, the results of the main regression are consistent after endogeneity testing. Therefore, the results are considered robust.
In additional analyses, in terms of geographic/regional division, firms in the Central and Eastern regions of China have a relatively lower risk of bankruptcy under EU, compared to those in the Western regions. Interestingly, previous studies find that a high percentage of female executives may reduce corporate default risk. However, in the particular context of EU in China, firms with a higher proportion of female executives have a greater bankruptcy risk potential. 
[bookmark: _Hlk216728503][bookmark: _Hlk217215872]This study makes several important contributions to the literature on environmental uncertainty (EU) and corporate bankruptcy risk. First, while prior studies predominantly document a negative association between EU and firm-level performance (e.g., Iqbal et al., 2020; Ahsan and Qureshi, 2021), and related research shows that national and political uncertainty affect default risk (Nguyen et al., 2022; Luo et al., 2017; Liu and Zhong, 2017), the direct relationship between EU and corporate bankruptcy risk remains largely unexplored. This study addresses this gap by providing robust empirical evidence that higher levels of EU significantly increase firms’ bankruptcy risk, irrespective of the risk proxy employed (Z-score, O-score, or credit ratings). These findings supplement existing studies, underscoring the critical role of EU in shaping firms’ financial vulnerability. The results are particularly relevant in light of recent global shocks, including US trade tariffs, the COVID-19 pandemic, the Russia–Ukraine conflict, and elevated inflation, which have heightened economic unpredictability and default risk worldwide (Bougias et al., 2022). By establishing a clear link between EU and bankruptcy risk, this study offers valuable insights for both corporate managers and policymakers in designing more effective risk management and stabilization mechanisms.
Second, this study contributes to the regional development and risk literature by documenting significant heterogeneity in the impact of EU across Chinese regions. Specifically, firms headquartered in economically more developed Eastern and Central regions experience a weaker effect of EU on bankruptcy risk, compared to firms located in the less developed Western region. Moreover, as EU intensifies, its marginal impact on bankruptcy risk increases more sharply for firms in the Western region. These findings extend prior research, emphasizing the role of regional economic development and geographic location in shaping firms’ risk exposure (Easterly and Levine, 1997; Xu et al., 2019). The results highlight the importance of region-specific institutional and economic conditions in moderating uncertainty-induced financial distress, and provide policy-relevant implications for targeted risk mitigation and regional development strategies in China.
Third, this study offers novel evidence on the role of executive gender diversity in uncertainty-related risk management. While the extant literature generally suggests that greater female representation on corporate boards enhances governance quality and reduces business risk (Chen et al., 2019; Huang and Kisgen, 2013), our findings challenge the generalizability of this view in the context of China. The empirical results indicate that a higher proportion of female executive directors does not significantly mitigate the adverse effect of EU on corporate bankruptcy risk. This evidence calls for a more nuanced interpretation of board gender diversity, suggesting that its effectiveness in managing uncertainty-related risks may be contingent on institutional, cultural, and market-specific factors.
The remainder of the paper is structured as follows. Section 2 reviews prior literature and develops hypotheses. Section 3 presents the research design. Section 4 includes empirical results and robustness tests. Section 5 concludes the paper with its implications, and provides areas for future research.
2. [bookmark: _Toc175947483][bookmark: _Hlk216794807]Literature Review and Hypothesis Development
2.1 [bookmark: _Toc175947484]Environmental uncertainty 
Environmental uncertainty (EU) has attracted considerable scholarly attention in recent years due to its pervasive influence on corporate behavior and performance (Li et al., 2021; Liu et al., 2023). Keats and Hitt (1988) define EU as the degree and rate of change in the external environment that is difficult for firms to predict. While Habib et al. (2011) restate Tung (1979)’s definition of environmental uncertainty as “the rate of change or variability in the organisation's external environment, comprising primarily customers, competitors, government regulations, and labour unions” (Habib et al., 2011, p.258). Prior literature examines environmental uncertainty across multiple levels and dimensions, including economic policy uncertainty, geopolitical risk, climate change uncertainty, financial uncertainty indices, and regulatory or institutional uncertainty (Liu et al., 2023; Lu et al., 2023; Shrestha et al., 2024). Many of them try to understand the business behavior in response to those uncertainties, such as smooth income to reduce information asymmetry (Ghosh and Olsen, 2008) or manage earnings in response to the Covid-19 outbreak (Aljughaiman et al., 2023).  
A growing body of literature has examined the economic consequences of EU, documenting its adverse effects on firm performance (Iqbal et al., 2020; Ahsan and Qureshi, 2021), its discouraging impact on corporate investment decisions (Li et al., 2021), and its negative association with non-financial indicators of environmental, social, and governance (ESG) performance (Bin-Feng et al., 2024). In addition, prior studies highlight the interaction between EU and resource synergy in shaping firm outcomes (Chen and Tian, 2022). Collectively, these findings suggest that heightened uncertainty induces more conservative investment behavior, constrains profitability, and increases financial volatility. Consequently, understanding how firms adapt to uncertain environments is essential for maintaining operational stability and sustaining competitive advantage.
Despite these advances, the implications of EU for firms’ corporate bankruptcy risk remain underexplored. Bankruptcy risk represents a critical concern for both corporate managers and investors, as default is not only a discrete event that can generate market distortions but also entails substantial economic and non-economic costs (Drudi and Giordano, 2000). These costs may manifest through higher financing expenses (Elkamhi et al., 2010), deteriorating credit ratings, and weakened overall financial health (Chi and Meng, 2018; Finnerty et al., 2013). Under conditions of elevated EU, firms may face greater challenges in meeting debt obligations due to increased cash flow volatility and higher debt servicing costs (Arellano, 2008). 
However, the limited empirical evidence on this issue constrains a comprehensive understanding of how fluctuations in the external environment translate into a higher likelihood of bankruptcy. Addressing this gap is crucial for elucidating the role of EU in shaping firms’ solvency, creditor confidence, and financial stability. Accordingly, this study seeks to contribute to the literature by examining corporate debt performance under varying levels of EU, thereby offering insights into the long-term financial and governance implications for firms.
2.2 [bookmark: _Toc175947485][bookmark: _Hlk216794823]Corporate bankruptcy risk
Bankruptcy risk refers to the probability that a firm will be unable to meet its contractual obligations to make principal and interest payments on its debt (Vassalou and Xing, 2004). Corporate defaults generate a range of adverse consequences for both debtors and creditors. Eichengreen and Portes (1986) argue that defaults undermine creditors’ financial stability and profitability, while for debtor firms, default typically results in deteriorated creditworthiness, restricted access to external financing, and a higher cost of capital. Existing literature indicates that corporate bankruptcy risk is shaped by multiple factors, including corporate governance structures, firm-level financial conditions, and broader market and macroeconomic environments.
With respect to corporate governance, prior studies document a significant association between board characteristics and bankruptcy risk. Cao et al. (2015) show that smaller boards and greater board independence are associated with lower default risk, a finding corroborated by Switzer et al. (2018). Moreover, Switzer et al. (2018) find that insider ownership and CEO duality are positively related to the likelihood of default. Extending this line of inquiry, Fernando et al. (2020) examine governance mechanisms from multiple dimensions and report that ownership concentration is positively correlated with bankruptcy risk, whereas higher board efficiency and greater financial transparency are linked to lower default correlation.
Firm financial conditions also play a central role in determining bankruptcy risk. Vassalou and Xing (2004) demonstrate that market value and book-to-market ratios significantly affect default risk and stock returns, particularly among firms facing elevated default risk. Brogaard et al. (2017) further show that stock liquidity is negatively associated with bankruptcy risk, indicating that improved liquidity can mitigate default risk. Given the close relationship between financial health and default probability, numerous studies employ financial indicators to predict corporate bankruptcy risk. For instance, Altman’s (1968) Z-score model uses a set of accounting-based financial ratios to forecast bankruptcy risk. It remains widely applied in empirical research. Ohlson (1980) further refines default prediction through the O-score model. In contrast, Duffie et al. (2007) adopt a stochastic framework for multi-period default prediction, incorporating variables related to firms’ financial conditions, such as proximity to default and stock returns. Collectively, these studies underscore the strong linkage between firms’ financial positions and their likelihood of bankruptcy.
In addition to firm-specific characteristics, market conditions and macroeconomic factors exert a substantial influence on bankruptcy risk. Korajczyk and Levy (2003) show that firms’ financial constraints interact with macroeconomic conditions to shape default outcomes. During periods of industry-wide distress, asset values decline and peer firms face tighter financial constraints, leading to lower recovery rates. This phenomenon, often described as “fire sales” or the “industry equilibrium effect,” increases the economic cost of default, and consequently, the probability of default (Acharya et al., 2007). Jarrow and Turnbull (2000) further argue that market risk and credit risk are intrinsically linked, although traditional structural models often overlook this interaction, limiting their ability to explain observed credit spreads. To address this limitation, Tang and Yan (2010) develop an enhanced structural framework and demonstrate that changes in market conditions—such as economic growth expectations, growth volatility, investor sentiment, and market risk premiums—significantly affect bankruptcy risk.
Finally, informational frictions also contribute to bankruptcy risk. Duffie and Lando (2001) show that incomplete accounting information exacerbates uncertainty regarding firms’ true financial conditions. As investors typically lack direct access to firms’ asset values in secondary markets, they must rely on publicly disclosed information to assess financial health (Govindarajan, 1984). Imperfect information hampers investors’ ability to accurately evaluate firms’ proximity to default thresholds, thereby increasing perceived bankruptcy risk. Inflation further amplifies this effect by heightening information asymmetry. David (2008) finds that inflation uncertainty raises corporate credit risk by increasing the value of default-related put options, which is reflected in higher prices for defaulted bonds. This increase in perceived risk prompts investors to demand greater compensation, ultimately elevating firms’ default probabilities. 
2.3 [bookmark: _Toc175947486]Hypothesis development
Environmental uncertainty is expected to exacerbate corporate bankruptcy risk through both internal and external channels.
[bookmark: _Hlk217220941]From an internal perspective, heightened EU can slow economic activity within firms, adversely affecting operating performance and financial stability (Nguyen et al., 2022). According to real options theory (Folta and O’Brien, 2004), firms tend to delay investment and accumulate precautionary reserves when faced with elevated uncertainty. Increased volatility in economic growth amplifies operational uncertainty, discouraging firms from undertaking irreversible and costly investment decisions with uncertain outcomes (Bloom et al., 2007). Although such conservative financial behavior may enhance short-term liquidity, it can weaken long-term profitability, increase earnings volatility, and undermine operational stability (Bloom, 2009). Campello et al. (2010) provide empirical support for this mechanism, showing that firms frequently forgo profitable investment opportunities due to constrained access to external financing during periods of heightened uncertainty. Notably, during the 2008 financial crisis, 86% of surveyed U.S. chief financial officers reported scaling back investments in attractive projects (Campello et al., 2010). As uncertainty persists, firms’ financial positions may deteriorate, leading to increased cash burn, greater reliance on credit lines, and, in extreme cases, asset sales to sustain operations, thereby elevating bankruptcy risk.
[bookmark: _Hlk216797652]From an external perspective, EU increases bankruptcy risk by raising the cost and reducing the availability of external financing (Nodari, 2014). Agency theory posits inherent conflicts of interest between principals (e.g., shareholders, loan providers) and agents (e.g., managers or borrowers), which can motivate borrowers to undertake actions that are misaligned with creditors’ interests (Jensen and Meckling, 1976; Bernanke et al., 1999; Bi et al., 2025). In response, creditors demand higher risk premia to compensate for potential agency costs, a tendency that intensifies under conditions of elevated uncertainty. Bloom (2014) attributes this effect to two main factors: increased investor demand for risk compensation during uncertain periods and higher overall risk premiums.  
Moreover, uncertainty induces financial institutions to tighten credit supply, thereby increasing financing constraints and borrowing costs for firms (Li et al., 2021). For instance, banks may raise lending rates and reduce loan sizes during periods of heightened uncertainty (Gong et al., 2022). Consistent with this view, Ashraf and Shen (2019) find a positive relationship between uncertainty and banks’ lending rates, suggesting that lenders perceive higher borrower default risk and adjust pricing accordingly. As both debt and equity financing become more costly and less accessible under uncertainty, firms face heightened financial pressure, increasing the likelihood of bankruptcy.
In sum, EU, characterized by unpredictable changes in market conditions, regulatory environments, and macroeconomic outlooks, poses significant challenges to firms’ financial stability. Accordingly, this study proposes the following hypothesis:
H1: Environmental uncertainty increases the risk of corporate bankruptcy.
3. [bookmark: _Toc175947487]Research Methodology
3.1 Data and Sample
 	The sample consists of data from 3,501 Chinese listed-firms (Shanghai and Shenzhen A-shares indexes), over the 2010-11 to 2021-2022 period. All data is extracted from the China Stock Market & Accounting Research (CSMAR) Database. Consistent with research convention, firms from financial/insurance industries are excluded. Moreover, firms with missing data or obvious anomalies are removed. In total, 23,977 firm-year observations are obtained. 
3.2 Variables and models
3.2.1 Dependent variable
The dependent variable in this study is the debt bankruptcy/default risk of firms. Prior studies use two methods to measure a firm’s debt default risk (bankruptcy risk), accounting-based indicators and market-based indicators. Among them, the linear discriminant model, Z-Score (Altman, 1968), is a representative proxy to measure debt default risk, using accounting indicators. Z-Score is calculated from the weighted sum of five key financial ratios in the firm's financial report. Although Z-Score was invented more than 50 years ago, it remains widely used in an international context, i.e. in India, Italy and South Korea (Kim, 2020; Maturo et al., 2025). Moreover, whilst Z-score was originally designed as a proxy of financial distress in the U.S., Z-Score has been used to predict the bankruptcy risk of Chinese firms (Liu and Zhang, 2024; Ng et al., 2011; Rahman et al., 2024; Aljughaiman et al., 2023; Rahman and Zhu, 2023). Altman et al. (2017) assessed the accuracy of the Z-Score, as an international bankruptcy risk proxy. They concluded that Z-Score is a valid proxy in most countries (with a prediction accuracy of about 0.75-0.90). Thus, Z-Score may be considered a suitable research instrument to proxy for debt bankruptcy/default risk in China. We discuss potential limitations in section 5. 
A representative measurement model for bankruptcy risk, based on market data, is credit default swap spread (CDS). CDS is an insurance contract that protects the buyer from losses if a company defaults. The buyer pays a periodic fee (called the CDS spread). If the firm defaults, the seller compensates the buyer at the face value of the bond (Atif and Ali, 2021). Thus, purchasing a CDS contract is equivalent to purchasing default insurance, with the premium determined by the CDS spread, which in detail means that the higher the default risk, the higher the CDS spread (Das et al., 2009). However, because CDS usage varies internationally (Nguyen et al., 2022), this paper utilises the Altman's Z-Score (1968) to measure the risk of corporate bankruptcy.
Gopalakrishnan and Mohapatra (2020) used this model in their study related to uncertainty and default risk. We borrow this approach, where a greater Z-Score value indicates a more robust financial position. The lower the value, the higher the probability of bankruptcy risk. The specific calculation formula is listed in equation (1):
Z−Score=1.2X1+1.4X2 +3.3X3+0.6X4 +0.999X5 (1)

where 
X1=Working capital/Total assets,
X2=Retained earnings/Total assets,
X3=Earnings before interest and taxes (EBIT)/Total assets,
X4=Market value of equity/Book value of total liabilities,
X5=Sales/Total assets.

3.2.2 [bookmark: _Hlk215836752]Key independent variables: environmental uncertainty (EU) 
On one hand, we acknowledge that a large number of prior studies referred to EU as economic policy uncertainty, geopolitical risk, financial uncertainty indices, regulatory or institutional uncertainty (Liu et al., 2023; Lu et al., 2023; Shrestha et al., 2024). However, in this study, we follow Ghosh and Olsen (2009), who suggested suggests that “Environmental uncertainty is defined as the rate of change or variability in the organization’s external environment (Tung, 1979), in which the most significant elements are customers, competitors, government regulations and labour unions”. Ghosh and Olsen (2009) consider that EU could be varied depending on the market and sectors with different technological characteristics, R&D and capital expenditures. Ghosh and Olsen (2009) used “coefficient of variation of sales” as one of the measures of “environment uncertainty” to avoid the issue of firm-specific factors (i.e., a technology firm may invest more in capital expenditures) and capture the external environment as opposed to management’s response to that environment. This measurement has been largely used by a number of studies, such as Habib et al. (2011) and Liao et al. (2025), to examine the direct and indirect impact of environmental uncertainty on business behavior. 
On the other hand, many studies (Ahsan and Qureshi, 2021; Feng et al., 2023; Iqbal et al., 2020) suggest that the impact of changes in the external environment on firms is often reflected in their financial performance. In the context of China, some recent studies have developed further the measurement of Ghosh and Olsen (2009), by excluding the steady growth component of sales revenue to capture the EU (Liao et al., 2025; Li et al., 2021; Mu et al., 2020). The OLS model is specified below:

Sale=φ0 +φ1Year+ε (2)

Sale denotes sales revenue, Year is a yearly dummy variable, and the residual ε is the firm's abnormal sales revenue. The first step is to use this OLS model to estimate the firm's abnormal sales revenue over the past five years. The second step is to calculate the standard deviation of the past five years' abnormal sales revenue, and then use this standard deviation to divide by the average of the past five years' sales revenue, resulting in a value that is the firm's unadjusted environmental uncertainty. The third step is to find the median value of unadjusted environmental uncertainty for companies in the same industry and year, and use this as the industry uncertainty. The final step is to divide the unadjusted environmental uncertainty by the industry's uncertainty to obtain the final industry-adjusted environmental uncertainty (EU).
3.2.3 Research model
[bookmark: _Toc175947490]  	Model (3) identifies the study’s main OLS regression model: 
Z-Scorei, t = β0 + β1 EUi, t + mδi, t+IND+YEAR+εi, t (3)
 	A negative association between Z-Score and EU would infer that increasing levels of EU is positively associated with corporate bankruptcy risk. Table 1 defines firm-level control variables, denoted as δ in model (3). We control for size, based on evidence that as assets (firm size) increase, economies of scale mitigate a firm’s potential of default (Cathcart et al., 2020; Chan et al., 2012; Lu et al., 2023). We control for financial performance indicators (TobinQ, ROA), based on well-established evidence that economic robustness reduces bankruptcy risk (Lim and Mali, 2018; Fu et al., 2021). A firm’s ability to repay loans is also strongly associated with bankruptcy risk (Cathcart et al., 2020). Thus, Liquid is expected to have a positive association with Z-score. Leverage and Borrow are expected to have a negative association with Z-Score. Moreover, we control for other determinants that are shown to be associated with bankruptcy risk in previous studies. A firm’s fixed asset ratio (fixed) is expected to have a positive effect on Z-Score, because high levels infer that firms have invested in infrastructure to promote growth (Zhu et al., 2021). Moreover, the ownership concentration of the largest shareholder (top1) is expected to have a positive influence on a firm’s Z-score’s in China, because large shareholders are shown to possess leadership, which can be lacking in instances where numerous powerful shareholders have competing interests (Chiang et al., 2015). Based on evidence that increasing stock value relative to book value indicates higher overvaluation risk in Asia (Lim and Mali, 2024), PB is expected to have a negative association with Z-Score. 0/1 dummy variables are included for each SIC code (IND) and year (YEAR) to control for the effects that EU can have on Z-Score in different time periods, and industries. εi, t represents the model’s error term. All data is winsorized at the 1% level to control for outliers. 
[Insert Table 1 here]
[bookmark: _Toc175947491]
4. Empirical Results and Finding Analysis
4.1 [bookmark: _Toc175947492]Descriptive statistics
 	Table 2 delineates descriptive statistics. Within Altman's (1968) framework, a Z-Score of below 1.81 is a signal of high default risk, 1.81 to 2.99 indicates a medium probability of financial distress. A value of 2.99 is identified as the safe zone, where the probability of bankruptcy is low. 
The sample’s mean Z-Score is 2.63 (2.88 mean). Our results suggest that the sample has a medium-low level of bankruptcy risk. For all variables, mean and medians are virtually at parity, providing evidence in support of a normally distributed sample. The mean (1.38) and median (1.01) levels of the variable of interest (EU) are also at parity. However, we find that some firms are subject to strong shocks from the external environment (24.54).
[Insert Table 2 here]

4.2 [bookmark: _Toc175947493]Pearson correlation
 	Table 3 provides results from Pearson correlations. As expected, the dependent variable, Z-Score is negatively associated with EU (-0.02***). Thus, based on a bi-variate interpretation, as EU increases, firms are more likely to default. The majority of control variables show the predicted signs. Liquid (0.58***), TobinQ (0.70***), Top1 (0.05***), Fixed (0.12***), and ROA (0.36***) and Size (-0.35***) are all positively associated with Z-Score. Variables associated with higher risk are negatively associated with Z-score (Leverage -0.63*** and Borrow -0.31***). We envision that without controlling for firm-level risk factors, the association between PB (0.10***) and EU can be positive. 
[Insert Table 3 here]
4.3 The base-line model results and analysis
 	Table 4 reports the results from the main (OLS regression) analysis. After controlling for variables that affect the risk of corporate debt default, EU is shown to be negatively associated with Z-Score (Coeff -0.08, t value -11.43). All control variables show the predicted signs, consistent with Pearson correlations. Model statistics are highly statistically significant (F-value 2,734.45, and R2 of 0.81). Furthermore, a variance inflation test (VIF) is conducted for each variable (and model) to verify the absence of multicollinearity. We report untabulated results that the VIF values for all independent variables (and model) are less than 2. The result infers that the model is not subject to multicollinearity (Nguyen & Soobaroyen, 2022; Qiao et al., 2024). 
 	Our finding extends knowledge as follows. Previous studies identify that national-level uncertainty (Nguyen et al.. 2022), and political uncertainty (Liu and Zhong, 2017; Luo et al. (2017) can be an intervening factor which increases bankruptcy risk potential. Our study provides evidence that EU, can also be considered a determinant which has explanatory power to explain the bankruptcy risk potential of firms. 
[Insert Table 4 here]
4.4 [bookmark: _Toc175947495]Additional analysis
4.4.1 Regional differences
 	Prior studies suggest there are differences in economic development among cities and regions in China (Wang et al., 2024; Xu et al., 2019). According to Carling et al. (2007), macroeconomic factors in different regions have an incremental effect on bankruptcy risk. It is reported that the Eastern region (including Beijing, Shanghai, Guangdong) and Central region (including Shanxi, Henan, Anhui)  have well-developed infrastructures, higher level of economic development, and market sophistication. On the other hand, the Western region (including Sichuan, Yunnan, Gansu) is relatively depopulated, has lower levels of investment, urbanization, economic development and skills (Chen et al., 2024; Zhang and Rigby, 2022). These findings therefore imply that in China, the bankruptcy risk of firms headquartered in the Western region can be higher, relative to those headquartered in Eastern and Central regions. Table 5 shows that in a sub-sample analysis, regardless of region, EU has a negative effect on Z-Score in Eastern (Coeff -0.07, t value -7.20) and Central regions (Coeff -0.081, t value -5.08). Results are consistent in Western regions (Coeff -0.13, t value -8.11), however, the coefficient suggests a more significant effect.
 	In the first column, Region takes the value of 1 if a firm is headquartered in a Western region, 0 otherwise (East or Central). The EU*Region terms therefore explores the different effect that increasing levels of EU can have on Z-Score, based on region. The dummy variable shows that for firms located in the West region of China, the effect of EU on Z-score is more pronounced (Coeff -0.05, t value -2.79). Moreover, as EU increases, its effect on increasing bankruptcy risk increases to a greater extent for Western regions, compared to Central and Eastern regions (Coeff -0.03, t value -3.61. To the best of our knowledge, no previous study has captured the unique effect that geographic/regional location can have on potential bankruptcy, based on EU. 
[Insert Table 5 here]
4.4.2 Female executive board participation 
   	In this section, we question whether firms may adopt a strategy of promoting executive board-level gender diversity, as a business strategy to mitigate the effect of EU on bankruptcy risk. Whilst some studies report that board gender diversity does not have an incremental effect on business operations (García Lara et al., 2017; Huang and Kisgen, 2013), there is an increasing acceptance that board-level gender diversity reduces firm risk (Adams and Ferreira, 2009; Chen et al., 2019; Huang and Kisgen, 2013). Thus, there is the potential that an increasing participation of females on executive boards in China, can be adopted as a strategy to mitigate the incremental effect of EU on a firm’s Z-Score. However, to the best of our knowledge, this outcome is not previously captured.	
[Insert Table 6 here]
 	In Table 6, Female represents the proportion of female executives, divided by the total number of executives at a firm. The EU*Female the interaction term captures the effect that a higher degree of board level gender diversity can have in reducing the negative effect of EU on a firm’s Z-score. As shown column 2, Table 6, a higher proportion of female employees does not reduce EU per se. Moreover, as EU and board gender diversity increase, it is shown to have a more positive effect on corporate bankruptcy t risk in China (Coeff 0.02**, t value 2.33). 
4.5 [bookmark: _Toc175947496]Additional robustness tests
4.5.1 Alternate dependent variables
 	This study utilises Altman's (1968) Z-Score as a proxy to capture a firm’s potential of falling into financial distress. Therefore, we repeat the analysis, but replace Altman’s Z score, with Ohlson's (1980) O-score. Ohlson’s O-score is an established bankruptcy risk proxy, where a larger value infers a higher risk of bankruptcy. We report untabulated results that when the analysis is conducted with Ohlson’s O-score, results remain consistent (Coeff 0.02, t value 4.17). Second, credit ratings are utilised in numerous studies as a proxy for a credit rating analyst’s expectation a firm will survive a business cycle (Mali and Lim, 2019 & 2025). Credit ratings are therefore a measure of a firm’s default risk potential. We re-conduct the analysis, but replace the Z-Score with the credit ratings provided by China’s largest rating agency (Chengxin International Credit Rating Co, Ltd). Credit ratings are calculated on an ordinal basis. AAA (10) represents the highest possible potential for a firm to survive the business cycle, D (1) represents the lowest. Whilst the sample is reduced due to credit rating availability (11,685), untabulated results show that credit rating increased with reduced EU (Coeff 0.06, t value 5.327). This result suggests that credit rating analysts incorporate EU into a firm’s risk assessment. Taken together, empirical evidence reveals that results remain consistent, regardless of whether Z-score is replaced with i) a different proxy for bankruptcy risk, or ii) a credit rating agency’s default risk assessment. Thus, these results add further robustness to the main findings.
4.5.2 Inclusion of ESG variables
[bookmark: _Hlk215832164]Higher ESG scores mitigate a firm's bankruptcy risk potential (Atif and Ali, 2021; Li et al., 2022). Based on this evidence, we include ESG into the main model (3). ESG data is sourced from the CNRDS database (Sun et al., 2024). In Table 7, the ESG, E, S and G variables take the value of one if a firm has ESG, Environmental, governance and Social scores above median levels. A value of zero is listed for firms with ESG scores below median levels. Empirical results reveal that firms with Environment (coeff 0.14***, t value 11.40), Social (coeff 0.08***, t value, 5.25), Governance (coeff -0.02***, t value 4.16) and ESG (coeff -0.28***, t value 8.02) scores above median levels, are less likely to default. The effect of EU on bankruptcy risk remains statistically significantly positive. The EU*ESG interaction terms represent the extent to which ESG may mitigate bankruptcy risk potential, for firms above the median level, compared to firms below the median level. Thus, a significant positive value implies that higher ESG scores mitigate default risk to a greater extent for firms above the median level, compared to those below, in the presence of EU. Empirical results are consistent with the interpretation that for firms with ESG levels above median levels, ESG has a larger effect in reducing bankruptcy risk based on EU (coeff 0.14***, t value 11.40), Social (coeff 0.08***, t value, 5.25), Governance (coeff -0.02***, t value 4.16) and ESG scores (coeff -0.28***, t value 8.02).   
[Insert Table 7 here]
4.5.3 Removal of Borrow control variable
[bookmark: _Hlk215665280]In the main model, we include both Leverage (Total liabilities/total assets) and Borrow (Long-term borrowings/total assets) to control for business risk. The reason for including both, is that Borrow is an indicator of a firm’s propensity to seek debt financing, with a maturity of greater than one year. It signals the extent to which firms have accessed long term finance to purchase plant property and equipment. Leverage is a proxy for a firm’s financial exposure, based on short/long-term debt. However, there is the potential for Borrow to contain numerous zero values (for Chinese listed firms). Thus, we repeat the main analysis, but exclude ‘Borrow’. We report that when Borrow is excluded, results remain consistent, with EU having a positive impact on bankruptcy risk (Coeff -0.084, t value -11.93). However, when Borrow is excluded from the model, R2 is reduced from 0.8128 to 0.7810. Moreover, the F value is reduced from 2,734.45 to 2,306.95. Thus, the results reveal that both Leverage and Borrow provide explanatory power to explain the association between Z-score and EU.
4.6 [bookmark: _Toc175947497]Endogeneity test
 	A series of tests are introduced to control for endogeneity. Firstly, additional analysis is conducted using a propensity score matched (PSM) sample. The 1st PSM model is listed in equation (4). In equation (4), EU-D is a dummy variable that takes a value of 1 if EU is above the median level (industry and year), 0 otherwise. Based on Shipman et al. (2017), we include all variables included in the 2nd stage (main analysis), in the first stage. After the models are established, firms with higher levels of EU are matched with lower levels of EU. To ensure that all variables are balanced after matching, a mean difference test is conducted. We find that the mean values of all variables disappear in the matched sample. Thus, the null hypothesis of no mean difference for each covariate is not rejected. Using the propensity score matched sample (11,988), we find that results remain qualitatively indifferent (Coeff -0.080, t value -8.99).
 EU-Di, t = β0 +mδi, t+IND+YEAR+εi, t (4)
 	Second, 2SLS analysis is introduced to mitigate for omitted variable endogeneity concerns. In a 2SLS regression, to control for endogeneity, an instrumental variable (IV) should be strongly associated with the main variable of interest, but not the dependent. Borrowing from Shih et al. (2021), the EU of all other firms in the same industry, within the same province, in period t-2 (REU) is selected as an IV. We consider REU to meet exogeneity conditions, because it captures the extent to which historical external shocks to the industry affect EU. However, because Altman’s Z score is considered a 2-year prediction, there is no expectation that REU influences default risk in period t. Table 8 provides the results of 2SLS regression analysis for the reduced sample (20,2029). In the first stage analysis, results are as expected, with EU being strongly associated with the EU of all other firms in the same industry, within the same province, in period t-2. In the second stage, the residual form the first stage analysis is added to the model. When this procedure is employed, results remain qualitatively indifferent (Coeff -0.080, t value -2.93). The Cragg-Donald Wald’s F tests is statistically significant (583.44), and Wu-Hausman test result is insignificant. Taken together, evidence that the model is not subject to omitted variable endogeneity concerns, adds further robustness to our findings. 
	Third, in the main analysis, a 0/1 industry and year dummy variables are included to control for industry and year effects. However, individual firm characteristics may also affect a firm’s likelihood of a firm falling into financial distress. For example, business strategy, product lifecycles and business trends can influence business risk differently, for specific firms. To ensure the robustness of the results, we borrow from Lim et al., (2024), who conduct analyses using i) clustered firm-level standard errors, and ii) firm fixed effects, where a 0/1 dummy variable is introduced for all firms. The premise being, that this approach controls for unobservable time-invariant firm characteristics, and to partially mitigate the concern regarding omitted variables. We report unablated evidence that for both approaches, results remain qualitatively indifferent (clustered for standard errors: coeff -0.08, t value -6.25; firm fixed effect: coeff -0.06, t value -8.19).
[bookmark: _Toc175947498][Insert Table 8 here]

5 Conclusion
 	Amid heightened global uncertainty stemming from geopolitical tensions, economic policy instability, climate-related risks, and financial market volatility, firms face increasingly complex operating environments that may exacerbate bankruptcy risk. This study investigates the impact of environmental uncertainty on corporate debt default risk and examines whether this relationship varies across regions characterized by different business environments. In addition, the study explores the moderating roles of executive board gender diversity and environmental, social, and governance (ESG) performance. Using a comprehensive sample of 23,977 firm-year observations from A-share listed firms in China over the period 2010–2022, we provide robust evidence that higher levels of environmental uncertainty are associated with an increased likelihood of corporate bankruptcy risk. Furthermore, the results reveal significant regional heterogeneity: firms located in the Central and Eastern regions of China exhibit lower bankruptcy risk than those in the Western region, largely attributable to relatively lower levels of environmental uncertainty. Contrary to expectations, executive board gender diversity does not appear to mitigate the adverse effect of environmental uncertainty on bankruptcy risk. By contrast, ESG performance plays a significant moderating role, as firms with ESG scores above the median experience a stronger reduction in bankruptcy risk under conditions of heightened uncertainty.
The findings yield several important implications for both practitioners and policymakers and open avenues for future research. First, by employing the comprehensive measure of environmental uncertainty developed by Ghosh and Olsen (2009), which captures multiple dimensions of uncertainty, including economic policy, geopolitical, and climate-related risks, this study offers a nuanced assessment of how uncertainty affects corporate bankruptcy risk. Such insights may assist firms and regulators in designing more effective risk management and policy responses. Second, the absence of a mitigating effect of executive board gender diversity raises questions regarding the effectiveness of governance mechanisms in alleviating uncertainty-related financial risks in emerging markets, warranting further investigation. Third, the results underscore the value of ESG engagement, as stronger ESG performance significantly attenuates the negative impact of environmental uncertainty on debt bankruptcy risk, thereby providing incentives for firms to enhance their ESG practices.
Despite these contributions, the study is subject to certain limitations. In the extant literature, Z-score is used as a measure of a firm’s bankruptcy risk in an international context (Kim, 2020; Maturo et al., 2025), as well as in China (Liu and Zhang, 2024; Ng et al., 2011; Rahman et al., 2024; Rahman and Zhu, 2023). However, Z-score was originally developed for U.S. listed firms. Therefore, Z-score’s predictive power in explaining bankruptcy risk in China can be lower, compared to the U.S. The analysis focuses on firms from a single emerging economy, China, similar to recent studies by Sun et al. (2024) and Wang et al. (2024), which may constrain the generalizability of the findings to more developed markets. Future research could extend this framework to a multi-country setting to examine how institutional, social, and cultural factors shape the relationship among environmental uncertainty, corporate governance mechanisms, ESG practices, and default risk. 
[bookmark: _Hlk220837453]In addition, given recent global uncertainty events, such as the Russia-Ukraine war, the Israel-Gaza war, and U.S. trade tariffs, future research may further examine the impact of these events on business operations and bankruptcy risk. 

[bookmark: _Toc175947499]
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Table 1. Variable definitions

	[bookmark: _Hlk194590956]Dependent variable
	Definition

	Z-Score
	Used to measure a company's bankruptcy risk. The higher the value, the lower the bankruptcy risk

	Independent variable 

	EU
	Environmental uncertainty, calculated by dividing the standard deviation of the firm's abnormal sales revenues over the past five years by the firm's average sales revenues and then adjusting for the industry's median uncertainty, reflects the firm's financial unpredictability

	Control variables

	Liquid
	Liquidity ratio (Current assets/current liabilities)

	TobinQ
	Tobin’s Q. Used to measure a company's market performance and growth potential (Market value of tradable shares + number of non-tradable shares × net assets per share + book value of liabilities)/total assets

	Leverage
	Debt ratio (Total liabilities/total assets)

	Borrow
	Long-term debt to total assets ratio (Long-term borrowings/total assets)

	PB
	Price to book ratio (Price per share/book value per share)

	ROA
	Return on assets (Net profit/total assets)

	Fixed
	Proportion of fixed assets (Net fixed assets/total assets)

	Size
	The natural log of total assets per year

	Top1
	The proportion of shares owned by the largest shareholder (%)

	IND
	Industry fixed effect

	YEAR
	Year fixed effect
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Table 2. Descriptive statistics
	Variable
	Obs.
	Mean
	Median
	S.D.
	Max
	Min

	ZScore
	23,977
	2.6312
	2.8810
	3.3677
	29.9219
	-6.5539

	EU
	23,977
	1.3816
	1.0110
	1.3530
	24.5359
	0.0126

	Liquid
	23,977
	1.7930
	1.4663
	1.3635
	36.2786
	0.0257

	TobinQ
	23,977
	1.9163
	1.5526
	1.2184
	26.6345
	0.6245

	Leverage
	23,977
	0.4754
	0.4711
	0.1876
	1.0959
	0.0411

	Borrow
	23,977
	0.0555
	0.0206
	0.0838
	0.8460
	0

	PB
	23,977
	3.5277
	2.4284
	11.3792
	1403.9210
	0.1077

	ROA
	23,977
	0.0328
	0.0332
	0.0723
	1.2848
	-1.8591

	Fixed
	23,977
	0.2248
	0.1929
	0.1651
	0.9480
	0

	Size
	23,977
	22.4757
	22.2877
	1.2922
	28.6067
	18.6114

	Top1
	23,977
	33.6898
	31.2380
	14.7311
	89.9910
	1.8438


[bookmark: _Toc176206528]See details of variables in table 1
2



[bookmark: _Hlk194591020]Table 3. Pearson correlations
	[bookmark: _Hlk194591071]　
	1. ZScore
	2. EU
	3. Liquid
	4. TobinQ
	5. Leverage
	6. Borrow

	1. ZScore
	1
	
	
	
	
	

	2. EU
	-0.0244***
	1
	
	
	
	

	3. Liquid
	0.5794***
	0.002
	1
	
	
	

	4. TobinQ
	0.7035***
	0.0581***
	0.1626***
	1
	
	

	5. Leverage
	-0.6245***
	0.0511***
	-0.6063***
	-0.2330***
	1
	

	6. Borrow
	-0.3106***
	0.0434***
	-0.1955***
	-0.1869***
	0.4209***
	1

	7. PB
	0.0962***
	0.0659***
	-0.0177
	0.3324***
	0.0757***
	0.0210*

	8. ROA
	0.3573***
	-0.0256***
	0.1858***
	0.1356***
	-0.3008***
	-0.0893***

	9. Fixed
	0.1207***
	-0.0613***
	-0.2665***
	-0.0827***
	0.0227**
	0.2445***

	10. Size
	0.3461***
	-0.0483***
	-0.2625***
	-0.3887***
	0.4238***
	0.3434***

	11.Top1
	0.0478***
	-0.0079
	-0.0419***
	-0.0994***
	0.0826***
	0.1045***

	 
	7. PB
	8. ROA
	9. Fixed
	10.Size
	11.Top1
	

	7. PB
	1
	
	
	
	
	

	8. ROA
	0.0508***
	1
	
	
	
	

	9. Fixed
	-0.0086
	-0.0261***
	1
	
	
	

	10.Size
	0.1263***
	0.0796***
	0.0546***
	1
	
	

	11.Top1
	0.0347***
	0.1224***
	0.0997***
	0.2375***
	1
	　


Note: *, **, *** indicate significant level at 10%, 5%, 1% respectively.




[bookmark: _Toc176206529]
[bookmark: _Hlk215660012][bookmark: _Hlk215660432]Table 4. Environmental uncertainty and Z-Score
	Hypothesis: Environmental uncertainty increases the risk of corporate bankruptcy risk.
Model:
ZScorei, t = β0 + β1 EUi, t + β2 Liquidi, t +β3 TobinQi, t +β4 Leveragei, t +β5 Borrowi, t+β6 PBi, t+β7 ROAi, t
+β8 Fixedi, t +β9 Sizei, t +β10 Top1i, t +Year + IND + εi, t

	　
	Parameter estimate
	t-statistic

	EU
	-0.0808***
	-11.4337

	Liquid
	0.7744***
	81.9636

	TobinQ
	1.7459***
	181.8607

	Leverage
	-5.2368***
	-63.7507

	Borrow
	-1.4201***
	-9.7204

	PB
	-0.0192***
	-21.4327

	ROA
	5.1465***
	35.0821

	Fixed
	0.6664***
	9.1027

	Size，
	0.2390***
	24.5463

	Top1
	0.0027***
	3.9335

	intercept
	-4.3642***
	-19.0141

	Year
	FIXED
	

	IND
	FIXED
	

	F value
	2734.45***
	

	R2
	0.8128
	

	Obs.
	23,977
	


[bookmark: _Toc176206530]Note: *, **, *** indicate significant level at 10%, 5%, 1% respectively.


[bookmark: _Toc176206531]Table 5. Comparative analysis: Regional differences
	Hypothesis: Environmental uncertainty increases the risk of corporate bankruptcy risk.

	Model:
[bookmark: OLE_LINK3]ZScorei, t = β0 + β1 Eui, t +β2 Regioni, t+β3 EU*Regioni, t+ β4 Liquidi, t +β5 TobinQi, t +β6 Leveragei, t 
+β7 Borrowi, t+β8 PBi, t+β9 ROAi, t +β10 Fixedi, t +β11 Sizei, t +β12 Top1i, t +Year + IND + εi, t
[bookmark: OLE_LINK6]ZScorei, t = β0 + β1 Uui, t + β2 Liquidi, t +β3 TobinQi, t +β4 Leveragei, t +β5 Borrowi, t+β6 PBi, t+β7 ROAi, t 
+β8 Fixedi, t +β9 Sizei, t +β10 Top1i, t +Year + IND + εi, t

	　
	Pred. sign
	Region
	East
	Central
	West

	EU
	-
	-0.0729***
	-0.0748***
	-0.0807***
	-0.1296***

	
	
	(-7.2797)
	(-7.2029)
	(-5.0817)
	(-8.1056)

	Region
	+
	-0.0492***
	
	
	

	
	
	(2.7858)
	
	
	

	EU*Region
	-
	-0.0319***
	
	
	

	
	
	(-3.6124)
	
	
	

	Liquid
	+
	0.7736***
	0.8068***
	0.6299***
	0.7781***

	
	
	(81.8639)
	(71.9705)
	(27.0589)
	(29.8381)

	TobinQ
	+
	1.7461***
	1.8535***
	1.5513***
	1.6546***

	
	
	(181.9197)
	(151.6527)
	(64.8641)
	(67.3842)

	Leverage
	-
	-5.2474***
	-4.9625***
	-6.0877***
	-5.0075***

	
	
	(-63.8076)
	(-48.6036)
	(-31.1318)
	(-23.4872)

	Borrow
	-
	-1.4188***
	-2.2615***
	-0.4420
	-0.3239

	
	
	(-9.7089)
	(-11.8170)
	(-1.4721)
	(-0.9211)

	PB
	-
	-0.0192***
	-0.0297***
	-0.0139***
	-0.0347***

	
	
	(-21.4446)
	(-15.1805)
	(-13.5321)
	(-6.1718)

	ROA
	+
	5.1501***
	5.0255***
	4.5945***
	5.8332***

	
	
	(35.1116)
	(28.4537)
	(13.0773)
	(15.1297)

	Fixed
	+
	0.6589***
	0.7808***
	0.3947**
	0.5044***

	
	
	(8.9599)
	(8.2758)
	(2.4299)
	(2.9816)

	Size
	+
	0.2398***
	0.2383***
	0.2329***
	0.2327***

	
	
	(24.6195)
	(20.7516)
	(8.5999)
	(8.7441)

	Top1
	+
	0.0027***
	0.0020**
	0.0043**
	0.0039**

	
	
	(4.0083)
	(2.4005)
	(2.5673)
	(2.3268)

	intercept
	-
	-4.4044***
	-4.4648***
	-3.4370***
	-4.4142***

	
	
	(-19.1503)
	(-16.0807)
	(-5.7236)
	(-7.3326)

	YEAR
	
	FIXED
	FIXED
	FIXED
	FIXED

	IND
	
	FIXED
	FIXED
	FIXED
	FIXED

	F value
	
	2599.27***
	1961.73***
	 382.17***
	457.90***

	R2
	
	0.8129
	0.8177
	0.8091
	0.8125

	Obs.
	　
	23,977
	16,654
	3,374
	3,949


Note: *, **, *** indicate significant level at 10%, 5%, 1% respectively.


[bookmark: _Toc176206532]

Table 6. The proportion of female executives
	Hypothesis: Female executives can increase the impact of environmental uncertainty on corporate bankruptcy risk.
Model:
ZScorei, t = β0 + β1 Eui, t +β2 Femalei, t+β3 Eu*Femalei, t+β4 Liquidi, t +β5 TobinQi, t +β6 Leveragei, t
 +β7 Borrowi, t+β8 PBi, t+β9 ROAi, t +β10 Fixedi, t +β11 Sizei, t +β12 Top1i, t +Year + IND + εi, t

	　
	Pre. sign
	Parameter estimate
	t-statistic

	EU
	-
	-0.0515***
	-3.5916

	Female
	+
	0.0001
	-0.096

	EU*Female
	-
	0.0151**
	2.3327

	Liquid
	+
	0.7750***
	-82.0043

	TobinQ
	+
	1.7465***
	181.9193

	Leverage
	-
	-5.2410***
	-63.7886

	Bowrrow
	-
	-1.4083***
	-9.6367

	PB
	-
	-0.0192***
	-21.4764

	ROA
	+
	5.1457***
	35.0803

	Fixed
	+
	0.6600***
	9.0012

	Size
	+
	0.2362***
	23.9335

	Top1
	+
	0.0026***
	3.8806

	intercept
	-
	-4.3068***
	-18.2489

	YEAR
	
	FIXED
	

	IND
	
	FIXED
	

	F value
	
	2598.88***
	

	R2
	
	0.8128
	

	Obs.
	　
	23977
	　


Note: *, **, *** indicate significant level at 10%, 5%, 1% respectively.






[bookmark: _Toc176206536]
2

[bookmark: _Toc176206535]Table 7. ESG as control variables
	　
	Pred. sign
	ESG
	E
	S
	G

	EU
	-
	-0.0806***
	-0.0806***
	-0.0808***
	-0.0808***

	
	
	(-11.3975)
	(-11.4077)
	(-11.4235)
	(-11.4347)

	ESG
	+
	0.28***
	
	
	

	
	
	(8.02)
	
	
	

	E
	+
	
	0.14***
	
	

	
	
	
	(11.40)
	
	

	S
	+
	
	
	0.08***
	

	
	
	
	
	(5.25)
	

	G
	+
	
	
	
	0.02***

	
	
	
	
	
	(4.16)

	EU*ESG
	+
	0.01*** 
(6.32)
	
	
	

	EU*E
	+
	
	0.003*** 
(9.63)
	
	

	EU*S
	+
	
	
	0.01*** 
(4.82)
	

	EU*G
	+
	
	
	
	0.00**
(2.92)

	Liquid
	+
	0.7746***
	0.7746***
	0.7745***
	0.7745***

	
	
	(81.9901)
	(81.9848)
	(81.9641)
	(81.9608)

	TobinQ
	+
	1.7464***
	1.7465***
	1.7459***
	1.7458***

	
	
	(181.9168)
	(181.8328)
	(181.8568)
	(181.7935)

	Leverage
	-
	-5.2320***
	-5.2332***
	-5.2364***
	-5.2372***

	
	
	(-63.6911)
	(-63.6962)
	(-63.7443)
	(-63.7215)

	Borrow
	-
	-1.4221***
	-1.4210***
	-1.4191***
	-1.4198***

	
	
	(-9.7361)
	(-9.7273)
	(-9.7129)
	(-9.7175)

	PB
	-
	-0.0192***
	-0.0192***
	-0.0192***
	-0.0192***

	
	
	(-21.4764)
	(-21.4303)
	(-21.4361)
	(-21.4269)

	ROA
	+
	5.1266***
	5.1308***
	5.1461***
	5.1467***

	
	
	(34.9169)
	(34.9278)
	(35.0784)
	(35.0816)

	Fixed
	+
	0.6405***
	0.6411***
	0.6647***
	0.6663***

	
	
	(8.6897)
	(8.6325)
	(9.0690)
	(9.0997)

	Size
	+
	0.2366***
	0.2377***
	0.2390***
	0.2387***

	
	
	(24.2232)
	(24.3524)
	(24.5407)
	(24.0883)

	Top1
	+
	0.0027***
	0.0027***
	0.0027***
	0.0027***

	
	
	(3.9132)
	(3.8994)
	(3.9309)
	(3.9362)

	intercept
	-
	-4.3587***
	-4.3347***
	-4.3729***
	-4.3615***

	
	
	(-18.9930)
	(-18.8493)
	(-19.0020)
	(-18.9567)

	YEAR
	
	FIXED
	FIXED
	FIXED
	FIXED

	IND
	
	FIXED
	FIXED
	FIXED
	FIXED

	F value
	
	2665.48***
	2664.79***
	2664.26***
	2664.23***

	R2
	
	0.813
	0.813
	0.813
	0.813

	Obs.
	　
	23,977
	23,977
	23,977
	23,977


Note: *, **, *** indicate significant level at 10%, 5%, 1% respectively.


Table 8. Endogeneity test
	Hypothesis: Environmental uncertainty increases the risk of corporate bankruptcy risk.
Model:
1st stage: REUi, t = β0 + β1 ivi, t + β2 Liquidi, t +β3 TobinQi, t +β4 Leveragei, t +β5 Borrowi, t+β6 PBi, t
+β6 ROAi, t +β7 Fixedi, t +β8 Sizei, t +β9 Top1i, t +Year + IND +εi, t
2nd stage: ZScorei, t = β0 + β1 REUi, t + β2 Liquidi, t +β3 TobinQi, t +β4 Leveragei, t +β5 Borrowi, t+β6 PBi, t
+β7 ROAi, t +β8 Fixedi, t +β9 Sizei, t +β10 Top1i, t +Year + IND +εi, t

	
	Pred. sign
	1st stage
	2nd stage

	
	
	
	

	iv
	+
	0.6720***
	

	
	
	(24.1545)
	

	EU
	-
	
	-0.0796**

	
	
	
	(-2.9312)

	Liquid
	+
	0.0208**
	0.7753***

	
	
	(2.4417)
	(81.4736)

	TobinQ
	+
	0.0249***
	1.7470***

	
	
	(2.8884)
	(180.2047)

	Leverage
	+
	0.6601***
	-5.2309***

	
	
	(8.9467)
	(-59.5019)

	Bowrrow
	+/-
	0.9154***
	-1.4357***

	
	
	(6.963)
	(-9.2994)

	PB
	+/-
	0.0039***
	-0.0192***

	
	
	(4.808)
	(-21.0492)

	ROA
	+
	0.2997**
	5.1520***

	
	
	(2.2679)
	(35.0803)

	FIXED
	-/+
	-0.6582***
	0.6700***

	
	
	(-10.0170)
	(8.4523)

	Size
	-/+
	-0.0931***
	0.2385***

	
	
	(-10.6506)
	-22.2466

	Top1
	+
	0.0005
	0.0027***

	
	
	(0.784)
	(3.9718)

	Constant
	+/-
	2.0118***
	-4.3682***

	
	
	(9.583)
	(-16.2928)

	YEAR
	
	FIXED
	FIXED

	IND
	
	FIXED
	FIXED

	R2
	
	
	0.813

	Obs.
	
	20029
	20029

	Cragg-Donald Wald F statistic
	
	 583.441(16.380)
	

	Anderson canon. corr. LM statistic
	　
	 570.477***
	　


Note: *, **, *** indicate significant level at 10%, 5%, 1% respectively.


