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[bookmark: _GoBack]Abstract 
The environmental, social, and governance activities of firms enable them to build a strong relationship with their stakeholders and have financial health, leading to higher resilience against economic downturn. Nevertheless, this relationship has not been proven for unlisted firms in emerging countries. Therefore, this paper explores the relationship between green activities and firm resilience during the COVID-19 crisis for unlisted firms in 15 emerging markets. Further, it analyses the moderating role of digital technology's effect on the green performance-resilience nexus. The probit analysis shows that high pre-crisis green performance significantly increases firm survivorship, improves access to bank financing, and decreases liquidity shortfalls during this crisis. As private firms from emerging economies face further pandemic-related setbacks on top of already substantial hardships, policymakers must prioritise "build back better" firm-specific trust via green activities, which pays off when the importance of trust increases unexpectedly, as it did during the COVID-19 crisis.
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1. Introduction
As a "total social fact" (following a Maussian perspective) and an epochal phenomenon revealing the contradictions, the ambiguities, and the failures of post-modernity, the novel coronavirus (COVID-19) pandemic has disrupted nearly all aspects of life across the globe. Due to uncertainty and changes, companies face the triple phenomena of stakeholder fragmentation, normative inflation, and process instability. Nevertheless, researchers have identified CSR (Corporate Social Responsibility) as a pillar of the ecosystemic management (organisational balance of power and stakeholder relationships) that the company operates (Bruna & Nicolò, 2020). Accordingly, companies must draw a stakeholders' map considering, as a whole, the influence, legitimacy, and social action (mobilisation) of the main relevant groups. Hence, firm-level CSR activities must be situated not at the margins of organisational behaviour but at the heart of a firm's corporate strategies.
 In most countries, COVID-19 has substantially impacted the socio-economic environment and has caused a wide range of financial shocks and pressures (Kuckertz et al., 2020; Yoshino, Taghizadeh-Hesary, & Otsuka, 2021; Engelhardt et al., 2021). These negative impacts are more detrimental to low-income and emerging economies (Wheatley, 2020; So, Chu & Chan, 2021; Xu, 2021; Engelhardt et al., 2021). Lockdown measures have engendered disruptions in supply-chain and production lines, a decline in cash flow, a drastic reduction in profitability, and bankruptcies in most industries. Consequently, they have provoked an overall deterioration of both the rate and the quality of occupations (but unequally distributed among countries and regional zones), an explosion of unemployment, insecure work and working poor and, hence, a reduction in socio-professional inclusion (Omura, Roca, & Nakai, 2021; Díaz, Ibrushi, & Zhao, 2021; Szopiński & Bachnik). Thus, resilience[footnoteRef:1] (seen as an ambidextrous factor, acting both as a precursor, influencing a firm's achievement of sustainable competitive advantage in times of crisis, and as a consequence, revealing a pre-existent advantageous situation rooted in UN SDG compliance and CSR efficiency) becomes crucial in achieving to achieve a sustainable competitive advantage during a crisis (Miceli et al., 2021; Alkaraan et al., 2022).  CSR activities also enable firms to build strong relationships with their stakeholders and to enjoy financial health that would lead to higher resilience against economic downturns (Omura, Roca, & Nakai, 2021; Díaz, Ibrushi, & Zhao, 2021).  [1:  Resilience is defined as “the firm’s ability to sense and correct maladaptive tendencies and cope positively with unexpected situations’ (Ortiz-de-Mandojana & Bansal, 2016, p 1615).] 

The COVID-19 pandemic has engendered major disruptions in the socio-economic status of individuals and businesses, with the global economy projected to contract by 8% (IMF, 2021). Crises in multiple forms curtail the stability of private unlisted firms and the income of business owners, employees, and other stakeholders deriving their living from related activities. Analysing a hundred countries, the International Trade Centre survey reports that COVID-19 causes disruptions to two-thirds of small and medium enterprises and one-fifth of businesses are not likely to survive in the next three months (Pedauga, Sáez, & Delgado-Márquez, 2022). Initially, the primary concern of nations with respect to the COVID-19 pandemic was to conquer (or, more modestly, border and curb) the health crisis and to employ speedy economic salvage measures. However, the latter concern primarily focused on providing liquidity, safeguarding sources of income in the face of unforeseen income losses, and deploying employment protection measures. As the health crisis slowly eases in some countries, interest is now on preparing stimulus measures for economic recovery (OECD, 2020). There is growing evidence that enterprises with a strong commitment to sustainability are more resilient during turbulent times (Liu et al., 2022). It has been argued that engagement with CSR issues could reduce downside risk (Cifuentes-Faura, 2022; Liu et al., 2022). 
This research paper examines how firm-level green activities within emerging economies can create a recovery that "builds back better" (i.e., getting economies recuperating fast by exploiting competitive advantage with the deployment of green initiatives). With the COVID-19 era emphasising green recovery and environmental responsibility (Wan et al., 2021), businesses with a more robust environmental governance framework may show improved crisis management and increased resilience (Liu et al., 2022). To begin with, a company's CSR practices include its environmental governance vision, ideas, strategy, and implementation (Tang et al., 2012; Bruna & Lahouel, 2022). Incorporating "green" components into business operations may enhance their competitive edge and promote more effective investments attributable to first-mover advantages (Porter and Linde, 1999). Second, companies with good environmental governance may send investors a more genuinely positive signal, indicating improved environmental adaptation and resource optimisation. These positive signals meet stakeholders' green aspirations and earn trust, thereby enhancing corporate reputation, which, in turn, increases the likelihood of a company reaping economic benefits through stabilisation (by mutual trust) of business relationships, producing enlarged financing opportunities, lower operation costs and, thus, higher profitability (Bruna & Nicolò, 2020). 
In recent decades, the green performance and green innovations of firms called to face and mitigate climate change have been flourishing as pillar topics in public policies, business literature, and academic publications. The proactive role of firm-level green performances (as a facet of CSR policy efficiency) tends to reduce idiosyncratic firm-specific risks (Hong & Liskovich, 2019; Rouine, Ammari, & Bruna, 2022) and builds public trust in crises (Lins, Servaes, & Tamayo, 2017), all of which increase firm resilience. Due to established reputations as environmentally responsible firms, green-friendly companies can acquire access to strategic resources during a crisis, reducing the likelihood of unfavourable events occurring at both the corporate and economic levels (Zeidan et al., 2015). Aligning with environmentally sensitive stakeholders, conscious companies are more trustworthy, and as a result, even if institutional and market trust is low, stakeholders will place a premium on those firms (Dyck et al., 2019). 
Despite overwhelming academic and anecdotal evidence to support the favourable impact of environmental activities on business profitability, how green performance affects firm financial stability when the market encounters a big shock remains reasonably unidentified.  Overall, prior studies have overlooked the effect of economic uncertainty on the relationship between green performance and firm resilience. It is therefore crucial to investigate if green performance by enterprises did, in fact, allow them to overcome the many obstacles of the pandemic period, especially in emerging countries where environmental issues fade more strongly than in developed countries when economic difficulties occur (Schumacher, 2020).
In this paper, we argue that if a firm’s green performance helps build stakeholder trust and cooperation, it should pay off more in periods where firm engagement in green activities is more valuable, such as during the COVID-19 pandemic. In such a perspective, a systemic crisis like the COVID pandemic can be seen as a momentum, revealing situations, enlightening underlying phenomena, and accelerating change (Bruna & Nicolò, 2020). Moreover, offering insights into the relationship between green performance and firm resilience during periods of economic uncertainty will enable stakeholders to seriously consider relevant policy implications, which, in turn, also impact institutions. 
Accordingly, we examine 7,794 unlisted firms from 15 emerging economies to test whether firm-level green performance pays off during a crisis. After controlling for potential econometric bias and unobservable characteristics of firms linked to green performance and financial resilience, our study reports empirical evidence of the favourable effect of firm-level green activities on firm resilience during the COVID-19 pandemic. We find that better green performance resulted in an 18.99% and 14.95% increase in survivorship and bank financing access and a 47.5% reduction in liquidity decrease during the COVID-19 pandemic. We also find that a firm's environmental performance is more prominent when firms leverage technology, particular in the use of online business platforms.  
Our study extends three different aspects of existing literature. First, the originality of the study is partly influenced by the novelty of the circumstances in which private firms found themselves at the time and in the future. COVID-19's negative impact on the entrepreneurial finance market is expected to cause long-term harm to all kinds of enterprises, thus, there is a lack of empirical evidence in private firms. Focusing on unlisted firms, this study adds to the small body of empirical work on the effects of the pandemic on private firm resilience and it addresses the lack of an integrated approach capable of jointly considering the relationships between green performance and financial sustainability in which the moderating role of digital technology adoption is also factored. Second, the findings of this research will contribute to UN Sustainable Development Goals (SDGs) regarding the firm resilience - green performance nexus of private firms in emerging economies. Our findings will help to "build back better", an approach extensively used by countries in their efforts at economic recovery from COVID-19. Also, the findings of this research provide policy direction regarding firm  resilience in crises. Thirdly, we use the unique composite index as a proxy for green performance in unlisted firms[footnoteRef:2]. The methodology can be used for benchmarking the overall green performance of various firms in the industry and economies. Although individual indicators can be informative, principal components represent the directions of the data that describe a maximal amount of variance, that is to say, the lines that capture "the bigger picture" and the multidimensionality of a complex system. Finally, we control the endogeneity of green performance proxies from a methodological standpoint. Using instrumental variable regressions, we control for measurement errors and simultaneity in the relationship between green performance and firm resilience.  [2:  Although previous studies employed the ASSET4 index (e.g., Cheng et al., 2014; Cheung, 2016; Gupta, 2018), the ASSET4 index is only available for listed firms.  Similarly, the index by Kinder, Lydenberg and Domini (KLD) (see Goss & Roberts, 2011; Nandy & Lodh, 2012), only covers the US market.] 

The manuscript is organised as follows. Section 2 reports our literature review and hypotheses development. Section 3 describes the data and variables, and Section 4 explains the model specifications. Section 5 discusses our empirical findings and robustness test results while Section 6 provides a conclusion.
2. Literature Review
2.1 The complex relationship between green activities and financial performance
In recent decades, academic and business literature has focused on the green dimension in corporate social responsibility (CSR) because of global warming, climate change, and the environmental damage associated with them.
Following Díaz, Ibrushi, & Zhao (2021), green-friendly practices assist firms in boosting efficiency while also reducing waste and emissions, engendering a long-term impact on the environment. A firm's environmental performance is noteworthy because the associations between CSR activities and financial performance are diverse. Bruna and Lahouel (2022) claimed that the findings of empirical studies tend to be sensitive to a wide variety of criteria, including design characteristics, examined samples (perimeter, composition, structure), chosen indicators, modelling, and endorsed timescale. According to the resource-based view, it is assumed that a company's resources are rare and irreplaceable (Barney, 1991). The environmental activities of a firm allow it to establish its credibility (Orlitzky et al., 2003), enhance its appeal to employees, boost client trust (Greening & Turban, 2000), and as a result, reinforce its competitive advantage and increase its financial performance (Greening & Turban, 2000; Bird et al., 2007). Furthermore, firm-level environmental activities can boost a company's profitability by reducing its residual risk (Sharfman and Fernando, 2008) and reputational risks (Godfrey et al., 2009). Nevertheless, neo-classical economists are sceptical about the benefits of excessive CSR spending. Since CSR activities have higher costs, it has been argued that CSR investment minimises the possibility of exploiting resources to maximise profit (Friedman, 1970), which reduces the conflict of interest among stakeholders (Greening & Turban, 2000). This conflict of interest causes competitive disadvantages and eventually diminishes the performance of firms. 
2.2 Digitalization, IT, operational efficiency and COVID crisis
[bookmark: _Hlk116232691]Companies primarily expect to improve operational efficiency or cut expenses with digital technology since information technology (IT) plays an enabling role in organisational operations (Sahut, Dana, & Laroche, 2020). Several studies have shown that digital technology aids specific business activities such as service, sales, and supply chains (Markovic et al., 2021; Belhadi et al., 2021). Many new businesses are being spawned as digital technologies continue to advance. According to Capgemini Consulting's survey of global companies, digital technology can considerably benefit financial indicators such as revenue, profitability and market value (Fitzgerald et al., 2014). Digital technology has been shown to improve financial performance in 20% of companies (Fernández-Portillo et al., 2022). However, despite the importance of determining the organisational performance outcomes of digital technology, little academic research has been conducted on this topic. A possible reason for this is that scholarly attention may have been diverted by the myriad effects of digital technology. Interim outcomes (such as an expanding user base and high levels of customer satisfaction) related to the process receive far greater attention. Llopis-Albert et al. (2021) examined the impact of digital technology on the Spanish automobile manufacturing industry and found that by investing in a sufficient amount for adaptation to digital transformation, stakeholders were satisfied. 
It has been found that the long-term profitability of banks is positively correlated with the adoption of IT network systems. Research by Duman and Akdemir (2021) also found that company profitability and sales are increased by Industry 4.0 technology. While the economic benefits of adopting specific digital technologies is plentiful, there has been minimal attention on the costs of organisational change enabled by digital technologies. Even as companies reap the benefits of digital technology integration in the real world, they also bear the costs of such technology-enabled organisational transformation. Indeed, the impact on business performance by digital technology is more complex than what it may initially appear to be. 
When the COVID-19 pandemic struck the world in 2020, digital technology played a critical role in firm survivorship (see Szopinski & Bachnik, 2022; Yaprak et al., 2021). The pandemic has resulted in a shift in consumer behaviour, including an increased concentration on online commerce. These upheavals (likely irreversible) may compel enterprises to respond by introducing a new value proposition based on innovative technological solutions through digitalisation initiatives (Khalil, Abdelli, & Mogaji, 2022). It is in this context that our paper seeks to investigate how the resilience of private unlisted firms is affected by adopting green activities and digital technology when the market experiences a negative shock, such as the COVID-19 pandemic. Our examination is undertaken with a specific interest in low and emerging economies achieving economic and social development within the framework of “building back better” after COVID-19. 
According to Khalil, Abdelli, and Mogaji (2022), corporations in developed nations quickly deployed technology and drove state and commercial sector operations into the digital world to keep economies moving during the COVID-19 pandemic. The digital gap and the inherent difficulties for enterprises in developing countries to embrace technology and accelerate their digital initiatives to cope with the impacts of technology remain huge concerns among policy makers (Utoikamanu,2020).
Hypotheses development
The relationship between green activities and firm performance has been extensively addressed in a growing body of academic literature. Some studies have explored the curvilinear relationship between environmental performance and financial performance as well as a non-parametric decomposition of the environmental performance-income relationship (Lahouel, Bruna & Zaied, 2020; Lahouel et al., 2022). Nevertheless, there is scant evidence of the effect of firm-level green performance on firm resilience during economic and financial shocks (see Lins, Servaes, & Tamayo, 2019; Marsat, Pijourlet, & Ullah, 2021). Scholars argue that firm-level environmental activities lead to competitive advantages (Porter & Linde, 1995) by attracting stakeholders (Nollet, Filis, & Mitrokostas, 2016), generating high financial performance (Duque-Grisales and Aguilera-Caracuel, 2019) and reducing reputational and environmental risks (Clark & Hebb, 2005). There is a positive association between environmental performance, equity returns, and asset returns (Lee, Cin, and Lee, 2016). Hence, the risk of investing in a sustainable company appears to be reduced, and this could lead to better long-term returns (Della Croce, Stewart, & Yermo, 2011; Clark & Hebb, 2005). The environmental problems produced by corporations, such as greenhouse gas emissions, water management, and air pollution has dominated attention of governments, policy makers  and researchers. Indeed, environmental performance and economic success have been linked in several ways. Firstly, compliance with environmental standards will reduce future expenses associated with non-compliance (Hart, 1995). Similarly, operating costs can be decreased by adopting an environmentally-friendly corporate approach (Goss & Roberts, 2011). Customers also tend to see enterprises' products and services favourably from a normative stakeholder standpoint (Donaldson & Preston, 1995) if the enterprise is known to adopt environmentally-friendly practices. Overall, the cultivation of an environmentally-friendly image by a corporation can do much to positively affect its employees, customers, and the government, all of whom are significant stakeholders. 
According to resource-based theory, firm-level environmental activities lead to higher stakeholder commitment (Hart, 1995). Hence, we argue that, during a crisis, a higher level of stakeholder support can contribute to firm resilience. Methodologically, there is no universal consensus among corporate experts on the direction, sign, or relevance of this connection, and it remains a source of contention. Based on empirical research, positive, negative, and neutral correlations have all been proposed (Lahouel et al., 2022; Bruna & Lahouel, 2022). These divergent results have prompted researchers to consider more nuanced ways of characterising the green environmental performance and corporate financial performance link, such as relaxing the premise of linearity and attributing the discrepancies to the non-linear (curvilinear) nature of the relationship (U-shaped or inverse-U-shaped) (Lahouel, Bruna & Zaied, 2020). Emerging economic theories suggest a non-linear connection between environmental performance and financial performance consistent with neoclassical economic perception (Lankoski, 2008). If, for example, the marginal cost of increased commitments to environmental protection rises while the marginal benefit falls, the resulting relationship should take the form of an inverted U (Salzmann et al., 2005).
H1: Firm-level green performance has a significant impact on firm resilience during a crisis

To promote a sustainable future, digital technology can contribute to the effective allocation of resources and optimisation of energy consumption and, subsequently, reduce the company's environmental repercussions (Kivimaa et al., 2021). Digitisation has been touted as a way to save money in the production process as well as in the supply chain by closing down kiosks and moving to online shopping. 
With digital technology, there are a variety of ways for eco-friendly economies to achieve a jumpstart: by reducing the direct environmental impact of information and communications technology (ICT) production, distribution, operation and disposal; by decreasing the use and generation of toxic materials and waste; by increasing the speed at which economic activities and resources are allocated; and by cutting down on the amount of energy and assets used. In addition, digital technology improves the efficiency of company assets by increasing their utilisation. For instance, artificial intelligence-enabled devices and equipment may learn and adjust on their own, resulting in optimal performance. With the help of digitalisation, firms can better communicate their supply chain plans with their customers and vendors.
Using digital technologies to control the presence of underused capacities connecting merchants and buyers on specialised online platforms enables product and service sharing to save energy and resources (Curtis, Jones, & Carlson, 2021). Several governments and international organisations have already expressed their appreciation for the benefits of digital technologies in making possible the transition to a more environmentally responsible future. This is also supported by the UN's clean economy documents (UNDESA, 2013, UNTCAD, 2021). Although most academic and business studies have focused on the potential benefits of digital technology, few have mentioned the expenses, which can be high. Most organisations spend more than $1 million annually on digital technology projects without including hidden expenses. Based on the above arguments, we propose that:
H2: Employment of  digital technology moderates the relationship between green performance and financial resilience during a crisis.
3. Methodology 
3.1 Data
Data supporting the present research come from two sources. First, the standard Enterprise Surveys (ES) have been conducted in many countries worldwide. They provide firm characteristics, ownership information, and business environment information. The green economy module in ES provides firm-level environment-related information such as exposure to environmental impacts, the environmental management, the environmental policy and regulations, and the environmental impact of the establishment.
Secondly, our COVID-19 data were collected from the COVID-19 follow-up survey (CEFS) from the Enterprise Survey of the World Bank. For all these follow-up surveys, the last month of fieldwork for countries varies between May 2020 and September 2020 (round 1 of CEFS). To understand the impact of the COVID-19 pandemic on the private sector, the Enterprise Analysis units of the World Bank Group have been conducting follow-up surveys on recently completed standard Enterprise Surveys. These short follow-up surveys provide information on sales, production, labour, finance, policies, expectations, and information on permanently closed establishments. 
Using a unique id, we merged two datasets. According to the availability of data, we used the following 15 emerging countries because they have reported a "green economy" module: Albania, Azerbaijan, Bosnia and Herzegovina, Georgia, Jordan, Kazakhstan, Lebanon, Moldova, Mongolia, Montenegro, Morocco, Macedonia, Russian Federation, Serbia and Turkish Cypriot Community. Table 1 provides the list of countries included in this study and observations of country-level resilience indicators and green performance.
<< Insert Table 1 here>>
Dependent variables
In the present research, we endorse three measures of financial sustainability. 
1. [bookmark: _Hlk114126941]Survivorship (Survivorship): The recent pandemic may increase the firm’s vulnerability to exist in the future (Aga & Maemir, 2021). To gauge survivorship in pandemic times, we utilise the following survey question: "Keeping the costs structure as it is now, how many weeks would this establishment be able to remain open if its sales stopped as of today?". Based on the information, we construct a dichotomous variable taking a value of one if a company can remain open above an average of weeks than the sample; otherwise, it takes a value of zero. 
2. Liquidity decreased (Liquidity_D): Following Chundakkadan, Raj and Sasidharan (2020), we create liquidity shortage as a proxy for the firm's financial position. To address this issue, we utilise the following survey question: "Has/have this establishment's liquidity or cash flow increased, remained the same, or decreased because of the COVID-19 crisis?". Accordingly, we shape a dichotomous variable taking the value of one if a firm reports that its liquidity decreased, and zero otherwise.  
3. Bank _Finance (Bank): If the firm reports that its liquidity decreased, then we consider  bank finance accessibility during the COVID-19 crisis as a key criterion. These variables take the value of one if the company reports that loans from commercial banks are the main source of the firm to deal with cash flow shortages during the COVID-19 outbreak and zero otherwise.  
Explanatory variables
Green Performance Index (GPI)
To assess firm-level green performance indicators, this study creates a combined index. Prior research has used firm-level emissions, external audits, and environmental performance indices to proxy green performance (e.g., Wellalage & Kumar, 2021). Studies mostly create green performance indices using a subjective weighting system based on the expert opinion of the importance of the environmental components (Capelle-Blancard, Crifo, Diaye, Oueghlissi, & Scholtens, 2019).
To neutralise the green performance measurement, this paper uses principal component analysis (PCA) to shape a green performance index. PCA is a multivariate statistical technique used to generate a smaller number of 'dimensions' from a large dataset (Vyas & Kumaranayake, 2006). This approach is more inductive. The PCA results are usually discussed in component scores and loadings. The focal thought of PCA is to lessen the dimensionality of a dataset comprising a substantial number of correlated factors while holding the variation shown in the dataset as much as possible. 
The number of environmental components taken in the analysis is determined by the accumulative amount of variance (threshold is 90%). The value of the eigenvectors and the loadings of variables with principal components are calculated as follows.  
--------------(1)
where Lkj is the loading of the PCs,  is the eigenvalue of the component k, and vkj is the eigenvector.
Now, the green performance index is calculated as: 
------------------(2)
where  is the synchronisation of the country i in the component k (and j components are retained, j≤p), and  is the eigenvalue of the component k. In Eq. (2),  is used as weighting factors to calculate the final synthesised coordinate of each country. This index can give information about the comparative value of green performance between the sample countries. The higher the index, the better the green performance of the country. Table 3 shows the eigenvalues and the accumulation of correlated indicators. Two principal components were taken, and they described 93% of the overall variance of the data. 
<< Insert Table 2 here >>
(i) Online
To understand firm level online activities during the pandemic, following Khan et al. (2022), we create an online dummy variable. This takes a value of one if the firm starts or increases business activity online during the COVID-19 pandemic and the value of zero otherwise. 

Control variables
Following prior literature, we select control variables that are found to affect firm survivorship, liquidity and bank loans.  Following Cheung (2016), we use three categorical variables based on the number of employees (i.e. Large >=100, Medium 20-99, Small & Micro >=19).  Studies report that firm age impacted government support and financing access during the COVID-19 pandemic (e.g., Chundakkadan et al, 2022). Hence, we controlled firm age in our regression. Further, following Zhang and Wellalage (2022), we include company, partnership, sole proprietorship, and other categorical variables in our regression to control firm legal ownership status. Also, internationally-recognised quality certifications may promote the company's reputation (Goedhuys & Sleuwaegen, 2016) and enhance bank financing and survivorship of the firm during a crisis.  The strengthening of law enforcement and an impartial court system can impact the firm's external funding and liquidity (Wellalage & Reddy, 2020). Hence, we include a dummy variable which takes the value of one if the firm indicates that the country’s court system is fair and zero otherwise. Recent studies have also reported that firm-level environmental practices significantly impact firm access to bank financing (e.g., Zhang & Wellalage, 2022). Therefore, we include environmental audit and environmental regulation variables to capture firm level environmental activities. To control country-level impact, we employ the annual GDP growth rate of the country (Berthou & Vicard, 2015).
Appendix 1 reports all the variables used in the present study.  
3.2 Method
The present research employs probit models to determine how green performance affects firm resilience during a crisis.

-----(1)


Where  is a dummy variable (i.e. Survivorship, Liquidity_D or Bank), the subscript i and j refer to firm and country, respectively.  is the standard normal collective distribution.  is a continuous variable that indicates the green performance level of the firm. The X vector exemplifies a set of control variables likely to affect firm green performance and firm resilience. 

We adopt the IV probit model[footnoteRef:3] to address potential endogeneity issues present in our investigation of the impact of green performance on firm resilience. Technically, endogeneity can occur under various conditions. The most common is omitted variable bias, simultaneity bias, reverse causality, and unobservable heterogeneity (Wellalage & Thrikawala, 2021). We include both the firm level and institutional variables to control omitted variable bias. Simultaneity bias occurs when the firm level resilience is a predictor of the independent variable (GPI) and not simply a response to the GPI. Reverse causality occurs when firm-level green activities may reduce firm resilience and pose extra costs to firms. On the other hand, resilient firms may engage in green activities to access limited resources. [3:  https://www.sciencedirect.com/topics/economics-econometrics-and-finance/probit-model ] 

Additionally, unobservable factors in a firm's decision to engage in green and resilience activities would simultaneously be associated with both resilience and green activities, increasing an endogeneity problem. We explicitly deal with the endogeneity issue by instrumenting firm-level green activities by the locality and industry sector averages of green activities[footnoteRef:4]. As a result, the locality and industry-level protocol connection are orthogonal to the unobservable firm characteristics. [4:  Recent studies use the locality-sector average of X variable as an instrument for X (e.g., Wellalage & Thrikawala, 2020; Fisman & Svensson, 2007).
] 

Local and industry-level instrumental variables capture the institutional environment in the rent extraction inclinations of regional bureaucrats, which are exogenous to the firm (Wellalage & Thrikawala, 2021). The literature specifies that randomised natural experiments produce an exogenous variation to the endogenous variable, but this procedure is too expensive or simply impossible to employ (Bascle, 2008). It is nearly impossible to find an exogenous shock that has happened across all countries simultaneously. Therefore, we continue our analysis using the IV probit model. 

4. Results
Table 4 reports the descriptive statistics. Our first dependent variable, Survivorship, indicates more than 1/3 (mean= .3696) of sample firms have an above-average probability of remaining open even if their sales stopped. Secondly, the Liquidity_D variable indicates approximately 72% of firms experienced a liquidity decrease during the COVID-19 pandemic. Thirdly, the Bank_Finance variable indicates only 10% of firms in our sample utilised banks as the primary institution for handling cash flow shortages during the pandemic. 
The mean green performance indicator (GPI) for the full sample is -1.012e-07, which ranges from -4987 (minimum) to 2.004 (maximum). A low average value of the GPI indicates a lack of participation in green performance activities. Approximately 32% of firms start or increased business activity online during the pandemic. With respect to our control variables, Table 1 indicates that most firms are small and micro firms (46%), followed by medium-sized firms (33%) and, finally, large firms (21$). In terms of their legal ownership, above 60% of firms are "companies". Only 18% of firms held an international quality certificate for their production, and 16% of firms conducted an environmental audit. This indicates a low level of external assurance of firm-level activities. The low mean value of environmental regulations and court variables indicates that the sampled firms generally operate in a weak institutional environment. Thus, the environmental pressure from institutions is low.
<< Insert Table 3 here>>
4.1 Green performance activities and firm resilience during the COVID-19 pandemic
Table 4 reports probit estimation results. Panel A addresses the relationship between GPI and survivorship results, where Panel B and C compare GPI with liquidity decreasing and bank financing, respectively. 
Columns II and VI, and X show probit marginal effect results in assuming all variables are exogenous in probit regression models. Nevertheless, it is mandatory to correct endogenous bias in green performance studies, which occurs due to unobservable heterogeneity (i.e., the firm’s unobservable risk based on the outcome of firm resilience may influence its level of green activities) and simultaneity (i.e., a high level of green activities promotes firm resilience due to stakeholder trust in addition to firms engaging in green activities to obtain a competitive advantage once they establish their resilience). To correct the problem of endogeneity bias mentioned above, we use instrumental probit regression.
After controlling for endogeneity bias, column III reports that the GPI of firms is significantly positively correlated with survivorship. In fact, the IV probit marginal effects (column IV) indicate that for every one unit increase in the GPI index, the probability of survivorship increased by 0.1899 (β = 0.4798, p = <0.001). Similarly, IV probit marginal results in Panel B and C suggest that for every one unit rise in the GPI index, the probability of liquidity decreases by 0.4750 and the probability of bank financing and accessibility increases by 0.1495. Our results confirm that, during the COVID-19 crisis, banks acknowledge environmentally accountable practices as a means for the firm to reduce its level of idiosyncratic risk, and firms may subsequently achieve a competitive advantage (in our case, access to bank financing). Thus, this study empirically validates H1 (i.e. H1: Firm-level green performance has a significant impact on firm resilience during a crisis).

The control variables indicate that micro and small firms have a significant and negative impact on the bank financing proxy[footnoteRef:5]. This is aligned with the argument that small and micro firms have less formal credit access than their large counterparts (Nguyen & Canh, 2021). Also, firm age, international certification and firm size significantly impact firm resilience. Country-level macroeconomic factors also appear to have affected firm resilience during the crisis.  [5:  We have included three categories of firms based on a number of employees. Micro & Small =< 19 employees, Medium 20-99,  Large > 100 ] 

The Wald test of exogeneity rejects the null hypothesis that there is no endogeneity at levels of 5% (Panel A and Panel B) and 1% (Panel C). This reinstates the necessity of the IV probit. The diagnostic tests for weak instruments (i.e., Stock and Yogo and Cragg-Donald F statistics) indicate that our selected instrumental variable is not weak[footnoteRef:6].  [6:  The diagnostic tests for weak instruments are tested in the first stage regression. Test results indicate that Cragg-Donald F statistics > Stock and Yogo threshold. 
] 

<< Insert Table 4 here >>
4.2 The moderation effect of digital technology on the relationship between green performance and firm resilience
We create the Online variable as a proxy for the digitalisation of businesses. If a firm starts or increases business activity online, the Online variable takes the value of one and zero otherwise. 
Table 5 indicates that the GPI positively affects firm-level Survivorship (β = .1590). The interaction variable (GPI*Online) reports a significant and positive relationship with Survivorship (β =  .9234***). This indicates that the positive effect of GPI on Survivorship is assisted when a firm starts or increases business activity online during the COVID-19 pandemic. In a similar vein, GPI negatively affects firm-level liquidity decrease (β = -.2800). The interaction variable (GPI*Online) reports a significant and negative relationship with Liquidity_D (β =  -1.387*). This suggests that the negative effect of GPI on liquidity_D is further accelerated when a firm starts or increases business activity online during the COVID-19 pandemic. Using digital technologies in times of crisis, like the COVID-19 pandemic, firms can better communicate their supply chain plans with their customers and vendors. These outcomes are aligned with the empirical evidence (Kivimaa et al., 2021; Curtis, Jones, & Carlson, 2021). Therefore, we accept H2: : Employment of  digital technology moderates the relationship between green performance and financial resilience during a crisis.  
<< Insert Table 5 here >>
Robustness
Propensity score matching 
Our green performance proxy may be biased due to nonresponsive measurement errors.   Therefore, we reanalyse our data using a dichotomous variable of (Above_Green) which takes the value of one if the firm GPI is > Average GPI.  
Using the propensity score method (PSM), we compare the resilience of firms exposed to no treatment T=0 (below average green performance index) and the innovation of firms exposed to treatment T=1 (above average green performance index). We calculate the average treatment on the treated (ATT), which is the distinction in resilience between those treated and those with a similar likelihood of being treated (Cox-Edwards & Rodríguez-Oreggia, 2009; Ichino, Mealli, & Nannicini, 2008). We use two matching methods: nearest neighbor matching and radius matching.
In both matching models, the ATT is significant and positive for Survivorship and Bank financing. For survivorship, the ATT ranges from 0.060 with the Nearest Neighbor matching method to 0.090 with the radius matching method. Similarly, for bank financing, the magnitude of the ATT ranges from 0.065 with the radius matching method to 0.079 with the Nearest Neighbor matching method. Further, the estimated average negative effect of above-average green activities on Liquidity Decrease decreases by 16% for firms that engaged in green activities.  on liquidity decreases for firms that engaged in green activites16% (excluding nearest radius matching). Finally, by comparing the propensity score method with the IV probit, we see the same direction of the coefficients in the IV probit and ATT, confirming the robustness of our main results.  
<<INSERT Table 6 here>>
Resampling
According to Table 1, Jordan, Morocco and Macedonia shows missing average survivorship data. Also, Azerbaijan, Bosnia and Herzegovina, Montenegro, and Serbia have missing average liquidity ratios. Hence, we perfume a robustness test by removing these countries to confirm our results. Although the size of the coefficients is different from the baseline results, Table 7 and 8 results show the same direction of the coefficients in the baseline results, confirming the robustness of our main results.  
<<INSERT Table 7 here>>
<<INSERT Table 8 here>>
5. Discussion and conclusion
The COVID-19 pandemic has engendered a significant impact on the economy and the business climate. Efforts to combat the pandemic have negatively impacted supply and demand segments, resulting in decreased production capacity, supply chain disruption, and a lack of financial, human, and material wealth. The economic and social realities brought about by COVID-19 necessitated a reconsideration of existing business strategies by firms and an openness to new business models, with sustainability playing a key role in establishing long-term aspirations.
[bookmark: bbib0330]This research paper contributes to the academic literature by adding significant empirical evidence on the relationship between firm-level green activities and resilience during a worldwide crisis in countries where the environmental pressure from institutions is low. A company's involvement in environmental operations provides several advantages during a crisis (Bruna & Nicolò, 2020). The creation and execution of environmental governance schemes are essential for capturing investor attention and stakeholders even when environmental pressure from institutions is low and they ultimately serve to enhance corporate investment efficiency during times of crisis. Environmental governance schemes help to improve the firm's reputation and innovation by fostering greater trust between shareholders and the company, resulting in increased collaboration and reciprocation among stakeholders. Environmentally responsible practices help strengthen relationships between stakeholders and a company, which is especially important when there is limited trust in a company’s ability to meet its environmental obligations. If stakeholders have confidence in the company’s future, they will be more inclined to invest in it.  Involvement in environmentally friendly investments during the crisis also benefits the financial well-being of companies (Liu et al., 2022). The study by Yoshino et al. (2021) concurs with this argument and suggests that investors and governments should focus on green initiatives in the post-COVID-19 era to achieve sustainable recovery. Companies that engage in environmental initiatives tend to build stronger and more long-lasting relationships with their stakeholders as a result. Due to their strong environmental performance, companies with creative capacity can survive and even thrive in times of crisis. 
To obtain as much information, expertise, and ideas as possible, a company must create ties with its external stakeholder network and strengthen these relationships through environmental performance. Companies benefit from these inputs and increase their ability to withstand a market shock. Thus, environmentally and socially responsible operations may have benefits that go well beyond the protection against unique legal risks of a particular corporation. This paper asserts that investments in environmentally friendly operations can be understood as insurance coverage for times of crisis, such as pandemics, provided a firm's environmental performance helps to establish stakeholder trust and collaboration.
Several managerial implications can be derived from this research to help firms prepare for future crises. Firms are encouraged to invest in green initiatives to improve their resilience and to protect their value during crises, even in countries with low institutional environmental pressure. Although the future profitability of many companies have become highly uncertain in the wake of the COVID-19 pandemic, corporate green activities contribute to protecting public health and strengthening relationships with stakeholders, particularly shareholders, ensuring their support. Indeed, our results suggest that firms should not only invest in environmental initiatives but also commit to regular environmental governance to increase the effectiveness of environmental investment during periods of crisis. 
[bookmark: _Hlk59453319]This study is not free of limitations. First, we are focused only on unlisted firms in emerging markets. Future studies could include other economies and listed firms to increase the generalisability of the findings here. The current lack of a widely accepted framework for measuring the proxy for environmental performance may limit opportunities to compare the environmental performance of different firms. Therefore, future studies can consider working towards a universal proxy for environmental performance to facilitate comparative studies. In  addition to this, although our study considers some country-level characteristics, we cannot control all related factors. Future research can build on the findings we have presented here to confirm our evidence.
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Table 1: Sample information
	
	Country Name
	Number of firms
	 Average Survivorship
	Average Liquidity
	Average Bank finance
	Average GPI

	1
	Albania
	377
	.6755
	.7088
	.0636
	.3355

	2
	Azerbaijan
	225
	.8482
	-
	.0577
	-.1747

	3
	Bosnia and Herzegovina
	362
	.7348
	-
	.0690
	-.0664

	4
	Georgia
	581
	.6172
	.7392
	.1222
	.1279

	5
	Jordan
	601
	-
	.9040
	.1414
	.0533

	6
	Kazakhstan
	1409
	.7735
	-
	.0418
	-.0748

	7
	Lebanon
	532
	.9981
	.5164
	.0526
	-.1494

	8
	Moldova
	360
	.4651
	.8178
	.0444
	.1065

	9
	Mongolia
	360
	.5474
	.8592
	.2888
	.2473

	10
	Montenegro
	150
	.4533
	-
	.1533
	-.3141

	11
	Morocco
	673
	-
	.7100
	.1396
	.3408

	12
	Macedonia, FYR
	360
	-
	.6391
	.2027
	-.0615

	13
	Russian Federation
	1323
	.5516
	.6543
	.0944
	-.1290

	14
	Serbia
	361
	.6777
	-
	.0775
	-.1644

	15
	Turkish Cypriot Community
	120
	.6610
	.8586
	.375
	-.1726





Table 2: Principal components analysis
	Component
	Eigenvalue
	Difference
	Proportion
	Cumulative

	Heating and cooling improvements
	4.14393      
	3.02797             
	0.4144       
	0.4144

	More climate-friendly energy generation on site
	1.11597      
	.345209             
	0.1116       
	0.5260

	Machinery and equipment upgrade
	.770758     
	.0512205             
	0.0771       
	0.6031

	Energy management
	.719537      
	.012162             
	0.0720       
	0.6750

	Waste minimisation, recycling, and waste management
	.707375     
	.0677946             
	0.0707       
	0.7458

	Air pollution control measures
	.639581      
	.108098             
	0.0640       
	0.8097

	Water management
	.531483      
	.038236             
	0.0531       
	0.8629

	Upgrade of vehicles
	.493247     
	.0379172             
	0.0493       
	0.9122

	Improvements to lighting system
	.45533     
	.0325401             
	0.0455       
	0.9577

	Other pollution control measures
	.42279                     
	.
	0.0423       
	1.0000






Table 3: Descriptive statistics
	Variable
	Obs
	Mean
	Stad.Dev
	Min
	Max

	Survivorship
	3160
	.3696
	.4827
	0
	1

	Liquidity_D
	4237
	.7193
	.4493
	0
	1

	Bank
	7794
	.1043
	.3057
	0
	1

	GPI
	7244
	-1.012-07
	.9999
	-.4987
	2.004

	Online
	5810
	.3161
	.4650
	0
	1

	Large 
	7786
	.2133
	.4096
	0
	1

	Medium 
	7786
	.3280
	.4695
	0
	1

	Small & Micro
	7786
	.4586
	.498
	0
	1

	Company
	7767
	.6021
	.4894
	0
	1

	Partnership
	7767
	.1930
	.3946
	0
	1

	Sole_properitoership
	7767
	.2035
	.4026
	0
	1

	Other 
	7767
	.0013
	.0358
	0
	1

	Firm age
	7684
	20.29
	13.92
	4
	208

	International Certificate
	7594
	.1822
	.4008
	0
	2

	Courts
	7329
	.3023
	.4593
	0
	1

	Environment regulations
	7440
	.2411
	.4277
	0
	1

	Envir Audit
	7794
	.1639
	.3702
	0
	1

	GDP growth
	7314
	2.583
	2.990
	-7.2
	5.6











Table 4: Financial sustainability and green performance during the COVID-19
	
	[bookmark: _Hlk100944657]Panel A: Survivorship
	Panel B: Liquidity_D
	Panel C: Bank

	Variable
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	IV Probit marginal 
Dy/dx
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	IV Probit marginal 
Dy/dx
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	IV Probit marginal 
Dy/dx

	
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII

	GPI
	.0485*
(.0276)
	.0174*
(.0099)
	.4798***
(.1379)
	.1899***
(.0669)
	.0295
(.0315)
	.0099
(.0096)
	-.8057***
(.1306)
	-.4750*
(.2722)
	.0424
(.0282)
	.0090
(.0060)
	.5902***
(.1255)
	.1495***
(.0463)

	Online
	-.1379**
(.0578)
	-.0497**
(.0207)
	-.0970*
(.0584)
	-.0383*
(.0224)
	-.0039
(.0816)

	-.0011
(.0278)
	.0276
(.0655)
	.0162
(.0397)
	.1017
(.0661)
	.0216
(.0140)
	.0624
(.0616)
	.0158
(.0153)

	Firm size: 
Large 
	
-
	
	
	
	
	
	
	
	
	
	
	

	Medium 
	-.0231
(.0769)
	-.0083
(.0277)
	.0597
(.0790)
	.0236
(.0318)
	-.0274
(.0987)
	-.0083
(.0308)
	-.1110
(.0810)
	-.0654
(.0573)
	-.0980
(.0836)
	-.0208
(.0177)
	.0111
(.0816)
	.0028
(.0207)

	Micro& Small
	.0272
(.0765)
	.0098
(.0275)
	.1175
(.0789)
	.0465
(.0324)
	.1432
(.1007)
	.0436
(.0306)
	.0768
(.0870)
	.0452
(.0480)
	-.2080**
(.0856)
	-.0442**
(.0182)
	-.1037**
(.0846)
	-.0262*
(.0206)

	Legal ownership:
	
	
	
	
	
	
	
	
	
	
	
	

	Company
	-.0654
(.0892)
	-.0235
(.0321)
	-.0178
(.0877)
	-.0070
(.0342)
	-.0964
(.0968)
	-.0293
(.0294)
	-.1617**
(.0770)
	-.0953
(.0585)
	-.1071
(.0805)
	-.0228
(.0171)
	-.0446
(.0757)
	-.0113
(.0189)

	Partnership
	.1503
(.1076)
	.0541
(.0387)
	.2474**
(.1072)
	.0979**
(.0444)
	-.1784*
(.1066)
	-.0543*
(.0324)
	-.1568**
(.0910)
	-.0924*
(.0553)
	-.0271
(.0945)
	-.058
(.0200)
	.0534
(.0878)
	.0135
(.0225)

	Sole proprietor
	-
	-
	-
	-
	
	
	
	
	
	
	
	

	Other legal ownership
	-
	-
	-
	-
	
	
	
	
	
	
	
	

	Firm age
	.0063***
(.0022)
	.0022***
(.0008)
	.0053**
(.0022)
	.0021**
(.0008)
	-.0042*
(.0023)
	-.0013*
(.0007)
	-.0029
(.0020)
	-.0017
(.0011)
	.0011
(.0022)
	.0002
(.0004)
	.0013
(.0019)
	.0003
(.0005)

	International Certificate
	.2849***
(.0741)
	.1026***
(.0264)
	.2365***
(.0757)
	.0936***
(.0283)
	.0114
(.0899)
	.0034
(.0273)
	-.0336
(.0736)
	-.0198
(.0451)
	.0668
(.0722)
	.0142
(.0153)
	.0374
(.0662)
	.0094
(.0166)

	Courts
	.0577
(.0820)
	.0208
(.0295)
	.0895
(.0795)
	.0354
(.0318)
	.0127
(.0946)
	.0038
(.0288)
	-.0797
(.0776)
	-.0470
(.0532)
	-.1822**
(.0880)
	-.0387**
(.0186)
	-.1057
(.0834)
	-.0268
(.0205)

	Envir audit
	.0462
(.0721)
	.0166
(.0260)
	-.0471
(.0762)
	-.0186
(.0307)
	.1399
(.0978)
	.0426
(.0297)
	.2531***
(.0782)
	.1492**
(.0759)
	-.0955
(.0791)
	-.0202
(.0168)
	-.2079***
(.0744)
	-.0527**
(.0209)

	Environmental regulations
	-.0066
(.0141)
	-.0023
(.0051)
	-.0240
(.0146)
	-.0095
(.0060)
	.0026
(.0172)
	.0008
(.0052)
	.0542***
(.0157)
	.0320*
(.0193)
	.0424***
(.0013)
	.0091***
(.0031)
	.0030
(.0171)
	.0008
(.0042)

	GDP growth
	-.1074***
(.0143)
	-.0387***
(.0049)
	-.1030***
(.0145)
	-.0407***
(.0053)
	.0642***
(.0118)
	.0195***
(.0035)
	.0648***
(.0132)
	.0382***
(.0117)
	.0445***
(.0121)
	.0094***
(.0026)
	.0293**
(.0122)
	.0074***
(.0028)

	Cons
	-.1487
(.1731)
	-
	
	
	.4966*
(.2844)
	
	.5679**
(.2370)
	
	-1.381***
(.2505)
	-
	-1.251***
(.2449)
	

	Summary Stat
	
	
	
	
	
	
	
	
	
	
	
	

	Obs
	3160
	
	3160
	
	4237
	4237
	4237
	4237
	7794
	7794
	7794
	7794

	Pseudo R2
	.0434
	
	-
	
	.0585
	
	-
	
	.0237
	
	
	

	Log-likelihood
	-1525
	
	-4799
	
	-991.22
	
	-3667
	
	-1195
	
	-5497
	

	Instrumented
	-
	
	Yes
	
	
	
	Yes
	
	
	
	Yes
	

	Corr (GPI,e.Low_Vulnarability )
	
	
	-.4191
(.1329)

	
	
	
	.8573
(.1277)
	
	
	
	-.5507
(.1253)
	

	Sd(e. GPI)
	
	
	.9378
(.0134)
	
	
	
	1.041
(.0171)
	
	
	
	.9737
(.0123)
	

	Wald test of exogenity(Chi2)
	-
	
	7.67**
	
	
	
	7.08**
	
	
	
	11.86***
	


Note: Avg_GPI is an instrumental variable for Green Performance Index (GPI). (*0 dy/dx is for discrete change of dummy variable for 0 to 1. The first dependent variable is Survivorship which is a dummy variable, it takes value 1 if the firm reports that if firm can remain open above average weeks than the sample while keeping the costs structure as it is now, 0 otherwise. The second dependent variable is Liquidity_D, it takes value 1 if a firm experienced a decrease in liquidity or cash flow since the pandemic, 0 otherwise. The third dependent variable Bank takes the value of 1 if a firm has access to finance from the bank dealing with cash flow shortage during the pandemic.
In the first stage, the endogenous variable GPI is regressed on the instrument (Avg_GPI), along with all other exogenous variables. To save space, we do not report the first stage results, however, first stage results are available upon request. 
Standard errors are provided in parentheses. The World test of exogeneity is reported in the last row as a chi-square statistic with 1 degree of freedom. * Significant at 10% level, ** Significant at 5% level, *** significant at 1% level. 




Table 5: Financial sustainability and green performance and digital technology during the COVID-19
	
	Survivorship
	Liquidity_D
	Bank 

	Variable
	Probit
 
	Marginal Probit
dy/dx
	IV Probit
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**

	
	I
	II
	III
	V
	VI
	VII
	IX
	X
	XI

	GPI
	.0253
(.0329)
	.0091
(.0118)
	.1590
(.1849)
	.0631*
(.0365)
	.0192*
(.0110)
	-.2800
(.3876)
	.0552*
(.0327)
	.0117*
(.0069)
	.6604***
(.1360)

	Online
	-.1333*
(.0576)
	-.0479*
(.0211)
	-.0283
(.0598)
	.0202
(.0829)
	.0061
(.0252)
	.2605
(.1060)
	.1052
(.0662)
	.0223
(.0140)
	.0810
(.0642)

	Interaction
	.0689
(.0589)
	.0247
(.0211)
	.9234***
(.2852)
	-.1342*
(.0716)
	-.0408*
(.0217)
	-1.387**
(.5410)
	-.0468
(.0622)
	-.0099
(.0132)
	-.3016
(.3309)

	Control variables
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Cons
	.0925
(.1320)
	
	-.0176
(.1269)
	.4812*
(2844)
	
	.3312
(.2604)
	-1.388***
(.2508)
	
	-1.277***
(.2456)

	Summary Stat
	
	
	
	
	
	
	
	
	

	Obs
	2437
	2437
	2437
	1836
	
	1836
	3093
	
	3093

	Pseudo R2
	
	
	
	.0601
	
	-
	58.59
	
	

	Log-likelihood
	-1535
	
	-6278
	-989.48
	
	-4795.9
	-1195.6
	
	-7281.0

	Instrumented
	
	
	Yes
	
	
	Yes
	
	
	Yes

	Corr (GPI,e. Financial sustainability )
	
	
	-.3907
(.1292)
	
	
	.6503
(.2751)
	
	
	-.5433
(.1281)

	Corr (e.interaction,e.Financial sustinability )
	
	
	-.5409
(.1061)
	
	
	.8369
(.1096)
	
	
	-.1717
(.1529)

	Corr (e. interaction,e.GPI)
	
	
	.5513
(.0140)
	
	
	.4821
(.0179)
	
	
	.5039
(.0134)

	Sd(e. GPI)
	
	
	.9392
(.0134)
	
	
	1.0417
(.0171)
	
	
	.9738
(.0123)

	Sd(e.interaction)
	
	
	.5251
(.0075)
	
	
	.5121
(.0084)
	
	
	.4988
(.0063)

	Wald test of exogenity(Chi2)
	
	
	18.32***
	
	
	26.40***
	
	
	12.59***


Avg_GPI is an instrumental variable for Green Performance Index (GPI). (*0 dy/dx is for discrete change of dummy variable for 0 to 1. The first dependent variable is Survivorship which is a dummy variable taking one if the firm reports that if firm can remain open above average weeks than the sample while keeping the costs structure as it is now, zero otherwise. The second dependent variable is Liquidity_D  takes value 1 if a firm experienced a decrease in liquidity or cash flow since the pandemic. The third dependent variable Bank takes value 1 if a firm has access to finance from the bank to deal with cash flow shortage during the pandemic.
In the first stage, the endogenous variable GPI is regressed on the instrument (Avg_GPI), along with all other exogenous variables. To save space, we do not report the first stage results, however, first stage results are available upon request. 
Standard errors are provided in parentheses. The World test of exogeneity is reported in the last row as a chi-square statistic with 1 degree of freedom. * Significant at 10% level, ** Significant at 5% level, *** significant at 1% level. 





Table 6: Propensity Score Matching models
	Matching method
	No' of treat
	No; of control
	ATT
	Std. Err
	t

	Above average weeks 
	
	
	
	
	

	[bookmark: _Hlk100700400]Nearest Neighbor Matching
	1992
	444
	0.060
	0.026
	2.362

	Radius Matching
	828
	1722
	0.091
	0.020
	4.511

	Liquidity Decrease
	
	
	
	
	

	Nearest Neighbor Matching
	1992
	159
	-0.163
	0.037
	-4.431

	Radius Matching*
	-
	-
	-
	-
	-

	Bank Loan
	
	
	
	
	

	Nearest Neighbor Matching
	1992
	444
	0.079
	0.013
	6.027

	Radius Matching
	1954
	1724
	0.065
	0.012
	5.552





Table 7: Robustness test -Financial sustainability and green performance during the COVID-19
	
	Panel A: Survivorship
	Panel B: Liquidity_D
	Panel C: Bank

	Variable
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	IV Probit marginal 
Dy/dx
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	IV Probit marginal 
Dy/dx
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	IV Probit marginal 
Dy/dx

	
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XII

	GPI
	.0432
(.0288)
	.0144
(.0096)
	.6650***
(.1514)
	.2821**
(.1066)
	.0285
(.0369)
	.0088
(.0114)
	-.8021***
(.1962)
	-.4497**
(.3427)
	.0091
(.0401)
	.0020
(.0088)
	-.8276***
(.1837)
	-.34716
(.2748)

	Online
	-.3761***
(.0610)
	-.1254***
(.0198)

	-.2619***
(.0775)
	-.1110***
(.0241)
	.0612
(.1013)
	.0189
(.0314)
	.0615
(.0825)
	.0345
(.0471)
	-.0254
(.1072)
	-.0055
(.0235)
	.0258
(.0838)
	.0108
(.0368)

	Control variables
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Cons
	.9073***
(.1877)
	
	.5620**
(.2237)
	
	1.062**
(.3176)
	
	1.238***
(.3044)
	
	-.6475*
(.3572)
	
	.8528
(.1830)
	

	Summary Stat
	
	
	
	
	
	
	
	
	
	
	
	

	Obs
	2245
	2245
	2245
	2245
	1403
	1403
	1403
	1403
	1423
	1423
	1423
	1423

	Pseudo R2
	.1424
	
	
	
	.0726
	
	
	
	.0625
	
	
	

	Log-likelihood
	-1318.4
	
	-4435.4
	
	-.769.9
	
	-2783.1
	
	-564.80
	
	-2613.34
	

	Instrumented
	
	
	
	
	
	
	
	
	
	
	
	

	Corr (GPI,e.Low_Vulnarability )
	
	
	-.6208
(.1516)
	
	
	
	.8339
(.1898)
	
	
	
	.8528
(.1830)
	

	Sd(e. GPI)
	
	
	.9717
(.0145)
	
	
	
	1.017
(.0192)
	
	
	
	1.022
(.0191)
	

	Wald test of exogenity(Chi2)
	
	
	8.66**
	
	
	
	3.71*
	
	
	
	3.56*
	







Table 8: : Robustness test : Financial sustainability and green performance and digital technology during the COVID-19
	
	Survivorship
	Liquidity_D
	Bank 

	Variable
	Probit
 
	Marginal Probit
dy/dx
	IV Probit
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**
	Probit
 
	Marginal Probit
dy/dx
	IV Probit**

	
	I
	II
	III
	V
	VI
	VII
	IX
	X
	XI

	GPI
	.0688*
(.0412)
	.0203*
(.0121)
	-.3623
(.7463)
	.0455
(.0415)
	.0141
(.0128)
	-.1713
(.6624)
	.0139
(.0454)
	.0030
(.0099)
	.8113**
(.3312)

	Online
	.0980
(.0945)
	.0289
(.0279)
	-.2550*
(.1078)
	.0734
(.1024)
	.0227
(.0317)
	.2670**
(.1385)
	-.0218
(.1083)
	-.0048
(.0238)
	.0336
(.1664)

	Interaction
	-.0778
(.0839)
	-.0229
(.0247)
	1.8145***
(.3835)
	-.0834
(.0906)
	-.0258
(.0280)
	-1.485*
(.8637)
	-.0216
(.0958)
	-.0047
(.0210)
	-.0550
(.9421)

	Control variables
	Yes
	Yes
	Yes
	Yes
	
	Yes
	
	Yes
	Yes

	Cons
	.1451
	
	
	1.063***
(.3176)
	
	
	-.6482*
(.3573)
	
	

	Summary Stat
	
	
	
	
	
	
	
	
	

	Obs
	1420
	
	1420
	1403
	1403
	
	1423
	
	1423

	Pseudo R2
	.2175
	
	
	.0731
	
	
	.0626
	
	

	Log-likelihood
	-738.80
	
	-3562.0
	-769.49
	
	
	-564.77
	
	-3395.9

	Instrumented
	
	
	Yes
	
	
	Yes
	
	
	Yes

	Corr (GPI,e. Financial sustainability )
	
	
	.0093
(.7267)
	
	
	.5083
(.5086)
	
	
	.8482
(.2006)

	Corr (e.interaction,e.Financial sustinability )
	
	
	-.6964
(.3135)
	
	
	.7653
(.1769)
	
	
	.4044
(.3286)

	Corr (e. interaction,e.GPI)
	
	
	.4567
(.0210)
	
	
	.4543
(.0211)
	
	
	.4564
(.0209)

	Sd(e. GPI)
	
	
	1.0218
(.0191)
	
	
	1.0174
(.0192)
	
	
	1.022
(.0191)

	Sd(e.interaction)
	
	
	.4715
(.0088)
	
	
	.4669
(.0088)
	
	
	.4713
(.0088)

	Wald test of exogenity(Chi2)
	
	
	12.15**
	
	
	7.42**
	
	
	




Appendix: Variable definition
	[bookmark: _Hlk115905696]Variable
	Definition
	Measurements
	

	Survivorship (Survivorship)
	This variable takes the value  of 1 if a company can remain open above an average of weeks than the sample if its sales stopped as of today; otherwise, it takes a value of 0
	1= Yes
0= Otherwise 
	Aga and Maemir, 2021

	Liquidity decreased (Liquidity_D)
	This variable takes the value 1  if a firm reports that its liquidity decreased during COVID; otherwise, assuming the value of 0. 

	1= Yes
0= Otherwise
	Chundakkadan, Raj & Sasidharan (2020)

	Bank _Finance (Bank)
	This variable takes value 1 if the company reports that loans from commercial banks are the main source of the firm to deal with cash flow shortages during the COVID-19 outbreak; otherwise, it takes a value of 0

	1= Yes
0= Otherwise
	Zhang & Wellalage (2022)


	Green Performance Index (GPI)

	This is an index created using ten components of the environmental variables collected from the survey. 
	Range (0 to 1)
	Wellalage,  Kumar, Hunjra, & Al-Faryan  (2022)

	Online
	This variable takes value 1, if the firm starts or increases business activity online during COVID-19; otherwise, it takes a value of 0 

	1= Yes
0= Otherwise
	Khan et al. (2022)

	Large 
	This dummy variable takes value 1 if the firm has >= 100 employees
	1= Yes
0= Otherwise
	
Cheung (2016)

	Medium 
	This dummy variable takes value 1 if the firm has 20-99 employees
	1= Yes
0= Otherwise
	

	Small & Micro
	This dummy variable takes value 1 if the firm has >= 19 employees
	1= Yes
0= Otherwise
	

	Company
	This variable takes value 1 if the firm legal status is a company
	1= Yes
0= Otherwise
	



Zhang & Wellalage (2022)


	Partnership
	This variable takes value 1 if the firm legal status is a partnership
	1= Yes
0= Otherwise
	

	Sole_properitoership
	This variable takes value 1 if the firm legal status is a sole proprietorship
	1= Yes
0= Otherwise
	

	Other 
	This variable takes value 1 if the firm legal status is other than the company, partnership or sole proprietorship
	1= Yes
0= Otherwise
	

	Firm age
	Total number of years for the date of establishment
	Number of years
	Zhang & Wellalage (2022)


	International Certificate
	This variable takes value 1, if the firm has internationally-recognised quality certifications; otherwise, it takes a value of 0
	1= Yes
0= Otherwise
	Goedhuys & Sleuwaegen, (2016)

	Courts
	This variable takes the value of 1 if the firm indicates that country's court system is fair; otherwise, it takes a value of 0
	1= Yes
0= Otherwise
	Goedhuys & Sleuwaegen, (2016)

	Envir Audit
	This variable takes the value of 1 if the firm complete an external audit of its CO2 emission, or pollutants other than CO2; otherwise, it takes a value of 0
	1= Yes
0= Otherwise
	Hassan & Romilly (2018)

	Environment regulations
	This variable takes the value of 1 if the firm indicates that environmental regulation is an obstacle to the current operations of the firm; otherwise, it takes a value of 0
	1= Yes
0= Otherwise
	Dechezleprêtre
 & 
 Sato
(2017)

	GDP growth
	Annual GDP growth rate of the country
	Percentage
	Berthou & Vicard (2016) 




