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Abstract 

Environmental, social, and governance (ESG) influences corporate financial 

performance (CFP), though the effectiveness varies notably across industry sectors. 

Employing multiple linear regression and multi-period differences-in-differences 

(DID), this paper empirically examines the differential impacts by comparing European 

chemical and software industries. Our framework distinguishes between actual ESG 

performance metrics and voluntary ESG disclosure, and reveals distinct pathways 

through which sustainability practices and reporting affect CFP outcomes. We find that 

actual ESG performance impacts CFP more in the chemical industry than in software. 

Conversely, ESG disclosure, even when not reflecting true performance, provides 

immediate and sustained market value benefits to software companies. Despite earlier 

and more comprehensive non-financial reporting by chemical companies, no significant 

financial effects emerged in the immediate four years. Multiple robustness tests are 

employed to address the potential selection problem inherent in economic observational 

data, and the model results are interpreted with due caution. The empirical findings 

further advance the understanding of ESG–CFP mechanisms by revealing the complex 

balance between regulatory compliance, sustainability investments, and financial 
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outcomes. 

 

Managerial Relevance Statement: This study provides several managerial insights for 

managers to tailor ESG strategies based on industrial ESG sensitivities and regulatory 

exposure. First, in the chemical industry, managers can better balance regulatory 

compliance, sustainability investments, and financial outcomes by allocating resources 

across environmental and social pillars. Second, employing long-term strategies to 

build reputational assets helps to mitigate the conflict between environmental initiatives 

and profitability, and strengthen the link between ESG disclosure and market value. 

Third, for managers in the software industry, the findings suggest that prioritizing 

transparency and strategic communication of sustainability efforts rather than 

concentrating solely on ESG score optimization can more effectively enhance financial 

performance. Fourth, policymakers are also urged to assess the disclosure quality in 

software industry rather than focusing solely on ESG ratings compliance. Our findings 

offer actionable insights for ESG strategy formulation and support more informed 

cross-industry regulatory decision-making. This paper contributes to the following UN 

SDGs: SDG11, SDG12, SDG13. 

 

Keywords: ESG ranking, ESG disclosure, corporate financial performance, nominal 

indicator, real indicator, industry heterogeneity 
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1. Introduction 

Corporate environmental, social, and governance (ESG) initiatives are not just about 

social welfare and environmental protection – they are essential for a company's 

survival and development [1-4]. The increasing frequency of social and environmental 

issues has introduced unforeseen risks with significant corporate financial performance 

(CFP) consequences [5-9]. For instance, in 2024, it cost Shell and Dow Chemical $230 

million to settle claims over water well contamination caused by their products.1 In 

2025, DWS, an asset manager owned by Deutsche Bank, was fined $27 million for 

misleading ESG claims.2 ESG-related risks have been further compounded by the 

recent COVID-19 pandemic, which caused severe supply chain disruptions and resulted 

in a 20% cost increase in construction3 and a 15% production decline in automotive 

manufacturing. As indicated, ESG controversies are not just ethical failures but also 

significant financial risks as well. 

Despite the growing literature on ESG and CFP, no agreed consensus has been 

reached on the mechanisms through which ESG impacts. It is suggested that ESG 

enhances competitive advantage and financial performance [10-13]. DasGupta [14] 

analyzed the relationship between ESG score and corporate performance shortfalls 

based on return on assets and found that strong ESG performance can signal regulatory 

compliance while reducing survival crisis. Conversely, a few research highlights 

potential drawbacks. For instance, Buallay [15] found that ESG investments may 

 
1 https://www.fresnobee.com/news/local/article290692809.html 
2 https://www.reuters.com/sustainability/german-asset-manager-dws-fined-25-mln-eur-greenwashing-case-2025-
04-02/ 
3 https://www.quigggolden.com/publications/the-material-shortage-crisis/ 
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increase governance costs and weaken short-term profitability. Gregory [16], using 

ESG scores and free cash flow as indicators, found that ESG activities may reduce 

short-term liquidity, negatively impacting CFP.  

This paper adopts a broad definition of CFP, which is the economic outcomes 

achieved by a firm through its activities over a given period [7, 9]. Mixed findings on 

the relationship between ESG and CFP may be attributed to differences in how ESG 

and CFP are measured. Orlitzky, et al. [17] pointed out that CFP is typically measured 

using three main sources: market-based, accounting-based, and survey-based measures. 

La Torre, et al. [18] and Iazzolino, et al. [19] empirically examined by selecting various 

CFP indicators. La Torre, et al. [18] found that ESG scores exhibited a weak negative 

relationship with market-based indicators and no significant impact on accounting-

based measures in the banking industry. However, they focused solely on CFP 

indicators without considering the role of different ESG variables.  

This motivates us to systematically categorize ESG and CFP measurement 

approaches to analyze how indicator selections influence the ESG-CFP relationship. 

We adopt two types of CFP measurements: accounting-based CFP to match actual ESG 

performance, and market-based CFP to correspond with nominal ESG disclosure. As 

Orlitzky, et al. [17] further explained that market indicators reflect shareholder 

satisfaction, while accounting indicators capture internal efficiency. By comparing the 

results from these two types of indicators, we are able to observe the pathways through 

which ESG affects CFP. 

The ambiguous relationship between ESG and CFP also reflects industry 
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heterogeneity, as different sectors may produce mixed results even when using the same 

research indicators and methodologies. Rojo-Suárez and Alonso-Conde [20] examined 

four industries (i.e., banks, industrial, insurance, and other financial industries) in the 

Eurozone and found that ESG had no significant short-term effects, but only strongly 

explaining return on equity in the insurance sector. Similarly, Chen and Zhang [21] 

found that ESG scores positively influence firm value in the construction industry but 

negatively affect the coal and oil sectors. However, research on the industry-specific 

variations in the ESG-CFP relationship remains insufficient, with most studies focusing 

on either single industries or mixed-industry samples. Therefore, this study incorporates 

an analysis of industry heterogeneity into the context of ESG-CFP relationship. 

The chemical and software industries are chosen as representative due to their 

contrasting ESG sensitivities.4 The chemical industry is a typical high-pollution and 

high-compliance-cost sector, which relies heavily on resource management and cost 

control. Higher ESG scores do not necessarily translate into higher CFP in short term, 

as the industry requires a longer period to build intangible assets like market reputation 

[22]. In contrast, the software industry, characterized by intangible assets and 

knowledge-based services [22], faces less environmental pressures but must navigate 

governance challenges like data ethics and cybersecurity compliance. Bamiatzi, et al. 

[23] highlighted the role of corporate social responsibility in mitigating the financial 

impact of data breaches. However, in reality, ESG return mechanisms across the 

chemical and software industries are far more complicated. For instance, Palantir 

 
4 We follow the Thomson Reuters Business Classification industry classification standard, and blockchain and 
cryptocurrencies are not included in the software industry. 
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Technologies, an IT company, was rated 452nd out of 943 companies in its industry by 

Sustainalytics in 2025. Yet, the company’s market value increased by 83% compared to 

the end of 2024. In contrast, Arkema, a chemical company, ranked 102nd out of 581 in 

its industry in the same ESG rating system. Despite its relatively strong ESG 

performance, Arkema has experienced a continuous decline in both market value and 

total revenue since June 2024. These contrasting outcomes underscore the need to 

understand the mechanisms of ESG returns in industry contexts. Therefore, this study 

aims to identify differences in ESG mechanisms across industries with varying 

pollution issues and market competition (i.e., the chemical and software industries). 

Specifically, we aim to answer the following research questions: 

1. How do improvements in ESG practices enhance a firm’s operational efficiency? 

2. To what extent does greater transparency of ESG information yield higher 

market value benefits? 

3. Do the impacts of ESG improvements and transparency on operational 

efficiency and market outcomes vary across industries? 

To address these research questions, we employ the following structured analytical 

approach. First, we employ a multiple linear regression model to examine whether 

improvements in ESG practices enhance a firm’s operational efficiency. A composite 

score, derived through factor analysis from seven accounting indicators representing 

profitability, solvency, turnover, and liquidity, serves as the dependent variable, while 

individual ESG pillar scores act as independent variables. Next, we adopt a multi-period 

differences-in-differences (DID) model to assess the impact of ESG disclosure on 
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corporate market value. Firms that initiated ESG reporting serve as the treatment group, 

while non-disclosing firms form the control group. Finally, we analyze industry 

heterogeneity in the ESG-CFP relationship by applying both the multiple linear 

regression and multi-period DID models to sample data from chemical and software 

industries. This comparative analysis allows us to identify potential differences in the 

effects of ESG practices and disclosure across the two industries. To ensure the 

robustness of our findings, various diagnostic tests are conducted, including residual 

normality tests, goodness-of-fit tests, parallel trend tests, and placebo tests. 

This study explores the relationship between ESG and CFP in two industries with 

distinct ESG sensitivities. The uniqueness of this study lies in three aspects. First, the 

study distinguishes between actual variables (i.e., ESG ranking and accounting-based 

financial indicators) and nominal variables (i.e., ESG disclosure and market-based 

financial indicators) to reveal how different measurements choices affect the ESG-CFP 

relationship. Second, principal component analysis (PCA) is used to construct a 

composite measure representing profitability, solvency, turnover, and liquidity, rather 

than relying on a single indicator to assess corporate operational efficiency. 

Additionally, we use the timing of ESG report disclosure to mitigate the impact of 

disclosure quality on research findings. Third, we compare the chemical industry, which 

is more sensitive to environmental factors, with the software industry, which is more 

sensitive to social factors, to highlight industry-specific characteristics of the ESG-CFP 

relationship. 

The rest of the paper is organized as follows. Section 2 reviews the relevant 
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literature, while Section 3 presents the study's hypotheses. The data collection process 

and methodology are detailed in Section 4. Section 5 presents the empirical results, 

followed by robustness checks in Section 6. Section 7 discusses the results, and Section 

8 concludes the paper. Additional preliminary materials are included as Online 

Appendices. 

 

2. Literature review 

This paper develops on three key streams of the extant literature: ESG ratings and 

corporate operational efficiency; ESG transparency and market valuation; and industry-

specific heterogeneity in the ESG-CFP relationship. 

2.1 ESG ratings and corporate operational efficiency 

The relationship between ESG ratings and corporate operational efficiency represents 

one of the most extensively studied yet highly debated research streams in the field [24]. 

Two dominant theoretical perspectives – shareholder primacy theory and stakeholder 

theory – offer contrasting views on the ESG-CFP nexus. Shareholder primacy theory 

argues that ESG initiatives impose financial burdens on firms, thereby reducing 

profitability [25]. Rahi, et al. [24] analyzed the impact of ESG dimensions and overall 

ESG scores on return on invested capital, return on equity, return on assets, and earnings 

per share, finding that only governance had a positive effect on return on assets. 

In contrast, stakeholder theory contends that engaging with multiple stakeholders 

enhances corporate reputation, lowers capital costs, and reduces stock price volatility 

[26]. The focus of this research stream is whether ESG improvements can enhance 
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financial performance by reducing costs, mitigating risks, and strengthening 

stakeholder relationships. Existing studies predominantly focus on ESG's effect on 

profitability, whereas we adopt a more comprehensive approach by examining the 

broader impact of ESG on corporate operational efficiency. Specifically, we employ a 

set of financial indicators that collectively represent profitability, solvency, asset 

turnover, and liquidity to assess ESG performance's overall effect on corporate 

efficiency. 

Our results differ from the existing findings. Xu and Wan [27] found that 

optimizing environmental management enhances brand value, indirectly improving 

operational efficiency and mitigating risks. Similarly, Chung, et al. [28] demonstrated 

a positive link between ESG rankings and firms’ operational capacity in the real estate 

and hospitality industries. However, our empirical findings suggest that environmental 

performance negatively affects overall financial performance in the chemical industry. 

This implies that firms may be overinvesting in ESG compliance to meet regulatory 

requirements, potentially compromising financial performance. Such imbalances in 

financial structure can threaten corporate sustainability, underscoring the complex 

trade-offs between legal compliance, short-term financial performance, and long-term 

sustainable growth. 

2.2 ESG transparency and market valuation 

Another closely related research stream examines the impact of ESG transparency on 

market valuation. Firms increasingly view ESG disclosure as a value-enhancing tool, 

with greater ESG transparency associated with benefits such as reduced capital costs 
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[29] and lower default risks [30]. However, Pinnuck, et al. [31] conducted content 

analyses and found that due to the absence of mandatory disclosure requirements and 

standardized reporting frameworks, ESG disclosure may suffer from selective 

omissions, bias, and the use of emotionally charged language, potentially misleading 

stakeholders. 

Some studies have attempted to correct for potential biases in ESG disclosure by 

comparing the relative positioning of ESG scores and disclosure with industry peers 

[32]. However, this approach has inherent limitations, as ESG scores and ESG 

disclosure are not entirely independent. Many ESG rating agencies rely on firms’ self-

reported disclosure, introducing potential endogeneity issues due to information 

asymmetry. In an effort to mitigate the influence of disclosure quality on results, Chen 

and Xie [33] suggested using the timing of ESG rating disclosure instead of ESG 

disclosure content. However, this approach overlooks the potential impact of ESG 

ratings on firms’ fundamentals and subsequent market valuations. 

Our paper addresses this gap by using the timing of ESG report disclosure rather 

than ESG rating announcements to assess whether increased ESG transparency yields 

additional market benefits. The empirical findings reveal that in the software industry, 

the publication of ESG reports has an immediate and sustained positive impact on 

market valuation. This suggests that software firms can enhance their competitive 

positioning through improved ESG transparency and strategic communication. 

Additionally, these findings highlight the importance for investors to critically assess 

ESG disclosure quality rather than relying solely on ESG scores. 
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2.3 Industry-specific heterogeneity in the ESG-CFP relationship 

A growing body of literature investigates the heterogeneity of the ESG-CFP 

relationship, emphasizing how firm characteristics and external business environments 

shape ESG’s financial impact. Prior studies suggest that factors such as firm age, media 

coverage [33], national culture, and institutional environment [34], influence ESG 

mechanisms. Our research extends this literature by comparing industries with differing 

ESG sensitivities. We find that in the low-pollution software industry, investors 

prioritize ESG transparency over actual ESG performance. Moreover, while ESG 

disclosure in the chemical industry exhibit significant lag effects on market valuation, 

their impact in the software industry is both immediate and persistent. These insights 

underscore the need for chemical firms to improve the transmission speed of non-

financial information, ensuring that market participants can accurately assess ESG-

related risks and opportunities in a timely manner. 

 

3. Hypotheses 

Built on literature review, this study proposes four hypotheses to explore the 

relationship between ESG performance, ESG disclosure, and corporate financial 

performance, across different industry contexts. 

The relationship between ESG and corporate operational efficiency remains 

largely unexplored. Operational efficiency refers to a firm’s ability to maximize output 

using limited resources [35]. This concept is not a single indicator but a comprehensive 

framework that is most conceptualized through multidimensional financial indicators. 
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ESG’s association to corporate profitability has been previously explored [26, 27, 36]. 

ESG contributes to improve asset turnover [19], optimize capital structure [14], balance 

liquidity [37], and enhance profitability [36] through mechanisms such as strengthening 

market reputation and increasing customer loyalty [26, 27]. Given the positive effects 

of ESG on multiple individual financial indicators, we expect that ESG also to be 

critical for operational efficiency, which represents a comprehensive outcome of several 

financial metrics. Activity ratios, solvency ratios, liquidity ratios, and profitability ratios 

directly reflect the financial outcomes associated with ESG in accounting terms and are 

therefore selected as the four subdimensions of operational efficiency in this study. 

Based on this, we propose Hypothesis 1 as follows. 

Hypothesis 1. All ESG factors have a positive impact on corporate operational 

efficiency. 

Recent studies recognize the importance of moving beyond corporate operational 

efficiency to capture the market-based financial returns of ESG disclosure. In this study, 

we focus on firm market value, which reflects the capital market’s aggregate valuation 

of a firm. Several disparate observations suggest that greater disclosure or more precise 

information lowers firms’ cost of capital [38] and improves investor expectations [39], 

thereby supporting higher market valuations. Similarly, ESG disclosure has been shown 

to improve the price discovery process of firm information, thereby increasing firm 

value [40]. Additionally, legitimacy theory offers a complementary explanation, 

suggesting that a firm's survival and development depend on the recognition and 

acceptance of society. In the highly regulated industries such as chemical sector, 



 
 

13 

legitimacy theory precisely explains firms’ motives to voluntarily exceed ESG 

regulatory requirements. Unlike stakeholder theory, which focuses on balancing diverse 

interests, or signaling theory, which emphasis on reducing information asymmetry, 

legitimacy theory centers on securing and maintaining societal approval, aligning 

closely with the sector’s reality of aligning corporate conduct with social norms to 

preserve the license to operate. Collectively, these findings suggest that ESG disclosure 

enhances firms’ recognition and market value by improving information flow, reducing 

information asymmetry, and signaling positive commitment to investors. 

Hypothesis 2. Disclosing ESG report has a positive impact on corporate market 

value. 

Resource-based view emphasizes that a firm's unique resources and capabilities 

determine its competitive advantage within an industry [35]. The chemical industry is 

resource-intensive and highly polluting, while the software industry relies on 

knowledge-intensive processes and operates with lower environmental impact. 

Iazzolino, et al. [19] provided empirical evidence that the mechanism through which 

ESG impacts firm efficiency varies across industries. Given the distinct competitive 

advantages and core business models across industries, we hypothesize that the 

mechanism through which ESG influences firms varies by industry. Hence, Hypotheses 

3 and 4 are proposed as follows. 

Hypothesis 3. The ESG factors that are financially significant vary across 

industries. 

Hypothesis 4. The impact of ESG disclosure on market value differs across 
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industries. 

The proposed 4 hypotheses are illustrated in Figure 1. 

 

Figure 1. Proposed hypotheses. 

 

4. Data and methods 

4.1 Sample and data 

The data used in this study are sourced from the Refinitiv database, which is widely 

recognized as one of the most reliable financial and ESG data provider and extensively 

used in academic research, such as Brinette, et al. [13] and Iazzolino, et al. [19]. Given 

the availability, the initial sample is limited to data of all listed companies in the 

chemical and software industries in the European region from 2014 to 2023. 

Europe provides an ideal environment due to its advanced institutional framework 

and early adoption of non-financial reporting, unlike many emerging economies. 

Europe underwent significant amendments on the Non-Financial Reporting Directive 

in 2018, which encouraged companies to voluntarily disclose such information. This 

initiative has since evolved, with the European Union launching the Corporate 

Sustainability Reporting Directive in 2022 to enhance the integrity and transparency of 
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ESG reporting.5 

The sample is constructed as follows. First, select the European region. Second, 

choose the industries “Chemicals and Metals6,” “Mining Sectors7,” “Software8,” and 

“IT Services Sector9”. Notably, the industry classification in this study follows the 

standard of Refinitiv Business Classification (TRBC), with the Software and IT 

Services sector excluding high energy-consuming areas like cloud computing, 

blockchain, and cryptocurrency. Third, exclude all observations with missing data. 

The selected variables are categorized into four types, each corresponding to the 

following indicators: real ESG performance, nominal ESG performance, market-based 

financial performance, and accounting-based financial performance. 

Real ESG performance indicators: These include the environmental, social, and 

governance pillar scores. The study selects the individual pillar scores, rather than the 

overall ESG score, based on the research question. The hypothesis is that different ESG 

factors have a positively impact on CFP, with the significance of these factors varying 

across industries. Therefore, individual pillar scores are chosen as the indicators of a 

company’s real ESG performance. 

Nominal ESG performance: This is measured by the time when a company 

 
5 https://finance.ec.europa.eu/capital-markets-union-and-financial-markets/company-reporting-and-
auditing/company-reporting/corporate-sustainability-reporting_en#legislation 
6  Chemicals sector includes "Commodity Chemicals”, “Agricultural Chemicals”, “Specialty Chemicals”, and 
“Diversified Chemicals”.  
7 Mining sector includes “Non-Gold Precious Metals & Minerals”, “Iron & Steel”,” Aluminum, Specialty Mining 
& Metals”, “Gold”, “Mining Support Services & Equipment”, and “Diversified Mining”. 
8 Software sector includes “Software (NEC)”, “System Software”, “Application Software”, “Enterprise Software”, 
“Mobile Application Software”, “Mobile System Software”, “Programming Software & Testing Tools”, “Server & 
Database Software”, and “Security Software”. 
9 IT Services sector includes “IT Services & Consulting (NEC)”, “Computer Programming”, “Computer Training”, 
“Technology Consulting & Outsourcing Services”, “IT Testing Services”, “Cloud Computing Services”, and 
“Machine Learning & Artificial Intelligence (AI) Services”. 
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begins to disclose ESG reports. According to the Refinitiv database, a company is 

considered to disclose an ESG report if it “publish a separate CSR/H&S/Sustainability 

report or include a section on CSR/H&S/Sustainability in its annual report.” Using the 

disclosure start time as a variable captures the company's response to market and 

regulatory dynamics while minimizing the impact of discrepancies in disclosure quality 

across companies. Existing literature suggests that the decision to initiate continuous 

ESG reporting is often driven by external pressures from institutional investors, 

regulatory requirements, or industry best practices [41]. However, compared to 

financial statements, the content of ESG reports is more controllable [31]. Therefore, 

this study chooses the timing of disclosure rather than the content of the reports as the 

key research variable. 

Accounting-based financial performance: As explained in Section 3, four 

subdimensions of operational efficiency are considered: activity ratios, solvency ratios, 

liquidity ratios, and profitability ratios. Activity ratios reflect the speed of a firm’s 

resource turnover, solvency ratios indicate a firm’s ability to meet long-term debt 

obligations, liquidity ratios reflect its ability to meet short-term debt obligations, and 

profitability ratios capture the firm’s ability to convert revenue into profit. Following a 

quantitative method [42], this study selects representative financial indicators from 

these four dimensions. The specific indicators are provided in Table 1. 

Table 1. Accounting-based financial indicators. 
Indicator Types Indicator Name Calculation Formula 

Activity ratios 
Receivable Turnover Revenue / Average Receivable 

Total Asset Turnover Revenue / Total Asset 
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Solvency ratios Financial Leverage Total Assets/Total Equity 

Liquidity ratios 
Current Ratio Current Assets/Current Liabilities 

Cash Ratio (Cash+Short-Term Marketable Security)/Current Liabilities 

Profitability ratios 

Gross Profit Margin Gross Profit/ Net Revenue 

Net Profit Margin Net Income/ Net Revenue 

ROA Income Before Tax/Total Assets 

Total Assets Total Current Assets+ Total Non-Current Assets 

Market-based financial performance: This is measured by market capitalization 

(MC). Previous research provides a strong basis for this choice. For instance, Șerban, 

et al. [43] highlighted that ESG information can influence investor decisions, which in 

turn affects stock prices and, consequently, a company’s market value. 

4.2 Variables and models 

4.2.1 Multivariate linear regression model 

To test Hypotheses 1 and 3, we estimate the following model: 

𝐶𝐹𝑃 = 𝛽! + 𝛽" ∗ 𝐸 + 𝛽# ∗ 𝑆 + 𝛽$ ∗ 𝐺 + 𝛽% ∗ 𝑆𝐼𝑍𝐸 + 𝜀. (1) 

Based on the method proposed by Hassan, et al. [42], the dependent variable, 𝐶𝐹𝑃, 

is calculated using PCA with seven accounting indicators, as shown in Table 2. This 

approach reduces the dimensionality of the data. The independent variables are 𝐸, 𝑆, 

and 𝐺, with 𝑆𝐼𝑍𝐸 as a control variable, and 𝜀 representing the error term. The data 

used in this model consists of cross-sectional data from 2022 for the sample companies, 

as the financial data for 2023 is significantly incomplete. After excluding companies 

with missing data, the final sample includes 43 firms from the chemical industry and 

33 firms from the software industry. 

Table 2. Components of the variable CFP. 
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Variable Types Variable Symbol  Variable Name 

Dependent Variable CFP (CFP is derived from the Principal Component 

Analysis of the seven accounting financial 

indicators listed to the right.) 

Receivable Turnover（RT） 

Total Asset Turnover(TAT) 

Financial Leverage(FL) 

Current Ratio(CuR) 

Cash Ratio(CaR) 

Gross Profit Margin(GPM) 

Net Profit Margin(NPM) 

In this model, if the explanatory variables 𝐸 , 𝑆 , and 𝐺  are statistically 

significant, it indicates that the ESG factors are financially important for the company. 

The absolute values of 𝛽" , 𝛽# , and 𝛽$  reflect the sensitivity of the company's 

financial performance to each of the ESG factors. If 𝛽", 𝛽#, and 𝛽$ are all positive, it 

suggests that the company's financial performance moves in the same direction as 𝐸, 

𝑆 , and 𝐺 , indicating that each ESG factor has a positive effect, thus supporting 

Hypothesis 1. If there are significant differences in the significance and the absolute 

values of the coefficients between the two industry samples, it implies that the financial 

importance of ESG factors varies across industries, thus supporting Hypothesis 3. 

4.2.2 Multiperiod differences-in-differences model 

To test Hypotheses 2 and 4, we estimate the following model: 

ln(𝑀𝐶&') = 𝜆!+𝜆"did&'+𝜆#𝑋&' + 𝑢& + 𝛾' + 𝜀&' , (2) 

where 𝑑𝑖𝑑 = 𝑡𝑟𝑒𝑎𝑡&*𝑡𝑖𝑚𝑒'. 

In this model, the dependent variable ln(𝑀𝐶&') represents the natural logarithm 

of the market capitalization of firm i in year t. 𝑢& is individual fixed effects, and 𝛾' is 

time fixed effects. 𝑡𝑟𝑒𝑎𝑡& is a treatment group dummy variable indicating whether a 



 
 

19 

firm participates in ESG disclosure. If the firm discloses an ESG report, 𝑡𝑟𝑒𝑎𝑡& is set 

to 1; otherwise, it is set to 0. 𝑡𝑖𝑚𝑒' is a time dummy variable that reflects the varying 

start dates of ESG report disclosure across firms, making this a multi-time-point DID 

model. If the fiscal year of a firm's financial data is later than the ESG report start date, 

𝑡𝑖𝑚𝑒' is set to 1; otherwise, it is set to 0. 𝑋&' represents a set of control variables, 

consisting of firm financial data that changes over time, aiming to control for the impact 

of changes in accounting assets on market value. The selection of control variables is 

based on the study by Zhou and Lei [44], as detailed in Table 3. 𝜀&'	is the random error 

term. The data used in this model consists of panel data from 2014 to 2023 for the 

sample firms. After excluding missing values, the final sample sizes for chemical and 

software industries are 774 and 1093, respectively. 

Table 3. Control variables in multiperiod DID model. 
Variable Types Variable Symbol  Variable Name 

Control Variable 𝑋!" 𝑋# ROA 

𝑋$ Financial Leverage 

𝑋% ln（Total Assets） 

𝑋& Total Asset Turnover 

𝑋' Current Ratio 

𝑋( Cash Ratio 

The coefficient 𝜆"  is of particular interest in this model. Its economic 

interpretation is the impact of initiating ESG disclosure on a firm's market value. If the 

𝑑𝑖𝑑 variable is significant and 𝜆" is positive, it suggests that ESG disclosure has a 

positive impact on a firm's market value, supporting Hypothesis 2. If there are 

significant differences in the significance and the magnitude of 𝜆" between the two 

industries, Hypothesis 4 is supported. 
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5. Empirical results 

5.1 Descriptive statistic 

5.1.1 Descriptive statistic for ESG ranking 

The descriptive analysis of individual ESG pillar scores in Table 4 reveals two notable 

characteristics. First, significant differences between the two industries are observed 

only in the social pillar, while the environmental and governance pillars show similar 

distributions. Notably, in the chemical industry, social pillar scores range from a 

minimum of 5 to a maximum of 95, indicating substantial variation in companies' 

attention to social factors. The wider dispersion of social factors in the chemical 

industry may stem from the lack of standardized assessment frameworks. Compared to 

the EU’s strict environmental regulations and governance systems, social factors are 

inherently subjective, leading to larger differences between firms. For example, 

evaluations of employee satisfaction and labor dignity are hard to standardize. 

Additionally, the chemical sector’s vulnerability to safety incidents and related social 

issues can trigger reputational crises, further impacting social factor scores [45]. Second, 

in the software services industry, the distribution patterns of social and governance 

pillar scores are highly similar, as reflected in their closely aligned minimum, maximum, 

mean, and standard deviation values. 

Table 4. Descriptive statistic for ESG ranking. 
 Chemical Industry IT industry 

 N Minimum Maximum Mean Std. Deviation N Minimum Maximum Mean Std. Deviation 

E 43 18 96 67.77 18.562 33 13 77 43.18 19.625 

S 43 5 95 73.12 17.991 33 22 95 60.42 21.21 

G 43 29 97 74.88 17.573 33 20 96 60.48 19.458 

5.1.2 Descriptive statistic for ESG disclosure time 



 
 

21 

The timing of ESG disclosure differs significantly between the chemical and software 

industries. Surprisingly, despite being a high-pollution industry, the chemical sector 

generally began ESG disclosure earlier than the software sector. As shown in Figure 2, 

more than half of the sampled companies had already begun actively disclosing non-

financial information to stakeholders even before 2018, when the European introduced 

the Non-Financial Reporting Directive as a voluntary policy. In contrast, the software 

industry only saw widespread adoption of non-financial disclosure beginning in 2020. 

 
 

Figure 2. Distribution of ESG disclosure time. 

This may be related to the European Union’s 2021 initiative to strengthen 

oversight of non-financial disclosure, highlighting the crucial role of regulatory policies 

in driving corporate ESG reporting. Among the sampled companies, 6.2% in the 

chemical industry and 12.9% in the software industry have yet to begin ESG disclosure. 

This indicates that non-financial disclosure in the European chemical industry not only 

started earlier and but also had a broader participation compared to the software industry. 

5.2 Multivariate linear regression model 

5.2.1 Calculate interpreted variables 

First, the suitability of the seven accounting indicators listed in Table 2 is tested. The 

sample data for both industries passed the KMO and Bartlett’s tests. As shown in Table 
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A1, the KMO value is 0.532 for the chemical industry and 0.516 for the software 

industry, both exceeding the acceptable threshold of 0.5. Moreover, the significance 

values for both datasets are below 0.05, indicating that the Bartlett test results are 

statistically significant. Therefore, PCA is appropriate for computing each company's 

CFP variable score. 

SPSS (version 29.0.0.0(241)) is used to conduct factor analysis on the financial 

data samples from both industries. Principal factors are extracted based on the criterion 

that eigenvalues should be equal to or greater than 1. As shown in Tables A2 and A3, 

the total variance explained shows that the eigenvalues of the first three factors exceed 

1, with a cumulative contribution rate surpassing 70%. This indicates that these three 

principal factors capture most of the data’s information from the original seven 

accounting indicators, making them suitable representations for further analysis. 

Table 5 displays the component score coefficient matrix for both industries, where 

higher loading indicates stronger explanatory power for each factor. In the chemical 

industry, the first factor primarily explains RT, TAT, CaR, GPM, and NPM; the second 

factor explains CuR, and the third factor explains FL. In contrast, the software industry 

exhibits a different pattern: the first factor mainly explains TAT, CuR, and CaR; the 

second factor explains RT, FL, and NPM; and the third factor explains GPM. 

Table 5. Component score coefficient matrix. 
 Chemical industry Software industry 

 Component 1 Component 2 Component 3 Component 1 Component 2 Component 3 

RT 0.661 0.384 -0.084 0.338 0.76 -0.162 

TAT -0.608 0.425 0.277 0.756 0.14 -0.365 

CuR 0.591 0.617 -0.037 0.797 -0.435 0.071 

FL 0.085 0.217 0.926 -0.046 0.456 0.049 
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CaR 0.816 0.492 -0.101 0.784 -0.413 0.252 

GPM 0.685 -0.647 0.082 0.113 0.379 0.876 

NPM 0.636 -0.53 0.305 0.366 0.779 -0.058 

The scores for each principal factor are calculated using the corresponding 

coefficients of the seven accounting indicators. The following equations provide the 

calculation formulas, where (3), (4), and (5) correspond to the three principal factors 

for the chemical industry, and (6), (7), and (8) correspond to those for software industry. 

𝐹)# =
0.661 ∗ 𝑅𝑇 − 0.608 ∗ TAT + 	0.591 ∗ CuR + 	0.085 ∗ FL + 	0.816 ∗ CaR + 	0.685 ∗ GPM	 + 	0.636 ∗ NPM

√2.704
, (3) 

𝐹)$ =
0.384 ∗ RT + 0.425 ∗ TAT + 	0.617 ∗ CuR + 	0.217 ∗ FL + 	0.492 ∗ CaR − 	0.647 ∗ GPM	 − 0.530 ∗ NPM

√1.697
, (4) 

𝐹)% =
−0.84 ∗ RT + 0.277 ∗ TAT − 	0.037 ∗ CuR + 	0.926 ∗ FL − 	0.101 ∗ CaR + 	0.082 ∗ GPM + 	0.305 ∗ NPM

√1.053
, (5) 

𝐹*# =
0.338 ∗ RT + 	0.756 ∗ TAT + 	0.797 ∗ CuR − 	0.046 ∗ FL + 	0.784 ∗ CaR + 	0.113 ∗ GPM	 + 	0.366 ∗ NPM

√2.085
, (6) 

𝐹+$ =
0.76 ∗ 𝑅𝑇 + 	0.14 ∗ 𝑇𝐴𝑇 − 	0.435 ∗ 𝐶𝑢𝑅 + 	0.456 ∗ 𝐹𝐿 − 	0.413 ∗ 𝐶𝑎𝑅 + 	0.379 ∗ 𝐺𝑃𝑀 + 	0.779 ∗ 𝑁𝑃𝑀

√1.915
, (7) 

𝐹+% =
−0.162 ∗ 𝑅𝑇 − 	0.365 ∗ 𝑇𝐴𝑇 + 	0.071 ∗ 𝐶𝑢𝑅 + 	0.049 ∗ 𝐹𝐿 + 	0.252 ∗ 𝐶𝑎𝑅 + 	0.876 ∗ 𝐺𝑃𝑀 − 	0.058 ∗ 𝑁𝑃𝑀

√1.002
. (8) 

Based on the variance contribution rates of each principal factor in Tables A2 and 

A3, the comprehensive scoring formula for the dependent variable CFP in both 

industries are derived as follows. 

𝐶𝐹𝑃( = 0.38626 ∗ 𝐹(" + 0.24236 ∗ 𝐹(# + 0.15047 ∗ 𝐹($, (9) 

𝐶𝐹𝑃) = 0.29789 ∗ 𝐹*" + 0.27363 ∗ 𝐹+# + 0.14317 ∗ 𝐹+$. (10) 

5.2.2 Regression result 

Before conducting the regression analysis, we perform the Durbin-Watson test and 
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multicollinearity test on the sample, as presented in Tables A4 and A5, respectively. The 

results indicate that the Durbin-Watson statistics for both industries are close to 2, and 

all explanatory variables have variance inflation factor (VIF) values below 5. Therefore, 

the samples satisfy the prerequisite for multiple linear regression. 

To test whether ESG factors have a positive impact on corporate financial 

performance (H1) and whether this impact varies across industries (H3), we estimate a 

multiple linear regression model and report the results in Table 6. Column (1) indicates 

that in the chemical industry, the environmental and social factors are statistically 

significant, with coefficients of -7.343 and 16.34, respectively. Conversely, column (2) 

presents that in the software industry, only the environmental factor is significant, with 

a coefficient of 0.129. The differences in coefficients suggest that financial performance 

in the chemical industry is more sensitive to ESG factors compared to the software 

industry. 

Table 6. Regression results for multivariate linear regression model. 

 (1) (2) 

Variables CFPC CFPS 

E -7.343** 0.129** 

 (3.329) (0.0555) 

S 16.34*** -0.0759 

 (4.257) (0.0511) 

G -3.516 0.0565 

 (2.832) (0.0487) 

SIZE -86.85** 1.475** 

 (38.05) (0.666) 

Constant 830.5*** -4.206 

 (224.5) (6.228) 

Observations 43 33 

R-squared 0.299 0.349 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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5.3 Multiperiod differences-in-differences model 

This section evaluates the impact of corporate ESG disclosure on financial performance 

by constructing a multi-period DID model. A multi-period DID model not only 

accommodates situations in which treatment is implemented at different times across 

individuals and provides estimates of the policy’s dynamic post-treatment effects, but 

also leverages the full panel dataset, thereby avoiding the sample loss and matching-

related biases that may arise from other models, like PSM-DID models. Since the 

magnitudes of market capitalization and total assets are significantly larger than those 

of other variables, their logarithmic transformations are applied in this model. 

Table 7 reports the regression results on the impact of ESG disclosure on corporate 

market value. Column (1) reports the estimation results without control variables or 

fixed effects. Column (2) adds the control variables 𝑋&'	listed in Table 3, and Column 

(3) further includes year and firm fixed effects. The results show that in Columns (1) 

and (2), the 𝑑𝑖𝑑 regression coefficients for both the chemical and software industries 

are significantly positive, indicating that ESG disclosure enhances firms’ market value 

and supports Hypothesis 2. In Column (3), after accounting for fixed effects, the 

coefficient for the chemical industry becomes insignificant, while that for the software 

industry remains significantly positive, suggesting that the industry-specific difference 

supports Hypothesis 4. 

Table 7. Regression results for multiperiod DID model. 

 （1） （2） （3） 

Industry Chemical IT Chemical IT Chemical IT 

Variables MC MC MC MC MC MC 

did 2.418*** 2.977*** 0.216** 0.435*** 0.0366 0.323** 
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 (0.146) (0.127) (0.106) (0.0815) (0.0820) (0.128) 

Control variables No No Yes Yes Yes Yes 

Fixed effects No No No No Yes Yes 

Observations 796 1211 774 1,093 774 1093 

R-squared 0.258 0.311 0.741 0.758 0.694 0.747 

  
Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
  

In summary, Figure 3 presents the empirical results of the proposed hypotheses. 

Specifically, H1 reports the results from the multiple linear regression model, while H2 

presents the regression results from the multi-period DID model. The differences in 

significance levels and coefficient estimates between the chemical and software 

industries for H1 and H2 provide key insights into the industry-specific differences 

examined in H3 and H4. 

 

Figure 3. Proposed hypotheses (validated). 

6. Robustness tests 

To assess the stability and consistency of the research findings, we conduct a more in-

depth reliability analysis. 

6.1 Robustness test of the multiple linear regression model 

6.1.1 Residual normality test 

The normality of residuals is often considered a key assumption of multiple linear 
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regression models and can be used to further examine sample characteristics. Figure 4 

presents the P-P plots of standardized residuals for the two industry samples. 

  

Figure 4. P-P plots. 

The right-hand side of the P-P plot is for the software industry. It shows that the 

standardized residuals closely align with the reference line, indicating an approximately 

normal distribution. However, the P-P plot for the chemical industry (the left-hand side 

of the P-P plot) shows slightly greater deviations from the reference distribution, 

suggesting a weaker adherence to the normality assumption. 

Given that the multiple linear regression model for the chemical industry has an 

R² value of 29.9%, implying that residuals account for approximately 70% of the 

variance in CFP, an approximate normal distribution remains acceptable. Therefore, the 

validity of the multiple linear regression analysis is maintained. 

6.1.2 Goodness-of-fit test 

The goodness-of-fit test assesses how well the regression model fits the data. In this 

study, three methods are employed to evaluate the model’s goodness of fit. First, the 

coefficient of determination (R²) is used to measure the proportion of variation in the 
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dependent variable explained by the independent variables. A higher R² indicates a 

better model fit. Second, the F-statistic tests the null hypothesis that all slope 

coefficients are equal to zero. A value greater than 1 indicates that the slope coefficients 

are significantly different from zero, suggesting a good model fit. Third, the standard 

error of the regression (Se) measures the standard deviation of the residuals. A smaller 

Se indicates a better model fit, reflecting less variability in the residuals. 

Table 8. Goodness-of-fit test. 

 coefficient of 

determination（R2） 

F-statistic for the test 

of fit 

standard error of the 

regression（Se） 

Chemical industry 29.9% 4.05 2.652 

Software industry 34.9% 3.75 5.375 

The specific results of the goodness-of-fit test are presented in Table 8. In terms of 

the R² indicator, the software industry sample demonstrates a better fit, while the 

chemical industry sample exhibits a lower standard of error of regression (Se), 

indicating a better fit in terms of residual variance. The F-statistic values for both 

industries are similar, showing no significant difference in their performance. Overall, 

according to the above evaluation criteria, the goodness-of-fit indicators for both 

samples fall within an acceptable range. 

6.2 Robustness check of the multiple time-point DID model 

The insignificance of the 𝑑𝑖𝑑 regression coefficient for the chemical industry after 

controlling for fixed effects draws our attention. This may be related to the concentrated 

timing of ESG report disclosure within the chemical industry. As shown in the 

descriptive statistics of ESG disclosure timing for the two industries in Figure 2, most 

chemical companies had begun disclosing ESG reports before 2018. Consequently, the 
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time fixed effects absorb these timing effects, leaving insufficient within-company 

variation to support a significant estimation result. To further verify this conjecture, this 

study employs a parallel trend test to examine the dynamic impact of ESG disclosure. 

6.2.1 Parallel trend test 

As shown in Figure 5, the parallel trend test result for the chemical industry is not 

good enough when using pre_1 as the baseline period. Before the policy 

implementation, the estimated values of pre_2, pre_3 and pre_6 are close to zero, with 

error bars encompassing zero, indicating no significant deviations in trend. However, 

the confidence intervals of pre_4 and pre_5 slightly deviate from zero, indicating a 

minor violation of the parallel trend assumption. Considering that most chemical 

companies disclosed ESG reports before 2018, while the panel data in this study begins 

in 2014, the earlier pre-periods, such as pre_4 and pre_5, contain few or no observations, 

leading to unstable estimates. Therefore, further tests will be conducted in Section 6.2.2. 

After the policy implementation, the estimated coefficients exhibit a slight 

downward trend. However, the changes are not statistically significant from post_1 to 

post_4. This suggests that the policy’s short-term impacts on ESG disclosure are weak 

or insignificant, with a more noticeable effect emerging only after a longer period 

(post_5). 



 
 

30 

 

Figure 5. Parallel trend test results for the chemical industry. 

Compared to the chemical industry, the software industry passes the parallel trend 

test with perfect alignment, as shown in Figure 6. Before policy implementation, the 

estimated coefficients are relatively stable, all close to zero, with error bars including 

zero. This indicates that, prior to the policy implementation, the trends of the treatment 

and control groups were generally consistent, satisfying the parallel trend assumption. 

Following the policy implementation, a noticeable effect emerged immediately, and this 

impact remained until post_2, suggesting that the policy may have a short-term effect 

on ESG disclosure in the software industry. 

 

Figure 6. Parallel trend test results for the software industry. 



 
 

31 

6.2.2 Placebo test 

Due to the poor performance of the parallel trend test in the chemical industry, we 

further examine whether the observed impact of ESG disclosure on firm market value 

is driven by other random factors. Following the approach of Ferrara, et al. [46], we 

perform 500 random samplings to construct the “pseudo-policy dummy variable” (the 

𝑑𝑖𝑑	variable in this model). We then re-estimate the regression and examine the 

distribution of the coefficients and p-values. 

As shown in Figures 7 and 8, the randomly generated 𝑑𝑖𝑑 regression coefficients 

for both industries are centered around zero. This suggests that the observed impact of 

ESG disclosure on firm value is not driven by other random factors. Therefore, the core 

conclusions of the model remain stable and robust. 

  

Figure 7. Placebo test of chemical industry. Figure 8. Placebo test of software industry. 

 

7. Discussion 

Our findings indicate that Hypothesis 1 does not hold, meaning that not all three ESG 

factors positively impact CFP. The results of the multiple linear regression indicate a 

“negative correlation” between the environmental factor and CFP in the chemical 

industry. This contradicts with previous research, which suggests that firms can enhance 
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long-term competitive advantage through environmental management activities [47]. 

However, the lack of consensus on defining “long-term” provides a possible 

explanation. As Delmas, et al. [48] suggested, the relationship between financial and 

environmental performance may depend on the time horizon used to measure financial 

indicators. Since our study relies on current financial indicators, it is possible that the 

observed “negative correlation” is the financial benefits of environmental initiatives not 

yet materialize. 

From an industry-specific perspective, this negative correlation reflects the 

inherent contradiction between the development needs of the chemical industry and the 

constraints of environmental resources. Marques and Machado [49] argued that the 

chemical industry faces sustainability challenges due to its dependence on non-

renewable resources and the limited self-restorative capacity of the environment. 

Another factor is the heavy regulatory pressures faced by such high-pollution industries, 

which necessitate substantial capital investments in pollution control and compliance. 

Pacelli, et al. [50] noted that excessive investment into ESG factors can lead to financial 

structural imbalances, ultimately harming firm financial performance. 

Another noteworthy finding is that the governance factor of ESG is insignificant 

in both industries. This may be attributed to the research methodology, as the multiple 

linear regression model employed in this study can only analyze the linear relationship 

between the governance factor and financial performance. However, Nollet, et al. [51] 

suggested that the relationship between accounting-based financial indicators and 

corporate governance follows a U-shape, implying that the governance factor’s impact 
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may be nonlinear. Our findings provide empirical support for their conclusions, 

suggesting that further investigation using non-linear models may be necessary to fully 

capture the effects of governance on CFP. 

Hypothesis 2 holds, meaning that ESG disclosure has a positive impact on firm 

market value. This remains robust after a series of stability tests. Based on the results 

of Hypothesis 1, we find that even if the E, S, and G factors do not all enhance firms’ 

operational efficiency, companies can still increase their market value by disclosing 

ESG reports to release positive signals to the market. This finding aligns with signaling 

theory: voluntary disclosure of ESG performance helps reduce investors’ perceived risk, 

alleviate information asymmetry, and mitigate potential issues such as investor 

divestment [52], reputational damage, and stock price volatility [53]. It is also 

consistent with legitimacy theory: highly polluting industries often face greater risks of 

market sanctions, and transparent non-financial disclosure serves not only as an 

important mechanism for maintaining investor confidence and securing stakeholder 

support but also as an effective tool to avoid direct administrative penalties related to 

environmental issues [54]. Descriptive statistics on ESG disclosure timing further 

reinforce this finding, showing that compared with the software industry, the chemical 

industry exhibits both a higher disclosure rate and earlier adoption of ESG reporting. 

Although multiple robustness tests confirm that proactive ESG disclosure yields 

tangible market benefits, the concentration of ESG disclosure among chemical 

companies in 2018 and earlier poses challenges for fixed-effects estimation and 

weakens the explanatory power of the model. Future solutions to this issue are 
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suggested in Conclusion.  

Hypotheses 3 and 4 examine the industry-specific heterogeneity effects of ESG on 

CFP, confirming that ESG influences both real and nominal performance differently 

across industries. Firstly, the significant ESG factors differ between the chemical and 

software industries. In the chemical sector, both environmental and social factors 

significantly financial performance, whereas in the software industry, only the 

environmental factor is significant, with a coefficient of 0.129. Kanoo, et al. [45] 

compared 26 different industries and confirmed that the key ESG factors vary between 

the chemical and software industries, attributing these differences to the inherent nature 

of their production processes. Specifically, they found that governance factor performs 

best in the IT industry, a discrepancy that may stem from differences in ESG rating 

methodologies between CRISIL and Refinitiv [55]. Iazzolino, et al. [19] used the same 

region and database as our study but adopted a more general industry classification. 

Despite differences in financial indicators, they similarly found that the chemical and 

technology industries are highly sensitive to environmental factors, supporting the 

robustness of our findings. Notably, Kanoo, et al. [45] identified the banking industry 

as a top performer in overall ESG scores, as well as in environmental and social 

dimensions. However, Iazzolino, et al. [19] found that the financial industry (include 

bank industry) does not gain significant economic returns from ESG performance. This 

highlights the need to consider a broader range of industries when examining sectoral 

heterogeneity. 

Secondly, although ESG disclosure positively affects market value in both 
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industries, the timing of this effect differs. In the software industry, the positive impact 

emerges immediately and remains stable through the short-term, with a slight decline 

after the third year of policy implementation. In contrast, in the chemical industry, there 

is a noticeable time lag, during the first four periods following policy implementation, 

the effect remains insignificant and only becomes evident in Period 5. This lag may 

stem from the study’s inability to capture the “maturity period” of ESG effects [56]. A 

lack of significant results within five years does not mean that ESG strategies are 

ineffective; rather, the limited availability of long-term data restricts accurate 

assessment of their true market impact. This timing mismatches can distort both 

academic evaluations and policy judgments regarding industry responsiveness. Thus, 

the observed lag should not be interpreted as mere market indifference but as a 

structural misreading of the temporal pathway through which ESG value is realized. 

 

8. Conclusion 

This study examines and compares the chemical and software industries in Europe to 

assess the impact of corporate ESG performance on CFP. The research framework 

distinguishes between actual and nominal performance variables. Specifically, a 

multiple linear regression model is employed to examine the effect of actual ESG 

performance on actual financial performance, using accounting-based financial 

indicators matched with ESG rankings. Then, a multi-period DID model investigates 

the effect of nominal ESG performance on nominal financial performance, where 

market-based financial indicators are matched with the timing of ESG disclosure. The 
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dual-focus approach allows for a comprehensive assessment, investigating not only 

whether ESG performance directly affects financial performance but also whether it 

generates additional market or policy benefits.  

The findings highlight the complex trade-offs between regulatory compliance, 

sustainability investments, and financial outcomes, particularly in the chemical industry. 

The observed negative correlation between environmental factor and financial 

performance suggests that while environmental strategies may yield long-term financial 

benefits, they also impose financial costs in the short term, creating survival pressures 

for companies. Furthermore, while ESG disclosure enhances firm market value in the 

chemical industry, the policy impact exhibits a notable time lag. Empirical results 

suggest that the positive effects of ESG disclosure only become noticeable in the fifth 

year after implementation. 

The software industry stands in stark contrast to the chemical industry. While 

improvements in ESG scores have a negligible impact on financial performance, 

actively disclosing ESG information positively impacts market value, yielding 

additional market dividends. Moreover, this positive impact is immediate upon 

increasing ESG transparency and remains stable over a two-year period. This suggests 

that, while environmental factors have not yet emerged as major financial driver in the 

software industry, their influence is growing in response to evolving regulatory 

frameworks and shifting investor expectations. 

There are limitations of this paper that deserve further investigation. Firstly, the 

reliability of the multi-period DID model for the chemical industry requires further 
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testing. Considering the unsatisfactory results from the parallel trends test, we 

conducted a placebo test by replacing the policy dummy variable, confirming that the 

impact of ESG disclosure on company value is not driven by random factors. However, 

to enhance the reliability of these findings, future research could collect earlier data to 

reduce estimation bias caused by sample loss before policy implementation. At the 

same time, extending the observation window could help capture the long-term effects 

of the policy. To address the issue of concentrated disclosure timing in the chemical 

industry, the sample could be grouped to increase variation in disclosure years.  

Secondly, the long-term effects of environmental factors on CFP requires further 

exploration. This study relies on cross-sectional data from 2022 to examine the 

relationship between ESG rankings and CFP, suggesting that environmental 

investments in the chemical industry do not yield immediate financial returns. This 

finding contradicts prior research suggesting that companies can improve operational 

efficiency by enhancing environmental management. To further understand this 

“negative correlation”, future research could explore whether the impact of 

environmental performance on financial performance is subject to a time lag or if it is 

attributed to the characteristics of high-pollution industries. Future studies could also 

consider adopting variables that better represent firms’ long-term development potential 

to demonstrate the long-term impact of ESG or employing additional lag periods to 

assess the delayed effects of environmental performance on financial performance. 

The third limitation is that our classification of the software industry as a low-

pollution sector is based on a narrow definition of environmental sustainability, 
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focusing only on operational pollution. We do not account for the broader 

environmental concerns associated with software, such as high energy consumption in 

high-performance computing, the carbon footprint of data centers, or the waste 

generated from hardware infrastructure. As AI and big data continue to expand, these 

factors are becoming increasingly relevant. Future research could incorporate a more 

comprehensive view of sustainability that includes full-lifecycle carbon emissions and 

electronic waste. 

Fourthly, this study focuses on a comparative analysis of ESG–CFP relationships 

between the chemical and software industries, without examining potential cross-sector 

linkages. However, it is reasonable to assume that ESG initiatives in one industry may 

exert spillover effects on others through shared investor perceptions, supply chain 

interdependencies, or systemic market sentiment. Future research could integrate 

network relationships, such as supply chains, to capture potential interconnections, 

thereby advancing our dynamic understanding of ESG–CFP relationships. 

 

Declaration of interests: The authors report there are no competing interests to declare. 

 

Data Statement: The data that support the findings of this study are available from the 

corresponding author upon reasonable request. 
  



 
 

39 

References 

[1] X. Xu, X. Chen, T. Cheng et al., “Should Blockchain be Used to Eliminate 
Greenwashing for Green and Live-streaming Platform Operations under Carbon 
Trading Systems?,” Eur. J. Oper. Res., 2025. 

[2] L. Wu, M. Wang, A. Kumar et al., “Mitigating the bullwhip effect through 
supply chain ESG transparency: roles of digitalization and signal strength,” Int. 
J. Oper. Prod. Manage., vol. 44, no. 9, pp. 1707-1731, 2024. 

[3] X. Wei, and B. Shen, “Effects of two face regulatory foci about ethical fashion 
consumption in a Confucian context,” J. Bus. Ethics, vol. 196, no. 4, pp. 807-
825, 2025. 

[4] S. Zhao, Y. Han, Q. Zhou et al., “Collaborative management of battery 
manufacturer responsibility in electric vehicle production with ESG due 
diligence,” J. Clean Prod., vol. 486, pp. 144591, 2025. 

[5] J. He, W. Chen, and X. Ma, “Does supplier instability affect corporate social 
responsibility? A theoretical and empirical study,” IEEE Trans. Eng. Manage., 
vol. 71, pp. 4692-4709, 2022. 

[6] Q. Zhou, C. Meng, J.-B. Sheu et al., “Impact of market competition on 
remanufacturing investment,” IEEE Trans. Eng. Manage., vol. 71, pp. 6995-
7014, 2023. 

[7] X. Pan, J. Yuan, S. K. Mangla et al., “How does circular economy affect firms’ 
innovation performance? The interaction effect of open innovation,” IEEE 
Trans. Eng. Manage., vol. 71, pp. 11872-11883, 2023. 

[8] Q. Zhou, K. F. Yuen, C. Meng et al., “Impact of intercompetitor licensing on 
remanufacturing market competition and cooperation,” IEEE Trans. Eng. 
Manage., vol. 71, pp. 1296-1313, 2022. 

[9] B. Lin, and Y. Xie, “Driving green technology innovation in renewable energy: 
does venture capital matter?,” IEEE Trans. Eng. Manage., vol. 71, pp. 6784-
6795, 2023. 

[10] S. Bodhanwala, and R. Bodhanwala, “Do investors gain from sustainable 
investing? An empirical evidence from India,” Int. J. Bus. Excell., vol. 19, no. 
1, pp. 100-118, 2019. 

[11] A. Buallay, S. M. Fadel, J. Y. Al-Ajmi et al., “Sustainability reporting and 
performance of MENA banks: is there a trade-off?,” Meas. Bus. Excell., vol. 24, 
no. 2, pp. 197-221, 2020. 

[12] K. Cek, and S. Eyupoglu, “Does environmental, social and governance 
performance influence economic performance?,” J. Bus. Econ. Manag., vol. 21, 
no. 4, pp. 1165-1184, 2020. 

[13] S. Brinette, F. D. Sonmez, and P. S. Tournus, “ESG controversies and firm value: 
Moderating role of board gender diversity and board independence,” IEEE 
Trans. Eng. Manage., vol. 71, pp. 4298-4307, 2023. 

[14] R. DasGupta, “Financial performance shortfall, ESG controversies, and ESG 
performance: Evidence from firms around the world,” Financ. Res. Lett., vol. 
46, pp. 102487, 2022. 



 
 

40 

[15] A. Buallay, “Sustainability reporting and firm’s performance: Comparative 
study between manufacturing and banking sectors,” Int. J. Product Perform. 
Manag., vol. 69, no. 3, pp. 431-445, 2020. 

[16] R. P. Gregory, “ESG activities and firm cash flow,” Glob. Financ. J., vol. 52, 
pp. 100698, 2022. 

[17] M. Orlitzky, F. L. Schmidt, and S. L. Rynes, “Corporate social and financial 
performance: A meta-analysis,” Organ. Stud., vol. 24, no. 3, pp. 403-441, 2003. 

[18] M. La Torre, S. Leo, and I. C. Panetta, “Banks and environmental, social and 
governance drivers: Follow the market or the authorities?,” Corp. Soc. 
Responsib. Environ. Manag., vol. 28, no. 6, pp. 1620-1634, 2021. 

[19] G. Iazzolino, M. E. Bruni, S. Veltri et al., “The impact of ESG factors on 
financial efficiency: An empirical analysis for the selection of sustainable firm 
portfolios,” Corp. Soc. Responsib. Environ. Manag., vol. 30, no. 4, pp. 1917-
1927, 2023. 

[20] J. Rojo-Suárez, and A. B. Alonso-Conde, “Short-run and long-run effects of 
ESG policies on value creation and the cost of equity of firms,” Econ. Anal. 
Policy, vol. 77, pp. 599-616, 2023. 

[21] Y. Chen, and Z. Zhang, “Industry Heterogeneity and the Economic 
Consequences of Corporate ESG Performance for Good or Bad: A Firm Value 
Perspective,” Sustainability, vol. 16, no. 15, pp. 6506, 2024. 

[22] M. Radonić, M. Milosavljević, and S. Knežević, “Intangible assets as financial 
performance drivers of IT industry: Evidence from an emerging market,” E M 
Ekon. Manag., vol. 24, no. 2, pp. 119-135, 2021. 

[23] V. Bamiatzi, M. Dowling, F. Gogolin et al., “Are the good spared? Corporate 
social responsibility as insurance against cyber security incidents,” Risk Anal., 
vol. 43, no. 12, pp. 2503-2518, 2023. 

[24] A. F. Rahi, R. Akter, and J. Johansson, “Do sustainability practices influence 
financial performance? Evidence from the Nordic financial industry,” Account. 
Res. J., vol. 35, no. 2, pp. 292-314, 2021. 

[25] Y.-E. Lin, Y.-W. Li, T. Y. Cheng et al., “Corporate social responsibility and 
investment efficiency: does business strategy matter?,” Int. Rev. Financ. Anal., 
vol. 73, pp. 101585, 2021. 

[26] Y. Bofinger, K. J. Heyden, and B. Rock, “Corporate social responsibility and 
market efficiency: Evidence from ESG and misvaluation measures,” J. Bank 
Financ., vol. 134, pp. 106322, 2022. 

[27] J. Xu, and L. Wan, “Research on the Relationship between Operational 
Efficiency and ESG Performance: A New Perspective for Continued Growth,” 
Int. Rev. Financ. Anal., vol. 7, no. 1, pp. 176-181, 2024. 

[28] K. Chung, L. T. M. Nguyen, and D. T. T. Nguyen, “Improving hotels’ 
operational efficiency through ESG investment: A risk management 
perspective,” Serv. Sci., vol. 16, no. 3, pp. 172-183, 2024. 

[29] Y. Eliwa, A. Aboud, and A. Saleh, “ESG practices and the cost of debt: Evidence 
from EU countries,” Crit. Perspect. Account., vol. 79, pp. 102097, 2021. 

[30] M. Atif, and S. Ali, “Environmental, social and governance disclosure and 



 
 

41 

default risk,” Bus. Strateg. Environ., vol. 30, no. 8, pp. 3937-3959, 2021. 
[31] M. Pinnuck, A. Ranasinghe, N. Soderstrom et al., “Restatement of CSR reports: 

Frequency, magnitude, and determinants,” Contemp. Account. Res., vol. 38, no. 
3, pp. 2376-2416, 2021. 

[32] D. Zhang, “Are firms motivated to greenwash by financial constraints? 
Evidence from global firms' data,” J. Int. Financ. Manag. Account., vol. 33, no. 
3, pp. 459-479, 2022. 

[33] Z. Chen, and G. Xie, “ESG disclosure and financial performance: Moderating 
role of ESG investors,” Int. Rev. Financ. Anal., vol. 83, pp. 102291, 2022. 

[34] R. DasGupta, and A. Roy, “Firm environmental, social, governance and 
financial performance relationship contradictions: Insights from institutional 
environment mediation,” Technol. Forecast. Soc. Chang., vol. 189, pp. 122341, 
2023. 

[35] J. Barney, “Firm resources and sustained competitive advantage,” J. Manag., 
vol. 17, no. 1, pp. 99-120, 1991. 

[36] M. Aydoğmuş, G. Gülay, and K. Ergun, “Impact of ESG performance on firm 
value and profitability,” Borsa Istanb. Rev., vol. 22, pp. S119-S127, 2022. 

[37] K. V. Lins, H. Servaes, and A. Tamayo, “Social capital, trust, and firm 
performance: The value of corporate social responsibility during the financial 
crisis,” J. Financ., vol. 72, no. 4, pp. 1785-1824, 2017. 

[38] N. Malik, and S. Kashiramka, “Impact of ESG disclosure on firm performance 
and cost of debt: Empirical evidence from India,” J. Clean Prod., vol. 448, pp. 
141582, 2024. 

[39] M. A. Khan, M. K. Hassan, M. P. Maraghini et al., “Valuation effect of ESG and 
its impact on capital structure: Evidence from Europe,” Int. Rev. Econ. Financ., 
vol. 91, pp. 19-35, 2024. 

[40] Q. Zhang, R. Ding, D. Chen et al., “The effects of mandatory ESG disclosure 
on price discovery efficiency around the world,” Int. Rev. Financ. Anal., vol. 89, 
pp. 102811, 2023. 

[41] A. Amel-Zadeh, and G. Serafeim, “Why and how investors use ESG 
information: Evidence from a global survey,” Financ. Anal. J., vol. 74, no. 3, 
pp. 87-103, 2018. 

[42] E. Hassan, M. Awais-E-Yazdan, R. Birau et al., “Predicting financial distress in 
non-financial sector of Pakistan using PCA and logit,” Int.J. Islamic Middle 
Eastern Finance Manag., vol. 17, no. 3, pp. 485-508, 2024. 

[43] R.-A. Șerban, D. M. Mihaiu, and M. Țichindelean, “Environment, social, and 
governance score and value added impacts on market capitalization: A sectoral-
based approach,” Sustainability, vol. 14, no. 4, pp. 2069, 2022. 

[44] J. Zhou, and X. D. Lei, “ESG rating uncertainty and corporate financial 
misconduct,” J. Bus. Res., vol. 189, Feb, 2025. 

[45] R. Kanoo, H. Debi, A. K. Bhuyan et al., “Does the ESG Performance Differ 
Across Sectors? An Insight into the Indian Corporate Landscape,” Int. J. Econ. 
Financ. Issues, vol. 15, no. 1, pp. 246-255, 2025. 

[46] E. L. Ferrara, A. Chong, and S. Duryea, “Soap operas and fertility: Evidence 



 
 

42 

from Brazil,” Am. Econ. J.-Appl. Econ., vol. 4, no. 4, pp. 1-31, 2012. 
[47] H. Younis, and B. Sundarakani, “The impact of firm size, firm age and 

environmental management certification on the relationship between green 
supply chain practices and corporate performance,” Benchmarking, vol. 27, no. 
1, pp. 319-346, 2019. 

[48] M. A. Delmas, N. Nairn-Birch, and J. Lim, “Dynamics of environmental and 
financial performance: The case of greenhouse gas emissions,” Organ. Environ., 
vol. 28, no. 4, pp. 374-393, 2015. 

[49] C. A. Marques, and A. A. Machado, “Environmental Sustainability: 
implications and limitations to Green Chemistry,” Found. Chem., vol. 16, pp. 
125-147, 2014. 

[50] V. Pacelli, F. Pampurini, and A. G. Quaranta, “Environmental, Social and 
Governance investing: Does rating matter?,” Bus. Strateg. Environ., vol. 32, no. 
1, pp. 30-41, 2023. 

[51] J. Nollet, G. Filis, and E. Mitrokostas, “Corporate social responsibility and 
financial performance: A non-linear and disaggregated approach,” Econ. Model., 
vol. 52, pp. 400-407, 2016. 

[52] A. Krishna, and S. Kim, “Understanding customers’ reactions to allegations of 
corporate environmental irresponsibility,” Journal. Mass Commun. Q., vol. 99, 
no. 2, pp. 563-586, 2022. 

[53] Y. D. Bouzzine, “Stock price reactions to environmental pollution events: A 
systematic literature review of direct and indirect effects and a research agenda,” 
J. Clean Prod., vol. 316, pp. 128305, 2021. 

[54] J. A. Aragòn-Correa, A. A. Marcus, and D. Vogel, “The effects of mandatory 

and voluntary regulatory pressures on firms’ environmental strategies: A review 
and recommendations for future research,” Acad. Manag. Ann., vol. 14, no. 1, 
pp. 339-365, 2020. 

[55] F. Berg, J. F. Kölbel, and R. Rigobon, “Aggregate confusion: The divergence of 
ESG ratings,” Rev. Financ., vol. 26, no. 6, pp. 1315-1344, 2022. 

[56] S. Kotsantonis, and G. Serafeim, “Four things no one will tell you about ESG 
data,” J. Appl. Corp. Financ., vol. 31, no. 2, pp. 50-58, 2019. 

 


