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Abstract 

 

This study reassesses the impact of gender diversity in corporate boards on firms’ 

environmental performance, using a panel of 4,950 firm-year observation from Standard and 

Poor’s (S&P) 500 companies from 2010 to 2020. Using traditional econometric techniques 

such as Ordinary Least Squares (OLS) and Instrumental Variables (IV), we initially find strong 

evidence suggesting that appointing women to corporate boards enhances environmental 

performance. These results remain robust across different instruments, control variables, and 

fixed effects specifications. However, when employing a more rigorous causal identification 

strategy through Staggered and Honest Difference-in-Differences (DID) methodologies, we 

find no significant evidence supporting a causal relationship. Instead, our findings reveal that 

firms tend to adopt greener practices before appointing women directors, suggesting that 

corporate sustainability strategies and board gender diversity evolve concurrently rather than 

in a causally linked manner. Our results call for a reevaluation of the existing evidence on 

gender diversity and environmental performance and highlight the need for more robust causal 

methodologies in examining corporate governance and sustainability dynamics. 
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1. Introduction 

 

Climate change and environmental degradation rank among the most pressing global 

challenges, positioning corporations as key actors in advancing sustainability initiatives. 

Increasingly, firms are expected to mitigate their environmental impact through 

Environmental, Social and Governance (ESG) strategies, with corporate boards playing a 

strategic role in shaping these actions (Shaukat et al., 2016). Given the rising prominence of 

environmental concerns in corporate governance, the composition of boards, particularly 

regarding gender diversity, has garnered significant academic and policy interest. Scholars and 

policymakers are eager to understand whether women directors and/or gender diversity 

contribute to more sustainable corporate practices (Biswas et al., 2018; de Villiers et al., 2011; 

Lu & Herremans, 2019). 

This debate is particularly relevant in the context of Standard and Poor’s (S&P) 500 companies, 

which exert substantial influence over global business practices and have a significant 

environmental footprint1. As the index comprises the 500 largest publicly traded U.S. firms 

(both domestic and foreign), it serves as a benchmark for corporate governance and 

sustainability policies worldwide (Catalyst, 2017). Understanding whether gender diversity on 

corporate boards drives meaningful environmental improvements is therefore crucial for 

policymakers, investors, and corporate stakeholders. 

Corporate transparency regarding environmental performance has increased significantly in 

recent years, particularly among publicly traded firms such as those in the S&P 500. Companies 

now disclose a broad range of environmental performance indicators, including carbon 

emissions, energy efficiency, waste management, and climate-related risk assessments. Among 

these, ESG (Environmental, Social, and Governance) scores have gained particular prominence 

as a standardized metric for evaluating corporate sustainability efforts and many funds 

incorporate them into portfolio selection criteria (Kölbel et al., 2020; Amel-Zadeh & Serafeim, 

2018). Moreover, ESG-driven institutional investors increasingly pressure firms to align with 

sustainability goals, reinforcing the importance of board composition in shaping corporate 

environmental strategies (Alkhawaja et al., 2023). 

 
1 The United States was the world’s second-largest emitter of greenhouse gases in 2020, after China, with 

emissions reaching 5.2 billion metric tons of CO₂ equivalent (Environmental Protection Agency, 2021). A 

significant share of these emissions comes from publicly traded companies, particularly those in the S&P 500, 

which account for over 3.5 gigatonnes of CO₂ equivalent annually (Bloomberg, 2023). Although high-emission 

industries—such as energy, utilities, and manufacturing—make up only 15% of the index in terms of market cap, 

they generate nearly 70% of its carbon footprint (Carbon Disclosure Project, 2023). 
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Drawing on a sample of S&P 500 firms and leveraging on ESG metrics to align with the 

evolving research agenda, this study critically reassesses the relationship between board gender 

diversity and corporate environmental performance, looking to addressing key endogeneity 

concerns through robust empirical methodologies. Our findings challenge conventional 

wisdom by demonstrating that environmental improvements often precede the appointment of 

women directors. This supports recent evidence showing that firms under greater 

environmental pressure tend to increase board diversity as part of broader governance and 

compliance strategies, rather than as a direct driver of sustainability improvements (Dutordoir 

et al., 2024). Rather than assuming the existence of causal mechanisms, our findings suggest 

that sustainability outcomes may precede changes in board composition. It emphasizes the need 

for robust causal identification strategies to better understand the complex dynamics between 

board composition and sustainability outcomes. This study contributes to the literature at the 

intersection of corporate finance, governance, and sustainability by reassessing the presumed 

causal relationship between board gender diversity and environmental performance. 

Furthermore, these insights raise questions about the justification for gender-based board 

quotas as a policy tool for promoting corporate sustainability. Mandatory gender quotas do not 

necessarily lead to improved firm outcomes and, in some cases, may even be counterproductive 

by constraining governance structures (Adams & Ferreira, 2009). If the relationship between 

women board representation and environmental performance is not causal, then diversity 

quotas aimed at improving sustainability outcomes may be misguided. Recent evidence 

indicates that the effectiveness of gender-diverse boards in sustainability efforts depends 

largely on regulatory frameworks and institutional conditions (Barroso et al., 2024; Alkhawaja 

et al., 2023). Instead of viewing board diversity as a direct driver of environmental 

performance, it should be understood as part of a broader governance system that influences 

sustainability outcomes. Nevertheless, board gender diversity remains a crucial element of 

sound governance, contributing to more effective oversight, richer decision-making processes, 

and greater stakeholder inclusivity. Policymakers should therefore prioritize regulatory 

measures and incentive structures that directly impact corporate environmental commitments, 

ensuring that diversity initiatives are grounded in governance and equity considerations rather 

than presumed environmental benefits lacking strong empirical support. 

Beyond this specific setting, the analysis also highlights broader methodological concerns in 

corporate governance research. Instrumental Variable (IV) approaches, while widely used to 
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address endogeneity, often fail to isolate true causal effects. Even after robustness checks, 

conventional estimates may overstate the link between board gender diversity and 

environmental performance. In contrast, novel Difference-in-Differences (DID) techniques 

offer a more credible identification strategy, reinforcing the need for advanced empirical 

methods in corporate governance research to avoid misleading conclusions. 

The remainder of this paper is structured as follows: Section 2 reviews the theoretical and 

empirical literature on board gender diversity and corporate environmental responsibility. 

Section 3 outlines the data, methodology, and empirical strategy. Section 4 presents the 

empirical results, while Section 5 discusses the implications of the findings and concludes with 

directions for future research. 

 

2. Literature Review: Gender Diversity and Environmental Performance 

 

The corporate governance literature suggests that gender-diverse boards enhance decision-

making by integrating a broader range of perspectives and experiences (Rao & Tilt, 2016; 

Triana et al., 2014; Van der Walt & Ingley, 2003). Such diversity is believed to improve 

deliberations, leading to more informed strategic choices, including those related to 

environmental sustainability. Some studies further argue that gender-diverse boards strengthen 

accountability to stakeholders concerned with sustainability (Birindelli et al., 2019; Liu, 2018; 

Lu & Herremans, 2019; Pucheta-Martínez & Bel-Oms, 2019) and are more likely to prioritize 

long-term sustainability over short-term financial gains (Byron & Post, 2016). 

Expanding on this premise, prior research has linked female board representation with a 

heightened emphasis on social and environmental concerns (Liu, 2018), more effective 

strategic planning, the adoption of pro-environmental behaviour (Kennedy & Dzialo, 2015)  

and enhanced financial performance (Campopiano et al., 2023; Gabaldón et al., 2023). Gender-

diverse boards have also been associated with increased investment in research and 

development (Triana et al., 2014), the adoption of sustainability-oriented practices, such as the 

use of renewable energy sources (Atif et al., 2021), and stronger ESG performance (Paolone et 

al., 2023; Zharfpeykan & Bai, 2025). These arguments often emphasize that female leadership is 

characterized by greater ethical orientation, as evidenced by their heightened concern for 

negative business practices such as fraud and corporate misconduct (Boulouta, 2013; Cumming 

et al., 2015), their willingness to promote inclusivity and sustainability as core values (Hopkins 

& Bilmoria, 2004) and long-term strategic thinking (Shaukat et al., 2016) Furthermore, firms 



6 
 

with female board representation have been shown to exhibit a stronger environmental 

orientation, demonstrating greater commitment to sustainability initiatives and environmental 

responsibility (Al-Shaer & Zaman, 2016; Cook & Glass, 2018). 

However, recent studies indicate that the relationship between female leadership and 

environmental performance is more nuanced and contingent on firm-specific factors such as 

industry characteristics, ownership structure, and regulatory environment (Lu & Herremans, 

2019; Liu, 2018; Glass, et al., 2016). Moreover, the effectiveness of board gender diversity in 

driving environmental performance has been shown to depend on cultural contexts and the 

level of regulatory pressure faced by firms (Alkhawaja et al., 2023; Barroso et al., 2024) 

Theoretical frameworks offer mixed insights into this relationship. The Behavioral Theory of 

the Firm (BTF) posits that board decisions, including those related to environmental policies, 

are influenced by cognitive biases and organizational routines (Cyert & March, 1963; Gavetti 

et al., 2012). Although women on boards bring diverse perspectives that promote sustainability 

and broader stakeholder engagement (Byron & Post, 2016; Schwab et al., 2016), their influence 

may be constrained by less prominent roles within the firm (Zelechowski & Bilimoria, 2004). 

In line with this, prior evidence shows that firms with stronger social orientations are more 

likely to appoint female directors—not necessarily driven by performance goals, but as part of 

broader symbolic or cultural commitments (Brammer et al., 2009). These patterns suggest that 

female directors may be appointed to firms already on a sustainability trajectory rather than 

initiating change themselves, raising concerns about reverse causality (Adams & Ferreira, 

2009; Kirsch, 2018). 

On the other hand, Social Identity Theory (SIT) (Tajfel & Turner, 1986) further elaborates on 

how individuals categorize themselves within social groups, influencing behavior and decision-

making in organizational settings. While increased gender diversity may introduce alternative 

skills and experiences to corporate boards (Birindelli et al., 2019; Glass et al., 2016), women 

directors may also conform to dominant corporate norms, particularly in contexts where 

sustainability decisions are driven by broader firm strategies and shareholder interests. This 

perspective aligns with evidence suggesting that board diversity may reflect, rather than drive, 

corporate environmental commitments (Byron & Post, 2016). Empirical studies support this 

notion, demonstrating that environmental improvements frequently precede the appointment 

of female directors (Kirsch, 2018; Galbreath, 2018). 
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While gender-diverse boards may enhance the focus on environmental and social issues (Arora 

et al., 2021; Cook & Glass, 2011, 2018), these effects depend on governance structures and 

firm-level incentives. If both board gender diversity and environmental performance are 

outcomes of broader firm-level strategies rather than a direct causal relationship, then policies 

promoting board diversity as a mechanism for improving sustainability outcomes may warrant 

reconsideration (Adams & Ferreira, 2009). Given these empirical findings and theoretical 

perspectives, the causal relationship between board gender diversity and corporate 

environmental outcomes remains uncertain. Most empirical studies, including recent analyses 

linking gender diversity to ESG performance, rely on correlational evidence (Bear et al., 2010; 

Post et al., 2011; Paolone et al., 2023; Zharfpeykan & Bai, 2025), making it difficult to establish 

whether female directors actively drive environmental improvements or if sustainability-

committed firms are simply more inclined to appoint women to their boards. 

To address endogeneity concerns, various studies have employed Instrumental Variable (IV) 

techniques (Ahern & Dittmar, 2012; Atif et al. 2021, Eckbo et al., 2022). However, these 

methods have notably limited validity, particularly regarding the validity of commonly used 

instruments (Larcker & Rusticus, 2010). The use of traditional DID methods in the context of 

our study, without a natural treatment context derived from a specific policy intervention, 

presents significant limitations, as the appointment of women to corporate boards does not 

occur at the same point in time across all firms. Recent advances in econometrics suggest that 

staggered Difference-in-Differences (DID) methodologies offer a more robust causal 

identification approach by leveraging the staggered introduction of female board members 

across firms (Callaway & Sant’Anna, 2021; de Chaisemartin & D’Haultfœuille, 2022; 

Borusyak et al., 2022). Honest DID further mitigates concerns related to the parallel trends 

assumption (Rambachan & Roth, 2023), revealing that firms often enhance environmental 

performance before appointing female directors. 

This study reassesses the relationship between board gender diversity and corporate 

environmental performance using a more rigorous causal identification strategy. First, we 

replicate traditional estimation techniques—including OLS and IV—and conduct robustness 

checks and placebo tests to highlight the potential misinterpretation of prior findings. These 

approaches often suggest a strong positive association between board gender diversity and 

environmental performance, yet they do not adequately address the possibility of reverse 

causality or firm-level characteristics that may simultaneously drive both factors. Next, we 

employ staggered DID and honest DID methodologies, which more effectively account for 
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firm-specific trends and macroeconomic conditions by leveraging firms that introduce female 

directors at different points in time.  

Our findings demonstrate that corporate environmental improvements typically precede the 

appointment of female directors, suggesting that environmentally-oriented firms may 

proactively attract diverse boards rather than gender diversity actively propelling sustainability 

improvements. One possible explanation is that firms prioritizing environmental performance 

are more attuned to stakeholder expectations and governance reforms, leading them to enhance 

board diversity as part of a broader strategic shift. Additionally, companies may anticipate 

regulatory scrutiny and improve environmental metrics before increasing gender diversity to 

align with evolving corporate governance standards. This aligns with the findings of Walls et 

al. (2012), who argue that firms with proactive environmental strategies tend to refine their 

governance practices, including board composition. These findings contribute to the corporate 

finance and governance literature by challenging the effectiveness of gender diversity policies 

as a tool for promoting corporate sustainability. 

For policymakers, these insights indicate that while board diversity may enhance governance 

and accountability, its role in driving corporate environmental performance should not be 

overestimated. Regulatory efforts should prioritize direct incentives and industry-specific 

mechanisms rather than assuming that gender diversity alone drives improved sustainability 

outcomes (Barroso et al., 2024; Dutordoir et al., 2024). Future research should refine causal 

identification strategies, incorporating natural experiments and policy variations to establish 

more definitive conclusions. Understanding whether board diversity enhances sustainability 

through direct influence or merely reflects pre-existing firm priorities remains a crucial area 

for further investigation. In the following section, we describe our data sources, empirical 

strategy, and identification methods in greater detail to ensure a more accurate assessment of 

the causal link between gender diversity and corporate environmental outcomes. 

 

3. Data and Descriptive Statistics 

 

This section provides a detailed overview of our sample and key variables, focusing on board 

composition and environmental performance. The descriptive statistics presented here form the 

basis for understanding the core characteristics of the firms and these are essential for 

interpreting the empirical relationships between gender diversity on boards and corporate 

environmental outcomes, which are analyzed in the subsequent section. 
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    3.1. Sample and Variables 

Our dataset comprises an unbalanced panel of board-level annual data for companies listed in 

the S&P 500 index, sourced from BoardEx, covering the period from 2010 to 20202. BoardEx 

provides comprehensive information on corporate boards and their respective committees, 

along with detailed profiles of the directors who constitute them. At the directorship level, the 

dataset includes academic qualifications, professional trajectories, and demographic details 

such as age and gender.  

Our selection of board-related control variables follows prior research highlighting the 

importance of board characteristics in shaping corporate policies and decision making (Liu,  

2018; Chen et al., 2017; Atif et al., 2021). The key gender diversity variable is defined as the 

number of women directors on the board (WoB). Additionally, we include Nationality Mix, 

which reflects the degree of internationalization and the variety of cultural backgrounds among 

board members3. Other board structure variables include Board Size (total number of directors), 

Board Ind (fraction of independent directors) and Board Meetings (total number of board 

meetings held during the year). Avg Educ is computed as the average years of education across 

board members, based on the International Standard Classification of Education (ISCED)4. 

Experience and age are measured as the average tenure/age of directors on corporate boards 

(Avg Exper and Avg Age). We also include a binary indicator for whether the board’s CEO is 

a woman (CEO fem). To capture environmental governance, we construct the Environmental 

Committee (Env Com) variable, which takes a value of 1 if a board has a committee with a 

name containing any of the following keywords: CSR, Environmental, Sustainability, 

Innovation, Research, Safety, and/or Technology. This variable serves as a proxy for the 

company’s environmental culture, under the assumption that the existence of such a committee 

signals a stronger commitment to sustainability5. 

 
2 This choice mitigates sample selection bias by avoiding the overrepresentation of small or privately held firms, 

which may have different sustainability incentives, governance dynamics, or disclosure practices. Moreover, S&P 

500 firms are subject to greater investor scrutiny and regulatory compliance, ensuring more reliable and 

standardized environmental reporting (Clarkson et al., 2008). 
3 Prior research suggests that nationality diversity enhances decision-making by incorporating broader 

perspectives, fostering strategic adaptability, and strengthening firms’ commitment to social responsibilities 

through more inclusive governance practices (Harjoto et al., 2019; Ruigrok et al., 2007). 
4 The directors in the sample possess high levels of education, with ISCED classification values ranging from 6 

to 8. We assign 16 years of education to directors with an ISCED value of 6, 17 years to those with a value of 7, 

and 22 years to those with the highest ISCED value. 
5 Prior research has shown that firms with dedicated environmental or sustainability committees are more likely 

to engage in proactive environmental strategies and enhance their sustainability performance (Biswas et al. 2018; 

Mallin & Michelon, 2011; Peters & Romi, 2015). 
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We further enhance our analysis by incorporating professional networking data for each 

director from the BoardEx networks database6. Using these data, we manually link each 

director, in each year, to all their connections across different boards and institutions, such as 

associations and universities. The resulting dataset encompasses a vast array of connections 

across the U.S., U.K., and Europe, totaling seven million observations. This rich directorship-

level information is then aggregated at the board level to construct the Networks variable, 

providing a comprehensive view of the interconnectedness of corporate boards7. 

Beyond board characteristics, we also control for firm-level attributes based on prior literature 

(e.g. Chen et al., 2017), incorporating financial information at the firm level by merging our 

dataset with Compustat. Our analysis includes firm size—proxied by the number of 

employees—and market value, selecting the latter as the financial metric with the fewest 

missing values. Additionally, to account for sectoral heterogeneity, we include industry 

classification following the Global Industry Classification Standard (GICS) at 4-digit level. 

All data on environmental outcomes is sourced from Refinitiv Eikon, a widely used financial 

data platform that provides comprehensive environmental, social, and governance (ESG) 

metrics, frequently referenced by investors and analysts  (Nicolo’ et al., 2021; Pozzoli et al., 

2022). ESG ratings have gained increasing relevance in capital markets, shaping investment 

decisions and corporate valuations as stakeholders demand greater transparency in 

sustainability performance (Kölbel et al., 2020; Amel-Zadeh & Serafeim, 2018).  

For our study, we focus on the Environmental Pillar Score (Env Score), which serves as our 

principal dependent variable. This metric is calculated as the weighted sum of three 

dimensions: Resource Use, Emissions, and Environmental Innovation, with scores ranging 

from 0 to 100, with higher values indicating stronger environmental performance. We use Env 

Score in all our models and estimations, as it provides a more precise measure of environmental 

outcomes, minimizing potential biases from social and governance factors that may be directly 

influenced by board gender diversity. However, we also keep the ESG Score as an alternative 

dependent variable for robustness checks. This approach allows us to better isolate the 

 
6 Previous research has also shown that director networks significantly influence firm performance and corporate 

environmental strategies (Ortiz-de-Mandojana & Aragón-Correa, 2015; Owen et al., 2023) 
7 Incorporating directors' professional networks into corporate governance analysis is well-supported in academic 

literature. For instance, Harjoto & Wang (2020) examined the relationship between board network centrality and 

firms' environmental, social, and governance (ESG) performance, finding that well-connected boards positively 

influence ESG outcomes. 
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relationship between board composition and environmental performance (Chatterji et al., 2016) 

while assessing whether our findings extend to broader corporate sustainability performance. 

See Figure A in the Appendix for the distribution of Env Score. 

Our final sample consists of 51,505 directorships (director board-years), 4,950 board-years 

covering 474 boards. Table 1 provides a detailed description of the study variables, including 

their nomenclature, type, and data source.  

Table 1 

Variables description 

Variable Type Description Source 

Environmental Outcome   

ESG Score Continuous  ESG Score Refinitiv 

Env Score Continuous 

 

Environmental Pillar Score weighted sum of the scores in 

the Resource Use, Emissions, and Environmental 

Innovation categories 

Refinitiv 

Gender diversity   

WoB Continuous Total number of women on board BoardEx 

Control variables   

Nationality Mix Continuous Proportion of board members from different nationalities 

within the board. 

BoardEx 

Board Size Continuous Total number of members on board BoardEx 

Board Ind Continuous Fraction of Independent Directors on board BoardEx 

Board Meetings Continuous Number of Board Meetings held in a year BoardEx 

Avg Age Continuous Average Age of all members on board (years) BoardEx 

Avg Educ Continuous Average Education level of all members on board (years)  BoardEx 

Avg Exper Continuous Average Experience of all members on board (years) BoardEx 

Env Com Binary =1 if the board has an Environmental Committee; 

 =0 otherwise 

BoardEx 

CEO_fem Binary =1 if the CEO of the board is a female director BoardEx 

Networks Continuous Number of connections through BoardEx BoardEx 

Firm Size Continuous Number of employees CompuStat 

MValue Continuous Total Market Value of the firm (thousand $) CompuStat 

Gind Categorical Industry of the Company (GIC Classification) CompuStat 

Table 1 defines the key variables used in the analysis, sourced from three main databases: BoardEx for board 

composition and director-level data, Refinitiv Eikon for ESG metrics, and Compustat for financial and industry 

data. 
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 3.2. Descriptive Analysis 

Table 2 presents descriptive statistics for the full sample, as well as separately for boards with 

and without female directors. The last column of the table shows the difference in means (and 

their significance) for each variable between the sub-samples of boards with women and 

without women. 

Table 2 

Descriptive Statistics 

 Full Sample 

(n=4,950) 

With WoB 

(n=4,578) 

Without WoB 

(n=372) 

Diff 

Variable Mean Std. 

dev. 

Min Max Mean Std. 

dev. 

Mean Std. dev. Mean 

ESG Score 55.55 18.76 1.90 95.16 57.18 17.73 30.32 15.98 -26.86* 

Env Score 48.73 27.9 0 98.55 50.80 26.99 16.62 21.29 -34.19* 

WoB 2.23 1.29 0 8 2.41 1.17 - - - 

Nationality Mix 0.15 0.19 0 0.9 0.15 0.19 0.09 0.16 -0.06* 

Board Size 10.89 2.31 4 32 11.07 2.24 8.66 1.87 -2.41* 

Board Ind 0.83 0.16 0 1 0.83 0.15 0.81 0.22 -0.02* 

Board Meetings 8.01 3.45 1 34 8.08 3.47 7.17 3.06 -0.91* 

Avg Age 62.82 3.67 42.25 82.33 62.89 3.41 61.94 5.98 -0.96* 

Avg Educ 17.22 0.63 16 19.8 17.24 0.62 16.94 0.59 -0.30* 

Avg Exper 12.66 4.83 0 65 12.62 4.20 13.18 9.69 0.09 

Env Com 0.19 0.39 0 1 0.19 0.39 0.05 0.23 -0.14* 

CEO fem 0.02 0.12 0 1 0.02 0.13 - - - 

Networks 268.9 227.87 1.25 1946.6 279.04 230.94 143.81 132.75 -135.22* 

Firm Size 50.59 128.88 0.05 2300 53.75 133.36 11.47 19.98 -42.28* 

MValue 41.82 90.92 0.06 1966.1 44.54 94.13 9.53 9.48 -35.01* 

Table 2 presents descriptive statistics for the full sample and the sub-samples of boards with women and without 

women. For each variable, the difference in means between the sub-samples (using two-sample t-tests assuming 

independent samples and equal variances) are reported in the last column. *Denotes statistical significance at the 1% 

level. Refer to Table 1 for the definitions of the variables.  
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Analysis of the full sample shows that, on average, board executives possess high qualifications 

and significant corporate experience. The average age of around 62 years reflects the required 

level of professional background for board positions in our sample. Regarding board 

composition, the average board consists of approximately 11 directors, with an average of 2.23 

women serving on these boards and 15% of members from different nationalities. Boards hold 

approximately 8 meetings per year. When examining environmental governance, only 19% of 

boards have a dedicated committee addressing sustainability issues. The mean scores are 

around 50, with slightly higher overall ESG scores than those for the Environmental pillar, 

where higher scores indicate better evaluations of a company’s ESG or environmental 

performance. 

In terms of differences between boards with and without women, a notable and significant gap 

is observed in the two analyzed scores, particularly in the environmental pillar, where boards 

without female representation score 34.19 points lower than those with at least one woman. It 

is also important to note that boards without women are less likely to have an environmental 

committee, with only 5% having one. These boards are typically smaller, associated with 

smaller firms, and tend to have lower profitability. Additionally, the directors on these boards 

have, on average, fewer network connections compared to their counterparts on boards with at 

least one woman. They also exhibit lower cultural diversity, with a smaller proportion of 

members from different nationalities, and schedule fewer annual meetings, suggesting less 

engagement in governance activities. When analyzing sectoral differences, Table A in the 

Appendix, which presents the sectoral composition of the boards, shows that companies in 

sectors such as Consumer Staples, Healthcare, Financials, and Utilities are more likely to have 

women on their boards. In contrast, boards without female representation are more commonly 

found in the Industrial and Information Technology sectors. 

Table B in the Appendix presents the correlation matrix for all quantitative variables in the 

study. Given the construction of the indices and the fact that the Environmental Pillar is part of 

the overall ESG score, we observe a strong positive correlation between these two indicators. 

Additionally, both scores exhibit a positive correlation above 0.4 with the number of women 

on the board. There are no concerns regarding multicollinearity among the explanatory 

variables, as all have a VIF below 1.38, with an overall mean VIF of 1.248. Lastly, the size of 

the board, the overall size of the company, and the average number of network connections 

 
8 Multicollinearity is generally considered problematic when the VIF exceeds 10, a widely accepted threshold in 

econometric analysis (O’Brien, 2007) 
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among board members also appear to be important factors influencing the environmental 

indicators. 

To better understand how the variables of interest have evolved over time, Figure 1 illustrates 

the trends in the number of women on boards and the Environmental Pillar Score for each fiscal 

year from 2010 to 2020. To facilitate comparison between the two time series, the values have 

been standardized to range from 0 to 1.   

 
Fig. 1. Environmental Score and Women on Board by year. The Y-axis shows the standardised values and 

the X-axis represents the years. The figure shows the Environmental Score (dashed line) and the number of 

female directors on the board (bold line) over the period 2010-2020, and is based on S&P 500 firms. 

 

Both series clearly show an upward trend over the decade studied, with the Environmental 

Score exhibiting more notable fluctuations. In absolute terms, the average number of women 

on boards has doubled over the 10-year period, rising from 1.6 in 2010 to 3.2 in 2020, with 

steady growth throughout. In contrast, the Environmental Score saw more substantial growth 

in the final three years of the period, increasing by approximately 25% from 2018 to 2020-

equivalent to the growth observed from 2010 to 2017. 

Figure B in the Appendix compares the Environmental Score for boards with at least one 

female director to those without any female directors. In each year, boards with female directors 

consistently show higher Environmental Scores, and this difference remains relatively stable 

throughout the study period. 

The descriptive analysis presented in this section highlights structural differences between 

firms with and without female board representation, particularly in size, industry, cultural 

diversity and environmental commitment. However, these correlations do not establish 

causality, underscoring the endogeneity issue in identifying the impact of board gender 
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diversity on corporate environmental performance. This reinforces the need for rigorous 

econometric methods, such as IV or DID, which we address in the next section. 

 

4. Board Gender Composition and Environmental Outcomes 

This section presents the main results of our empirical analysis. We explore the relationship 

between board gender diversity and corporate environmental performance using different 

econometric approaches. We first apply traditional estimation methods (OLS and IV) before 

employing staggered DID and honest DID, which offer a more rigorous causal identification 

strategy. This sequential approach allows us to critically assess the reliability of previous 

findings and question whether the observed associations truly reflect causal effects. 

 

4.1 OLS Estimates and Robustness Checks 

 

To assess whether our findings align with prior literature, we begin by estimating the 

association between board gender diversity and environmental performance using OLS 

regressions. While commonly employed in corporate governance research, these methods have 

well-known limitations in identifying causal effects. To strengthen the analysis, we also 

conduct a battery of robustness checks and placebo tests. However, despite their growing 

popularity, these complementary strategies may still fail to account for important sources of 

endogeneity and thus risk reinforcing misleading conclusions.  

To quantify the impact of women on board on firms’ environmental outcomes, we consider an 

equation for board 𝑖 in year 𝑡 as follows:  

 

                                   𝐸𝑛𝑣𝑆𝑐𝑜𝑟𝑒𝑖,𝑡+1 = 𝛾𝑊𝑜𝐵𝑖,𝑡 + 𝛽𝑋𝑖,𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡                                  (1) 

 

where 𝐸𝑛𝑣𝑆𝑐𝑜𝑟𝑒𝑖𝑡 is the Environmental Score of board 𝑖 in year 𝑡 —We use the leading 

dependent variable because board characteristics take time to influence corporate policies — 

thus, the impact of gender diversity is unlikely to be immediate; 𝑊𝑜𝐵𝑖,𝑡 is the number of 

females on board 𝑖 in year 𝑡;  𝑋 is a set of observed average characteristics of the board (such 

as size, age, education and tenure) associated with a vector of coefficients 𝛽; 𝜇𝑖  and 𝛿𝑡 

represent board fixed effects and time effects, respectively. Finally, 𝜀𝑖𝑡, is the error term, which 

is assumed to follow a normal distribution.  

The main focus of this study is to estimate the impact of women on board on the environmental 

outcomes of the firm, 𝛾. The key question is to find the most suitable estimation strategy for 
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this context. If 𝜇𝑖 was uncorrelated with 𝑊𝑜𝐵𝑖𝑡, which is conditional on the observed board 

characteristics, 𝛾 can be consistently estimated by OLS applied to Equation (1). However, such 

estimates may suffer endogeneity biases resulting from the omission of unobserved variables 

correlated with the number of females who are part of the boardrooms. More specifically, firm-

level characteristics—such as corporate culture—may simultaneously influence both the 

likelihood of appointing female directors and the firm’s environmental initiatives (Chen et al., 

2017). For example, companies with a stronger commitment to sustainability may be more 

inclined to appoint female directors, making it difficult to isolate the causal effect of WoB. If 

this is the case, the estimation of 𝛾 by OLS will include the true effect as well as the bias factors 

arising from firm heterogeneity. The inclusion of board fixed effects can mitigate these 

concerns or any related to other omitted firm-level characteristics that do not vary over time 

(Adams & Ferreira, 2009), but in our case, including board fixed effects is not feasible, as their 

large number relative to total observations would leave insufficient degrees of freedom for 

estimating other parameters, leading to inflated standard errors and potential multicollinearity. 

Table 3 presents the OLS estimation results using the Environmental Score led by one period 

as the dependent variable. Specification (1) includes only the central independent variable of 

the study, WoB. Specification (2) incorporates relevant corporate governance variables, while 

specification (3) further controls for firm characteristics, industry fixed effects (4-digit GIC 

classification), and year fixed effects. 

The OLS results indicate a positive and statistically significant association between the number 

of women on the board and environmental performance across all specifications9. When 

additional governance and firm-level controls are incorporated, the estimated coefficient on 

WoB decreases slightly but remains significant. These findings hold regardless of whether we 

use the contemporaneous Environmental Score or its lead by two periods. Furthermore, when 

the ESG Score is used as the dependent variable, the effects remain significant at the 1% level, 

though slightly smaller in magnitude (the coefficient of WoB in specification (3) is 5.02). These 

findings align with prior research that has documented a positive relationship between gender-

diverse boards and sustainability outcomes (Byron & Post, 2016; Lu & Herremans, 2019; 

Paolone et al. 2023; Zharfpeykan & Bai 2024). 

 
9 The estimated coefficient in Specification (3) indicates that the addition of one female director is linked to a 

6.04-point increase in the Environmental Score. Considering that the average Environmental Score in our sample 

is 48.73 (as shown in Table 2), this translates to an approximate 12% enhancement in environmental performance 

after the appointment of a female director. 
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The estimated effects of the control variables provide further valuable insights. Firms with 

greater market value and larger size tend to exhibit stronger environmental performance. At 

the board level, larger boards composed of older, more educated members, greater cultural 

diversity, and the presence of an environmental committee are positively associated with 

greener practices. Additionally, both the professional networks of board members and stronger 

monitoring contribute to improved outcomes. Moreover, the increased explanatory power of 

Model 3 highlights industry heterogeneity and supports the inclusion of fixed effects. 

Table 3. Traditional Estimation Results: OLS and IV estimates - Dependent Variable: EnvScore (lead) 

 OLS Estimation IV Estimation: 2nd Stage 

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

WoB 9.699*** 6.921*** 6.038*** 8.001** 5.915** 6.776*** 

 (0.310) (0.344) (0.365) (3.206) (2.928) (2.195) 

Nationality Mix  16.66*** 12.88*** 13.55*** 12.84*** 13.13*** 

  (1.886) (1.931) (2.229) (2.114) (2.034) 

Board Size  1.465*** 1.600*** 1.264** 1.621*** 1.474*** 

  (0.209) (0.202) (0.599) (0.543) (0.436) 

Board Ind  6.751*** 10.87*** 10.73*** 10.88*** 10.82*** 

  (2.207) (2.279) (2.292) (2.281) (2.278) 

Board Meetings  0.236** 0.565*** 0.526*** 0.567*** 0.550*** 

  (0.111) (0.117) (0.132) (0.129) (0.123) 

Avg Age  0.693*** 0.815*** 0.860*** 0.813*** 0.832*** 

  (0.119) (0.119) (0.142) (0.132) (0.127) 

Avg Educ  3.082*** 3.593*** 3.359*** 3.608*** 3.505*** 

  (0.607) (0.600) (0.721) (0.701) (0.662) 

Avg Exper  -0.133 -0.151* -0.105 -0.154 -0.134 

  (0.088) (0.091) (0.119) (0.115) (0.105) 

Env Com  4.816*** 4.073*** 3.270** 4.123*** 3.771*** 

  (0.914) (0.902) (1.576) (1.518) (1.278) 

Networks  0.022*** 0.022*** 0.021*** 0.022*** 0.022*** 

  (0.002) (0.002) (0.003) (0.003) (0.002) 

FirmSize   0.023*** 0.022*** 0.024*** 0.023*** 

   (0.004) (0.005) (0.005) (0.005) 

MValue   0.039*** 0.037*** 0.039*** 0.038*** 

   (0.004) (0.005) (0.005) (0.005) 

Constant 28.61*** -93.52*** -117.4*** -109.1*** -111.5*** -110.5*** 

 (0.785) (12.02) (11.77) (12.53) (12.55) (12.31) 

Industry FE  × × Yes Yes Yes Yes 

Year FE × × Yes Yes Yes Yes 

Observations 4,381 4,381 4,115 4,115 4,115 4,115 

R-squared 0.188 0.285 0.406 0.401 0.406 0.405 

Table 3 reports the OLS and IV estimates. Columns (1)–(3) show OLS regressions with varying control variables and 

fixed effects. Columns (4)–(6) present the second-stage IV results, using different instruments: relative exposure of male 

directors to female peers outside their own board (Column 4), the female-to-male participation ratio (Column 5), and both 

instruments combined (Column 6). Robust standard errors are shown in parentheses. Statistical significance is denoted 

by ***, **, and * for the 1%, 5%, and 10% levels, respectively. Variable definitions are in Table 1. 
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To demonstrate that even robustness tests and placebo tests, which have become increasingly 

popular in quantitative research (i.e. Eggers et al. 2024), cannot always be considered reliable 

strategies for validating results-particularly in contexts with severe endogeneity and reverse 

causality concerns- we perform a series of robustness tests that are commonly used in the 

literature (Harjoto et al. 2019; Atif et al. 2021; Tunyi et al 2023; Harakeh et al. 2023). The 

results can be found in Table C in the Appendix. Regresion (1) excludes from the sample boards 

with a female CEO; (2) replaces WoB by the number of female independent directors (3) 

employs the ratio of women on the board in relation to its size (Gender Ratio) instead of the 

absolute WoB as the independent variable; (4) replaces WoB by the Blau Index, regularly used 

in the literature (He & Jiang, 2019) as a measure of gender diversity10, which ranges from 0 

(no diversity) to 1 (maximum diversity); (5) substitutes WoB with the number of men on board 

(MoB). Finally, (6) is a placebo test assigning a falsified WoB for each firm. More specifically, 

we randomly assign to each board-year observation a value between 0 and 8 to resemble the 

proportions for each segment in the original variable WoB.  

Regressions (1) through (4) show that the OLS estimated coefficient remains robust across 

different specifications. Additionally, both the coefficient of MoB and the coefficient of the 

falsified WoB in Regressions (5) and (6) are not statistically significant, suggesting that the 

baseline results are not purely driven by random variation. However, given the inherent 

limitations of OLS, robustness tests, and placebo assignments in this context, these results do 

not eliminate concerns of endogeneity and reverse causality. Instead, they reinforce the need 

for more rigorous causal identification strategies, which we address in subsequent sections 

using IV and DID methodologies. 

  4.2. IV Estimates 

To address endogeneity concerns, we employ IV estimation, which leverages exogenous 

variation in board gender diversity to improve causal identification. We use two instrumental 

variables as a source of exogenous variation in WoBs. The chosen instruments must be 

correlated with the proportion of women directors on the board but remain exogenous to the 

firm's environmental performance, conditional on the observed board characteristics. 

 
10 It was calculated as 1- ⅀Pi2, where P is the proportion of individuals in a category (fraction of female and male 

directors), and i is the number of categories (two in this case) (Blau, 1977). This index takes into account both the 

number of gender categories and the evenness of the distribution of board members among them. 
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To construct the first instrument, we build on Adams & Ferreira (2009), who argue that one 

barrier to female board appointments is their limited network connections. They hypothesize 

that male directors with greater exposure to female colleagues are more likely to facilitate the 

appointment of women to their own boards. Their proposed instrument measures the fraction 

of male directors on a board who also serve on other boards with at least one female director, 

an approach later adopted by Levi et al. (2014) and Chen et al. (2017). 

Following this rationale, we refine this instrumental variable by computing, at the board level, 

the average relative connections of male directors to female directors, excluding connections 

within their own board. Specifically, for each male director in each year, we calculate the 

proportion of their total connections that are with female directors outside their current board, 

then aggregate these values at the board level. 

Our instrument improves upon existing measures (Adams & Ferreira, 2009) in two key ways. 

First, it strengthens the exogeneity condition by incorporating connections beyond corporate 

boards, such as professional associations and educational institutions, reducing potential 

correlation with environmental performance. Second, it accounts for the extent of exposure, 

distinguishing between male directors with a single female connection and those with multiple 

board-level interactions with women. This enhancement provides a more precise proxy for the 

influence of male directors' networks on female board appointments. 

The second instrument follows Chen et al. (2017) and exploits variation in the female-to-male 

labor force participation ratio at the state level. The argument is that firms headquartered in 

states with a higher ratio of female-to-male labor force participation are expected to have 

greater access to qualified female board candidates, increasing the probability of appointing 

women to boards. Accordingly, firms headquartered in these states are expected to have a 

higher proportion of female directors. Using data from the U.S. Census Bureau, we construct 

this instrument as the ratio of female-to-male labor force participation in the state where the 

firm is headquartered11. We find that both instruments are positively and significantly 

correlated with the number of females on board12.  

 
11 The female (male) participation ratio is determined as the percentage of the non-institutional female (male) 

population in the civilian workforce 
12 To validate the first instrument and strengthen the robustness of our approach, we replicate Adams & Ferreira 

(2009)’s IV using our sample. The correlation between the replicated IV and WoB is 0.24, while our proposed 

instrument exhibits a stronger correlation of 0.33 with WoB. 
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Returning to the technical details, we estimate Equation (1) together with the following first-

stage equation, in a two-stage least squares (2SLS) framework: 

 

                                         𝑊𝑜𝐵𝑖,𝑡 = 𝛼0𝐼𝑉𝑖,𝑡 + 𝛼1𝑋𝑖,𝑡+𝜇𝑖 + 𝛿𝑡 + 𝑣𝑖𝑡                                      (2) 

 

where WoB is replaced in Equation (1) by the predicted values resulting from the OLS model 

that estimates Equation (2), separately for each of the instruments. Table D in the Appendix 

presents the first-stage regression results where the dependent variable is number of women on 

board. Table 3 reports the second-stage IV regression results where each column corresponds 

to one of the instruments previously defined – (4) uses male directors’ exposure to women, (5) 

the female to male participation ratio and (6) includes both instruments.  

The IV estimates yield similar coefficients for WoB compared to the OLS estimates with Fixed 

Effects (specification (3) in Table 3) and they remain statistically significant. The results of the 

second stage are very similar regardless of the instrument used, although the coefficient is more 

significant using the first instrumental variable. Indeed, the results remain unchanged when 

using both instruments simultaneously. Furthermore, the Sargan overidentification test (Chi-

sq(1) P-val = 0.9793) indicates that the instruments are valid, i.e., uncorrelated with the error 

term.  

The results of the first stage (Table D in the Appendix) indicate that both instruments used (the 

exposure of male directors to women and the female to male participation ratio) indeed have a 

highly significant predictive power for the number of females on board, even after netting out 

the impacts of other included explanatory variables and fixed effects. 

The credibility of these findings depends on the validity of the instrumental variables used in 

the estimation. Regarding the relevance condition, Stock et al. (2002) suggest that an 

instrument is considered weak if the F-statistic falls below 10. In our analysis, the F-statistics 

for both instruments exceed this threshold, indicating strong instrument relevance. However, 

the exclusion restriction remains a more challenging assumption, requiring that the instruments 

influence environmental performance only through their effect on board gender composition. 

This assumption is inherently untestable. Moreover, even if these instruments mitigate some 

endogeneity concerns, they do not fully eliminate potential omitted variable bias or dynamic 

selection effects. 
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These findings are consistent with previous literature, where similar IV approaches have also 

identified a positive relationship between board gender diversity and environmental 

performance. Prior studies have similarly confirmed the strength of these instruments under the 

relevance condition. However, the exclusion restriction remains a critical concern, highlighting 

the need for further robustness analysis to ensure the reliability of this relationship. 

    4.3. Staggered DID and Honest DID 

A critical contribution of this study is the rigorous reassessment of the assumed causal 

relationship between board gender diversity and corporate environmental performance. To 

address endogeneity concerns and enhance the robustness of our findings, we implement a 

Staggered DID methodology, which represents a significant methodological improvement over 

conventional approaches. Furthermore, we apply the Honest DID framework to validate the 

parallel trends assumption and ensure the reliability of our inferences. 

   4.3.1 Staggered DID 

 

Traditional DID models compare the outcomes for two similar groups with and without the 

treatment but that would otherwise be subject to similar influence from the trending variables. 

Therefore, it increases the likelihood that any difference in the changes in outcomes before and 

after the treatment between the two groups is due to the impact of the treatment rather than the 

difference between the two groups prior to treatment. The drawback of the traditional DID 

approach is the assumption of a uniform treatment time across all units.  

More aligned with the context of our study, the staggered DID approach (Chaisemartin & D’ 

Haultfœuille (2022), Callaway & Sant’Anna (2021), Borusyak et al., (2022)) extends the 

traditional DID to allow for the treatment adoption to occur at different points in time. In our 

set up, it allows women to enter the boards for the first time (that is, their transition from control 

to treated) at different points in time. The estimation methodology by Borusyak et al. (2022) 

has sizable advantages over alternative robust estimators, such as Chaisemartin & D’ 

Haultfœuille (2022) or Callaway & Sant’Anna (2021); firstly, in this framework, random 

sampling is not required, and the standard errors are efficient even in the case of 

heteroscedasticity and serial correlation of error terms. 

In practice, to carry out this methodology, the analysis sample must contain only companies in 

which we can observe the transition from having no women (control) to having one or more 
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(treatment). Therefore, we need to exclude from the sample those companies that already had 

at least one woman in 2010. Once the company becomes part of the treated group, it remains 

so throughout the entire period. Another difference of this methodology from traditional DID 

is that, in addition to the never-treated, in each period it uses those that have not yet been treated 

as the control group13. Since this DID analysis does not allow for treatment decay, we further 

eliminate those in which women leave the board at any time after being treated (these represent 

only 3.6% of the treated). We end up with a sample of 882 panel observations for 84 companies, 

of which 81 become treated at some point after 2010, and 3 were never-treated. Based on this 

sample we estimate the following two panel regressions:  

 

                            𝑆𝑡𝑎𝑡𝑖𝑐:      𝐸𝑛𝑣𝑆𝑐𝑜𝑟𝑒𝑖,𝑡 = 𝜏𝑠𝑡𝑎𝑡𝑖𝑐𝐷𝑖,𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡                        (3) 

                      𝐷𝑦𝑛𝑎𝑚𝑖𝑐:      𝐸𝑛𝑣𝑆𝑐𝑜𝑟𝑒𝑖,𝑡 = ∑ 𝜏ℎ
𝑏
ℎ=−𝑎 1[𝐾𝑖,𝑡 = ℎ] + 𝜇𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡            (4) 

 

Equation (3) corresponds to the static specification, where 𝐷𝑖,𝑡 is an indicator variable that 

equals one when at least one woman joins the board in period t, and 0 otherwise. It includes a 

single treatment indicator with 𝜏𝑠𝑡𝑎𝑡𝑖𝑐  capturing the Average Treatment Effect (ATE). The 

static model presents limitations when there are few never-treated units as in the case of our 

study. Therefore, we additionally use the dynamic specification provided by equation (4), 

where the set 1[𝐾𝑖,𝑡 = ℎ] captures the lead/lag indicator variables tracking the number of years 

𝐾𝑖,𝑡 = 𝑡 − 𝐸𝑖 since the year when at least one woman joins the board,  𝐸𝑖. The treatment effects 

for each horizon as well as the pre-trend coefficients are captured by 𝜏ℎ. The constants in the 

sum refer to the periods pre- and post-treatment included (𝑎 ≥ 0, 𝑏 ≥ 0). 

The estimation of the static DID specification in equation (3) results in an ATE of 11.07 

(significant at the 1% level).  The effect appears to be of high magnitude compared to the IV 

results, which suggests a potential bias that could be partially attributed to the limited number 

of boards that are never-treated in our sample.  

Moreover, the results from the staggered DID dynamic imputation are pesented in Table 4. 

This table reports estimates of the response of Environmental Scores and pre-trend coefficients, 

using specification (4) with a = b = 6. For better visual inspection, Figure 2 plots the estimated 

𝜏ℎ from Table 4. Together with the point estimates, 95% confidence intervals are shown using 

standard errors clustered by board. 

 
13 Figure C in the Appendix shows the frequencies of treated and control board-observations by year. 
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Table 4. DID Dynamic Imputation Results 

 Pre-Treatment Coefficients Post-Treatment Coefficients 

Horizon (𝒉) 𝝉−𝒉 Std. Error 𝝉𝒉 Std. Error 

0   2.670** 1.058 

1 3.494* 1.799 5.348*** 1.541 

2 0.842 1.747 9.385*** 1.988 

3 -1.433 1.951 14.128*** 2.510 

4 -2.109 2.250 14.885*** 2.899 

5 -1.126 1.913 17.645*** 3.214 

6 -1.593 1.854 17.410*** 3.398 

This table presents the Staggered DID imputation results based on 882 panel observations. It reports 

pre-treatment and post-treatment effects of female board entry, along with standard errors, for each 

period. Statistical significance is denoted by ***, **, and * for the 1%, 5%, and 10% levels, 

respectively. 

 

 

Figure 2. Staggered DID on Women Entrance – Dynamic Specification and Pre-trends. The Y-axis 

displays changes in the Environmental Score, while the X-axis indicates periods relative to the 

treatment, with the event horizon set to 6. Pre-treatment effects (squares) and post-treatment effects 

(circles) are shown for each period, along with 95% confidence intervals (bands). 
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The DID dynamic specification results indicate positive and significant effects in all post-

treatment periods, with the period immediately following treatment exhibiting a magnitude of 

5.35 (significant at the 1% level), translating into an approximate 11% increase in 

Environmental Scores. However, a crucial finding emerges when examining the pre-treatment 

coefficients. While most of them remain statistically non-significant, the period immediately 

preceding treatment shows a significant and positive coefficient (3.49), highlighting a clear 

upward trend in environmental performance before the appointment of female directors. This 

pattern strongly suggests that firms were already on a trajectory of improving sustainability 

practices before incorporating women into their boards. 

4.3.2 Honest DID 

To further assess whether this trend would have persisted without treatment, we conducted an 

Honest DID analysis following the methodology of Rambachan & Roth (2023). This approach 

enabled us to construct a counterfactual scenario that reflects the likely trajectory of 

environmental scores in the absence of female board appointments. Figure 3 visually illustrates 

the robustness of the Honest DID analysis.  

(A) Honest DID M = 0.05 (B) Extrapollation Parallel Trend 

  

Figure 3. Honest DID - M and Extrapolation Coefficient Parallel Trend. Panel A presents the maximum pre-

treatment deviation (M=0.05) that would still allow the post-treatment coefficient to remain significant. 

Panel B shows the extrapolation of the parallel trend in the absence of treatment 

 

  

Panel A presents the maximum pre-treatment deviation (M=0.05) that would still allow the 

post-treatment coefficient to remain significant. This means that, even if environmental 

performance had deviated by 5% more in the pre-treatment period, the post-treatment effect 
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would still hold. This highlights the sensitivity of the results and provides a threshold for 

potential deviations. Panel B shows the extrapolation of the parallel trend in the absence of 

treatment, where the estimated environmental score trajectory follows a steady increase even 

before the appointment of women to corporate boards. The extrapolated post-treatment trend 

aligns closely with the actual observed values, suggesting that the environmental improvements 

would have likely occurred regardless of board gender composition.  

Numerically, the minimal gap between the extrapolated and actual environmental scores in the 

post-treatment period reinforces the argument that the observed association between board 

gender diversity and environmental performance is not causal. Instead, the findings suggest 

that firms were already engaging in sustainability initiatives before appointing female directors. 

These results challenge previous interpretations that link gender-diverse boards to 

environmental improvements and highlight the need to account for pre-existing corporate 

sustainability commitments when analyzing the impact of board composition on environmental 

outcomes. 

We conducted additional tests to assess the robustness of our findings. Specifically, we 

replicated the DID analysis using the overall ESG Score (see Appendix – Figure D). To rule 

out the possibility that our results are driven by firms already signaling environmental 

commitment, we excluded from the sample those corporations that had established an 

environmental committee prior to the appointment of female directors. Across all 

specifications, the estimates consistently indicate a violation of the parallel trends assumption 

during the pre-treatment period. Furthermore, the treatment effects are not significantly 

different from zero when projecting the post-treatment trend via linear extrapolation of the pre-

treatment trajectory. Taken together, these results suggest that firms begin adopting greener 

practices before appointing women to their boards. Thus, the observed correlation between 

board gender diversity and environmental outcomes may not reflect a causal relationship, but 

rather concurrent developments within broader environmental and diversity strategies. 

Finally, given that the original treatment group is relatively small—limited to firms that move 

from zero to one woman on the board—it could be argued that, during the analysis period, 

firms without any female directors are not representative of the broader population. To address 

this concern and ensure that our DID results are not driven by sample composition, we conduct 

an additional robustness check using an alternative treatment definition. Specifically, we 

redefine treated firms as those transitioning from one female director to more than one. This 
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broader definition increases the number of treated observations to 2,326 panel entries, 

representing over half of the firms included in the OLS and IV analyses. Figure E in the 

Appendix presents the results of this alternative DID specification. The pre-trend results are 

even more pronounced—although also less precise, as indicated by wider confidence intervals. 

All pre-treatment periods are now significantly different from zero, reinforcing the evidence 

that environmental improvements precede the increase in board gender diversity. Post-

treatment effects, by contrast, show no significant changes, further supporting the interpretation 

that the entry of additional women on the board does not drive subsequent improvements in 

environmental performance. 

To shed light on the strong pre-treatment trend observed in our estimates, we investigate 

whether the creation of environmental committees might be driving the upward trajectory in 

environmental performance prior to the appointment of female board members. However, our 

data do not support this explanation. Among the firms in our sample, environmental 

committees are rarely established before the entry of women into the board. In most cases, the 

creation of such committees coincides with or occurs after the appointment of the first or 

second female director. This suggests that the rise in environmental scores preceding female 

board appointments is unlikely to be explained by formal governance structures alone. 

Interestingly, when environmental committees are present, they consistently include female 

directors, who often constitute the majority of their members. This observation reinforces the 

idea that women play a central role in shaping firms’ sustainability agendas once on the board, 

but it also underscores that their presence is not the initial trigger for firms' environmental 

improvements. 

Several alternative explanations may account for the pre-trend. First, it is possible that firms 

undergoing a broader strategic shift toward sustainability—driven by stakeholder pressure, 

reputational concerns, or ESG-focused investor engagement—simultaneously enhance their 

environmental practices and diversify their boards as part of a coordinated effort to align with 

evolving governance norms. Second, companies anticipating future regulatory or market 

expectations may proactively adjust both their environmental and governance profiles. Lastly, 

it is plausible that firms with improving environmental performance become more attractive to 

female candidates, thereby endogenously linking sustainability progress with board gender 

diversity. Investigating these potential mechanisms represents a promising avenue for future 
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research, particularly to disentangle whether board diversification acts as a signal, a 

consequence, or a facilitator of sustainability-oriented strategies. 

In conclusion, this study underscores the importance of applying rigorous causal identification 

methods when evaluating corporate governance practices. Policymakers and practitioners 

should be cautious when advocating for board gender diversity as a direct mechanism for 

improving corporate environmental performance. While diversity remains an essential 

governance objective, its role in shaping sustainability outcomes may be more reflective of 

underlying firm characteristics rather than a causal driver of change. By leveraging advanced 

econometric methodologies, this research contributes to a more nuanced understanding of the 

intersection between gender diversity and corporate sustainability, highlighting the importance 

of robust causal inference in empirical corporate finance studies. 

 5. Discussion and Conclusion  

 

This study reassesses the assumed causal link between gender diversity on corporate boards 

and firms' environmental performance using a comprehensive dataset of S&P 500 companies 

from 2010 to 2020. Unlike prior research that suggests a positive impact of female board 

representation on corporate sustainability outcomes, our findings challenge this notion by 

demonstrating that environmental improvements often precede the appointment of women to 

boards. 

By employing a rigorous empirical framework—including OLS, IV, staggered DID, and 

Honest DID—our analysis provides robust evidence that the observed correlation between 

board gender diversity and environmental performance does not imply causation. Instead, our 

results indicate that firms already engaged in sustainability strategies are more likely to appoint 

female directors, suggesting that corporate environmental commitment and board gender 

diversity evolve concurrently rather than through a direct causal link. 

Our findings have significant policy implications, particularly for initiatives that promote 

gender diversity on corporate boards as a mechanism to enhance firms' environmental 

responsibility. While increasing female representation in corporate leadership remains a critical 

governance goal, justifying such policies primarily on environmental grounds may be 

misguided. Regulatory efforts that mandate gender quotas with the expectation of driving 

sustainability outcomes should reconsider their underlying assumptions. Instead, policies 

aimed at improving corporate environmental performance should focus on strengthening 
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sustainability incentives, regulatory frameworks, and stakeholder engagement mechanisms 

rather than relying on board composition alone. 

Instead, effective regulatory interventions should prioritize direct mechanisms that incentivize 

firms to adopt sustainable practices. These include linking executive compensation to 

environmental targets, enforcing standardized ESG disclosure frameworks, mandating third-

party sustainability audits, and leveraging market-based instruments such as green bonds and 

carbon pricing. Strengthening stakeholder engagement and shareholder activism can also drive 

corporate accountability for environmental commitments. By focusing on these targeted 

strategies, policymakers can enhance corporate sustainability outcomes without relying on 

indirect governance mechanisms such as board diversity mandates. This does not imply that 

gender diversity on boards is irrelevant; rather, its value lies in improving governance, 

decision-making quality, and stakeholder representation, rather than directly driving corporate 

sustainability outcomes. Policymakers should therefore ensure that diversity-promoting 

regulations are grounded in governance and equity rationales rather than presumed 

environmental benefits that lack robust causal support. 

We advocate for continued research into the mechanisms through which board composition 

affects corporate behavior and outcomes, particularly in the context of sustainability. Future 

research should explore the broader strategic, institutional, and organizational factors that drive 

both trends simultaneously. One key avenue for further investigation is understanding the 

mechanisms through which board members—regardless of gender—contribute to 

sustainability strategies. If gender-diverse boards do play a role in shaping environmental 

policies, it is crucial to determine whether this influence operates through enhanced stakeholder 

engagement, stronger corporate governance, or shifts in long-term strategic planning. 

Investigating these channels would provide a more nuanced perspective on how board 

dynamics affect sustainability efforts rather than merely focusing on compositional diversity. 

Additionally, research should explore the characteristics of firms that both improve 

environmental performance and appoint female directors. If sustainability-oriented companies 

are more likely to pursue diverse leadership as part of a broader ESG strategy, this would 

suggest that board diversity may be a consequence rather than a cause of sustainability efforts. 

A related question is whether female appointments trigger a self-reinforcing dynamic, whereby 

the visibility of prior findings linking gender diversity and environmental performance 

encourages firms to further engage with both. Initial appointments – potentially motivated by 
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governance or reputational concerns—could help strengthen internal sustainability agendas. 

Investigating whether such dynamics arise endogenously or in response to external pressures 

could shed light on the longer-term effects of board composition on corporate behavior. 

Finally, the role of institutional and market-driven forces—such as regulatory frameworks, 

investor expectations, and societal shifts—deserves greater attention. Future studies should 

examine how firms respond to ESG-driven institutional demands and whether gender diversity 

on boards emerges as part of a broader adaptation to these conditions rather than as an 

independent determinant of environmental performance. By shifting the research focus towards 

these underlying mechanisms, scholars can contribute to a more rigorous and policy-relevant 

understanding of corporate governance and sustainability. 
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APPENDIX 

 

Figure A. Distribution of Environmental Scores.  

This figure displays the distribution of firms' Environmental Scores based on the full sample. The 

histogram shows the empirical density, while the smoothed line represents a kernel density estimate. 

The distribution is right-skewed, with most observations concentrated between 40 and 85. 

 

Table A 

Industry composition (GIC Two-digit) - frequencies 

 Full Sample With WoB Without WoB 

Energy 4.91 4.85 5.65 

Materials 5.35 5.53 3.23 

Industrial 13.27 12.76 19.62 

Consumer Discretionary 11.35 11.01 15.59 

Consumer Staples 7.03 7.30 3.76 

Health Care 12.57 13.02 6.99 

Financials 13.62 14.66 0.81 

Information Technology 14.73 13.85 25.54 

Communication 4.53 4.11 9.68 

Utilities 6.28 6.79 0 

Real Estate 6.36 6.14 9.14 

This table reports the industry distribution of firms in the full sample, as well as separately 

for firms with and without female board representation (WoB). Industry classification is 

based on the Global Industry Classification Standard (GICS) at the two-digit level. The 

percentages reflect the share of firms in each industry category. 
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Figure B. Average Environmental Scores Over Time by Board Gender Diversity. 

This figure displays the average Environmental Score of firms with and without women on boards (WoB) 

from 2010 to 2020, as well as for the full sample. The Y-axis reports the Environmental Score, and the X-

axis represents the year. Solid bars correspond to firms without female board members, while hatched bars 

represent firms with at least one woman on the board. 

 

 

 
Figure C. Annual Distribution of Treated and Control Firms. 

This figure shows the frequency distribution of treated and control firms by year, from 2011 to 2020. The 

Y-axis indicates the number of observations per group, while the X-axis represents the year. Solid bars 

correspond to treated firms—those that appointed a female director—whereas hatched bars indicate control 

firms, which did not experience board gender changes during the same period. 
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Table B  

Correlation Matrix 

 Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. ESG Score 1               

2. Env Score 0.862* 1               

3. WoB 0.497* 0.439* 1              

4. Nationality Mix 0.157* 0.167* 0.060* 1            

5. Board Size 0.285* 0.334* 0.434* 0.103* 1            

6. Board Ind 0.139* 0.104* 0.131* 0.026 0.081* 1           

7. Board Meetings 0.115* 0.145* 0.162* 0.055* 0.149* 0.019 1         

8. Avg Age 0.076* 0.056* -0.021 -0.149* 0.101* 0.040* 0.003 1         

9. Avg Educ 0.137* 0.143* 0.049* 0.119* 0.025 0.056* 0.039* 0.030* 1        

10. Avg Exper 0.056* 0.063* -0.034 -0.051 0.097* -0.007 -0.050 0.402* -0.019 1       

11. Env Com 0.190* 0.193* 0.191* 0.074* 0.125* 0.019 0.128* 0.043* 0.150* -0.015 1      

12. CEO fem 0.073* 0.068* 0.154* -0.026 0.055* 0.016 0.023 -0.026 0.010 0.001 0.024 1     

13. Networks 0.256* 0.268* 0.163* 0.117* 0.159* 0.018 0.112* -0.089* 0.169* -0.057 0.098* 0.047* 1    

14. Firm Size 0.227* 0.232* 0.185* 0.039 0.185* -0.020 -0.003 -0.067* 0.008 0.017 -0.006 0.034 0.134* 1  

15. MValue 0.270* 0.259* 0.208* 0.086* 0.137* 0.024 0.020 -0.014 0.098* -0.006 0.015 0.002 0.189* 0.346* 1 

This table present the pairwise correlations with  𝑛 =  4,508 ; Statistical significance is indicated by * at the 5% level. Refer to Table 1 for the definition of the variables.  
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Table C 

Robustness and Placebo Tests – Dependent Variable: EnvScore (lead) 

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

WoB  5.983***      

 (0.375)      

WoB Independent  5.932***     

  (0.387)     

Gender Ratio   0.543***    

   (0.038)    

Blau Index    62.109***   

    (3.122)   

MoB     0.203  

     (0.226)  

Falsified WoB      0.125 

      (0.229) 

Controls Yes Yes Yes Yes Yes Yes 

Industry FE (4 dig) Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes 

Observations 4,054 4,115 4,115 4,115 4,115 4,115 

R-squared 0.406 0.397 0.396 0.419 0.366 0.365 

This table reports the OLS estimation results of a series of robustness and placebo tests using specification (3) 

from Table 3 as the baseline model. Robust standard errors are shown in parentheses, and significance level is 

indicated by *** for the 1%  level. For brevity, only the coefficients of the main independent variable in each 

specification are reported. Column (1) excludes female CEOs from the sample. Columns (2) to (4) replace the 

WoB variable with, respectively, the number of independent female directors, the gender ratio, and the Blau Index. 

Column (5) uses the number of men on the board (MoB) instead of WoB. Column (6) presents a placebo test that 

randomly assigns the number of female directors across firms. 

 

 
Table D 

IV Estimation Results – First-Stage 

 Dependent Variable: Women on Board (WoB) 

Instrumental Variable (1) (2) (3) 

Exposure of male directors to females 1.914***  1.832*** 

 (0.273)  (0.272) 

Female to Male participation ratio  4.860*** 4.713*** 

  (0.586) (0.590) 

Controls Yes Yes Yes 

Industry FE (4dig) Yes Yes Yes 

Year FE Yes Yes Yes 

Observations 4,115 4,115 4,115 

Cragg-Donald (CD) Wald F-statistic 48.84 68.98 57.55 

Stock and Yogo weak ID test critical values 

at 10% IV size 

16.38 16.38 19.93 

J-statistic for overidentification - - 0.582 

Table D presents the first-stage IV results, where the dependent variable is the number of females on the 

board (WoB). All models include the same controls and fixed effects as in specification (3) of Table 3. For 

brevity, the estimated coefficients of control variables are not reported. Column (1) instruments WoB with 

male directors' exposure to female peers, Column (2) uses the Female-to-Male participation ratio, and 

Column (3) combines both instruments. Robust standard errors are in parentheses, and statistical 

significance is indicated by ***, **, and * at the 1%, 5%, and 10% levels, respectively. 
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Figure D. Staggered DID on Women Entrance Dynamic Specification. The Y-axis displays changes in the 

ESG Score, while the X-axis indicates periods relative to the treatment, with the event horizon set to 6. Pre-

treatment effects (squares) and post-treatment effects (circles) are shown for each period, along with 95% 

confidence intervals (bands). 

 

 

Figure E. Staggered DID Alternative Treatment Definition Dynamic Specification. 

This figure presents the dynamic DID estimates using an alternative treatment definition: firms that transition 

from one to more than one woman on the board. The Y-axis shows changes in the Environmental Score, and 

the X-axis plots the event time relative to the year of treatment (year 0). Pre-treatment coefficients (squares) 

and post-treatment effects (circles) are shown for each period along with 95% confidence intervals (bands). 
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