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The automotive industry is set to face a series of fundamental changes in the following years. Along with the transition to electric vehicles or production of autonomous cars, companies are also expected to better address sustainability issues, usually divided into environmental, social and governance (ESG) aspects. The present paper aims to explore the relationship between non-financial sustainability, measured by ESG scores, and firm value in the automotive industry, where empirical evidence is scarce. A structural equation modelling (SEM) approach has been taken on a novel dataset of 131 listed companies worldwide across 6 years. Our results indicate a mixed influence of the E, S, G scores on firm value in the analyzed period, with some inconclusive effects, especially from the social score. The findings are beneficial for investors, fund managers and automotive companies’ executives. Further research directions are also provided.
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1 INTRODUCTION
In a very recent study, elaborated for McKinsey consulting company, Perez et al. (2022), state that companies will have to address their externalities if they want to maintain their social license.
The United Nations Principles for Responsible Investment recommends investors to consider ESG issues when evaluating companies for prospective financial investments.
However, the rate at which the social license translates into companies’ economic and financial sustainability was slowed down by different factors, including the reservations the financial investors still have in setting their investment decisions based on ESG scores, the impact of the COVID-19 pandemic, the war in Ukraine. Nevertheless, there are factors which most likely will accelerate the process, such as the global climate changes and the social unrests generated by the world-wide two-digits inflation rate.
In the last 10 years a significant number of papers approached the connection between ESG and company performances (via ROA—return on assets, ROE—return on equity and ROCE—return on capital employed), respectively between ESG and market values (most often Tobin’s Q or company value) using regressions or other statistical instruments for sectors as energy, pharmaceutical, tourism. To our best knowledge there is no research as to date to study the automotive industry using structural equation modelling (SEM).
This paper has a two-fold target: to check how the relation between ESG and company value is significant for the automotive industry, one of the most dynamic and relevant sectors of the global economy (since the literature review presents several opposite points of view regarding the influence ESG has or not upon market value of the companies), respectively how does SEM help reveal the specifics of this relation.
To study the impact of ESG scores on financial performance the current paper uses a unique approach, with market value of the company as a measure for the value creating process and an innovative research design for the automotive sector. We find that the environmental pillar is generally associated with products’ emissions level, whereas the social pillar is widely associated with employees’ satisfaction (Lee, Raschke, & Krishen, 2022). The governance component incorporates all aspects related to shareholders, administration and law obedience.
Firstly, the foundation of current research design is represented by structural equation modelling (SEM). The classic SEM usually includes many well-known linear models, such as multivariate regression, ANOVA, path analysis or factor analysis. One of the main benefits is the flexibility and general framework it provides for modelling complex causal mechanisms, which can be done in a unified way. Some other advantages, which are relevant for this article, are the ability to model reciprocal relationships (two-way causation) and the analysis of longitudinal data. This technique is identified in previous research aimed at measuring the impact of corporate social responsibility on firm value (Jitmaneeroj, 2017), ESG compliance on corporate sustainability (Budsaratragoon & Jitmaneeroj, 2021), as well as corporate governance on sustainability reporting (Janggu, Darus, Zain, & Sawani, 2014).
Sun et al. (2022) used the SEM method to examine the impact of COVID-19 pandemics on small and medium enterprises’ business norms and performances in China, through a survey questionnaire. Their findings confirmed the significant impact of COVID-19 on innovative operational procedures, profitability, remote work, and stakeholder satisfaction and safety.
A recent paper of Behl et al. (2022) also uses SEM to measure the impact of ESG scores on firm value. This paper will be used in the Discussion section as a benchmark for the current analysis, as it will allow measuring more precisely the effect of ESG compliance in the automotive sector versus the energy sector.
Secondly, this paper states that each of the three pillars of ESG should be analyzed individually as their impact on company valuation can differ in direction. According to a study of Ionescu et al. (2019), the influence and significance of each pillar fluctuates according to the geographical location of the company at stake as the legislative frameworks have different implications in different markets. Furthermore, among the three pillars, the environmental one is expected to have the largest impact as the potential derived gains for investors are the easiest to understand (Sultana, Zulkifli, & Zainal, 2018).
Thirdly, this research identifies that the link between ESG investments and any variable of interest has to be framed within a specific sector or industry to avoid heterogeneity (Pellegrini, Caruso, & Cifone, 2019). The automotive sector does not benefit of a plethora of studies in the ESG sphere, as for example, the tourism and pharmaceutical sectors.
The rest of the paper is structured as follows: in chapter two there is a literature review, highlighting the main similar research and their findings, chapter three describes the methodology and data used, the fourth presents the results in a detailed manner, whilst the fifth section is dedicated to a discussion of the findings and their significance. The sixth and final section is concerned with the conclusions, policy implications and future lines of research.
2 LITERATURE REVIEW
Research papers focusing on investing decisions based on environmental, social and governance criteria have been produced by the scientific community starting with the 1970s and are exponentially growing in numbers (Friede, Busch, & Bassen, 2015). The recent incorporation of ESG principles into investing decisions demonstrates a change in the financial paradigm that goes further than the initial Friedman doctrine (Friedman, 2007) and is found to yield positive financial results (Fatemi, Glaum, & Kaiser, 2018). Currently, there seems to be a consensus amongst investors that an increased ESG performance translates to a higher financial performance.
The following section structures the reviewed ESG literature as follows:
Increasing ESG presence in investment decisions
The impact of ESG factors on firm value by sectors
Observed quantitative approaches and results
Hypotheses statement
2.1 Increasing ESG presence in investment decisions
A growing number of companies from different sectors and locations invest more resources into improving their ESG aspects and activities and making public these efforts via reporting ESG, such as now over 90% of S&P 500 companies publish ESG reports in some form, as well as about 70% of Russell 1000 companies (Perez et al., 2022). Yet again, the opposite applies as those financial analysts which are insensitive to ESG news tend to estimate less accurate forecasts (Derrien, Krueger, Landier, & Yao, 2021). This is no surprise, as investors have a two-fold motivation. On one hand, they seek to maximize profits, while on the other hand they are actively preoccupied of addressing the ESG issues (Amel-Zadeh & Serafeim, 2018).
In a very recent study, elaborated for McKinsey consulting company, Perez et al. (2022), state that companies will have to address their externalities if they want to maintain their social license.
The United Nations Principles for Responsible Investment recommends investors to consider ESG issues when evaluating companies for prospective financial investments.
However, the rate at which the social license translates into companies’ economic and financial sustainability was slowed down by different factors, including the reservations the financial investors still have in setting their investment decisions based on ESG scores, the impact of the COVID-19 pandemic, the war in Ukraine. Nevertheless, there are factors which most likely will accelerate the process, such as the global climate changes and the social unrests generated by the world-wide two-digits inflation rate.
Even if companies have recently increased reporting ESG data, the cross-industry comparison and evaluation of companies based on ESG scores are not straightforward. Billio et al. (2021), Jacobs and Levy (2022) showed inconsistencies between the scoring structures of several rating agencies. As such, on one side, both investors and researchers ought to proceed with caution in setting investment decisions based on ESG status and reporting. On the other side, from the company perspective, after market shocks such as the Dieselgate Volkswagen scandal (Leleux & van der Kaaij, 2019), actors in the automotive sector should seek to increase reporting, transparency and adhesion to the ESG principles to increase firm value and attract investors (Wong, Batten, Mohamed-Arshad, Nordin, & Adzis, 2021) (Aboud & Diab, 2018).
Janicka and Sajnóg (2022) studied the quality of ESG reporting in EU public companies (via the ESG-index) and its effect on their market capitalization, using a set of 15,000 companies listed on 27 stock exchanges for the 2002 to 2019 period. The authors found that 50% of the companies listed on old EU member states’ stock exchanges and only 5% of the companies from the new EU member states had reported ESG-indexes in any given year of the research period. Also, they found a positive relationship between companies’ market capitalisation and the quality of their ESG reports, and that companies’ market values are positively, but not strongly affected by the ESG-indexes.
Ademi and Klungseth (2022) investigated the relation between ESG performances and financial performances for 150 Standard and Poor’s listed companies for the 2017-2020 period. The authors found that companies with superior ESG performance perform better (both financially and in market values) compared to their industry peers. Ademi and Klungseth showed that ESG scores have a significant and positive impact upon both accounting measures (via return on capital employed) and market value of companies (via Tobin’s Q).
2.2 The role of ESG factors on firm value by sectors
Regarding the tourism sector, Ionescu et al. (2019) highlighted that in recent years ESG principles were ever more integrated into investors’ decision-making process. Also, Buallay et al. (2022) find a significant relationship between return on assets of tourism companies and the ESG guidelines. Yet again, consistent evidence supports the theory that involvement in the environmental and social spheres is a driving factor for financial performance (Abdi et al., 2022). Nevertheless, the tourism sector includes transportation, hotel and leisure (Bodhanwala & Bodhanwala, 2021) components, with each subsector presenting different levels of ESG compliance. Ceteris paribus, this observation can be hold valid for any analyzed sector.
In the pharmaceutical sector, a positive relation between ESG factors and financial performance was found by López-Toro et al. (2021) using a PLS-SEM methodology. In addition, the integration of ESG pillars in the pharma industry is found to contribute to increased marketing performances (Paolone, Cucari, Wu, & Tiscini, 2021) and towards the fulfillment of the Sustainable Development Goals (Consolandi, Phadke, Hawley, & Eccles, 2020) set by the United Nations. In terms of financial performance, Barbieri and Pellegrini (2022) find an inverted U-shaped relationship between ESG scores and Tobin’s Q.
Conca et al. (2021) studied the case of agri-food sector companies (57 European EU-28 listed companies for the 2010-2018 period). The results of their study showed a positive correlation in case of accounting profitability and a negative one in case of the relation between governance disclosure practices and market value of the companies.
Dincă et al. (2022) used a regression model to find whether the quality of governance influence the nexus between environmental performance and education levels at society level, for a set of 43 countries (EU members and G20 countries) over the 1995-2020 period. Their main results showed that all the independent variables reflecting institutional quality, included in the model, have a direct and positive link to CO2 emissions’ level.
For the automotive industry, previous empirical results on the impact and significance of ESG factors and firm value are relatively scarce and divergent. For this specific sector, besides the previously mentioned Dieselgate scandal, we identify only a few relevant papers. Pellegrini, Caruso, & Cifone (2019) find a positive association between the environmental pillar and ROA, as well as an inversed U shape relation between the governance pillar and ROA. Rossi et al. (2020) confirm this positive relation for the environmental and governance dimensions when using firm market value as a financial indicator.
2.3 Observed quantitative approaches and results
Irrespective of the statistical tools employed, the scientific community measures company performances from a value creation perspective, using at least three indicators. More precisely, return on assets or ROA, (Pellegrini, Caruso, & Cifone, 2019; Barbieri & Pellegrini, 2022; Buallay, Al-Ajmi, & Barone, 2022), Tobin’s Q (Aboud & Diab, 2018; Wong, Batten, Mohamed-Arshad, Nordin, & Adzis, 2021; Behl, Kumari, Makhija, & Sharma, 2022; Buallay, Al-Ajmi, & Barone, 2022) and enterprise value (Rossi, Minicozzi, Pascarella, & Capasso, 2020) are the main identified proxies for this perspective.
Zhou and Luo (2022) approached the sustainable development of Chinese enterprises and the way listed companies’ ESG performance affects their market value. The authors found that the improvement of listed companies’ ESG performance can enhance the market value of the company with companies’ financial performance having a significant mediating effect. Also, they found operational capacity to be an important facilitator in ESG performance influencing companies’ market value.
Atan et al. (2018) approached the impact of ESG factors upon financial performances and market value (i.e., profitability—ROE, cost of capital and company value—Tobin’s Q) for a panel of 54 selected Malaysian companies for the 2010-2013 period. The authors used panel data regressions which revealed no significant correlations between the individual E, S or G factors or the overall ESG and company profitability, respectively company value (via Tobin’s Q). Also, none of the ESG factors showed any significant correlation with average cost of capital. The only positive and significant correlation seemed to be the one between the combined ESG scores and the company cost of capital. Similar results are to be found in the case of a panel quantile regression in the Chinese stock exchange (Zhang, Qin and Liu 2020).
Constantinescu and Mititean (2020) have studied the correlation between ESG factors’ disclosure and
Market value of 55 European companies from the energy sector, using two linear regressions models. The authors identified a positive correlation between the forementioned variables for the companies located in the Oil and Gas Service and the Renewable energy subsectors and a negative and significant correlation for the companies from the Oil and Gas subsectors.
Exploring the automotive sector through a Generalized Method of Moment (GMM), Lin et al. (2019) find that green practices positively influence financial profitability, especially for lower-sized firms. Nevertheless, through green strategy innovation this respective paper does not account for ESG factors.
Other identified ESG papers focus on shareholder risk (Egorova et al., 2022) or do not specifically focus on the automotive sector (Taliento, Favino and Netti 2019). The latter paper of Taliento, Favino and Netti (2019) is nevertheless interesting as it follows a similar Structural Equation Modelling approach. The current study continues this line of research and provides a deeper perspective inside the automotive sector.
2.4 Hypotheses statement
This research studies the impact of ESG standards’ compliance and reporting upon the market value of analyzed companies from the automotive sector to find whether investors and financial markets react to ESG standards as the ones from tourism and pharma industries.
The paper introduces four hypotheses on which the research is centered, respectively one hypothesis for each of the three components (Environmental, Social and respectively Governance) and one for the overall ESG, to find if and how these influence the company value in the subsequent periods.








3 METHODOLOGY
A novel dataset comprised of ESG and financial data for companies operating in the automotive industry has been gathered at the beginning of 2022. For the timeframe 2015—2020, financial data were obtained from the Morningstar Direct platform and ESG data from Sustainalytics, one of the largest ESG rating company.
Based on the availability of both ESG and financial data, the initial dataset contained 152 companies. ESG data consisted of four variables measured monthly for each company, namely E score, S score, G score and ESG score, while financial data referred to annual enterprise value.
According to Sustainalytics’s ESG Ratings product methodology and definitions, E, S, and G scores were calculated on a scale from 0 to 100 based on a balanced scorecard system, where 0 represented a laggard performance and 100 a top performance for the researched company in the Environment, Social or Governance pillars. The overall ESG Score considered all three before-mentioned scores and was calculated as a weighted average: 25% weight on the E score, 45% on the S score and 30% on the G score. Since all scores had a monthly reporting frequency, the final dataset reports the median ESG/E/S/G score per year for each of the analyzed companies to reflect their annual performance. The annual enterprise value, which is used to measure a company’s total value, was expressed in mil. USD.
The preliminary treatment of data included outliers’ removal and replacement of E/S/G missing data with an aggregate measure based on average past E, S, and G performance. After this step, a final dataset of 131 companies resulted, with six time periods and a total of 3930 data points which have been standardized.
The number of companies in the dataset grouped by region and country is found in Table 1. As it can be observed in this table, the dataset contains companies which are fairly spread around each region of the globe, with the highest number of companies from Japan (25 companies) and the United States (20 companies).
TABLE 1 | Number of companies analyzed by region and country.
[image: Table 1]To test the hypotheses presented, a structural equation modelling (SEM) approach is employed, using a cross-lagged panel model (CLPM) with a 6-year wave (T1 to T6) from 2015 to 2020. Compared to other conventional methods, such as time series or linear regression models, the structural equation model allows developing path models that better illustrate causal relationship. Moreover, causal mechanisms are more easily and accurately modelled through this approach by simultaneously analyzing all variables in the model instead of separately (Chin 1998). The cross-lagged panel model, which is a subtype of the broader structural equation models, is highly suitable for determining the lagged effects of one variable to another. This paper focuses on the lagged effect from the ESG score, the independent variable, in time T to firm value, the dependent variable, in time T + 1, controlling for firm value in time T. Additionally, this approach has the advantage of testing for reverse causality, i.e., firm value effects on ESG scores. The conceptual path diagram for this model is illustrated in Figure 1 below.
[image: Figure 1]FIGURE 1 | Conceptual path diagram of the CLPM with six waves.
4 RESULTS
4.1 Descriptive statistics
Table 2 presents a summary of the variables used in the analysis, while Table 3 reports the descriptive statistics for each variable, grouped by year. The skewness of firm value for all years in the analyzed period is relatively high, which indicates the predominance of large firms in the dataset, while the E, S, and G scores are almost symmetrically distributed. This also suggests that ESG data is mostly available for large companies in the automotive industry, which face higher ESG disclosure pressures. Moreover, the positive skewness coefficients for the non-financial variables indicate a bias towards high E, S, and G scores for the companies in our dataset. Analyzing the correlation matrix, which can be found in Table 4 below, it results that the correlation coefficients between E, S, and G scores and firm value in all years are mostly positive, yet less than 0.25.
TABLE 2 | Summary of variables used in the analysis.
[image: Table 2]TABLE 3 | Descriptive statistics for the variables used in the analysis.
[image: Table 3]TABLE 4 | Model fit indices.
[image: Table 4]4.2 CLPM results
4.2.1 Relationship between E score and firm value between 2015 and 2020
Figure 2 below shows the cross-lagged model between the environmental (E) score and company value. Results indicate a stable temporal behavior of both E score and firm value across all the 6 years analyzed. On the other hand, only one cross-lagged effect from the E score to firm value is statistically significant, from 2015 to 2016, which indicates that the environmental score does not predict firm value in the automotive industry a year later in the analyzed period. The same conclusion can be drawn by analyzing the cross-lagged effect of firm value on the E score a year later, with only one statistically significant effect, from 2017 to 2018.
[image: Figure 2]FIGURE 2 | Cross-lagged panel model of environmental (E) score and firm value, with standardized parameters, *p < 0.05, **p < 0.01, and ***p < 0.001.
Model fit indices, summarized in Table 4, indicate an overall good fit of the data.
4.2.2 Relationship between S score and firm value between 2015 and 2020
The results for Model two are graphically summarized in Figure 3. Both social (S) score and firm value are temporally stable between 2015 and 2020, while the cross-lagged effects between the two variables are not statistically significant in most cases. This indicates that the S score did not predict firm value a year later, for the period 2015–2020.
[image: Figure 3]FIGURE 3 | Cross-lagged panel model of social (S) score and firm value, with standardized parameters, *p < 0.05, **p < 0.01, and ***p < 0.001.
The model fit indices are found in Table 4 and indicate an overall poor fit of the data.
4.2.3 Relationship between G score and firm value between 2015 and 2020
The results for Model three are shown in Figure 4 and indicate a stable temporal behavior for both variables. When it comes to the cross-lagged effect, the governance (G) score can predict firm value a year later, from 2016 until 2020, which is suggested by the statistical significance of the cross-lagged coefficients. Examining the coefficients, we notice a negative significant influence from the governance (G) score in 2016 and 2019, respectively, to firm value in 2017 and 2020, respectively. However, there is a positive significant influence from the G score in 2017 and 2018, respectively, to the firm value in 2018 and 2019, respectively.
[image: Figure 4]FIGURE 4 | Cross-lagged panel model of governance (G) score and firm value, with standardized parameters, *p < 0.05, **p < 0.01, and ***p < 0.001.
The fit indices for model three are found in Table 4 and indicate a good fit of the data.
4.2.4 Relationship between ESG score and firm value between 2015 and 2020
The relationship between the ESG score and firm value in the analyzed period is summarized in Figure 5. Both variables show a stable temporal behavior, with significant coefficients across all periods. A significant cross-lagged effect can be observed from the ESG Score in 2015, 2016, and 2017 to firm value in 2016, 2017, and 2018, respectively. However, the direction of the influence is mixed, with the ESG Score of 2016 having a negative effect on firm value in 2017, while the ESG score of 2015 and 2017, respectively, have a positive effect on firm value in 2016 and 2018, respectively.
[image: Figure 5]FIGURE 5 | Cross-lagged panel model of ESG score and firm value, with standardized parameters, *p < 0.05, **p < 0.01, and ***p < 0.001.
5 DISCUSSIONS
This current analysis of the relationship between ESG scores and firm value in the automotive industry does not reveal a time-consistent influence of the former on the latter. This contrasts with the few existent studies from the automotive sector and with studies from other sectors, such as tourism, where a positive effect of ESG on firm value has been found using non-structural quantitative models. One can also identify a contrast with results from other studies that used a similar structural modelling approach, specifically from the pharmaceutical sector (López-Toro et al., 2021) and energy sector (Behl et al., 2022), where a positive, significant relationship has been found.
Even though the CLPM results show a positive influence of ESG score on firm value in some years of the analyzed period, this is not stable over time, with many non-significant and even significant negative cross-lagged coefficients found as well. While recent studies point out that actors in the automotive sector should seek to disclose more non-financial information to increase firm value and attract investors, our findings suggest that, in the 2015-2020 period, the financial market of this sector has not reacted to ESG scores changes when it comes to firm valuation. More precisely, investment decision-makers in this sector seem to have been guided by other factors than ESG. This hesitation can also be explained by a lack of standardization of ESG ratings. Investment professionals usually find themselves in the situation to choose their ESG information from a multitude of providers, each with its own research methodology for calculating their scores. Moreover, methodologies have been prone to changes, especially in the analyzed period, as the ESG rating industry has gained significant attention and momentum.
One cannot exclude the possibility of a better model than the one employed in this research, specifically one using additional variables that can increase overall model fit and provide further insights regarding the factors affecting firm value in the automotive industry. Also, the validity of the findings is extremely sensitive to ESG scores’ measurement, therefore a model which uses scores from other ESG data providers can yield different results.
With the expansion of this industry and the overall growth of ESG in recent years, more companies have also been researched from this perspective, therefore increasing the availability and granularity of ESG data. Subsequently, as a future direction of research, we recommend incorporating this new ESG data, particularly for companies in the automotive sector, in other models, not limited to structural equation models, that can provide empirical evidence on the relationship between ESG and firm value. Nevertheless, from a methodological perspective, the structural equation model approach, in the cross-lagged panel model version, can be confidently used to test two-way causation between non-financial and financial data.
6 CONCLUSION
6.1 Research aims and analysis results
Existing literature on the influence of ESG factors on financial performance has mostly concluded that there is a significant, positive influence of the former on the latter. While studies from industries such as pharma, energy or tourism reach this conclusion, evidence in the automotive sector is mostly scarce and divergent. Using a flexible SEM-based procedure, this article provides empirical evidence on the relationship between ESG and firm value for a significant number of companies in this sector and across the globe, over an extended period. As ESG gains momentum in the financial world and companies in the automotive sector face fundamental changes in the way they operate, the results provide a glimpse into how the financial markets in this sector have reacted to non-financial information in the post-Dieselgate period.
The results of this study show that, in the automotive industry, ESG factors have yet to prove their influence on company value, with mixed results coming from our Cross-Lagged Panel Model. Regarding the environmental score’s influence on firm value, there is a significant positive influence only from 2015 to 2016, while the other cross-lagged effects are not significant. For the governance score, there are mixed effects on firm value, specifically a negative effect from 2016 to 2017 and 2019 to 2020, respectively, and a positive effect on firm value from 2017 to 2018 and 2018 to 2019, therefore not supporting the initial hypothesis of a positive significant relationship in the 2015-2020 period. The initial hypothesis for social score was also invalidated. When it comes to the influence of the overall ESG score on firm value, our results also show mixed effects in the first 3 years, and a non-significant influence in the following 2 years. In comparison to Behl et al. (2022), which follows a similar methodology for energy sector companies and the results support some of the hypothesis, the current results do not support any of the hypothesis set initially.
6.2 Academic/practical implications
According to the findings of this research, in the analyzed period, the financial market did not react to ESG scores changes in regard to firm valuation. Investors in the automotive sector have been guided by other factors than ESG, partially due to the lack of ESG ratings standardization. Investors have to choose their ESG information from a multitude of providers, each with its own score methodology. Moreover, methodologies have changed, especially in the analyzed period, as the ESG rating industry has gained significant attention and momentum.
The current model can be improved, using additional variables that can increase overall model fit and provide further insights regarding the factors affecting firm value in the automotive industry. At the same time, the database of scores can be extended, using inputs from other ESG data providers, which could generate slightly different results.
Perhaps a correlated effort of representatives of central governments, big equity markets and of international financial institutions could generate a set of generally accepted ESG measures, which can become instrumental in the investment decisions and determine companies to take a pro-active stand in this direction.
6.3 Research limitations/future research directions
In future research, this analysis will be developed, incorporating more companies and a longer period of time. Also, the sources of ESG ratings will be extended and another research method will be used to complement the SEM method, increasing the accuracy and double checking the results.
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