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Abstract 

In this thesis, we explore the proprietary Environmental, Social and Corporate 

Governance (ESG) scores and analyze their impacts on firm valuation using the sample 

of 166 companies operating in 35 emerging and frontier markets. Three methods of 

ESG scores, Principal Component Analysis and regression analysis are used. The 

results indicate an economically significant relationship between the overall ESG 

measure and firm value mainly driven by the “Environmental” and “Capital allocation” 

sub-scores. An exploratory principal component analysis and an extensive list of firm 

characteristics is also employed in our regression analysis to address problems 

identified in previous studies - construct validity and endogeneity. The PCA revealed 

dominance of Environmental and Social components in the variance of the total ESG 

score. Finally, the strengths and weaknesses of proprietary ESG score and PCA-

derived index are recognized based on sector- and region level comparison and the 

opportunities to improve the ESG scorecard framework are identified. 

Key-words: Corporate social responsibility; ESG; Emerging and frontier markets; 

Principal component analysis; Firm value; Financial performance. 
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Sammanfattning 

In den uppsatsen, forskning går på Environmental, Social and Corporate Governance 

(ESG) poäng och analyserar deras påverkan på företagsvärdering genom att använda 

ett urval av 166 företag som verkar i 35 frontier och tillväxtmarknader. Tre metoder av 

ESG mätning, Principal Component Analysis och regressionsanalyser tillämpades. 

Resultat tyder på ett ekonomiskt signifikant förhållande mellan totala ESG mätning och 

företagsvärdering vilket drivs av miljö och kapitalallokering delpoäng. 

Principalkomponentanalys och en utförlig lista av företagsegenskaper tillämpades 

också i våra regressionsanalyser för att adressera problem identifierade i tidigare 

studier - begreppsvaliditet och endogenitetsproblem. PCA tydde på dominans av miljö- 

och sociala aspekter i varians av den totala ESG poängen. Avslutningsvis, styrkor och 

svagheter av ESG-poäng och PCA-härlett index baserat på bransch- samt 

regionaljämförelser och möjligheterna för förbättring av ESG-mätning ramverk 

identifierades. 

Nyckelord: Corporate social responsibility; ESG; Tillväxtmarknader; 

Principalkomponentanalys; Företagsvärde; Finansiella resultat. 
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1. Introduction  

In recent years, corporate social responsibility (CSR) has received significant attention from 
regulators, managers and investors. Nowadays, companies undertake different CSR initiatives and 

improve the disclosure on environmental, social and corporate governance (ESG) issues not only 
due to external pressure to moral obligations (Aguilera et al. 2007), but also to attract more 
investors and, thus, increase value of the firm. 

CSR is defined by the European Commission as “a concept by which companies decide voluntarily 
to contribute to a better society and a cleaner environment by going beyond compliance and 
investing more into human capital, the environment and the relations with stakeholders” 
(Arvidsson, 2010, p. 339).  

Although, CSR engagement helps to enhance corporate image, the evidence on the positive impact 
of corporate financial performance continues to be inconclusive. On the one hand, analysis of the 
literature from earlier decades provided the evidence of insignificant or adverse market reaction 
to CSR practices (Beurden and Gossling, 2008). Other empirical studies concluded that the link 
between sustainable initiatives and financial performance is a positive although mainly weak. 
(Margolies et al., 2009). The more broad meta-analysis also indicated economic benefits of such 
initiatives and reported a big difference in empirical strategies which leads to a sizeable 
unexplained variance between studies. 

However, the difference in findings could be easily explained. On the one hand, companies that 
actively engaged in CSR activities benefit from reduction in transactional and agency costs due to 
improved reputation and brand recognition (Jones, 1995; Baron, 2011). On the other hand, 

companies with superior CSR performance incur direct costs associated with such initiatives as, 
for example, spending on environmental protection and charitable donations. Therefore, CSR 
could also lead to lower operational efficiency and decreasing profits which is associated with 
lower market value. 

Furthermore, Bajic and Yurtoglu (2017) argue that a large number of the studies face estimation 
problems - endogeneity and construct validity which we tried to address with principal component 
analysis and including different firm characteristics as control variables in the regression analysis 
of the effects of CSR on financial performance of firms. 

Endogeneity is a form of omitted variable bias (OVB), for example, when the reason for ESG 
engagement is some latent characteristics which correlate with the regression error term. This 
problem could also arise from reverse causality between a company’s performance indicators and 
CSR activities. It might be the case that not only better CSR is rewarded with higher profitability 
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but also when the opposite is true - higher financial returns enforce a company to get involved and 
invest more in sustainable practices.  

Another concern is the construct validity. It stems from imperfect operationalization of the latent 
unobservable CSR concepts. Observable measures that are chosen as constructs for those concepts 
sometimes do not capture it appropriately.  

Thus, the purpose of this thesis is to explore the proprietary Environmental, Social and Corporate 
Governance (ESG) score and analyze their impacts on valuation of the corporate financial 
performance of the companies operating in developing countries.   

The ESG scores are provided by East Capital (EC), an independent asset manager specialized in 
emerging and frontier markets. EC is convinced that the use of generic ESG scores does not lead 
to outperformance due to over-reliance on “tick the box” questions in relation to various policies. 
Hence, given the nature of the markets in which EC invests and few academic works dedicated to 
this topic, EC decided to create a proprietary ESG scorecard. The company firmly believes that 
their methodology capture and document the most important ESG risks and opportunities from an 
emerging and frontier markets perspective. Thus, EC’s scorecards address what they see as the 
key drivers of long-term value creation for minority shareholders and help to make better-informed 

investment decisions.  

In order to address problems of construct validity, we employ an exploratory principal component 
analysis (PCA). The analyzed sample incorporates ESG scores for 166 companies operating in 5 
regions and 35 countries representing emerging and frontier markets. Further, we specify empirical 
models to evaluate whether ESG score and the index derived by PCA index capture the effect on 
firm valuation proxied by Tobin’s Q. In all regressions we account for the extensive list of firm 
characteristics to control firm-level heterogeneity and, thus, avoid omitted variable bias.  Finally, 
PCA-based index and EC’s ESG score were compared in respect to their similarities, 
dissimilarities, strength and weakness in predicting firm value to achieve superior returns across 
different regions and sectors.  

The findings of PCA indicate that Environmental and Social components mainly contribute to the 
variance of the total ESG score. This conclusion suggests considering those two aspects and 
Corporate Governance score separately in the investment analysis. On the other hand, the 
empirical models based on both EC’s ESG and our PCA-generated indices provide the evidence 
of positive and significant effect of corporate social responsibility (CSR) on value of the firms 
included in EC’s investable universe. As for ESG components, environmental aspects and capital 
allocation were found to have significant and positive value relevance to firms’ financial 
performance. 
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Finally, the comparison of both indices across regions revealed that PCA-based score has higher 
value relevance in African region where investors seem to value environmental responsibility of 
the firms higher than corporate governance despite conventional expectations. On the other hand, 
two indices do not diverge significantly across different sectors. Nevertheless, in six out of eleven 
sectors (58 per cent of the total sample) both indices fail to predict any substantial valuation effect. 

This research contributes to the literature analyzing the financial impact of CSR practices within 
emerging and frontier markets. However, to the best of the author’s knowledge, previous studies 
mainly focused on developed markets or a single emerging economy. Moreover, we contribute to 
the literature by using a new and previously unexplored proprietary research on ESG issues 
provided by East Capital. We believe, the ESG data that we use is much thorough and insightful 

than the datasets used in prior studies. The use of ESG data combined with principal component 
analysis and regression analysis jointly improves our understanding of the studied CSR and firms’ 
valuation relationship, its level, significance, spread and relevance. 

In the next section we give an overview of the literature investigating the differences in ESG 
integration depending on the geography, the impact of CSR initiatives on corporate performance 
and, finally, the previous examples on the use of principal component analysis to explore the CSR 
concept and its dimensions. Part three presents methodology of ESG scorecards and the data 
provided by East Capital. Further, in part four we describe PCA and empirical models. Finally, in 
section five we investigate the estimation results and conclude the study in part seven.   
 

2. Literature review  

The literature review of this study will consist of three parts covering the methodology of this 
research. The first section will present literature dedicated to differences in corporate social 
responsibility (CRS) of the companies located in different regions, particularly within emerging 
markets. The second part will tackle the question of the relation between CSR practices and 
corporate performance including firm value, profitability, risk, cost of capital and corporate bonds 
yields. Finally, the third section will discuss the literature where principal component analysis was 
performed to highlight main independent ESG dimensions. 

 

2.1. ESG integration in emerging market equities  

In this part, we review the key literature on the success of CSR initiatives in different geographies.   
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The study performed by Ali and Odell (2016) aims to examine the performance of investment 
strategies within emerging markets associated with the environment, social and governance (ESG) 
research integration. For this purpose, researchers compared country- and region-specific non-
ESG and ESG based emerging markets indices. The comparison is performed using the following 
quantitative investment metrics: Conditional Value at Risk, the Sortino ratio, the Omega ratio, the 
Sharpe ratio, skewness, beta and historical returns. The study concludes that ESG research-based 
investing strategies yield better performance at emerging markets than non-ESG equity 
investments. Ali and Odell (2016) predict that ESG-based investment could be particularly 
profitable within emerging markets given the problems they face such as corruption, urbanization 
and poverty. Thus, the sustainable initiatives in those regions might have a better financial return. 

As observed by van Duuren, Plantinga, and Scholtens (2016), ESG-based investing has a long-
term effect on a firm’s performance. Thus, it is quite similar in nature with conventional 
fundamental investing. However, the authors admitted that these findings should be supported by 
the analysis of more extended period than the one they have used - three-year financial 
performance. This conclusion aligns with findings of the studies conducted by Humphrey and Tan 
(2014), Capelle-Blancard and Monjon (2012) and Czerwińska and Kaźmierkiewicz (2015). 

According to these researchers, non-financial ESG data provide additional information when 
investing in emerging markets which positively affect return rate volatility.  

These findings were further complemented by Auer and Schuhmacher (2016). They conducted the 
analysis of the relationship between ESG equity investments and profitability of the firms in 
Europe, the United States and the Asia-Pacific region. The result of this paper postulates different 
financial implications of ESG investing strategies depending on the industry and geography.  

The conclusion Auer and Schuhmacher (2016) is consistent with the analysis of ESG investment 
strategies within emerging markets conducted by Ali and Odell (2016). In their qualitative study, 
they investigated the question whether financial benefits from ESG integration are geographically 
dependent. The findings revealed that in emerging and frontier markets, ESG-based investment 
strategies are associated with higher risk-adjusted returns than purely fundamental investing. This 
finding is particularly significant for the current study. 

Finally, Ang and Weber (2016) examined the Socially Responsible Investment (SRI) indices 
regarding their persistence, downside risk and performance in emerging markets. The results of 
the research indicate that these indices which approximate “Social” part of ESG have a weaker 
correlation with financial returns during bearish market phases and thus could be deployed in 
portfolio management to mitigate financial risks.  
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2.2. Impact of ESG investing on corporate performance 

The second part of the literature review is dedicated to the financial implication of ESG research-
based strategies.   

In 2009 Margolis et al. conducted a meta-analysis based on 251 studies published up to 2007 that 
indicated a small but positive and significant mean effect of CSR on corporate performance.  This 
relation is associated with the case of companies assessing their own social and environmental 
responsibility.  However, the evaluation of CSR performed by independent auditors concludes a 

weaker link with financial performance that implies potential problems with reverse causality.  

It is important to point out that the underlying studies employed different empirical strategies. The 
earliest works  performed correlation analysis of CSR and corporate profitability (Spiser, 1978; 
Aupperle, Carroll and Hatfield, 1985; Spenser and Taylor, 1987). More recent studies aimed to 
evaluate this relationship with the regression models. Furthermore, most of them did not include 

enough independent variables to control for firm-specific effects. In order to document those 
differences, however, most of the studies take into consideration size, growth perspectives, risk 
and indebtedness (Choi and Jung, 2008; Cheung et al., 2010), other papers use only one of them 
(Barnett and Salomon, 2006).  Other control variables that were added to the regression analysis 
and found to be significant include expenditures on advertising (Servaes and Tamayo, 2013) and 
R&D investments (McWilliams and Siegel, 2001). The findings of those studies indicate that firm-
level heterogeneity problem could be tackled by using the extended list of covariates. Moreover, 
it helps to account for correlation with different components of the ESG score. 

Among literature evaluating financial implications of ESG investing strategies, the paper 
conducted by Servaes and Tamayo (2013) reported stronger relationship for firms with higher 
advertising spending unless a firm had a low rating on the Fortune’s list. Besides, the results of 
the study did not support the hypothesis of firm-level heterogeneity.  

According to Flamer (2015), firms benefit from improved CSR practices through top line growth, 
employees’ satisfaction and increased labor productivity. Besides, more socially responsible 
companies are better in attracting more customers concerned with sustainability issues.  

Finally, Dimson, Karakas and Li (2015) explored the ESG improvement of US companies 
depending on required engagement from institutional owners. The findings reveal higher 
engagement for firms with corporate governance issues and those whose institutional investors are 

more socially concerned. Positive effect on market returns and institutional investors’ involvement 
was observed for companies that improved their environmental and social responsibility after the 
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engagement.  This effect is even more pronounced for firms with a poor prior reputation for 
sustainability and higher ability to accommodate changes.  

Furthermore, a large body of literature discuss whether CSR improvements lead to lower firm risk, 
cost of capital or equity and corporate bond spreads. One such example is Albuquerque, Durnev 

and Koskinen (2014) who found that systematic risk is lower for socially responsible companies 
and even more so for companies producing more differentiated goods and those with high demand 
proxied by consumers’ expenditure share.  

The study of American companies’ responsibility provided by Bouslah, Kryzanowski and M’Zali 
(2013) indicated a positive effect of employee concerns and diversity on firm risk. On the other 
hand, environmental responsibility was found to be negatively associated with firm risk of the 

companies not included in the S&P 500 index. 

Derwall and Verwijmeren (2007) performed the analysis of “Social” component of ESG index. 
They concluded that the firms make their leverage decisions based on the well-being of their 
employees which in turn leads to lower probability of bankruptcy. Moreover, a company would 
have a better credit rating and lower debt if its employee relations are strong. 

The results of the study conducted by Sharfman and Fernando (2008) showed that improved 
environmental risk management is associated with firm’s preference for debt financing instead of 
equity, higher tax shield and lower cost of capital and particularly cost of equity financing. This 
conclusion is in line with the expectations of a negative relationship between CSR engagement 
and implied cost of equity. Nevertheless, this cost is higher for firms involved either in nuclear 
power or tobacco industries. (El Ghoul et al., 2011).  This particular finding is further 

complemented by Dhaliwal et al. (2014) argument that sustainability disclosure serves as a 
substitute for financial one in ensuring cheaper equity financing. This association is even stronger 
in stakeholder-oriented countries.  

According to Chava (2014), companies that are exposed to climate change, substantial emissions 
and hazardous chemicals issues are expected to provide higher equity risk premium to their 
investors and pay a higher interest rate on their bank loans. Furthermore, fewer banks and 

institutional investors want to finance such firms. Such findings contradict the conclusion of Goss 
and Roberts (2011) that the improvement in CSR score does not correspond to a significant 
reduction in risk or higher value.   

Oikonomou, Brooks and Pavelin (2014) investigated the effect of inclusion of CSR practices on 
credit risk premium. The researcher reported that such ESG aspects as high product quality and 
safety, strong employee relations and diversity have a material effect and associated with higher 
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credit ratings and lower bond spreads. This relationship is more pronounced in the bonds of longer 
maturity. This conclusion aligns with that of Ge and Liu (2012) who provides evidence for this 
effect being also stronger for bond issuers who operate in environmentally sensitive industries, 
who are financially healthier, belong to investment grade class, with corporate governance 
concerns and with less disclosure. 

The latter finding is supported by Anginer et al. (2011) arguing that ESG score is the primary 
reference when pricing debt for companies with greater information asymmetry. This conclusion 
is further complemented by the notion that socially responsible companies are less likely to go 
bust. 

Corroborative results were also reported by Jiraporn et al. (2013) who highlighted the 

improvement of CSR engagement driven by competitive pressure in the same three-digit zip code 
mainly due to similar social interactions and investor clientele.  

On the other hand, research conducted by Menz (2010) indicated the insignificant effect of CSR 
scores and higher importance of credit ratings with heterogeneity at sector level. Furthermore, 
Baran and Zhang (2012) revealed contradictive findings that after inclusion to the index of 
sustainable companies - KLD 400, firms pay a higher yield to issue public debt.   

Focusing on “Social” part of ESG metric, Bauer, Derwall and Hann (2009) reported that the 
strength of employee relations is associated with higher credit ratings, reduced cost of debt and 
firm-specific risk. Finally, improvement in environmental risk management leads to higher bond 
prices (Bauer and Hann, 2010).  

 

2.3. Principal component analysis in ESG literature 

In the final part of the literature review, we will introduce previous studies performing principal 
component analysis to investigate the effects of different dimensions of CSR on firms’ value 
performance. 

In the research based on six ESG sub scores provided by Vigeo rating agency, Girerd-Potin, 
Jimenez-Garcès and Louvet (2013) obtained three independent dimensions using a PCA. All of 
them were interpreted according to the three spheres in which firms acts and corresponding groups 
of stakeholders in each sphere were identified. Thus, the following three groups were determined: 
financial stakeholders - debt- and stockholders; business stakeholders – suppliers, customers and 
employees; and societal stakeholders – society and the environment. When evaluating the impact 
of those aspects on corporate performance, an additional risk premium and higher cost of equity 



 

 8 

were identified for less socially responsible stocks. However, components “financial” and 
“business stakeholders” had a larger effect than the “societal stakeholders” component.  

On the other hand, Prakash, Ravi and Zhao (2017) in their study “The anatomy of a socially 
responsible corporation” reveal two types of CSR initiatives according to PC division: adaptive 

and responsive. The former type implies anticipating CR issues before they arise. The later type 
of CSR aims at dealing with problems caused by firm operations and is found to be three times 
more dominant than adaptive SCR activities. Moreover, the study highlights that responsive CSR 
initiatives are mainly adopted by older, larger and more diversified companies.   

Li Cai, Jinhua Cui and Hoje Jo (2015) examined corporate environmental responsibility (CER) of 
US public firms. They used a PCA to construct as an alternative measure of CER for robustness 

check and found a negative relationship between CER engagement and firm risk taking. 

Ammanna, Oesch and Schmid (2011) conducted the research on the association between firm-
level corporate governance and firm valuation using a dataset from Governance Metrics 
International. The authors derived a PCA-based index and compared it with two alternative 
corporate governance indices using arbitrary weights. The authors concluded a strong and positive 
value relevance of all three indices.   

Another research on the link between corporate governance and the systematic risk of European 
companies was provided by Djoutsa-Wamba, Braune and Hikkerova (2017). They performed a 
PCA to condense the number of corporate governance aspects into the five dimensions: board of 
directors’ characteristics, shareholder rights, management’s shareholder commitment, 
independence of the audit and financial information transparency. The findings of this study 

postulated weak but significant (at 10 per cent threshold) negative effect of the PCA-derived index 
on the risk born by the company. Especially this systematic risk is more likely to be reduced by 
such components of the index as the effectiveness of board of directors and management’s 
commitment to shareholder.  

Jiang et al. (2018) dedicate the whole paper to the construction of a sustainability assessment 
model based on three dimensions: economic, social and environmental. In order to verify 

reliability and validity of the proposed model, the authors provide a case study on the Chinese 
manufacturing industry specializing on internal combustion engine. The findings of this 
investigation revealed poor state of overall sustainability performance.  

Finally, the most recent and relevant for our research is a study that was conducted by Bajic and 
Yurtoglu (2018). They perform an exploratory PCA to examine whether different aspects of the 
broad ESG score using dataset ASSET4 to capture the underlying latent concept of CSR.  Further, 
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they use a PCA-based index to examine the impact of corporate responsibility on firm value and 
profitability. Using the extensive list of covariates in their empirical models, the authors show a 
positive and significant relationship between a composite CSR index and firm valuation but a 
weaker association with profitability. Finally, when considering the effect of sub-scores of a broad 
CSR index, Bajic and Yurtoglu indicated the positive effect of social component.   

 

3. Data   

3.1. ESG scorecard methodology  

East Capital’s (EC) proprietary ESG scorecard has been developed leveraging their 20 years as an 
emerging and frontier markets specialist to support the team and add value to their clients. 

With these ESG scorecards, East Capital’s tries to leverage its unique resources, local knowledge 
and understanding, long relations and track record of constructive engagement. The EC analysts 
aim to capture and document EC’s review of the material ESG risks and opportunities from an 
emerging and frontier markets perspective. Further, it is shared between teams and scrutinized in 
an external process. Moreover, it is expected to evolve and expand over time as new factors 
become relevant and materialized. Overall, it should ultimately contribute to advancing 
sustainability in EC’s investment universe. 

To construct indicators of sustainable performance, EC collects a substantial amount of data from 
annual and sustainability reports, Bloomberg, UN Global Compact, CDP website, research notes, 
broker’s ESG work and controversy screening. The latter implies screening of all the names in the 
universe for ESG controversy exposure divided into 10 different categories: operations, 
environmental supply chain, products and services, employees, social supply chain, customers, 
society and community, business ethics, governance, public policy. After exclusion of companies 
proved to have several controversies with major impact on stakeholders, EC analysts start to build 
ESG scorecards.  

After a thorough review of multiple sources, manuals and ESG scoring methodologies available 
in the market, EC team designed ESG scorecard that covers a long list of questions structured, 
tested and finally shortened into Red Flags and ESG scores. Red Flags section consists of ten 
critical ESG questions for all names.  ESG score is divided into more extensive sections for each 
of E (environment), S (social) and G (corporate governance). All three pillars consist of 
Yes/No/NA type of questions implying binary (1/0) score for each of them. Finally, the share of 
favorable ESG indicators represents the score for each pillar. Governance section comprises 36 
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questions that are organized into three subgroups: Capital allocation (4 questions), Board and other 
governance factors (23 questions) and Transparency (9 questions). The whole governance part 
represents 75 per cent of the total ESG score.  Environmental and Social pillars incorporate eight 
questions each. These questions reflect risks and opportunities including any recent controversies. 
Environmental and Social parts are assigned 12.5 per cent weight each. In Appendix 1 the reader 
could find more detailed information on the weights of each subgroup in the aggregate ESG score 
and full ESG questionnaire.   

Thus, proprietary ESG analysis is an integral part of the fundamental analysis of companies and 
the whole investment strategy in two following steps.  Red Flag Score is considered at the outset, 
and more than three Red Flags should not warrant further analysis, let alone investment. Key 
Active Positions, holdings with more than 1-2 per cent overweight depending on a portfolio, may 
not have more than two Red Flags. On the other hand, the ESG score is expected to highlight any 
specific areas that are of particular concern or those that require further research efforts or clarity. 
This, in turn, may result in changes to EC’s modeling assumptions, helps to determine the level of 
conviction and formulate a list of relevant questions to be raised and discussed in future company 
meetings. Finally, Key Active Positions should have an ESG score of at least 70 per cent. 

 

3.2. ESG scores sample description 

The resulting sample incorporates ESG scores for 166 companies from 5 regions and 35 countries 
representing emerging and frontier markets: Africa (4 countries), Americas (3 countries), Asia (12 
countries), Eastern Europe (11 countries) and Middle East (5 countries).  It is important to note 
that the list of finished scorecards comprises not all companies that are included in East Capital's 
investable universe but those that EC believes would perform the best in the funds. All scorecards 
were completed between August 2016 - October 2017.  

Figure 1 demonstrates that most of the companies in the sample are active in Financial sector (22 
per cent), Consumer Discretionary, Information Technology and Industrials (14-16 per cent) and 
the rest of the companies operate in the following sectors: Consumer Discretionary, Consumer 
Staples, Energy, Health Care, Telecommunication Services, Real Estate and Materials (3 - 8 per 
cent). 
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Figure 1. The sectoral split of companies with ESG score. 

Source: the author 

 

3.3. Summary statistics for ESG score with a regional split  

Further details on mean and standard deviation of ESG scores and its components could be found 
in Appendix 2. Panel A reports region-level differences where we could observe lower than an 
average number of Red Flags in the Americas (0.5) and Eastern Europe (0.8). It is important to 
note that the Appendix table lists several developed countries because the country of incorporation 
is different from the country of main operations (e. g. Luxembourg and Austria). However, that 
should not distort our conclusions. 

Figure 2 shows that total ESG score is on average higher in Americas (81.0) and Asia (81.1) with 
the average among all regions 79.9. The leaders among countries are Vietnam (89.3), Hungary 
(88.9), India (86.9) and Turkey (85.5). A couple of countries include companies with ESG score 
lower than the one that could be enough for a company to be considered as Key Active Position. 
Among those are Egypt (69.9) and Morocco (69.4). Given highest weight of Governance 
component in the total score, ranking for this part is similar.  
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When it comes to environmental responsibility, African and Asian regions show the best results, 
85.9 and 84.9 accordingly. The mean among all regions is 80.3. Countries that successfully 
manage their environmental risks, have higher total ESG scores. On the other hand, the most of 
companies with environmental concerns are located in Eastern Europe: about 16 per cent of all 
firms and 50 per cent of Eastern European firms. It is important to highlight that three out twelve 
Asian countries are also among ones with lowest “E” score: Malaysia (50), Pakistan (68.8) and 
Philippines (62.5).  High values for standard deviation in Eastern Europe (20) and Asia (14) 
support the notion of country-level heterogeneity when it comes to engagement on environmental 
issues.  

Finally, all companies in the sample seem to have quite a high level of social responsibility which 
is reflected by high average “Social” score of 89.5 and moderate value of standard deviation of 
10.1. It is worth mentioning that Middle East countries have “0” standard deviations implying the 
same score for all countries in this region.    

  

Figure 2. Regional split for ESG components. 

Source: the author 

 

Interestingly, Asia scores highest in this part as well - 91.7 on average and countries in South 
America has a lowest average score (80.1). The leaders among socially responsible countries are 
Hungary, Kenya and Pakistan with the score 100 each. Three lagers who have a score of 75 are 
Argentina, Croatia and Malaysia. 
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3.4. Summary statistics for ESG score with a sectoral split  

As for the sectoral split (see Panel B, Appendix 2 and Figure 3), the best-represented sector 
(Financials) has second highest ESG score (83.7) which is consistently higher than average scores 
in all three components of it (81.8 - 93.2). Real Estate in its turn has highest ESG score (84.7) 
despite having more than average social and environmental risks (score 89.3 and 75 accordingly) 
and Red flags (1.1 versus average 0.8). The energy sector is associated with lowest ESG score 
(68.8) in line with the lowest ranking in Environmental (59.7) and Corporate Governance (67.3) 
sections which are consistent with theoretical considerations. Most of the sectors are ranked 
similarly considering their social and environmental responsibility. The leaders in both areas are 
Utilities, Financials, Information Technology, Telecommunication Services and the lagers - 
Energy, Materials, Real Estate, Consumer Staples, Consumer Discretionary and Health Care. 
Three of those sectors are in a red zone in all dimensions of ESG score: Consumer Staples, 
Consumer Discretionary and Health Care. Nevertheless, they have higher than average Red Flags 
score that still leaves the possibility for them to be included in investment considerations.  

 

Figure 3. Sectoral split for ESG components. 

Source: the author 

As previously, “E” has the highest average standard deviation of 16.9. Energy (23.2), Materials 
(22.4) and Real Estate (20.4) are the most diverse on a country- and sector-level. This conclusion 
is in line with standard deviation differences in ESG score. The least heterogeneity at sector-level 



 

 14 

is observed for Utilities, Health Care and Financials as for total score (5.4, 5.5 and 5.6 
correspondingly) as for its three components. 

 

4. Methodological framework  

4.1. Principal component analysis 

In order to address the issue of the construct validity, we performed an exploratory principal 
component analysis (PCA) to build alternative ESG index. Previous studies showed that a PCA 
can be applied to summarize CSR information in fewer dimensions which may be different from 
the EC’s ESG analysis.  

PCA is a multivariate method for analyzing structure that is hidden behind a set of variables. PC 
statistical procedure helps to identify interrelationship between individual items in the dataset and 
condense the information into a smaller number of factors. Each factor represents a linear 
composite of the original variables with weights equal to the eigenvectors of the correlation of the 
covariance matrix. These weights ensure that every successive factor account for as much variation 
in the original dataset as possible. PCA continues to extract principal components until a 
significant share of variance is explained. Moreover, above-mentioned weights represent factor 
loadings, or correlation between each variable and a given factor.  

Further, all factors are ranked according to values of the eigenvalues which indicate how much 
variance of the total variance a specific factor accounts for. Every successive component is 
uncorrelated to the previous ones. Thus, items or indicators within one factor are highly correlated 
but independent across several factors.  

Further, we applied Kaiser criterion to determine the number of principal components to extract 
from the data. This implies the extraction of all factors with eigenvalues greater than one, i.e. those 
that account for more variance than a single variable. Finally, we used an oblique rotation that 
allows the factors to be correlated in order to enhance the interpretability of the PCA results. 

Thus, PCA is expected to reveal whether East Capital’s broad measure of ESG captures the 
unobserved concept of CSR and which aspects contribute the most to the variance of the total 
score. This statistical procedure allows us to identify two sub-ratings reflecting a firms’ coherent 
behaviors inside each sub-rating and independent behavior across them. 
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Moreover, it could help to make some generalization by identifying the commonality across 
different industries and countries. Nevertheless, a new construct is expected still to account for the 
region- and sector-level heterogeneity.  

In order to make EC’s ESG score and our new PCA-based index comparable, we aggregate all 

factors using weights calculated according to the share of the variance explained by each factor. 
Hence, this alternative index is expected to reflect underlying structure and dimension in more 
“optimal” way than the ESG score with arbitrary chosen weights. 

Furthermore, in order to analyze how well EC’s ESG scores capture theoretical environmental, 
social and governance aspects, we first calculate the correlation between those ESG elements 

which is presented by Cronbach !. This measure shows the extent to which different 

characteristics capture a similar underlying concept. Value of ! above 0.6 are considered 

respectable and more than 0.7 are strong (Kline, 2000).  

 

4.2. Regression analysis   

This part presents the empirical models used to find statistical relations between East Capital’s 
ESG scores and firm value of corresponding companies taking into consideration sectoral and 
regional heterogeneity. We would be interested to see the association of firm value with ESG score 
or any of its components. 

Secondly, we describe the financial data we use to construct the control variables used for the tests 
in the empirical models. For this purpose, we matched East Capital’s ESG scores with financial 
data obtained from the Bloomberg terminal.  

 

4.2.1. Dependent variable – Tobin’s Q 

As it was mentioned earlier, many previous studies provided the evidence of the positive impact 
of CSR on firms’ financial performance that was proxied by Tobin’s Q. This metric has long been 
recognized in the academic literature as a measure of performance (see, for example, Morck et al. 
1988; Waddock and Graves, 1997). Therefore, it will also be employed in the current research and 
used as our dependent variable.  

Bloomberg specialists compute this ratio as follows: 

(Market Cap + Total Liabilities + Preferred Equity + Minority Interest) / Total Assets 



 

 16 

This measure has two main advantages. First of all, it is a risk-adjusted metric as the numerator 
includes the present value of future expected cash flows discounted at the required rate of return. 
Secondly, Tobin’s Q is useful as a measure of performance because it takes into consideration the 
cost of replacing the company's assets in the long-run, unlike profitability which is a short-term 
measure.  It is particularly crucial because investments in sustainable practices could not affect the 
short-term profitability of a firm but bring long-term benefits.  

In our model, we use the natural logarithm of Tobin’s Q to minimize the impact of outliers – 
observations with high values. It also eases the interpretation of coefficient estimated. 

 

4.2.2. Control variables – firm characteristics  

Further, according to the reviewed literature we employ several firm characteristics to control for 
other factors influencing both firm value and ESG score. Moreover, the inclusion of all covariates 
is essential in order to avoid omitted variable bias mentioned earlier and increase performance of 
the model in explaining variations in the firms’ financial values.   

Thus, the following control variables were included in our multivariate analysis: 

• Size of the company proxied as the natural logarithm of total assets - SIZE (see Brown 

and Caylor, 2006; Adjaoud, 2007; and Bauer et al., 2008). 

• Profitability ratios - return on assets (ROA) and returns on equity (ROE) were found to 
have a significant effect on performance and firms’ sustainable initiatives (see Lehmann 
and Weigand, 2000; and Tsoutsoura, 2004). 

• Growth prospects (GR3) is estimated as the geometric growth rate of revenues over a 

three-year period. 

• Leverage (LEV) is measured as the share of book value of debt in total assets. Izzo and 

Magnanelli (2017) shown that better CSR practices lead to better lending conditions for 
companies through reduced risk perceived by the market. Moreover, leverage has a 
negative impact on firm value by increasing bankruptcy risk and providing a tax shield.  

•  We use traditional factors as stock return volatility (VOL) and equity beta (B) to capture 

effects of risk. Those risk characteristics were shown to respond to CSR practices (mostly 
negative relation) in previous studies (Boutin-Dufresne and Savaria, 2004; Luo and 
Bhattacharya, 2009; Lee and Faff, 2009; and Goss, 2012). The former is calculated using 
the annualized standard deviation of daily logarithmic historical price changes over the 
past year and serve as a measure of the firm’s total risk (French et al., 1987). The latter 
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represents stock market sensitivity and is expected to capture a firm’s idiosyncratic risk. 
Equity beta is measured by Bloomberg as the percentage change in the equity price in 
response to one percentage change of its benchmark index for the past two years of 
weekly data. 
Moreover, beta could be used as a proxy for the company’s cost of equity. According to 
the theory, companies that belong to cyclical industries tend to have relatively low betas 
because their sales are more volatile during the business cycle either due to stable 
demand (e. g. pharmaceuticals, food processing) or government regulation (utilities). On 
the other hand, non-cyclical firms mainly technology and luxury retailers are more 
exposed to market risk and have on average higher betas. Usually, stocks of these 
companies are significantly impacted by shocks in the economy. It means that stock 
prices increase or decrease to a more considerable extent than the whole market during 
economic expansion and contraction. Furthermore, cyclical companies with high 
leverage are also more sensitive to systematic risks, for example, automobiles 
manufacturers and metals producers (Berk and DeMarzo, 2016). 

• Our data is in line with the theory. Thus, companies in utilities, food products and 

pharmaceuticals industries have lower than average betas 0.6, 0.6 and 0.8 versus average 
beta of 0.9 for non-cyclical industries. Finally, contra-cyclical IT companies, highly 
leveraged automobiles, and metal and mining industries have higher betas in the range of 
1.1 - 1.2 as could be observed in Appendix 3.  

• To account for liquidity, we employed two indicators – free float and share turnover. Free 

float (FF) is the share of outstanding shares freely traded in the market. Share turnover 
(LIQ) is calculated as a number of shares traded on an average day over a year (in 
millions).  

•  With cross-listing dummy (CRL), we control for unobserved growth opportunities, a 

possible corporate governance effect and liquidity improved by foreign investors interest. 
This dummy takes the value of 1 in case the company’s shares are listed on more than 
one foreign stock exchanges, else zero.  

•  Finally, we use a set of dummy variables to distinguish eleven sectors (S1 – S11). Both 

characteristics are likely to influence Tobin’s Q and CSR initiatives through differences 
in accounting practices, industry concentration, assets structure and government 
regulation. 

The variables ROA, ROE and LIQ were winsorized at the 1st and 99th per centiles to avoid the 
problem with outliers and influential observations. Also, some measures were taken to deal with 
the problem of unit data missing in this study. Missing data points were substituted by the mean 
value of corresponding industry and country samples. All variables are denoted in U.S. dollars. 
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4.2.3. Empirical models  

In this section, we propose four econometric models to investigate the valuation effect of our ESG 
score and alternative PCA index in a multivariate framework. The dependent variable is logarithm 
of Tobin’s Q.  

First, we estimated two models representing pooled OLS: one as a base model only incorporating 
firm characteristics as independent variables and second one including EC’s total ESG score 

("#$%&) as a main explanatory variable. 

 

Model 1: '((*+,-(’/0) = 34 + 36 × 8 + 9 

Model 2: '((*+,-(’/0) = 34 + 36 × "#$%& + 3: × 8 + 9 

 

where  '((*+,-(’/0) is the natural algorithm of Tobin’s Q; "#$%&  is ESG score where we use 

interchangeably East Capital’s ESG score and the index calculated based on principal component 

analysis; 8 is a vector of firm characteristics (SIZE, ROA, ROE, GR3, LEV, VOL, B, FF, LIQ, 

CRL); The vector of X variables are defined in the data section.  

Then we analyzed results of similar econometric models but using sector dummy variables to 
control for those differences. The generalized models accounting for sector heterogeneity are 
written as:  

 

Model 3: '((*+,-(’/0) = 34 + 36 × 8 + 3: × ; + 9 

Model 4: '((*+,-(’/0) = 34 + 36 × "#$%& + 3: × 8 + 3< × ; + 9 

 

where ; is a vector of sector dummies; and 9 is a random error term with mean zero and constant 

variance. In two model with ESG score, EC’s and PCA-based indices were used interchangeably.  

Secondly, we analyze models that estimate how each of the ESG aspects in disaggregate form 
(environmental, social and three corporate governance scores – capital allocation, board and 
management issues, transparency) affect firm value. Thus, we report results for five models that 

include “E”, “S”, “=6”, “=:” and “=<” scores separately and for one model when all ESG 
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components are included together.  All ESG sub-scores vary on the scale from 1 to 100. The five 
models allowing for heterogeneous ESG components effects on firm values and a sixth model 
expanded to include sector heterogeneity effects are expressed as: 

'((*+,-(’/0) = 34 + 36 × " + 3: × 8 + 3< × ; + 9 

'((*+,-(’/0) = 34 + 36 × # + 3: × 8 + 3< × ; + 9 

'((*+,-(’/0) = 34 + 36 × =6 + 3: × 8 + 3< × ; + 9 

'((*+,-(’/0) = 34 + 36 × =: + 3: × 8 + 3< × ; + 9 

'((*+,-(’/0) = 34 + 36 × =< + 3: × 8 + 3< × ; + 9 

'((*+,-(’/0) = 34+36 × " + 3: × #+3< × =6 + 3> × =:+3? × =< + 3@ × 8 + 3A × ; + 9 

where E - environmental, S - social, =6  – capital allocation, =:  – board structure and =<  - 

transparency are sub-indices of ESG score. 

 

5. Results  

5.1. Principal component analysis  

First of all, it is critical to test whether our new construct can capture the unobserved CSR concept. 

For this purpose, Cronbach ! was calculated for environmental, social and governance dimensions 

of ESG score to assess internal consistency of the model. It measures how strong underlying items 

relate to the same concept. Cronbach ! varies from 0 and 1, and a value of 0.7 and higher implies 

a considerable degree of internal consistency and 0.6 - respectable (Kline, 2000).   

Table 1 represents values of Cronbach ! for individual sectors. They range from 0.35 (Consumer 

Discretionary) to 0.83 (Materials). Six out of eleven sectors have alpha higher than 0.6 implying 
that components of ESG score consistently capture a common underlying concept.  

In the case with our ESG score, PCA is applied to better understand components’ correlations by 
means of factors. Finally, it will help to construct a synthetic score that includes weights assigned 

statistically by PCA.   

After retaining only factors with eigenvalues that exceed one, the exploratory principal component 
analysis yielded one factor which accounts for 48.41% of the total variance. Although the second 
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factor has a slightly lower value than 1, together both factors extract 79.41% of the variance in 
Tobin’s Q, which is satisfactory. 

Table 1. Cronbach ! for different industry sectors. 

Industry sector Cronbach alpha 

Consumer Discretionary 0.3538 

Consumer Staples 0.6444 

Energy 0.6492 

Financials 0.1717 

Health Care 0.5651 

Industrials 0.3973 

Information Technology 0.4611 

Materials 0.8295 

Real Eastate 0.7393 

Telecommunication Services 0.7068 

Utilities 0.7630 

 
 
Table 2 reports the results of factor loadings. Loading of each component implies its correlation 
with the identified factors. Thus, Factor 1 mainly consists of environmental and social elements 
with loadings of 0.81 and 0.71 correspondingly. The correlation of corporate governance element 
with the factor is lower - 0.53. The loadings with impact are expected to have loading values 
exceeding 0.40.  

Table 2. Factor loadings of ESG components. 

Variable Factor Loadings 

Environment (E) 0.8137 

Social (S) 0.7120 

Governance (g1) 0.5323 
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Thus, we construct an alternative score "#$BCD with the following components weights expressed 

in terms of standard deviation and percentage weights presented in Table 3. 

Table 3. Weights of ESG components in the total score. 

Variable Standard deviation Absolute weight 

Environment (E) 0.56027 39.5% 

Social (S) 0.49022 34.6% 

Governance (g1) 0.36651 25.9% 

 

 

Further, we split “Governance” component into three sub-scores: Capital allocation (g1), Board 
structure and other governance issues (g2) and Transparency (g3). In this case, PCA results in two 
factors with eigenvalues exceeding unity (see Table 4) and explaining 59.4% of the total variance 
of Tobin’s Q. According to the theory, each component is assigned to a specific factor if its loading 
is higher than 0.40 in absolute value. Interestingly, in this analysis Factor 1 loads on also two 
governance components - g2 and g3 and Factor 2 only comprise g1 with the loading of 0.74.  

Table 4. Factor loadings before rotation. 

Variable Factor1 Factor2 

Environment (E) 0.6872 -0.3215 

Social (S) 0.5519 -0.6166 

Capital allocation (g1) 0.3744 0.7473 

Board structure and other governance issues (g2) 0.7855 0.2371 

Transparency (g3) 0.5553 0.1715 
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However, after producing orthogonal factors’ rotation using varimax, we make an interpretation 
easier (see Table 5). The orthogonal factors rotation is necessary when the set of explanatory 
variables contain dummy variable. Here environmental and social elements clearly belong to 
Factor 1 and Governance components to Factor 2. 

Table 5. Loadings with varimax rotation. 

Variable Factor1 Factor2 

Environment (E) 0.7017 0.2080 

Social (S) 0.8354 -0.1068 

Capital allocation (g1) -0.3174 0.8180 

Board structure and other governance issues (g2) 0.3435 0.6995 

Transparency (g3) 0.2399 0.4975 

 

 

This result is consistent with the findings of Bajic and Yurtoglu (2017) suggesting that broad ESG 

score consist of environmental and social aspects and corporate governance should be separated 
into distinct score containing three governance elements.  

Thus, we constructed a new synthetic ESG index. The weights of each element were assigned 
statistically as follows (see Table 6): 

Table 6. Weights of ESG components in the total score (in standard deviations). 

Variable EFG:6 EFG:: 

Environment (E) 0.46863 0.09209 

Social (S) 0.58415 -0.13578 

Capital allocation (g1) -0.27948 0.59004 

Board structure and other governance issues (g2) 0.18516 0.45905 

Transparency (g3) 0.12866 0.32681 
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5.2. Regression analysis  

5.2.1. Summary statistics  

The summary statistics and correlation matrix for all dependent and control variables are reported 
in Tables 7 and Appendix Table 4 correspondingly. 

Table 7. Summary statistics for firm characteristics. 

Variable Mean Median Std. Dev. Minimum Maximum 

Tobin's Q 2.09 1.39 1.98 0.52 16.75 

Size 8.97 8.92 2.16 4.48 15.04 

ROA 7.15 4.82 7.67 -7.97 33.60 

ROE 16.57 14.65 17.69 -75.08 74.35 

CARG 3Y 15.47 12.77 14.52 -18.61 66.54 

Leverage 21.73 21.06 14.52 0.00 66.40 

Volatility 29.75 28.47 8.39 11.78 65.31 

Beta 0.91 0.93 0.31 0.07 1.66 

Free float 57.24 55.22 23.94 0.07 100.00 

Liquidity 8.97 1.78 19.94 0.00 159.03 

Cross-listing dummy 0.86 1.00 0.35 0.00 1.00 

 

 

The sample companies have an average Tobin’s Q of 2.09 with a standard deviation of 1.98. Mean 
return of assets is 7.15 per cent and on equity 16.57 per cent with a standard deviation of 7.67 per 
cent and 17.79 per cent accordingly. The average company in a sample is large (USD 7.9 billion), 
has a revenue growth rate of 15 per cent, beta of 0.91 and volatility of 29.75 per cent. The sample 
mean of book value of debt amounts to 21.73 per cent of total assets. Moreover, the sample 
companies have a relatively large investor base with about 57 per cent of shares trading in free 
float and 8.97 million shares traded daily. Finally, 86 per cent of the sample firms are listed on 
more than one stock exchanges.   
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5.2.2. The impact of total ESG score on firm value 

In Table 8 we present the coefficients for firm characteristics and East Capital’s ESG score. 
Columns 1 and 2 report results for pooled ordinary least square (OLS) regressions and columns 3 
and 4 – for empirical models accounting for sector heterogeneity. Columns 1 and 3 represent a 
base model that includes only firm characteristics. Columns 2 and 4 shows the coefficients for 

EC’s ESG score (ESGKC) and firm characteristics used as control variables. Finally, coefficients 

for sector dummies are reported in Panel B, Appendix Table 5.  All statistically significant 
coefficients are in italics.  

First of all, we analyze ESG coefficient in both type of regressions: with and without industry 
sector dummies. The results in OLS specification indicate positive and statistically significant (at 
10 per cent level) link between ESG score and firm valuation. Thus, one standard deviation change 
in ESG score leads to 7.69 per cent change in Tobin’s Q. On the other hand, when controlling for 
sector-level differences we arrive at ESG score coefficient significant at 5 per cent level which is 
also higher in value implying 8.77 per cent change in firm value. This valuation effect of ESG in 
our sample is comparable to that reported by Bajic and Yurtoglu (2017).  

As for firm-level covariates, all four models displayed that half of the coefficients are significant 
and most of them are with a sign in line with theoretical expectations. Overall, coefficient in base 
specifications do not differ greatly from those in models including ESG score apart from 
significance level for some coefficients. However, unlike ESG score, all firm-level properties have 
lower value relevance in terms of both size effect and significance in models controlling for sector 
heterogeneity.   

Thus, smaller companies tend to have higher valuations. However, this relationship is weaker and 
less statistically significant than regressions with sector dummies. On the other hand, firms with 
low profitability expressed in terms of return on assets (ROA) and growth rate (CARG 3Y) tend 
to be valued lower. The coefficients for both ROA and CARG 3Y are significant at the 1 per cent 
level of significance.  

Less significant (level of 5-10 per cent) and the weak negative effect is observed for leverage 
coefficient. However, it is consistent with expectations that companies with higher debt ratio have 
lower market valuations as it is associated with higher bankruptcy risk. Last but not least, the 
highest coefficient although only significant at 10 per cent level is observed for companies traded 
on a stock exchange in more than one country. This leads to about 20 per cent increase in Tobin’s 
Q in all models except the last one presented in column 4 of Table 8. Interestingly, risk indicators 

(beta and volatility) were not found to be significant in any model.  
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Table 8. Firm characteristics and ESG coefficients. 

Dependent Variable 

(1) (2) (3) (4) 

OLS OLS FE FE 

w/o ESG w/ ESG w/o ESG w/ ESG 

ESG_EC ..  0.0769*  .. 0.0877** 

   .. (0.0314) .. (0.0319) 

Size -0.0914*** -0.0939*** -0.0459* -0.0447* 

  (0.0189) (0.0186) (0.0206) (0.0202) 

ROA 0.0513*** 0.0499*** 0.0415*** 0.0370*** 

  (0.00648) (0.00641) (0.00713) (0.00716) 

ROE -0.00384 -0.00310 0.000681 0.00214 

  (0.00272) (0.00269) (0.00274) (0.00274) 

CARG 3Y 0.00981*** 0.00989*** 0.00744*** 0.00785*** 

  (0.00227) (0.00223) (0.00218) (0.00214) 

Leverage -0.00661** -0.00708** -0.00608* -0.00758** 

  (0.00237) (0.00234) (0.00247) (0.00247) 

Volatility -0.00450 -0.00307 -0.000866 0.000615 

  (0.00429) (0.00426) (0.00400) (0.00395) 

Beta 0.127 0.143 0.0688 0.0899 

  (0.123) (0.122) (0.116) (0.114) 

Free float 0.00186 0.00143 0.000763 0.000676 

  (0.00132) (0.00131) (0.00134) (0.00131) 

Liquidity 0.00235 0.00201 0.00138 0.00115 

  (0.00169) (0.00167) (0.00156) (0.00153) 

Cross-listing dummy 0.228* 0.204* 0.223* 0.178 

  (0.0963) (0.0952) (0.0908) (0.0903) 

_cons 0.711** 0.731** 0.222 0.238 

  (0.226) (0.222) (0.292) (0.285) 

Adjusted R2 0.5858 0.5988 0.6576 0.6725 
 

Notes: Number of observations (firms): 166. Standard errors in parenthesis; *, ** and *** represent significance at 
10 per cent, 5 per cent and 1 per cent levels, respectively. Significant results (at 5 per cent level or better) are in italic. 
The estimation methods are pooled OLS (OLS) and fixed effects (FE) with sector dummies. 
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Adjusted R2 indicating the per cent of the variation in Tobin’s Q explained by the model has the 
highest value for the model with EC ESG score and sector dummies (67.25 per cent). The pooled 
OLS model with EC ESG score explains 59.88 per cent of variation in firm valuation.   

Furthermore, we constructed two regression models for the index derived by PCA and the results 
are reported in Panel C of Appendix Table 5. Coefficients and their significance level are similar 
to what was indicated earlier. Nevertheless, PCA-based index does not have stronger and more 
significant effect on firm valuation in the model with sector dummies. On the one hand, it implies 
that it is less sensitive to sector heterogeneity. On the other hand, unlike in the situation with EC’s 
ESG score, inclusion of sector dummies does not help us to indicate more significant and higher 
value relevance for PCA index.   

Finally, we examined coefficients for sectors dummies documented in Panel B of Appendix Table 
5. There we only present results for models with EC’s ESG score as those for PCA-based index 
do not differ significantly. Thus, firm operating in Health Care and Consumer Staples sectors were 
found to have higher valuations on average. These findings are consistent with ones presented in 
firm characteristics section.  

 

5.2.3. The impact of Environmental, Social and Corporate Governance 

scores on firm value 

Further, we explored the relationship between different dimensions of CSR (E, S and G) and the 
market valuation of the firm. After the application of principal component analysis, we inferred 
that some factors of ESG could be positively correlated with each other. Thus, the inclusion of 
only one component might cause omitted variable bias. Therefore, we analyzed several sets of 
models: those that use only one of the scores (environmental, social and three corporate 
governance scores – capital allocation, board and management issues, transparency) and one 
comprising all factors.  

In Table 9 we present the findings for the model only with sector dummies as it yielded more 
significant coefficients for ESG components. 

When all sub-indices are estimated separately (columns 1 to 5) only environmental factors, capital 
allocation and board structure coefficients are statistically significant at the 5-10 per cent levels 
and reported to have a positive impact on Tobin’s Q. In this case, board structure and other 
governance issues have the biggest influence: one-point increase in this part is associated with a 
0.6 per cent increase in firm valuation. Interestingly, social aspect and transparency have adverse 
effect on Tobin’s Q. However, those coefficients are not significant in any model specification. 
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Table 9. Firm value and ESG sub-indices.  

Dependent 

Variables\Models 
(1) (2) (3) (4) (5) (6) 

Environment (E) 0.00432*          0.00400*  

  (0.00185)      (0.00199) 

Social (S)   -0.000227    -0.00265 

    (0.00299)    (0.00307) 

Capital allocation 
(g1) 

   0.00462**   0.00385* 

     (0.00170)   (0.00173) 

Board structure and 
other governance 
issues (g2) 

    0.00597*  0.00413 

      (0.00297)  (0.00329) 

Transparency (g3)      -0.00125 -0.00338 

          (0.00245) (0.00249) 

Adjusted R2 0.6678 0.6552 0.6721 0.6646 0.6558 0.6804 

 
Notes: Number of observations (firms): 166. Standard errors in parenthesis; *, ** and *** represent significance at 

10 per cent, 5 per cent and 1 per cent levels, respectively. Significant results (at 5 per cent level or better) are in italic. 

Column 6 of Table 9 reports the results for the model where all five components are evaluated 
together. Only environmental and capital allocation sub-scores remain significant. Moreover, the 
impact of capital allocation becomes less significant and weaker than the influence of 
environmental factors unlike in the situation when all components are assessed separately.  

These findings are consistent with the results of PCA where environmental and capital allocation 
scores were found to contribute significantly to the total variance of the ESG score.   

Furthermore, all models explain 65.5 – 68.0 per cent of the variation in firm valuation which is 
quite a substantial level of model explanatory power.  
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On a final note, our results advocate for the use of the model including all sub-indices together 
allowing for heterogeneous components effects in order to control for the influence of other ESG 
aspects and avoid omitted variable bias. Otherwise, specifications considering only one component 
could lead to misleading conclusions.  

 

5.3. ESG score heterogeneity at geographical and sectoral levels   

In this section of the paper we will provide the analysis and comparison between East Capital’s 

ESG score and PCA-based index for different regions, countries and industry sectors. This will 
help us to understand which of the scores have a stronger association with such firm characteristics 
as firm value (Tobin’s Q) and size. We use z-score technique to normalize their values of these 
variables to be able to compare them. 

 

5.3.1. ESG scores differences among regions  

First of all, we will investigate the differences between two composite indices for different regions. 
On Figure 4 we could observe the biggest gap between EC’s ESG score and the index derived by 

PCA for Americas and Africa regions.  

Interestingly, in those regions where scores diverge, PCA-based index has slightly stronger 
association with firm valuation than EC’s score. This result was expected especially for Africa as 
PCA assigns higher weight to environmental dimension where Africa ranks as a leader. On the 
other hand, Africa has the lowest score in Corporate Governance part which East Capital’s total 
score incorporate with the highest weight (75 per cent).  Given that average firm value is the 
highest in Africa, we could conclude that investors value environmental responsibility of the firms 
in that region much higher than corporate governance.  

As for the link between Tobin’s Q and size of the company, negative relationship predicted by the 
regression holds true only Africa, Middle East and Eastern Europe regions. 

Finally, the empirical models’ prediction about positive association between ESG score and 
Tobin’s Q holds true only for Easter Europe and Asia regions. Nevertheless, this is a quite 
significant finding given that companies in those two regions account for 82 per cent of the whole 
sample observations. In contract, neither of indices capture one of the highest firm valuation in 
Middle East. However, this result is not representative due to low share of observed companies in 
this region (3 per cent). 
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To sum up, when we consider regional split both indices are useful in prediction of firm value in 
all regions except for America and Africa where PCA-based score has a higher value relevance.  

 

Figure 4. Regional differences for ESG score, firm value and size. 

Note: Values on the graph represent number of companies in each region. 

Source: the author 

 

5.3.2. ESG scores differences among sectors  

Sectoral split for two indices is demonstrated on Figure 5 where we could observe even less 
differences than on a regional level comparison.  

EC’s total score and its PC counter-part slightly differ in the sectors: Materials, Utilities and Real 
Estate. Moreover, both indices fail to capture the predicted positive value relevance for Utilities 
and Real Estate. Meanwhile, East Capital’s score captures this association better for Material and 
Utilities and PCA-based index has a stronger predictive power in Real Estate.  However, as 
previously share of companies in those sectors varies from three to four per cent of the whole 
sample and, thus does not impact significantly on our conclusion.  

All in all, the strongest link between both scores and firm value is well captured in five sectors: 
Energy, Industrials, Materials, Information Technology and Telecommunication Services. 
However, value of Tobin’s Q in energy companies indicates that investors in this sector are not as 

sensitive as score predicts.  
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Figure 5. Sectoral differences for ESG score, firm value and size. 

Note: Values on the graph represent number of companies in each region. 

Source: the author 

On the other hand, in three sectors (Utilities, Financials and Real Estate) where companies have 
lowest valuations on average, both scores assign higher than average values. This result is notable 
especially for Financial sector as it represents the highest share of the whole sample – 22 per cent. 
The same is true for Health Care, Consumer Staples and Consumer Discretionary accounting for 
4.0, 8.5 and 16.0 per cent respectively. For these sectors we observe the opposite effect: higher 
than average firm value which is not reflected by any of two indices. These findings advocate for 
creation of different procedure for evaluating corporate responsibilities of companies that belong 
to the following sectors: Utilities, Health Care, Real Estate and especially Financials, Consumer 
Discretionary and Consumer Staples.  

Finally, on the Figure 5 we could observe the support of our expectations regarding negative effect 
of firm size on its valuation for about 72 per cent of the firms in six industry sectors: Energy, 
Health Care, Consumer Staples and Consumer Discretionary, Information Technology and 
Financials.  

Summarizing the results of geographical and sectoral divisions, we could infer more significant 
divergence in East Capital’s ESG score and the score derived by PCA on a regional level rather 

than sectoral. On the other hand, sectoral split indicates less predictive power of both indices for 
majority of industries that collectively represent about 58 per cent of the total sample. 
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6. Conclusion 

To summarize, the aim of this study was to make inferences about whether East Capital’s 
proprietary scorecards is useful in prediction of any material risks which could impact the financial 

performance of the companies included in EC investable universe. 

However, in this study, we argued that to answer this question we first need to address two main 
issues that most of the previous research suffered from: construct validity and endogeneity. 
Therefore, we employed an exploratory principal component analysis (PCA) and an extensive list 
of firm characteristics in our regression analysis to control for unobservable effects. Finally, we 
analyzed whether our findings are robust by comparing strengths and weaknesses of EC’s ESG 
score and PCA-derived index for different regions and sectors.  

First of all, the result of PCA indicated dominance of Environmental and Social components in 
the variance of the total ESG score. Secondly, based on our empirical model we concluded about 
a positive and significant association between ESG score and firm value proxied by Tobin’s Q.  

When considering estimation of effects all ESG aspects separately, we postulated that these results 
are mainly driven by the “Environmental” and “Capital allocation” sub-scores of the composite 
ESG measure. 

Finally, the comparison of both indices across regions revealed that PCA-based score has higher 
value relevance in African region where investors seem to value environmental responsibility of 
the firms higher than corporate governance despite conventional expectations. On the other hand, 
two indices do not diverge significantly across different sectors. Nevertheless, in six out of eleven 
industry sectors (58 per cent of the total sample) both indices fail to predict valuation effect. 

Thus, we propose to separate environmental and social parts in separate index when comparing 
CSR of different regions. Secondly, we suggest implementing some changes in scorecard 
formulation to capture sector-level heterogeneity.  

However, our research can be further expanded by exploring panel data for ESG score to make 
inferences about dynamic value effect. 
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Appendix 

Appendix Table 1.  

ESG Scorecard. 
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Appendix Table 2. Panel A. 

Summary statistics for ESG score with a regional split. 

    Red Flags ESG G E S 

  N Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev 

AFRICA 8 9.0 0.8 76.4 9.6 72.7 12.1 85.9 12.4 89.1 8.0 

EGYPT 1 9.0   80.7   78.5   87.5   87.5   

KENYA 1 9.0   84.8   81.9   87.5   100.0   

MOROCCO 2 9.5   65.4   59.0   81.3   87.5   

SOUTH AFRICA 4 8.8   78.8   75.9   87.5   87.5   

AMERICAS 17 9.5 0.8 81.0 5.6 82.0 6.1 76.5 16.5 80.1 10.9 

ARGENTINA 4 9.0   78.5   82.2   59.4   75.0   

BRAZIL 8 9.5   80.1   79.7   84.4   78.1   

LUXEMBOURG 1 10.0   92.6   94.4   100.0   75.0   

MEXICO 4 9.8   82.6   83.1   71.9   90.6   

ASIA 87 9.1 1.0 81.1 8.0 78.7 9.3 84.9 14.0 91.7 9.7 

CHINA 36 9.0   79.2   75.9   86.1   92.4   

HONG KONG 7 9.0   85.2   82.9   89.3   94.6   

INDIA 13 9.5   86.9   85.0   89.4   95.2   

INDONESIA 3 9.3   84.4   84.0   79.2   91.7   

MALAYSIA 1 8.0   73.8   77.6   50.0   75.0   

PAKISTAN 2 10.0   83.7   83.5   68.8   100.0   

PHILIPPINES 1 10.0   76.0   76.3   62.5   87.5   

SOUTH KOREA 8 8.3   74.3   70.9   82.8   85.9   

SRI LANKA 1 9.0   79.2   76.4   87.5   87.5   

TAIWAN 9 9.6   80.1   78.4   83.3   87.5   

THAILAND 3 9.3   82.5   81.5   79.2   91.7   

VIETNAM 3 9.0   89.3   88.5   91.7   91.7   
EASTERN 
EUROPE 49 9.2 1.2 78.4 10.4 77.5 12.1 72.7 20.0 89.2 9.7 

AUSTRIA 2 10.0   88.8   87.1   93.8   93.8   

CROATIA 2 10.0   82.7   85.3   75.0   75.0   

GREECE 4 10.0   77.3   78.0   62.5   87.5   

HUNGARY 1 9.0   88.9   85.2   100.0   100.0   

KAZAKHSTAN 1 10.0   72.7   74.0   50.0   87.5   

POLAND 2 10.0   76.1   77.4   62.5   81.3   

ROMANIA 3 8.7   72.9   72.2   66.7   83.3   

RUSSIA 19 8.5   74.3   74.2   60.5   88.6   

SERBIA 2 10.0   71.7   66.4   87.5   87.5   

SLOVENIA 3 9.7   82.0   80.8   75.0   95.8   

TURKEY 10 9.6   85.5   82.6   95.0   93.8   

MIDDLE EAST 5 8.6 1.1 76.5 5.4 74.6 6.3 77.5 10.5 87.5 0.0 

EGYPT 1 7.0   69.9   66.2   75.0   87.5   

KUWAIT 1 9.0   78.2   75.1   87.5   87.5   

LEBANON 1 10.0   80.9   78.7   87.5   87.5   

SAUDI ARABIA 1 8.0   71.8   70.8   62.5   87.5   

UAE 1 9.0   81.9   82.1   75.0   87.5   

Total 166 9.2 1.0 79.9 8.6 78.3 10.1 80.3 16.9 89.5 10.1 
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Appendix Table 2. Panel B. 

Summary statistics for ESG score with a sectoral split.  

    Red Flags ESG G E S 
  N Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev 

Consumer Discretionary 26 9.4 0.9 78.7 7.0 77.2 8.3 78.4 17.5 88.0 7.5 
AFRICA 2 8.5   78.3   74.2   93.8   87.5   
AMERICAS 3 10.0   78.8   78.6   75.0   83.3   
ASIA 12 9.3   78.8   76.8   80.2   89.6   
EASTERN EUROPE 7 10.0   80.0   80.1   71.4   87.5   
MIDDLE EAST 2 8.0   74.1   70.6   81.3   87.5   
Consumer Staples 14 9.1 0.7 79.0 9.5 78.0 12.3 77.7 17.8 86.6 14.3 
AFRICA 1 9.0   56.6   48.3   75.0   87.5   
AMERICAS 2 8.5   79.6   85.3   62.5   62.5   
ASIA 6 9.2   82.4   79.3   89.6   93.8   
EASTERN EUROPE 4 9.5   81.1   81.6   71.9   87.5   
MIDDLE EAST 1 8.0   71.8   70.8   62.5   87.5   
Energy 9 8.1 1.2 68.8 14.9 67.3 18.8 59.7 23.2 87.1 14.4 
AMERICAS 1 8.0   76.1   80.7   62.5   62.5   
ASIA 1 9.0   73.5   75.1   37.5   100.0   
EASTERN EUROPE 7 8.0   67.1   64.2   62.5   88.8   
Financials 37 9.5 0.7 83.7 5.6 81.8 6.5 86.1 15.8 93.2 8.6 
AFRICA 1 9.0   80.7   78.5   87.5   87.5   
AMERICAS 4 9.3   79.9   79.4   75.0   87.5   
ASIA 15 9.4   86.1   83.4   91.7   96.7   
EASTERN EUROPE 16 9.6   82.9   81.2   83.6   92.2   
MIDDLE EAST 1 10.0   80.9   78.7   87.5   87.5   
Health Care 7 9.1 0.9 77.8 5.5 76.4 8.2 78.6 11.9 85.7 8.6 
AFRICA 1 10.0   79.5   83.1   62.5   75.0   
ASIA 4 8.8   76.5   73.3   84.4   87.5   
EASTERN EUROPE 1 10.0   77.5   76.3   75.0   87.5   
MIDDLE EAST 1 9.0   81.9   82.1   75.0   87.5   
Industrials 23 9.4 0.7 77.8 7.7 75.8 8.8 81.0 14.0 87.0 9.6 
AMERICAS 2 9.5   83.8   83.7   87.5   81.3   
ASIA 16 9.4   78.1   75.9   83.6   85.9   
EASTERN EUROPE 5 9.6   74.5   72.2   70.0   92.5   
Information Technology 26 9.2 1.2 80.9 8.8 78.7 10.9 85.1 10.6 89.9 10.6 
AFRICA 2 9.0   76.6   70.8   93.8   93.8   
AMERICAS 2 10.0   83.5   84.2   87.5   75.0   
ASIA 20 9.0   80.8   78.3   85.6   91.3   
EASTERN EUROPE 2 10.0   83.1   84.7   68.8   87.5   
Materials 5 7.8 1.9 78.6 10.3 80.3 10.0 60.0 22.4 87.5 8.8 
ASIA 3 8.0   81.8   82.7   66.7   91.7   
EASTERN EUROPE 2 7.5   73.9   76.7   50.0   81.3   
Real Estate 7 8.9 1.5 84.7 9.3 85.6 8.6 75.0 20.4 89.3 13.4 
AMERICAS 2 10.0   83.9   84.8   75.0   87.5   
ASIA 3 8.7   91.6   90.2   91.7   100.0   
EASTERN EUROPE 2 8.0   75.3   79.6   50.0   75.0   
Telecommunication 
Services 6 8.7 1.0 81.4 9.2 79.0 11.2 83.3 12.9 93.8 6.8 

AFRICA 1 9.0   84.8   81.9   87.5   100.0   
ASIA 2 9.0   79.1   75.2   87.5   93.8   
EASTERN EUROPE 3 8.3   81.8   80.7   79.2   91.7   
Utilities 6 9.2 1.2 81.2 5.4 78.0 6.8 87.5 7.9 93.8 6.8 
AMERICAS 1 10.0   84.2   83.1   87.5   87.5   
ASIA 5 9.0   80.6   77.0   87.5   95.0   
Grand Total 166 9.2 1.0 79.9 8.6 78.3 10.1 80.3 16.9 89.5 10.1 
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Appendix Table 3. 

Summary statistics for firm characteristics with a sectoral split.   

Firm  
Characteristics N Tobin's Q Size ROA ROE CARG 3Y 

    Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev 

Consumer 
Discretionary 26 2.4 1.9 7.8 1.9 8.4 9.2 18.5 16.7 18.1 14.1 

Consumer Staples 14 3.8 4.3 7.9 1.2 8.0 13.1 10.7 36.4 11.0 7.9 

Energy 9 1.0 0.3 10.7 1.3 9.7 7.3 21.3 16.4 5.6 9.1 

Financials 37 1.1 0.1 11.1 1.9 1.8 1.4 15.2 8.6 12.4 11.6 

Health Care 7 3.0 1.9 6.9 1.5 7.3 7.7 11.2 8.5 23.8 19.0 

Industrials 23 2.0 1.2 7.8 1.4 6.6 4.6 15.9 10.7 18.5 14.6 

Information 
Technology 26 3.0 1.8 8.8 2.1 12.2 8.2 20.7 10.7 21.0 17.6 

Materials 5 1.7 0.5 8.7 1.5 11.5 7.2 70.4 118.2 20.4 20.7 

Real Estate 7 1.0 0.2 9.0 1.7 5.4 4.7 11.9 10.4 7.0 10.5 

Telecommunication 
Services 6 2.5 2.6 9.2 1.9 8.5 13.7 8.8 51.8 7.3 5.8 

Utilities 6 1.4 0.3 8.4 1.3 5.2 2.3 14.5 3.2 16.9 20.9 
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Appendix Table 3. 

Summary statistics for firm characteristics with a sectoral split.   

Firm 
Characteristics Leverage Volatility Beta Free float Liquidity Cross-listing 

dummy 
  Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev Mean StdDev 

Consumer 
Discretionary 20.6 11.6 29.9 5.3 0.9 0.3 63.6 21.1 4.6 8.4 0.8 0.4 

Consumer Staples 19.5 16.8 28.2 7.1 0.8 0.3 46.1 20.5 5.0 9.8 0.8 0.4 

Energy 24.0 10.0 29.1 5.7 1.0 0.2 27.8 20.2 4.9 11.4 1.0 0.0 

Financials 18.1 12.1 27.2 7.4 1.0 0.3 57.7 24.6 20.5 46.7 0.9 0.3 

Health Care 26.7 21.0 33.1 8.9 0.8 0.2 54.0 16.3 1.0 1.4 0.9 0.4 

Industrials 25.0 11.9 32.3 7.6 0.9 0.3 56.6 19.9 7.1 7.6 0.9 0.3 

Information 
Technology 14.2 10.6 31.3 9.7 1.0 0.3 67.9 21.0 7.2 8.8 0.8 0.4 

Materials 34.5 21.1 36.0 10.4 0.9 0.5 52.5 36.9 11.0 15.9 0.6 0.5 

Real Estate 25.8 10.9 28.2 7.3 0.8 0.3 65.4 24.8 3.0 3.8 0.9 0.4 

Telecommunication 
Services 26.7 24.9 25.1 18.9 0.7 0.4 45.9 26.8 11.0 20.7 1.0 0.0 

Utilities 44.7 12.0 30.6 9.6 0.6 0.1 62.6 27.0 14.2 18.4 1.0 0.0 
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Appendix Table 4. 

Correlation matrix 
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Appendix Table 5. 

Panel A. Firm characteristics and ESG coefficients. 

Dependent Variable 

(1) (2) (3) (4) 

OLS OLS FE FE 

w/o ESG w/ ESG w/o ESG w/ ESG 

ESG_EC   0.0769*   0.0877** 

    (0.0314)  (0.0319) 

Size -0.0914*** -0.0939*** -0.0459* -0.0447* 

  (0.0189) (0.0186) (0.0206) (0.0202) 

ROA 0.0513*** 0.0499*** 0.0415*** 0.0370*** 

  (0.00648) (0.00641) (0.00713) (0.00716) 

ROE -0.00384 -0.00310 0.000681 0.00214 

  (0.00272) (0.00269) (0.00274) (0.00274) 

CARG 3Y 0.00981*** 0.00989*** 0.00744*** 0.00785*** 

  (0.00227) (0.00223) (0.00218) (0.00214) 

Leverage -0.00661** -0.00708** -0.00608* -0.00758** 

  (0.00237) (0.00234) (0.00247) (0.00247) 

Volatility -0.00450 -0.00307 -0.000866 0.000615 

  (0.00429) (0.00426) (0.00400) (0.00395) 

Beta 0.127 0.143 0.0688 0.0899 

  (0.123) (0.122) (0.116) (0.114) 

Free float 0.00186 0.00143 0.000763 0.000676 

  (0.00132) (0.00131) (0.00134) (0.00131) 

Liquidity 0.00235 0.00201 0.00138 0.00115 

  (0.00169) (0.00167) (0.00156) (0.00153) 

Cross-listing dummy 0.228* 0.204* 0.223* 0.178 

  (0.0963) (0.0952) (0.0908) (0.0903) 

_cons 0.711** 0.731** 0.222 0.238 

  (0.226) (0.222) (0.292) (0.285) 

Adjusted R2 0.5858 0.5988 0.6576 0.6725 
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Appendix Table 5. 

Panel B. Sectors coefficients. 

 

Dependent Variable 

(1) (2) 

FE FE 

w/o ESG w/ ESG 

Consumer Discretionary  0.193 0.194 

  (0.184) (0.180) 

Consumer Staples  0.510* 0.524** 

  (0.197) (0.192) 

Energy  -0.370 -0.255 

  (0.212) (0.211) 

Financials  -0.0330 -0.107 

  (0.190) (0.188) 

Health Care  0.484* 0.505* 

  (0.217) (0.213) 

Industrials  0.141 0.155 

  (0.184) (0.180) 

Information Technology  0.220 0.197 

  (0.185) (0.181) 

Materials  0 0 

  (.) (.) 

Real Estate  -0.246 -0.293 

  (0.217) (0.213) 

Telecommunication Services  0.230 0.246 

  (0.227) (0.222) 

Utilities  0.0685 0.0865 

  (0.223) (0.218) 
 

   Note: Coefficients for sector “Materials” is omitted due to collinearity.  
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Appendix Table 5. 

Panel C. Firm characteristics and PCA-based index coefficients. 

Dependent Variable 

(1) (2) 

Pooled OLS FE 

  

ESG_PCA 0.0753* 0.0693* 

  (0.0317) (0.0319) 

Size -0.0974*** -0.0508* 

  (0.0188) (0.0205) 

ROA 0.0499*** 0.0385*** 

  (0.00642) (0.00717) 

ROE -0.00311 0.00163 

  (0.00269) (0.00274) 

CARG 3Y 0.00948*** 0.00740*** 

  (0.00224) (0.00216) 

Leverage -0.00678** -0.00678** 

  (0.00234) (0.00246) 

Volatility -0.00296 0.000354 

  (0.00427) (0.00399) 

Beta 0.111 0.0510 

  (0.122) (0.115) 

Free float 0.00167 0.000946 

  (0.00130) (0.00132) 

Liquidity 0.00192 0.00117 

  (0.00167) (0.00155) 

Cross-listing dummy 0.225* 0.216* 

  (0.0948) (0.0897) 

_cons 0.757*** 0.313 

  (0.223) (0.291) 

Adjusted R2 0.6247 0.6662 



TRITA TRITA-ITM-EX 2018:742

www.kth.se


