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Business: ESG criteria and Financial performance

• A Direct positive relationship between ESG and performance in 
more than 245 studies from 2016 to 2020





• Action for Climate crisis: UN Agenda 2030-17SDGs, Paris Agreement, European Green Deal

• Business sector must contribute – Incorporation of ESG in their operations

• Increasing interest of companies in the ESG framework: Good reputation and Performance improvement

Hypothesis :
• Good ESG performance => Good overall performance in terms of profitability, valuation, capital efficiency and 

risk?

 

The Impact of ESG performance on the Financial Performance of 
European Area Companies 

Sample:
STOXX Europe ESG Leaders 50 index (global leaders in terms of environmental, social and governance criteria) Vs 
EURO STOXX 50 Index (Europe's leading blue-chip index for the Eurozone)

Work :
1. We reviewed their ESG reporting framework
2. We examined whether there is a pattern of a better financial performance of ESG Leaders vs Others



Sustainability Reporting Framework





Average of Beta 

(5Y Monthly)

Average of Total 

Debt/Equity (mrq)

Average of 

Profit Margin

Average of Return on 

Assets (ttm)

Average of Return on 

Equity (ttm)

Automobiles and Parts

EURO STOXX 50 1,37 158,74 5% 2% 9%

STOXX Europe ESG Leaders 50 1,64 216,08 5% 2% 13%

Chemicals

EURO STOXX 50 0,79 33,06 10% 3% 6%

STOXX Europe ESG Leaders 50 0,77 83,50 8% 5% 11%

Construction and Materials

EURO STOXX 50 0,99 106,28 3% 3% 5%

STOXX Europe ESG Leaders 50 0,64 127,05 10% 7% 26%

Consumer Products and Services

EURO STOXX 50 0,96 96,71 11% 5% 13%

STOXX Europe ESG Leaders 50 0,89 54,01 9% 5% 11%

Energy

EURO STOXX 50 1,26 80,82 -11% 0% -11%

STOXX Europe ESG Leaders 50 1,00 74,29 -5% -1% -8%

Financial Services

EURO STOXX 50 1,75 2,63 -23% 0% -6%

STOXX Europe ESG Leaders 50 1,28 26,59 14% 1% 8%

Food, Beverage and Tobacco

EURO STOXX 50 1,40 125,80 9% 1% 4%

STOXX Europe ESG Leaders 50 0,48 110,70 9% 6% 13%

Health Care

EURO STOXX 50 1,12 79,77 -12% 2% -18%

STOXX Europe ESG Leaders 50 0,42 58,43 21% 11% 32%

Industrial Goods and Services

EURO STOXX 50 1,44 102,09 3% 3% 7%

STOXX Europe ESG Leaders 50 0,91 70,89 11% 5% 18%

Media

EURO STOXX 50 0,68 46,81 9% 3% 10%

STOXX Europe ESG Leaders 50 0,51 339,17 17% 8% 56%

Technology

EURO STOXX 50 1,52 90,12 47% -3% -1%

STOXX Europe ESG Leaders 50 1,14 50,30 17% 7% 19%

Utilities

EURO STOXX 50 1,25 113,10 -3% 2% -2%

STOXX Europe ESG Leaders 50 0,64 104,44 7% 3% 8%



Risk – CAPM Beta

• Beta indicator: Express the volatility of a 
stock

• High-beta are considered riskier

• Companies with good ESG performance 
tend to have lower beta, therefore lower 
risk 

• Differences are statistical significant at 
5%. 



Financial Leverage 
Debt-to-Equity (D/E) 

ratio

• Debt-to-equity (D/E) ratio:  Total liabilities 
divided by shareholder equity,

• It is used to assess financial leverage 

• D / E ratio is at similar levels in all sectors 
(except for media sector companies) 

• ESG performance seem to have no impact 
on financial leverage levels

• Differences are not significant at 5%



Performance -      
Return on Assets 

(ROA) 

• Return on assets (ROA): A company's 
profitability to its total assets 

• Good ESG performers tend to have 
Higher ROA

• Differences are statistical significant at 
5%. 



Performance -      
Return on Equity 

(ROE)

• Return on equity (ROE): Net income 
divided by shareholders' equity

• It is a measure of a company's 
profitability to its stockholders' equity

• As with ROA, that companies with good 
ESG performance have a Higher return on 
equity

• Differences are statistical significant at 
5%. 



Impact on Financial Performance on Big Caps-Reporting ESG, 
US Stock Exchanges  2008-2015

• Pricing Data from CRSP database, ESG 
items from Bloomberg. 

• Good ESG performance – Score > 0.5
• Bad ESG performance – Score < 0.2

• SASB based ESG KPIs – Material items for 
company’s sector.  

• Scaled z-score around the median (Binary 
and Continuous variables).



SDG and ESG 
consistent Asset 
Pricing



Comprehensive International Database

North 
America 

4050+

Latin 
America 

380+

Europe 
2550+

Asia Pacific 
4050+

Africa and 
Middle 

East   
450+

• 11.400+ Companies In 
International Markets (90% Of 
Global Market Capitalization)

• 68 Markets and 59 Industries, 
20+ years (2002-2023)

• AIM: Calculate ESG holistic 
Performance indicator per 
company

• Explore Sources of priced risk 
related to ESGs in 
International Stock Returns



Thomson Reuters Refinitive/ EIKON Scores

ESG Categories Material Issues / Categories

Environmental

Emissions

Environmental Innovation

Resource Use

Social

Workforce

Human Rights

Community

Product Responsibility 

Governance

Management

Shareholders

CSR

• >600 ESG Key Performance 
Indicators (KPIs) under 10 categories

• Generic and Sector Specific 

• Scores for each Category/ Pillar are 
calculated based on Industry specific 
KPIs - following an Industry materiality 
assessment 

• ESG Scores are aggregated to an overall 
ESG score for the company following an 
Industry materiality assessment 

• KPI Score - Percentile score calculation
     against peers in Market & Industry



ESG Controversies Scores

• ESG Controversies Score: Data Driven Score which measure a company's exposure to 
environmental, social and governance controversies and negative events reflected in 
global media. 

Examples: 
• Resource use – Category -  
     Environmental controversies
     Number of controversies related to the environmental impact of the company’s      

operations on natural resources or local communities.

• Workforce 
    Employee health and safety controversies Number of controversies published in the media 

linked to workforce health and safety
 
• ESG Controversies Score: Considering “GreenWashing” practices,  these type of Scores 

can provide an “unbiased” estimate of company’s performance. 





Panel A: ESG Score 

#Portfolios 5 10 20 30 50 100 150 200

GMB vw 0.0005 0.0008 0.0021 0.0018 0.0027 0.0021 0.0006 0.0030

se 0.0014 0.0016 0.0016 0.0016 0.0018 0.0025 0.0027 0.0028

p-value 0.7081 0.5959 0.1899 0.2734 0.1311 0.4085 0.8331 0.2938

GMB ew -0.0007 -0.0003 0.0007 0.0001 0.0015 0.0014 -0.0001 0.0013

se 0.0012 0.0013 0.0014 0.0016 0.0017 0.0024 0.0030 0.0039

p-value 0.7081 0.5959 0.1899 0.2734 0.1311 0.4085 0.8331 0.2938

Panel B: ESG Controversies

#Portfolios 5 10 20 30 50 100 150 200

GMB vw -0.0001 -0.0008 -0.0013 -0.0015 -0.0018 -0.0025 -0.0022 -0.0021

se 0.0006 0.0010 0.0011 0.0012 0.0014 0.0019 0.0021 0.0019

p-value 0.8952 0.4241 0.2366 0.2108 0.2239 0.2001 0.2899 0.2711

GMB ew -0.0002 0.0002 0.0001 -0.0003 0.0000 0.0006 -0.0001 -0.0015

se 0.0005 0.0008 0.0009 0.0010 0.0011 0.0016 0.0017 0.0018

p-value 0.8952 0.4241 0.2366 0.2108 0.2239 0.2001 0.2899 0.2711

ESG Performance – International



ESG Performance – Europe

0,00%

0,20%

0,40%

0,60%

0,80%

1,00%

1,20%

SMALL PORTFOLIO MEDIUM NO(1) MEDIUM NO(2) MEDIUM NO(3) BIG PORTFOLIO EQUALLY WEIGHTED PORTFOLIO VALUE WEIGHTED PORTFOLIO

Europe - ESG Performance



ESG Momentum

• ESG Momentum = Growth of Company’s Score during the last 24 months (2 years) 

• 10 portfolios based on ESG Momentum Metric. 

      Portfolio 1 invests in 10% stocks with low ESG momentum (Bad) 
      Portfolio 10 invests in the 10% of stocks with a high ESG momentum (Good) 

• Value of 1$ Invested in a strategy that goes 
Long The Good ESG momentum and Short 
the Bad ESG momentum Portfolio - Strategy 
outperforms the market (red line) by 50%. 

• Average Value weighted Monthly return 0.73% 
(NW t-stat = 2.70), annualized Sharpe Ratio 0.5

• Robust to the period used to define 
Momentum (12,18,24)



Results 2012-2022

• Strong ESG Momentum In International Stock Exchanges 2012-2022 

• Value of 1 dollar Invested to 
ESG Winners vs ESG Losers 

• ESG Winners significantly 
outperform the market 

•      ESG Losers significantly 
underperform the market 

Panel A: ESG Momentum Winners Market ESG Momentum Losers

Monthly Average Returns 2.11% 1.28% 0.59%

(hac t stat) (2.24) (1.29) (0.51)

Panel B: Winners - Market Winners – Losers (ESG Strategy)

Monthly Average Returns 0.83% 1.52%

(hac t stat) (1.98) (2.38)



ESG Controversies Momentum

• ESG Momentum = Growth of Company’s Controversies Score during the last 24 months (2 years) 

• 10 portfolios based on ESG Controversies Momentum Metric. 

      Portfolio 1 invests in 10% stocks with low ESG Controversies momentum (Bad) 
      Portfolio 10 invests in the 10% of stocks with a high ESG Controversies momentum (Good) 

• Value of 1$ Invested in a strategy that goes 
Long The Good ESG Controversies 
momentum and Short the Bad ESG 
Controversies momentum Portfolio 
outperforms the market (red line) by 120%. 

• Average Value Weighted Return 0.26%, 
annualized Sharpe Ratio 0.55

• Robust to the period used to define 
Momentum (12,18,24)



Level of Greenwashing in International Stock Exchange

• ESG Score VS ESG Controversies
 
• Controversies reveal  Inconsistencies in 

Performance as reported by Company 

• Absence of a policy to impose auditing of 
Sustainability Related data

• Example: Greek Companies listed in the Athens 
Stock Exchange 

Consumer Discretion Financials Industrials Utilities

0.42 1.34 1.22 2.04

(1.12) (2.92) (1.31) (2.64)

• Statistically Significant Green-Washing to Financials and Utilities Sectors 

• Green-Washing decrease post 2019 with the introduction of EU policies 



ESG Momentum – Example Shipping Sector

• Strong ESG Momentum (ESGM) In Shipping Sector Global

• Value of 1 dollar Invested to ESGM Winners vs ESGM Losers 

     ESGM Winners significantly outperform the market 

     ESGM Losers significantly underperform the market 



Level of Greenwashing in Shipping Sector (Global)

• ESG Score VS ESG Controversies
 
• Controversies reveal  Inconsistencies in 

Performance as reported by Company 

• Absence of a policy to impose auditing of 
Sustainability Related data

• Example: Shipping Companies listed in 
International Stock Exchanges

Shipping

4.52

(4.66)

• Statistically Significant Green-Washing to Shipping Sector 



ESG Pricing Model

• The Capital Asset Pricing Model (CAPM, Sharpe 1964) describes the relationship between systematic risk  and expected 
return for assets: linear relationship between the required return on an investment and its risk. The model is based on 
the relationship between an asset's beta, the risk-free rate (typically the Treasury bill rate), and the equity risk 
premium, or the expected return on the market minus the risk-free rate.

• Fama and French (1992,1993) augmented the model to account for other sources of priced risk, that is size (market 
capitalization) of companies and their Value (book value: shareholder’s equity to market capitalization ratio). 

      

•  Expand Fama and French Methodology to account for ESG 
related risks: 

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  + 𝛽2 𝑆𝑀𝐵𝑡 + 𝛽3 𝐻𝑀𝐿𝑡 +  𝛽4 𝐸𝑆𝐺𝑡 + 𝜀t

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  +𝜀t

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  + 𝛽2 𝑆𝑀𝐵𝑡 + 𝛽3 𝐻𝑀𝐿𝑡  +𝜀t

https://www.investopedia.com/terms/b/beta.asp
https://www.investopedia.com/terms/r/risk-freerate.asp
https://www.investopedia.com/terms/t/treasurybill.asp


Market 
Equilibrium 
C A P M

The Opportunity Set with N Risky Assets

When considering portfolios with many assets, we can 

discover the opportunity set and efficient set if we know 

the expected returns and the variances of individual 

assets as well as the covariances between each pair of

assets.



The efficient set with one risk-free and many risky

assets
• Assume Borrowing rate equals the 

Lending rate then we can draw a 

straight line between any risky asset

and risk-free asset.

• Points along the line represent 

portfolios consisting of combinations 

of the risk-free and risky assets. 

Several possibilities are graphed

• Portfolios along any of the lines 

are possible, but only one line

dominates.

• All investors will prefer combinations

of the risk-free asset and portfolio M

on the efficient set.

• These combinations lie along the

positively sloped portion of line

NMRfO.



• Therefore the efficient set (which is represented by line segment RfMN) is linear in the presence of

a risk-

free asset.

• All an investor needs to know is the combination of assets that makes up portfolio M 

as well as the risk-free asset.

• This is true for any investor, regardless of his or her degree of risk aversion (Indifference Curves –

Utility Score Functions for different levels of risk aversion A>0 ( I, II and III).

➢ Investor III is the most risk-averse of the three 

and will choose to invest nearly all of his or her 

portfolio in the risk-free asset.

➢ Investor I, who is the least risk averse, will 

borrow (at the risk-free rate) to invest more 

than  100% of his or her portfolio in the risky 

portfolio M.

➢ However, no investor will choose to invest in  

any other risky portfolio except portfolio M.  

➢ For example, all three could attain the minimum variance portfolio at point B, but none 

will  choose this alternative because all do better  with some combination of the risk-free 

asset  and portfolio M.



The CAPM (Capital Asset Pricing Model) is developed in a hypothetical world where the

following

assumptions are made about investors and the opportunity set.

1. Investors are risk-averse individuals who maximize the expected utility of their wealth.

2.Investors are price takers and have homogeneous expectations about asset returns

3.There exists a risk-free asset such that investors may borrow or lend unlimited amounts at a 

risk-free rate.

4. The quantities of assets are fixed. Also, all assets are marketable and perfectly divisible.

5.Asset markets are frictionless, and information is costless and simultaneously available to 

all investors.

6.There are no market imperfections such as taxes, regulations, or restrictions on short

selling.



Implications:

Since investors have homogeneous beliefs. They all make decisions based on an identical

opportunity set (IMI’). In other words, no one can be fooled because everyone has the same

information at the same time.

Since all investors maximize the expected utility of their end-of-period wealth, the model is

implicitly a one-period model.



Two-fund separation Theorem and Capital market line (CML):

i

• If investors have homogeneous beliefs, then they all have the same linear efficient set called

the capital market line (CML)

Market value of all assets

• Therefore, they will try to hold some 

combination of the risk-free asset and the 

portfolio M, which under CAPM is called 

the Market Portfolio.

     (Two-Fund Separation Theorem)

• Under Assumptions 1-6, the market 

portfolio will consist of all marketable assets 

held in proportion to their weight values 

(wi).

➢ The equilibrium proportion of each asset in the market portfolio must be

                                               w = 
Market Value of individual asset



• CAPM is also called the security market line

(SML) :

• The required rate of return on any

asset, E(Ri), is equal to the risk-free

rate of return plus a risk premium.

• The risk premium is the price of risk

multiplied by the quantity of risk.

• The price of the risk is the slope of the SML line, the difference between the expected 

rate of return on the market portfolio and the risk-free rate of return.

• The quantity of risk is often called beta, βi.



2

i

m

im
i

VAR(Rm)

COV(R ,Rm)
=




 =Beta

• It is the covariance between returns on the risky asset I, and the market portfolio M, divided

by the variance of the market portfolio.

• The risk-free asset has a beta equal to zero because its covariance with the market portfolio is zero.

• The market portfolio has a beta of one because the covariance of the market with itself is the 

variance of

     the market portfolio.



ESG Pricing Model

• The Capital Asset Pricing Model (CAPM, Sharpe 1964) describes the relationship between systematic risk  and expected 
return for assets: linear relationship between the required return on an investment and its risk. The model is based on 
the relationship between an asset's beta, the risk-free rate (typically the Treasury bill rate), and the equity risk 
premium, or the expected return on the market minus the risk-free rate.

• Fama and French (1992,1993) augmented the model to account for other sources of priced risk, that is size (market 
capitalization) of companies and their Value (book value: shareholder’s equity to market capitalization ratio). 

      

•  Expand Fama and French Methodology to account for ESG 
related risks: 

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  + 𝛽2 𝑆𝑀𝐵𝑡 + 𝛽3 𝐻𝑀𝐿𝑡 +  𝛽4 𝐸𝑆𝐺𝑡 + 𝜀t

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  +𝜀t

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  + 𝛽2 𝑆𝑀𝐵𝑡 + 𝛽3 𝐻𝑀𝐿𝑡  +𝜀t

https://www.investopedia.com/terms/b/beta.asp
https://www.investopedia.com/terms/r/risk-freerate.asp
https://www.investopedia.com/terms/t/treasurybill.asp


ESG Pricing Model

• We use the ESG scores calculated for companies publishing Sustainability Reports.
 
• For each ESG we calculate sectoral zero- cost portfolios, mimicking ESG factors,  using the Fama and French (2015) 

methodology (For Global Factors). 

• Sector Specific Factor Mimicking Portfolios are double sorted on Size (market Capitalization) and performance on ESG: 

      6 value weighted Portfolios from the intersection of 2 Size and 3 ESG  Performance categories :

90% Big stocks are those in the top 90% of market cap for the region, and small stocks are those in the bottom 
10% . 

(Small – Big)
30%-40%-30% breakpoints are used to classify companies as having a good performance on 𝐸𝑆𝐺𝑖

(high 𝐸𝑆𝐺𝑖  –  medium 𝐸𝑆𝐺𝑖  - low 𝐸𝑆𝐺𝑖)

𝐸𝑆𝐺𝑖   factor is calculated as the difference between the average return of the 2 portfolios which contain stocks with a 
high performance on 𝐸𝑆𝐺𝑖  minus the average of the two portfolios which contain stocks with a low performance on 𝐸𝑆𝐺𝑖. 

𝐸𝑆𝐺𝑖 =
1

2
ℎ𝑖𝑔ℎ𝐸𝑆𝐺𝐼Big +  ℎ𝑖𝑔ℎ𝐸𝑆𝐺𝐼Small  -

1

2
𝑙𝑜𝑤𝐸𝑆𝐺𝐼Big +  𝑙𝑜𝑤𝐸𝑆𝐺𝐼S𝑚𝑎𝑙𝑙



• Model Produces lower absolute pricing errors and a lower GRS tests in 
pricing 20 double sorted on Size ESG Momentum and Controversies 
portfolios.  

• Similar Results using the 100 Size and B/M portfolios of FF data library. 

ESG Momentum Factor 

• ESG  (ESG + 
Controversies) 
Momentum Factor 
Mimicking Portfolio

•  – A well-diversified 
Double sorted 
Portfolio on Size 
(market cap and ESG 
momentum) 
following Fama and 
French methodology

GRS Test

3 Factor Model 0.0015 2.73*** (p=0.00)

ESG Factor Model 0.001 2.05** (p=0.02)

σ𝒊=𝟏
𝟐𝟎 𝒂𝒊

𝟐𝟎



ESG Momentum – Future Returns

• Fama Mac Beth Cross Sectional 
Regressions

• Regress Stock future returns 
R(t+h) on Stock ESG Momentum  

• Significant increase in Fama Mac 
Beth Betas for the year following 
portfolio formation 

     (Continues to be  
Significant until M36)

• IN LINE WITH HENRIKSSON ET AL 
(2018)



Pricing SMEs

• Using All stocks with no ESG data available from EIKON

• -2.9% for Companies (on Year t+1) with significant negative loadings on factor Mimicking Good ESG 
performance.

• +3.3% for Companies (on Year t+1) with significant positive loadings on factor Mimicking Good ESG 
performance.



Impact on Financial Performance on SMEs
US Stock Exchanges 2008-2015  

• Pricing Data from CRSP database, ESG 
items from Bloomberg. 

• Good defined as loading positively on the 
on the Good minus Bad ESG factor in a 4-
factor asset pricing model. 

• SASB based ESG KPIs – Material items for 
company’s sector.  Factor is calculated 
based on the Large Cap companies which 
have ESG data available. 

• -3.2% for Companies with significant 
negative loadings on factor Mimicking 
Good ESG performance.

• +2.7% for Companies with significant 
positive loadings on factor Mimicking Good 
ESG performance.



ESG Pricing Model

• The Capital Asset Pricing Model (CAPM, Sharpe 1964) describes the relationship between systematic risk  and expected 
return for assets: linear relationship between the required return on an investment and its risk. The model is based on 
the relationship between an asset's beta, the risk-free rate (typically the Treasury bill rate), and the equity risk 
premium, or the expected return on the market minus the risk-free rate.

• Fama and French (1992,1993) augmented the model to account for other sources of priced risk, that is size (market 
capitalization) of companies and their Value (book value: shareholder’s equity to market capitalization ratio). 

      

•  Expand Fama and French Methodology to account for ESG 
related risks: 

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  + 𝛽2 𝑆𝑀𝐵𝑡 + 𝛽3 𝐻𝑀𝐿𝑡 +  𝛽4 𝐸𝑆𝐺𝑡 + 𝜀t

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  +𝜀t

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  + 𝛽2 𝑆𝑀𝐵𝑡 + 𝛽3 𝐻𝑀𝐿𝑡  +𝜀t

https://www.investopedia.com/terms/b/beta.asp
https://www.investopedia.com/terms/r/risk-freerate.asp
https://www.investopedia.com/terms/t/treasurybill.asp


Portfolio SDG Footprint – SDG Pricing Model - SMEs

• We use the SDG scores calculated for companies publishing Sustainability Reports.
 
• For each SDG we calculate sectoral zero- cost portfolios, mimicking SDG factors,  using the Fama and French (2015) 

methodology. 

• Sector Specific Factor Mimicking Portfolios are double sorted on Size (market Capitalization) and performance on SDG: 

      6 value weighted Portfolios from the intersection of 2 Size and 3 SDG  Performance categories :

50% breakpoint are used to classify companies as Big or Small based on Market Capitalization  
(Small – Big)
30%-40%-30% breakpoints are used to classify companies as having a good performance on 𝑆𝐷𝐺𝑖

(high 𝑆𝐷𝐺𝑖  –  medium 𝑆𝐷𝐺𝑖  - low 𝑆𝐷𝐺𝑖)

𝑆𝐷𝐺𝑖   factor is calculated as the difference between the average return of the 2 portfolios which contain stocks with a 
high performance on 𝑆𝐷𝐺𝑖  minus the average of the two portfolios which contain stocks with a low performance on 
𝑆𝐷𝐺𝑖. 

𝑆𝐷𝐺𝑖 =
1

2
ℎ𝑖𝑔ℎ𝑆𝐷𝐺𝐼Big +  ℎ𝑖𝑔ℎ𝑆𝐷𝐺𝐼Small  -

1

2
𝑙𝑜𝑤𝑆𝐷𝐺𝐼Big +  𝑙𝑜𝑤𝑆𝐷𝐺𝐼S𝑚𝑎𝑙𝑙



• Model Produces lower absolute pricing errors and a lower GRS tests in 
pricing 20 ESG Momentum and Controversies portfolios.  

ESG Momentum Factor 

• ESG Combined (ESG 
+ Controversies) 
Momentum Factor 
Mimicking Portfolio 
– A well diversified 
Double sorted 
Portfolio on Size 
(market cap and ESG 
momentum) 
following Fama and 
French methodology

GRS Test

3 Factor Model 0.0015 2.73*** (p=0.00)

ESG Factor Model 0.001 2.05** (p=0.02)

σ𝒊=𝟏
𝟐𝟎 𝒂𝒊

𝟐𝟎



ESG Momentum – Future Returns

• Fama Mac Beth 
Cross Sectional 
Regressions

• Regress Stock future 
returns R(t+h) on 
Stock ESG 
Momentum  

• Significant increase 
in Fama Mac Beth 
Betas for the year 
following portfolio 
formation 



ESG Momentum – Future Market Cap growth



ESG – SDG mapping

• Integrate SDGs in CSR Framework

• Machine Learning Algorithms (Cosine Similarity) to  Map ESG KPIs vs  232 SDG Indicators 

• Linear Least Squares – Time series – 20 years – Aggregate Market Performance of ESG KPIs- Sensitivities to SDG

• Model to Evaluate SDG performance at the Company Level

𝑊𝑖,𝑘
𝑆𝐷𝐺 =

σ  𝑆𝐷𝐺 𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠 𝑚𝑎𝑝𝑝𝑒𝑑 𝑡𝑜 𝐾𝑃𝐼𝑘 𝑢𝑛𝑑𝑒𝑟 𝑆𝐷𝐺𝑖

σ  𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠  𝑢𝑛𝑑𝑒𝑟 𝑆𝐷𝐺𝑖



𝑊𝑖,𝑘
𝑆𝐷𝐺 =

σ  𝑆𝐷𝐺 𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠 𝑚𝑎𝑝𝑝𝑒𝑑 𝑡𝑜 𝐾𝑃𝐼𝑘  𝑢𝑛𝑑𝑒𝑟 𝑆𝐷𝐺𝑖

σ  𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟𝑠  𝑢𝑛𝑑𝑒𝑟 𝑆𝐷𝐺𝑖

෫𝑊𝑖,𝑘
𝑆𝐷𝐺 =

𝑊𝑖,𝑘
𝑆𝐷𝐺

σ𝑘=1
𝐾 𝑊𝑖,𝑘

𝑆𝐷𝐺



SDG Pricing Factors 

Value of 1 dollar invested in an SDG-specific factor-miking 
portfolios, hedging against SDG related risk

• The SDG weights are used to calculate the stock specific SDG scores, using the following methodology:

𝑆𝑐𝑜𝑟𝑒𝑖

𝑆𝐷𝐺
= σ𝑝=1

3 ෫𝑊𝑖,𝑝
𝑆𝐷𝐺 𝑃𝑖𝑙𝑙𝑎𝑟 𝑆𝑐𝑜𝑟𝑒𝑝 



Portfolio Footprint – Bank Example 

• Assessing the SDG Footprint of a sample Portfolio 



Modules Fetching Data from Financial Platforms

• Fetching Data from 
Financial Databases 
(Thomson Reuters), 
Evaluate Models 2012-
2023. 

• Main Modules for the 
calculation of Factor 
Mimicking Portfolios 
implemented in MATLAB 
(can be delivered in Python, 
R also).



Portfolio SDG Footprint – SDG Pricing Model

• Regress portfolio returns on factor directly or on portfolio that mimics SDG factor:

𝑟𝑝,𝑡 − 𝑟𝑓,𝑡 = 𝛽0 + 𝛽1 𝑟𝑚,𝑡 − 𝑟𝑓,𝑡  + 𝛽2 𝑆𝑀𝐵𝑡 + 𝛽3 𝐻𝑀𝐿𝑡 + σ𝑖=4
20 𝛽𝑖 𝑆𝐷𝐺𝑖−3,𝑡 + 𝜀t

  

          where: 

          𝑟𝑓,𝑡 = risk free rate – A short Term Treasury Bill or Interbank rate as a proxy. 
    

• Suppose portfolio contains N shares 1, …,  with j
N j =1.

    Weights of Portfolio Assets Sum to 1. 

 

• Sensitivity of portfolio with respect to factor fk is 

 k = j j jk

• Footprint to SDGs as the sensitivity of portfolio to the specific SDG factors. 



Sensitivities to SDG related factors (factor loadings-betas) 



Sensitivity to SDG related factors  (p-values) 

• Cross Sectional Fama Mac Beth (1974) regressions support results. 

• This Pilot Case is showcased using our European Factors – International, Asian, America and MENA are also available. 



Aggregate to Portfolio Level 

• Aggregate Factor Loadings/ Betas to Portfolio Level. 
• Portfolio SDG Footprint. Tendency of Portfolio to move with the SDG factors. 
• A Negative Footprint implies portfolio has a Bad performance in the underlying SDG. 
• A Positive Footprint implies portfolio has a Good performance in the underlying SDG. 



Impact on Financial Performance on SMEs
US Stock Exchanges 2008-2015  

• Pricing Data from CRSP database, ESG 
items from Bloomberg. 

• Good defined as loading positively on the 
on the Good minus Bad ESG factor in a 4-
factor asset pricing model. 

• SASB based ESG KPIs – Material items for 
company’s sector.  Factor is calculated 
based on the Large Cap companies which 
have ESG data available. 

• -3.2% for Companies with significant 
negative loadings on factor Mimicking 
Good ESG performance.

• +2.7% for Companies with significant 
positive loadings on factor Mimicking Good 
ESG performance.



85% of Jobs that are 
needed to implement 
Green and Digital 
Policies in 2030 DO 
NOT Exist yet!

https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi
https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi
https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi
https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi
https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi
https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi
https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi
https://www.linkedin.com/pulse/85-jobs-exist-2030-havent-been-invented-yet-leo-salemi


European Skills, Competences, Qualifications, and Occupations 
(ESCO) Framework

➢ The ESCO framework is the multilingual classification of European Skills, Competences and Knowledge 
Concepts, following the International Skills Classification (ISCO). 

➢ ESCO provides the relations between the Occupations and the Skills and Knowledges, e.g. which skills and 
Knowledge concepts are relevant for the each of the occupations.



A New Framework for Green & Digital Occupations

➢ Machine Learning to Map  
Skills/Competences/Qualifications and Knowledge 
Concepts to Occupations

       (Rank importance of skills in each occupation)

➢ Map  Policies/Projects to Skills and 
Occupations Needed for their 
implementation



The New Set of Green & Digital Skills



Framework to Rank Green and Digital Occupations

➢Using the classifications and hierarchies provided by the ESCO API, we develop a 

data driven Scoring model to classify Occupations based on their level of 

“Greenness”, “Digitalization” and “Greenness and Digitalization”.

➢Machine Learning – weighting scheme for the weight of Skills, Competences and 
Knowledge concepts to Occupations 



Ranking Green and Digital Occupations



Green and Digital Skills, Occupations and Employment

➢Significant Positive Effect

Green and Digital Score of Occupations 

and their employment growth (from 2016 to 

2022) in NACE Level 2 Sectors

Arts and Recreation Services

Finance and Insurance

ICT

Professional Services

Manufacturing
Energy Supply Services



Green and Digital Occupations, Future Demand 2023-2035

• Data from CEDEFOP (European Centre for the Development of Vocational Training)

•  Occupations with the highest 2023-2035 projected demand are the Occupations 
ranked as Top jointly Green & Digital from our model



Online Adds – The Top Green and Digital Skills and Knowledge 
concepts are among the most requested skills for all Occupations



Model to Provide Recommendations for Universities and TVET

• Identify Gaps In Curriculum in 
relation to Key Green and Digital  
Skills Needed to Support the Twin 
Transition in Different Sectors 



Preparing the Maritime Workforce for the Twin Transition: Skill Priorities and Educational 

Needs

• Identify “Blue” Occupations, i.e. 

which are the most demanded 

occupations in “Blue Economy” 

(Shipping, Ports, Maritime 

Logistics and Maritime Technology 

NACE Level 3 sectors) 

    

• Use our Methodologies and 

Models to Map Policies and 

identify the top Green and Digital 

Skills needed in the Maritime 

Sector 



• Use our Methodologies to Map Occupations and Skills to “Maritime” Policies 

Policy Industrial Sector (NACE Rev. 2) Green and Digital Skills (Level 3) Green and Digital Occupations (Level 2)

IMO Regulations

Shipping, Ports, Industrial Transportation

conducting academic or market research Electrical equipment installers and repairers

MARPOL Convention promoting products, services, or programs Hotel and restaurant managers

installing and repairing electrical, electronic and precision equipment Electrotechnology engineers

complying with health and safety procedures Electronics and telecommunications installers and repairers

Ballast Water Management Convention 'accompanying and welcoming people Process control technicians

Energy Efficiency Design Index (EEDI) installing wooden and metal components Life science professionals

ship Energy Efficiency Management Plan (SEEMP) Travel attendants, conductors and guides

Engineering professionals (excluding electrotechnology)

EU Policies

All Sectors

advising on environmental issues environmental education officer

EU MRV Regulation analysing and evaluating information and data environmental expert

complying with environmental protection laws and standards nature conservation officerClean Water Act

Vessel Incidental Discharge Act (VIDA) computer use sustainability manager

database and network design and administration green ICT consultant

designing electrical or electronic systems or equipment natural resources consultant

electronics and automation

maintaining electrical, electronic and precision equipment

• Use our Model to identify the top “Green and Digital Skills in the Maritime Sector 

Green and Digital Jobs for the Blue Transition 



Rank Top Green and Digital Occupations in the “Blue” Economy



Top Green And Digital Skills demanded in the Maritime Sector

• “Green and 
Digital” Skills 
among the most 
demanded in 
“Blue” 
Occupations 

    (Online Adds)



www.ae4ria.org

conrad@aueb.gr
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