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Abstract
ESG risks, which stands for environmental, social, and governance, has in recent
years exploded as a conversational topic. Including ESG e↵orts in company
reports, and being transparent about operations is not as foreign as before.
However, companies operating in controversial sectors and areas, known to have
great environmental impact, face increased pressure to comply with the ESG
values. One sector would be the oil sector, which is known as one of the most
controversial sectors in regards to social and environmental issues. Disastrous
events, such as spills and deaths following operations, have spread fast and
sometimes hit hard on stock prices. The report will assess changes in stock
prices in relation to changes in ESG-risk scores and ESG news for a selected
number of companies, as well as a few macro variables. For this, a multiple
regression analysis will be carried through. The thesis concludes in a model in
which the ESG variables cannot explain overall stock movements; the variables
that are shown statistically significant are mainly macro variables. However,
certain stock movements that are marked as influential points by the model,
which in this case all were rapid stock movements, seem to be reflected better
on the changes of the ESG variables, which paves the way for further research.
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Sammanfattning
ESG-risker, som står för miljö (enviromental), sociala (social) och styrning (governance), har under senare år blivit ett återkommande konversationsämne både
på arbetsplatser och i undervisning. Transparans i årsredovisningar och tydliga ställningstaganden i miljömässiga och etiska frågor är inte längre lika
främmande. Företag som verkar inom kontroversiella sektorer och områden,
som är kända för att ha stor miljöpåverkan, står inför ett ökat tryck att bejaka dessa växande ESG värderingar. Den sektor som behandlas här är oljesektorn, känd som en av de mest kritiserade sektorerna när det gäller sociala och miljömässiga frågor. Katastrofhändelser, såsom oljespill, sprider sig
i dag snabbt och påstås påverka aktiekursändringar. Rapporten kommer att
bedöma förändringar i aktiekurserna i förhållande till förändringar i så kallade
ESG-riskpoäng för ett antal utvalda företag, genom att utföra en multippel
regressionsanalys. Makrovariabler som bedöms relevanta tas även hänsyn till.
Avhandlingen avslutas i en modell där ESG-variablerna inte kan förklara de
totala aktiekursrörelserna. De variabler som visar statistiskt signifikas är huvudsakligen makrovariabler. Snabba aktierörelser som i huvudsak inte följer regressionsmodellen verkar däremot emellertid bättre förklaras av ESG-variabler
eller händelser, vilket banar väg för ytterligare undersökningar.
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1
1.1

Introduction
ESG Definition and Relevance

ESG are a set of standards that recently have become a more important tool to
screen and assess a companies long term financial sustainability, MSCI (2019).
The E for Environment assesses the footprints and the response to climate
change, S for employer and supplier conditions and G for the internal leadership and control, i.e how innovations are fostered and trust is built, Kell (2018).
Corporate disclosure of ESG has impacted a great deal, one of them being a
new set of standards of sustainability disclosure that is employed by over 80%
of today’s larger corporations, see Kell (2018). Also, the relevance of ESG is
highly increased as a growing group of people do not only want proof of financial performance; proof of long term sustainability is turning out to be almost
equally as important. This suggests a trend that has forced oil companies to
communicate externally in di↵erent ways than before, see Gordon Clark (2015).
The same article by Gordon Clark (2015) published by Arabesque, was one of
the first that started to visualize that there indeed is a di↵erence in market performance between sustainable and non-sustainable corporations. It is an aspect
of large and small corporations that from and industrial engineering perspective has challenged companies in how daily business is conducted, and has also
redefined the corporation landscape as there today is roughly speaking no way
to hide irresponsible behaviour without consequences.

1.2

Background

Throughout history, there has been numerous of infamous events within the oil
sector , which is one considered highly exposed to climate and social governance
risks, that have been seen to impact the business for many years to come, Wright
(1986). Several anecdotal references are descriptive of how media coverage can
have a devastating impact on share values. British Petrol alone, lost over 50%
of share value during a 3 month span following the Deepwater Horizon Spill in
the Mexican Gulf, Padhy (2017).
Putting aside events like this, other factors that expose these companies to
high risk are potential regulations and global targets that may or may not have
impact on the financial situation, depending on how well they are equipped
to handle these changes. The oil industry has a global market and a global
demand. Therefor, incorporating macro factors is of high relevance when it
comes to assessing how much of the ESG impact is independent of these. These
may be factors such as oil price, industrial production, or unemployment rates.
For example, the announcement from OPEC to cut output levels by 4% starting
2017, will a↵ect consumption on a macro level, and impact companies di↵erently
depending on the extent of which they are relying on oil, see Pardy et al. (2019).
This is of course relevant from an ESG risk perspective and how this regulation
a↵ects companies operating in this field. Global restrictions such as the IMO
2020 bill, which aims to limit sulphur contents in certain fuels, are by HSBC
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Figure 1: Brent prices and events Rigby et al. (2016b)
also assessed to disrupt certain sector, see Yoo (2018). The report describes the
shipping sector, which today is dependant on oil, to have “little preparation for
new sulphur emission rules”. Thus, these events and regulations that potentially
might a↵ect stock prices from an ESG perspective, are interesting to investigate.
By investigating figure 1 obtained form UBS, the relationship between these
type of announcements are illustrated together with oil price changes, which
a↵ects profitability for oil companies, to imply correlation, see Rigby et al.
(2016b):
Another report by the Financial Times, see Butler (2018), which discusses
contemporary energy issues related to oil, describes the complex situation of
this industries and ESG regulations. It becomes interesting to look at this
discussion from an industrial management perspective and the transitions the
industry faces. Especially for the oil and gas sector, it does not suffice solely
achieving cost reductions, as they still are highly dependant on places with
energy reserves such as Venezuela, Russia and Iran. Also, many actors share
the same line of thought when it comes to lack of will in investing in these areas,
which causes a transition to halt. Further, companies that actually operate
within the renewable industry, are financially stretched and lack the possibility
to commit to long term investments on a global scale.
1.2.1

Purpose of Report

To evaluate the e↵ects of ESG risk score changes, a multiple regression analysis
with a number of explanatory variables will be carried through. Examples of this
is incorporating the ESG risk scores from news that a↵ect the industry, which is
accessible through the RepRisk database. Also macro variables are of interest;
oil and gas prices being two. The regression model obtained will be used to
asses the ability to explain stock movements, and later suggest improvements
for further research. The purpose of the project will thus be to
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• Evaluate the explanatory power of ESG risk scores when assessing stock
price changes
• Assess if company reputation can mitigate financial risk from an industrial
engineering perspective.

1.3

Scope

The report will investigate the explanatory power of ESG and macro variables
of stock price changes for oil companies during a 10 year period. The companies
are not geographically restricted due to the fact that oil companies operate in
the global market. The method used for this is a multiple regression analysis.

2
2.1

Economical Framework
SEB and Due Dilligence

SEB, Skandinaviska enskilda banken, is one of the leading banks in Scandinavia
and operates in a global market. With this, risk management comes as natural
to a bank that invests in di↵erent projects or companies after a comprehensive
due diligence process, and also to manage the possible risk scenarios that may
arise. SEB is highly restrictive in investing in companies that do not comply
with adequate ethical and social standards. This is part of the SEB’s quest
to transform itself into a leading sustainable bank that does not endanger the
planet and social groups. Additional to this, deviations from human rights is
also alarming if proven in the due diligence. These issues are usually referred to
as ESG- issues and have today become more relevant and central in the due diligence process. This process itself is fundamental to financial risk management,
see Hull et al. (2009). Therefor this makes ESG investigations highly relevant
from a financial perspective.

2.2

Oil Stock Market and Economical Problem

Assessing the companies risk profile and predicted profitability, is of great interest for investors so they can demand a reasonable return, see Hull et al.
(2009). Due to this fact, the stock market is very complex, and even more so
when it comes to the sustainability aspect. To understand one of the central
economical problems from an industrial engineering point of view , the following
example can be considered, which shows the paradox between having a good
reputation and sustainable strategies implemented in the company, and attracting investors:
An investor can make an investment choice between sustainable Company
A and not-so-sustainable Company B. Currently, Company A is not yielding
any dividend, while Company B is yielding 5% of the share price in 4 months.
Company A has announced many sustainable and ESG related investments, and
8

also come to the conclusion that dividends will not be given at least for another
7 years. The investor, who is risk averse and interested in short term yields,
invests in company B, leaving Company A out of means to increase their ESG
e↵orts.
This demonstrates that ESG e↵orts, which are costly and require a myriad
of new investments to define a new industrial trajectory, could halt due to lack
of investments and difficulties in confining investors of the long term positive
financial e↵ects.

2.3

SEB and ESG E↵orts

To demonstrate how ESG is a↵ecting financial institutions and used as a tool
of creating financial outcome, SEB will be considered. A follow up study on
SEB’s sector neutral ESG strategy proved that it since 2016 constantly beat
the broader European index. The strategy derives from looking at revolutionary
energy systems that can reduce cost in a broad selection of sectors. This strategy
allows to look for transition leaders and follow technological di↵usion. In short
the strategy consists of first excluding companies on the SEB exclusion list.
Then companies are filtered with certain ESG-standards developed by SEB.
The companies that remain constitute a new index SEB ESG select. In
later years, this index strongly started outperforming the underlying index, see
figure 2. The results are interesting since SEB is strongly interested in how
ESG e↵orts or ESG investments could result in positive financial outcomes, and
also be the leader of investing in new technological advances in the ESG area,
refer to SEB (2019).

Figure 2: SEB ESG Select Performance
This clearly shows that a large financial institution such as SEB highly values
incorporating ESG in their financial strategies, and clearly the above presented
empirical data in figure 2 gives some evidence that ESG characterized indices
can outperform the underlying index.
9

2.4
2.4.1

Current Economic State of the Oil Market
ESG and Investments

To be able to assess the relevance of ESG from an industrial engineering and
economic perspective it is essential to thoroughly understand the background
and dynamics of the oil market.
The oil industry includes many process steps, a few being the actual exploration, extraction and refining. It is considered one of the ”dirtiest” industries in
the world, and so finding infamous events is rather a simple task. The events are
frequently in regards to ESG- risks; spills, corruption, toxic waste, eco-system
disturbance, working conditions and health e↵ects on locals etc, Dumaine (2019)
A variety of articles that are available for SEB’s internal business intelligence
were read through to familiarize with the oil market and current outlook. Large
companies today are engaging and investing in new innovations that could shed
light on new ways to produce fuels. One example is British Petrol, that is investing in start ups that can turn waste such as banana peels into synthetic
crude; a process imitating the creation process of fossil fuels that are stored
under high pressure. It is evident that companies themselves are recognizing
the importance of finding sustainable and environmental friendly alternatives
compared to existing methods. A much greater proportion of oil producers are
today channeling more research and capital towards environmental friendly and
socially responsible products, see Raval (2019). Further regulations and ambitions as those set by the Paris Agreement have forced oil companies to reconsider
how to change the upward trajectory in oil consumption. This shows that ESG
is today a↵ecting how companies conduct business and invest in R&D, which
makes ESG relevant from a economical point of view.
At the same time, the IEA, International Energy Agency, concludes that
U.S export and production of their newly discovered shale oil will increase by
incredible amounts, and that it by 2024 will export more oil than Russia and
in similar means as Saudi Arabia, see Birol (2019). Shipping ways in the oil
sector are changing and this is mostly a result of the revolutionary discovery
of the American shale oil. This specific type of oil is extremely flexible and
more cost e↵ective as well ass less vulnerable to price changes, refer to Dumaine
(2019). USA will as a result have an unexpected role in defining how new oil
consumption trajectories could be defined, as well as how future innovations
might come to be presented.
ESG has also been said to a↵ect shareholder value in both the long and short
run, and is increasingly becoming a key indicator among institutional investors
and stakeholders to identify risks, see Knoepfel & Hagart (2009). This again
leads back to the stakeholder theory and how external ESG pressure needs to
be addressed to attract possible investors.
To put this in relation to ESG and investments, it has long been around to
exclude certain type of business conducts such as tobacco, alcohol, or weapons.
Today a larger proportion of investors have actually early in the due diligence
process begun to recognize the importance of ESG- disclosures for insight in
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the corporate financial performance, see Dowse et al. (2009) Stewart (2015).
This means that investors today demand that companies such as those in the
oil sector are clear in communicating future strategy ambitions in relation to
ESG-risks. There are a great deal of responsible investment measures that
have derived from this increased ESG trend, such as the UN backed Principles
of Responsible Investment (PRI) and Morningstar Sustainability rating. This
also clearly demonstrates the relationship of down-up strategy management, as
companies are forced to disclose information that even financially might damage
reputation and profit, only because this is something that is demanded from the
public, see Bolman & Deal (2005). To not only ”talk the talk”, managers are
rethinking how to integrate the new ideas and values in their companies and
how business will align with new values. This is also relevant to analyze from
Geel’s theory of Multi Level Perspective, see Geels (2011). As the landscape
of the oil sector is changing, and to some extent rapidly due to new findings
such as shale oil and climate regulations, the regime of oil sectors has started
to change with the ESG awareness and long term sustainability demands. This
has, as stated above, forced established companies such as BP to invest in new
innovations and niches to embrace the change towards a new technological era
with sustainability as a key driver.
What many risk analysts and authors however seem concerned about is the
actual capacity for a new transition towards reducing dependency on fossil fuels.
For example, a report published by UBS, see Rigby et al. (2016a), for the oil
market 2019 states that the transition is ”primarily an issue for multiple and not
earnings”; oil is of extreme relevance in their use for transportation, power and
construction. The prediction is that the use of oil will continue to grow, which
is inconsistent with the goals set from the Paris Agreement. This is worrisome,
as it might give rise to further unquantified and unknown regulations that then
actually might halt companies in a more profound way, see Rigby et al. (2016a).
To summarize, transitions are underway but too slow, and companies have
taken the first few economical investment steps. Yet, great uncertainty awaits
the oil sectors, especially concerning unforeseen ESG regulations. What is clear
from the background is that ESG is highly relevant from an economical and
financial perspective as it clearly is a↵ecting innovation development and corporate strategies.

2.5

Economic Theory for Variables

For the regression analysis a selection of what is considered relevant variables
were selected. These are divided into two parts, namely macro and ESG
variables. To understand why they are considered relevant the Economical
theory behind them will be discussed, as well as mention if there are existing
empirical evidence of their e↵ect on stock returns for the oil companies.

11

2.5.1

Macro Variables

Unemployment rate in USA and EU Oil price changes have long been
studied in relation to economic activity as well as unemployment rate, see Doğrul
& Soytas (2010). During occasions oil price changes also has been held responsible for changes in economic growth. An example is the severe macroeconomical
e↵ects the oil crisis had during the 1970’s, refer to Barsky & Kilian (2004). The
figure below also illustrates the relationship between oil prices and recessions,
which are periods of slow economic growth rate:

Figure 3: Oil Price in USA and Recessions
Further, statistical relationships have for the periods of oil price shocks
corroborated the relationship between US recessions and political events that
caused oil price changes, see Barsky & Kilian (2004). As a conclusion, unemployment rate might prove a relevant economical macro variable as oil price
changes do a↵ect stock returns for the oil sector, Dumaine (2019).
World Average Oil and Gas Price Oil companies have a global market
and it would be natural to think that average oil prices could have an impact on
the stock returns for a given oil company. Strongly significant relationships have
been found between sectoral stock returns and the increase or decrease in oil and
gas prices, see Park & Ratti (2008). Further, figure 3 again shows the e↵ects
world average oil prices has had on the labor market on a macro level. However
what makes the case a bit complicated is that there is a lag e↵ect to where the
market reacts to changes such oil price shocks. Although this might disrupt the
regression model precision, it is still an interesting variable to possibly include
or exclude in the model, with support of the theory presented.
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Industrial Production Rate USA and China The oil and gas industry
is one of the absolute largest in the world, and also recognized to be one of
the most profitable, see Forbes (2019). The United States and China also are
the world’s largest economies, which are highly dependant on oil for transportation, production and more. The industrial production rates a↵ect a countries
GDP, which accounts for total output of a country for the year, Rode (2012).
This itself is a measure of economic growth for a country, and there are studies
which conclude the relationship between stock market development and GDP,
see Van Nieuwerburgh et al. (2006). One reasoning of Nieuwerburgh in the
article is purely of macro economical nature, and goes as when financial corporations can increase GDP growth by both technological innovations and capital
accumulation, the economy grows and corporations face increased returns.
Carbon Dioxide Emissions USA The transport industry is one that is most
dependant on oil and it’s price fluctuations, see Narayan & Sharma (2011). It
also currently accounts for around 14% of total CO2 emissions, EPA (2014).
Currently there is no direct evidence of carbon dioxide emissions and stock
price returns, other than that the emissions are as a consequence of high levels
transportation, industrial activity etc., Dumaine (2019). This again links to
GDP, and interesting enough to include in the regression model.
Brent and West Texas Intermediate Benchmark Brent and Western
Texas Intermediate (WTI) are two primary benchmarks for pricing crude oil.
Brent is primarily used as benchmark for north Europe although is is common
practice for it to be used worldwide. Therefor it serves as benchmark for pricing
crude oil for the majority of the world, and should be correlated with world oil
prices. WTI is primarily used in the USA. There are di↵erences between the
types of oil that can be benchmarked with either of these, and they may be
for example sulfur halt and transportation costs. This leads to a di↵erence in
spot price, see Bloomberg (2019) Economist (2019). The spot prices of oil rely
heavily on the theory behind many financial instruments such as the future
and option markets, meaning prices are predetermined and both parties need
to fulfill their obligation to buy or sell oil at a specific price in the future. With
this comes that oil prices are volatile and risky assets, and so the returns of oil
companies are also of that nature, see Rigby et al. (2016a). The benchmarks
are assessed to be relevant variables due to the economic and financial nature of
them, as changes in these spot prices a↵ect the profitability of the companies,
Butler (2018).
2.5.2

ESG Variables Background

Previously in this report, it was stated that events in the oil sector are common to concern ESG issues. As for the evidence of them being significant,
economical empirical studies have found that certain ESG variables exhibit the
property of explaining a portion of stock movements, also presented in section
4. What authors operating in the economic field seem to agree on is that social
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responsibility, such as distancing from unethical business conducts, seem to affect profitability of companies and also how business is being implemented, see
for example Adebäck & Eriksson (2017).
2.5.3

ESG and Stakeholder Theory

Presented by Freeman (2010), the stakeholder theory, derived from the theory
of organizational management is a concept which captures the idea of ESG
awareness and that it should in fact a↵ect financial and strategic management.
The stakeholder theory states that companies need to be mindful of everyone
a↵ected by the company ecosystem, in contrast to only the shareholders. The
people that are external to the company are referred to as external stakeholders.
This includes people who eventually would do business with the company, such
as environmentalists and government bodies. This theory is also often used
for theoretical background on why ESG risks are relevant to acknowledge for
a company, see for example Ahlklo & Lind (2018). This theory was also used
as a main tool when developing the Global Reporting Initiative, which are a
set of standards that help companies be more transparent in their corporate
responsibility e↵orts. The main argument is that corporate responsibility in
regards to ESG should be ethical and transparent in order for a company to be
successfully sustainable and perform well financially in the long run. For more
on the topic refer to McKinsey&Company et al. (2016)
2.5.4

ESG Variables

For this report the ESG risk score RRI will be used and also a few ESG news
categories. RRI will now be explained further.
RepRisk RRI Score for ESG Risk Reprisk is one of the world’s largest
data bases that provides a range of companies useful information in their due
diligence process, one of these being Skandinaviska Enskilda Banken, SEB. The
RepRisk index RRI relies on a complex algorithm that captures and quantifies
companies’ ESG risk and exposure. RRI is described as a measure of reputational and stakeholder risk related to ESG, and with this one can track ESG
risk exposure over time. The RRI score ranges from 0  RRI  100, ranging
from low to extremely high risk exposure
Influence of RRI The Influence of the RRI score is calibrated using news
sources, timing of ESG risk incidents, frequency and severity of news. From this,
the Current RRI will denote current news and stakeholder attention regarding
a company’s ESG issues.
The factors that further influence the RRI score are 28 ESG issues that are
mutually exclusive. These issues are derived from key international standards,
for example the UN Global Compact and OECD Guidelines for Multinational
Enterprises. For further comprehensive information regarding RepRisk, refer to
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RepRisk (2019).
The variables have thus been narrowed to eight, namely
• RRI RepRisk score, monthly change
• Percentage of E, S, G of RepRisk score
• Local Pollution
• Violation National Legislation
• Impact on landscape, Ecosystem and Biodiversity
• Health and Safety Issues
• Impact on communities.
So, if the ESG events that month addressed for example 3 Health and Safety
Issues and 2 environmental issues, these can now be accounted for in the regression analysis. The ESG variables selected cover a broad spectra of ESG risk
and violations and are as a conclusion relevant for the thesis purpose.

3

Financial Theory

The thesis is examining the explanatory power of ESG variables when it comes to
stock price changes. There are several di↵erent methods of valuing stocks, which
all derive from the Law of One Price. It states that there are identical investment
opportunities, which both provide a payo↵ X, which are traded at the same time
point t and in di↵erent markets, then they should trade at the exact same price
for the no arbitrage argument to hold, for more see Berk & DeMarzo (2007).
Some di↵erent methods of valuing stocks will now be presented.

3.1

Dividend Discount Model

Let P0 be the value of the stock today, RE the equity cost of capital by which
cash flows are discounted, and Divn future dividend payments. Then
P0 =

1
X

Divn
,
(1
+
RE ) n
n=1

which states that the stock price today is the value of all future dividend
payments. Stock prices thus can change depending on the expected rate of
return, which is the equity cost of capital, and if dividend payments change.
Dividend payments can also grow at a constant rate g, which can apply for
example to a company that in the beginning cannot pay dividends, see Berk &
DeMarzo (2007). The model can serve as a hint of share price, but assuming
dividend payouts and changes in them might be difficult.
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3.2

Discounted Free Cash Flow Method

For this model the company is valued as a whole to both equity and debt holders
in the company, in contrast to the previous model, which values a single share.
Free cash flow is defined as
F CF = EBIT (1

⌧c ) + Depreciation

CapEx

N W C,

Where CapEx is capital expenditures, N W C increases in net working capital,
⌧c is the corporate tax and EBIT the earnings before interest and tax. With
this, the enterprise value V0 is estimated as
V0 = P V (F uture F CF ).
The cash flows are discounted by the wighted average cost of capital, rW ACC ,
and for a company with current cash C0 , current debt D0 and number of outstanding shares Shares0 , the share price estimate is given by
P0 =

V0 + C 0 D 0
,
Shares0

For more details see Berk & DeMarzo (2007). Thus, the changes in stock
prices can be as a result of that future cash flows are expected to decrease,
or that the company is expected to be financially stretched so that dividends
cannot be payed. Stock prices are thus a measure of future profitability as
well as how investors are valuing the operations of the company is conducting.
However, stock prices are not only dependant on these, but also on general
market fluctuations as a result of market volatility, for more on this refer to
Goedhart & Mehta (2016) and Hull et al. (2009).

4

Previous Relevant Studies

ESG is a contemporary subject and recently it has become more of an interesting
aspect to incorporate in the analysis of a companies long term sustainability. In
fact, one can draw a conclusion that almost all authors that have studied the
topic agree that managers no longer can neglect the e↵ect of ESG impact on
the firm.
Capelle-Blancard & Petit (2017) examines the stock market reaction from
over 33,000 ESG news for over one hundred companies. They split the news
into positive and negative ones, and further analyze if shareholders and the
market react di↵erently depending on if the news is related to environmental,
social or corporate governance issues. A multidimensional regression analysis
was conducted by examining the e↵ect on the abnormal returns, which they
define as the di↵erence between actual return and expected return. Capelle
et.al describes this way of examining the ESG e↵ect on returns as desired,
as it enables them to capture how new information that reaches the market
is processed, and thus a↵ects market value. What they found is that firms
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that are subject to negative ESG news experience an average 0.1% in market
value. Note, that this would for a company such as BP, that per April 24th has
a market cap of $147.53B, would result in an average drop of 147.53 Million
dollars!, Macrotrends (2019). What they also conclude is that the reputation
of the sector which the news a↵ect to some extent is a mitigating factor.
The paper provides evidence that ESG news are likely to a↵ect shareholder
value which contributes to economic research in the field of ESG. This suggests
that the ESG variables presented for the purpose of this report, concerning ESG
news such as ”local pollution” are relevant to process with. Another interesting
conclusions that was made is that investors put greater value and react more
strongly to disclosures by the press and media rather than the firm’s own press
release on the topic. This would suggest that company e↵orts to today comment
on issues may be less awarded than anticipated, see Capelle-Blancard & Petit
(2017).
A master thesis report from KTH department of Industrial Economics and
Management by Ahlklo & Lind (2018) attempts to quantify the e↵ect of ESG
risk scores to financial performance. They begin with arguing that ESG today is a dominating concept of measuring sustainability, and that companies
are pressured to take into account ESG issues. Again this demonstrates the
relevance of ESG to how companies today form strategies and go about daily
business. The study uses ESG scores provided from di↵erent databases and so
collect a number of companies in the Nordics that are targeted for the regression
analysis. The conclusion is a very small negative relationship between the ESG
variables and financial performance. The environmental risks seemed to present
the most significance for the model. However they present a model which is not
statistically significant, and so the evidence of the conclusion is rather weak.
What they do also discuss is that the relationship might not be linear, which is
assumed by the multiple regression analysis model.
Another regression analysis completed on the e↵ect on ESG initiatives on
certain listed companies in Hong Kong was done by Lo & Kwan (2017). They
analyze companies listed on HSCSI, which are corporations listed as sustainable
in Hong Kong. ESG related news are then assessed and categorized depending
on the nature of the news. These are then evaluated to the abnormal stock
returns, similar to the first study presented here, and the model formulated a
R2 = 0.214, so that 21% of market reaction could be explained. Although the
model gives evidence of positive relationship between market reactions and ESG
initiatives, they are rather weak. What is however also an interesting conclusion
from the report is that sustainability e↵orts seem to be less rewarded than for
example social or environmental initiatives, which the authors speculate might
derive from that these initiatives are more abstract.
Another short empirical study from The Wall Street Journal, see Flammer (2013) that analyzed 117 eco-friendly and 156 eco-harmful events implied
that eco friendly versus eco harmful lead to a change in abnormal returns of
+0.84% versus 0.65%. What the author argues should further motivate extended studies in this area is that another conclusion drawn is that companies
are being increasingly penalized for irresponsible environmental behaviour, and
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also that firms with a stronger environmental profile su↵er less from eco-harmful
announcements.
What from here can be worth bearing in mind is that ESG issues, today,
to a greater extent actually can damage a firm’s financial performance, rather
than only reputation. This phenomenon is to the authors presented above more
true today than before, and reinforces the importance of ESG for companies.

5

Mathematical Theory for the Model

For the purpose of this analysis a multiple regression analysis was used. The
multiple regression model is linear and consists of the response y which is the
stock price, among the regressor variables presented later on. Thus it will be in
the matrix form:
y = X + ✏.
(1)
We use the ordinary last squares estimator of the coefficients. This can also
be expressed as a matrix notation where
Now the Least squares condition is formed by
S( ) = (y

X )0 (y

X ).

Developing the right side and minimizing with respect to
X 0 X ˆ = X 0 y.

(2)
yields
(3)

Finally the Least Squares Estimation is obtained as
ˆ = (X T X)

1

X 0 y,

(4)

and the prediction model will be finalized as
ŷ = X ˆ,

(5)

and the error terms will be presented as
e = ŷ

5.1

y.

(6)

Gauss Markov Theorem

According to the Gauss Markov Theorem, The estimation derived above will
be the best linear unbiased estimation of our coefficients. The full proof is
beyond the purpose of this report. The problem that sometimes may arise it
that the variance will be very large following the condition of the estimates
being unbiased. This will be discussed under the topic of multicolliniarity.
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5.2

Assumptions

The assumptions made for the start of the analysis is that
• Relationship between the response and regressors is near linear ,
• Error term ✏ has zero mean constant variance
tributed ,

2

and is normally dis-

• Errors are uncorrelated .
The implications are that the error terms are independent random variables.
For the model adequacy checking of the regression analysis this will form the
basis on whether the results are satisfactory enough to proceed with.

5.3

Hypothesis Testing and Statics

It is of great importance that the estimations obtained are not random; on the
contrary they should show statistical significance. Therefor a hypothesis test
for hypothesis i, denoted Hi is formulated to check the statistical certainty of
the model. The appropriate formulation is given to be, see Montgomery et al.
(2012) :
H0 :
H1 :

0

=

j

6= 0 f or at least one j.

1

= ... = 0

(7)

H0 is recognized as the null hypothesis. If the null hypothesis can be rejected, this means at least one of the regressors are significant for the model. To
then with statistical certainty know when to or not reject the null hypothesis,
there is the F-static and t-static.

R
F-static Recall from table 1 that F0 = MMSSRes
. One can prove this for n
observations follows the Fk,n p distribution where k is the number of regressors
and p the number of estimated coefficients including the intercept, see Appendix
C.3 in Montgomery et al. (2012). The null hypothesis is rejected if F0 > F↵,k,n p
for a significance level ↵. This ensures that the model is significant for at least
one regressor.

t-static The t-static, or test static allows to test the individual coefficients
for significance. The two hypotheses are similar to the one above, but now the
test is done on each coefficient j
H0 :
H1 :

j

=0

j

6= 0,

(8)

from which the t-static is derived to be, for full proof see Montgomery et al.
(2012)
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ˆj

t0 = p

ˆ Cjj

.

(9)

The definition of Cjj is given under the presentation of variance inflation
factors. It is defined as the diagonal element of (X 0 X) 1 which corresponds
to coefficient j . The null hypothesis H0 is rejected if |t0 | > t↵/2,n p , see
Montgomery et al. (2012)

5.4

Model Adequacy

When the regression has been done, a further investigation on how reliable the
results actually are will be necessary in order to see how well the model serves for
it’s purpose. To do so, the ANOVA table, residual analysis and multicolliniearity
analysis will be of help.
5.4.1

Analysis of Variance

The ANOVA table will be of help when assessing the significance of regression
between the response and the regressors. This will also together with the R2
be one of the first things presented when the R program has completed the
regression. The total sum of squares will be partitioned into a part of sum of
squares due to regression and residual sum of squares as follows
SST = SSR + SSRes ,

(10)

where each is defined as follows:
SST =

n
X

(yj

ȳ)2 ,

(11)

ȳ)2 ,

(12)

j=1

SSR =

n
X

(yˆj

j=1

SSRes =

n
X

(yj

ŷ)2 ,

(13)

j=1

see Montgomery et al. (2012).
To summarize with the associated degrees of freedom the ANOVA table is
then constructed as follows:
5.4.2

R2 and Adjusted R2

The R2 is also known as the Coefficient of Determination and is defines as
R2 = SSR /SST = 1
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SSRes /SST .

(14)

Table 1: ANOVA
Source of Sum of Degrees of
Mean
FVariation Squares Freedom
Square
Value
Regression SSR
k
M SR = SSR /k F0 = M SR /M SRes
Residual SSRes n k 1 M SRes = nSSkRes1
Total
SST
n 1

SST is as presented the variability in y without accounting for the e↵ect of
the regressors, and SSRes is the variability remaining in y after accounting for
the e↵ect of the regressors x. A value close to 1 implies almost 100% of the
variance is explained by the model. It is important to note that the coefficient
of determination never decreases with added number of variables. To
combat the e↵ect, the adjusted R2 , RAdj incorporates for the added variables in
such way that
2
Radj
=1

SSRes /(n p)
.
SST /(n 1)

(15)

2
This assures us that Radj
will only increase for a variable that when added
to the model decreases the residual mean square, see Montgomery et al. (2012).

5.4.3

Residual Analysis

Since the assumptions rely heavily on the properties of the error terms, it is
natural to look for deviations from the model assumptions through residual
analysis. The ith residual is defined as
e i = yi

ŷi ,

(16)

where it may be viewed as the deviation of the fit from the data. Reading
di↵erent literature however, it is suggested one works with scaled residuals that
can be defined in di↵erent ways in order to detect outliers.
Standardized residuals

The standardized residuals are defined as
di = p

ei
M SRes

(17)

. This means the residuals are scaled by the approximate average standard
deviation. They are characterized by mean = 0 and unit variance, and if di > 3
the ith observation may be an outlier, see Montgomery et al. (2012).
Studentized residuals This method presents an improvement of the above
presented method, as the case for this type of residual scaling, the exact standard
deviation of the ith residual is used. One can show that e can be written as
e = (I H)y where H denotes the hat matrix H = X(X 0 X) 1 X. It is proven
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to be (1) Symmetric and (2) Idempotent, that is H 0 = H and HH = H. The
studentized residuals can now be derived as
ri = p

ei
M SRes (1

hii )

,

(18)

for the ith residual. The variance of the Studenzed Residuals should be
1 regardless of the location of the regressor when the model is correct, see
Montgomery et al. (2012)
R-Student In the previous scaling method, the residuals were scaled via internal scaling. In the method presented now, the estimation of 2 will be based
on the data when the ith point is removed from the regression analysis, this
variance will be denoted and defined as
2
S(i)
=

(n

p)M SRes e2i /(1
n p 1

hii )

,

(19)

and so the externally scaled residuals, the R-student, are given by
ti = p

ei
Si2 (1

hii )

.

(20)

Residual Plots Another way of detecting model violations is via graphical
investigation, and given we are using R for our regression analysis this is provided easily. The normal probability plot will detect gross departures from the
model assumption regarding it’s error terms being normally distributed. The
cumulative normality distribution is plotted as a straight line and the standardized residuals can be plotted against this to see how well it coincides with
this reference line. One can also plot the residuals against the fitted values
to see how well these points are within a horizontal band. This will imply
constant variance, and that homoscedasticity exists. This means that the
variance of the residuals should not increase with the fitted values. To see if
homoscedasticity exists we shall therefor plot residuals vs fitted values and also
p
standardized residuals vs fitted values and see if they approximately follow
a horizontal band, see Montgomery et al. (2012).

5.5

Transformations

If a non linear relationship as well as non-constant variance is suspected, one
can apply the Box Cox Power Transformation in the form of y where the
parameter is determined from e.g the cross validation method. The procedure
is to transform the response as
8
< y 1 , if 6= 0.
y 1
y( ) =
(21)
:ylny,
= 0.
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This can sometimes stabilize the regression model and move it towards the
normality assumption.

5.6

Leverage and Influence Diagnostics

To fairly assess the outlier points and e↵ectively determine their relative influence on the model, leverage and influence diagnostics are of great aid. Depending on the location of the regressor, the point might be considered a leverage
and possibly an influential point. An influence point is characterized by having
noticeable impact on the model and can in some cases even be removed. The
theoretical concept will be discussed more in detail below.
5.6.1

Leverage

The Hat matrix was defined as H = X(X 0 X) 1 X and has proven critical in
detecting influential observations. The elements hij , i 6= j are interpreted as
amount of leverage by the ith observation yi onto the j th fitted value yˆj , see
Montgomery et al. (2012). The diagonal elements of the Hat matrix can further
be expressed as
hii = x0i (X 0 X) 1 xi ,
(22)
where xi denotes the ith row of matrix X. Since the Hat matrix is also a
standardized measure of the ith observation to the centroid of the x space, large
values for hii signal possible influential points since they are remote points. To
have a reference for when a diagonal value is considered large, a so called ”cuto↵”
value is determined. This is set to 2p/n, p being the number of variables and n
the number of observations. This value is derived from
n
X

hii = Rank(H) = Rank(X) = n,

(23)

i=1

and so
h̄ = n/p.

(24)

Consequently, any value that is twice the average is considered a possible
influence point Montgomery et al. (2012).
To detect influential and leverage points there are a number of di↵erent
Measures of Influence:
Cook’s Distance Cook’s distance measures the squared distance between the
least square estimation of the beta coefficients, and the estimate of it obtained
when a point i is removed from the data. The first will as usual be denoted ˆ
and the latter ˆ(i) . Cook’s distance then presents itself as
Di =

( ˆ(i)

ˆ)0 M ( ˆ(i)
c
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ˆ)

,

(25)

where M = X 0 X and c = pM SRes Points that displace the coefficients to
the boundary of 50% is equivalent to Di ⇡ 1, which is the same as testing for
Di = F0.5,p,n

p.

(26)

A large displacement and thus a large value for Cook’s distance indicates
very strong sensitivity to the ith observation.
DFFITS The deletion influence of the ith point can also be investigated
through deletion of the ith observation on the predicted value. Let y(i) be the
predicted value of yi when the ith point is removed. Then DFFITS is defined
as:
yˆi ŷ(i)
DF F IT Si = q
.
(27)
2 h
S(i)
ii

DFFITS is then the number of standard deviation
pthe fitted value changes when
the ith observation is removed. If |DFFITSi |> 2 p/n one should consider this
point further, see Montgomery et al. (2012).
DFBETAS DFBETAS are another deletion diagnostic helpful in detecting
influential points. It measures the e↵ect of excluding the ith point from the
observation. Let now ˆj(i) denote the j th coefficient that is of all observations
except the ith one, while ˆj is the usual j th beta coefficient. DFBETAS then
can be presented as
ˆj ˆj(i)
DF BET ASj,i = q
,
2 C
S(i)
jj

where Cjj denotes the diagonal elemnts of (X 0 X)
one should further investigate point i.

1

(28)

p
. If |DFBETASj,i |>2/ n

Model Performance Measures We can also derive the Precision of estimation. For the purpose of doing so, COVRATIO is introduced as
COV RAT IOi =

0
| (X(i)
X(i) )

| (X 0 X)

1

2
S(i)
|

1M S

Res

|

(29)

When COVRATIO ¡ 1, inclusion of the point i lessens the precision, vice
verca. The cuto↵ values for this measure are presented as
COV RAT IOi > 1 + 3p/n

(30)

COV RAT IOi < 1

(31)

see Montgomery et al. (2012)
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3p/n,

5.7

Multicollinearity

Multicollinearity is an issue that arises when there is near linear dependencies
among the regressors. It is know that X 0 X is a p ⇤ p matrix. With this comes
that the definition of exact multicollinearity is given by
p
X

ti Xj = 0.

(32)

i=1

The interpretation is that of basic linear algebra; there is some constant
t1 ,t2 ,...,tp 6= 0 such that the equation holds. The result of near linear dependencies is that the matrix X 0 X will be ill conditioned. This is because of the fact
that the diagonal elements of the covariance matrix is given by
Cjj =

1
j = 1, 2, .., p,
1 Rj 2

(33)

where Rj is a coefficient from regressing xj on the remaining variables. If there
is a near linear relationship, the coefficient will approach 1 and the variance
will inflate. For the purpose of combating the issue there will now be presented
di↵erent diagnostics methods:
Variance Inflation Factor
V IFj = Cjj =

1

1
Rj 2

(34)

VIF can be used to analyze the combined e↵ect of dependencies, and if it exceeds
5 or 10 it should warrant attention, see Montgomery et al. (2012).
Condition Number For this type of analysis the eigenvalues of the simple
correlation matrix X 0 X is inspected, them being denoted by 1 , 2 , ..., p . If
near linear relationships are present, then at least one of the eigenvalues will be
small. The condition number is defined as:
k=

max / min .

(35)

If k is below 100, the problem of multicollinearity is not serious, a number
between 100 and 1000 implies moderate to strong multicollinearity and above
1000 implies severe problems, see Montgomery et al. (2012).

5.8

Variable Selection and Model Building

Building the model and ensuring that it generates adequate results for the purpose is necessary. It is further crucial that the model obtained does not posses
the property of having multicollinearity or being over fitted. Variable selection
has proven helpful in combating these issues. The goal is a model that with
possibly less variables still can account for the variability in y. To do so there
are a number of di↵erent criterion that can be used as well as some di↵erent
methods.
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5.8.1

All Possible Regression

Also known as best subset selection. The model is fitted with exactly all combinations of the p predictors, resulting in 2p di↵erent models. The one model
with the largest R2 is considered ”best” for a certain number of variables. Now,
that 2p have been reduced to p + 1 models, one chooses the best among these
using cross-validation or the criteria presented below. James et al. (2013)
5.8.2

Model Selection Criteria

It can be shown that the mean square error of the training set generally is an
underestimate of the test set error. It was also stated that the training error
always will decrease when more variables are added while the test error may
not. This is why the R2 or measures of SSRes cannot be used to select the best
model among di↵erent number of variables, see James et al. (2013). However
one can account for the test error via adjusting the training error for the size of
the model. Below some techniques for this is presented that will be used.
Mallow’s Cp Static

1
(SSRes + 2dˆ ),
(36)
n
where ˆ is typically estimated using the full model with all predictors, seeJames
et al. (2013). The criterion adds a penalty of 2dˆ to the training SSRes and thus
lower values of the Cp tends to signal lower testerrors, for more see Montgomery
et al. (2012).
Cp =

AIC & BIC
AIC =

1
(SSRes + 2dˆ 2 ),
nˆ

(37)

1
(SSRes + log(n)dˆ 2 ).
(38)
nˆ
These will also take on lower values for small test errors. Usually BIC places a
heavier penalty which results in it recommending smaller models than the other
criteria.
BIC =

Adjusted R2 Unlike the above, a large value of the adjusted R2 proves a small
test error. For an equation with p variables including the intercept it is defined
as
n 1
2
RAdj,p
=1 (
)(1 Rp2 ).
(39)
n p
2
The RAdj
allows us to remove noisy variables that do not contribute significantly to the model.
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5.8.3

Partial Regression Plot

The partial residual plot is useful in examining the marginal e↵ect of one regressors given the others are already in the model. This helps evaluate the residuals.
By examining the slope of the plotted lines one can see if the relationship between the response and regressor is correct. It gives a hint on weather the
variable is not useful if the slope is near zero. However they should be used
with caution as they suggest, not prove, a relationship between the response
and regressor, see Montgomery et al. (2012).

5.9

Cross Validation

As discussed, the test error can be defined as the error when using a statistical
learning method to expose the model on new observations to predict a response.
Low test errors are thus aspired. One way of measuring this is by holding out
certain observations when regressing and then testing the model on these held
out observations. K-fold cross validation is the practice of splitting the data
into k groups, with approximately equal size. Each group contains both a test
and training set. This means that for k groups the model is fit on k 1 groups.
The procedure is repeated k times and each time a new set acts as the test or
validation set. For each run a mean square error is approximated which gives
the cross validation error estimate as
CVk =
see James et al. (2013).

6
6.1

k
1X
M SEn ,
k n=1

(40)

Method
Data Collection

All data collection regarding ESG and macro variables were obtained from the
RepRisk Database and from SEB’s internal business intelligence. All of the
stock quotes were imported from Yahoo Finance, which is a public website.
The Data from all stock quotes range from APRIL 2009 to MARCH 2019
which provides observations of a 10 year span. Companies with over 200+ news
and that also were stock listed were interesting for the research purpose and
were delivered from RepRisk. The table of companies was found to be
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Company name
BP PLC British
Petrol
Chevron Corp
ConocoPhillips Co
Exxon Mobil
Halliburton Co
Occidental
Petroleum Corp
China Petrochemical
Corporation
(Sinopec)
PetroChina Co Ltd
Enbridge Inc
TransCanada Corp
Eni SpA
Lukoil PJSC
Total SA
Transocean Ltd

6.2

COMPANY LIST
Headquarters
United Kingdom

ISIN CODE
GB0007980591

United States
Unites States
United States
United States
United States

US1667641005
US20825C1045
US30231G1022
US4062161017
US6745991058

China

-

China
Canada
Canada
Italy
Russian Federation
France
Switzerland

CNE1000003W8
CA29250N1050
CA89353D1078
IT0003132476
RU0009024277
FR0000120271
CH0048265513

Regressors

All data is in monthly format with the same time span as the stock data. The
data for all the macro variables are for the first day of the month during the
determined 10 year period. The RRI scores depend on type of news and how
the ESG-risk profile is assessed, which leads to the data format being a monthly
average. The variables Local Pollution; Impact on landscape, ecosystem and
Biodiversity ; Violation of national legislation; Health and Safety Issues are
counts that vary depending on if the ESG events recorded a↵ect any of these
four aspects.
Macro variables Brent Index, West Texas Intermediate Index (WTI), World
Average Oil and Gas Price, USA CO2 Emission Estimate, China Industrial
Production, USA industrial production, Unemployment rates in USA and EU
ESG variables Reprisk RRI Rating monthly change (Trend RRI), Percentage
E,S of RRI, Local Pollution, Impact on Landscape, Ecosystem and Biodiversity,
Violation of National Legislation, Occupational Health and Safety Issues.

6.3

Data Processing

The purpose of the thesis is to examine the change of stock price in relation to
the ESG parameters described previously and also with relevant macro factors.
Therefor the data obtained needs to be processed in order to increase the reliability of the model. Since the data presented is in form of monthly closing stock
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price at the first day of the month, The first observation is set as a benchmark
to calculate the relative monthly percentage change. This is done according to
this for company k at time t with stock price Stk :
response =

Stk

Stk 1
.
k
St 1

This is done for all observations. This means that for n stock prices for each
company during the 10 year span with monthly timesteps there will be n 1
responses.
The same type of procedure is done for Brent spot price, WTI, gasprice,
USA CO2 emissions. For the variables that were not mentioned the following
line of reasoning was done:
• Unemployment rate in USA and EU : The data is in the form of percent
and the changes month to month are relatively small. Therefor the data
is kept as is.
• Industrial production rate in USA and China : For China the data obtained is already in form of monthly relative change. For USA the production rate is presented as an index, where relative changes are not significant. Therefor the data says more as it is instead and is assessed not
in need for processing.
• RRI : To incorporate the RRI, instead of using monthly average RRI
ESG risk score, the trend RRI score is used. With this, if a significant
event occurs that month, and the RRI score goes from 4 to 67, the trend
RRI that overlapping these month would be + 59, and this change is more
relevant in relation to the percent change in stock price, instead of looking
at the absolute values only.
• Percent of E,S,G: There is an obvious linear relationship between these
three variables since E + S + G = 1. This might disrupt the regression
model as the variances may inflate. Therefor, only two of these three
variables are included : E and S, as they for the purpose of this report
still capture a social and environmental issues.
• Impact on communities etc are absolute counts and not modified.
All variables that are in percentual changes will be denoted with a

6.4

Computer Software R

For the purpose of this report RStudio 1.1.463 was used.
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6.5

Variable Labels in R

To simplify some of the longer variable names, coefficients were labeled as follows in R
Variable
Variable
Brent index
West Texas Intermediate
World average oil
and gas price
USA CO2 emission estimate
Unemployment
rate USA and EU
China
industrial
produciton rate
Usa production index
Trend RRI
Local pollution
Impact on landscape,
ecosystem
and biodiversity
Violation of national legislation
Occupational
health and safety
issues

7
7.1

Labels
Label in R
dbrent
dtexas
doilprice
dgasprice
dusaco2

and

usaunem and euunem
chinaindustry
usaindustry
trendRRI
pollution
ecosystem

VNL
safetyhealth

Results
Full Model

First the properties of the full model will be presented and discussed. The R2
2
is presented as 0.1207 and an RAdj
of 0.1117 which suggests the model does
not explain a larger proportion of the variance, which was expected from the
literature review. The model is also statistically significant which is shown by
the low p value, and in regards to the t-test the most significant variables are
found to be Brent, world average oil price, USA CO2 emissions, texas,
gasprice and also the ESG variable impact on communities is found significant.
This suggests that variable selection will be necessary.
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(a) QQ-plot

(b) Histogram of residuals

Figure 4: Verifying normality assumption

7.1.1

Residual Analysis

Next we assess how well the model holds with respect to the normality assumptions. The normal QQ plot shows that the error terms are approximately
normally distributed for the main portion of the data, see figure 4.
The plot suggests small departures from the normality assumption on the
tails and thus according to Montgomery et al. (2012), the model is not a↵ected
greatly. To demonstrate that the residuals resembles the normal distribution one
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p
(b) standardized residuals vs fitted
values

(a) Residuals vs fitted values

Figure 5: Implications that homoscedasticity is present
can also look at the histogram of the residuals in figure 4 ; they seem to follow
the normality distribution. The conclusion is that the normality assumptions
hold and the model is not in need of a Box-Cox transformation.
As it appears the model so far does not violate the normality assumption
what next is crucial is the assumption of constant and finite variance.
As figure 5 suggests, the residuals mainly seem to form a horizontal band
which complies with the constant variance assumption for the residuals. Also
this finding suggest no further need for a possible transformation, see Montgomery et al. (2012).
Next, the added variable plots, or partial regression plots are examined. As
stated they are limited in explanatory means, but do suggest possible relationships between the regressors and response. it visualizes the relationship of one
specific regressor given the others are in the model, which can help evaluate
the marginal e↵ect of adding that regressor to the model, for more, refer to
Montgomery et al. (2012).
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(a) Added variable plot - ESG variables

(b) Added variable plot - macro variables

Figure 6: Added variable plots
The plots suggest that the linear relationship for most of the regressors
is not very strong; one can observe this for almost all ESG-regressors except
for ”Impact on communities”. This again can advise for variable selection.
However, the results of these partial regression plots may be disrupted with the
presence of multicolliniearity.
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7.1.2

Multicollinearity

The multicolliniarity analysis can as introduced in the mathematical background
be examined with the variance inflation factor (VIF) or the condition number
k. The results for the full model are presented as
Variable
VIF
Variable
VIF
Variable
VIF
Variable
VIF

USAunem Chinaunem
Brent
Gasprice
8.67
2.44
87.99
1.11
CO2
WTI Chinaindustry USAindustry
1.19
1.18
1.00
6.17
E
S
Communities Ecosystem
1.21 1.21
3.01
5.3
Pollution Safetyhealth VNL
5.59
1.59
2.19

Oilprice
98.42
TrendRRI
1.09

with the condition number k = 683.00 This would according to the literature
presented for the background suggest moderate to strong multicolliniearity, see
Montgomery et al. (2012). A visual representation is given as

Figure 7: Pairwise correlation between regressors
The single pair of regressors that seem to exhibit strong multicolliniearity
above the recommended value of 10 is Oilprice and Brent. Both WTI and
Brent also according to the correlation plot clearly demonstrate a positive correlation to world oil prices, which is anticipated. This may suggest one or two
of these variables could be eliminated. The conclusion based on the correlation
plot and also the high VIF of Brent and Oilprice is that the first named
can be removed from the analysis. As stated before, Brent Crude benchmarks
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almost 2/3 of world crude oil production and so the pricing mechanisms should
be very similar; the variables are here confirmed to do so, see Hecht (2019).
What is also obvious from the correlation plot in 7 is that a great proportion
of the ESG variables seem to show positive pair-wise correlations.
7.1.3

Influence Analysis

The threshold for cook’s distance was found 0.963, for DFBETAs 0.0049 and
for DFITS 0.21.

(a) Residuals vs Leverage

(b) Cook’s Distance vs Leverage

(c) Cook’s Distance

Figure 8: Influence Analysis - Cook’s Distance and Leverage
A more detailed analysis can be conducted through marking the threshold
value for cook’s distance, which is demonstrated in figure 9. Clearly, as can be
seen above in figure 8 (c), three observations have exceptionally large cook’s
distances, namely observation number 12, 847 and 848. Further, these points
are high leverage points which is seen from the Residual vs Leverage plot; the
points are thus far from the centre of the other points.
Except for these, observation number 45, 596 seem to have higher DFFITS
than the threshold, and also higher compared to other observations that go over
this value. However, since all have small values of cook’s distance which does
not warrant serious further attention, only these two points will be considered.
These influence and leverage points shall be brought up in the discussion.
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Figure 9: Cook’s Distance, Leverage points vs Points contained in Threshold
value
The DFFITS can be assessed using the results obtained from figure 10

Figure 10: DFFITS - Threshold 0.21
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Figure 11: Histogram with threshold values
The majority of the data points are contained within the threshold values,
which is illustrated in figure 11 and 10. Therefor only the observations reported above will further be considered in the influence analysis and discussion.
Due to the nature of the data, no observations will be removed from the result
as the influential points are rather interesting to examine. Also, since the data
collection are based on historical data with reliable sources, the influential points
prove valid observations which does not motivate the points being removed, for
similar discussions refer to Montgomery et al. (2012).
7.1.4

Model Selection

For the model the BIC, R2Adj , Mallow’s Cp and the Cross Validation technique
with 10 folds were employed to assess the best possible subsets. The results
were found to be

37

Figure 12: Change of residual sum of squares and R2Adj with increasing variables
Figure 12 would clearly indicate that one should proceed with variable
selection. The adjusted R squared seems to increase to a maximum, which
suggests the variables added from this point on do not contribute greatly to the
model. Further, the two other criteria as well as the cross-validation method
yield di↵erent number of optimal variables as well, which can be seen in Figure
13 and 14.
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Figure 13: Variable selection

Figure 14: Ten Fold Cross Validation of Best Subset
Method
Suggested number
of variables

BIC

R2Adj

Cp

10 fold cross validation

2

7

7

3
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And the included variables for each method are summarized to
Method
BIC
R2Adj
Cp
Cross validation
7.1.5

Texas, Oilprice
USAunem, Oilprice, USA CO2 , Gasprice,
Texas, communities, ecosystem
Same as for R2Adj
Texas, Oilprice, USA CO2

Final Model

The di↵erent method for variable selection yield di↵erent answers on the optimal model. As expected, the BIC provides the smallest model with only two
variables included, the West Texas Intermediate index and World Average Oilprice. Both of the variables have a p value less than 0.001 and so they present
high significance. These two variables are also included in all of the other suggested final optimal subsets. However, two variables is very little and since there
for the thesis purpose is no aspiration for ”smallest possible model”, the BIC
criteria will not be the most important criteria which a final model decision
will be based upon. The cross validation approach also includes USA monthly
average CO2 emissions which also presents a p value less than 0.001, and so
statistically significant. In the partial regression plots, these three variables are
also the ones that present a slight linear relationship to the response compared
to the other plots which are near flat, see Figure 6. As for the ESG variables,
both ”Impact on communities” and ”Impacts on landscapes, ecosystems and
biodiversity ” are included when testing with the Cp and R2Adj . Here, they both
have a significance level of 0.01. To chose among these models, the final decision has been based on these observations, as well as the residual sum of squares
plot in figure 12, where the improvements are only marginal after adding more
variables. The cross validation method also proves an improvement up until
adding three variables, only to increase until it again decreases when adding six
to seven variables. After this, no cross validation error improvement is made.
Therefor the final model will have 7 variables in accordance to Cp and R2Adj .
Now the final model should be validated with the normality assumption, as well
as check the variance inflation factors.
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(a) Final Model QQ-plot

(b) Final Histogram of residuals

Figure 15: Verifying normality assumption of final model with 7 variables
Variable
VIF Final Model
Variable
VIF Final Model

USAunem
CO2 Oilprice
1.04
1.16
6.21
Communities ecosystem
2.72
2.72

Gasprice
1.11

WTI
6.12

Condition number : k = 24.41
The final model complies with the normality assumption, and neither any
variance inflation factors or condition number imply that the multicolliniearity
problem exists, as all VIFs are below 10 and the condition number is well below
100. It shall also be noted that Brent was removed from the analysis before the
variable selection, as it in the results already was obvious that brent and world
average oil price were positively correlated close to 1. This also contributes to
the much lower values in the multicollinearity diagnostics, when at the same time
the explanatory power of the model is not reduced significantly. The final model
2
also presents a R2 = 0.1084 and RAdj
= 0.1046, which is not a improvement
nor much less than for the full model, and so not much explanatory power has
been lost. The model is still significant with a p value < 2.2e 16, and has a
higher F static of 28.79 compared to the full model.
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Figure 16: Final Model - Statistical Summary

8

Discussion

8.1

Outliers and Leverage Points

The results pointed out three points with exceptionally large cook’s distances,
paving way for further influential analysis of these observations. Observations
marked as higher than normal cook’s distance and have high leverage as seen in
figure 8 are analyzed form the excel data, as well as the mentioned observations
with high DFBETAs values, to to see anything deviating than ”normal” stock
movements.
Observation 12 April 2010- Transocean Ltd Switzerland
month where

represent a

• Stock dropped 16% from previous month, and another 39.9% the two
following months
• Reprisk index increased from 2 (Low ESG risk exposure) to 54 from the
previous month, and to the level of 87 the following two months (extremely
high risk exposure)
Observation 847 June 2010- British Petroleum UK
where
• Stock dropped 33% from previous month
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represent a month

• Reprisk index increased by 12 points from month before to after observation.
• Number of news regarding ”Local pollution” went from 7 to 25. Number
of news regarding ”Impacts on landscapes, ecosystems and biodiversity”
went from 11 to 27. Number of news regarding ”Violation of national
legislation” went from 6 to 14. Number of news regarding ”Safety and
health” went from 5 to 10.
Observation 848 July 2010- British Petroleum UK
where

represent a month

• Stock went up 33% from previous month
• Reprisk index increased by 1 points
• Number of news regarding ”Local pollution” went from 25 to 5. Number
of news regarding ”Impacts on landscapes, ecosystems and biodiversity”
went from 27 to 13. Number of news regarding ”Violation of national
legislation” went from 14 to 7. Number of news regarding ”Safety and
health” went from 10 to 7.
Observation 1549 June 2009 - Lukoil Russia

represent a month where

• Stock down 15% from previous month
• Reprisk index increased by 13 points from two months prior to the observation date
Observation 45 January 2013 - Transocean Ltd Switzerland
a month where

represent

• Stock up 27% from previous month
• Reprisk index goes up 17 points
• Transocean Ltd settles with U.S court in paying fines from the Deepwater
Horizon explosion and agrees to changed safety practices in January 2013,
see Schwartz (2013)
Transocean Ltd is the world’s 2nd largest o↵shore drilling contractor company, which means they contract mobile platforms for oil drilling at sea, Dumaine (2019). The month of this influential point 12 is April 2010, the same
month Transocean owned Deepwater Horizon platform exploded. 11 workers
were killed and more were injured and it is in history defined as the largest
marine oil spill. Neither of the macro variables initially included in the full
43

model fluctuated as much as the trend RRI did; they stayed relatively constant
over the course of the months following the observation 12. The same line of
reasoning is interesting to apply for all of the other observations; British Petrol
and observation 847, also involved in the infamous Deepwater Horizon oil spill
shows great fluctuations in stock price during the turbolent period. The number
of news regarding the ESG variables increased in some cases more than 100 %
, meanwhile a stock drop just above 30 . The following month, the severity of
the news decreased by many percent, and stock prices go up by just over 30%.
The two latter observations which did not appear to have larger cook’s distances than usual but showed large DFFITS values than usual, also can be seen
to have a notable change in RRI score meanwhile stock movements were greater
than usual. For observation number 45, it appears to be the same month U.S
court settles with Transocean Ltd over the infamous Deepwater Horizon spill.
The emphasis on these observations are not in any way to imply that there is
an obvious relationship between larger than normal stock movements as well as
greater changes in RRI score. However, as these points are marked as leverage
points and so possibly influential, it could imply that rapid stock movements
are highly relevant to analyze from a ESG perspective, as negative ESG are fast
to reach the market with today’s media channels, and often harshly criticized,
Du & Vieira (2012)
A general conclusion that can be drawn is that the points marked as leverage
or influental, seem to be better explained with regards to the ESG variables, even
though they as a whole are weak in explaining overall stock market movements
in oil companies. These overall movements are, even though low R2 , evident
to be more significantly explained by macro variables with statistical certainty
from the result of the full model fit.

8.2

Normality of Residuals

According to the famous Black Scholes model, stock returns in the long run will
follow a normal distribution, see Hull et al. (2009). The response variable in the
model obtained is exactly stock returns, and so we would expect that it would
follow a normal distribution in the long run. The residuals, an estimation of
the random error term ✏, also seem to resemble a normal distribution. Therefor the normality of the residuals can be seen as coinciding with this famous
mathematical theory.

8.3

Variables

For the variables world average oil price and Texas Western Intermediate,
they exhibit positive correlation to the response variable. This is reasonable
when comparing to the reality, as high oil prices tend to benefit oil producers,
Rapier (2018). When oilprices were up over $100, many actors started building
oil rigs due to high profitability, and leasers such as British Petrol also gained
advantages from the developmenet, Dumaine (2019). Furthermore, gas and oil
prices are in reality highly correlated, as gas prices mainly are a↵ected by crude
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oil prices, EIA (2018). However the two variables’ correlation does not seem
obvious from the correlation plot in figure 7; they also have opposite signs in
the estimations. This is a well known phenomenon, that coefficients have the
opposite sign to intuition. The reasons are plenty, and could for example be
that important regressors have not been included in the model, which seems
reasonable since the regressors in the model do not account for the majority of
the variance explained, see Montgomery et al. (2012) for more.
For USA unemployment, even though it is not significant, the sign coincides
to some extent with the background at the start of this thesis, that high oil
prices, which led to higher profitability for oil companies, often coexist with
unemployment, but in times of recession. Another study by Ahmad (2013) regarding oil prices and unemployment rates also found this positive relationship.
Regarding the two ESG variables, impact on communities shows a positive relationship with the response while Impact on Landscape, Ecosystem and
Biodiversity shows negative. The evidence for rejecting the null hypothesis is
however weak. The signs of the variables are thus not so trustworthy, as the
first one also has a ”counter intuitive” sign, even though they for the model are
statistically significant.

8.4

Reliability of Model

As discussed before, the most of the variables show correlations consistent with
those that are expected, but the evidence of them being significant is not the
most convincing. This is also seen from the R2 which is just above 0.10. However, this does not directly imply that the model is bad or random. The model
is still statistically significant with a low p value, and also, a higher value
for R2 itself does not imply a better or more reliable model. On the contrary,
the final model shows very low multicollinearity which is a crucial point for the
reliability. ”Global” properties such as R2 would not be sufficient to asses this
type of model reliability, nor does a high such value grant a better model , see
Montgomery et al. (2012). The model was also developed for the purpose of
understanding historical stock movements rather than predicting future ones,
which is why examining the test error versus training error was not applied, for
more theory on this refer to Montgomery et al. (2012). Further, the magnitude of
the ESG variables regarding a change around 0.3% is to some extent reasonable
and consistent with what was presented in the literature review. The magnitude
of world average oil price and Texas Western Intermediate seem very large for
intuition, around 16%, which could indicate that important macro regressors
are missing from the model, see Izenman (2008).

9

Conclusions for further work

A UBS report published, see Rigby et al. (2016a), ties events, either ESG or political events, to oil price changes. One of these events included Donald Trump
tweeting ”Oil prices are too high” which actually led to a drop in prices. In-
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cluding political statements or statements by influential persons would perhaps
be interesting to investigate, as these influential people often have power to
influence the course of market consumption and production.
What also should be incorporated in further research of the actual e↵ect of
ESG events, should be to filter out trends on a macro level for the model to
accurately represent stock changes. These could be for example the unusually
high unemployment rate during the early 2010’s, or global changes in oil prices
etc. This would make time series analysis highly relevant in transform data into
stationary. In combination to this, the definition of abnormal returns given in
the literature review should be more widely applied, in contrast to total stock
change, as it possibly is in the abnormal returns ESG initiatives could explain
the di↵erence between actual and expected return; this seems to be evident from
the ESG study presented before by Lo & Kwan (2017) and also from the results
obtained here.
The application of time series would also be highly relevant to filter geographical trends; the companies selected for this thesis purpose are from several
di↵erent continents ,so creating only one model to understand stock movements
that would apply for all countries could possibly be unfair.
The most important conclusion from this report that is obtained from the
outlier analysis is that heavy shifts in ESG variables seem to a↵ect heavy changes
in stock returns. This could imply the existence of a non linear relationship,
and so in future research the explanatory power of ESG variables could better
be captured with ”regression trees” or ”random forest regression”. For more
on this refer to Montgomery et al. (2012). This discussion was also shortly
mentioned in the study by Ahlklo & Lind (2018) with similar methodology.

10

Conclusion

The outlier analysis makes it obvious that larger stock movements share some
similar properties for the ESG variables. ESG practices and company transparency remain and will probably develop to be more crucial to a company’s
long run survival. Mainly this is due to reputational risks which is more central
than before, see Spence (2011), and also because the close to 95% CEOs themselves recognize that social responsibility is highly demanded and appreciated,
Spence (2011). The increased awareness of ESG concerns in the oil sector has
spurred changes agreed on by many researchers; a transformation of the sector
is visible and ongoing, see Gillies (2010).

10.1

Answer to Problem Statements

The purpose was to
• Evaluate the explanatory power of ESG risk scores when assessing stock
price changes
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• Assess if company reputation can mitigate financial risk from an industrial
engineering perspective.
What can be concluded for the model is that the macro variables in the
model are superior to the ESG variables in explaining total stock movements,
even though there remains a great deal of unexplained variance by the model
obtained. Oil and WTI spot prices are significant variables for the model which
could be expected. The statistical evidence to reject the null hypotheses for some
of the variables are weak due to a larger portion of unexplained variance. ESG
variables do however prove useful in explaining some large stock movements, as
macro variables stayed constant during this period, which was presented in the
discussion.
Regarding the second question, what does seem reasonable to conclude is
that the observations marked as influential or leverage points, which were seen
to generally be large stock changes, were better explained by looking at the
change in ESG variables , which also shifted rapidly, contrary to macro variables,
which stayed relatively constant. This suggests that large changes in the ESG
variables, especially the RRI score which quantifies stakeholder and reputational
risk, in turn can a↵ect financial outcome. However, whether reputation can
mitigate financial risk, remains unanswered with certainty from this analysis.
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Ahlklo, Y. & Lind, C. (2018), ‘E, s or g? a study of esg score and financial performance’, Independent thesis Advanced level (degree of Master (Two Years)),
20 credits / 30 HE credits .
Ahmad, F. (2013), ‘The e↵ect of oil prices on unemployment: Evidence from
pakistan’, Business and Economics research journal 4(1), 43.
Barsky, R. B. & Kilian, L. (2004), ‘Oil and the macroeconomy since the 1970s’,
Journal of Economic Perspectives 18(4), 115–134.
Berk, J. B. & DeMarzo, P. M. (2007), Corporate finance, Pearson Education.
Birol, F. (2019), ‘Oil 2019 - Analysis and forecasts
https://www.iea.org/oil2019/. [Accessed: 04-28-2019].

to

2024’,

Bloomberg (2019), ‘Energy Markets’, https://www.bloomberg.com/energy.
[Accessed: 05-01-2019].
Bolman, L. G. & Deal, T. E. (2005), Nya perspektiv på organisation och
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