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Chair of Finance and Banking at the University of Augsburg

Prof. Dr. Marco Wilkens, who holds the 
Chair of Finance and Banking at the University 
of Augsburg, and his department deal with di-
verse topics of finance and banking in research 
and teaching. They cooperate with financial 
practitioners as well as with various national 
and international colleagues, including e.g. the 
Deutsche Bundesbank, the German Finance 
Agency, Research Affiliates, KPMG, different 
exchanges and financial institutions, and col-
leagues at the University of Erlangen-Nurem-
berg, the University of Passau, Queens Univer-
sity in Canada, as well as Macquarie University 
and the University of Sydney in Australia.

In research, Professor Marco Wilkens and 
his staff have already published over 100 papers 
in both scientific and application-oriented na-
tional and international journals and concen-
trate especially on the following areas:

Sustainable Finance with a focus on  
Climate Finance, for example:
•  Quantification and management of carbon 

risks based on capital market data
•  Consideration of financed emissions in asset 

management
•  Return and risk of “green” investments

Investment Funds, for example: 
•  Performance measurement and performance 

attribution of conventional and sustainable 
funds

• Use of derivatives in fund management

Financial Engineering, for example:
•  Evaluation of different forms of financial 

innovations and derivatives 

Capital market-oriented risk management, 
for example:
•  Quantification and management of different 

market risks in financial assets

In future, the Chair of Finance and Banking 
at the University of Augsburg will concentrate 
on the areas of Sustainable Finance with a fo-
cus on Climate Finance, and Investment Funds. 

Professor Marco Wilkens is, inter alia, a 
member of the scientifc advisory board of the 
Verein für Umweltmanagement und Nachhal-
tigkeit in Finanzinstituten e.V. (VfU).
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Verein für Umweltmanagement und Nachhaltigkeit in Finanzinstituten e.V. 

The Verein für Umweltmanagement und 
Nachhaltigkeit in Finanzinstituten e.V. (VfU) 
is a corporate network of 50 financial service 
providers in Germany, Austria and Switzerland 
for topics on CSR and Sustainable Finance.

The association provides a platform for 
experts from financial institutions for informa-
tion provision and peer learning in the area of 
CSR and Sustainable Finance. In addition, the 
VfU develops tools and approaches for han-
dling financial sector-specific opportunities 
and challenges associated with sustainability. 

The VfU thus contributes to the development of 
competencies and the promotion of sustaina-
bility within – and via – the financial sector.

The main focus of the VfU involves integra-
tion of sustainability into processes of the core 
business, ESG, and non-financial risk manage-
ment, transparency and reporting, as well as 
different fields of action within the scope of 
Corporate Social Responsibility (CSR).
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Combatting climate change is one of the 
greatest challenges of our time. The research 
project Carbon Risk Management ( CARIMA) 
funded by the German Federal Ministry 
of  Education and Research is contributing 
towards tackling this challenge. Specifically, 
 CARIMA aims to quantify and render man-
ageable the existing risks and opportunities 
that occur from the transition process of the 
economy towards a Green Economy. A rational 
handling of these “carbon risks” is necessary 
to achieve the Paris Agreement’s target to keep 
global warming below 2°C while avoiding un-
necessary socioeconomic losses.

The two-year research project CARIMA 
has now reached its final stage. This manual 
summarizes the main results of the last two 
years of project work (and more than two years 
of project lead-in time). It is primarily directed 
towards key players in the financial industry 
– and here both towards the private investor 
who wants to calculate “quickly” the carbon 
risk of “just” his own private portfolio, as well 
as towards the professional portfolio manager 
who wants to take carbon risks in his asset 
management process into account. In addition, 
CARIMA also addresses further stakeholder 
groups, such as firms, regulatory authorities, 
politicians, and last but not least scientists. The 
CARIMA concept should provide them with a 
tool for the quantification and management of 
carbon risks as well as carbon opportunities.

In the course of our work on CARIMA, vari-
ous central findings have emerged for us which 
we would like to share at this point:

With our project aim of quantifying the car-
bon risk of financial assets and portfolios with 
increasing restrictions on carbon emissions, 
we always met with great interest from repre-

sentatives of the financial industry and society, 
as well as from politics and regulatory au-
thorities. In numerous discussions with these 
groups, it became clear that they are aware of 
the relevance as well as the practical challenge 
of adequately quantifying carbon risks. How-
ever, they have been unable to find a starting 
point to concretely capture or measure these 
risks in figures. It would be presumptuous to 
believe that CARIMA has solved this problem 
comprehensively and for every purpose. Never-
theless, we are confident that we are making a 
useful contribution towards achieving this goal.

Another key finding from our many discus-
sions is that expectations regarding the future 
development of the transition process of the 
economy are extremely heterogeneous. This 
diversity and uncertainty of expectations and 
assessments makes apparent the risks and 
opportunities we aim to address in quantify-
ing them with CARIMA. At the same time, the 
wide range of expectations indicates how much 
remains to be done to support the political 
level, that is, to give all parties involved a better 
idea of what to expect as the economy becomes 
geared towards reducing its impact on climate 
change. The fact that there is obviously little 
coherent understanding of this at present 
increases the relevance of CARIMA; a lack of 
such understanding may well undermine a 
successful transition to a Green Economy – one 
that simultaneously minimizes socioeconomic 
losses.

At the same time, we acknowledged during 
these numerous discussions that practically 
all of our conversation partners have the same 
goal, namely to mitigate climate change with 
appropriate measures. However, their ideas on 
what role the financial sector (in the broad-
est sense) could and should play were vastly 

Preface
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different. For a successful transition process, it 
is thus essential to spend more time and effort 
on rationally and systematically investigating 
how to integrate the financial sector into the 
transition process and on discussing this with 
all stakeholder groups. Only in this way can we 
hope for all parties involved to ultimately pull 
together.

Finally, it is important for us to note that 
CARIMA can only be one component on the 
way to a sustainable economy. Despite the high 
relevance of climate change, it should not be 
forgotten that there are many other challenges 

in the field of sustain-
ability which have to 
be tackled by politics, 
economy, and sci-
ence. In this context, 
the Sustainable Devel-

opment Goals (SDGs), are worth mentioning; 
these define 16 further sustainability goals in 
addition to the mitigation of climate change. 
Many of the associated areas needing improve-
ment will require a transition process of some 
kind as well. It thus makes sense altogether to 
apply CARIMA conceptually, for example when 
extensive economic transitions are undertaken 
for species protection, to ensure water supply, 
or for plastics avoidance and recycling manage-
ment.

With CARIMA, we hope to make a small con-
tribution towards meeting this great challenge 
of humanity – and we will continue working on 
contributing in this important area. 

P R O F.  D R .  D R .  B E R N D  W A G N E R

Resource Lab, WZU – Environmental  
Science Center, University of Augsburg,  
Verein für Umweltmanagement und  
Nachhaltigkeit in Finanzinstituten e.V.

P R O F.  D R .  M A R C O  W I L K E N S

Chair of Finance and Banking,  
University of Augsburg

Climate change is one of the 
biggest challenges of our 
time. CARIMA contributes 
to the quantification and 
management of risks aris-
ing from the transition pro-
cess of the economy.
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E. Applications
· Equity
· Bonds
· Loans
· Portfolios
· Equity and Bond Funds

· Geographic Breakdown
· Sectoral Breakdown
· Reporting
· Fundamental Analysis
· Stress Tests

· Factor Investing
· Best-in-class Approach
· Hedging
· Case Studies
· etc.

A. Master Dataset 
4 Databases
785 ESG Variables
10 Capital Market Variables
~ 40,000 Firms

~ 7,000 Firms

~ 35,000 Firms

~ 10,000 Firms

~ 3,000 Firms

B. Scoring Concept
55 Carbon Risk Proxy Variables:
· 19 on Value Chain
· 26 on Adaptability
· 10 on Public Perception

VALUE 
CHAIN

e.g. Carbon  
Footprint

PUBLIC
PERCEP TION

e.g. Ratings

ADAPTABILIT Y

 

e.g. Strategic
Goals

Brown-Green-Score BGS

GROUP INDIC ATORS

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t

BMGt = Return „Brown“ Firmst – Return „Green“ Firmst

C.  Carbon Risk 
Factor BMG

624 „Brown“ Firms
484 „Green“ Firms

D. Factor Model

Carbon Beta
as Measure of Carbon Risk

Figure 1: Modules of the CARIMA concept
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The transition process of the economy 
towards a Green Economy, which is necessary 
to combat climate change, is associated with 
diverse and even substantial risks as well as 
opportunities for the business models of prac-
tically all firms − and the corresponding values 
of financial assets and their respective portfo-
lios. Rendering these carbon risks quantifiable 
and manageable is a key precondition for 
avoiding socioeconomic losses in the course 
of the transition process. The project “Carbon 
Risk Management” (CARIMA) contributes 
towards achieving the 2°C target with its devel-
opment of a capital market-oriented concept 
(“CARIMA concept”) to measure, quantify, and 
manage carbon risks and financed emissions.

Figure 1 shows an overview of the CARIMA 
concept with its five modules A to E.

Module A: Master Dataset

The starting point for developing and prac-
tically implementing the CARIMA concept is 
a comprehensive master dataset. This manual 
describes how data from Thomson Reuters 
ESG, MSCI ESG-Stats and IVA-Ratings, Sus-
tainalytics ESG Ratings, and CDP is prepared 
and combined with capital market data from 
Thomson Reuters Datastream. The master 
dataset generated comprises a large number 
of ESG and capital market variables for around 
40,000 firms.

Module B: Scoring Concept

Module B describes the 55 Carbon Risk 
Proxy Variables which are selected to provide 
a fundamental assessment of whether firm 
values (or their stock prices) are influenced 
positively or negatively by unexpected chang-
es in the transition process towards a Green 

 Economy. These 55 variables are assigned to 
the group indicators “Value Chain”, “Adaptabil-
ity”, and “Public Perception”, which represent 
three impact channels of carbon risk.

In a next step, the information from these 
55 variables is condensed into the three group 
indicators via a scoring concept in order to 
calculate a Brown-Green-Score BGS for each 
firm. The measure Brown-Green-Score BGS 
ultimately provides a fundamental assessment 
of the direction and strength of the changes 
in – and risks to − firm value that may occur as 
a result of unexpected changes in the transi-
tion process of the economy towards a Green 
Economy.

Module C: Carbon Risk Factor BMG

Based on the Brown-Green-Score BGS, a 
total of 624 “brown” and 484 “green” firms is 
identified, which were then assigned to one of 
two mimicking stock portfolios: the first portfo-
lio consists of stocks of “brown” firms and the 
other of stocks of “green” firms. A time series 
of historical portfolio returns is calculated for 
both stock portfolios.

The difference between these two time 
series results in the Carbon Risk Factor BMG 
(“Brown-Minus-Green”), which corresponds 
to a time series of historical returns from an 
investment in “brown” stocks while simultane-
ously short selling “green” stocks. The module 
describes how the Carbon Risk Factor BMG is 
constructed.E. Applications

· Equity
· Bonds
· Loans
· Portfolios
· Equity and Bond Funds

· Geographic Breakdown
· Sectoral Breakdown
· Reporting
· Fundamental Analysis
· Stress Tests

· Factor Investing
· Best-in-class Approach
· Hedging
· Case Studies
· etc.

A. Master Dataset 
4 Databases
785 ESG Variables
10 Capital Market Variables
~ 40,000 Firms

~ 7,000 Firms

~ 35,000 Firms

~ 10,000 Firms

~ 3,000 Firms

B. Scoring Concept
55 Carbon Risk Proxy Variables:
· 19 on Value Chain
· 26 on Adaptability
· 10 on Public Perception

VALUE 
CHAIN

e.g. Carbon  
Footprint

PUBLIC
PERCEP TION

e.g. Ratings

ADAPTABILIT Y

 

e.g. Strategic
Goals

Brown-Green-Score BGS

GROUP INDIC ATORS

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t

BMGt = Return „Brown“ Firmst – Return „Green“ Firmst

C.  Carbon Risk 
Factor BMG

624 „Brown“ Firms
484 „Green“ Firms

D. Factor Model

Carbon Beta
as Measure of Carbon Risk

Executive summary
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Module D: Factor Model

Module D describes how the carbon risk of 
practically all stocks and other financial assets, 
as well as the portfolios containing them, can 
be estimated relatively easy based on the Car-
bon Risk Factor BMG, which was constructed 
as mentioned above from the fundamental data 
of around 1,000 stocks.

For this purpose, factor models widely used 
in financial practice and science are applied. 
For a concrete assessment of the carbon 
risk, a simple regression analysis is all that is 
required. Only the historical returns of the fi-
nancial assets or portfolios for which the users 
seek to quantify the carbon risk are necessary 
as the dependent variable. The return time 
series of the explaining variables, such as the 
Carbon Risk Factor BMG and the remaining 
factors, are freely available on the Internet.

The Carbon Beta as a measure of carbon 
risk is the result of a regression analysis. 
The Carbon Beta reflects the capital market’s 
assessment of the carbon risk of the respective 
financial asset or portfolio.

It should be emphasized that no further in-
formation about a firm, such as its level of CO2 

emissions, which often is difficult to obtain, is 
required to determine the Carbon Beta. 

Module E: Applications

Module E provides a variety of potential 
applications for the Carbon Beta. The Carbon 
Beta can be determined for different asset 
classes such as stocks, corporate bonds, loans, 
portfolios, and funds. Furthermore, various 
country and sector aggregations and corre-
sponding analyses are possible. The Carbon 
Beta can be used to report climate change-rel-
evant information as well as fundamental 
analyses of stocks. Scenarios for stress testing 
the values of financial assets and portfolios 
can be generated based on the Carbon Beta. In 
portfolio management, the Carbon Beta can be 

integrated into investment strategies, such as 
Factor Investing and Best-in-class approach-
es, and can be used for hedging carbon risks. 
The potential applications mentioned here are 
explained in more detail in the manual and 
supported with exemplary Excel applications.

The CARIMA concept for  
different user groups

This manual provides all necessary infor-
mation for users of the Carbon Risk Factor 
BMG who “only” want to estimate the Carbon 
Betas as a measure of carbon risk, as well as 
for advanced users who want to construct and 
validate the Carbon Risk Factor BMG by them-
selves.

By making the Carbon Risk Factor BMG 
publicly available, every user can start directly 
with Module D in Chapter 2 and determine the 
carbon risk of financial assets and portfolios 
easily and quickly by themselves, since only the 
historical return time series of the respective 
financial assets or portfolios are needed.

Further explanations of Modules A to D can 
be found in Chapter 5; these address advanced 
users who have access to more resources and 
would like to adapt and further develop the 
CARIMA concept to their individual needs.

E X E C U T I V E  S U M M A R Y
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1.1  Overarching question  
and specific goal

The world has agreed on the need to combat 
climate change. The Paris Agreement, the 
outcome of the UN Climate Change Conference 
2015 (Conference of the Parties (COP) 21), is 
groundbreaking in this context. Under this 
agreement, more than 195 nations agreed to 
limit global warming to well below 2°C – pref-
erably below 1.5°C – above pre-industrial levels 
(United Nations, 2015). At the COP 24 in Katow-
ice three years later, the Paris Agreement was 
supplemented by a set of rules for its imple-
mentation, thus reaffirming its objectives.

Role of CO2 emissions  
in climate change

The reduction of CO2 emissions is central to 
achieving the 2°C target, since they constitute 
one of the main causes of global warming and 
thus climate change (IPCC, 2014a). In order 
to be 2°C compatible, Europe would have to 
reduce emissions by over 80 percent by 2050 
compared to 1990 levels (European Commis-
sion, 2018). The German government, for 
example, has set itself the target of reducing 
emissions by 80 to 95 percent by 2050 (BMU, 
2016). Nevertheless, the annual growth rate 
of global CO2 emissions has continued to rise 
even in 2017 (United Nations Environment 
Programme, 2018).

The Intergovernmental Panel on Climate 
Change (IPCC) assumes that even if all coun-
tries adhere to their proposed climate action 
contributions, the so-called Nationally Deter-
mined Contributions (NDCs), 55 GtCO2 will 
be emitted globally per year until 2030 (IPCC, 
2018). In order to achieve the 2°C target, how-
ever, only 39 GtCO2 can be emitted annually. 
This corresponds to an “emissions gap” of 16 
GtCO2 per year (IPCC, 2018). For comparison, 
16 GtCO2 roughly corresponds to the amount of 

combined emissions by China and the USA in 
2010 (Rogelj et al., 2016). Currently, it is there-
fore assumed that global warming will exceed 
2°C between 2045 and 2075 even if the NDCs are 
adhered to (Rogelj et al., 2016). This is likely to 
have very negative consequences for the econo-
my and society (IPCC, 2018; IPCC, 2014b). This 
emphasizes the necessity of a rethinking and 
a consequent change in society, politics, and 
economy for the mitigation of climate change.

Risks and opportunities  
for business models of firms

In line with this change, firms will (have 
to) change business models. Carbon-based 
(“brown”) business models are expected to 
decline in importance, while “green” busi-
ness models will benefit because of their low 
emissions. As a result, many “brown” firms will 
lose value or even cease their present activities. 
Conversely, others with “green” credentials are 
expected to increase significantly in value or 
re-emerge with “green” business models.

Loss of wealth due to stranded assets

A well-known cause for the decline in firm 
values are potentially stranded assets. To 
meet the 2°C target mentioned above, only a 
limited amount of emissions can be released. 
This amount represents the world’s so-called 
“carbon budget” (Carbon Tracker Initiative, 
2011; Rogelj et al., 2016; Luderer et al., 2018; 
IPCC, 2018). Nevertheless, the world’s known 
fossil reserves, which have only partly been 
exploited so far would, if used, far exceed this 
budget. In order to stay within the carbon 
budget, one third of the world’s oil reserves, 
half of its gas reserves, and over 80 percent of 
its coal reserves would not be allowed to be 
used (McGlade and Ekins, 2015). These reserves 
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are therefore considered “stranded”. Invest-
ments in fossil projects and technologies can 
therefore be regarded as potentially “stranded” 
as well (Mercure et al., 2018).

At present, it cannot be ruled out that parts 
of these no-longer-usable assets are still on the 
balance sheets of firms and are also reflected 
in the market values of their stocks. A study by 
Mercure et al. (2018) taking various scenarios 
into account predicts a resulting welfare loss of 
one to four trillion US dollars. This loss would 
be comparable to the estimated losses related 
to the financial crisis of 2008 (Mercure et al., 
2018). As a result, the values of many firms 
have to be revised downwards substantially if 
politics and society are to take the 2°C target 
seriously.

Uncertainty about the  
expected transition process

The amount of stranded assets thus de-
pends, among other things, on how consist-
ently society and especially politicians globally 
pursue the 2°C target. If the political mood 
changes, the volume of stranded assets changes 
as well, which would be reflected in changing 
firm values. This is one of the causes for the 
risk addressed in CARIMA. 

Ultimately, the current and future value of 
firms depend on the expected development of 
the transition process of the economy towards 
a Green Economy: if the transition process 
accelerates compared to current expecta-
tions – so as to indeed achieve the 2°C or even 
the 1.5°C target − the values of carbon-based 
firms are likely to decline, while the values of 
low-carbon firms will tend to benefit. On the 
other hand, if the transition process deceler-
ates unexpectedly, the reverse happens.

 Avoidance of welfare losses

A key challenge for politics will be to shape 
the transition process of the economy in such 
a way that it results in the lowest possible risks 
for firm values and thus avoids unnecessary 
welfare losses that will affect not only the firms 
in question, but society as a whole. An unstruc-
tured transition towards a Green Economy that 
does not take such losses into account would 
have unforeseen consequences. It is therefore 
vital that the risks arising from the uncertainty 
associated with the transition process be as 
quantifiable and manageable as possible.

Central goal of CARIMA

This is where the project Carbon Risk Man-
agement (CARIMA) comes in. The central goal 
of CARIMA is to quantify exactly those types 
of risks as well as opportunities for firm values 
− the so-called carbon risks. This in turn is 
founded on the expectation that with such data 
on the risks and opportunities that will arise, 
the transition towards a Green Economy can be 
managed efficiently. In other words, CARIMA 
can contribute towards meeting the 2°C target 
with the least possible welfare losses. 

Relevance of the economic risks  
arising from the transition process

The following considerations emphasize the 
importance of quantifying carbon risks: the 
total equity value of all listed firms on exchang-
es worldwide amounts to around 75 trillion US 
dollars (as of December 2018; World Feder-
ation of Exchanges, 2019). Europe accounts 
for approximately 18.2 percent (13.6 trillion 
US dollars) of this figure, with the Deutsche 
Börse showing a market capitalization of 1.8 
billion US dollars (as of December 2018; World 
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Federation of Exchanges, 2019). The market 
capitalization of Germany thus corresponds to 
an astonishing 44 percent of the country’s eco-
nomic output (GDP) (as of December 2018). The 
magnitude of these values makes it clear that 
even a drop in value of only a few percentage 
points would have drastic economic effects. In 
addition, there are the risks for debt capital of 
these listed firms and the risks for the values of 
non-listed firms. 

The impact of uncertainty associated with 
the transition process affects virtually all 
financial market participants, as the risks to 
firm values are directly reflected in the risks 
to all financial assets issued by firms, such 
as stocks, bonds, loans, and hybrid financial 
assets. Since all of these financial assets are in 
turn an integral part of a vast array of portfoli-
os including investment funds, pension funds, 
pensions offices, life insurances, and private 
investors, these portfolios are exposed to these 
risks as well.

Furthermore, firms in the financial sector 
are particularly affected by accommodating 
loans, which means that the risks ultimately 
reach the banks’ depositors and governments 
− which regularly rescue banks with taxpayers’ 
money in the event of imminent insolvencies.

It is about the welfare of all people

The risks threatening the existence of firms 
are particularly worrisome. These ultimately 
affect not only shareholders or lenders, but also 
employees, suppliers, and consumers. Thus, it 
should be emphasized that CARIMA does not 
“only” contribute to the preservation of wealth.

More importantly, the transition process of 
the economy towards a Green Economy should 
not give rise to unnecessary hardship due to 
an inappropriate handling of the associated 
risks of the transition process, as these risks 
utimately impact the welfare of all people. 
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Fundamental approaches for  
quantifying the risks and opportunities 
from the transition process

How can the risks and opportunities from 
the transition process of the economy towards 
a Green Economy be quantified in principle? 

One possible approach is to 
assess carbon risks through 
a fundamental analysis of 
each firm separately, or 
of firm sectors as a whole. 
A precondition for these 
analyses is determining how 
firm values are influenced by 
external factors relevant to 
the transition process, like 
for example future prices 

for CO2 certificates or a CO2 tax. In principle, 
this approach is followed by the climateXcel-
lence-Tool (of the CO-Firm), the Climate Risk 
Scanner (of Ecofys, the Global Climate Forum 
and Triple A Risk Finance), the PACTA/Ter-
ra-Model (of the 2° Investing Initiative), and the 
Climate Value-at-Risk Model (of Carbon Delta).

Such assessments of the risks and oppor-
tunities are also carried out by a number of 
professional stock analysts while performing 
firm valuations. In doing so, they build the 
foundation for decisions of various investor 
groups regarding the purchase or sale of assets 
and – what is even more important for CARIMA 
– influence the stock prices on a continuous 
basis. In other words, the constantly changing 
stock prices reflect analysts’ assessments of the 
expected impact of the transition process of the 
economy.

Stock market prices as indicators  
for assessing climate policy

In this respect, stock market prices immedi-
ately reflect the speed of the transition process 
that market participants currently assume is 
occurring and thus which transition path is ex-
pected by society. The related changes in stock 
prices can therefore be used as indicators for 
assessing climate policy.

In principle, the  
CARIMA concept is 
based on the results  
of all fundamental  
approaches for carbon 
risk assessment.
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CARIMA –  
a capital market-oriented approach

The central approach of CARIMA is to use 
the fluctuations in stock prices in order to de-
termine the risks and opportunities for single 
stocks and respective portfolios. The CARIMA 
concept thus derives the carbon risks direct-
ly from historical stock prices on the capital 
market, where new information regarding the 
expectations of market participants towards 
the transition process of the economy is per-
manently processed.

In this respect, there is no contradiction 
between the capital market-oriented approach 
of CARIMA and many other fundamental 

approaches. On the contrary, the application of 
fundamental analyses is a necessary condition 
for quantifying these risks and opportunities 
by means of historical stock prices. 

While the CARIMA concept therefore does 
not aim to replace the fundamental approach-
es, it does have certain advantages compared 
to the fundamental approaches for several 
investor groups. One major advantage is that 
the CARIMA concept makes it much easier to 
assess the risks and opportunities of the tran-
sition process of the economy towards a Green 
Economy − even without detailed climate 
change-relevant information on the firms in 
question.
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1.2  Structure of the manual

This manual presents the CARIMA concept 
and various exemplary application possibili-
ties. The contents of the following chapters are 
briefly outlined below.

Chapter 1 – Introduction

After the thematic introduction to the over-
arching question and specific goal of CARIMA 
in Section 1.1, this Section 1.2 provides an 
overview of the chapters. It gives some practi-
cal guidance on the use of the manual and the 
availability of additional materials in Section 
1.3. This Section also contains information on 
the Excel tool that accompanies this manual.

Chapter 2 – Carbon Beta –  
A capital market-based measure  
to quantify carbon risks  
(and carbon opportunities)

Chapter 2 presents the CARIMA concept 
in a comprehensible way, without going into 
technical and methodological detail. After an 
overview of Chapter 2 in Section 2.1, Section 
2.2 first explains in depth the key indicator 
“Carbon Beta” as a measure of carbon risk for 
stocks. Other financial assets are discussed in 
Chapter 3. Section 2.3 shows how the Carbon 
Beta measure can be calculated in concrete 
terms. For this purpose, so-called “factor 
models” are used, which are explained in this 
section such that they can be understood from 
an economic point of view and applied by every 
user. A central building block for the applica-
tion of factor models is the Carbon Risk Factor 
BMG (Brown-Minus-Green) calculated and 
made publicly available as part of the CARIMA 
project. An extensive explanation of the Carbon 
Risk Factor BMG is given later in Chapter 5. The 
last Section 2.4 gives practical guidance on the 
application of the Carbon Risk Factor BMG so 

as to improve the transparency and practical 
applicability of the CARIMA concept.

Chapter 3 – Determination of  
Carbon Beta for assets of different  
asset classes

Chapter 3 presents how the Carbon Beta is 
calculated for different asset classes. Besides 
stocks, the Carbon Beta can be determined for 
corporate bonds, loans, portfolios, and funds. 
CARIMA thus provides a consistent concept for 
quantifying carbon risks that is applicable to a 
wide range of asset classes. Section 3.1 explains 
the objectives and structure of this chapter and 
Section 3.2 provides basic information on the 
Excel tool. Section 3.3 presents the procedure 
for determining and interpreting the Carbon 
Beta for stocks and its implementation in the 
Excel tool. Section 3.4 contains a case study 
that looks into the changes in Carbon Betas 
over time. The quantification of the Carbon 
Beta for corporate bonds and loans is discussed 
in Section 3.5 and Section 3.6, respectively. Sec-
tion 3.7 deals with the estimation of the Carbon 
Beta at portfolio level. Practical examples and 
the Excel tool illustrate the procedure. Section 
3.8 finally presents potential applications of the 
CARIMA concept for funds.

Chapter 4 – Further possible applications

Chapter 4 is dedicated to the management 
and reporting of carbon risks of financial assets 
and portfolios. First, Section 4.1 provides an 
overview of the objectives and structure of 
the chapter. The following Section 4.2 takes a 
closer look at the Carbon Beta at country and 
sector level. This is of particular interest to 
political and regulatory decision-making bod-
ies as well as institutional portfolio managers. 
The results are reproduced in the Excel tool. 
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Building on this, Section 4.3 contains a case 
study dealing with carbon risk in the bank-
ing and financial sector. The following three 
sections present different investment strategies 
based on the Carbon Beta. Section 4.4 explains 
strategies for the management and hedging 
of carbon risk. Section 4.5 presents a Best-in-
class approach on the basis of the Carbon Beta 
and Section 4.6 deals with Factor Investing 
under consideration of carbon risks. These 
investment strategies are also implemented 

in the Excel tool. Section 4.7 
links the Carbon Beta with the 
fundamental analysis of firms. 
Section 4.8 contains a case 
study on stress tests for an 
exemplary “brown” portfo-
lio. Section 4.9 addresses the 
reporting of carbon risks and 
financed emissions.

Chapter 5 – Determining and  
validating the Carbon Risk Factor BMG

Chapter 5 primarily addresses advanced 
users who would like a deeper insight into 
the applied methodology and to construct 
the Carbon Risk Factor BMG by themselves, 

taking into account firm-specific aspects. After 
a short chapter overview in Section 5.1, the 
four essential Modules of the CARIMA concept 
are explained in detail. Section 5.2 discusses 
the composition and preparation of the Car-
bon Risk Proxy Variables and capital market 
variables required for the construction of the 
Carbon Risk Factor BMG. The fundamental as-
sessment of selected firms is carried out via the 
scoring concept, which is explained in Section 
5.3. The calculation and construction of the 
Carbon Risk Factor BMG is described in detail 
in Section 5.4. Section 5.5 contains various 
analyses that can be used to verify the empiri-
cal validity of the factor model.

Chapter 6 – Outlook

Chapter 6 concludes and provides sugges-
tions for further applications of the CARIMA 
concept.

The CARIMA concept 
is universally  
applicable to a variety 
of asset classes and
practical applications.
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1.3  Instructions for  
practical use

In the following, practical instructions and 
materials provided as part of CARIMA are de-
scribed, so that the results presented here are 
made transparent. It should thus be possible to 
apply the idea of this concept independently, 
to modify it to the user’s own purposes, and to 
develop it further.

Project website

The project website  https://carima- project.
de/en contains important information on the 
project as well as publicly available materials. 
These include the manual in German and 
English, the Excel tool, the Carbon Risk Factor 
BMG on a monthly and daily basis, and the 
knowledge database.

Manual

This manual presents the CARIMA concept 
in a comprehensible way and describes various 
practical application examples. The manual 
is available in both German and English. Both 
versions are freely available in PDF format on 
the project website. 

Info Boxes within the manual

Within the chapters the reader finds “Info 
Boxes”. They explain the basic contents in a 
self-contained form, which are helpful for 
understanding the CARIMA concept at several 
places throughout the text.

Case studies within the manual

In addition, some chapters are enriched 
with case studies as examples with self-con-
tained analyses. 

Integration of the Excel tool  
into the manual

Many applications are illustrated by the 
Excel tool. Each section of the manual that is 
supported with the Excel tool is marked with 
an icon (*). Furthermore, the implementation 
in Excel is explained on an overview page.

Excel tool 

The Excel tool accompanies the manual with 
the aim of making the contents of the manual 
easier to understand. In addition, the Excel 
tool offers a simple means of calculating and 
implementing the user’s own applications and 
can be further applied to new ideas. A more 
detailed description of the individual parts and 
functions of the Excel tool can be found in the 
relevant sections of the manual.

The Excel tool is divided into three main 
parts. First, the Carbon Risk Factor BMG is 
explained and developed, and made publicly 
available as part of CARIMA (see also Chapter 2 
and Chapter 5 of the manual, respectively). The 
second part shows how the CARIMA concept is 
implemented for various asset classes (see also 
Chapter 3). The third part contains the basic 
implementation of different applications for 
the management of carbon risk (see Chapter 4). 
Illustrations from the Excel tool can be found 
throughout the manual.

Carbon Risk Factor BMG

The Carbon Risk Factor BMG is required to 
determine the Carbon Beta, the measure of 
carbon risk. Without such a factor, the capital 
market-oriented quantification of carbon risks 
via factor models is not possible. The Carbon 
Risk Factor BMG, designed and empirically 
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determined as part of this project, will be made 
available free of charge on a monthly and daily 
basis (for the period from 2010 to 2018) via the 
project website. This offer ensures that every 
interested party can independently calculate 
the Carbon Betas of financial assets and port-
folios. In this manual and the Excel tool, the 
monthly Carbon Risk Factor BMG is used for 
illustrative purposes.

Knowledge database

For the theoretical foundation as well as 
for the collection of suggestions for further 
practical applications, a systematic list of 
the literature available so far with direct and 
indirect reference to CARIMA can be found on 
the project website. This knowledge database 
contains not only numerous scientific but also 
application-oriented literature.

Scientific paper

A scientific description of the foundation of 
the CARIMA concept can be found in the work-
ing paper “Carbon Risk”, which is available 
online at https://papers.ssrn.com/sol3/papers.
cfm? abstract_id=2930897. The working paper 
was presented and discussed at renowned 
international conferences, such as the Annual 
Meeting of the American Economic Association 
(AEA) 2019 and the European Financial Associ-
ation (EFA) 2018. Furthermore, it was discussed 
at different research seminars, such as the 
seminar of the European Commission and the 
Deutsche Bundesbank. The working paper 
was awarded the Highest Impact Award at 
the Green Summit Liechtenstein 2017 and the 
Best Paper Award of the Southwestern Finance 
Association Annual Meetings 2018. A com-
plete list of all key steps and achievements of 
 CARIMA so far can be found in the  appendix.
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2
Carbon Beta –  
A capital market-based 
measure to quantify  
carbon risks (and carbon  
opportunities)



2.1  Objectives and structure  
of this chapter

In this chapter, the CARIMA concept is 
presented in a way that aims to be as generally 
understandable as possible, without technical 
and methodological details. The purpose is to 
convey the necessary economic understanding 
required to assess and manage carbon risks 
using the CARIMA concept. 

Objectives of the chapter 

The descriptions in this chapter are intend-
ed to enable the user to independently quantify 
the carbon risk of financial assets and portfoli-
os using the Carbon Risk Factor BMG provided. 
A much more detailed methodological and 
empirical description of these contents can be 
found in Chapter 5.

In order to make the descriptions as com-
prehensible as possible, this chapter shows 
examples of how the carbon risk can be 
determined for individual stocks. However, the 
efficiency of the CARIMA concept is particular-
ly evident in the determination of the carbon 
risk of portfolios, to which the explanations in 
this Chapter 2 can be applied one-to-one. This 
will be shown later in Chapters 3 and 4, where 
various possible applications will be presented 
and explained.

Structure of the chapter

Section 2.2 first explains the key indicator 
of the CARIMA concept in economic terms, i.e. 
the Carbon Beta as the measure of the carbon 
risk of a financial asset. 

How users can calculate the Carbon Beta is 
explained in section 2.3. It is shown how the 
Carbon Risk Factor BMG can be used to easily 
calculate the Carbon Beta using factor models 
commonly used in financial practice. The user 
only needs the historical return time series of 
the financial asset in question, all other data 
required for the calculation are available free 
of charge online. 

Section 2.4 provides a number of practical 
guidelines which are helpful for the application 
of the Carbon Risk Factor BMG and the inter-
pretation of the results obtained.

The central calculation steps are also illus-
trated using a simple Excel tool, which is also 
available to the user via the CARIMA website.
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As already described in Chapter 1, the 
 CARIMA concept offers the possibility to quan-
tify the risks for firms and corresponding fi-
nancial securities as well as portfolios resulting 
from the uncertainty of the transition process 
of the economy towards a Green Economy. 
The central measure for quantifying risks is 
the Carbon Beta. Figure 2 shows the calculated 
Carbon Betas for some well-known firms using 
the CARIMA concept.

Figure 2 clearly shows that “brown” firms 
have a positive Carbon Beta. The higher the 
Carbon Beta, the “browner” a firm is. In 
contrast, “green” firms have a negative Car-
bon Beta. The more negative this value is, the 
“greener” the firm is. Finally, there are firms 
with a Carbon Beta around zero. These firms 
are referred to as “neutral”.

What does it mean that a firm is referred to 
as “green” or “brown” within the CARIMA con-
cept? The answer to this question is explained 
below using fictitious examples.

Meaning of the Carbon Beta

Assuming that the next elections lead to 
an unexpectedly large number of votes for 
green parties worldwide, they will form the 
governments of the most important industri-
al nations. Should this happen, most people 
would suddenly assume that climate protection 
measures will be implemented more quickly 
than previously expected. 

This in turn would lead to changes in expec-
tations regarding the future profits of firms that 
would be affected in different ways by this turn 
of events. Thus the expected profits of firms 
whose business model is largely based on the 
combustion of fossil fuels would be revised 
downwards and, as a result, their stock prices 
would also fall. On the other hand, the expect-
ed profits and thus stock prices of firms whose 
business model is based on renewable energy, 
for example, would tend to rise.

The Carbon Beta estimates the effects on 
firms of possible changes in expectations that 
may occur as the present economy moves 
towards a Green Economy. Sudden changes in 
expectations regarding the transition process 
of the economy are reflected in the Carbon 
Beta; the higher the absolute Carbon Beta 
value, the greater the impact (either upward or 
downward) will be on the stock price. 

Carbon Betas quantify risks  
and opportunities

From these remarks it becomes clear that 
the CARIMA concept not only quantifies the 
risk of losses, but also the chance of profits. 
When talking about risks in the following, 
not only negative events (i.e. risks in conven-
tional language), but also positive events (i.e. 

2.2  Economic intuition  
of Carbon Beta
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Figure 2: Carbon Betas of individual stocks
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opportunities in conventional language) are 
considered. In this respect, the Carbon Beta is 
comparable to the volatility (standard devia-
tion) of equity returns, which is widely used in 
financial practice. This indicator also subsumes 
opportunities and risks.

Carbon risks exist in “brown”  
and “green” firms

Carbon risks exist in “brown” and “green” 
firms, as the following example shows. Assum-
ing that it suddenly and unexpectedly turns out 
that the mean temperature in the world will not 
increase in the next few years, but will even fall 
sharply, this would certainly have the conse-
quence that expectations regarding the nature 
and extent of the transition process of the 
economy towards a Green Economy would be 
revised downwards. Following the logic above, 
the prices of “green” stocks (for example, 
stocks of firms that focus on climate-friendly 
but − maybe − more expensive technologies or 
 energy sources) would tend to fall, while the 
prices of “brown” stocks (for example, stocks 
of firms that focus on climate-damaging but − 
maybe − still cheaper technologies or energy 
sources) would tend to rise.

A similar effect could occur if technologies 
were suddenly developed to filter carbon (CO2) 
out of the atmosphere at very low cost. Even 
then, expectations regarding the profits of 
“brown” and “green” firms and thus their stock 
prices would change in different ways.

In summary, the CARIMA concept enables 
the quantification of risks (and opportuni-
ties) for the values of financial securities and 
portfolios in relation to unexpected changes in 
the transition process of the economy in both 
directions − on the one hand, any acceleration 

in the transition process carries risks (and 
opportunities) which the CARIMA concept 
can represent. On the other hand, CARIMA 
also considers any slowdown in the transition 
process and its associated risks (and opportu-
nities). 

Clean firms can also show  
a positive Carbon Beta

It is not surprising that the Carbon Betas of 
“brown” stocks are usually more or less positive, 
and the Carbon Betas of “green” stocks are more 
or less negative. However, it may also be the case 
that a firm that, e.g., does not burn fossil fuels 
itself and is therefore commonly seen as “clean”, 
also has a positive Carbon Beta and belongs by 
CARIMA definition to the “brown” firms. 

This could be the case if the firm in question 
relies heavily on “brown” inputs or is a supplier 
to “brown” firms. In this case, an unexpected 
acceleration in the transition process of the 
economy could be expected to lead to a decline 
in profits for this “clean” firm as well, since this 
firm depends in turn on firms whose value and 
business model are negatively affected by the 
unexpected acceleration.

Conversely, it could also be that a “brown” 
firm has a Carbon Beta around zero. This could 
be the case, for example, if the firm is expected 
to be able to transform itself into a “green” firm 
with little effort, if required. This could be the 
case if it has already adopted transformation 
plans to meet future “greener” requirements or 
has even taken concrete action.

This makes it clear once again that the 
CARIMA concept does not target the question 
of which firms harm the climate by their CO2 
emissions to a greater or lesser extent. Instead, 
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the focus is on the question of which firms are 
affected by uncertainties in the course of the 
transition process of the economy − in either 
direction and to any extent. The influence of a 
firm on the climate, on the other hand, is quan-
tified by financed emissions.

Calculation of the Carbon Beta

Within the scope of the CARIMA project, the 
Carbon Betas of almost 40,000 firms worldwide 
have been calculated. For individual firms, 
these calculations can also be carried out 
very easily and very quickly by any user of the 
 CARIMA concept. 

In particular, this does not require any 
fundamental data about firms, such as the size 
of their carbon footprints. The Carbon Beta 
is ultimately based on the publicly available 
Carbon Risk Factor BMG inserted into a linear 
regression that is very easy and fast to use with 
any spreadsheet program. The user only needs 
to have an historical time series of the returns 
(or the portfolio to be examined), which is 

generally unproblematic. 
The “trick” is that with 
this approach the infor-
mation needed for carbon 
risks − the historical stock 
prices − can be accessed 
worldwide. 

But then, who deter-
mines the Carbon Beta 

in the end? The answer is simple: all buyers 
and sellers of the stocks and portfolios under 
consideration, i.e. all equity analysts and other 
capital market participants worldwide, because 
they determine the changes in stock prices 
worldwide, from which the Carbon Risk Factor 
BMG is ultimately calculated.

Carbon Betas reflect the  
carbon risk according to the  
“assessment of the capital market”

In this respect, it can also be said that the 
Carbon Beta is in principle the aggregated as-
sessment of the carbon risk (of all participants) 
on the capital market. How this procedure 
works in detail and how reliable it is, is de-
scribed in detail below. In anticipation of this, 
however, it should be pointed out at this point 
that the CARIMA concept can only provide an 
estimation of the carbon risk. As is the case 
with other approaches, this assessment should 
always be critically reflected, depending on the 
purpose of the application.

The Carbon Beta is the 
aggregated assessment  
of the carbon risk  
from the capital market’s  
point of view.
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This manual explains concretely how users of 
the CARIMA concept can calculate the Carbon 
Beta of stocks. For this purpose, the CARIMA 
concept is designed to be easily applicable in 
factor models commonly used in financial 
practice. 

Factor models as the starting point for  
the calculation of Carbon Betas

A typical factor model (see the Info Box 1 on 
factor models) that is widely used in both 
financial practice and science is the Carhart 
four-factor model. This model is extended by 
the Carbon Risk Factor “Brown-Minus-Green” 
(BMG) so that it has the following form:

With:

•  eri,t = Return on the stock of firm i minus 
return on a risk-free investment in period t 
(excess return).

•  erM,t = Excess return of the market in period t.

•  SMBt = Return of the global size factor in 
period t.

•  HMLt = Return of the global momentum 
 factor in period t.

•  WMLt = Return of the global momentum 
 factor in period t.

•  BMGt = Return on the global Carbon Risk 
Factor BMG in period t.

•  αi
 , βi

mkt, βi
smb, βi

hml and βi
wml = Parameters αi  

and  βi
x of the Carhart model.

•  βi
bmg = Carbon Beta of the stock of firm i. This 

key figure serves as the central carbon risk 
measure.

The central idea of factor models is that 
the returns on stocks and thus also the overall 
risks of stocks can be broken down into various 
components (“factors”). One of these compo-
nents is the sensitivity of stock values towards 
unexpected changes in the transition process 
of the economy.

The desired Carbon Beta βi
bmg  as the meas-

ure of the carbon risk of a stock is calculated 
using a simple multiple linear regression 
according to this factor model.

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t (1)

2.3  Determination of Carbon Beta  
via factor models
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wI N F O B OX 1

Factor models

Factor models are fundamental to explaining the 
relationship between stock returns and stock risks. The 
relevance of factor models is reflected not only in their 
acceptance as course content at practically all universi-
ties, but also in their broad recognition in academia and 
in a wide range of applications in financial practice. 

The foundation for this was laid by the Capital Asset 
Pricing Model (CAPM) of Sharpe (1964), Lintner (1965), 
and Mossin (1966). A key finding from this model is 
that the expected returns on stocks result solely from 
the systematic risk (the market risk). The firm-specific 
(unsystematic) risks of the individual stocks can be 
eliminated by portfolio diversification and therefore do 
not influence the expected returns. The central meas-
ure of systematic risk is the market beta. It indicates 
the sensitivity of the return of a stock to the return of 
the market. The higher the market beta, the greater is 
the fluctuation in the return of the stock relative to the 
market return. 

The CAPM was subsequently repeatedly tested, 
critically questioned and further developed. A very well-
known further development of the CAPM is from Fama 
and French (1993). They show that similarities in stock 
returns cannot be fully described by market returns, but 
that there are other systematic risk factors that make an 
additional contribution to explain stock returns. 

On the basis of empirical studies, they found that, on 
the one hand, stocks with a low market capitalization 
and, on the other hand, stocks with a high book-to-mar-
ket value ratio achieved an average return higher than 
would theoretically have been expected according to the 
CAPM. Building on this, they constructed two further fac-
tors by creating portfolios on the difference of returns 
from small and large market capitalization stocks and 
from high and low book-to-market value ratio stocks, 
which reflect these two effects in the form of additional 
risk premiums (the size and the value effect). Finally, 
these two factors SMB and HML, together with the mar-
ket factor, constitute the well-known Fama and French 
three-factor model.

Other authors found further anomalies in stock 
returns. In particular, it has been shown that winning 
stocks tend to remain winners and losing stocks tend to 
remain losers (see, for example, Jegadeesh and Titman, 
1993). Therefore, the Fama and French three-factor 
model was extended by the so-called momentum factor 
(WML). The construction is similar to the size and value 
factor, with the difference that a portfolio is now created 
from the difference of the returns of past winners and 
past losers. The resulting Carhart four-factor model is 
widely recognized due to its high explanatory power 
of historical stock returns and is often used in financial 
practice and science.

By estimating a multiple regression model, a coef-
ficient is obtained for each factor, the respective beta. 
These betas indicate the sensitivities of stock returns 
to the respective factors. For the factors SMB, HML, and 
WML, a positive beta indicates that a firm has a positive 
sensitivity to the respective risk factors and vice versa. 
Since the Carbon Risk Factor BMG is also constructed 
as a portfolio of return differences - returns of “brown” 
firms minus returns of “green” firms - the interpretation 
is analogous.

There are nowadays considerably more variants 
of these factor models, such as the Fama and French 
five-factor model, which incorporates factors to reflect 
profitability and investment (Fama and French, 2015), 
the Fama and French six-factor model, which again 
incorporates the momentum factor (Fama and French, 
2018), and the q-factor models, which also incorporate 
factors to reflect profitability and investment (Hou, Xue 
and Zhang, 2015 and 2019). 

The Carbon Risk Factor BMG can in principle be add-
ed to any factor model as long as no other factor is too 
highly correlated with the Carbon Risk Factor BMG.

For critical reflections on factor models and further 
extensions, see for example the work of Harvey, Liu and 
Zhu (2016) as well as Feng, Giglio and Xiu (2019).
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Figure 3: Monthly returns of the Carbon Risk Factor BMG (2010-2018)

Input for calculating Carbon Betas:  
Historical returns on a particular  
financial asset

The dependent variable on the left side of 
Formula (1), eri,t, comprises the excess returns 
on a stock i in the period t for which the carbon 
risk is to be determined. The excess returns 
result from the difference between the returns 
on stock i and the returns from a risk-free 
investment (rf ) in the same period.

These historical excess returns must be 
available to the CARIMA user for the stocks in 
question. Typically, they can be determined via 
stock exchange information systems or simply 
through online searches. For the example in 

Figure 2, the monthly excess returns of nine 
stocks for the period from 2010 to 2018 (108 
months) were used.

Input for calculating Carbon Betas: Histor-
ical returns of the Carbon Risk Factor BMG

One of the explanatory variables on the right 
side of Formula (1) is the Carbon Risk Factor 
BMG, which was generated in the CARIMA 
project and is available free of charge to every 
user via the CARIMA website. This is simply a 
time series of historical returns on a specific 
hypothetical stock portfolio. This time series is 
illustrated in Figure 3 on a monthly basis from 
January 2010 to December 2018. 
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The Carbon Risk Factor BMG is the dif-
ference between the historical returns from 
“brown” firms and those from “green” firms. 
The calculation and a more detailed economic 
interpretation of the Carbon Risk Factor BMG 
are the subject of Chapter 5.

Input for calculating Carbon Betas:  
Historical returns of other factors 

Another key explanatory variable includes 
the excess returns of the entire stock market 
erM,t. Historical time series for such returns can 
usually be downloaded in various forms from 
the Internet free of charge. They do not have to 
be calculated by the user himself. The exam-
ple uses the historical returns of a world stock 
index that is available free of charge on the 
Kenneth French website. For the data available 
on the Kenneth French website, see Info Box 2.

Further explanatory variables in the form of 
historical time series of the risk factors SMBt, 
HMLt, and WMLt are required to implement 
the regression. SMBt is a global size factor, 
HMLt is a global value factor, and WMLt is a 
global momentum factor at the time of t. These 
factors are also available free of charge on the 
Internet. They can be downloaded like the risk-
free interest rate rf  from the Kenneth French 
website mentioned above.

Simple calculation of Carbon Betas with 
standard software such as Excel

If, for example, the time series described 
are available within an Excel spreadsheet, a 
multiple linear regression analysis can be per-
formed on the basis of Formula (1). The output 
of this regression analysis is the alpha αi

  and 
in particular the beta factors βi

mkt, βi
smb, βi

hml, 
βi

wml, and βi
bmg. The latter beta factor βi

bmg  is the 
desired Carbon Beta. It is the measure of the 
carbon risk of a particular stock.

A major advantage of this concept is that 
only the historical return time series of the 
stock, the risk factors, and the risk-free interest 
rate are required to determine the Carbon 
Beta. Non-public information about the firms, 
such as their carbon footprints, is not required.

The Carhart four-factor model is usually 
used as the factor model in the further course 
of this manual, as it is widely used in research 
and practice. In practical applications, other 
factor models can also be used, such as those 
described in Info Box 1.

wI N F O B OX 2

Availability of risk factors

Kenneth French’s data library includes time series of numer-
ous factors and portfolios (http://mba.tuck.dartmouth.edu/ 
pages/faculty/ken.french/data_library.html). It focuses on 
providing the factors of the three-factor model developed with 
Eugene Fama in 1993: erM (market), SMB (size), and HML (value). 
Other factors included in the data library are WML (momentum), 
RMW (profitability), and CMA (investment). All data is provided 
in US dollars beginning in 1926 and is regularly updated.

The factors and portfolios are usually formed for the US 
market. The data library also provides a global time series and 
some national time series for developed countries.

A publicly available alternative also used in research is the 
AQR Data Library (https://www.aqr.com/Insights/Datasets/). 

All common factors based on the published literature can 
also be reproduced individually.
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Interpretation of Carbon Beta  
as a factor sensitivity

By estimating the regression equation, the 
returns of the stock are broken down into in-
dividual components as mentioned above. The 
estimated betas then indicate the sensitivity of 
the stock returns to the individual risk factors, 
i.e. how the return eri,t will change if the corres-
ponding risk factor changes, ceteris paribus, by 
one unit in the expectation. 

In concrete terms and in relation to a par-
ticular stock, this means that with an increase 
in the absolute value of βi

bmg, the stock reacts 
more strongly to the Carbon Risk Factor BMG, 
and therefore, the carbon risk of this stock 
is higher. It is important that this risk works 
in both directions. High positive values of 
βi

bmg means that the value of the stock will fall 
compared to the entire stock market if the 
transition process towards a Green Economy 
develops more strongly or quickly than antic-
ipated. In this case, such a firm would benefit 
from unexpected slowdowns in the transition 
process. For high negative values of βi

bmg the 
opposite argument applies.

Carbon Betas always describe the carbon 
risk in relation to the market

In general, the Carbon Beta is used to esti-
mate the individual risk of a stock in relation 
to the market. It thus determines how the 
value of a stock is likely to change in relation 
to the market as a whole if expectations about 
the transition process of the economy change. 
However, there may also be unexpected chang-
es in the transition process that affect all firms 
(“brown”, “neutral”, and “green”). This “general 
market carbon risk” cannot be captured with 
the individual Carbon Betas of the stocks, as it 
is represented as a part of the total market risk.

Estimation of the market’s carbon risk 

The “general market carbon risk” can be 
estimated through a correlation between the 
market factor and the Carbon Risk Factor BMG. 
The evaluated data show a (slightly) positive 
correlation between the (global) market index 
and the Carbon Risk Factor BMG. With a 
constant correlation structure, it can thus be 
assumed that an acceleration of the transition 
process of the economy towards a Green Eco-
nomy will tend to reduce the value of all stocks 
in the overall market. Such a reduction would 
also be plausible from an economic point of 
view, since it can be assumed that if the transi-
tion accelerates, the business models of exist-
ing firms, which tend to still be “brown”, will be 
affected more negatively overall. See also the 
comments on “stress tests” in Section 4.8.
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2.4  Practical determination of 
the Carbon Beta with the  
Carbon Risk Factor BMG

The CARIMA concept presents a capital 
market-based approach with which the risks 
and opportunities of the economy’s transition 
process towards a Green Economy can be 
quantified comparatively easy for financial 
stocks and portfolios. As explained above, 
carbon risks are simply “extracted” from the 
historical returns of global stock prices.

After this rather fundamental step, there 
follow some practical hints for the application 
of the CARIMA concept.

Definition of the term “return”

To quantify the carbon risks using the re-
gression described above requires the histori-
cal returns of financial assets and risk factors. 
It is therefore important for the actual applica-
tion to know which type of return is to be used 
for the calculations. 

Within the framework of the CARIMA con-
cept, “normal” discrete returns are generally 
used for the respective period. For example, if 
the value of a financial security changes from 
100 to 110 within a month, this corresponds to 
a monthly return of 10 percent. It is important 
that, unless otherwise stated, returns are not 
annualized.

The returns used within the framework 
of the CARIMA concept are so-called “total 
returns”. This means that they include, for ex-
ample, dividend payments and other payments 
in connection with the holding of stocks in ad-
dition to stock price changes. Furthermore, the 
calculation takes into account capital measures 
that lead to changes in prices. If stock returns 
are transferred from stock exchange infor-
mation systems or online, it must therefore 
be ensured that these are also “total returns”. 

If the carbon risk of portfolios is to be deter-
mined, the historical returns of this portfolio 
should also be calculated on the assumption of 
retained earnings.

Ideal length of the period  
of historical returns

In estimating Carbon Betas with the above 
regression analysis, there arises the practical 
question of how long the period covered by the 
historical returns and risk factors included in 
the estimate should be. 

Essentially, the longer the period of histor-
ical data included, the better the beta factors 
can be estimated. The estimated beta factors 
thus become more stable and, statistically, the 
number of significant betas usually increases 
the longer the historical period included.

The maximum length of the historical peri-
od included in the estimation depends on the 
availability of the data. The Carbon Risk Factor 
BMG is currently available on the CARIMA 
website for the period from 2010 to 2018, or 
nine years. The risk factors available on the 
Kenneth French website cover a significantly 
longer period of time.

The maximum possible historical period 
naturally depends on the available time series 
for the returns of the stock or portfolio for 
which the carbon risk is to be calculated. Most 
stocks have a relatively long period for which 
historical returns are available. However, this 
may not be the case for individual stocks and 
portfolios, for example if stocks are newly list-
ed or portfolios are recently created.

In addition, another aspect must be consid-
ered when choosing the length of the historical 
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period included in the estimation: the estima-
tion of sensitivities basically presupposes that 
the relationship between the explanatory var-
iables and the variable to be explained should 
be (reasonably) constant for the estimated 
period. For example, if a firm has carried out 
a (large) merger in recent years, it may well be 
that the Carbon Beta before the merger had a 
significantly different value than the Carbon 
Beta after the merger. A change in the business 
model over time can also lead to changes in 
the Carbon Beta. With regard to portfolios, the 
same effect would in principle be expected if 
the weights of the individual financial assets in 
the portfolio were to change significantly over 
time. In this respect, one should at least be 
cautious when interpreting the Carbon Betas 

resulting from the estimation in the case of 
structural breaks in the historical time series. 
Such structural breaks could be suspected, for 
example, if a rolling calculation of the beta 
factors results in significant changes.

Conclusion: in determining the length of the 
historical period, there is a trade-off between 
the quality of the estimate with increasing time 
horizon and the associated problem of poten-
tially changing Carbon Betas due to structural 
breaks.

Rule of thumb: a usual time horizon for sta-
ble estimates is five years for monthly returns 
(60 monthly returns) and one year for daily 
returns (about 250 daily returns).

Estimation of Carbon Beta on the  
basis of monthly or daily returns

The factors on the Kenneth French website 
are available on a monthly and daily frequency, 
and partly also weekly. The Carbon Risk Factor 
BMG is also made available on the CARIMA 
website both monthly and daily. The frequen-
cy with which the historical returns of the 
financial asset or portfolio to be examined are 
available may vary.

In principle, the same consideration applies 
as above when determining the appropriate 
frequency of the returns: the more data flow 
into the regression, the more stable are the 
estimated Carbon Betas. This speaks first of 
all for the use of daily returns. However, when 
using daily returns, some special features and 
problems may need to be taken into account.

A potential problem with the use of daily 
returns, for example, could be that they are not 
derived from the actual traded prices of the 
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 assets, but from prices of the assets updated 
over time. This could, for example, be because 
stocks are very illiquid, i.e. rarely traded. If this 
is very much the case, such returns can lead to 
distortions of the results.

Another problem with the use of daily 
returns is that they should ideally refer to an 
identical 24-hour period. This presupposes that 
all prices of the assets included are observed 
at the same time. However, if, for example, the 
closing prices of stock exchanges in different 
countries (or time zones) are used, this condi-
tion is frequently not met. This also leads to a 
distortion of the estimated Carbon Betas.

Rule of thumb: daily data are preferable to 
monthly data if the problems mentioned above 
can be excluded or corrected.

Selection of the risk-free interest rate  
for calculating excess returns

So-called excess returns are used to calcu-
late the Carbon Beta. The excess return is the 
difference between the return on a certain 
stock or market index and the risk-free interest 
rate for the same period. If, for example, 
monthly stock returns are used, the risk-
free interest rate for the respective month is 
required to calculate the excess return. For the 
market index, excess returns are already given 
on the Kenneth French website, so they do not 
have to be calculated by the user. However, 
the user must calculate the historical excess 
returns of the financial instrument for which 
the carbon risk is to be determined.

Since the calculations within the CARIMA 
concept generally refer to the US dollar, the 
risk-free interest rate for the US dollar must 
be used. The one-month treasury bill rate is 

usually used for this purpose. The one-month 
treasury bill rate can be found on the FED web-
site (https://www.treasury.gov/resource-center/
data-chart-center/interest-rates/Pages/ 
TextView.aspx?data=billrates). If the risk-free 
interest rates are very low, which is currently 
the case, there are no major differences in the 
calculation of Carbon Betas (especially with 
daily returns).

Similar considerations apply if the underly-
ing currency is the euro. In this case, EURIBOR 
or EONIA and, in the near future, the €str (for-
merly ESTER) overnight money rate (https://
www.ecb.europa.eu/stats/policy_and_ 
exchange_rates/key_ecb_interest_rates/html/
index.en.html) are usually used as interest 
rates.

Global versus local factor model

Both the constructed Carbon Risk Factor 
BMG and the factors used on Kenneth French’s 
website refer to a global equity portfolio in US 
dollars. This is also economically plausible, as 
it is generally assumed that investors will have 
the opportunity to invest in this global invest-
ment universe. For this reason, the Carbon Risk 
Factor BMG is calculated and made available 
for the global investment universe.

However, it is also possible to determine 
these risk factors for sub-universes, such as 
European stocks, Eurozone stocks or other 
regions. For the major regions of the world, 
the common risk factors can be obtained from 
the Kenneth French website. It should be noted 
that these returns also relate to the US dollar. 
For the design of country- and sector-specific 
carbon risk factors, see also the relevant sec-
tion in Chapter 5.
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Determination of the currency

For the determination of Carbon Betas, it is 
initially relatively irrelevant in which currency 
the returns are calculated and then included in 
the regression (see Info Box 3). It is important, 
of course, that a single currency is used. The 
default currency underlying the factors on 
the Kenneth French website is the US dollar. 
Therefore, all calculations within the CARIMA 
concept refer to the US dollar, unless otherwise 
stated.

If, on the other hand, a user wishes to relate 
his model to the euro, all factor returns must 
also be converted to the euro. This is simple 
because all returns can be converted using the 
respective exchange rates (i.e. the exchange 
rate returns) as follows (Glück et al., 2019):

The return on the Carbon Risk Factor BMG 
in euros is calculated by multiplying the return 
on the Carbon Risk Factor BMG in US dollars 
by the return on the EUR/USD exchange rate. 
Alternatively, risk factors related to the euro 
from the outset can also be used.

r (EUR)i,t = r (USD)i,t  x ( 1 + r (EUR/USD)i,t )  (2)
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w

Factor USD Beta EUR Beta Diff. Pearson Spearman Kendall

BMG 0.1898 0.1150 0.0748 0.9597 0.9576 0.8483

erM 0.9352 0.8853 0.0499 0.7715 0.7744 0.5962

SMB 0.6740 0.4535 0.2204 0.8354 0.8259 0.6585

HML -0.0113 -0.2668 0.2555 0.6635 0.6900 0.5337

WML -0.0230 -0.1910 0.1680 0.7016 0.6846 0.5256

α 0.0050 0.0061 -0.0012 0.9298 0.9015 0.7503

Table 1: Descriptive statistics and correlations of the different factor betas in US dollars and euros

I N F O B OX 3

Comparison of US dollar and euro Carbon Betas

If Carbon Betas are calculated for a global factor 
model (identical risk factors, assets, etc.) for different 
currencies (here based on the US dollar and the euro), 
different factor betas result for the stocks. This is due to 
changes in exchange rates over time.

To illustrate this, a comparison is made between 
US dollars and euro Carbon Betas. For approximately 
40,000 stocks, the Carbon Betas for both currencies are 
estimated; the results are shown in Table 1.

Looking at the high Bravais-Pearson correlations 
and the rank correlations of Spearman and Kendall, it 
can be seen that currency effects are hardly reflected in 
the Carbon Beta of the 40,000 firms. The main reason 
is the fairly balanced distribution of currencies in the 
“green” and “brown” portfolios of the Carbon Risk Factor 

BMG. Currency effects, on the other hand, can be found 
to a greater extent in the factor betas of SMB, HML, and 
WML. The market factor also reacts to currency effects 
due to its design.
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Capital market-based and  
fundamentally oriented approaches  
to carbon risk assessment

In CARIMA, carbon risks are quantified 
using a capital market-based approach. In 
contrast, there are numerous fundamental 
approaches measuring carbon risks. These 
include, for example, the climateXcellence tool 
(The CO firm), the climate risk scanner (from 
Ecofys, the Global Climate Forum, and Triple 
A Risk Finance), the PACTA/Terra model (from 
the 2° Investing Initiative), and the Climate 
Value-at-Risk model (from Carbon Delta).

Compared to the fundamentally oriented 
approaches, CARIMA has a number of ad-
vantages as a capital market-based approach. 
One advantage is the simple estimation of the 
Carbon Beta using a factor model with the help 

of the Carbon Risk Factor BMG. There is also 
extensive academic literature on this topic and 
numerous best practice approaches. Thus, the 
CARIMA concept can be used in many different 
ways.

Another positive aspect is that the CARIMA 
concept implicitly takes fundamental ap-
proaches into account. For example, the results 
of fundamental carbon risk assessments lead 
to a change in corporate values on the capital 
market. These changes are measured by the 
Carbon Risk Factor BMG and reflected in the 
Carbon Beta. This makes it clear that neither 
capital market-based nor fundamentally orient-
ed approaches can be described as basically 
better or superior − on the contrary, they repre-
sent two sides of the same coin.
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3
Determination  
of Carbon Beta for  
assets of different  
asset classes



This chapter is dedicated to the concrete 
application of the CARIMA concept to various 
asset classes. To illustrate this, the Carbon Beta 
is first determined for examples of assets of 
different asset classes and then interpreted and 
discussed.

Objectives of the chapter

This chapter looks at carbon risk for stocks, 
corporate bonds, loans and related portfolios, 
and funds. The only prerequisite for such an 
analysis is that historical return time series 
are available for the assets. Because, however, 
there are typically no historical time series of 

returns available for loans, 
the transfer of the application 
of the CARIMA concept to 
loans is only made in princi-
ple. Other procedures need 
to be applied here, which are 
addressed in the correspond-
ing section. 

This chapter also aims to familiarize the 
user with the accompanying Excel tool. For 
all sections marked with the symbol (*), the 
Excel tool contains concrete applications and 
implementations of the CARIMA concept 
applied to some examples of assets. The Excel 
tool also allows the user to modify or replace 
these examples as needed to perform their own 
analyses.

Structure of the chapter

Section 3.2 provides basic information about 
the structure and functionality of the Excel 
tool.

Section 3.3 deals with the asset class of 
equities. As already described in Chapter 2, the 

carbon risk for individual stocks is quantified 
by means of regression analyses, which are 
used to explain the historical stock returns 
of firms using a factor model which includes 
the Carbon Risk Factor BMG. The resulting 
Carbon Beta quantifies the sensitivity of the 
value of the stock and thus of the firm’s equity 
in response to unexpected changes in the tran-
sition process of the economy towards a Green 
Economy. 

Section 3.4 contains a case study on whether 
a change in empirical Carbon Betas over time 
can be identified and explained by structural 
changes in the operational business of firms.

The Carbon Beta for corporate bonds can be 
assessed using two different approaches, which 
are presented in Section 3.5. The first approach 
is essentially based on the same approach as 
for equities, except that other factor models 
with specific factors for corporate bonds are 
used to quantify Carbon Betas. The second 
approach is based on the basic idea of so-called 
structural models, as they are known from 
option valuation (Merton model). The basic ap-
proach to applying this procedure is described 
in principle.

Section 3.6 deals with loans. For the capital 
market-oriented quantification of carbon risks, 
one needs a historical time series of the returns 
of the financial assets in question in order to 
determine the Carbon Beta via regression. 
However, historical returns are generally not 
available for loans, as these are not listed on ex-
changes. Therefore, this section deals with the 
question of how far it is possible to estimate 
the carbon risks of (non-listed) loans with the 
CARIMA concept.

3.1  Objectives and structure  
of this chapter

The carbon risk can  
be easily determined  
via the Carbon Beta  
based on the historical 
returns of the assets.
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For portfolios such as classic equity and 
bond portfolios, the Carbon Beta can be deter-
mined either “top-down” or “bottom-up”. For 
the top-down approach, it is only necessary to 
know the historical time series of the portfolio 
returns in order to estimate the portfolio-spe-
cific carbon risk. The bottom-up approach, 
on the other hand, requires knowledge of the 
historical returns of the individual financial 
instruments in the portfolio and their weight-
ing, in order to determine the portfolio-specific 
Carbon Beta. Both approaches are presented 
with examples in Section 3.7 and the associated 
advantages and disadvantages are described 
and discussed.

Funds represent a special case regarding 
portfolios. Section 3.8 therefore deals with 
special aspects of quantifying the carbon risks 
of investment funds.
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Figure 4: Excel Tool – Worksheet “Table of Contents”

3.2  Basic information  
about the Excel tool
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An accompanying Excel tool is provided on 
the project website to illustrate the contents of 
this manual. This section presents the cen-
tral components of this tool and gives further 
instructions for the application.

General information about  
the Excel tool

Using the Excel tool does not require any 
special knowledge of Excel. The Excel file is 
fully compatible with all versions from Excel 
2010 for Windows and from Excel 2011 for 
 macOS. The Excel tool is available in both 
German and English, whereby the descriptions 
in this manual refer to the English version. The 
Excel tool does not use macros, but is instead 
based exclusively on standard formulas, so 
no special macro settings are required. The 
Excel file is protected against unwanted entries 
and changes (worksheet structure, formulas, 
etc.). Nevertheless, the Excel tool is designed 
to be interactive so that users can make their 
own entries. The fields that can be changed 
are highlighted in brown. The user is offered 
various selection options, including drop-down 
lists.

Navigation in the Excel tool

On opening the Excel file, the user is located 
in the worksheet “Table of Contents”. The 
structure of the Excel tool corresponds in prin-
ciple to the structure of this manual. Contents 
in this manual that are visualized in the Excel 
tool are marked with a symbol (*). Especially 
the contents of Chapters 3, 4, and 5 contain 
numerous examples implemented in the Excel 
tool. By clicking on the corresponding hyper-
links in the outline, the user can access the 
relevant worksheets. Alternatively, they can 
also be accessed directly via the worksheet  
tabs  1 . From the individual worksheets, the 
user can return to the Table of Contents at 
any time by clicking on the “Back to Table of 
 Contents” button.

Contents of the Excel tool

The worksheets “Information” and “Im-
print”  2  contain basic information about the 
CARIMA concept as well as the contact infor-
mation of the two project partners: the Chair 
of Finance and Banking at the University of 
Augsburg and the Verein für Umweltmanage-
ment und Nachhaltigkeit in Finanzinstituten 
e.V. (VfU).

Chapter 3  3  contains application examples 
for quantifying the carbon risk in various asset 
classes. The contents of this chapter are divid-
ed into the following four categories: equity, 
corporate bonds, portfolios, and funds. Chap-
ter 4  4  contains numerous applications for 
the quantification, management, and reporting 
of carbon risks. In Chapter 5  5 , the Carbon 
Risk Factor BMG is described in detail. The 
worksheet can also be used to evaluate custom 
carbon risk factors.

Specification of input data  
in the Excel tool

The input data used to illustrate and cal-
culate the individual contents are stored in 
the three worksheets “BMG”, “Risk Factors”, 
and “Asset Returns” in the tab category “Input 
Data”  6 . The input data on the worksheets 
“Risk Factors” and “Asset Returns” is basically 
intended as example data and can be adapted 
and exchanged by the user.
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Figure 5: Excel Tool – Worksheet “BMG”

The monthly return time series of the Car-
bon Risk Factor BMG is stored in the worksheet 
“BMG” for the period from January 2010 to 
December 2018. The Carbon Risk Factor BMG 
is the basis for a large number of calculations 

in the Excel tool. This time series can be re-
placed by the user with other time series, e.g. 
self-calculated time series, if required. For this 
purpose, the time series can be overwritten 
directly with new data.
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Figure 6: Excel Tool – Worksheet “Risk Factors”

The worksheet “Risk Factors” contains the 
monthly return time series of the other risk 
factors, which are required to estimate the 
factor model regression, and also contains the 
risk-free interest rate required to calculate the 
excess returns of the assets. 

On the left-hand side of the worksheet are 
the return time series of the following general 
risk factors and the risk-free interest rate:

•  Time series of the excess return of a  
global stock market index  (erM )

•   Time series of the return of the global  
size factor  (SMB)

•   Time series of the return of the global  
value factor (HML)

•  Time series of the return of the global  
momentum factor (WML)

•  Time series of the risk-free interest rate (rf )
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Figure 7: Excel Tool – Worksheet “Asset Returns”

The return time series of the specific factors 
of factor models applied for the valuation of 
corporate bonds are shown on the right-hand 
side of the worksheet:

•  Time series of the returns of a high credit rat-
ing global corporate bond index containing 
bonds with 1- to 3-year maturities (1-3-CB).

•  Time series of the returns of a high credit rat-
ing global corporate bond index containing 
bonds with 3- to 5-year maturities (3-5-CB).

•  Time series of returns on a high credit rating 
global corporate bond index containing 
bonds with 5- to 7-year maturities (5-7-CB).

•  Time series of the returns of a high credit rat-
ing global corporate bond index containing 
bonds with 7- to 10-year maturities (7-10-CB).

•  Time series of the returns of a high credit rat-
ing global corporate bond index containing 
bonds with maturities of more than 10 years 
(10+-CB).

•  Time series of returns on a low-rated global 
corporate bond index containing high-
yield bonds with 1- to 10-year maturities 
( 1-10-HY-CB).

•  Time series of the returns of a government 
bond index that contains government bonds 
with 1- to 10-year maturities (1-10-GB).

All these time series can be changed by the 
user by simply overwriting them, for example 
if risk factors of specific countries and regions 
or other bond indices are to be used.

The worksheet “Asset Returns” contains 
monthly return time series of some exemplary 
assets, which are used to illustrate the different 
application possibilities of the CARIMA con-
cept in the Excel tool. The worksheet contains 
both returns on stocks and bonds of various 
firms as well as returns on some equity funds. 
Users can substitute these with assets of their 
own choice.
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eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t (3)

3.3 Equity*

This section explains how the Carbon Betas 
of individual stocks can be calculated. The pro-
cedure is illustrated by empirical examples. 

These presentations supplement Chapter 
2, which describes the basic procedure for 
quantifying Carbon Betas and describes in 
detail the interpretation of this risk measure. 
Redundancies between these chapters are in-
tended, so that the following explanations can 
be read and easily understood as far as possible 
independently of each other.

Selection of the factor model

As already shown in Chapter 2, the Carbon 
Beta of an individual stock can be determined 
quite easily using regression analyses. The 
time series of the historical excess returns of 
the firm’s stock is explained by various factors. 
For an explanation of factor models, see also 
Info Box 1. In the following, the widely used 
Carhart (1997) four-factor model, expanded to 
include the Carbon Risk Factor BMG, is used as 
a reference model:

With:
•  eri,t = Return on a firm's stock i  minus the 

return on a risk-free investment in period t 
(excess return).

•  erM,t =  Excess return of the global stock 
 market in period t.

•  SMBt = Return of the global size factor in 
period t.

•  HMLt = Return of the global value factor in 
period t.

•  WMLt = Return of the global momentum 
factor in period t.

•  αi
 , βi

mkt, βi
smb, βi

hml and βi
wml = Parameters αi  

and βi
x of the Carhart model.

•  βi
bmg = Carbon Beta of a firm's stock i.  

This key figure serves as a central measure  
of  carbon risk.

For detailed information about the regression 
parameters and their meaning or interpreta-
tion see Info Box 4.

General Interpretation  
of the Carbon Beta

The Carbon Beta βi
bmg of a stock is interpret-

ed as follows: if the Carbon Beta is greater than 
zero, it can be expected that the value of this 
stock will fall compared to an average stock if 
the transition process of the economy towards 
a Green Economy changes unexpectedly. If, on 
the other hand, the Carbon Beta is less than 
zero, the value of this stock will rise compared 
to an average stock in expectation if the transi-
tion process of the economy towards a Green 
Economy changes unexpectedly. The value of 
stocks with a Carbon Beta close to zero is in-
fluenced to an average extent by the transition 
process. For more detailed explanations on the 
interpretation of Carbon Betas, see Section 2.2.
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Figure 8: Excel Tool – Worksheet “Equity”

1

5

In the accompanying Excel tool, there is 
a corresponding worksheet for the example 
application of the CARIMA concept to stocks. 
This worksheet "Equity" can be accessed either 
directly via the table of contents or via the 
sheet register.
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Figure 9: Excel Tool – Worksheet “Equity” – Selection areas

1 Input: Carbon Risk Factor BMG

In the worksheet “Equity”, the main char-
acteristics of the Carbon Risk Factor BMG are 
presented in the area “BMG”. In total, the time 
series of the Carbon Risk Factor BMG includes 
monthly returns for 108 periods, from January 
2010 to December 2018. The factor was generat-
ed on the basis of a global investment universe. 
If necessary, the time series of the Carbon Risk 
Factor BMG can be changed in the worksheet 
“BMG” or even substituted, for example to 
conduct individual analyses.

Input: Stocks to be analyzed  

In the selection area “Equities” the user can 
choose stocks from the dropdown list for which 
Carbon Beta and other descriptive statistics will 
be calculated. A maximum of five stocks can be 
selected and analyzed simultaneously. The time 
series of returns for a total of nine examples 
of stocks are stored on the worksheet “Asset 
Returns” where the user can exchange them 
for the time series of other stocks.

Input: Choice of constant  
or rolling Carbon Betas

The selection area “Figure Settings” is used 
to determine whether the Carbon Beta should 
be displayed either constantly or rolling in the 
corresponding figure. By entering “yes” or “no”, 
the rolling regression estimates are switched 
on or off. In the rolling estimate, the last 60 
monthly (five years) returns for each point in 
time are used to estimate the Carbon Beta. 
Otherwise, a constant beta is estimated for the 
entire period from January 2010 to December 
2018, provided that excess returns of the stocks 
are available for this period.

Equities
Universe global Gazprom Rolling Beta* yes

Time Series monthly BP *60 months rolling regressions

Start Date Jan-10 Tata Motors
End Date Dec-18 IBM
# Months 108 Adobe

*change examples in the sheet "Asset Returns" #EBF0F2

BMG Figure SettingsEquities
Universe global Gazprom Rolling Beta* yes

Time Series monthly BP *60 months rolling regressions

Start Date Jan-10 Tata Motors
End Date Dec-18 IBM
# Months 108 Adobe

*change examples in the sheet "Asset Returns" #EBF0F2

BMG Figure Settings
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Table 2: Excel Tool – Worksheet “Equity” – Descriptive Statistics

2 Output: Various statistical and financial 
ratios relating to stock returns 

Table 2 “Descriptive Statistics” shows some 
standard statistics for the historical time series 
of returns of the five selected stocks; i.e. mean, 
median, minimum, maximum, volatility, Shar-
pe ratio, the 5%, 10%, 90% and 95% quantiles, 
skewness, and kurtosis. 

Table 3 “Asset Correlations” shows the 
Bravais-Pearson correlation coefficients of 
the time series of the returns of the stocks. All 
statistics are calculated from the underlying 
monthly return data of the five selected sample 
stocks. For an explanation of the key figures, 
see Info Box 4.

3

Ratio | Asset Gazprom BP Tata Motors IBM Adobe
Mean -0.15% 0.37% 0.52% 0.24% 1.91%

Median -0.65% -0.06% -0.02% 0.26% 2.74%
Minimum -24.79% -33.65% -30.94% -23.66% -17.62%
Maximum 24.52% 33.24% 46.50% 15.56% 21.68%
Volatility 9.02% 8.19% 12.50% 5.31% 6.67%

Sharpe Ratio -0.0196 0.0413 0.0398 0.0398 0.2821
5% Quantile -13.40% -9.28% -17.69% -7.95% -8.95%

10% Quantile -10.93% -7.45% -14.63% -5.99% -5.77%
90% Quantile 12.39% 9.73% 16.85% 6.25% 10.13%
95% Quantile 16.26% 11.57% 20.39% 6.72% 12.69%

Skewness 22.37% 13.74% 56.78% -76.49% 2.47%
Kurtosis 50.53% 422.68% 127.67% 323.40% 42.78%

Descriptive Statistics
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Table 4: Excel Tool – Worksheet “Equity” – Regression Results

Table 3: Excel Tool – Worksheet “Equity” – Asset Correlations

Asset | Asset Gazprom BP Tata Motors IBM Adobe
Gazprom 100%

BP 53.53% 100%
Tata Motors 34.42% 35.18% 100%

IBM 32.90% 22.98% 29.84% 100%
Adobe 35.83% 46.98% 34.89% 33.01% 100%

Asset Correlations

Asset | Factor Alpha Beta MKT Beta SMB Beta HML Beta WML Beta BMG
Gazprom -0.0041 1.3539 0.2414 0.1797 -0.6807 1.4190
p-value 0.516 0.000 0.607 0.657 0.018 0.000

BP -0.0046 1.4121 -0.9856 0.7507 0.2082 0.9378
p-value 0.418 0.000 0.020 0.040 0.415 0.004

Tata Motors -0.0043 1.8893 0.8084 -0.8028 -0.6252 0.6410
p-value 0.675 0.000 0.284 0.218 0.173 0.261

IBM -0.0028 0.7841 0.1886 -0.2447 -0.0863 0.1752
p-value 0.541 0.000 0.571 0.395 0.670 0.487
Adobe 0.0092 1.1330 -0.1409 -0.5241 0.2244 0.0738
p-value 0.086 0.000 0.717 0.120 0.343 0.802

Regression Results
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Output: Carbon Betas and  
other factor sensitivities 

Table 4 shows the results of the regression 
estimation of the Carhart (1997) four-factor 
model expanded with the Carbon Risk Factor 
BMG (Formula (3)) for the five selected stocks. 
The key indicator for estimating the carbon 
risk is the Carbon Beta (βi

bmg). The table shows 
the estimated Carbon Beta for the full period 
from January 2010 to December 2018 for each 
stock. See Info Box 4 for more information on 
how to interpret the regression coefficients.

The p-values in Table 4 show that the Carbon 
Betas for the BP and Gazprom stocks are sig-
nificantly positive at a significance level of 1%. 
The other three stocks, on the other hand, have 
no significant Carbon Betas. In this context, it 
should be noted that the estimation error when 
applying the CARIMA concept to individual 
stocks tends to be greater than, for example, 

with diversified portfolios and funds. See Info 
Box 4 for detailed information on the p-value.

The other factor betas βi
mkt, βi

smb, βi
hml and 

βi
wml show the sensitivities to the other risk fac-

tors. The market beta (“Beta MKT”; βi
mkt) is sig-

nificantly positive for all five stocks. The stocks 
of the firms Gazprom, BP, and in particular 
Tata Motors have a market beta of clearly larger 
than 1. These stocks thus fluctuate (signifi-
cantly) more together with the overall global 
market. In contrast, IBM has a market beta of 
well below 1 at 0.7841 and therefore fluctuates 
less strongly together with the overall global 
market.

For all five stocks, quite low and insignif-
icant values are estimated for the intercepts 
(alphas). This suggests in the first place that 
the model is very good overall at explaining the 
average excess returns of stocks through the 
risk factors.

4

Output: Rolling Carbon Betas of stocks

For each of the five selected stocks, Figure 
10 shows both their excess returns over time 
and the estimated rolling Carbon Beta. On 
the vertical primary axis (left) the returns are 
shown in percent while on the vertical second-
ary axis (right) the Carbon Betas are shown. 
The illustration of rolling betas makes it pos-
sible to see trends and tendencies. However, 
the rolling estimate also means that the values 
of the Carbon Betas cannot be calculated until 
60 months after the start of the observation 
period.

When choosing the estimation window, it is 
important to weigh the stability of the estimat-
ed betas against the weighting given to more 
recent information flowing into the estimation 
through the time series of historical returns. 
The longer the estimation window, the more 
stable the estimation of the Carbon Betas will 
be on the one hand, but on the other hand, 
more information from earlier returns enter 
into the estimation. 

5
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Figure 10: Excel Tool – Worksheet “Equity” – Carbon Betas of stocks

Transferred to the rolling estimated Carbon 
Beta, this means that smaller fluctuations in 
the Carbon Beta can partly be due to estimation 
errors and therefore be random. This is partly 
due to the smaller sample size included in the 
regression estimate. Interpreting the behavior 
of the Carbon Betas is therefore more about 
the tendency of the Carbon Beta’s development 
than about any specific development over time. 

Alternatively, by changing the “Rolling Beta” 
parameter listed under “Figure Settings”, a 
constant beta over the entire period can be esti-
mated and displayed in the figure. In this case, 
the Carbon Betas are shown as horizontal lines.
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I N F O B OX 4

M E A N  The mean value, also called the arithmetic mean, is probably the best-known location parameter 
of a distribution. The calculation is based on the following formula: ri = T

1 Σ t=1
T

     ri,t , where ri,t is the 
return on asset i at time t. T denotes the total number of periods observed.

M E D I A N  The median is another location parameter of a distribution and represents the value that lies 
exactly “in the middle” of all sorted values. If the number of observations is even and therefore 
no “middle value” exists, the mean value (arithmetic mean) of the two “middle values” is defined 
as the median. The median thus has the property that at least 50 percent of the observed values 
are less than or equal to the median and at least 50 percent of the observed values are greater 
than or equal to the median. It is therefore also robust against outliers.

M I N I M U M The minimum is the smallest value of all observed returns.

M A X I M U M The maximum is the largest value of all observed returns.

VO L AT I L I T Y  The (historical) volatility, also called standard deviation, is a measure for the fluctuation margin 
and thus for the risk of assets. The volatility of asset returns is calculated for a sample using the 
following formula: σr i =                       .

S H A R P E R AT I O  The Sharpe Ratio is a risk-normalized performance measure that relates the excess return of an 
asset to the volatility of its returns. The Sharpe Ratio of an asset is calculated using the follow-
ing formula:  SRi =       .

α-Q UA N T I L E  An (empirical) quantile is a location parameter and divides the observed returns so that the 
proportion α of the observed values is less than or equal to the empirical α quantile and the 
proportion (1−α) is greater than or equal to the empirical α quantile. α can hold values between 
0 and 1. The 50% quantile therefore corresponds to the median. For example, the 5% quantile 
indicates the threshold below which 5 percent of all observed values, in this case returns, lie. 

S K E W N E S S  The skewness is the moment of the third order of a distribution. It indicates the type and 
strength of the asymmetry of a frequency distribution around its mean value.
A negative skewness indicates a distribution whose peaks tend to be oriented towards values 
greater than the mean (left skewed). A positive skewness, on the other hand, indicates a distribu-
tion whose peaks tend to be oriented towards values smaller than the mean (right skewed).

K U R T O S I S   Kurtosis is the fourth order moment of a distribution. The value displayed in the Excel tool de-
scribes the difference between the kurtosis of the given distribution and the kurtosis of a normal 
distribution that has the value 3. This value is called excess kurtosis. With values smaller than 0, 
the kurtosis is lower than that of a normal distribution. In this case one speaks of a platykurtic 
distribution. With values greater than 0, the distribution is “wider” than a normal distribution and 
is referred to as a leptokurtic distribution.

Statistical and financial indicators

Σ t =1
T  (ri,t- ri )

2

T-1

σr i
 

eri
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B R AVA I S- 
P E A R S O N  
CO R R E L AT I O N  
CO E F F I C I E N T

 The correlation coefficient measures the degree of linear correlation of two variables, in this 
case two return time series. It can bear values between −1 and +1. Negative correlations indi-
cate a negative linear correlation. Higher returns on stock A therefore tend to go hand in hand 
with lower returns on stock B and vice versa. In the case of positive values of the correlation, 
the linear correlation is positive, i.e. high returns on stock A tend to be accompanied by high 
returns on stock B and vice versa. The closer the correlation coefficient is to zero, the weaker 
the linear correlation. A correlation of 0 means that no linear relationship exists.

P-VA L U E  The p-value is an important parameter in hypothesis tests and is generally used to evaluate 
statistical tests. The p-value can take values between 0 and 1 and indicates the probability of 
obtaining the test result or an even more extreme result if the so-called null hypothesis applies. 
Thus, the p-value in the Excel tool helps to estimate the significance of the individual regression 
coefficients. The null hypothesis is that the coefficient is zero.

PA R A M E T E R S  
O F A R E G R E S S I O N 
M O D E L  
α i A N D β i

x

 The aim of regression analysis is to model the relationship between a dependent variable (or 
criterion variable) yi  and one or more independent variables (or predictors) xi.
In concrete terms, in the CARIMA concept the model specification is that the dependent variable, 
namely the excess return of an asset, is a linear combination of several risk factors, i.e. the rela-
tionship between the excess returns yi and the returns of the factors xi is modeled. Results of the 
regressions are the constant α i and the coefficients β i

x.
The regression constant α i corresponds to the average of the excess returns not explained by the 
model. β i

x describes the marginal change in the excess return yi in the case of a marginal change 
in variable xi.
β i

bmg indicates, for example, how the expected excess return of a stock i changes if the Carbon 
Risk Factor BMG changes by one percentage point. β i

bmg can thus also be described as the sensi-
tivity of a stock i to the Carbon Risk Factor BMG.
The ordinary least squares (OLS) method is used to determine the estimation parameters. 

VA L U E-AT-R I S K  
( VA R)

 Value-at-risk (VaR) is a risk indicator used in portfolio management. The VaR specifies the maxi-
mum amount of loss for a certain time interval, which is not exceeded with a certain probability 
(e.g. 95 percent).

CO N D I T I O N A L  
VA L U E-AT-R I S K  
(C VA R)

 Conditional Value-at-Risk (CVaR) is based on the concept of VaR. It is the average expected loss 
when the VaR is exceeded. The CVaR is therefore always larger than the VaR.

61



Figure 11: Cumulative return and rolling Carbon Beta of BHP Billiton over time
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The following application example will show 
how a change in the empirical Carbon Betas 
over time could possibly be explained. The 
starting point is that structural changes in the 
operating business of firms can have an impact 
on the Carbon Beta.

The following case 
study makes no claim to 
completeness or rigorous 
science, but primarily 
clarifies how and for what 
purpose Carbon Betas 
can be used in business 
analysis.

The Carbon Beta from BHP Billiton

Figure 11 shows the cumulative return of 
the stock of the Australian-British commodities 
group BHP Billiton from January 2013 to No-
vember 2016.  The cumulative return declines 
clearly from mid-2014, due to falling com-
modity prices.  Among other things, this led to 
the firm announcing at the end of 2014 that it 
would spin off part of its business segments in 
mid-2015. 

 In addition to the accumulated returns, 
Figure 11 shows the time-variable Carbon Beta, 
which was estimated for each point in time 

3.4   Case Study:  
time-variable Carbon Betas of stocks

Time-variable Carbon  
Betas facilitate analyses  
of the effects of a firm’s 
structural changes on its 
carbon risk.
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over the past 250 trading days on the basis of 
daily returns. Following the course of the Car-
bon Betas, the temporal change in the capital 
market's assessment of the firm's carbon risk 
can be tracked.

First of all, it is notable that from mid-2015 
a considerable increase in Carbon Beta can be 
observed. In this case, it seems likely that this 
increase, due to structural changes in day-to-
day business, can be explained by the spin-off 

of parts of the business. The reason for this 
could be that BHP Billiton has since then been 
concentrating on its original core business of 
iron ore, coal, copper, crude oil, and potash. 
Compared to the spun-off Metals division, the 
core business is significantly more CO2-inten-
sive.  This leads to an increased carbon risk, 
which is obviously also reflected in the stock 
prices in the form of the Carbon Beta, which 
has risen over time.

1 https://www.bhp.com/
2  https://www.bhp.com/media-and-insights/news- 

releases/2014/12/new-company-to-be-named-south32
3  https://www.bhp.com/-/media/bhp/documents/investors/

demerger/150317_demergerofsouth32shareholdercircular.
pdf?la=en
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eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

term Termt + βi
def Deft + βi

bmg BMGt+ εi,t (4)

As in the case of equity financing, for example 
via stocks, the question of how carbon risks 
can be quantified also arises in the area of debt 
financing. This section therefore deals with the 
measurement of the carbon risks of corporate 
bonds.

Selection of a factor model

The carbon risk of corporate bonds is further 
determined using two different factor models 
that are designed to explain the returns of cor-
porate bonds. These are based on the models 
by Fama and French (1993) as well as Elton, 
Gruber, and Blake (1995).

The Fama and French (1993) bond model is an 
extension of the common three-factor model 
used to explain equity returns. The model is 
extended by two bond factors to explain corpo-
rate bond returns. The Term factor represents 
the slope of the yield curve and results from 
the difference between the returns of long-
term and short-term government bonds, i.e. 
the risk-free interest rate. The default factor Def 
reflects the default premium in the returns of 
low-rated bonds. This risk premium is calcu-
lated as the difference between the returns of 
long-term risky bonds and long-term risk-free 
bonds. The Carbon Risk Factor BMG is ad-
ditionally added as an explanatory variable 
to quantify the carbon risk, resulting in the 
following regression model:

With: 
•  eri,t = Return on the bond of a firm i minus the 

return on a risk-free investment in period t 
(excess return).

•  erM,t = Excess return of the global stock mar-
ket in period t.

•  SMBt = Return of the global size factor in 
period t.

•  HMLt = Return of the global value factor in 
period t.

•  Termt = Return of the Term factor, which re-
sults from the difference between the returns 
on long-term and short-term government 
bonds, in period t. The return on short-term 
government bonds corresponds to the risk-
free interest rate.

•  Deft = Return of the default risk factor, which 
results from the difference between the re-
turns of long-term risky bonds and long-term 
risk-free bonds, in period t.

•  BMGt = Return of the global Carbon Risk 
Factor BMG in period t.

•  αi
 , βi

mkt, βi
smb, βi

hml, βi
term and βi

def = Parameters 
αi

 and βi
x of the factor model.

•  βi
bmg = Carbon Beta of the firm’s bond i. This 

ratio serves as a central carbon risk measure.

3.5  Corporate bonds*
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eri,t =  αi + βi
mkt erM,t + βi

1-3-CB 1-3-CBt + βi
3-5-CB 3-5-CBt + βi

5-7-CB 5-7-CBt + βi
7-10-CB 7-10-CBt +  

βi
10+-CB 10+-CBt + βi

1-10-HY-CB 1-10-HY-CBt + βi
1-10-GB 1-10-GBt + βi

bmg BMGt + εi,t (5)

In addition, factor models based on a model by 
Elton, Gruber, and Blake (1995) are often used. 
In these models, corporate bond indices with 
different maturity bands are used as explanato-
ry factors in order to describe the yield curve in 
greater detail. The following model therefore 
uses global corporate bond indices with high 

credit ratings, each containing 1-3-year, 3-5-
year, 5-7-year, 7-10-year and 10+-year bonds. In 
addition, a corporate bond index with 1-10-year 
high-yield bonds and a government bond index 
with 1-10-year bonds are used as explanatory 
factors in the regression model:

With: 
•  eri,t = Return on the bond of a firm i minus the 

return on a risk-free investment in period t 
(excess return).

•  erM,t = Excess return of the global stock mar-
ket in period t.

•  1-3-CBt = Return of a global corporate bond 
index with a high credit rating that contains 
bonds with maturities of 1 to 3 years, in 
period t.

•  3-5-CBt = Return of a global corporate bond 
index with a high credit rating that contains 
bonds with 3- to 5-year maturities, in period t.

•  5-7-CBt = Return of a global corporate bond 
index with a high credit rating that contains 
bonds with maturities of 5 to 7 years, in 
period t.

•  7-10-CBt = Return of a global corporate bond 
index with a high credit rating, contain-
ing bonds with 7- to 10-year maturities, in 
 period t.

•  10+-CBt = Return of a global corporate bond 
index with a high credit rating, containing 
bonds with maturities of more than 10 years, 
in period t.

•  1-10-HY-CBt = Return of a global corporate 
bond index containing high-yield bonds with 
maturities of 1 to 10 years, in period t.

•  1-10-GBt = Return of a government bond 
index that contains government bonds with 
maturities of 1 to 10 years, in period t.

•  BMGt = Return of the global Carbon Risk 
Factor BMG in period t.

•  αi
 , βi

mkt, βi
1-3-CB, βi

3-5-CB, βi
5-7-CB, βi

7-10-CB, βi
10+-CB, 

βi
1-10-HY-CB, βi

1-10-GB = Parameters αi
 and βi

x of the 
factor model.

•  βi
bmg = Carbon Beta of the bond of a firm i. 

This indicator also serves here as a central 
measure of carbon risk.

For detailed information about the regres-
sion parameters and their meaning or interpre-
tation see Info Box 4.
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General Interpretation of the Carbon Beta

The interpretation of the Carbon Beta of 
corporate bonds is very similar to the interpre-
tation of the Carbon Beta of stocks: if unex-
pected changes in the transition process of the 
economy towards a Green Economy occur, the 
value of a corporate bond and thus the value of 
the debt capital of the firm with a significantly 
negative Carbon Beta is positively influenced in 
the expectation.

In contrast, a corporate bond or the debt 
capital of a firm with a significantly positive 
Carbon Beta will react negatively to such 
changes. Conversely, a Carbon Beta close to 
zero indicates that the value of the corporate 
bond is averagely affected by unexpected 
changes in the transition process of the econo-
my towards a Green Economy. An implementa-
tion of both factor models can be found in the 
accompanying Excel tool.
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Figure 12: Excel Tool – Worksheet “Bonds”

1

4

Also for the application of the CARIMA 
concept to corporate bonds there is a corre-
sponding worksheet in the accompanying Excel 
tool for an example application. This worksheet 
"Bonds" can be accessed either directly via the 
table of contents or via the sheet register.
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Input: Carbon Risk Factor BMG  
and bonds to be analyzed

The structure and usage of the “Bonds” 
worksheet is largely similar to that of the 
“ Equity” worksheet. In the area “BMG”, the cen-
tral properties of the monthly Carbon Risk Fac-
tor BMG are again presented. The time series of 
the Carbon Risk Factor BMG can be changed if 
necessary, in the worksheet “BMG”.

In the selection area “Bonds”, two corporate 
bonds can be selected simultaneously for anal-
ysis. The time series of the excess returns of 
the two sample bonds are stored in the “Asset 
Returns” worksheet and can be replaced there 
by returns of other bonds.

Input: Selection of constant or  
rolling Carbon Betas

In the selection area “Figure Settings” the 
user has the option of displaying the Carbon 
Beta either as constant or rolling. In the rolling 
estimate, the last 60 monthly returns (five 
years) are used to estimate the Carbon Beta for 
a given point in time. Otherwise, a constant 
Carbon Beta is estimated for the entire period 
from January 2010 to December 2018, provided 
that excess returns of the corporate bonds are 
available for this period.

Figure 13: Excel Tool – Worksheet “Bonds” – Selection areas

1

Bonds
Universe global Philips Bond Rolling Beta* no

Time Series monthly IBM Bond *60 months rolling regressions

Start Date Jan-10 *change examples in the sheet "Asset Returns"

End Date Dec-18
# Months 108

BMG Figure Settings
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Output: Various statistical and  
financial ratios relating to corporate  
bond returns

In Table 5 “Descriptive Statistics” and “Asset 
Correlations”, some key statistical figures of 
the historical time series of the returns of the 
two sample bonds are presented in the upper 
part of the table; these key statistics include 
mean, median, minimum, maximum, volatil-
ity, Sharpe ratio, the 5%, 10%, 90% and 95% 
quantiles, skewness, and kurtosis. In addition, 

the Bravais-Pearson correlation coefficients 
of the bond return time series are given in the 
lower part of the table.

The average monthly returns of both corpo-
rate bonds are positive and also very similar in 
their level; the volatilities of the bond returns 
are considerably lower than those of the stocks. 
Also, the correlation coefficients are signifi-
cantly higher than those of the sample stocks 
in Section 3.3.

2

Table 5: Excel Tool – Worksheet “Bonds” -  
Descriptive Statistics and Asset Correlations

Ratio | Asset Philips Bond IBM Bond
Mean 0.54% 0.53%

Median 0.29% 0.62%
Minimum -5.21% -4.91%
Maximum 6.99% 9.59%
Volatility 2.09% 2.66%

Sharpe Ratio 0.2431 0.1873
5% Quantile -2.42% -3.26%

10% Quantile -2.02% -2.83%
90% Quantile 2.94% 3.30%
95% Quantile 4.26% 4.77%

Skewness 13.71% 69.90%
Kurtosis 85.44% 129.15%

Asset | Asset Philips Bond IBM Bond
Philips Bond 100%

IBM Bond 66.98% 100%

Descriptive Statistics

Asset Correlations
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Table 6: Excel Tool – Worksheet “Bonds” – Regression Results

3 Output: Carbon Betas and other  
factor sensitivities

Table 6 shows the results of the Fama and 
French (1993) bond model in the upper part 
and the Elton, Gruber, and Blake (1995) model 
in the lower part of the table. 

The Philips bond used as an example here 
is a fixed-coupon bond with a coupon of 7.2%. 
The bond has a Moody’s rating of Baa1 and a 
Fitch rating of A- and was issued in 1996. The 
IBM bond with a fixed coupon of 8% runs from 
2008 to 2038. Moody’s rates the bond A1, while 
Fitch gives it an A rating.

The results of both models are consistent 
with respect to the signs of the estimated 
Carbon Betas. The Philips bond has a slightly 
negative Carbon Beta in both models, while 
the IBM bond has a slightly positive Carbon 
Beta. However, according to the p-values, 
these results are consistently not significant, 
due in particular to the fact that bond returns 
are mainly influenced by changes in the yield 
curve. This can also be seen from the partly 

highly significant betas of the specific bond 
factors.

Carbon risk, however, mainly affects the 
value of corporate bonds via default or credit 
risk. Assuming that this risk of default is low 
and that only part of this risk is due to the 
carbon risk, it is plausible that the estimated 
Carbon Betas are low and not significant. In the 
case of bonds with higher credit risks, it can be 
assumed that the carbon risk is also higher. See 
Section 3.6 for further information on the rela-
tionship between credit risk and carbon risk.

Asset | Factor Alpha Beta MKT Beta SMB Beta HML Beta Term Beta Default Beta BMG
Philips Bond 0.0047 -0.3873 -0.0336 -0.2460 0.8463 0.6326 -0.1250
p-value 0.009 0.000 0.790 0.027 0.000 0.007 0.236

IBM Bond 0.0045 -0.4564 -0.2090 -0.6399 0.6316 0.8393 0.1997
p-value 0.044 0.000 0.192 0.000 0.002 0.005 0.134

Asset | Factor Alpha Beta MKT Beta 1-3-CB Beta 3-5-CB Beta 5-7-CB Beta 7-10-CB Beta 1-10-HY-CBBeta 1-10-GB Beta BMG
Philips Bond 0.0028 -0.0960 -1.9190 1.8399 -1.3011 1.4322 -0.2416 0.5287 -0.0369
p-value 0.046 0.189 0.034 0.195 0.179 0.004 0.236 0.031 0.652

IBM Bond 0.0040 -0.0085 0.1996 -3.3974 1.2000 2.1190 -0.6672 0.3743 0.1789
p-value 0.032 0.930 0.868 0.075 0.352 0.001 0.016 0.249 0.104

Regression Results
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Output: Constant Carbon Betas  
from corporate bonds

For the two sample bonds, Figure 14 shows 
both their excess returns over time and the 
Carbon Betas calculated on the basis of the 
Fama and French (1993) bond model. On the 

vertical primary axis (left) the returns are 
shown in percent, on the vertical secondary 
axis (right) the Carbon Betas are shown. Roll-
ing Carbon Betas of the bonds can be estimated 
by changing the “Rolling Beta” parameter in 
the selection area “Figure settings”.

Figure 14: Excel Tool – Worksheet “Bonds” – Carbon Betas of bonds

4
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At the core of the CARIMA concept is the 
quantification of carbon risks for financial 
securities that are traded on the capital market, 
i.e. for which historical return time series 
are potentially available. This section of the 
manual deals with the question of whether and 
to what extent it is possible to determine the 
carbon risks for loans, as there are typically no 
historical time series of returns or historical 
time series of (present) values.

In loans, carbon risks mainly have an  
impact through the risk of loan default

Loans are generally exposed in particular to 
default risks (or creditworthiness risks), inter-
est rate risks and currency risks. Carbon risk 
affects the value of a loan primarily through the 
risk of default, because unexpected changes in 
the transition process of the economy towards 
a Green Economy may also affect the default 

probabilities of loans. 
It can be assumed that 
“brown” firms will be 
more likely to default 
on loans if there is an 
unexpected acceleration 
in the economy’s tran-
sition towards a Green 
economy.

The following part of the manual provides 
basic advice for users who wish to measure 
the carbon risk of loans using the CARIMA 
concept. 

Transferability of the Carbon Beta to loans

The Carbon Beta for loans cannot be 
measured directly because, unlike e.g. stocks 
or bonds, there are typically no market prices 
and thus no historical time series of returns for 

loans. Without these time series returns, no di-
rect estimation of the Carbon Beta can be made 
using a factor model. Under certain circum-
stances, the Carbon Betas of firms’ stocks and 
corporate bonds can be used to estimate the 
Carbon Betas of loans more or less accurately. 

In order to present the different possibilities 
systematically, Table 7 distinguishes four cases 
A to D as summarized below. 

A: Using the Carbon Beta  
of a corporate bond to determine  
the Carbon Beta of a loan

This case is relevant e.g. for non-listed firms 
(for which there are no time series of returns 
for stocks), but which are so large that they can 
finance themselves by issuing corporate bonds 
on the capital market.

If a firm has issued a corporate bond and 
the Carbon Beta is known for it (see Section 
3.5), the Carbon Beta of that firm’s loans can be 
derived from this. Provided the characteristics 
of this corporate bond and the loan are iden-
tical, the Carbon Betas of these two financial 
instruments are also identical. However, this 
ideal case will be rare. In particular, the matu-
rity, redemption, and collateral would have to 
be the same or at least similar, as these have a 
significant impact on the credit risk.

Differences in the maturity and amortiza-
tion have a direct effect on the Carbon Betas. 
With increasing maturity, the price of corpo-
rate bonds or the value of loans becomes in-
creasingly susceptible to carbon risk, and thus 
the Carbon Beta also rises. The mechanism is 
similar to the relationship between changes in 
market interest rates and the related changes in 
fixed income securities prices. This connection 

3.6 Loans

The carbon risk of  
loans can be determined 
by using the Carbon  
Beta of corporate bonds 
and stocks.
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Carbon Beta of the  
stock of the same firm  

is known

Carbon Beta of the  
stock of the same firm  

is unknown

Carbon Beta of a  
corporate bond of the firm 

is known

C 

Using the Carbon Beta  
of comparable firms to  
determine the Carbon 

Beta of a loan

A
Using the Carbon Beta  
of a corporate bond to  
determine the Carbon 

Beta of a loan

Carbon Beta of a  
corporate bond of the firm 

is unknown

B
Using the Carbon Beta  

of the stock to  
determine the Carbon 

Beta of the loan

D 

Using the Carbon Beta  
of comparable firms to  
determine the Carbon 

Beta of the loan

Table 7: Using the Carbon Betas from stocks and corporate bonds to determine Carbon Betas of loans

can be well observed through the indicator “du-
ration”, which is known and regularly used in 
financial practice. Similarly, the Carbon Betas 
could also be (approximately) linearly scaled 
for different runtimes. This idea can be applied 
to the consideration of different repayment 
structures of the corporate bond in relation to 
the loan.

It is more difficult to take into account 
differences due to different collateralization 
of the two financial instruments. In general, 
a firm is just as likely to default on its corpo-
rate bonds as on its loans. However, different 
recovery rates may result from the fact that the 
financial instruments are not serviced equally 
in the event of bankruptcy or that they are 
secured differently. As a result, changes in the 

transition process of the economy have a dif-
ferent impact on the value of the two financial 
securities - thus the Carbon Betas are different 
as well. The higher the collateral and the better 
the ranking of the claim in the event of bank-
ruptcy, the lower the Carbon Beta.

The above described ways of using the 
Carbon Betas from corporate bonds to estimate 
this for loans are all the more accurate the 
more corporate bonds a firm has issued and 
the longer the period for which prices for these 
corporate bonds can be observed on the capital 
market. With a sufficient heterogeneity of 
bonds, it would also be possible to empirically 
determine correlations between the remaining 
maturity and the Carbon Betas of the bonds.
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B: Using the Carbon Beta  
of the stock to determine the  
Carbon Beta of the loan

A transfer such as this is relevant for e.g. 
listed firms, for which time series of returns 
on their stocks are available, but which do not 
finance themselves by issuing corporate bonds 
on the capital market.

The transfer of the Carbon Beta of a firm’s 
stock to the Carbon Beta of a loan of the same 
firm is not quite so easy. In principle, a higher 
Carbon Beta of a firm's stock is ceteris paribus 
associated with a higher carbon risk of the 
loans to this firm. A starting point for model-
ling this relationship is offered by an extension 
of the Merton model known from option price 
theory, which was awarded a Nobel Prize. A de-
scription of the basic procedure can be found 
at the end of this section.

C: Using the Carbon Beta  
of comparable firms to determine  
the Carbon Beta of a loan

This procedure is relevant e.g. for listed 
firms that finance themselves on the capital 
market through both stocks and corporate 
bonds, which is the case for the majority of 
large firms.

In this case, it is possible to derive the 
Carbon Beta of the loans from both the Carbon 
Beta of the stock and from the Carbon Beta of 
the corporate bond of the same firm. Ideally, 
both approaches should be used to compare 
and analyze the results.

Considering that applying the modified Mer-
ton model to quantify the Carbon Beta of loans 
is considerably more complex, both methodi-

cally and empirically, the method of calculating 
the Carbon Beta of the loans using the Carbon 
Beta of the corporate bond − as described in 
case A − will be the one more likely be chosen 
in financial practice.

D: Using the Carbon Beta  
of comparable firms to determine  
the Carbon Beta of the loan

This case is relevant e.g. for non-listed firms 
that do not finance themselves on the capital 
market. This applies in particular to the majori-
ty of small and medium-sized firms.

If neither the Carbon Betas of stocks nor of 
corporate bonds of the same firm are known, 
estimating the carbon risk of loans using the 
Carbon Betas of corporate bonds or stocks of 
comparable firms can be considered. 

In order to identify suitable firms, it makes 
sense to use the Brown-Green-Score BGS 
developed in the CARIMA concept, as this 
allows one to assess the extent to which the 
firm values react to unexpected changes in the 
transition of the economy towards the Green 
Economy.

If the Brown-Green-Score BGS cannot be 
determined due to a lack of suitable data, a 
peer group can be formed from firms that are 
assumed to be subject to the same or at least 
similar carbon risks. The industrial sector and 
the location of a firm’s headquarters are par-
ticularly suitable as selection criteria. In addi-
tion, other fundamental indicators such as firm 
size, profitability, and debt-equity ratio should 
be considered as proxies for credit risk when 
forming a peer group (see the considerations 
on the relationship between various firm indi-
cators and the Carbon Betas of firms presented 
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in section 4.7). The Carbon Beta of these loans 
can then be derived from the Carbon Betas of 
the stocks or corporate bonds of comparable 
firms as described above. 

It is obvious that this indirect approach 
(case D) will lead to comparatively less accurate 
results than the direct approaches described 
above in cases A to C.

Valuation of corporate bonds  
and loans using the Merton model in  
conjunction with factor models

Section 3.5 shows how the carbon risk of 
corporate bonds can be determined by regres-
sion using the Carbon Risk Factor BMG in con-
junction with factor models. The prerequisite 
for this approach is that the historical returns 
of the corporate bonds are known. Alternative-
ly, it is also possible to determine the carbon 
risk of corporate bonds and loans by modifying 
the Merton model on the basis of the Carbon 
Betas of the stocks of the respective firm. The 
historical returns on debt securities are not 
required for this. The following presents the 
basic idea of this procedure. 

Merton model

The basic idea behind the Nobel Prize-win-
ning “Merton Model” goes back to Black and 
Scholes (1973) and Merton (1974). With this so-
called structural model − which also forms the 
basis of the option price theory − the value of 
the equity and debt capital of a firm is consid-
ered and valued as a derivative on the value of 
the assets of a firm.

It would go beyond the scope of this manual 
to present the Merton model in detail, so here 
its central idea is described, which is helpful 

for understanding the proposed modification 
of the Merton model. In addition, the follow-
ing descriptions are primarily necessary for 
the economic justification of the eligibility of 
the procedure presented below; the concrete 
calculations can then be carried out using 
relatively simple approaches. For more detailed 
descriptions of the Merton model, see the very 
extensive literature on this subject.

The central idea of the Merton model 
is as follows: a firm promises its lenders a 
repayment amount of B at date T. Based on 
the promised repayment amount of the debt 
capital in T, the value of the debt capital F in T 
is the minimum of the value of the company 
V and the promised repayment amount of the 
debt capital B. In the event that the value of 
firm V in T is not sufficient to fully repay the 
borrowed capital, the lenders will virtually take 
over the firm at price B. The value of equity 
would then be zero. In principle, the value of 
the equity capital thus corresponds to the value 
of a European call option on corporate assets. 

The values of equity capital and borrowed 
capital are calculated in T when the borrowed 
capital becomes due, using the Formulas (6) 
and (7):

F (V, T ) = min[VT , B]  (6)

f (V, T ) = max[0, VT - B]  (7)
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 The volatilities of equity capital and cor-
porate assets are key variables for the specific 
values of equity capital and debt capital as 
a function of the possible values of a firm’s 
assets. For their context applies (see Jones et 
al., 1984):

The variable σf stands for the volatility of 
equity capital and the σV for the volatility of as-
sets. Equity volatility can usually be empirically 
determined as the volatility of equity returns.

A central application of the Merton model 
now consists in calculating the value of the 
debt capital on the basis of the known value of 
the equity capital (usually determined by the 
market capitalization of the stock), the volatili-
ty of the equity capital (in principle determined 
by the volatility of the stock returns), and 
the promised repayment amount of the debt 
capital (can at least be roughly estimated via 

the balance sheet structure). For the concrete 
procedure, see the extensive literature availa-
ble on this subject.

Approach to modify the Merton model  
for estimating carbon risks for debt capital

From the above discussion, it becomes clear 
that in principle the volatility of a firm’s assets 
results from the volatility of the stock returns, 
which in turn determines the default risk and 
thus the value of the borrowed capital via the 
“volatility of the borrowed capital”. There is 
therefore a direct correlation between the risk 
associated with stocks and the risk with cor-
porate bonds and loans. In this respect, there 
is also a direct link between the carbon risk of 
the stock and the carbon risk of the corporate 
bonds and loans (of the same firm).

Approach for using the carbon risk  
of the stock to estimate the carbon risk  
of the loans

As usual, the starting point for further calcu-
lations is the Carhart (1997) four-factor model 
including the Carbon Risk Factor BMG:

σf = σV

∂f V
∂V f

 (8)

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t (9)
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The total variance in a firm’s equity returns 
(or returns on equity) can be broken down into 
various components in conjunction with the 
factor model (see Formula (10)). 

The parameter σεf

2 reflects the idiosyncratic 
variance, while the sum product of the squared 
factor loadings and the variances of the factors 
corresponds to the systematic variance.

In order to measure the impact of individ-
ual factors on the variance of stock returns as 
shown, the factors of the model must be uncor-
related. This is done, for example, by means of 
orthogonalization (see Section 5.4 and for the 
methodological details Klein and Chow, 2013).

It thus becomes clear that only a part of the 
systematic variance reflects the carbon risk:

The idiosyncratic variance therefore does 
not play a role in determining the carbon 
risk-specific part.

As described above, the volatility of equity 
ultimately results in default risk (measured, 
for example, as the probability of default). 
Similarly, it is now also possible to estimate the 

portion of 
the debt 
risk (for 
 example, 
the por-
tion of 

the probability of default) that results from the 
carbon risk of equity (and, of course, from the 
risks of all other factors). The share of carbon 
risk in the overall risk of a stock can be used as 
a proxy. 

The Merton model can therefore be used to 
model the dependence of the default probabil-
ities of loans on the volatility of equity returns 
and to justify this in economic terms. This also 
means that if factor models are available for 
the stock returns, the share of the carbon risk 
in the overall risk of the stocks can be used 
to represent the share of the carbon-induced 
default risk in the overall default risk. 

However, this approach can also be ap-
plied if the default risk is not calculated using 
structural models according to Merton, but for 
example, from results ratings or other credit 
risk models. Ultimately, the decisive factor is 
only the share of carbon risk in the overall risk 
of a stock, which is determined by the CARIMA 
concept with the aid of factors.

σf 
2 = β2

mkt σ
2

mkt + β2
smb σ

2
smb + β2

hml σ
2

hml + β2
wml σ

2
wml + β2

bmg σ
2
bmg + σεf

2
 (10)

σ 2
f, Carbon Risiko = β2

bmg σ
2
bmg (11)
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The Carbon Beta can also be determined 
for portfolios using the approaches presented 
above for quantifying carbon risks in stocks 
and bonds. To simplify matters, a portfolio 
consists of a number of individual stocks which 
an investor has compiled according to his 
preferences. 

Here two basic approaches for calculating 
Carbon Beta in portfolios are described and 
compared. For the top-down approach, only 
the portfolio’s historical time series of returns 
must be known, while the bottom-up approach 
requires the historical portfolio weights of the 
individual assets and their return time series.

Determining the Carbon Beta  
using a top-down approach

To determine a portfolio’s Carbon Beta using 
the top-down approach, the user only needs to 
have the portfolio’s historical time series of the 
excess returns. This corresponds to the weight-
ed excess returns of the individual stocks in 
the portfolio. These excess returns are used 
as a dependent variable in the regression, as 
previously described for individual financial in-
struments. As above, the Carbon Beta can thus 
be determined from the following regression 
Formula (12):

With: 
•  erp,t = Return of the portfolio p minus the 

return of a risk-free investment in period t 
(excess return).

•  erM,t = Excess return of the global stock  
market in period t.

•  SMBt = Return of the global size factor in 
period t.

•  HMLt = Return of the global value factor  
in period t.

•  WMLt = Return of the global momentum 
factor in period t.

•  BMGt = Return of the global Carbon Risk 
Factor BMG in period t.

•  αp
 , βp

mkt, βp
smb, βp

hml and βp
wml = Parameters αp

  

and βp
x of the Carhart model.

•  βp
bmg = Carbon Beta of the portfolio p. This 

indicator serves as a central measure of the 
carbon risk of a portfolio.

This application once again illustrates the 
great advantage of the CARIMA concept. For 
portfolios with any number of different types 
of financial securities, the carbon risk can 
be estimated with just one regression − and 
without specific climate change data on the 
individual stocks.

erp,t = αp + βp
mkt erM,t + βp

smb SMBt + βp
hml HMLt + βp

wml WMLt + βp
bmg BMGt + εp,t (12)

3.7  Portfolios*
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Determining the Carbon Beta using  
the bottom-up approach

Alternatively, it is also possible to determine 
the portfolio’s Carbon Beta using the bottom-up 
approach. For this, the (excess) returns and the 
stocks of the individual stocks in the portfolio 
are required for each period. With this, the 
portfolio returns for each period can be cal-
culated as the weighted sum of the returns of 
individual stocks (see Formula (13)).

The variable wi,t is the weight and eri,t the 
excess return of stock i in period t.

Subsequently, the Carbon Beta of the port-
folio can be determined analogously to the 
top-down approach using Formula (12).

Comparing the top-down and  
bottom-up approaches

The bottom-up and the top-down approach-
es basically lead to the same result. If the 
portfolio returns are readily available and only 
the Carbon Beta of the portfolio is to be de-
termined, the top-down approach is generally 
preferable as this involves less computational 
effort.

One potential problem of the top-down 
approach, however, is that the time series of 
portfolio returns is a result of different weights 
of the stocks in the portfolio over the period 
under review. If the weights have changed sig-
nificantly over time, this results in inconsisten-
cies in the estimation of historical and current 

Carbon Betas. The Carbon Betas determined in 
this way may then be less meaningful.

With the bottom-up approach, further analy-
ses based on the individual Carbon Betas of the 
stocks are possible. For example, it might be of 
interest to determine which stocks contribute 
particularly strongly to the Carbon Beta of the 
entire portfolio. In the course of managing 
carbon risks, it is thus possible to determine 
which portfolio components should be reduced 
first in the event of a desired reduction in 
Carbon Beta. In addition, it can be quickly and 
easily analyzed how the Carbon Beta of the 
portfolio changes if the (historical) weighting 
of individual stocks is changed or additional 
stocks are added to the portfolio (see also 
Chapter 4). If the historical portfolio weights 
are available, analyses of the historical Carbon 
Betas of the portfolio are also possible. 

It is also possible to estimate the carbon risk 
for the future on the basis of the current port-
folio composition and a historical simulation 
(for this methodology, see Section 4.8) in order 
to solve the above problem of unequal weights 
in the past. 

The limits of the bottom-up approach lie 
particularly in the fact that the time series of 
returns and the (historical) portfolio compo-
sition must be known for all portfolio compo-
nents.

The choice of which approach to use for 
determining the Carbon Beta of portfolios thus 
lies in the conflicting areas of feasibility based 
on the available data, computing capacity, and 
application purpose, which can vary between 
simple interest and concrete risk management 
considerations.

erp,t = ∑ wi,t eri,t (13)
i

N
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Possible variations in the application

There can be various reasons for wishing to 
estimate the Carbon Beta of a portfolio. If, for 
example, an investor is interested in analyz-
ing the average carbon risk of his portfolio 
over the past year, it makes sense to estimate 
the Carbon Beta top-down only on the basis 
of the data for that particular year. In order 
to ensure a sufficiently large sample size and 
thus an acceptably robust Carbon Beta esti-
mate, daily rather than monthly return data is 
preferable. In this case, the top-down estimate 
has the additional advantage that changes in 
the composition of the portfolio over the year 
are already taken into account in the portfolio 
excess returns.

If the change in the carbon risk of a port-
folio over a certain period is to be calculated 
rather than an average, a rolling top-down 
estimate is the best option. This produces a 
time series of Carbon Betas that reflects the 
time course of the Carbon Betas and thus the 
carbon risk of the portfolio. When selecting the 
estimation window, the stability of the estimat-
ed betas must again be weighed against the 
relative importance of more up-to-date infor-
mation from the return time series. The longer 
the estimation window is, the more stable the 
estimate of Carbon Betas becomes, but more 
information from older returns is also included 
in the estimate. 

On the other hand, the bottom-up approach 
using historical portfolio weights is also suita-
ble for considering the change in Carbon Beta. 
In addition to analyzing the change in carbon 
risk over time, this approach also allows the 
user to analyze individual transactions, i.e. 
the changes in portfolio composition due to 
the purchase and sale of assets. Of course, 
this requires knowledge of historical portfolio 
weights.

The use of a different reference model can 
also be useful if, for example, an investor wish-
es to analyze portfolio’s susceptibility to other 
risk factors.
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Figure 15: Excel Tool – Worksheet “Portfolios”

A corresponding worksheet for the applica-
tion of the CARIMA concept at portfolio level is 
also available in the accompanying Excel tool. 
This worksheet "Portfolios" can be accessed 
either directly via the table of contents or via 
the sheet register.

1

7
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Input: Carbon Risk Factor BMG and  
selection of portfolio components

The structure and operation of this work-
sheet is again similar to the “Equity” work-
sheet. The area “BMG” shows the central prop-
erties of the Carbon Risk Factor BMG. Under 
the two choices “Stocks” and “Weights”, up to 
five stocks can be selected or specified from a 
total of nine example stocks, along with their 
weighting in the portfolio.

Input: Selecting the time-constant or 
time-variable weights of the portfolio 
components

An additional feature of this worksheet 
is the option of selecting either constant or 
variable weights of the stocks in the portfolio 
over time. If constant weights are selected by 
clicking “yes”, it is assumed that the weights 
of the stocks in the portfolio do not change 
over time. This would be the case if all changes 
in the value of the portfolio in a given period 
result in deposits or withdrawals at the end of 
that period. Gains on individual stocks would 
therefore be skimmed off, and losses would be 
offset accordingly by payments.

However, the assumption of time-variable 
weights is far more plausible. In this case, 
the indicated weights are valid for the begin-
ning of the time period under consideration. 
Over time, the weights change automatically 
depending on the performance of the five se-
lected stocks in the portfolio. This can easily be 
illustrated using the following example: initial-
ly, a portfolio consists of two equally weighted 
stocks. Stock 1 shows a performance of +10% in 
the first period, stock 2 a performance of -10%. 
This changes the weights for the following peri-
od to 55% for stock 1 and 45% for stock 2.

Input: Selecting portfolio components

The time series of returns on the available 
individual sample stocks are stored in the 
worksheet “Asset Returns” and can be substi-
tuted there by returns of other stocks or assets. 
Again, the period for the following analyses 
starts in January 2010 and ends in December 
2018.

It is assumed, for example, that the stocks of 
BP, Tata Motors, Vestas, Toyota, and IBM were 
chosen, with a weighting of 10% each for BP 
and Tata Motors, 30% each for Vestas and Toy-
ota and 20% for IBM. “Green” stocks, based on 
the individual Carbon Beta of each stock, were 
thus weighted higher than “brown” stocks.

Technically, the Excel tool first calculates the 
historical time series of returns on the portfo-
lio based on the given weights of the individual 
stocks in the portfolio. If the option of con-
stant weights is chosen, it is assumed that the 
current weights correspond to the historical 
(initial) weights, i.e. that they are constant over 
time. The time series of the portfolio returns 
calculated in this way is then used to estimate 
the Carbon Beta of the portfolio. Since Car-
bon Betas are additive and assuming constant 
weights, the Carbon Beta of the portfolio in this 
case corresponds to the weighted Carbon Betas 
of the individual stocks.

However, if variable weights are chosen, 
changes in portfolio weights are taken into ac-
count. These result from the different returns 
on the individual stocks during the period 
under review.

1
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Figure 16: Excel Tool – Worksheet “Portfolios” – Selection areas

The worksheet “Portfolios” is particularly 
helpful for the user when determining the up-
to-date carbon risk of a portfolio and as a deci-
sion-making aid when creating new portfolios.

If, on the other hand, there is a specific 
historical time series of returns for a portfolio, 
this can be analyzed using the “Equitiy” and 
“Funds” worksheets and the top-down ap-
proach. The time series of returns of a portfolio 
implicitly contains all of its past composition. 
It should be noted that this does not generally 
correspond to the composition of the portfolio 
at the time of valuation, which may therefore 
be less meaningful, especially if the current 
portfolio composition differs greatly from that 
during its past. Depending on the intention of 
the user, it may be more useful to analyze the 
carbon risk of the portfolio on the basis of its 
current composition in such a case.

Input: Selecting constant or  
rolling Carbon Betas

The selection area “Figure settings” can be 
used to determine whether the Carbon Beta of 
the portfolio should be estimated constantly 
or as a rolling beta. In the rolling estimate, the 
last 60 monthly returns (five years) are used 
to estimate the Carbon Beta for a given point 
in time. Otherwise, a constant Carbon Beta is 
assumed for the entire period from January 
2010 to December 2018, provided that informa-
tion on the excess returns on the stocks in the 
portfolio is available for this period.

In addition, the option “Single Betas” can be 
activated or deactivated in this selection area. 
If this option is activated, the individual rolling 
or constant Carbon Betas of the individual 
stocks are displayed in addition to the rolling or 
constant Carbon Beta of the portfolio.

Equities Weights
Universe global BP 10% Rolling Beta* yes

Time Series monthly Tata Motors 10% Single Betas** yes
Start Date Jan-10 Vestas 30% *60 months rolling regressions

End Date Dec-18 Toyota 30% **Display single Carbon Betas

# Months 108 IBM 20%
*change examples in the sheet "Asset Returns"

Constant Weightings* yes
*Starting weights are time-constant

BMG Figure Settings
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Output: Asset correlations  
of the stocks in the portfolio

Table 9 “Asset Correlations” shows the cor-
relations between the time series of the returns 
on the example stocks in the portfolio. For an 
explanation of the key figures, see Info Box 4.

Table 9: Excel Tool – Worksheet “Portfolios” – Asset Correlations

3

Output: Descriptive statistics  
of the portfolio

Table 8 shows descriptive statistics of the 
portfolio’s returns. The portfolio return during 
the period under review was 0.71% per month 
with a volatility of 6.22%. Due to diversification 
effects, the key figures tend to be significantly 
less extreme than those of the underlying indi-
vidual stocks. For a detailed explanation of the 
various key figures, see Info Box 4.

Table 8: Excel Tool – Worksheet “Portfolios” –  
Descriptive Statistics

2
Ratio Portfolio
Mean 0.71%

Median 0.94%
Minimum -16.98%
Maximum 22.48%
Volatility 6.22%

Sharpe Ratio 0.1094
5% Quantile -8.38%

10% Quantile -7.54%
90% Quantile 7.67%
95% Quantile 9.99%

Skewness 23.04%
Kurtosis 104.64%

Descriptive Statistics

Asset | Asset BP Tata Motors Vestas Toyota IBM
BP 100%

Tata Motors 35.18% 100%
Vestas 19.58% 25.58% 100%
Toyota 29.88% 35.70% 17.44% 100%

IBM 22.98% 29.84% 17.93% 22.65% 100%

Asset Correlations
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Output: Carbon Beta of the portfolio  
with selection of constant weights

Table 10 shows the Carbon Betas of the 
sample stocks, both as an individual absolute 
Carbon Beta for each individual stock and as 
a weighted Carbon Beta, i.e. the proportion of 
the portfolio’s total Carbon Beta that this stock 
contributes. This information enables the user 
to see how strongly individual stocks contri-
bute to the Carbon Beta of the entire portfolio.

Since the sum of the weighted Carbon Betas 
only corresponds to the Carbon Beta of the 
portfolio if constant weights are assumed, the 
weighted Carbon Betas are only shown in this 
case. 

At constant weights, the Carbon Beta of the 
portfolio is -0.6821. In this example it is strong-
ly influenced by the Carbon Beta of the Vestas 
stock, which alone contributes -0.6394 to the 
portfolio Carbon Beta.

Table 11 shows the results of the regression 
estimate for this sample portfolio, assuming 
constant weights. This portfolio has a market 
beta of just over 1 at 1.1132, which means that 
it moves similarly to the overall market. The 
sensitivity to SMB is positive and significant at 
the 5% level. The positive HML beta is signifi-
cant at least at the 10% level. The WML beta, on 
the other hand, is not significant. The Carbon 
Beta of the portfolio is significantly negative 
with a value of -0.6821. This indicates that the 
value of this portfolio will rise at an above-av-
erage rate in anticipation, if the transition 
process towards a Green Economy unexpected-
ly changes.

Table 11: Excel Tool – Worksheet “Portfolios” – Results of regression with constant weights selection

Table 10: Excel Tool – Worksheet “Portfolios” – Carbon Betas

54
Asset Single Weighted

BP 0.9378 0.0938
Tata Motors 0.6410 0.0641

Vestas -2.1312 -0.6394
Toyota -0.7856 -0.2357

IBM 0.1752 0.0350
Portfolio -0.6821

Carbon Betas

Portfolio | Factor Alpha Beta MKT Beta SMB Beta HML Beta WML Beta BMG
Portfolio -0.0007 1.1132 0.6845 0.4844 -0.1436 -0.6821
p-value 0.875 0.000 0.036 0.084 0.464 0.006

Regression Results
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Output: Carbon Beta of the portfolio  
with selection of variable weights

Table 13 shows the results of the regression 
estimate for this sample portfolio, assuming 
variable weights. The market beta of the port-
folio drops slightly to 1.0137. The sensitivity 
to SMB, on the other hand, drops significantly 
to 0.3632 and, like the HML beta and the WML 
beta, is not significant.

The portfolio’s Carbon Beta remains signif-
icantly negative at -0.3360, indicating that its 
value is expected to rise at an above average 
rate in expectation, if the transition process 
changes unexpectedly in the direction of a 
Green Economy.

The change in the Carbon Beta of the 
portfolio is due to the assumption of variable 
weights. In this example, these changes are 
sometimes considerable. While the weights 

Table 12: Excel Tool – Worksheet “Portfolios” – Investor Perspective with constant weights selection

6

5

Output: (Conditional) Value-at-Risk of 
the portfolio with selection of constant 
weights 

Table 12 shows the Value-at-Risk (VaR) and 
the Conditional Value-at-Risk (CVaR) of the 
portfolio examined assuming constant weights. 
The values are calculated for the confidence 
levels 99% and 95% from the historical time 

 series of returns on the portfolio. These com-
mon risk measures in portfolio management 
can be calculated quite easily for up to five dif-
ferent portfolio volumes and can be analyzed, 
for example, for changes in the loss potential of 
other weightings of stocks in the portfolio. For 
more information on VaR and CVaR, see Info 
Box 4.

Table 13: Excel Tool – Worksheet “Portfolios” – Regression Results for variable weights selection

Ratio | Capital 10,000.00 100,000.00 250,000.00 500,000.00 1,000,000.00
 VaR 99% 1,278.41 €      12,784.07 €    31,960.19 €    63,920.37 €    127,840.74 €    
 VaR 95% 837.50 €         8,375.01 €      20,937.53 €    41,875.07 €    83,750.14 €      

C VaR 99% 1,492.89 €      14,928.86 €    37,322.15 €    74,644.31 €    149,288.61 €    
C VaR 95% 1,196.50 €      11,965.01 €    29,912.53 €    59,825.06 €    119,650.11 €    

Investor Perspective

Portfolio | Factor Alpha Beta MKT Beta SMB Beta HML Beta WML Beta BMG
Portfolio -0.0035 1.0137 0.3632 0.2730 -0.0461 -0.3360
p-value 0.259 0.000 0.108 0.161 0.735 0.050

Regression Results
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Figure 17: Excel Tool – Worksheet “Portfolios” – Carbon Betas of the portfolio with selection of variable weights

at the beginning of the observation period in 
January 2010 were 10% for BP and Tata Motors, 
30% each for Vestas and Toyota, and 20% for 
IBM, at the end of the observation period in 
December 2018 they were 7.82% for BP, 5.92% 
for Tata Motors, 29.74% for Vestas, 39.74% for 
Toyota and 16.79% for IBM. The quasi-automat-

ic change in the weights due to the difference 
in performance of the individual stocks makes 
it clear that the weights of the stocks should be 
occasionally adjusted by the user over time, 
provided that the goal is to keep the factor 
strategy constant.

7 Output: Rolling Carbon Beta of the  
portfolio and Carbon Beta of the  
individual stocks in the portfolio with 
variable weight selection

Figure 17 shows both the returns and the 
Carbon Beta of the portfolio, which in this case 
was estimated on a rolling basis (light blue 
line). The rolling Carbon Betas of the individual 
stocks are also shown. 

This figure illustrates another advantage 
of the CARIMA concept for applications at 
portfolio level. The figure clearly shows that 
the estimated Carbon Beta, which is a rolling 
estimate for the portfolio, varies significantly 
less than the estimated Carbon Betas of the 
individual stocks. This estimate therefore has a 
significantly lower standard error and is there-
fore more reliable.
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Figure 18: Carbon Betas of various sample portfolios 

Example of application to different  
portfolio compositions 

The sensitivity of portfolios to unexpected 
changes in the process towards a Green Econo-
my can be evaluated using the Carbon Beta. In 
addition, a comparison or ranking of different 
portfolios based on their Carbon Beta is also 
possible. This will be illustrated in more detail 
below.

Based on the above example from the 
Excel tool, a diversified portfolio consisting of 
five sample stocks from different sectors and 
countries serves as the basis for the following 
descriptions. The weights of the stocks in the 
portfolio are assumed to be constant here. The 
stocks of BP, Tata Motors, Vestas, Toyota, and 
IBM initially form an equally weighted portfo-
lio, i.e. each stock has a weight wi of 20 per-
cent. The estimate of the Carbon Beta for the 
portfolio shows that it has a negative Carbon 
Beta of -0.23.

Now the portfolio weightings of the “Green” 
stocks, i.e. those with negative Carbon Beta, are 
increased by 10 percentage points compared to 
the “Brown” stocks, i.e. those with positive Car-
bon Beta. The result is a new portfolio which, 
as expected, has a significantly lower Carbon 
Beta of -0.68. If, as an extreme scenario, a third 
portfolio is considered consisting of only the 
two “Green” stocks with equal weightings, the 
portfolio’s Carbon Beta reaches -1.46. On the 
other hand, it can also be seen that the Carbon 
Beta increases if the “Brown” stocks are weight-
ed higher. If only “Brown” stocks are consid-
ered, the Carbon Beta is 0.79. The Carbon Betas 
of the individual portfolio variants are shown 
in Figure 18. A further possible application can 
be found in Section 4.4.
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The following section describes various 
ways to determine the Carbon Beta of funds. In 
particular, equity and bond funds are consid-
ered in the following. Equity funds are invest-
ment funds that invest their assets primarily 
or exclusively in individual stocks. Bond funds 
invest primarily or exclusively in fixed-income 
securities (see also Info Box 5). In addition, 
there are mixed funds that invest in both stocks 

and bonds. The models for equity and bond 
funds can be transferred to mixed funds.

Determining the Carbon Beta at fund level is 
basically analogous to the procedure in Section 
3.7 above, since funds are special forms of 
portfolios that also consist of various individual 
securities. The carbon risk of a fund can thus 
also be determined bottom-up or top-down. 
Nevertheless, some differences between funds 
and portfolios must be taken into account.

In contrast to a private portfolio, a fund is 
an “externally managed” portfolio. In many 
cases the historical time series of returns is not 
known for a private portfolio, while the com-
position of the portfolio is known. In contrast, 
the historical time series of returns is often 
available for funds, but the (historical) compo-
sition of a fund is often not known. Therefore, 
the top-down approach is particularly relevant 
for funds.

Determining the Carbon Beta using  
the top-down approach

With the top-down approach, the fund's Car-
bon Beta is determined from its historical time 
series of return by using regression analysis. 
The starting point here again is the Carhart 
(1997) four-factor model with the Carbon Risk 
Factor BMG as an additional factor (14):

With: 
•  erf,t = Return of the fund f minus the return 

of a risk-free investment in period t (excess 
return).

•   erM,t = Excess return of the global stock  
market in period t.

•   SMBt = Return of the global size factor in 
period t.

•  HMLt = Return of the global value factor in 
period t.

•  WMLt = Return of the global momentum 
factor in period t.

•  BMGt = Return of the global Carbon Risk 
Factor BMG in period t.

•  αf
 , βf

mkt, βf
smb, βf

hml and βf
wml = Parameters αf  

and βf
x of the Carhart model.

•  βf
bmg = Carbon Beta of the fund f. This figure 

serves as a central measure of carbon risk.

βf
bmg is the Carbon Beta of a fund f. To de-

termine the Carbon Beta of a fund, only the 
historical time series of excess returns of that 
fund is required. 

3.8  Funds*

erf,t = αf + βf
mkt erM,t + βf

smb SMBt + βf
hml HMLt + βf

wml WMLt + βf
bmg BMGt + εf,t (14)
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Bond funds

The procedure for determining the carbon risk of bond funds is analogous to that for 
corporate bonds (see Section 3.5).

To determine the carbon risk of bond funds, adequate risk factors must first be identi-
fied, which serve as explanatory variables. Unlike for stocks, factors such as SMB or HML 
have little explanatory value when it comes to explaining bond returns. More typical are 
bond factors such as the Term factor for modelling the yield curve or the Default factor 
for modelling the default risk premium. Supplemented by a market risk factor and the 
Carbon Risk Factor BMG, this model is also suitable for estimating Carbon Betas of bond 
funds.

erf,t = αf + βf
mkt erM,t + βf

smb SMBt + βf
hml HMLt + βf

term Termt + βf
def Deft + βf

bmg BMGt + εf,t

The principle that the model can be adapted to individual needs in terms  
of explanatory risk factors also applies to bonds, of course.

Determining the Carbon Beta using  
the bottom-up approach

If the bottom-up approach described above 
is applied, the return on the fund is determined 
on the basis of the returns of the individual 
components of the fund, taking into account 
their weights. This procedure is basically anal-
ogous to the approach described in Section 3.7.

Comparing the top-down and  
bottom-up approaches

Also here, the bottom-up and the top-down 
approaches basically lead to the same result. 
If the weights of the fund components are 
available over time, the bottom-up approach 
can be used, for example, to calculate which 
of the investments make a particularly strong 
contribution to the Carbon Beta of the fund and 
which should be reduced in order to reduce the 

Carbon Beta. This approach is particularly rele-
vant for fund managers due to the information 
required (see also section 4.4).

The main advantage of the top-down ap-
proach is that only the fund’s historical return 
series is required to determine its Carbon Beta. 
This method is particularly useful if the fund 
components are not known or not fully known. 
This approach would thus be relevant primarily 
for private investors.

I N F O B OX 5
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Figure 19: Excel Tool – Worksheet “Funds”

There is also a worksheet in the accompany-
ing Excel tool for an example application of the 
CARIMA concept at fund level. This worksheet 
"Funds" can be accessed either via the table of 
contents or directly via the sheet register.

1

4
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Figure 20: Excel Tool – Worksheet “Funds” – Selection areas

Input: Carbon Risk Factor BMG and  
funds to be analyzed

The structure and operation of this work-
sheet are basically the same as for the “Equity” 
worksheet. The area “BMG” shows the central 
characteristics of the Carbon Risk Factor BMG. 
Up to five funds can be selected simultaneously 
for analysis in the selection area “Funds”. The 
time series of returns for nine sample funds 
are stored in the “Asset Returns” worksheet and 
can be substituted there by the returns of other 
funds.

Input: Selection of constant or  
rolling Carbon Betas

The selection area "Figure Settings" again 
allows the user to estimate rolling betas and to 
view them in the figure. Alternatively, the user 
can opt for a constant estimation of the Carbon 
Betas. These would be then represented as 
horizontal lines in the figure.

As already explained in Section 3.3, in 
choosing the timeframe covered in the estima-
tion, there is a conflict of objectives between 
the stability of the estimated betas and the 
weighting of the most recent information from 
the return time series. 

Since the selected sample funds are very 
broadly invested investment funds and the 
individual estimation errors are therefore 
significantly lower in expected value, one could 
also consider using shorter estimation periods 
for this application. This would also have the 
advantage that the time series of the Carbon 
Betas to be displayed would start much earlier. 
Nevertheless, it has to be considered again 
that smaller fluctuations in the Carbon Betas 
could be attributed to estimation errors, so that 
the interpretation of the course of the Carbon 
Betas should focus on the direction the Carbon 
Betas are tending to develop and not necessar-
ily on their detailed course. In this example, 
however, rolling Carbon Betas with a 60-month 
window are estimated and shown in Figure 21.

1

Funds
Universe global US GI World Precious Minerals Rolling Beta* yes

Time Series monthly iShares MSCI World ETF *60 months rolling regressions

Start Date Jan-10 RobecoSAM Sustainable EE
End Date Dec-18 UniNachhaltig Aktien G
# Months 108 ProShares UltraShort Oil & Gas

*change examples in the sheet "Asset Returns"

BMG Figure Settings
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Output: Rolling Carbon Betas from funds

Figure 21 shows an example of the course of 
the Carbon Betas for the five selected funds. Of 
note here, for example, is the sharp increase 
in the Carbon Beta of the US GI World Pre-
cious Minerals fund from January 2015, from 
a Carbon Beta of approximately 2 to at times 
almost 3.8. This development is an indication 
of a significant change in the capital market 
participants’ assessment of the assets held by 

the fund. On the other hand, the Carbon Beta 
of the MSCI World ETF is very stable at close 
to 0 over the entire period. As this index tracks 
the development of firms in 23 industrialized 
countries with about 85 percent market capi-
talization worldwide, a large part of the global 
market factor erM,t is covered. This result is not 
surprising, since the returns on this fund are 
explained to a very large extent by the market 
factor.

Figure 21: Excel Tool – Worksheet “Funds” – Carbon Betas of funds
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Figure 22: Carbon Betas of various example funds

US GI WORLD 
PRECIOUS MINERALS

ISHARES MSCI WORLD 
ETF

ROBECOSAM 
SUSTAINABLE EE

ISHARES GLOBAL CLEAN 
ENERGY ETF

UNINACHHALTIG 
AKTIEN GLOBAL

TRIODOS SUSTAINABLE 
EQUITY

PROSHARES 
ULTRASHORT OIL & 

GAS

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Ca
rb

on
 B

et
a

Application example

As an example, the Carbon Betas for some 
funds are determined below. Based on a Car-
hart (1997) four-factor model extended by the 
Carbon Risk Factor BMG, a constant Carbon 
Beta for the period from January 2010 to De-
cember 2018 is estimated using monthly return 
data and shown in Figure 22.

The US GI World Precious Minerals fund has 
a high carbon risk with a Carbon Beta of 2.59. 
This suggests that in the event of an unexpect-
ed change in the transition towards a Green 
Economy, the fund would be severely adversely 
affected.

However, it is also possible to find funds 
with a negative Carbon Beta that would develop 
positively in the event of an unexpected change 
in the transition process towards a Green 
Economy. This applies to ProShares UltraShort 
Oil & Gas (Carbon Beta –1.92) and to a lesser 
extent to Triodos Sustainable Equity (Carbon 
Beta -0.20) and UniNachhaltig Aktien Global 
(Carbon Beta –0.17). This is offset by funds such 
as RobecoSam Sustainable EE or iShares Global 
Clean Energy ETF, for which no Carbon Beta 
significantly different from 0 can be measured. 
These latter funds are therefore only affected 
by the average carbon risk of the market.
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Further possible  
applications
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This chapter focuses on the possible prac-
tical applications of the CARIMA concept. 
A number of stakeholder groups will find 
themselves in various roles, be it as “senders” 
of the carbon risk-relevant information or as 
its “recipients”. The chapter is designed to be 
as easily understandable as possible, so that 
readers from outside the field can also follow 
it and orient themselves in each section of the 
manual.

Objectives of the chapter

The aim of this chapter is to demonstrate 
the diversity of the possible applications of the 
Carbon Beta for different stakeholder groups. 
The applications in this part of the manual 
refer to stocks but are generally transferable 
to any other asset class. The term “portfolio 

manager” is meant to include 
institutional as well as private 
investors. This means that a 
private investor who manag-
es his own stock portfolio is 
also addressed as a “portfolio 
manager”.

Structure of the chapter

Each section starts with a task which is 
encountered in financial practice and demon-
strates the need for determining carbon risks. 
Thus, potential points of contact in practice for 
different stakeholder groups are discussed. The 
methodological approach and example applica-
tions are then explained in more depth. In this 
context, a look back at Chapter 3 can be help-
ful. The examples are for illustrative purposes 
and are complemented, where appropriate, by 
an implementation in the Excel tool, which is 
also referred to in the respective section.

Section 4.2 addresses the various domains 
in which the Carbon Beta concept could be 
usefully applied on an aggregated level – from 
aiding national policy-making to decision-mak-
ing in the business sector. This representation 
could be of particular interest to a number of 
potential stakeholders in politics, regulatory 
bodies, and portfolio management.

Section 4.3 examines in more detail a case 
study involving the special role of the financial 
sector and banks.

Section 4.4 switches to the perspective of a 
portfolio manager. This perspective is main-
tained up to Section 4.6 and begins with strate-
gies for managing and hedging carbon risks in 
portfolios (Section 4.4).

This is followed by two approaches to 
portfolio allocation using the Carbon Beta: 
the “Best-in-class” approach (Section 4.5) and 
“Factor Investing” (Section 4.6).

Section 4.7 takes the view of analysts in the 
financial market and highlights fundamen-
tal factors influencing the Carbon Beta, that 
support the fundamental analysis of the carbon 
risk at firm level.

The case study in Section 4.8 conducts a 
stress test of a “brown” portfolio.

Finally, Section 4.9 shows how the Carbon 
Beta can be integrated into reporting require-
ments and thus into firm reports. Due to their 
importance in the current discussions, this 
section also deals with the role of financed 
emissions in the reporting of carbon risks.

4.1  Objectives and structure  
of this chapter

The Carbon Beta  
can be used in  various 
 applications as a 
 carbon risk measure.
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The Carbon Betas determined for individual 
financial assets are additive and can thus be 
easily aggregated at different levels. The fol-
lowing presents two examples at country and 
sector level.

Importance of comparing country and 
sector carbon risks in policy decisions

Politics and regulatory authorities are forced 
in their decisions to keep an eye on the big pic-
ture, preferably taking into account all possible 
chains of effects and side effects. It is thus often 
necessary and reasonable for decision-making 
bodies to define scenarios and analyze them 
with a view to potential political measures at 
aggregated level.

This also applies to climate policy. An 
analysis of the Carbon Beta at country level 
reveals how sensitively a country – or more 
precisely the sum of its (listed) firms – reacts to 
unexpected changes in the transition process 
towards a Green Economy. Understanding the 
current situation and being able to compare it 
with other countries can provide a government 
with information on the efficiency and efficacy 
of its climate policies. In addition, understand-
ing the Carbon Beta at sector level provides 
important indications. The effects of regulating 
certain industries through government policy 
decisions, such as the phasing out of coal pro-
duction, can thus be evaluated.

4.2  Determining the carbon risk  
at country and sector level*
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Points of contact in  
portfolio management

Even decision-making bodies in smaller 
organizational units are regularly confronted 
with similar issues. If, e.g., portfolio managers 
are considering country- or sector-specific in-
vestment strategies, they are interested, among 
other things, in the carbon risks of their stock 
portfolio, which may be concentrated on Ger-
many. Being able to calculate the Carbon Beta 
at both the country and sector level permits 
portfolio managers to analyze their portfolio 
allocation strategies with regard to carbon risks 
and to compare them to relevant country- and 

industry-specific benchmarks. In this way, they 
can assess the carbon risk of their portfolios, 
which can be useful in portfolio adjustment 
strategies. Moreover, a clear view of the distri-
bution of the Carbon Beta within a country and 
sector can help develop investment strategies 
according to the Best-in-class approach (see 
Section 4.5) as well as to provide investors 
with more comprehensive information (see 
 Section 4.9).

Methodology: Determining the  
aggregated Carbon Beta

The Carbon Beta of a country and sector can 
be determined on an equal- or value-weighted 
basis. If the Carbon Betas are equally weighted, 
the aggregated Carbon Beta corresponds to the 
mean value of the Carbon Betas of the individ-
ual financial assets. For certain problems, it is 
reasonable to weigh the Carbon Betas of the in-
dividual financial assets with the market capi-
talization of the assets in order to arrive at a 
value-weighted Carbon Beta. Various diagrams 
such as the “box-and-whisker plot” can be used 
to help visualize the results (see Info Box 6).

Steps for determining the  
Carbon Beta of a country or sector: 

 1  Specify the country/sector  
to be analyzed

 2  Select the relevant stocks  
per country/sector

 3  Determine the Carbon Beta  
per stock

4  Aggregate all Carbon Betas within  
a country/sector

 5  Illustrate the Carbon Betas graphically using, 
e.g., maps or box-and-whisker plots

 6  Analyze country-/sector-specific  
Carbon Betas and derive appropriate measures
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Box-and-whisker plot

The box-and-whisker plot or box plot is used to 
graphically display the values distribution of certain 
characteristics.

The diagram is structured as follows: the rectangle or 
box shows the area in which 50 percent of the obser-
vations are located. It is limited by the lower (Q1) and 
upper (Q3) quartile, the so-called interquartile range 
(IQR). Inside the box there is a marker identifying the 
median. The antennas (“whiskers”) can be found left 
and right outside the box. The whiskers mark 1.5 times 
the interquartile range starting from the lower and 
upper quartile. Each whisker thus covers approximately 
25 percent of observations.

To illustrate the distribution of the values, Figure 23 
shows the box-and-whisker plot of a standard normally 
distributed characteristic and below the corresponding 
density function. By definition, the median is zero. The 
interquartile range covers 50 percent of observations 
and is limited by 0.6745 times the standard deviation 
from left and right. The whiskers close absolutely at 
2.698 times the standard deviation of the normal distri-
bution. This corresponds in each case to 24.65 percent 
of the observations. 

Figure 23: Box-and-whisker plot and density function of the normal distribution

So
ur

ce
: h

tt
ps

:/
/c

om
m

on
s.

w
ik

im
ed

ia
.o

rg
/w

ik
i/

Fi
le

:B
ox

pl
ot

_v
s_

PD
F.

sv
g

I N F O B OX 6

Q1 Q3
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Q3 + 1.5 × IQRQ1 − 1.5 × IQR
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50%24.65% 24.65%
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Figure 24: Carbon Beta at country level

Example application at country level

In the following, as many countries as 
possible are to be compared (Step 1), with the 
list of countries being restricted to those with a 
sufficient availability of time series of returns 
and market capitalizations (Step 2) – namely at 
least 30 firms per country. For statistical rea-
sons, it is reasonable to have as many firms per 
country as possible in order to derive meaning-
ful results, which usually reduces the estima-
tion error for the Carbon Betas. A Carbon Beta 
for each of these firms is estimated (Step 3). 
Subsequently, the Carbon Betas of the firms of 
a country are value-weighted according to their 
market capitalization (Step 4). For illustrative 
purposes, the Carbon Betas are displayed 
graphically in a map (Step 5). The colors reflect 
the carbon risk relative to all countries consid-
ered (see Figure 24). “Brown” represents a rela-
tively high Carbon Beta and “green” a relatively 
low Carbon Beta.

 

The interpretation based on the data 
used here is as follows (Step 6): as expected, 
European countries show a low Carbon Beta. 
Especially the ambitious climate policy of the 
European Commission, such as the implemen-
tation of the EU Emissions Trading Scheme, 
might speak for Europe becoming a role model 
with regard to the transition process towards 
a Green Economy. In contrast, South Africa, 
Brazil, and Canada show a high positive Carbon 
Beta (shown in “brown”). According to the Cli-
mate Action Tracker (2018), the climate policy 
of these countries is regarded as insufficient. A 
further analysis of the climate policy of these 
countries, from which future measures could 
be developed, would be a logical conclusion 
based on this result.
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Example application at sector level

In the following, the same dataset is used 
as in the previous example (Steps 1 and 2), 
the Carbon Betas of the individual stocks are 
determined (Step 3), and the Carbon Betas of 
the single sectors are illustrated in a box-and-
whisker plot (Steps 4 and 5) (see Figure 25). The 
sectors are sorted in ascending order based on 
the median of their Carbon Beta.

The Box-and-whisker plots make it easy to 
recognize that the bandwidth of the Carbon Be-
tas is relatively large. This insight is particularly 
important for the implementation of a Best-in-
class approach (see Section 4.5).

Furthermore, some expected patterns 
result. Both the basic materials and energy sec-
tors have a positive Carbon Beta in the median, 
meaning that sectors known to be “brown” are 
also identified as such by the Carbon Beta. The 
technology sector, on the contrary, shows a 
Carbon Beta with the median close to zero, and 
is thus considered to be “neutral” with regard 
to carbon risks (Step 6). 

Portfolio managers can therefore see that 
investing in the energy sector will tend to 
produce a “brown” portfolio. At the same time, 
however, they see that it is quite possible to 
obtain low positive to negative Carbon Betas 
by selecting appropriate stocks in the energy 
sector.

Figure 25: Box-and-whisker plots of the Carbon Betas broken down by sector
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 1
An evaluation of the carbon risk at country level can 
be found in the worksheet “Countries”.  2

On the right side of the worksheet are the already 
aggregated Carbon Betas per country.

3For applying the CARIMA concept at country 
level, the accompanying Excel tool contains 
a corresponding worksheet for the example 
application. This worksheet “Countries” can 
be accessed either directly via the table of con-
tents or via the sheet register.
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 3
For illustrative purposes, the Carbon Betas per country 
are shown in a map. This graphic will not change 

when the data on the right is changed, since the application 
is based on an Excel chart type (“choropleth map”) that is 
only available for the newest Office versions.

1

2
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 1
An evaluation of the carbon risks at sector level  
using box-and-whisker plots can be found in the 

 worksheet “Sectors”.

 2
On the right side of the worksheet are the statistics of 
the already aggregated Carbon Betas per sector. 

“Carbon Beta Q1” stands for the value of the first quartile of 
the Carbon Betas of a sector, “Carbon Beta Median” for the 
median of the Carbon Betas within the respective sector, and 
“Carbon Beta Q3” for the value of the third quartile of the 
Carbon Betas of a sector. These values can be changed.

3For applying the CARIMA concept at sector 
level, there is a corresponding worksheet for 
an example application in the accompanying 
Excel tool. This worksheet “Sectors” can be 
 accessed either directly via the table of con-
tents or via the sheet register.
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 3
For illustrative purposes, the Carbon Betas per sector 
are displayed in a box-and-whisker plot. If the values 

on the right are changed, the diagram adjusts accordingly.

1

2
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“brown” country “neutral” country “green” country

Panel A. Banking sector

Ø Carbon Beta 0.250 0.135 –0.337

∆ “neutral” country –0.116**

∆ “green” country –0.587*** –0.472***

Panel B. Financial sector

Ø Carbon Beta 0.267 0.121 –0.305

∆ “neutral” country –0.147***

∆ “green” country –0.572*** –0.425***

The following section shows how to possi-
bly apply the Carbon Beta concept to financial 
institutions. As can be seen in Figure 25, even 
firms in the financial sector are exposed to 
carbon risk. 

In principle, financial institutions generate 
little to no CO2 emissions in their day-to-day 
operations. Accordingly, emission reduction 
targets are not relevant either. However, the 
Carbon Beta also measures the carbon risk that 
financial institutions are subject to through fi-
nancing “brown” firms and projects. Banks that 

finance “green” firms should have 
a lower Carbon Beta than those 
financing “brown” firms, since the 
carbon risk of the financed firm is 
transferred to the funding institu-
tion.

Assuming that financial insti-
tutions are increasingly acting 
as lenders to local and domestic 

firms, it can be hypothesized that financial 
institutions will be significantly influenced by 
the carbon risk of firms operating domestically, 
as they are financing local firms and projects. 

In order to test this hypothesis, the average 
Carbon Beta of banks of each country can 
be compared to the average Carbon Beta of 
non-financial firms. First, the average Carbon 
Beta of all firms in the non-financial sectors is 
calculated for each country. On this basis, all 
countries are classified into one of three cate-
gories − high, medium, and low Carbon Beta, 
which describes the extent to which the firms 
of each country are exposed to carbon risks; 
the countries are correspondingly categorized 
as “brown”, “neutral”, or “green”. 

The average Carbon Beta of banks in all 
“brown”, “neutral”, and “green” countries is 
then determined (see Table 14 Panel A.).

 

4.3  Case Study: Carbon risk in the 
banking and financial sector*

Table 14: Carbon Betas in the banking and financial sector

Understanding 
the carbon risk in 
the banking and 
 financial sector 
is important for 
 portfolio managers.
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Banks in “brown” countries have an average 
Carbon Beta of 0.250. In a “neutral” country, 
the Carbon Beta is 0.135 and a bank in a “green” 
country has a Carbon Beta of –0.337. This 
shows that banks in “green” countries have a 
significantly smaller Carbon Beta (–0.587) than 
banks in “brown” countries. Compared to a 
“neutral” country, banks in “green” countries 
show a 0.472 smaller Carbon Beta. The spread 
between “neutral” and “brown” countries is 
somewhat smaller at –0.116.

These interrelationships also emerge when 
one analyzes not only banks, but the financial 
sector as a whole (see Table 14, Panel B.). In 
this analysis, the financial sector includes 
banks, asset management, brokers and ex-
changes, credit services, and insurances.

The Carbon Beta of the financial sector can 
also be considered at country level. Figure 26 
displays the value-weighted Carbon Beta of the 
financial sector of the individual countries. The 
map follows a similar color scheme to that used 
for all firms (Figure 24).

These insights suggest that financial insti-
tutions are exposed to the carbon risks of their 
operational site. Even if firms of the financial 
sector are “clean”, they are nevertheless sus-
ceptible to the risks of the transition process 
of the economy through the financing of firms 
and projects in their country. This insight can 
also be important for portfolio managers and 
investors taking carbon risk into consideration. 

Figure 26: Carbon Betas of the financial sector at country level
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 1
An evaluation of the carbon risks at sector level is 
displayed on a map on the worksheet “Financial 

Sector”, as an example of how sector data can be conveyed 
(e.g. for the financial sector).

 2
On the right side of the worksheet are the aggregated 
Carbon Betas of a specific sector (in this case the 

financial sector) per country. 

3The accompanying Excel tool contains a cor-
responding worksheet for the example appli-
cation of the CARIMA concept to the financial 
sector. This worksheet “Financial Sector” can 
be accessed either directly via the table of con-
tents or via the sheet register.
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 3
For illustrative purposes, the Carbon Betas of a sector 
per country are displayed on a map. The Excel tool 

graphically presents two examples, namely the Carbon Betas 
of banks and the financial sector. In this instance, the 
graphics do not adjust if the values on the right are changed, 
since the application is based on an Excel chart type 
(“choropleth map”) that is only available for the newest 
Office versions.

1

2
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Portfolio strategies are used, among other 
things, to manage risks in portfolios. Hedging 
strategies are a subcategory of risk manage-
ment strategies; that is, some measures are tak-
en to hedge the portfolio against certain risks. 
A well-known example are exchange risks, 
which can be reduced by including certain 
products, such as currency futures or currency 
swaps, into the portfolio.

Points of contact in practice 

The Carbon Beta enables portfolio man-
agers and investors to deliberately manage 
the carbon risk of their portfolios. On the one 
hand, they can steer the portfolio’s exposure 
to carbon risks to the desired level. Portfolio 

 managers can construct “green” and “brown” 
portfolios in a targeted manner and speculate 
on developments that may occur in the econ-
omy’s transition process (unexpected by the 
market). On the other hand, portfolio manag-
ers can use the Carbon Beta to create portfolios 
that are neutral to carbon risks, i.e. hedged. 
In this way, not only hedging strategies can 
be implemented, but also new portfolios and 
products with a certain carbon risk exposure 
can be generated.

Methodology: Management and  
hedging of carbon risks

A possible scenario may develop as follows: 
a portfolio manager has an existing portfolio 
and would like to actively manage its carbon 
risks. For the composition of his portfolio, he 
can choose from various asset classes such as 
stocks, funds, and corporate bonds. That is, 
he has a number of assets from different asset 
classes at his disposal − for each of which a Car-
bon Beta can be determined (see Chapter 3). 
This serves as a starting point for the manage-
ment of carbon risks.

As the first step, therefore, a Carbon Beta is 
calculated for each potential asset. Next, the 
portfolio manager can determine the Car-
bon Beta for the entire portfolio based on his 
selection of the assets and their weights in the 
portfolio. This is done by value-weighting the 
returns of the assets in the portfolio with the 
corresponding portfolio weights.

As explained in Section 3.7, it may be im-
portant to distinguish between time-constant 
and time-variable weights of the assets in the 
portfolio. Here, the assumption is made that 
the portfolio manager prefers time-constant 
weights and reallocates his portfolio in each 

4.4  Management and hedging  
of carbon risks*

Steps for managing  
carbon risks in portfolios: 

 1  Select the portfolio whose  
carbon risk is to be managed

 2  Determine the desired carbon  
risk level of the portfolio

 3  Determine the Carbon Betas  
of potential portfolios

4  Compare potential portfolios and select  
one with the desired strategy

 5  Implement the  
selected strategy
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period accordingly. The value-weighted returns 
can be summed up to obtain a portfolio return, 
from which the Carbon Beta can be estimated 
(bottom-up approach). Alternatively, the Car-
bon Beta of the portfolio can also be deter-
mined via regression with the known portfolio 
return as dependent variable (top-down ap-
proach). The portfolio manager repeats this for 
different possible portfolio compositions.

Different Carbon Betas can result, depend-
ing on the composition of the portfolio. The 
portfolio manager can test various scenarios 
in portfolio composition and implement the 
result he prefers. In this way, he can hedge his 
portfolio or steer the carbon risk in the desired 
direction. The Carbon Beta thus constitutes a 
tool for measuring and managing carbon risks 
in portfolios.

Example application

In his investment universe, a portfolio man-
ager has several assets at his disposal, namely 
the US Global Investors Precious Minerals 
Fund, the iShares MSCI World Exchange Trad-
ed Fund (ETF), and the stock of Vestas.

It is assumed that the portfolio manager is 
100 percent invested in the US Global Investors 
Precious Minerals Fund. This fund shows an 
average Carbon Beta of 2.60 and is expected 
to be “brown”. The portfolio manager is now 
urged by his investors to actively manage the 
carbon risk of this portfolio (Step 1) and to 
become as neutral as possible towards carbon 
risks (Step 2). If he includes the stock of Vestas 
in his portfolio with a Carbon Beta of –2.15, he 
can neutralize the carbon risks. For  example, 
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if he invests 80 percent in the fund and 20 
percent in the stock, he would obtain a new 
portfolio with a Carbon Beta of 1.64. If, on the 
other hand, the portfolio manager opts for an 
equal weighting of fund and stock in the portfo-
lio, the Carbon Beta would be 0.22 (Step 3). The 
portfolio manager prefers a Carbon Beta of 0.22 
over the significantly higher value of 1.64, thus 
deciding for an equal weighting of fund and 
stock and investing equally in the two assets 
(Steps 4 and 5).

The returns and values of the Carbon Betas 
are displayed in Figure 27. This portfolio 
formation enables the manager to reduce the 
carbon risk of his portfolio.

 Now, it is assumed that the portfolio ma-
nager is convinced that the transition process 
of the economy towards a Green Economy is 
going to accelerate because of political deci-
sions in the foreseeable future (though pres-
ently unexpected by the market). He decides to 
form a portfolio that shows a negative Carbon 

Figure 27: Returns and Carbon Betas for the hedged portfolio and its underlyings
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Figure 28: Returns and Carbon Betas of the “green” portfolio and its underlyings

Beta (Steps 1 and 2). Instead of investing in the 
US Global Investors Precious Minerals Fund, 
he invests in the iShares MSCI World ETF. The 
other half of the available investment volume 
flows into the stock of Vestas. The portfolio 
consisting of 50 percent of the stock and 50 
percent of the ETF has a Carbon Beta of –1.07. 
If the portfolio manager increases the Vestas 
stock to 80 percent, so that only 20 percent is 
invested in the ETF, the Carbon Beta of the new 
portfolio shrinks to –1.72 (Step 3). The portfolio 
manager considers this portfolio to be appro-
priate for his purposes, and implements this 
strategy (Steps 4 and 5).

The returns and Carbon Betas for the 
“green” portfolio decision, the stock, and the 
ETF can be found in Figure 28.

This example makes clear that portfolio 
managers and investors can use the Carbon 
Beta to hedge their portfolios. In addition, 
Carbon Betas can be realized at almost any 
magnitude, i.e. any investment strategy can be 
pursued through the conscious and deliberate 
composition of “green” and “brown” portfolios. 
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 1
Ways of applying the Carbon Risk Factor BMG for 
managing and hedging carbon risks can be found on 

the worksheet “Management and Hedging”.

 2
This area shows the key data for the Carbon Risk 
Factor BMG used. 

 3
In this area, up to two assets can be selected to be 
included in the investment strategy. In the worksheet 

“Asset Returns”, further assets can be added so as to include 
them into the analysis. In addition, the desired weights of the 
assets in the portfolio can be adjusted.

2

3

4A corresponding worksheet for the applica-
tion of the CARIMA concept for the manage-
ment and hedging of carbon risks is available 
in the accompanying Excel tool. This worksheet 
“Management and Hedging” can be accessed 
either directly via the table of contents or via 
the sheet register.
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 5
Here, the user can also select whether the Carbon 
Betas of the assets and the resulting portfolio should 

be estimated rolling (“yes”) or constant (“no”).

 4
In this field, the user can choose whether the weights 
should be time-constant (“yes”) or time-variable (“no”).  6

The three areas on the right side display the descrip-
tive statistics of both of the selected assets and the 

resulting portfolio, as well as their correlations and regres-
sion results. The regression results are constantly estimated 
over the period under consideration.

1

5

6
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This section deals with another investment 
strategy that is widely used – the Best-in-class 
approach. Starting from a total investment 
universe, the best firms in each industry sector 
are selected based on one or more predefined 
characteristics, for example, a set of sustain-
ability characteristics. In this way, portfolios 
would be generated that only invest in firms 
that are leaders in their sector in terms of 
sustainability.

Points of contact in practice 

Best-in-class approaches can be found, for 
example, in the composition of indices, such as 
the Dow Jones Sustainability Index. Such indi-

ces serve as benchmarks and thus as a basis for 
other financial products.

Portfolio managers and investors can im-
plement their own strategies with Best-in-class 
approaches und thus explicitly take carbon risk 
into account without sacrificing investments 
in certain sectors. Furthermore, portfolios can 
be easily created that also serve as benchmarks 
for already existing investment products.

Methodology: Best-in-class approach 
based on the Carbon Beta

Portfolio managers can implement a Best-
in-class approach as follows: the Carbon Beta 
of stocks for a given investment universe is 
determined via regression (see Chapter 3). With 
the result, stocks are then selected with the 
lowest Carbon Beta in each sector. This group 
of stocks is referred to as the “Best-in-class” 
portfolio. The stocks with the highest Carbon 
Beta within their sector are grouped into the 
“Worst-in-class” portfolio, i.e. the “brown” 
portfolio. 

Various threshold values are conceivable 
for these two portfolios. For example, the Dow 
Jones Sustainability World Index is constructed 
in such a way that the selected firms are among 
the top ten percent of sustainable firms in 
terms of the defined sustainability character-
istics (S&P Dow Jones Indices, 2019). For this 
threshold, all stocks would be ranked accord-
ing to their Carbon Beta, and those with the ten 
percent lowest Carbon Betas would be selected. 
In the next step, the weighting of the sectors 
in the portfolio can be freely chosen. Portfolio 
managers can indicate, for example, that they 
wish to over- or underweight certain sectors in 
their portfolios.

4.5  Best-in-class approach based  
on the Carbon Beta*

Steps for the  
Best-in-class approach based 
on the Carbon Beta: 

 1  Define the  
investment universe

 2  Select the  
investment strategy

 3  Determine the Carbon Betas  
at stock level

4  Compile the Best-in-class and Worst-
in-class portfolios based on a defined 
threshold value

 5  Implement the  
investment strategy
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Figure 29: Best-in-class approach across eleven sectors

Investment Universe Best-in-class Portfolio Worst-in-class Portfolio

Carbon Beta 0.01 -0.50 0.52
Sharpe Ratio 0.41 0.44 0.39
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Example application

The portfolio manager has a global invest-
ment universe at his disposal (Step 1). From 
this, he forms a portfolio that is invested equal-
ly in all sectors. Maintaining this balance, he 
also now offers “green” or “brown” portfolios 
(Step 2). To achieve this, the portfolio manager 
determines the Carbon Betas of the underlying 
stocks via regression (Step 3). The threshold 
value is defined as the median of the Carbon 
Beta within a sector. Stocks below the medi-
an of a particular sector are included in the 
Best-in-class or “green” portfolio, while stocks 
with a Carbon Beta above the median enter the 
Worst-in-class or “brown” portfolio for that sec-
tor (Step 4). The portfolio manager follows this 
procedure for each sector and invests equally 
in the Best-in-class and Worst-in-class portfoli-
os of each sector.

Figure 29 shows an example of this ap-
proach and the results. The average values 
across eleven sectors per portfolio are shown. 
The investment universe contains all available 
stocks, the Best-in-class portfolio includes the 
stocks of each sector with a Carbon Beta below 
the sector median and the Worst-in-class port-
folio includes the stocks with a Carbon Beta 
above the median of the sector. 

The difference between the Carbon Betas of 
the Best-in-class and Worst-in-class portfolios 
amounts to –1.02, whereas the Sharpe Ratios 
(see Info Box 4) do not show any major differ-
ences. In this scenario, portfolio managers and 
investors can maintain the sector allocation of 
their portfolios with a corresponding Sharpe 
Ratio while simultaneously managing carbon 
risk via the Best-in-class approach.
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 1
An application of the Best-in-class approach  
can be found in the worksheet “Best-in-class”.  2

This area shows the investment universe under the 
assumption that investments are equally weighted in 

each sector. The Carbon Beta and the Sharpe Ratio of this 
hypothetical portfolio are displayed in the data table.

2

In the accompanying Excel tool, there is 
a corresponding worksheet for an example 
application of Best-in-class approaches. This 
worksheet “Best-in-class” can be accessed 
either directly via the table of contents or via 
the sheet register.
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 3
The slider determines which top percent and  
bottom percent of the stocks measured by the Carbon 

Beta are included in the Best-in-class (left) or Worst-in-class 
(right) portfolio.

 4
The two areas on the right illustrate the  
Carbon Beta and the Sharpe Ratio of the Best-in-class 

and Worst-in-class portfolio. They readjust automatically to 
the slider settings.

1

3

4
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This section highlights the popular invest-
ment strategy “Factor Investing” in connection 
with the management of carbon risks. While 
in Section 4.4 the Carbon Beta serves as target 
function in the portfolio composition, here it 
enters the investment strategy as secondary 
constraint.

In Factor Investing, stocks are selected 
based on certain factors, such as firm size or 
book-to-market ratio. The ultimate objective is 
to generate a stock portfolio that shows certain 
characteristics (exposures) with respect to 
these factors across all stocks. Under certain 
conditions, this approach ultimately leads to 
more efficient portfolios (Invesco, 2018).

According to the Global Factor Investing 
Study 2018 of Invesco, risk reduction and better 
control over the risk exposure of a portfolio 
are key reasons to implement Factor Investing 
strategies. In addition, factor strategies can 
easily be used to reflect a thematic focus, for 
example with regard to ESG risks in the portfo-
lio (Invesco, 2018). It can be assumed that the 
integration of ESG issues into Factor Investing 
will continue to gain importance in coming 
years. It is thus obvious that carbon risks will 
also find their way into new factor strategies.

Points of contact in practice 

By taking the Carbon Beta into account, 
portfolio managers and investors can incorpo-
rate carbon risk into the composition of their 
portfolios. The Carbon Beta, for example, can 
be used to construct a multi-factor strategy 
aimed at specifying a specific carbon risk 
without deviating from the original investment 
strategy. This enables portfolio managers to 
consider investors’ preferences regarding car-
bon risks in conventional strategies.

Methodology: Factor Investing  
based on the Carbon Beta

The following scenario is considered: a 
portfolio manager wants to achieve a certain 
level of carbon risk for his portfolio while 
maintaining the sensitivity (betas) to the risk 
factors market, SMB, and HML. In other words, 
he implements a conventional multi-factor 
strategy and sees a value added through the 
additional management of the carbon risk of 
his portfolio.

To implement this strategy, stocks are divid-
ed into portfolios based on their factor load-
ings. Based on this classification, the portfolio 

4.6  Factor Investing taking  
carbon risks into account*

Steps for Factor Investing  
taking carbon risks into account: 

 1  Determine all factor betas  
for all stocks

 2  Select the  
factor strategy

 3  Implement the factor strategy  
based on portfolio formation 

4  Classify the portfolios into “brown”  
and “green” based on the Carbon Betas

 5  Implement the  
investment strategy
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manager can select those portfolios which 
exhibit the desired sensitivities with regard to 
the factors market, SMB, and HML. In order to 
take the carbon risk into account, the portfolio 
manager then classifies the underlying stocks 
according to their Carbon Beta. In forming 
“brown” and “green” portfolios, the threshold 
for the Carbon Beta can be freely selected. It 
would thus be conceivable to select the median 
of the Carbon Betas or the top and bottom ten 
percent of the stocks measured by their Carbon 
Beta as a threshold. Similarly, the portfolio 

manager can freely decide which value the 
Carbon Beta should take. In this scenario, the 
Carbon Beta is considered in the second place. 
It is also conceivable that the secondary con-
straint of the Carbon Beta enters the procedure 
simultaneously with the other factors. This is 
neglected here for simplicity’s sake.

Composing the factor portfolios requires 
that all factor sensitivities, including the Car-
bon Betas, have been determined at stock level 
on the basis of a multi-factor regression.
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Optimization models can also be used to 
implement such strategies (such as the MSCI 
Barra Global Equity Model; MSCI, 2017).

Example application

The portfolio manager’s investment uni-
verse consists of global stocks. He determines 
all factor sensitivities for each of these stocks 
(Step 1) and chooses a multi-factor strategy. 
The sensitivities with regard to the factors mar-
ket, SMB, and HML are crucial, whereby two 
portfolios with similar sensitivities should exist 
while being “brown” or “green” depending on 
investors’ preferences (Step 2).

In a three-step procedure, the portfo-
lio manager sorts all stocks into portfolios 
according to their sensitivities with regard to 
the factors market, SMB, and HML (Step 3). For 
portfolio formation, a quintile classification is 
carried out (see Info Box 7). 

Each of these portfolios is then categorized 
as either a “green” or “brown” Carbon Beta 
portfolio based on the median of the Carbon 
Betas of the stocks in that portfolio (Step 4). 
Investments can now be made into these 
portfolios according to the multi-factor strategy 
selected (Step 5).

Figure 30 shows four potential portfolios. 
If the portfolio manager adopts a multi-fac-
tor strategy based on the entire investment 
universe without taking the Carbon Beta into 
account, he obtains a portfolio with a Carbon 
Beta of –0.02 which is almost neutral to carbon 
risks. 

wI N F O B OX 7

Portfolio formation  
in Factor Investing

Portfolios can be constructed according to a 
variety of principles. In the following, a quintile 
classification is considered. All stocks are divided 
into quintiles based on their market betas. Sub-
sequently, each of these five quintile portfolios 
is sorted into five portfolios based on the SMB 
betas of the stocks they contain. This results in 
25 portfolios. Each of these portfolios is now 
divided into five portfolios according to the HML 
betas of the stocks they contain. This results in 
a total of 5x5x5 portfolios which each show a 
certain sensitivity, i.e. beta, to the factors market, 
SMB, and HML.

A portfolio manager can select one of these 
portfolios to manifest a desired sensitivity to the 
risk factors. In this example, the average values 
across all these 125 portfolios are considered.
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From this investment universe, portfolios 
are now selected which, as described above, 
show a Carbon Beta below the median (“green” 
portfolio) and above the median (“brown” 
portfolio). These two portfolios represent the 
possible extreme cases. Generally, a portfolio 
manager will set a bandwidth for the carbon 
risk of his portfolio. In this case, one could 
imagine that the portfolio manager prefers a 
slightly positive Carbon Beta between 0.15 and 
0.25. He can easily implement this by compos-
ing his portfolio accordingly, for example by 

combining the “brown” and “green” portfolio 
with different weightings. This is demonstrated 
by the investor portfolio with a Carbon Beta of 
0.20, for example.

The portfolio manager can thus realize any 
level of the Carbon Beta. It is striking that in all 
four portfolios the betas of the factors market, 
SMB, and HML differ only marginally, but 
the Carbon Beta can be steered towards any 
desired level.

Figure 30: Carbon Betas in Factor Investing

Investment Universe "Green" Portfolio "Brown" Portfolio Investor Portfolio

Carbon Beta -0.02 -0.44 0.47 0.20
Beta MKT 0.65 0.65 0.65 0.65
Beta SMB 0.88 0.89 0.87 0.88
Beta HML 0.21 0.22 0.20 0.21
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 1
A representation of Factor Investing can be  
found in the worksheet “Factor Investing“.

 2
An aggregated portfolio of all 5x5x5 portfolios in the 
investment universe is formed. For this portfolio, the 

Carbon Beta, the market beta (“Beta MKT”), SMB beta (“Beta 
SMB”), and the HML beta (“Beta HML”) are reported.

 3
This area shows the “green” portfolio. For this purpose, 
each stock of the 5x5x5 portfolios is sorted into a 

“green” portfolio if its Carbon Beta is below the median of 
the respective portfolio. For illustrative purposes, all “green” 
portfolios are aggregated equal-weighted. This part shows 
the average values of the Carbon Betas, market betas (“Beta 
MKT”), SMB betas (“Beta SMB”), and HML betas (“Beta HML”) 
of the 5x5x5 “green” portfolios.

2

For the application of the CARIMA concept 
in Factor Investing there is a corresponding 
worksheet in the accompanying Excel tool for 
an example application. This worksheet “Factor 
Investing” can be accessed either directly via 
the table of contents or via the sheet register.
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 5
The Carbon Beta of the investor portfolio can be 
changed using the slider. Different scenarios are 

shown here as examples.

 4
This area shows the “brown” portfolio. For this 
purpose, each stock of the 5x5x5 portfolios is sorted 

into a “brown” portfolio if its Carbon Beta is above the 
median of the respective portfolio. For illustrative purposes, 
all “brown” portfolios are aggregated equal-weighted. This 
part shows the average values of the Carbon Betas, market 
betas (“Beta MKT”), SMB betas (“Beta SMB”), and HML betas 
(“Beta HML”) of the 5x5x5 “brown” portfolios.

 6
This area contains the investor portfolio created by 
the slider. For this portfolio, the Carbon Beta, market 

beta (“Beta MKT”), SMB beta (“Beta SMB”), and HML beta 
(“Beta HML”) are reported. The graph changes automatically 
by adjusting the slider.

1

3 4

5

6
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Investment decisions are regularly made by 
both private and institutional investors based 
on the forecasts of stock analysts. In this con-
text, the analysts have to adequately consider 
all risks of the firms. Non-financial indicators, 
such as “sustainability” of a firm, are difficult 
to assess in terms of their risk impact. Since 
the importance of such indicators is steadily in-
creasing, however, it becomes more and more 
important for analysts to include risks such as 
those connected to the sustainability of firms 
– and as a special case carbon risks – in their 
analyses of firms.

Points of contact in practice 

In this context, determinants of the Carbon 
Beta can be interesting starting points for the 
analysis of firms. Analysts can use the values of 
these determinants to sharpen their analyses 
by drawing conclusions about carbon risks 
from fundamental firm data. In addition, they 
can derive recommendations for firms as part 
of “engagement strategies”. Engagement strat-
egies in the area of climate aim at encouraging 
firms to adopt more climate-friendly approa-
ches, for example by exercising voting rights.

Determinants of Carbon Beta

It is to be expected that expenses for re-
search and development (R&D) and Property, 
Plant, and Equipment (PPE) can give an at least 
partial indication of the carbon risk of a firm. 

The level of expenses for R&D can indicate 
how much innovation and investment in (also) 
clean technologies is taking place. The higher 
these expenses are, the less vulnerable a firm 
is likely to be to unexpected changes in the 
transition process.

PPE partially reflects the inventory of legacy 
assets and stranded assets. Furthermore, in 
the event of an unexpected turn in the tran-
sition process, existing PPE can often only be 
modernized or replaced at high monetary cost, 
which may place an above-average burden on 
firms strongly impacted by such events. A high 
level of PPE therefore suggests that the firm is 
“brown”, i.e. that in the event of unexpected 
changes in the transition process towards a 
Green Economy, the value of such firms will 
tend to fall compared to those that are only 
averagely affected by such changes.

Based on this interpretation, these two 
fundamental characteristics could be consid-
ered to significantly influence the Carbon Beta 
and thus be the focus of analysts’ attention. Of 
course, there are various other possible interre-
lationships on which to base such assumptions. 
The analyses shown here are therefore only 
examples of such applications.

Methodology: Determining  
the fundamental influencing factors  
of the Carbon Beta

Analysts can empirically test the relation-
ship between the Carbon Beta of a firm and 
fundamental firm data. To do so, they first 
estimate the yearly Carbon Betas of each firm 
and collect the fundamental firm data. 

The relationship between the Carbon Beta of 
a firm and its fundamental data is then deter-
mined by means of a regression analysis. In the 
following example, the Carbon Betas of a firm 
(βi,t

bmg ) are explained by the firm-specific R&D 
expenses (R&Di,t)and the firm-specific values of 
PPE (PPEi,t). In order to control for effects from 
further fundamental data, the leverage ratio 
(Levi,t), the book-to-market ratio (BMi,t), cash 

4.7  Fundamental analysis  
of the carbon risk of a firm
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(LIQi,t), return on assets (ROAi,t), and net sales 
(Salesi,t ) are included as control variables. This 
results in the regression Formula (15).

The regression coefficients of the firm’s fun-
damental characteristics β1,i, β2,i,…, β7,i measure 
the average effect of those characteristics on 
the firm’s Carbon Beta. For example, if expens-
es for R&D increase by one unit, the Carbon 
Beta changes on average by β1.

This conclusion permits analysts to attribute 
a firm’s carbon risk to fundamental factors. Ac-
cordingly, carbon risks can be better integrated 
into existing firm evaluation strategies.

Example application

A large number of global firms is selected 
for the example application (Step 1) and a 
dataset consisting of the aforementioned fun-
damental data is compiled (Step 2). Since these 
data are usually available on an annual basis, a 
yearly Carbon Beta per firm is estimated from 
daily return data (Step 3) and subsequently 
different types of regressions are performed 
(Step 4).

Since this is a dataset with several firms 
observed at different points in time, a so-called 
“panel dataset” is at hand. The panel regres-
sions performed below include “fixed effects” 
with regard to country, industry, and time (see 
Info Box 8). Table 15 shows the results of a 
number of regressions with different specifi-
cations regarding the inclusion of these fixed 
effects.

As assumed, there is a significantly negative 
relationship between R&D expenses and the 
Carbon Betas of firms across all specifications. 
This means that firms with higher investments 
in innovations and clean technologies tend to 
have a lower Carbon Beta, i.e. they are “green-
er”. In contrast, there is a significantly positive 
relationship between the values of PPE and the 
Carbon Beta. Firms with high PPE therefore 

Steps for the fundamental  
analysis based on the Carbon Beta: 

 1  Select the firms  
to be analyzed

 2  Collect all relevant  
fundamental data

 3  Determine the Carbon Beta  
of the firms in question

4  Assess the relationship between  
the Carbon Betas and the fundamental  
data via regression

 5  Interpret  
the results

βi,t
bmg = αi + β1,i R&Di,t + β2,i PPEi,t + β3,i Levi,t + β4,i BMi,t + β5,i LIQi,t + β6,i ROAi,t + β7,i Salesi,t + εi,t (15)
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have on average a higher Carbon Beta, i.e. 
they are “browner”. In summary, investments 
in innovations and clean technologies reduce 
the Carbon Beta, whereas legacy assets and 
stranded assets increase the Carbon Beta of a 
firm (Step 5).

This shows that the Carbon Beta is sig-
nificantly influenced by the fundamental 
characteristics of firms. Analysts can use this 
interrelationship to assess the carbon risks of 
a firm for which no Carbon Betas are availa-
ble. Furthermore, firms themselves can use 
these interrelationships to reduce carbon risks 
through appropriate business policy measures.

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

R&D −0.02*** −0.02*** −0.02*** −0.02***

PPE 0.04*** 0.01** 0.04*** 0.04***

Leverage ratio 0.02*** −0.01*** 0.02*** 0.02***

Book-to-market ratio −0.16*** −0.00 −0.16*** −0.15***

Cash −0.04*** −0.01*** −0.04*** −0.04***

Return on asset −0.00 −0.01*** −0.00 −0.00

Net sales −0.02*** 0.00 −0.02*** −0.02***

Country fixed effects no yes no no

Industry fixed effects no no yes no

Time fixed effects no no no yes

Observations 30,664 30,663 30,664 30,664

Table 15: Panel regressions
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Panel regressions and fixed effects

Panel regression is a method for the statistical analysis of 
panel data. Panel data combines the cross-sectional and time 
dimension and thus allows to examine the unobservable heter-
ogeneity in the data.

An example of panel data is fundamental data of several 
firms over time. Fundamental data from firms’ annual reports 
is available over several years for a large number of firms. This 
results in a panel dataset with cross-sectional (firms) and time 
dimension (years) data.

Firms often show individual effects, which cannot be 
explained by fundamental data, such as country or industry 
affiliation. It may be that a firm is essentially influenced by this 
affiliation, but this is not reflected in fundamental characteris-
tics. For example, the firm is subject to the legal requirements 
of the country in which it operates. This may have influences 
on certain processes and thus on the firm value. These influ-
ences do not affect firms operating in another country. Since 
this characteristic remains constant over the years, it cannot be 
adequately captured by a simple regression analysis.

A panel regression allows this heterogeneity to be modeled 
using fixed effects. For this purpose, dummy variables are intro-
duced in the regression, which are estimated for each unobserv-
able characteristic and can therefore vary individually for each 
firm, since each firm receives an individual estimate for these 
variables. The characteristics can be defined by different catego-
rizations. Usually, the heterogeneity is measured by industry 
groups, country groups, or over time using fixed effects in the 
panel regression. In this way, it can be controlled for changes 
within countries, industries, and fluctuations over time.
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Stress tests are a subsection of scenario 
analysis and usually include (extreme) “worst-
case scenarios”. Even though the terms stress 
test and worst-case scenario are often used, 
there is no universal definition. The result of 
stress tests, however, is always the estimation 
of a loss if a certain scenario occurs. 

In portfolio management, for 
example, stress tests are used to 
assess portfolio risks. For exam-
ple, it can be tested how portfolios 
behave when market conditions 
change, or certain events occur. 
On this basis, hedging strategies 
can be defined in order to mini-
mize or even avoid losses if these 
scenarios actually occur.

In the following, it is demonstrated by 
example how to stress test stock portfolios for 
carbon risks. At the same time, it is basically 
illustrated how carbon risk − but also carbon 
opportunities − can affect the value of stock 
portfolios.

The starting point for modeling carbon 
risks is the stochastic of the Carbon Risk Factor 
BMG. It results from the historical values of 
this factor. Based on this, the possible effects 
on the values of a stock portfolio can be quan-
tified using two basic approaches – analytical 
determination and simulation.

Analytical determination of the  
possible performance of a portfolio

The standard deviation of the historical 
values of the Carbon Risk Factor BMG can be 
used to estimate the stochastic of the Carbon 
Risk Factor BMG (see Section 5.4). Assuming 
the probability distribution of the Carbon Risk 

Factor BMG, the distributions of the possible 
portfolio values can be determined analytically.

A worst-case scenario could then be defined, 
for example, as a loss in value that is exceeded 
in only one percent of the cases. The concrete 
value of this loss can be determined analytical-
ly in the form of the 1% quantile of the distri-
bution of the possible portfolio values.

The advantage of analytical determining 
worst-case scenarios is primarily that they can 
be calculated quickly, and the input factors 
of the calculations can also be varied slightly. 
However, this advantage is offset by the fact 
that they are based on certain assumptions 
regarding the form and properties of the distri-
bution of the Carbon Risk Factor BMG.

In this context, a normal distribution of the 
factor is typically assumed. If, however, the 
historical values of the factor do not permit 
to assume a normal distribution (not even 
approximately), an analytical determination of 
worst-case scenarios is practically impossible. 
In this case, other ways of determining worst-
case scenarios shall be applied. The following 
describes how to use “historical simulation” for 
this purpose.

Simulation of the performance  
of a “brown” portfolio

In order to illustrate the potential effect of 
the carbon risks, the distribution of the future 
values of a “brown” portfolio are simulated 
based on historical returns − hence the name 
“historical simulation”. It is assumed that this 
portfolio has a positive Carbon Beta and is 
neutral to the other risk factors. This could, 
for example, have been specified as part of a 
multi-factor strategy in Factor Investing (see 

4.8  Case Study: A “brown”  
portfolio under stress test

The effects of  
carbon risk on the 
future performance 
of a portfolio can 
be analyzed using 
stress tests.
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Section 4.6). In the following, it is also abstract-
ed from unsystematic risks. This is at least 
approximately feasible if the portfolio is well 
diversified, which is also assumed here.

In principle, the historical simulation can 
also be used to include risks stemming from 
other factors as well as the unsystematic risk of 
the financial asset. In the following, however, 
this possibility is omitted, so that the effects of 
the carbon risk can be analyzed in isolation.

The initial situation is a portfolio with a val-
ue of 100 percent; the possible future values of 
this “brown” portfolio are determined for three 
exemplary cases using historical simulation:

Case 1: The stock portfolio has a Carbon 
Beta of 1. Under the above assumptions, the 
returns of the portfolio thus correspond to the 
returns of the Carbon Risk Factor BMG.

Case 2: It is assumed that the uncertainties 
regarding the transition process increase sig-
nificantly. This is represented by doubling the 
volatility of the Carbon Risk Factor BMG. In the 
course of the historical simulation, this is done 
by multiplying the returns of the Carbon Risk 
Factor BMG by the factor 2.

Case 3: It is analyzed how the portfolio val-
ues develop when the Carbon Risk Factor BMG 
increases by 20 percent. This implementation 
is also simple, since the returns of the factor 
just have to be multiplied by 1.2. This corre-
sponds to an increase in the Carbon Beta of the 
portfolio to 1.2.

The starting point of the following analy-
ses are the monthly values of the Carbon Risk 
Factor BMG for the period from 2010 to 2018. 
All values are corrected by their historical 

mean, so that the expected value of the future 
returns of the Carbon Risk Factor BMG is zero. 
Of course, other expected values can also be 
specified if these are logical from an economic 
point of view. Simply basing the expected value 
of future returns on the average of past returns 
is implausible, however, if it seems likely that 
those past returns were above or below expec-
tations.

For all scenarios, 10,000 simulations of the 
demeaned returns of the Carbon Risk Factor 
BMG are conducted for nine years (108 months) 
and the portfolio values are calculated on this 
basis. The behavior of future returns is thus 
simulated by randomly drawing with replace-
ment from the historical 108 returns of the 
Carbon Risk Factor BMG.

The methodology of historical simulation 
is therefore simple and, in particular, does 
not require any assumption regarding specific 
properties of the distribution of the returns. 
Of course, the assumption has to be made that 
the dispersion of the returns of the Carbon Risk 
Factor BMG is transferable (at least approx-
imately) to the future. In the following, it is 
shown that the extent of the dispersion (in 
principle the volatility of the returns) can also 
be varied slightly in the historical simulation. 
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Figure 31: Development of portfolio values with a Carbon Beta of 1
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Case 1: Carbon Beta of  
the portfolio = 1

The possible performance of the portfolio 
with a Carbon Beta of 1 over a period of nine 
years is displayed in Figure 31 by means of dif-
ferent quantiles. The 1% quintile, for example, 

states that in one percent of all cases it can be 
expected that the portfolio value will lie below 
63 percent after nine years. This could be 
defined as the worst-case scenario. Obviously, 
this does not represent the “worst” scenario, as 
this would be a drop in the value of the finan-
cial asset to zero.
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Figure 32: Development of portfolio values with a Carbon Beta of 1 and  
double volatility of the Carbon Risk Factor BMG
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Case 2: Double volatility  
of the Carbon Risk Factor BMG

Figure 32 shows how a doubling of the vola-
tility of the Carbon Risk Factor BMG affects the 
possible values of the portfolio over nine years. 
The worst-case scenario defined as the 1% 
quantile now states that in one percent of all 
cases it can be expected that the portfolio value 
will lie beneath 38 percent after nine years, i.e. 
a loss in value of 62 percent is to be expected.
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Case 3: Carbon Beta of  
the portfolio = 1.2

If the Carbon Beta is increased to 1.2, there 
is a slightly higher risk for the portfolio values 
over nine years compared to Figure 31. Hence, 
Figure 33 shows a value for the portfolio after 
nine years of 57 percent for the 1% quantile 
(i.e. the worst-case scenario), which corre-
sponds to a loss in value of 43 percent.

Figure 33: Development of portfolio values with a Carbon Beta of 1.2
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The last case considered was not only in-
cluded to show the impact of a different Carbon 
Beta on the portfolio values. It can also serve to 
demonstrate the resulting impact of the market 
factor also showing carbon risk, as has already 
been pointed out elsewhere in the manual.

If, for example, it is assumed that there is a 
positive correlation between the returns of the 
Carbon Risk Factor BMG and the returns of the 
market factor, the effects of this correlation 
can be illustrated by increasing the Carbon 
Beta. As a result, “brown” firms with a Carbon 
Beta greater than zero face an even higher risk, 
whereas the risk of “green” firms with a nega-
tive Carbon Beta is reduced.

The following example can illustrate this: 
the carbon risk of the market could be 0.2, 
while a “green” firm has a Carbon Beta of –0.6 
and a “brown” firm a Carbon Beta of 0.6. The 
carbon risk of the “green” firm including the 
carbon risk of the market would thus amount 
to –0.4, while the carbon risk of the “brown” 
firm rises to 0.8. Thus, the carbon risk of the 
“green” firm is reduced, while the “brown” firm 
has a higher risk.

From an empirical point of view, the carbon 
risk of the market cannot be determined easily; 
moreover, it can be conjectured that it is not 
stable over time. However, if it is assumed that 
the currently existing firms will on average lose 
value rather than profit as the transition pro-
cess of the economy accelerates − which seems 
plausible − then, as assumed above, there is a 
positive correlation between the market index 
and the Carbon Risk Factor BMG. From this 
perspective, “brown” firms are riskier if meas-
ured by the Carbon Beta, while “green” firms 
are less risky.

In summary, these three cases illustrate the 
extent to which the Carbon Risk Factor BMG 
can influence the performance of a “brown” 
portfolio. Applying historical simulation worst-
case scenarios can be used to assess the risks 
for different investment strategies as well as 
asset classes and corresponding strategies for 
the management and hedging of carbon risks 
(see Section 4.4) can be derived.
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The risks associated with the transition 
process (for example stranded assets) can 
play an important role for firms and investors. 
Especially investors who assess a firm from 
an external perspective need information on 
its environmental performance. In order to be 
able to take both financial and non-financial 
aspects into account for investment decisions, 
the EU has laid the first cornerstone for the 
disclosure of non-financial information for 
large firms with Directive 2014/95/EU (Europe-
an Commission, 2014). The Directive stipulates 
that large firms need to include a statement in 
their annual report, which also incorporates 
environmental considerations. The main risks 
in this context should also be made trans-
parent. As a result, the Federal Republic of 
Germany has issued a CSR Guideline (§289b, 
§289c HGB), which has to be implemented by 
firms from the fiscal year 2017 onwards. The 
CSR Guideline substantiates the EU Directive 
and proposes to disclose, among other things, 
greenhouse gas emissions.

As part of the implementation of the EU 
Action Plan, an EU report on disclosure of cli-
mate-related aspects was published in January 
2019 and its recommendations will be incor-
porated into the non-binding guidelines of the 
EU. The TCFD (Task Force on Climate-Related 
Financial Disclosures) also deals with the dis-
closure of non-financial information. However, 
the regulatory requirements for implementa-
tion are either non-binding or too imprecise.

Specific information on  
financial assets required

The measures mentioned above mainly 
relate to the disclosure of firms’ climate-related 
information. This information provides inves-
tors with a more accurate picture of the envi-

ronmental performance of a firm. However, 
it remains difficult to assess the impact of the 
transition process on a particular investment. 
Thus, investors not only need information on 
the impact of the transition process on firms, 
but also on individual financial assets.

Disclosure of the Carbon Beta

Since it is important for investors how 
strongly the returns of financial assets are af-
fected by unexpected changes in the transition 
process, the Carbon Beta provides decision-rel-
evant information for them. Due to the many 
application possibilities of the Carbon Beta, 
carbon risks can be calculated for various 
asset classes (such as stocks, corporate bonds, 
or funds). The disclosure of this information 
increases the quality of reporting enormously.

Relevance of financed emissions

In addition to carbon risks, financed 
emissions are often calculated of financial 
assets. One advantage of this measure is that 
it can be easily calculated when the required 
data is available. When calculating financed 
emissions, the CO2 emissions of firms are in 
principle distributed among the investors. 
In a first step, the CO2 emissions of firms are 
standardized with the help of fundamental 
data. Frequently, sales, number of employees, 
number of units produced, or market capitali-
zation are used for this purpose. In order to cal-
culate the financed emissions of each investor, 
the standardized CO2 emissions are allocated 
to each according to the amount of stocks they 
hold. The emissions can likewise be allocated 
either to debt or equity providers or to both (2° 
Investing Initiative, 2013).

4.9  Reporting of carbon risks  
and financed emissions
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By calculating the financed emissions, 
each investor can determine the level of CO2 
emissions financed by a particular investment. 
This indirectly quantifies the impact of the 
investment on the environment, a prerequisite 
for aligning investment behavior with interna-
tional climate targets.

Among other things, the TCFD has set itself 
the task of formulating recommendations for 
the calculation and disclosure of these carbon 
footprints and financed emissions. The key 
indicator proposed to be disclosed for financial 
assets is the weighted average carbon intensity 
(TCFD, 2017). The Task Force considers the dis-
closure of this key indicator as a first step and 
believes that it will provide investors with deci-
sion-relevant information. The key indicator is 
calculated in two steps (see Formula (16)).

In the last term of the formula, the scope 
1 and 2 emissions of firm i at time t (CO2i,t

) 
are standardized using the revenue of the 
firm (revenuei,t). The standardized emissions 
are then allocated to the respective portfo-
lio according to the portfolio weight of the 
particular investment in the firm. By summing 
up all investments i in a portfolio, the financed 
emissions for portfolio p at time t are obtained 
(FEp,t). In its report “Report on Climate-related 
Disclosures”, the EU refers to the TCFD for the 
calculation of carbon footprints and also pro-
poses this key indicator for reporting (Europe-
an Commission, 2019).

However, the calculation and interpretation 
of carbon footprints and financed emissions 
are limited due to data availability. There still 
does not exist a uniform and binding standard 
on how CO2 emissions should be measured and 
reported. The correctness and completeness of 
the reported data is therefore not (yet) guaran-
teed. It should also be noted that an investment 
decision regarding carbon risk is not possible 
on the basis of these key indicators (Lucas- 

FEp,t = ∑ 
Invi,t

current portfolio valuet  x 
CO2i,t

revenuei,t

 (16)
N

i=1
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Leclin et al., 2013) and further key measures, 
such as the Carbon Beta, have to be used.

Benefits of combined disclosure 

Because calculating the carbon risk of a firm 
based on its direct carbon footprint as well as 
on its financed emissions is relatively simple, 
it would be useful for investors if this key data 
was readily available (i.e. firms were required 
to disclose them). However, since the ratio of 
a firm’s financed emissions is not a measure 
of risk and orienting investment decisions on 
this measure alone would be insufficient, the 
Carbon Beta provides investors with additional 
decision-relevant information. Particularly 
relevant is information on the degree to which 
returns are likely to be impacted by the future 
vicissitudes of the transition process. Using 
a combination that includes both the Carbon 
Beta and reported financed emissions is there-
fore recommended.

Points of contact in practice 

For internal reporting purposes, the Carbon 
Beta can be used as a measure of a firm’s 
carbon risk on the capital market. A regularly 
(internally) disclosed report on the carbon risk 
can serve as a decision aid for firms. For exam-
ple, it would be of interest for the controlling 
division to know how the firm’s carbon risks 
and financed emissions have changed over 
time. Based on this, measures could be taken to 
control and manage these risks. Furthermore, 
asset managers could measure the carbon risk 
of their portfolios by taking into consideration 
the Carbon Beta. This makes it easier to identi-
fy severe changes in risk when restructuring or 
realigning the portfolio.

In keeping with legal reporting require-
ments, regular reports for customers, inves-
tors, and other stakeholders are published as 
part of firms’ external reporting (for example 
in the annual report). Due to its high relevance, 
it is recommended that firms disclose their 
carbon risk on a voluntary basis. It is also 
conceivable that a new category that captures 
information on the carbon risk − determined 
through the Carbon Beta − is introduced. 
Providing information on carbon risk, for 
example in the product information sheet of 
financial instruments or in the regular report 
to stakeholders, would significantly improve 
the reporting quality. It may be of interest for 
potential and existing investors, for example, 
how the Carbon Beta or the financed emissions 
for an investment product have changed over 
time. Such information would enable potential 
investors to assess the stability and the risk pro-
file of the product. Furthermore, existing inves-
tors could ensure that the Carbon Beta remains 
within their individually defined thresholds.

Methodology: Reporting on  
carbon risks and financed emissions

This section considers the reporting that 
financial institutions make for investment 
products with regard to their environmen-
tal status. The first step is to determine for 
which asset class and which financial asset the 
Carbon Beta and the financed emissions are to 
be reported. In addition, it is advantageous to 
include similar financial assets for comparison. 
This makes it easier for investors to assess and 
evaluate the carbon risks of their own financial 
asset. Only the historical time series of returns 
are required to determine the Carbon Betas. 
These are often freely accessible via online 
platforms. In a next step, the Carbon Beta can 
be determined via regression. This is done 
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either by aggregating the returns of the individ-
ual assets of the product (bottom-up approach) 
or via the aggregated product’s time series of 
returns (top-down approach). Subsequently, 
the Carbon Beta can be prepared for reporting 
purposes.

Reporting on a firm’s financed emissions is 
somewhat more complicated due to the lack of 
data. In order to report this key indicator, the 
emissions data for the firms in question have 
to be available. However, there is no guarantee 
that all firms will make this available or that 

the available databases contain the necessary 
data at all or in a complete manner. Hence, 
portfolio managers face the problem of exclud-
ing firms for which no data is available or of 
approximating the missing values by them-
selves (see Info Box 9). Financed emissions can 
then be calculated considering the portfolio 
weights. Portfolio managers obtain compara-
tive values through publicly available reports 
on benchmark products, for example. These 
are now being made available more and more 
frequently.

Steps for reporting carbon risks  
and financed emissions: 

 1  Determine the financial asset for which the 
carbon risk and financed emissions are to be 
disclosed and possibly select additional financial 
assets for comparison purposes

 2  Determine the Carbon Betas  
of the financial assets

 3  Collect the required data points  
to calculate the financed emissions

4  Determine the financed emissions  
of the financial assets

 5  Graphically present and report  
on the key indicators
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How to approximate missing emissions data

Firms are not legally required to disclose their emis-
sions. This results in incomplete emissions data. To close 
these data gaps, many data providers use a variety of 
estimation methods.

The Thomson Reuters ESG database reports estima-
tions for missing scope 1 and 2 emissions data. To do 
this, they apply three different methodologies, depend-
ing on the initial situation. If emission values from 
previous years are available for a firm, this value is used 
as the best approximation. For this purpose, the latest 
available emission value is divided by the number of 
employees and net sales. These carbon intensity meas-
ures are then scaled to the number of employees and 
net sales for the period of interest. The average of these 
two indicators is used as an estimate of the emissions. 
If no historical emissions data is available, a peer group 
is sought within the same industry with similar energy 
consumption per employee. The emissions of this peer 
group are also standardized by the number of employ-
ees and net sales. The emission intensities are then 
multiplied by the number of employees and net sales for 
the firm. The average of these two indicators represents 
the estimated emissions of the firm. Where neither 
emissions nor energy consumption data is available, all 
firms in the same industry serve as the peer group. The 
emissions are determined on the basis of the number of 
employees and net sales as in the other two methods 
(for the methodology, see Refinitiv, n.a.).

MSCI ESG describes two ways to estimate emissions. 
If emissions data from previous years is available, the 
historical emissions per US dollar revenue are scaled up 
to the current revenues. If no emissions data from previ-
ous years is available, the approximation is based on the 
emissions of the industry in question (for the methodol-
ogy, see Shakdwipee and Lee, 2016).

Sustainalytics obtains estimations for emissions 
based on the particular industry. The emissions of firms 
within the same industry are divided by the value of 
their fixed tangible assets, the number of employees, 
and total revenue. The resulting indicators are then 
multiplied by the respective values of the firm of inter-
est. The average of these three approximated emissions 
represents the estimate for the emissions of the firm 
(for the methodology, see Sustainalytics, 2018).

Portfolio managers can apply these methodologies 
to their available database. It also would be feasible to 
select a special peer group containing a small number 
of firms with the same characteristics as the firm for 
which no emissions data is available. As the threshold 
for a reasonable estimation, Thomson Reuters ESG and 
Sustainalytics set the data of at least ten firms as the 
number that should be aggregated.

I N F O B OX 9
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Example application

As an example, a fund is used to illustrate 
how the Carbon Beta and the financed emis-
sions could be reported. A fund manager would 
like to disclose the development of the Carbon 
Beta over time as well as the average financed 
emissions of his “Sustainability” fund. In addi-
tion, he decides to include a MSCI World ETF 
for comparison, since it serves as a benchmark 

for his “Sustainability” fund (Step 1). Overall, 
he hopes that disclosing this information will 
increase the potential investor base.

To report the Carbon Beta over time, he 
estimates monthly Carbon Betas from monthly 
data rolling over 108 months for the period 
from 2010 to 2018 (Step 2). It should be noted 
that in the course of a rolling estimation, there 
is no rolling Carbon Beta for the first months 
of the period under consideration. For the 
financed emissions of his fund, the portfolio 
manager has a good database at hand. Since 
his own database is not sufficient for the 
MSCI World ETF, the portfolio manager relies 
on publicly available information (such as 
 yourSRI.com or climetrics) (Step 3). In this way, 
he can determine the financed emissions both 
for his fund via aggregation of the emissions 
of the individual stocks and for the benchmark 
fund (Step 4). He then chooses an appropriate 
presentation method and integrates it into the 
monthly report and into the product informa-
tion sheet of his “Sustainability” fund (Step 5).

An example is shown in Figure 34. The 
monthly Carbon Betas are displayed in a graph 
over time. On the ordinate axis, the Carbon 
Beta is shown and, on the abscissa, the re-
spective point in time. The average values of 
the Carbon Beta and financed emissions are 
compared in a table.
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Figure 34: Reporting on Carbon Betas and financed emissions 

The fund called “Sustainability” has an 
average Carbon Beta of –0.17 in the time from 
January 2010 to December 2018. This means 
that the fund returns have been influenced 
positively in the past by unexpected changes in 
the transition process of the economy towards 
a Green Economy. Thus, the fund historically 
has a negative Carbon Beta and can therefore 

be described as “green” fund. In addition, at 
51.4 tCO2e (tonnes of CO2 equivalents) per 
million euros invested, the financed emissions 
are significantly lower than those of the MSCI 
World ETF of 138.9 tCO2e.
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Determining and  
validating the Carbon 
Risk Factor BMG

5



Chapter 2 explains the basics of CARIMA in 
a way that is as generally understandable as 
possible and without presenting technical and 
methodological details. These explanations 
are sufficient to empirically assess the carbon 
risk of stocks and portfolios, among others, on 
the basis of the publicly available Carbon Risk 
 Factor BMG, and to interpret the results cor-
rectly from an economic point of view. The aim 
of the second chapter is also to lay the founda-
tions for the applications described in Chapters 
3 and 4, so that users can carry them out inde-
pendently and interpret them correctly.

Objectives of this chapter

This chapter is now designed for advanced 
users who wish to gain a deeper, especially 
methodological, understanding of CARIMA 
in connection with the empirical analyses 
performed. This understanding is particularly 
important for users who do not want to resort 
to the Carbon Risk Factor BMG provided, but 
instead want to determine it themselves.

Although this chapter tries to keep the 
descriptions generally understandable, a basic 
understanding of financial management and 
econometrics is now helpful.

Structure of the chapter

The structure of this chapter is based on 
the CARIMA concept, which is subdivided into 
modules A to E (see the following figure). The 
contents of the modules are briefly explained 
in the following.

Module A: “Master Dataset”: Compilation 
and processing of ESG and capital market 
data into one master dataset (Section 5.2)

Module A describes the integration of four 
market-leading databases to create a new, 
comprehensive master dataset. Furthermore, 
methods for data cleansing and preparation 
as well as the matching of different databases 
are described. The result of this module is a 
meaningful master dataset that can be used for 
further investigations.

This module presents details of the individ-
ual databases to the advanced user. In addi-
tion, the basic procedure for using alternative 
databases is described. The selection process 
is described in detail for Carbon Risk Proxy 
Variables. In addition, problems and challeng-
es in the selection of variables are pointed out. 
This module enables an advanced user to apply 
the principle of the CARIMA master dataset to 
create his own master dataset.

Module B: “Scoring Concept”:  
Fundamental assessment of the  
carbon risk of selected firms with the 
Brown-Green-Score BGS (Section 5.3)

Module B uses a scoring concept to deter-
mine a “Brown-Green-Score” BGS for the fun-
damental assessment of carbon risks for firms. 
The first step is to determine which variables 
of the master dataset are suitable as proxy var-
iables for carbon risks. In the end, 55 variables 
from the master dataset are selected. 

The subsequent scoring concept is able to 
determine the influence of unexpected changes 
in the transition process to a Green Economy 
on the value of a firm using three fundamen-
tal group indicators: “Value Chain”, “Public 

5.1  Objectives and structure  
of this chapter
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E. Applications
· Equity
· Bonds
· Loans
· Portfolios
· Equity and Bond Funds

· Geographic Breakdown
· Sectoral Breakdown
· Reporting
· Fundamental Analysis
· Stress Tests

· Factor Investing
· Best-in-class Approach
· Hedging
· Case Studies
· etc.

A. Master Dataset 
4 Databases
785 ESG Variables
10 Capital Market Variables
~ 40,000 Firms

~ 7,000 Firms

~ 35,000 Firms

~ 10,000 Firms

~ 3,000 Firms

B. Scoring Concept
55 Carbon Risk Proxy Variables:
· 19 on Value Chain
· 26 on Adaptability
· 10 on Public Perception

VALUE 
CHAIN

e.g. Carbon  
Footprint

PUBLIC
PERCEP TION

e.g. Ratings

ADAPTABILIT Y

 

e.g. Strategic
Goals

Brown-Green-Score BGS

GROUP INDIC ATORS

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t

BMGt = Return „Brown“ Firmst – Return „Green“ Firmst

C.  Carbon Risk 
Factor BMG

624 „Brown“ Firms
484 „Green“ Firms

D. Factor Model

Carbon Beta
as Measure of Carbon Risk

Modules of the CARIMA concept
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 Perception”, and “Adaptability”. These three 
group indicators each contain assigned Carbon 
Risk Proxy Variables. 

Finally, the Brown-Green-Score BGS, which 
fundamentally reflects the carbon risk of a 
firm, can be formed from the group indicators.

This module describes in detail the individu-
al steps, from the final selection of Carbon Risk 
Proxy Variables to the aggregation mechanism 
of the scoring concept and the selective classifi-
cation of firms into “brown” and “green” on the 
basis of the Brown-Green-Score BGS. 

The detailed description of the Carbon 
Risk Proxy Variables and the scoring concept 
enables an advanced user to incorporate the 
procedure used in CARIMA to develop his own 
new procedure. In particular, extensions and 
desired modifications can be developed to fit 
the user’s own specific needs.

Module C: “Carbon Risk Factor BMG”: 
Calculating the Carbon Risk Factor BMG 
(Section 5.4)

Quantification of carbon risk in Module C 
is based on an extension of the Nobel Prize- 
winning Capital Asset Pricing Model (CAPM; 
Sharpe, 1964; Lintner 1965; Mossin, 1966). The 
 Carbon Risk Factor “Brown-Minus-Green” BMG 
is added to the standard factor models. The time 
series of returns for this Carbon Risk Factor 
BMG is calculated from a long/short portfolio.

A detailed description of how to construct 
the Carbon Risk Factor BMG, as well as numer-
ous hints for variants in the factor construction 
for, e.g. the development of country- and sec-
tor-specific factors, or the composition of the 
factor portfolios, should give the advanced user 
a detailed understanding of the Carbon Risk 
Factor BMG and support him in the construc-
tion of his own carbon risk factor.

Module D: “Factor Model”: Determining 
the Carbon Beta in various factor  
models and empirical validation of the  
Carbon Risk Factor BMG (Section 5.5)

In order to determine the central carbon 
risk measure, i.e. the Carbon Beta, a time 
series regression with a common multi-factor 
model is necessary to explain returns. Returns 
are explained by the risk drivers, the so-called 
risk factors. 
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In Module D, the OLS estimation of the re-
gression equation is used to technically break 
the return down into individual risk factors. 
The estimated betas correspond to the sensi-
tivity of the firm to the individual risk factors, 
i.e. the extent to which the return of a firm 
changes, ceteris paribus, if the corresponding 
risk factor changes. The estimated sensitivity 
of the Carbon Risk Factor BMG is represented 
by the Carbon Beta.

In this module, the advanced user is first 
taught how to estimate the Carbon Beta. We 
then explain in detail how the developed 
Carbon Risk Factor BMG has unique return- 
estimating properties and cannot therefore 
be represented by conventional risk factors. 
This empirical validation of the Carbon Risk 
Factor BMG and the Carbon Beta can serve as a 
template for the construction of the user’s own 
Carbon Risk Factor.

Module E: “Applications”: Using the  
Carbon Risk Factor BMG in practical  
applications

On the basis of the individually calculated 
Carbon Betas, if applicable, the carbon risks of 
portfolios can not only be quantified in Module 
E, but also managed and reported. Examples 
of the individual asset classes can be found in 
Chapter 3, examples of the various practical 
applications in Chapter 4. These can now be 
reapplied with a deeper understanding of the 
entire CARIMA concept and, if necessary, 
 modified to a user-specific application.
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A. Master Dataset 
4 Databases
785 ESG Variables
10 Capital Market Variables
~ 40,000 Firms

~ 7,000 Firms

~ 35,000 Firms

~ 10,000 Firms

~ 3,000 Firms

B. Scoring Concept
55 Carbon Risk Proxy Variables:
· 19 on Value Chain
· 26 on Adaptability
· 10 on Public Perception

VALUE 
CHAIN

e.g. Carbon  
Footprint

PUBLIC
PERCEP TION

e.g. Ratings

ADAPTABILIT Y

 

e.g. Strategic
Goals

Brown-Green-Score BGS

GROUP INDIC ATORS

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t

BMGt = Return „Brown“ Firmst – Return „Green“ Firmst

C.  Carbon Risk 
Factor BMG

624 „Brown“ Firms
484 „Green“ Firms

D. Factor Model

Carbon Beta
as Measure of Carbon Risk

5.2  Module A: Compiling and processing  
ESG and capital market data into one  
master dataset
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The construction and calculation of the 
 Carbon Risk Factor BMG requires a huge 
amount of fundamental information from 
firms. As part of Module A of the CARIMA 
concept, a comprehensive dataset from four 
leading ESG databases is compiled: (i) Carbon 
Disclosure Project (CDP) Climate Change Ques-
tionnaire, (ii) MSCI ESG-Stats and IVA-Ratings, 
(iii) Sustainalytics ESG Ratings and Emission 
Data, and (iv) Thomson Reuters ESG. In princi-
ple, alternative databases can also be used (see 
Info Box 10).

There are variables in all four databases 
that can indicate whether firms are more likely 
to be “brown” or “green” – or, in other words, 
whether firm values are more likely to be 
positively or negatively affected by unexpected 
changes in the economy’s transition process 
towards a Green Economy. This dataset, 
combined from the four original datasets, is 
referred to as the “Master Dataset”.

w

Alternative databases for constructing a carbon risk factor

Alternative (ESG) databases can be also used to 
construct a carbon risk factor. It is crucial that these 
databases allow a sufficiently accurate assessment of a 
firm’s change in value in the event of unexpected chang-
es in the transition process of the economy. The better 
firms can be divided into highly selective portfolios in 
this respect, the more efficient the carbon risk factor 
calculated from this is.

When selecting alternative databases, it makes sense 
to first look at the database-specific quality of firms’ CO2 
emission data. A good initial starting point for this is a 
publication by Busch, Johnson, Pioch, and Kopp (2018) 
on the consistency of firm-specific CO2 emission data via 
various databases and data providers.

If required data is available in the database, the 
carbon risk of a firm can be fundamentally assessed, for 

example on the basis of emissions in the value chain. 
For a more detailed analysis, as in the CARIMA concept 
however, numerous other variables are needed. 

Data points from a rating or scoring system of a data 
provider can be used to illustrate the public perception 
and reputation of a firm in connection with carbon risk. 
In addition, an alternative database should particular-
ly contain information on the (ESG) management and 
(carbon risk) strategy of firms. In the case of firms, also 
to be taken into account is the progress and future de-
velopment of the firm value in the event of unexpected 
changes in the transition towards a Green Economy. 

If an alternative database contains a significant pro-
portion of comparable variables, it is basically suitable 
for the construction of a carbon risk factor.

I N F O B OX 10
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Preparatory procedures for the construction  
of a carbon risk factor − cleaning up, processing,  
and matching the dataset

When creating a master dataset for the construction 
of a carbon risk factor, it is important for the consistency, 
plausibility, and correctness of the database to apply ap-
propriate procedures to remove and correct data errors.

In the first step, the dataset should be checked for 
possible duplicates and cleaned up so that only unique 
observations are preserved. Since the dataset for the 
construction of the carbon risk factor includes both a 
firm and a time dimension (panel), the uniqueness of the 
observations should necessarily refer to the combination 
of firm identifier and time variable. 

In addition to duplicates, formatting and systematic 
(typing) errors are relatively easy to identify. These also 
include the inconsistent formatting of percentages, 
which may appear as percentages or decimals depend-
ing on the firm and/or time.

Adjusting for implausibly high or low values of the 
individual variables only takes place afterwards, since 
the procedures for eliminating or mitigating these so-
called outliers are usually based on the distribution of 
the respective variables, which would be distorted by 
duplicates or non-uniform formatting. 

The identification of potential outliers should be 
carried out as “sensitively” as possible and on the basis 
of sufficiently clear indications, since there is a danger 
that real extreme values will be mistakenly assessed 
as outliers. The evaluation of descriptive statistics, for 
example a comparison between median, mean value, 
and other position parameters, can be helpful here. In 
addition, a number of graphical visualization procedures 
are available, such as histograms, box-and-whisker 
and scatter plots, as well as statistical outlier tests (for 
example the Dean Dixon test (Dixon, 1950), the outlier 
tests for non-parametric distributions (Walsh, 1950), 
and for normal distributions (Grubbs, 1969)). 

When the outliers have been identified, the question 
arises as to what data cleaning technique to use - elim-
ination or winsorization? The former, also called “trim-
ming”, has the advantage that outliers cannot lead to 
any distortions. Here the outer edges of the size-sorted 
observations are simply deleted. However, the complete 
loss of extreme observations – and the consequent re-
duction of the information base – could have a problem-
atic or at least detrimental effect on the estimation of 
the carbon risk of the firm in question. 

In contrast, winsorization replaces extremes with 
quantiles of the underlying distribution, preserving the 
number of observations. The difficulty in both trimming 
and winsorizing lies with the choice of quantile values.

Since the construction of the carbon risk factor is 
based on information from several data sources, individ-
ual datasets must be combined to form a master dataset. 
Matching is primarily performed via a time variable and 
cross-dataset firm identifiers such as ISIN, SEDOL, and 
CUSIP. The remaining observations, which could not be 
connected due to missing identifiers, can be assigned 
by matching text segments of firm names using string 
matching algorithms.

I N F O B OX 11
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The master dataset

The master dataset used to fundamentally 
identify a sufficient number of “brown” and 
“green” firms contains extensive raw data, 
scores, and ratings in the form of a total of 
785 ESG variables, including the key emission 
data required for further analyses. In addition, 
various key corporate and financial figures 
are included in the further analysis. Basically, 
there are several steps to follow when creating 
and preparing a master dataset (Info Box 11).

The dataset comprises a total of approxi-
mately 40,000 firms over a period from 1991 
to 2017. More than 1.7 million observations 
are available monthly. Much of the available 
information used for the CARIMA approach 
is comprehensive and available in high data 
quality from 2010 to 2016.

All four databases contain CO2 emission data 
at Scope 1 and Scope 2 level and, to a lesser 
extent, at Scope 3 level. This emissions data is 
derived from firm reports and analyses as well 
as from various types of estimates and, taken 
as a whole, give a multi-layered picture of the 

CO2 emissions of firms. In addition, different 
ratings and scores are calculated in all four 
databases. They are determined differently by 
each data provider and often through complex 
procedures. When using a score or a rating, the 
scoring or rating procedure should therefore 
be described in detail so that it can be applied 
generally.

The individual databases used have differ-
ent strengths and weaknesses. By combining 
the databases, some weaknesses in the single 
databases are compensated. For example, the 
dataset contains information on firms that 
was collected using various approaches, such 
as audited annual reports, external scorings 
and ratings, (ESG) analyst assessments, and 
self-disclosures. By combining the databases, 
database-specific distortions can be reduced 
and various estimation methods from analysts 
can be integrated. This gives us an extensive 
selection of firms from which to calculate a 
meaningful Carbon Risk Factor BMG.
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A. Master Dataset 
4 Databases
785 ESG Variables
10 Capital Market Variables
~ 40,000 Firms

~ 7,000 Firms

~ 35,000 Firms

~ 10,000 Firms

~ 3,000 Firms

B. Scoring Concept
55 Carbon Risk Proxy Variables:
· 19 on Value Chain
· 26 on Adaptability
· 10 on Public Perception

VALUE 
CHAIN

e.g. Carbon  
Footprint

PUBLIC
PERCEP TION

e.g. Ratings

ADAPTABILIT Y

 

e.g. Strategic
Goals

Brown-Green-Score BGS

GROUP INDIC ATORS

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t

BMGt = Return „Brown“ Firmst – Return „Green“ Firmst

C.  Carbon Risk 
Factor BMG

624 „Brown“ Firms
484 „Green“ Firms

D. Factor Model

Carbon Beta
as Measure of Carbon Risk

5.3  Module B: Fundamental assessment  
of the carbon risk of selected firms with  
the Brown-Green-Score BGS
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The objective of Module B of the CARIMA 
concept is to determine a Brown-Green-Score 
BGS for a selection of firms, which allows an 
assessment of whether the value of a firm will 
be affected more positively or negatively by 
unexpected changes in the transition process 
of the economy – or in the short formulation of 
whether a firm is fundamentally more likely to 
be classified as “green” or “brown”.

Selecting Carbon Risk Proxy Variables

To make a meaningful selection of Carbon 
Risk Proxy Variables, all 785 ESG variables in 
the master dataset must first be considered. 
A total of 363 variables can be assigned to the 
environmental sector. The remaining variables 
can be attributed to the social and govern-
ance area and, after careful examination, are 
classified as fundamentally unsuitable for the 
construction of the Carbon Risk Factor BMG. 
In total, 131 out of 363 environmental variables 
provide relevant information on emissions, 
emission reduction targets, and numerous 
other features to assess the impact of changes 
in the transition process on the value of firms. 
The remaining variables relate to further envi-
ronmental aspects such as waste production, 
and water consumption.

In order to make a meaningful selection 
from these 131 variables, the first step is to 
ensure that the selected variable data are gen-
erally available to capital market participants. 
It is crucial that all variables are available 
across sectors and countries and for as long as 
possible. If this is the case, one can assume that 

these variables can be used, for example, by 
analysts for firm valuation and stock analysis.

The second step is to check whether differ-
ent variables contain the same information 
about a specific aspect of carbon risk and are 
therefore redundant. A correlation analysis 
has been processed for this purpose. The 
results can be used to choose one of the highly 
correlated variables. The aggregation of similar 
variables in different databases can also be 
considered in order to generate datasets for a 
larger number of firms or for longer periods of 
time.

In the final stage of variable selection, 55 
Carbon Risk Proxy Variables were determined, 
which allow an assessment of expected firm 
values impacted by unexpected shifts in the 
transition process of the economy. These vari-
ables can be observed by capital market partici-
pants and are used, for example, by analysts to 
fundamentally assess the value of stocks.

In order to avoid the size of firms being 
weighted in terms of, e.g. absolute emissions, 
energy consumption or expenditure, these var-
iables are divided by the net sales of the firms 
and thus standardized.

In addition to continuous variables, the var-
iable selection includes a number of discrete 
and binary variables, as well as variables that 
lie within a predefined range, such as data-
base-specific ratings. These are transformed 
according to Formula (17) in order to make 
them comparable.

Data Pointx, new = 
Data Pointx - Minimum(Data Points)

Maximum(Data Points) - Minimum(Data Points)  (17)
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Panel A. Thomson Reuters ESG
Energy Use Total (std.) 51,480 119,343 6,682,551 630.74
CO2 Equivalents Emission Total (std.) 63,959 7,672 465,116 59.69
Clean Technology 72,991 0.76 0.43 1.00
Emission Reduction Prod. Process 72,806 0.49 0.50 0.00
Sustainable Supply Chain 72,806 0.23 0.42 0.00
Renewable Energy Use 72,806 0.32 0.47 0.00
Climate Change Risks/Opportunities 72,806 0.23 0.42 0.00
Energy Efficiency Policy 72,806 0.11 0.31 0.00
Emission Reduction Target/Objective 52,780 0.03 0.16 0.00
Energy Efficiency Target/Objective 36,525 0.05 0.22 0.00
Environmental Investments Initiatives 75,350 0.33 0.47 0.00
Environmental Exp. Investments 75,350 0.51 0.50 1.00
Environmental Expenditures (std.) 29,999 0.01 0.04 0.00
Environmental Partnerships 75,350 0.76 0.43 1.00
Environmental Provisions (std.) 17,677 0.04 0.16 0.01
Policy Emissions 75,350 0.89 0.32 1.00
Environmental R&D Exp. (std.) 8,881 0.09 0.01 0.09
Emission Reduction Score 72,806 16.18 19.76 7.64
Resource Reduction Score 72,806 16.11 19.59 7.93
Environmental Score 72,806 16.14 19.66 7.41
Innovation Score 75,330 38.21 26.05 33.86
Emissions Score 75,330 26.26 20.74 21.52

Panel B. Carbon Disclosure Project
Greenhouse Gas Emissions (std.) 61,760 47,611 1,541,905 61.29
Regulatory Opportunities Sources 70,670 2.64 2.37 2.00
Climate related Opport. Sources 70,670 1.18 1.04 1.00
Regulatory Risks Sources 70,670 1.85 1.87 1.00
Climate related Risks Sources 70,670 1.22 1.25 1.00
Regulatory Opportunities 62,675 0.08 0.27 0.00
Climate related Opportunities 62,648 0.14 0.34 0.00
Regulatory Risks 62,792 0.94 0.24 1.00
Climate related Risks 62,720 0.81 0.39 1.00
Emission Reduction Target 6,871 0.72 1.18 0.00
Disclosure Score 55,676 22.31 18.80 19.00
Performance Band 58,595 4.30 2.12 3.00

Carbon Risk Proxy Variable Obs. Mean Volatility Median
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Panel C. Sustainalytics
Carbon Intensity 59,492 45.07 39.03 50.00
Renewable Energy Use 59,492 85.08 34.78 100.00
Supplier Environmental Programmes 29,321 64.37 34.59 70.00
Sustainable Products & Services 33,978 73.55 30.90 75.00
Scope of GHG Reporting 58,948 28.85 37.87 0.00
Environmental Policy 72,552 39.84 33.38 50.00
Green Procurement Policy 72,552 55.99 33.16 60.00
Renewable Energy Programmes 59,428 78.94 27.49 75.00
Environmental Management System 72,552 25.52 30.78 20.00
Air Emissions Programmes 26,915 67.59 33.23 75.00
Overall ESG Score 72,552 34.22 8.66 34.38

Panel D. MSCI ESG
Opportunities in Clean Tech 21,758 0.66 0.47 1.00
Energy Efficiency 7,039 0.57 0.50 1.00
Opportunities Renewable Energy 2,280 0.57 0.49 1.00
Carbon Emissions 51,357 0.48 0.50 0.00
Regulatory Compliance 13,137 0.10 0.30 0.00
Climate Change Controversies 58,358 0.03 0.18 0.00
Industry-adjusted Overall Score 75,171 4.25 2.30 4.20
Carbon Emissions Score 63,802 2.87 2.46 2.67
Climate Change Theme Score 46,298 2.83 2.67 2.30
Environmental Pillar Score 75,146 4.32 2.03 4.40

Table 16: Descriptive statistics of Carbon Risk Proxy Variables

Carbon Risk Proxy Variable Obs. Mean Volatility Median
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Group indicators for aggregating  
Carbon Risk Proxy Variables

After selecting the Carbon Risk Proxy 
Variables, these variables are assigned to one 
of three group indicators. These group indica-
tors encompass three channels through which 
carbon risk may impact a firm. These “impact 
channels” significantly affect corporate values 
in the event of unexpected changes in the 
transition process. The group indicators are re-
ferred to as “Value Chain”, “Public Perception” 
or “Adaptability” according to their impact 
channel.

Group indicator “Value Chain”

The first group indicator “Value Chain” 
contains Carbon Risk Proxy Variables that 
can reflect the impact of carbon risk across 
a firm‘s value chain. This group indicator 
therefore contains variables that deal with all 
components of a firm’s value chain - such as its 
production, processes, products, technologies, 
and supply chain.

A major part of a firm’s emissions also 
occurs in the value chain. The group indicator 
“Value Chain” therefore particularly captures 
Carbon Risk Proxy Variables that reflect emis-
sions (“CO2 Equivalents Emissions Total”) and 
energy consumption (“Energy Use Total”) of a 
firm.

In addition, further variables are taken into 
account in this group indicator including, for 
example, information on an environmentally 
friendly configuration of the technology used 
in the firm (“Clean Technology”) or the range of 
sustainable products (“Sustainable Products & 
Services”).

The group indicator “Value Chain” thus 
includes numerous Carbon Risk Proxy Vari-
ables that relate to the historical and current 
emissions of a firm and affect the value of the 
firm via the value chain.

Group indicator “Public Perception”

The second group indicator “Public Percep-
tion” consists of Carbon Risk Proxy Variables 
that can map the influence of carbon risks 
through another impact channel, so-called 
public perception. For example, a firm with 
low-emission production may still be affected 
by carbon risks if the public believes that the 
firm is particularly affected by unexpected 
changes in the transition process to a Green 
Economy. 

The group indicator therefore mainly 
contains variables on publicly significant ESG 
ratings (“Overall ESG Score” or “Performance 
Band”). In particular, the environmental pillar 
of the ESG ratings (“Environmental Score”) is 
also included here. 

In addition, variables are used to document 
whether a firm has been criticized in the past 
for environmental pollution or climate damage 
(“Climate Change Controversies”) and is thus 
for example exposed to higher reputational 
risks.

The group indicator “Public Perception” can 
be seen as a collection of Carbon Risk Proxy 
Variables that attempt to measure a firm’s per-
ceived emissions.

Group indicator “Adaptability”

The third group indicator “Adaptability” 
mainly comprises Carbon Risk Proxy Variables 
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that deal with the strategies, guidelines, and 
management of a firm. A firm can be prepared 
for unexpected changes in the transition 
process towards a Green Economy so that it 
can respond to these changes efficiently and 
without loss of value. The effect of the carbon 
risk on a firm is therefore reduced by a high 
degree of adaptability.

The assigned Carbon Risk Proxy Variables in-
clude, in particular, variables that reflect ambi-
tious emission reduction targets (“Emission Re-
duction Target/Objective”, “Policy Emissions”), 
but also an environment-related innovation 
capability (“Innovation Score”) and correspond-
ing expenditures for research and development 
(“Environmental R&D Expenditures”).

Other variables taken into account are 
investments in low-emission and low-resource 
projects (“Environmental Expenditures Invest-
ment”). In addition, variables for addressing 
the risks and opportunities of climate change 
are included in the corporate strategy (“Climate 
Change Risks/Opportunities”).

Overall, the group indicator “Adaptability” 
contains Carbon Risk Proxy Variables that make 
a statement about a firm’s future emissions.

In their entirety, the three group indicators 
“Value Chain”, “Public Perception”, and “Adapt-
ability” cover the various impact channels 
through which carbon risks impact the value of 
a firm. They allow an estimation of the changes 
in a firm’s value in the event of unexpected 
shifts in the economy’s transition towards a 
Green Economy.

The allocation of the 55 Carbon Risk Proxy 
Variables to the three group indicators is 
shown in Figure 35.

Typical “green” and “brown” firms

In summary, a “green” firm is, for example, 
one that is well prepared for unexpected shifts 
in the transition towards a Green Economy and 
can even benefit from them. This firm demon-
strates its preparedness with its low-emission 
production, its energy-efficient processes, its 
positive external image with high ESG ratings 
and its consistent adaptation strategy.

In comparison, a “brown” firm may be one 
that is insufficiently prepared for unexpected 
changes in the transition process towards a 
Green Economy and is significantly impaired 
in its business model by these changes. This 
firm then suffers from its resource-intensive 
production and processes, its negative reputa-
tion, which is marked by numerous controver-
sies, and its inadequate adaptation strategy. 

Scoring of Carbon Risk Proxy Variables

After assigning the 55 Carbon Risk Proxy 
Variables to the three group indicators, they 
are scored using the median of 0 (below the 
median) or 1 (above or equal to the median). 
A 0 stands for a “green” and a 1 for a “brown” 
value of the variable.

Aggregating Carbon Risk Proxy  
Variables to subscores under the  
three group indicators

The next step is to make a subscore for each 
group indicator in the form of the mean value 
of the individual scores of the assigned Carbon 
Risk Proxy Variables. The subscores have val-
ues between 0 and 1. The lower the subscore of 
a firm, the “greener” it is.
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Aggregating the group indicators  
to the Brown-Green-Score BGS

From the three subscores, the Brown-Green-
Score BGS is now calculated annually for each 
firm as indicated in Formula (18).

The Brown-Green-Score BGS is an easily in-
terpretable key figure in the interval from 0 to 1 
and indicates the extent to which the firm value 
is likely to react to unexpected changes in the 
transition process towards a Green Economy. 
The higher the ratio, the “browner” the firm is. 

Figure 35: Assignment of Carbon Risk Proxy Variables to group indicators

ADAPTABILITYVALUE CHAIN PUBLIC PERCEPTION

Carbon Emissions
Carbon Intensity
Clean Technology
Climate related Opp. Sources
Climate related Risks Sources
CO2 Equivalents Emission Total
Energy Efficiency
Energy Use Total
Greenhouse Gas Emissions
Opportunities in Clean Tech
Opportunities Renewable Energy
Regulatory Compliance
Regulatory Opportunities Sources
Regulatory Risks Sources
Renewable Energy Use
Renewable Energy Use Total
Supplier Environmental Programmes
Sustainable Products & Services
Sustainable Supply Chain

Climate Change Controversies
Disclosure Score
Emission Reduction Score
Emissions Score
Environmental Score
ESG Score
Industry-adjusted Overall Score
Performance Band
Resource Reduction Score

Air Emissions Programmes
Carbon Emissions Score
Climate Change Risks/Opportunities
Climate Change Theme Score
Climate related Opportunities
Climate related Risks
Emission Reduction Prod. Process
Emission Reduction Policy
Emission Reduction Target/Objective
Energy Efficiency Policy
Energy Efficiency Target/Objective
Environmental Expenditures
Environmental Expenditures Investm.
Environmental Investments Initiatives
Environmental Management System
Environmental Partnerships
Environmental Pillar Score
Environmental Policy
Environmental Provisions
Environmental R&D Expenditures
Green Procurement Policy
Innovation Score
Policy Emissions
Regulatory Opportunities
Regulatory Risks
Renewable Energy Programmes

Brown -Green -Score BGS

BGSi, t  = (0.7 Value Chaini, t + 0.3 Public Perceptioni, t )  

– (0.7 Value Chaini, t + 0.3 Public Perceptioni, t )  (18)
1 – Adaptabilityi,t

3
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A firm with a Brown-Green-Score BGS of 0 is 
considered “completely green”, whereas a firm 
with a Brown-Green-Score BGS of 1 is consid-
ered “completely brown”. The Brown-Green-
Score BGS is therefore suitable for classifying 
firms as “green” (low Brown-Green-Score BGS) 
or “brown” (high Brown-Green-Score BGS).

Explanation of the weightings in  
the aggregation mechanism

The aggregation mechanism chosen, with 70 
percent weighting for the value chain sub-
score and 30 percent weighting for the public 
perception subscore, reflects the importance of 
these two group indicators in the fundamental 
assessment of a firm‘s carbon risk.

In the CARIMA concept, the first group in-
dicator “Value Chain” is the most important in 
the Brown-Green-Score BGS, since it represents 
the impact channel through which a firm is 
particularly impacted by carbon risks. Since, 
for example, climate change-related regulation 
is primarily aimed at current emissions, this 
group indicator makes a decisive contribution 
to the fundamental assessment of a firm’s car-
bon risk. The second group indicator “Public 
Perception” is also important for the assess-
ment of carbon risks, as it is used in particular 
to capture firms’ exposure to reputational risks 
from a public increasingly aware of the need to 
move towards a Green Economy. 

The two group indicators “Value Chain” and 
“Public Perception”, which increase the carbon 
risk of a firm, are mediated by the third group 
indicator “Adaptability”, an impact channel 
through which carbon risk can be reduced. For 
example, although a firm has emission-inten-
sive production and is regarded by the public 
as a climate polluter, it might still be able to 

adapt efficiently to a carbon-restrained econo-
my with little loss of value. 

If this firm is highly adaptable to the transi-
tion process of the economy towards a Green 
Economy and thus has an adaptability subscore 
of 0, then the effect of carbon risk through the 
other two group indicators “Value Chain” and 
“Public Perception” is reduced by a third. If, on 
the other hand, a firm is not adaptable (sub-
score adaptability = 1), the sum of the group 
indicators “Value Chain” and “Public Percep-
tion” is not reduced either. This means that the 
firm is fully affected by carbon risk according 
to both other impact measures, “Value Chain” 
and “Public Perception”.

Examples of the Brown-Green-Score BGS

Table 17 contains some examples of the 
average Brown-Green-Scores BGS of selected 
stocks over the years.

For example, Vestas, the world’s largest 
manufacturer of wind turbines, has the lowest 
average Brown-Green-Score BGS at 0.18, while 
Gazprom, the world’s largest natural gas pro-
ducer, has the highest average Brown-Green-
Score BGS.

Selection of suitable firms for  
the factor construction

The next step is to select suitable firms for 
the factor construction. All non-listed firms 
will be excluded at first. In addition, firms in 
the financial sector are not included, as their 
carbon risk differs significantly from firms in 
other sectors. For example, banks have almost 
no direct emissions of their own, but they 
finance firms with high emissions that can be 
particularly affected by carbon risks. Banks 
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may therefore be indirectly affected by carbon 
risks through their loan portfolio, but this may 
not be reflected in the fundamental Brown-
Green-Score BGS. The financial sector’s carbon 
risk must therefore be analyzed separately. An 
analysis of this can be found in Section 4.3.

In addition, only firms that are represented 
in all four databases and for which data is avail-
able for at least five Carbon Risk Proxy Vari-
ables are used for factor construction. These 
conditions are necessary to minimize distor-
tions in the database-specific data collection 
methodology.

Selection of 1,637 suitable firms

In total, these criteria result in 1,637 listed 
global firms from 50 countries (see Table 18). 
Most of these firms are based in the USA, fol-
lowed by Japan and the United Kingdom.

Looking at the sectoral breakdown of the 
dataset, most firms are active in the sectors 
“Industrials”, “Consumer Cyclical” and “Basic 
Materials”.

The Carbon Risk Factor BMG is construct-
ed using firms from numerous countries and 
various sectors. This ensures that the factor 
contains global information from all sectors 
of the economy about changes in the value 
of firms in the event of unexpected shifts in 
the transition process from the economy to a 
Green Economy.

Reflection of the variable selection  
and assignment

Module B of the CARIMA concept contains 
many options for selecting and assigning the 
variables. It therefore makes sense to reflect on 
these steps again and again. As part of the de-
velopment of the CARIMA concept, the selec-
tion and allocation of variables was discussed 
and finalized in a specially organized workshop 
with climate and financial experts from NGOs, 
universities, and consulting firms.

Robustness of the aggregation mechanism

In order to ensure that the weighting of 
group indicators is not the only decisive factor 
in classifying a firm as “green” or “brown”, 
the robustness of the aggregation mechanism 
is analyzed. For example, a variation in the 
weightings, such as the choice of the weights 

Stocks Ø BGS

0.65

0.53

0.31

0.28

0.18

Table 17: Examples of the Brown-Green-Score BGS  
for individual stocks
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for the two subscores “Value Chain” and 
“Public Perception” of 50 percent, only leads to 
negligible changes in the assessment of a firm 
as “brown” or “green”.

In addition, the carbon risk-reducing effect 
of the group indicator “Adaptability” can also 
be varied quite freely. Robustness tests show 
that the influence of the adaptability subscore 
can reduce the sum of the other two subscores 
by up to half without significantly influenc-
ing the Brown-Green-Score BGS of numerous 
firms. As a result, the Brown-Green-Score BGS 
is only influenced to a minor extent by the 
selected weightings.

Country N % Sector N %

USA 418 25.53
Japan 227 13.87
UK 193 11.79
Canada 97 5.93
Australia 75 4.58
France 66 4.03
South Africa 59 3.60
Germany 53 3.24
Taiwan 48 2.93
South Korea 36 2.20
Other Europe 237 14.48
Other Asia 78 4.76
Other Americas 37 2.26
Other Oceania 13 0.79

Total 1,637 100.00

Industry 368 22.48
Consumer Cyclical 277 16.92
Basic Materials 239 14.60
Technology 191 11.67
Consumer Defensive 167 10.20
Energy 118 7.21
Utilities 104 6.35
Healthcare 109 6.66
Communication Services 64 3.91

Total 1,637 100.00

Table 18: Geographical and sectoral distribution of the 1,637 firms selected for the Carbon Risk Factor BMG
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A. Master Dataset 
4 Databases
785 ESG Variables
10 Capital Market Variables
~ 40,000 Firms

~ 7,000 Firms

~ 35,000 Firms

~ 10,000 Firms

~ 3,000 Firms

B. Scoring Concept
55 Carbon Risk Proxy Variables:
· 19 on Value Chain
· 26 on Adaptability
· 10 on Public Perception

VALUE 
CHAIN

e.g. Carbon  
Footprint

PUBLIC
PERCEP TION

e.g. Ratings

ADAPTABILIT Y

 

e.g. Strategic
Goals

Brown-Green-Score BGS

GROUP INDIC ATORS

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t

BMGt = Return „Brown“ Firmst – Return „Green“ Firmst

C.  Carbon Risk 
Factor BMG

624 „Brown“ Firms
484 „Green“ Firms

D. Factor Model

Carbon Beta
as Measure of Carbon Risk

5.4  Module C: Calculation of  
the Carbon Risk Factor BMG

168

5 D E T E R M I N I N G  A N D  V A L I D A T I N G  T H E  C A R B O N  R I S K  F A C T O R  B M G



The objective of Module C of the CARIMA 
concept is to construct the Carbon Risk Factor 
BMG. For this purpose, the difference between 
a historical time series of returns in a portfolio 
of “brown” stocks and those in a portfolio of 
“green” stocks is calculated. The Carbon Risk 
Factor BMG thus corresponds to the time series 
of returns of a portfolio that is invested long in 
“brown” stocks and short in “green” stocks. 

The basic use of factors and factor models 
for risk measurement is widely used in science 
and practice. The blueprint for further action 
is the approach of Fama and French (1993), on 
which the construction of factors and their use 
in factor models is mainly based. Analogous 
to the Carbon Risk Factor BMG, they construct 
a size factor (Small-Minus-Big, SMB), which is 
invested long in small and short in large firms, 
and a value factor (High-Minus-Low, HML), 
which is invested long in value stocks and 
short in growth stocks. These factors can then 
be used to calculate the size and value effect. 
This procedure is also used in principle in the 
 CARIMA concept for the construction of the 
Carbon Risk Factor BMG and the measurement 
of the carbon risk via the Carbon Beta.

Characterization of a firm as “brown”,  
“neutral” or “green” according to the 
Brown-Green-Score BGS

In order to construct the Carbon Risk Factor 
BMG, each firm is characterized as “brown”, 
“neutral” or “green” on the basis of its average 
Brown-Green-Score BGS over the period from 
2010 to 2016. The classification is based on the 
terciles of the average Brown-Green-Score BGS.

Characterization of a firm as “small” or 
“big” according to market capitalization

When determining the Brown-Green-Score 
BGS, there may be a distortion due to the size 
of a firm, despite standardization of some 
Carbon Risk Proxy Variables. It is conceivable, 
for example, that large firms in particular will 
be able to provide more comprehensive infor-
mation on their emissions; while such data is 
costly to collect, they benefit from economies 
of scale. However, the Carbon Risk Factor BMG 
should be as independent as possible from the 
size of a firm. Each firm is therefore assigned 
the characteristic “small” or “big” on the basis 
of its market capitalization. The classification is 
based on the median.

Construction of combined portfolios

This is now used to generate the returns 
of six portfolios: small/high (brown; SH), big/
high (brown; BH), small/neutral, big/neutral, 
small/low (green; SL) and big/low (green; BL). 
Figure 36 illustrates the procedure for portfolio 
construction.

Only the two “green” and the two “brown” 
corner portfolios are used for the construc-
tion of the Carbon Risk Factor BMG. The two 
“neutral” portfolios are not further taken 
into account, as in the approach of Fama and 
French (1993).
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Low High

Big

Small

Neutral

Size

Brown - Green-Score BGS

Figure 36: Portfolio construction in the calculation  
of the Carbon Risk Factor BMG

Peculiarities of portfolio construction

It can be seen from the unconditional 
classification of the firms according to their 
Brown-Green-Score BGS and their size that the 
four portfolios used do not necessarily con-
tain the same number of firms. In the factor 
construction, therefore, care should be taken to 
ensure that all four portfolios are occupied by 
a sufficient number of firms. This is particular-
ly relevant if factors are not generated on the 
basis of a global universe with numerous firms 
but are limited to individual regions with only 
a few firms.

In contrast to the usual approach of Fama 
and French (1993), there is no annual rebal-
ancing of portfolios in the construction of the 
Carbon Risk Factor BMG. This approach was 
chosen because the Brown-Green-Score BGS 
for most firms changed only slightly during the 
period, so that even with an annual rebalanc-
ing, 95 percent of all firms are divided into the 
same portfolios. In addition, this approach 
results in more consistency in the structure of 
factor returns. And finally, a portfolio based 
on this factor can also be realized more easily, 
since no reallocations are necessary.
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Figure 37: Monthly returns of the Carbon Risk Factor BMG

Constructing the Carbon Risk Factor 
“Brown-Minus-Green” (BMG)

The Carbon Risk Factor “Brown-Minus-
Green” (BMG) can now be formed from the 
historical returns of the four corner portfolios 
described, each of which is value-weight-
ed by market capitalization, according to 
 Formula (19):

The Carbon Risk Factor BMG thus reflects 
a hypothetical portfolio that is invested long 
in “brown” and short in “green” stocks. Taking 
market capitalization into account as described 
above ensures that the Carbon Risk Factor BMG 
is not influenced by economies of scale. Thus, 
only the return difference between fundamen-
tally “brown” and “green” firms is reflected. 

BMGt = 0.5 (SHt + BHt ) – 0.5 (SLt + BLt ) (19)
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Figure 38: Cumulative returns of the Carbon Risk Factor BMG
and the two portfolios “green” and “brown”

Historical returns of the
Carbon Risk Factor BMG

Figure 37 shows the historical monthly
returns of the Carbon Risk Factor BMG. On the
ordinate the returns of the factor are plotted
in percent and on the abscissa the period from
January 2010 to December 2018 is indicat-
ed. The returns of all firms included in the
calculation of the Carbon Risk Factor BMG are
denoted in US dollars.

Figure 38 shows the historical cumulative re-
turns of the “brown” portfolio and the “green”
portfolio as well as the historical returns of the
Carbon Risk Factor BMG.

The cumulative return on the Carbon Risk
Factor BMG is slightly positive in the first years
of the reviewed period but will fall back to zero
by the end of 2012. From 2013 to the end of
2015, the cumulative return on the factor fell
almost steadily to almost –30% overall. During
this period, “brown” firms thus had a much
lower return than “green” firms. In the last
years of the reviewed period, however, there
was a slight increase again, so that the Carbon
Risk Factor BMG shows a cumulative return of
–20% overall. The average monthly return on
the Carbon Risk Factor BMG is slightly negative
at –0.25%, the standard deviation is 1.95%.
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 1
The Carbon Risk Factor BMG is presented on the 
worksheet “Carbon Risk Factor BMG”.  2

First, the central properties of the Carbon Risk Factor 
BMG are presented in the area “BMG”. In total, the time 

series of the Carbon Risk Factor BMG covers 108 monthly 
returns in the period from January 2010 to December 2018. 
The factor is generated on the basis of a global corporate 
universe. The time series of the Carbon Risk Factor BMG can 
be changed or exchanged on the “BMG” worksheet.

2
The accompanying Excel tool provides a 

corresponding worksheet for the Carbon Risk 
Factor BMG for an exemplified evaluation. This 
worksheet “Carbon Risk Factor BMG” can be 
accessed either directly via the table of con-
tents or via the sheet register.
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 3
Various additional statistics can be selected and 
deselected in the “Figure Settings” area. All statistics 

are calculated for 36 months moving windows and displayed 
in the upper graph. With the floating value-at-risk, the 
probability levels can be freely determined.

 4
The four areas on the right-hand side first show the 
descriptive statistics of the Carbon Risk Factor BMG 

and the factors of the Carhart four-factor model. The 
correlations of the factors are given in the second area. The 
regression results in the third area are risk factor spanning 
regressions in which the Carbon Risk Factor BMG is ex-
plained by the factors of the CAPM, the Fama and French 
three-factor model, and the Carhart four-factor model. In the 
last area the value-at-risk, and the conditional value-at-risk 
are calculated for different capital amounts.

1

3

4
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Updating the Carbon Risk Factor BMG

The Carbon Risk Factor BMG is formed on 
the basis of the master dataset from 2010 to 
2016 as described in detail above. The factor for 
the years 2017 and 2018 was extrapolated, by 
retaining the composition of the “brown” and 
“green” corner portfolios of 2010 to 2016 for 
these two following years.

This procedure is suitable if the composition 
of the individual portfolios does not change 
significantly. This was verified in the CARIMA 
concept using transition matrices (also called 
migration matrices). It was found that in the 
period from 2010 to 2016, more than 95 percent 
of all firms are always assigned to the same 
portfolios.

Furthermore, thanks to a partial subsequent 
delivery of Carbon Risk Proxy Variables for 
2017, it is possible to check whether an update 
of the Carbon Risk Factor BMG relates to a 
factor constructed between 2010 and 2017. The 
corresponding descriptive statistics and a cor-
relation of the factors above 97 percent indicate 
that a continuation of the factor is plausible at 
least for the years 2017 and 2018.

Other ways of constructing the  
Carbon Risk Factor BMG

The approach of Fama and French (1993) is 
usually followed in constructing factors. How-
ever, it is also possible to consider other ways 
of constructing the Carbon Risk Factor BMG. 
For example, the threshold value of a char-
acteristic can be varied to divide it between 
portfolios. For example, the “brown” portfolio 
could consist of firms which, measured by the 
Brown-Green-Score BGS, are above the 80% 
quantile. The “green” portfolio, on the other 

hand, is made up of firms below the 20% quan-
tile. In addition, it is not mandatory to consider 
further sorting according to firm size.

To ensure that the newly formed factor is 
not already covered by other factors, it is also 
possible to create an orthogonalized variant of 
the factors. The correlation to other factors in 
the factor model is set to zero without changing 
the variance structure on which the factor is 
based. This ensures that the factor continues 
to explain only those risks that are specific to 
it and does not capture any further systematic 
effects.

Analyses have shown that the economic 
results with regard to such variants are robust 
in the factor construction of the Carbon Risk 
Factor BMG.

Constructing a country-specific  
Carbon Risk Factor

Alternatively, country- and sector-specific 
factors can also be designed for special appli-
cations. In order to construct a country-specific 
carbon risk factor, only the firms of a specific 
country or region need be considered. For this 
purpose, only the firms of the selected coun-
tries or regions are extracted from the master 
dataset. A country-specific factor can be easily 
constructed by following the calculation of the 
Brown-Green-Score BGS and the classification 
of the firms in portfolios.

An important feature of this country-specific 
carbon risk factor is that firms are only classi-
fied as “brown” or “green” in relation to other 
firms in the countries or regions in question. 
This is particularly clear from a simplified 
example in which the Brown-Green-Score 
BGS only consists of CO2 emissions. While in a 
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 global comparison, for example, a European 
firm might be referred to as “green” if it has 
lower CO2 emissions than the global median, 
this same firm may be among the “brown” 
firms in Europe with CO2 emissions above the 
European median.

If such a country or regional relativization 
of the Brown-Green-Score BGS is not desired, 
country specifics can, as an alternative, be 
considered directly in the scoring concept. 
For this purpose, the Brown-Green-Score BGS 
is determined in a global dataset, after which 
only firms in the desired region or country are 
included in the portfolio allocation. The Euro-
pean firm from the previous example will then 
continue to be classified as “green” with its CO2 
emissions below the global median.

Constructing a sector-specific  
carbon risk factor

If it is instead preferred to construct a 
sector- specific Carbon Risk Factor BMG, 
 various methods are conceivable. It is common 
to use a procedure similar to the Best-in-class 
or Best-in-progress approach. In this case only 
firms from the desired sector are chosen from 
the master dataset, and then the Brown-Green-
Score BGS is determined. This only compares 
firms in one sector and then classifies them 
as “green” (Best-in-class) or “brown” (Worst-
in-class). Alternatively, instead of using the 
historical Brown-Green-Score BGS, the firms 
can also be allocated to portfolios based on the 
development over time of the Brown-Green-
Score BGS in order to implement a procedure 
similar to “Best-in-progress”. 

In the case of country and sector- specific 
variants of a carbon risk factor, it should be 
noted that the factors in the factor model  

should also be constructed with the 
same  focus.

Composing the corner portfolios

As mentioned above, the four corner portfo-
lios based on size and the Brown-Green-Score 
BGS can be used to construct the factors small/
high (brown; SH), big/high (brown; BH), small/
low (green; SL) and big/low (green; BL). These 
four portfolios are part of the Carbon Risk 
Factor BMG.

To give an overview of the characteristics of 
these four corner portfolios, their composition 
by country and sector, CO2 emissions, and vari-
ous ESG ratings are described in the following.
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Figure 39: Composition of  the four corner portfolios by sector
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Breakdown of the corner portfolios  
by sector and country

While a good mix of the sectors can gener-
ally be ascertained in all portfolios, it can be 
seen that the “Energy” and “Basic Materials” 
sectors are much more strongly represented in 
the “brown” portfolios. In contrast, the “green” 
portfolios include significantly more firms in 
the “Technology” and “Healthcare” sectors.

As a result of this unequal distribution of 
the sectors in the portfolios, the Carbon Risk 
Factor BMG may measure not only the carbon 
risk but also the sensitivity of firms to the 
return difference of these sectors. Sector-spe-
cific effects on the return of a factor can distort 
the interpretation of the Carbon Beta and must 
therefore be analyzed separately.

This can be verified, for example, by con-
structing a pure sector factor that is long in the 
“brown” and short in the “green” sectors. If the 
Carbon Risk Factor BMG and the sector factor 
formed are poorly correlated and, moreover, 
are not able to explain each other clearly in a 
multivariate factor model, it can be assumed 
that there are no sector-specific effects.

In the case of the Carbon Risk Factor 
BMG, the correlations to various sector factor 
variants are very low and no sector factor 
can explain the Carbon Risk Factor BMG to a 
significant extent. Consequently, the Carbon 
Risk Factor BMG is not driven by sector-specific 
effects.

After composing the four corner portfolios 
according to sector, a value-weighted break-
down of the composition of the countries in 
Figure 40 is now examined.

Firms from the USA are most strongly repre-
sented in three of the four corner portfolios of 
the Carbon Risk Factor BMG. Overall, slightly 
more European and Japanese firms are includ-
ed in the “green” portfolios and slightly more 
American and Canadian firms in the “brown” 
portfolios.

As a result of this unequal distribution of 
countries in the four corner portfolios, the 
Carbon Risk Factor BMG may not only measure 
the carbon risk but also the sensitivity of firms 
to the return difference between countries. 
Similar to the sectors, correlation and spanning 
tests are used here to check for country-spe-
cific effects using a country factor. For exam-
ple, in all four portfolios the portfolio return 
can only be calculated from the benchmark 
indices of the ten most represented countries. 
Both value-weighted “green” returns are then 
subtracted from the “brown” portfolio returns. 
This return difference now represents a pure 
country factor. This factor does not signifi-
cantly influence the return of the Carbon Risk 
Factor BMG and is not highly correlated with it.

Hence, there is no distortion in results from 
the different distribution of countries in the 
four corner portfolios − which would have had 
to be taken into account when constructing the 
Carbon Risk Factor BMG or interpreting the 
Carbon Beta.

CO2 emissions and the  
Brown-Green-Score BGS of the  
corner portfolios

Figure 41 shows the mean values for the 
Brown-Green-Score BGS of the two “brown” 
(SH and BH) and the two “green” (SL and BL) 
portfolios. In addition, for all firms in the 
respective portfolios, their total average emis-
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Figure 40: Composition of the four corner portfolios by country
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sions can be found as well as the individual 
mean values of their Scope 1 (direct emissions) 
and Scope 2 (indirect emissions due to pur-
chased energy) emissions.

In the two “green” portfolios there are firms 
with an average Brown-Green-Score BGS al-
most half as high as firms in the “brown” port-
folios. In addition, it can be clearly seen that 
the big portfolios have more CO2 emissions ac-
cording to Scope 1 and Scope 2 than the small 
portfolios. In addition, the “brown” portfolios 
contain significantly higher total CO2 emissions 
than the “green” portfolios. This is also due 
to the calculation of the Brown-Green-Score 
BGS. Here, the Scope 1 and Scope 2 emissions 
of a firm are directly taken into account in the 
first group indicator “Value Chain” (current 
emissions).

ESG ratings of corner portfolios

In addition to the Brown-Green-Score BGS, 
the key ESG ratings from the four databases 
used in the four corner portfolios are com-
pared. Specifically, MSCI uses the “IVA Com-
pany Rating”, Thomson Reuters (TR) the “ESG 
Score”, Sustainalytics (Sust) the “ESG Score” 
and CDP the “Performance Band” in Figure 42.

Looking at these four ESG ratings, the first 
three reveal that the SL and BL portfolios 
have the highest mean values. Only CDP rates 
“brown” portfolios slightly better than “green” 
portfolios.

Furthermore, Figure 43 shows further 
scores of the four databases, which can provide 
more detailed information about the ESG 

Figure 41: Brown-Green-Score BGS and CO2 emissions of the four corner portfolios

CO2 emissions - Total CO2-Emissionen - Direct CO2-Emissionen - Indirect

SL BL SH BH

Brown-Green-Score BGS

182

5 D E T E R M I N I N G  A N D  V A L I D A T I N G  T H E  C A R B O N  R I S K  F A C T O R  B M G



properties of the four corner portfolios. For ex-
ample, it can be seen that the “green” portfolios 
also have a significantly higher environmental 
score in all databases. In addition, the social 
and governance scores are slightly higher over-
all. It can also be stated that the “disclosure 
score” indicates a comparable quality in the 
disclosure of “green” and “brown” firms.

 Figure 42 and Figure 43 show that the firms 
in the four corner portfolios also differ in terms 
of different ESG criteria. For example, it can 
be assumed after the last analyses that “green” 
firms perform better in ESG ratings and are 
perceived by the public as (more) sustainable. 
Here, a connection can be made to the group 

indicator “Public Perception” (perceived emis-
sions) of the Brown-Green-Score BGS, which 
aims at mapping the effect of carbon risks due 
to this channel of impact. Therefore, firms 
with high ESG ratings are also associated with a 
lower carbon risk.

Brown-Green-Score BGS ESG Score (TR) ESG Score (Sust) IVA Company Rating (MSCI) Performance Band (CDP)
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Brown-Green Envscore
(TR)Score BGS 
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Score (Sust)

Social Score
(Sust)

Governance Score
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Environmental
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Figure 42: Brown-Green-Score BGS and different ESG 
ratings of the four corner portfolios

Figure 43: Brown-Green-Score BGS and different ESG 
scores of the four corner portfolios
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A. Master Dataset 
4 Databases
785 ESG Variables
10 Capital Market Variables
~ 40,000 Firms

~ 7,000 Firms

~ 35,000 Firms

~ 10,000 Firms

~ 3,000 Firms

B. Scoring Concept
55 Carbon Risk Proxy Variables:
· 19 on Value Chain
· 26 on Adaptability
· 10 on Public Perception

VALUE 
CHAIN

e.g. Carbon  
Footprint

PUBLIC
PERCEP TION

e.g. Ratings

ADAPTABILIT Y

 

e.g. Strategic
Goals

Brown-Green-Score BGS

GROUP INDIC ATORS

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t

BMGt = Return „Brown“ Firmst – Return „Green“ Firmst

C.  Carbon Risk 
Factor BMG

624 „Brown“ Firms
484 „Green“ Firms

D. Factor Model

Carbon Beta
as Measure of Carbon Risk

5.5  Module D: Empirical validation  
of the Carbon Risk Factor BMG
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In Module D of the CARIMA concept, the 
Carbon Risk Factor BMG is used to estimate the 
Carbon Beta using a factor model. The proce-
dure is already described in detail in Chapter 2.

In this section, the empirical validation of 
the Carbon Risk Factor BMG as a basis for its 
use in factor models is presented to the ad-
vanced user. The user can then implement this 
validation for his own carbon risk factor.

The reference model

As already explained in Chapter 2, the 
Carhart (1997) four-factor model is usually 
used as the reference model in this manual. 
In addition to the market factor, this takes into 
account three other factors: Small-Minus-Big 
(SMB), High-Minus-Low (HML) and Win-
ners-Minus-Losers (WML). Of course, other 
factor models or factors can also be used. For 
different factor models see Info Box 1. The 
desired Carbon Beta βi

bmg as the measure of 
the carbon risk of a stock is calculated using a 
simple multiple linear regression according to 
this factor model.

Determining the Carbon Beta

The Carhart (1997) model, extended by the 
Carbon Risk Factor BMG, is as follows:

With:

•  eri,t = Return on the stock of firm i minus 
return on a risk-free investment in period t 
(excess return).

•  erM,t = Excess return of the market in period t.

•  SMBt = Return of the global size factor in 
period t.

•  HMLt = Return of the global value factor in 
period t.

•  WMLt = Return of the global momentum 
factor in period t.

•  BMGt = Return on the global Carbon Risk 
Factor BMG in period t.

•  αi
 , βi

mkt, βi
smb, βi

hml and βi
wml = Parameters αi

  
and βi

x of the Carhart model.

•  βi
bmg = Carbon Beta of the stock of firm i. This 

key figure serves as the central carbon risk 
measure.

The factor loadings βi
mkt, βi

smb, βi
hml and βi

wml as 
well as the key carbon risk measure Carbon 
Beta βi

bmg in Formula (20) result from a multiple 
linear regression, which, as described in Chap-

ter 2, can be easily 
performed with Excel, 
for example. A major 
strength of this con-
cept is that only the 
historical time series 

of returns of the stock, the risk factors, and the 
risk-free interest rate are required to determine 
the Carbon Beta.

eri,t = αi + βi
mkt erM,t + βi

smb SMBt + βi
hml HMLt + βi

wml WMLt + βi
bmg BMGt + εi,t (20)
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Empirical validation of the  
Carbon Risk Factor BMG

There is a wide range of asset pricing tests 
available to assess whether the Carbon Risk 
Factor BMG is suitable for explaining risks 
in the returns of various stocks. This section 

presents central tests on the validity of the 
Carbon Risk Factor BMG. On the one hand, it is 
to be shown that the constructed Carbon Risk 
Factor BMG is basically suitable for explaining 
the return on stocks. In addition, users can 
learn which tests they should also perform to 
construct their own carbon risk factor. 

The following analyses refer to the original 
period from 2010 to 2016, for which Carbon 
Risk Proxy Variables and the Brown-Green-
Score BGS determined from them are availa-
ble for firms. This period is also used in the 
academic paper “Carbon Risk” (Görgen et al., 
2019) for further tests.

Table 19 first shows descriptive statistics of 
the monthly Carbon Risk Factor BMG and its 
correlations with other global risk factors of 
the reference model.

The average monthly return on the Carbon 
Risk Factor BMG is negative at -0.25%, the 
standard deviation is 1.95%. The correlations 
between the Carbon Risk Factor BMG and the 
market, size, value, and momentum factors 
are all relatively low. A low correlation is a first 
indication that the Carbon Risk Factor BMG 
cannot be fully mapped by another risk factor. 

Ø Return 
(%)

SD 
(%)

Correlations
Factor t-stat. BMG erM SMB HML WML

BMG −0.25 1.95 −1.17 1.00
erM 0.76 4.02 1.74 0.09 1.00
SMB 0.06 1.39 0.37 0.20 −0.02 1.00
HML −0.00 1.68 −0.02 0.27 0.19 −0.06 1.00
WML 0.57 2.53 2.06 −0.24 −0.20 0.00 −0.41 1.00

Table 19: Descriptive statistics and correlations of the Carbon Risk Factor BMG
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Factor model Ø ∆ adj. R2 (%)
F-Test at 5%  

significance level (%)

(1) CAPM – Fama/French
(2) CAPM – CAPM + BMG

1.02
0.84

11.49
12.05

(3) Fama/French – Carhart
(4) Fama/French – Fama/French + BMG

0.10
0.71

5.98
11.55

(5) Carhart – Carhart + BMG 0.69 11.55

Table 20: Analysis of the increase in the explanatory power of common factor models  
by adding additional factors

A prerequisite for the relevance of the Carbon 
Risk Factor BMG is that it is able to increase the 
significance of existing factor models. This was 
confirmed by numerous studies in the paper 
“Carbon Risk” (Görgen et al., 2019). Some of 
these key tests are reproduced below and the 
results are explained.

Comparison of common factor models

The first analysis is a comparison of com-
mon factor models. The results of factor mod-
els with and without the Carbon Risk Factor 
BMG are compared for this purpose; Formula 
(20) is used to estimate this for around 38,000 
global firms. In this way, factor betas and key 
figures for the quality of the regression, such 
as the adjusted coefficient of determination, 
are obtained for each firm. Table 20 shows the 
aggregated results of the regressions.

The first two lines compare how the sig-
nificance of the CAPM model (Sharpe, 1964; 
Lintner, 1965; Mossin, 1966) changes when (1) 
the factors SMB and HML are added compared 
to (2) the Carbon Risk Factor BMG. The average 
increase in the model (1) compared to the 
CAPM in the adjusted coefficient of determina-
tion is 1.02 percentage points. This increase is 
significant for 11.49% of the firms in the sam-

ple. In comparison, in model (2) the Carbon 
Risk Factor BMG alone increases the adjusted 
coefficient of determination by 0.84 percentage 
points and is also significant in 12.05% of the 
individual regressions.

The following two lines illustrate to what 
extent (3) the Carhart (1997) momentum 
factor compared to (4) the Carbon Risk Factor 
BMG changes the significance of the Fama 
and French (1993) model. The Carbon Risk 
Factor BMG increases the adjusted coefficient 
of determination sevenfold compared to the 
momentum factor WML.

Finally, the last line provides further evi-
dence that the Carbon Risk Factor BMG can 
increase the significance of common factor 
models. The addition of the Carbon Risk Factor 
BMG (5) to the Carhart four-factor model leads 
to an increase of 0.69 percentage points in the 
adjusted coefficient of determination.

In order to be able to assess in detail which 
of the factors are essentially responsible for the 
increase in the adjusted coefficient of deter-
mination, the factor betas are also analyzed in 
Table 21. For this purpose, the number of sig-
nificant betas of the five factors in the Carhart 
+ BMG model is determined.
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Based on two-sided t-tests, 4,493 firms 
(11.91%) have a significant Carbon Beta at a 
significance level of 5%. This is comparable to 
the number of significant SMB betas (4,420) 
and at the same time higher than the number 
of significant HML betas (2,590) and WML 
betas (2,381). Overall, the Carbon Risk Factor 
BMG performs well compared to the other 
usual factors, which once again underscores its 
importance for explaining global stock returns.

The suitability of the Carbon Risk Factor 
BMG as a factor in general and for quantifying 
carbon risk in particular is also confirmed by a 
wide range of other asset pricing tests, which 
are listed in the paper “Carbon Risk” (Görgen et 
al., 2019).

Table 21: Significance studies for factor betas in the Carhart + BMG factor model

Ø  
Coefficient

t-test of the significance of coefficients
10% level 5% level 1% level

N % N % N %
erM 0.935 24,627 65.30 21,587 57.24 15,957 42.31
SMB 0.674 7,113 18.86 4,420 11.72 1,475 3.91
HML −0.011 4,652 12.34 2,590 6.87 685 1.82
WML −0.023 4,312 11.43 2,381 6.31 586 1.55
BMG 0.190 6,824 18.09 4,493 11.91 1,892 5.02
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6 Outlook

CARIMA focuses on the development and 
evaluation of the methodology for quantify-
ing carbon risks using the Carbon Risk Factor 
BMG and Carbon Betas as well as on example 
applications of the concept to various asset 
classes and portfolios. In addition, it develops 
and identifies approaches for managing and 
reporting carbon risks.

Better integration of the financial  
sector into the economy’s transition  
process is necessary 

During the development and practical 
application of the CARIMA concept, it became 
repeatedly clear that the role of the financial 
sector in the transition process of the economy 
needs to be further concretized. In this sense, 
CARIMA offers a multitude of possible starting 

points for supporting 
the financial sector in 
successfully meeting 
carbon reduction tar-
gets while at the same 
time even benefitting 
from this in terms of 
welfare.

The CARIMA con-
cept for measuring 
carbon risks could be 
transferred to other 
financial instruments 
of the capital market. 

In addition, asset management should be 
provided with additional tools that enable them 
to interactively manage carbon risk in direct 
connection with financed emissions. There is 
increasing awareness of the crucial role the 
reduction of financed emissions is playing in 
ultimately achieving the 2°C target. 

What is the influence of carbon risks and  
financed emissions on expected returns 
on stocks and other financial assets?

The question of the connection between 
carbon risks or financed emissions and the 
expected returns on stocks and other financial 
assets is not only fundamental from a scientific 
point of view, but also for many aspects and ap-
plications in the field of investment and asset 
management. 

Although there are a number of studies 
comparing ex-post returns on sustainable 
versus non-sustainable stocks, it is difficult to 
determine the extent to which future returns 
on stocks and other financial securities will 
depend on their carbon risks or financed emis-
sions. One reason for this is that the time ho-
rizon available for ex-post studies is still quite 
short, so that potential risk premiums cannot 
be distinguished from unexpected returns. 

Looking at the development dynamics of a 
sustainable economy, however, it is not un-
reasonable to assume that at least part of this 
dynamic was not expected and that the prices 
of “brown” stocks, which have tended to fall 
over the last ten years, were therefore adjust-
ments in line with new expectations – and not 
risk premiums, the occurrence of which would 
tend to continue in the future.

Comprehensive research to clarify this 
relationship could increase the acceptance 
and transparency of green financial products 
among financial market participants and thus 
make an important contribution to the “Main-
streaming Sustainable Finance” debate. 

These relationships are also of great im-
portance in the ongoing revision of the MiFID 

CARIMA is a first effort  
to support the financial  
sector in the transition  
process of the economy  
towards a Green Economy. 
In this sense, a variety  
of further topics in research 
and practice emerge for  
the future.
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II Directive, the aim of which is to integrate 
sustainability into the investment advisory pro-
cess. In this context, it is particularly important 
for investors, banks, and investment advisors 
to understand the relationships between car-
bon risks, financed emissions, and expected 
returns on financial securities.

Integrative consideration of  
carbon risks and financed emissions  
in asset management

Based on our findings regarding the relation-
ship between carbon risks, financed emis-
sions, and expected returns of financial assets, 
concepts for the integration of carbon risks 
and financed emissions into asset management 
should be developed. Of particular interest 
here is how asset management can best consid-
er carbon risks, financed emissions, and pos-
sibly other environmental, social, and govern-
ance (ESG) criteria while meeting  sustainable 

development goals (SDGs) in portfolio struc-
turing. At present, such considerations are 
thought of as separately issues, if at all.

Evaluation of carbon risks and  
financed emissions in derivative  
financial instruments

Further potential for research with regard 
to derivative financial instruments is apparent. 
Financial derivatives are key financial instru-
ments on the capital markets that are used, 
among other things, for risk management in 
asset management and in firms. They are used 
not only by asset managers and private inves-
tors, but also by financial institutions and firms 
in the non-financial sector.

The special feature of derivative financial 
instruments is that they generally do not fi-
nance any firms themselves and therefore also 
no CO2 emissions per se. However, they are 
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still affected by carbon risks because financial 
derivatives are valued by adding the values of 
the replicating portfolio, which in turn can be 
directly exposed to carbon risks.

This principle can also be used to determine 
the Carbon Beta of derivative financial instru-
ments by transferring the carbon risks of the 
components of the replicating portfolio to the 
financial instrument. The CARIMA concept is 
ideally suited for this, as the Carbon Betas are 
additive. The development and evaluation of 
such approaches supports hedging with the use 
of derivative financial instruments and thus 
the management of carbon risks and financed 
emissions in firms and in asset management.

Conclusion

The above questions are directly related 
to CARIMA, make use of the central findings 
gained from them and build on concrete quan-
titative results. Subsequent work on the issues 
raised here will not only fill gaps in scientific 
and applied research, but will also support 
the financing of the transition process of the 
economy towards the 2°C target and, where ap-
propriate, the fulfillment of further sustainable 
development goals.
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Knowledge Database

The project website  (https://carima-project.de/en/wissensdatenbank/) also contains a  
knowledge database on Climate Finance. It provides an overview of the numerous scientific  
journal articles as well as more application-oriented literature.
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