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Abstract
We apply transition scenarios from the global multi-region multi-sector energy-economic MIT

EPPA model to assess a large sample of issuers at the company level. We model the evolution of
revenues and earnings for companies in the MSCI World Index under several scenarios of global
emission mitigation (1.5°C, below 2°C, below 2°C delayed, and 1.5°C with limited availability of car-
bon dioxide removal technologies), comparing these to current trends. We analyze direct emission
mitigation costs, indirect costs from the supply chain, capital expenditures, and cash flow trajecto-
ries, and their influence on other economic variables. We find that a radical shift from the baseline
to the 2°C scenario would imply spot losses of up to 8.7% of the index using our discounted cash-flow
approach. While the energy sector bears the largest burden of emission mitigation activities, some
companies in the utilities sector would benefit from the transition. The credit risk implied by scaling
these models at the company level suggests a widespread effect on transition across most sectors and
country, depending on the distribution of their revenues. The global impact on the credit spreads
is limited from 2024 onwards. However, local credit spreads, modeled at the company level for
every company of the MSCI World Index, could be substantially impacted. For example, the 90th

percentiles of additional cost of debt induced by transition are 1% and 2.3% respectively in 2030
and 2040 in the 1.5°C with limited access to carbon dioxide removal technologies scenario.
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Key Findings

1. Transition Scenarios Modeling

• Our research paper uses the MIT EPPA model to project the evolution of
revenues and earnings for companies in the MSCIWorld Index under various
global emission mitigation scenarios, including 1.5°C, below 2°C, below 2°C
delayed, and 1.5°C with limited carbon dioxide removal technologies.

• The analysis considers several cost and investment factors, such as direct
emission mitigation costs, indirect costs from the supply chain, capital ex-
penditures, and projected cash-flow trajectories.

2. Impact on Stock Returns

• A sharp policy shift towards more ambitious climate targets (e.g., from a
baseline to a 1.5°C with limited access to carbon dioxide removal technolo-
gies scenario) could result in spot losses of up to 15.5% of the MSCI World
Index value.

3. Sectoral Breakdown

• The energy sector bears the highest cost burden for emission mitigation
with shocks as big as -76% on their free cash flows in average in the below
2°C delayed scenario.

• Companies in the utilities sector could generate positive relative returns,
particularly under scenarios with constrained access to carbon dioxide re-
moval technologies, as low-carbon power becomes comparatively more valu-
able.

4. Shocks on Credit Risk

• The transition effects at the firm level on credit risk is widespread, though
it varies by firm revenue share and sector. At the global index level, the
impacts on credit spreads are relatively modest by 2024.

• Each sector has its own story with the 90th percentile of the additional cost
of debt (credit spreads) for the materials sector being of 60 basis point by
2030 and 1.6% by 2040 in the 1.5°C scenario with limited access to carbon
dioxide removal technologies.

5. Business Model Adaptation

• The findings highlight that companies’ ability to adapt or present busi-
ness models resilient to or supportive of the transition will be crucial in
mitigating adverse financial impacts under stringent climate targets.
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1 Introduction

Regulators and central banks have increasingly emphasized the need for financial institu-
tions to build robust stress-testing frameworks to gauge their exposure to both transition
and physical risks associated with climate change (ESMA, 2022). This study centers on the
transition risks, offering a method to assess transition risks for carbon-intensive industries
at the company level. The core objective is to explore the benefits and challenges of ap-
plying scenarios from integrated assessment models (IAMs) to asset management practices,
specifically highlighting the pathways through which climate transition scenarios may impact
financial statements and influence valuation models relevant to operational decision-making.

Transition risks arise from the economy’s movement towards lower carbon emissions,
where industries face regulatory changes and evolving market demands to more sustain-
able products. These risks can lead to stranded assets, where assets lose their value due to
changes in technology, regulation, or market conditions but are primarily driven by policies
designed to curtail greenhouse gas (GHG) emissions, thereby contributing to climate miti-
gation efforts. For example, an industrial firm reliant on carbon-heavy processes could incur
lower profits (or even losses) if regulatory measures intensify. A coal-fired power plant may
become a stranded asset if a carbon fee makes it uneconomic to operate, or a competition
from renewable energy sources. Businesses may also face legal and reputational risks in the
form of penalties, lawsuits or damage to their brand reputation. Similarly, a car manufac-
turer may experience declining sales if consumer preferences shift toward environmentally
sustainable products.

Transition risk assessments generally use scenario analysis as a foundation, where scenario
development typically relies on integrated assessment models (IAMs). Initiatives suggesting
firm-level emission reduction targets frequently employ IAMs’ science-based CO2 trajectories,
as found in IPCC frameworks (IPCC, 2022) or International Energy Agency projections
(IEA, 2022). While these global trajectories offer a baseline for mitigation efforts, they lack
the granularity to capture individual company characteristics. This paper contributes to
the existing body of work (see the litterature review of Bouchet and Le Guenedal (2020))
by providing an approach for using IAMs in transition risk assessments and linking these
insights to company-level impacts. The study applies the MIT Economic Projection and
Policy Analysis (EPPA) model to examine transition scenarios’ effects on a representative
group of companies, presenting results through scenario narratives aligned with the Network
for Greening the Financial System (NGFS, Boirard et al., 2022) scenarios.

Evaluating the effects of climate-related risks on both the real economy and the financial
system is crucial due to potential systemic consequences. Studies on transition risk suggest
exposures around 10% on average (2 Investing Initiative, 2018; Aubert et al., 2019; Bouchet
& Le Guenedal, 2020; EIOPA, 2018; Schotten et al., 2016; Vermeulen et al., 2018, 2019;
Weyzig et al., 2014), meaning they are at risk of losing 10% of their earnings on average to
transition shocks. Research has increasingly focused on indirect effects, such as cascading
impacts across supply chains (Adenot et al., 2022; Cahen-Fourot et al., 2019; Desnos et al.,
2023; Mardones & Mena, 2020) and potential contagion of financial losses. This shift in
focus has spurred the development of various stress-testing methods. Early climate stress-
test models for the banking sector, like Battiston et al. (2017), have been extended in recent
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work, including by Roncoroniet al. (2021).1 Several climate stress-testing frameworks have
emerged for the �nancial and banking sectors (Allenet al., 2020; Alogoskou�set al., 2021;
Dunz et al., 2021; Gourdel and Sydow, 2021; Grippa, Mann,et al., 2020; Nguyenet al., 2020;
Reinders et al., 2020). However, the majority of these frameworks are primarily focused
on banking needs, leaving a void in methodologies speci�cally crafted for asset managers.
A recent e�ort to address this gap is the value-at-risk stress-testing method for investment
portfolios introduced by Desnoset al. (2023), which facilitates forward-looking risk evaluation
in the face of transition uncertainties.

This paper generalizes the �ndings from Le Guenedalet al. (2023) by applying and
extending the methodologies to a whole investment universe (MSCI World Index). We
enhanced the sectoral activity allocation allowing to have the most precise breakdown of
company revenues by sector and country using a semi-automatic decision tree process based
on (i) embeddings (a correspondence is being made between EPPA sectors and RBICS
sectors), (ii) energy mix and (iii) European Taxonomy metrics. The geographic exposure
is also accounted for based on a similar process. Modeling of free-cash 
ows and default
probabilities have been enhanced by o�ering parametric approaches allowing to account
for in
ation and capital expenditure costs. In all, we provide a transparent stress-testing
framework for general purpose that has the capacity to adapt to any scenario settings and
carbon-reduction mechanisms (such as border taxes, e.g. Chenet al., 2023, subsidies, etc.).

We base our approach on the study by Le Guenedalet al. (2023) which projected climate-
relevant variables from the Bank of Canada's study on transition risks (Chenet al., 2022b).
This paper introduces a framework to model impacts at the company level for equity using
discounted cash 
ows. The approach aligns with the methodology developed by the European
Central Bank (Alogoskou�s et al., 2021; Emambakhshet al., 2023) for the credit space. For
our projection of prices, outputs, GHG emissions, direct and indirect costs, we use the
MIT's Economic Projection and Policy Analysis (EPPA) applied for the Bank of Canada
scenarios2 that are consistent with scenario storylines proposed by the Network for Greening
the Financial System (NGFS). The 2023 MIT Global Change Outlook that assesses3 the
future of the Earth's energy, managed resources (including water, agriculture and land),
and climate, as well as prospects for achieving the Paris Agreement's short-term targets (as
de�ned by Nationally Determined Contributions, or NDCs) and long-term goals of keeping
the increase in the average global temperature below 2°C or even stabilizing at 1.5°C. In
this paper, we use these updated projections and adjust them to be in line with the NGFS
narratives regarding orderly and disorderly transition pathways.

The paper is structured as follows. Section 2 presents the methodology and the integrated
assessment model used, presents the storyline scenarios and details the steps to downscale
the output of macroeconomic model to the company level. We also present the �nancial
valuation approaches to estimate the impact on equity and bonds securities. Section 3
presents the results for the companies in the MSCI World Index and Section 4 concludes.

1These studies prioritize �nancial interconnectedness over real economy dependencies, such as materials,
resources, or fuel 
ows. The level of interconnectedness being modeled by the pass-through parameter which
represents the proportion of a direct shock being transmitted to the rest of the economy.

2Available at: https://www.bankofcanada.ca/2022/01/climate-transition-scenario-data/.
3Available at: https://globalchange.mit.edu/publications/signature/2023-global-change-outlook.
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2 Top-down stress-testing methodology

The framework of the scenario based stress-test introduced in Le Guenedalet al. (2023) can
be decomposed in three major blocks (see Figure 1). First, the scenarios are designed with
Integrated Assessment Models (IAMs). While many IAMs can produce the global scenarios,
the Economic Projection and Policy Analysis (EPPA) model presents several major advan-
tages in the context of stress-testing: (i ) it provides sector and country granularity, (ii ) it
can be applied to assess di�erent types of policies, such as emissions constraints, carbon
prices, border adjustments, subsidies, fuel standards, and others (iii ) it explicitly calculates
sectoral revenues, direct and indirect costs per sectors and countries (Chenet al., 2022a,
2023); (iv ) it considers advanced energy and industrial technologies and (v) it integrates the
data from the global trade analysis project (GTAP) that represents sectoral international
trade 
ows (Chen et al., 2022b).4

In the second component, we incorporate sectoral projected variations, and adjust them
to the company level using both structural and autoregressive (AR) models. These auto-
regressive projections can be in
uenced by either macroeconomic factors such as CPI, VAT,
GDP, etc., or company-speci�c factors like carbon intensity (de�ned in equation 9). The
third component focuses on pricing how stock value and default is likely to be impacted by
transition risk. We integrate more detailed company-speci�c �nancial data, including cost of
debt, equity, and corporate tax rates, etc. As discussed in the paper, we have the 
exibility
to extend speci�c data integration.

Figure 1: MIT's Economic Projection and Policy Analysis based Stress-testing framework

MIT's EPPA model

Provides:

- Production (x)
- Price (p)
- Emissions

- Carbon prices
- Direct and indirect cost
- In
ation (CPI) / GDP

For NGFS
Scenarios at Horizon 2050

Financial Statements

Asset level data:

- Company statements
(revenues, operat-

ing expenditure, etc.)
- Company share of revenues

in activities (RBICS)
- Company emis-

sion data (Trucost)

Valuation
Equity & bond

We model:

- Revenues varia-
tion along scenarios

- Financial indicators
(leverage, pro�tability, etc.)

- Equity (DCF)
- Bond spread

2.1 The EPPA model transition scenarios

The EPPA (Economic Projection and Policy Analysis) model, developed by the MIT Center
for Sustainability Science and Strategy (formerly MIT Joint Global Change Program), serves
as a tool for understanding the relationships between economic activity and greenhouse gas
emissions. This multi-regional, multi-sectoral general equilibrium model enables detailed

4Another interesting feature is short-term applicability and regional breakdown in Europe, also available
in other models, for instance NiGEM (Allen et al., 2023).
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analysis of how various sectors and regions interact, allowing for comprehensive forecasting
of emissions in response to economic growth, technological advancements, and policy inter-
ventions. By integrating scienti�c insights on climate change and climate policies, the EPPA
model produces future emissions pathways and evaluates the economic impacts of diverse
climate policies, such as carbon taxes, technology subsidies, and cap-and-trade systems. Its
dynamic framework facilitates long-term projections, making it an attractive resource for
policymakers and researchers seeking to navigate the complexities of climate strategy and
its implications for global economies. This model can be used for testing several `what-if '
scenarios and manage strategic allocation accordingly.

Figure 2: Schematic of the EPPA model

Source: Gurgel et al. (2023)
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As illustrated in Figure 2, EPPA modeling divides the world into 18 di�erent regions
(Africa, Australia and New Zealand, Dynamic Asia region (excluding: Japan, India and
China that are represented separately), Brazil, Canada, China, Europe, India, Japan, Korea,
Indonesia, Latin America (excluding: Brazil that is represented separately), The Middle
East, Mexico, Other East Asia, Other Eurasia, Russia and the United States of America).
It also accounts for 22 di�erent sectors of activity (Coal, Crop, Ownership of dwellings,
Products (metals, pharmaceuticals, chemicals...), Renewables, Food, Forestry, Gas, Live
(animals, milk, wool...), Oil, Other (other manufacturing, woods, minerals), Roil (petroleum
and coal products), Services and Transportation).

Transition Scenarios We project economic variables in these 18 regions and 22 sectors
and scale the projection at the company level according to 5 di�erent NGFS-like scenarios
matching di�erent objectives of reduction of emissions.

Current Trends (Baseline) The present study updates the current trends scenario
from Le Guenedal et al. (2023) to the corresponding projection from the MIT Global Change
Outlook 2023. By 2060, over half of IGSM's5 Current Trends projections (based on the
uncertainty in the climate system) exceed 2°C warming, rising to 75% by 2070 and 95% by
2090. By 2100, 95% indicate at least 2.2°C warming, with a median of 2.8°C. After 2050, all
projections surpass 1.5°C, and by mid-22nd century, warming reaches at least 2.9°C, with a
median of 3.8°C and a maximum of 4.6°C.

Global primary energy use in the Current Trends scenario grows to about 650 exajoules
(EJ) by 2050, up by 15% from about 560 EJ in 2020. The share of fossil fuels drops from
the current 80% to 70% in 2050. Variable renewable energy (wind and solar) is the fastest
growing energy source with more than an 8.6-fold increase in 30 years. In the Current
Trends scenario, global electricity production (and use) grows by 73% from 2020 to 2050. In
comparison to primary energy growth of 15% over the same period, electricity consumption
grows much faster, resulting in a continuing electri�cation of the global economy. Generation
from variable renewables exhibits the fastest growth (see Global Primary Energy, above).
EPPA7 modeling projects a rather stable crude oil price, with a �ve-year average of around
USD 75/barrel. Global oil consumption also remains fairly stable. Global GHG emissions
in the Current Trends scenario stay relatively constant, initially increasing from about 47
gigatonnes of CO2equivalent (Gt CO2e) in 2020 to about 48 Gt CO2e in 2030, and then
gradually decreasing to about 45 Gt CO2e in 2050 due to policies in countries with more
stringent emissions targets.

Accelerated Actions (1.5 °C with an overshoot) In the Accelerated Actions sce-
nario of the MIT Outlook 2023, global primary energy consumption declines after 2025 due
to price- and policy-driven energy-e�ciency measures, and reaches about 430 EJ in 2050.
The share of low-carbon energy sources grows from 20% in 2020 to slightly more than 60%
in 2050, a much faster growth rate than in the Current Trends scenario. Wind and solar
energy in the Accelerated Actions scenario undergo more than a 13.3-fold increase. In the

5Integrated Global System Modeling (IGSM) framework consists of the Economic Projection and Policy
Analysis (EPPA) model and the MIT Earth System Model (MESM), that is a linked set of computer models
to analyze interactions among human and Earth systems.
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Accelerated Actions scenario, global electricity production grows even faster, rising by 87%
between 2020 and 2050. More ambitious climate policies lead to a larger growth in variable
renewables. In the Accelerated Actions scenario, this trend is changed by a decrease in
oil demand after 2030. The oil price declines from about USD 75/barrel by 2025 to USD
60/barrel in 2050, a 20% reduction. In this scenario, global oil consumption drops from
about 190 EJ in 2025 to about 105 EJ in 2050. In the Accelerated Actions scenario, global
GHG emissions follow the same path as in the Current Trends scenario until 2025, and then
more aggressive policies reduce them to 18 Gt CO2e by 2050, a 62% decrease relative to
2020.

Net-Zero 2050 (1.5 °C) with limited BECCS: An alternative scenario, where de-
ployment of limited access to carbon dioxide removal technologies is limited. Uncertainties
in CCS technologies cost and availability and their public acceptance.

Below 2 °C immediate (orderly): In this scenario, starting in 2020, collective global
action is taken to reduce emissions with the goal of keeping temperatures below 2°C by 2100.
Early investments, planning, and management enable forests to become a small net sink by
mid-century. The pace of technological change is moderate, and the availability of CDR
technologies is limited in line with NGFS reference scenario.

Below 2 °C delayed (disorderly): This scenario follows the Current Trends trajectory
up to 2030, and then collective global action is imposed to align with a 2°C target by 2100. A
steeper transition is needed to compensate for the additional decade of continued emissions
growth. Delayed investments, planning, and management prevent forests from becoming a
net sink by mid-century. The pace of technological change is moderate, and the availability
of CDR technologies is limited.6

Carbon price Carbon prices re
ect the emission constraints imposed by governments on
CO2 equivalent emissions to �ght global warming. Carbon pricing a�ects companies around
the world, public institutions and households (either directly or indirectly). Carbon pricing
(emission constraints) can be set locally at the country level, or globally. The scenarios
compared in Table 1 have all in common that the transition is enabled through direct carbon
pricing, i.e. imposing a penalty on fossil fuel intensive sectors (that applies to the amount
of CO2 they emit). These penalties a�ect the behavior of consumers and producers, who
adapt their consumption choices, output prices and levels of production.

Figure 3 presents the evolution of the carbon price, by year and scenario as calculated by
the EPPA model. The chart projects carbon prices (USD per ton of CO2) from 2025 to 2050,
highlighting signi�cant di�erences driven by climate action. The 1.5°C scenario sees prices
rise to around USD 300 by 2050, while the 1.5°C Limited BECCS scenario peaks above USD
1000. Nevertheless, in the near term, the two scenarios yield comparable outcomes with
regard to the carbon price. In the 2°C Delayed scenario, the carbon price also surpasses

6Exceeding this 2°C limit could lead to severe and irreversible damage to natural and human systems,
with particular vulnerability for small island nations and low-lying coastal areas. Keeping temperatures
within this range would still entail signi�cant environmental changes, but it is considered achievable if there
is a rapid transition to renewable energy, sustainable practices, and technological innovations in carbon
capture.
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Table 1: Comparison of Climate Scenarios

Scenario T °C
in
2100

Key Features Energy Use & Emissions

Current
Trend (Base-
line)

� 3.2°C

ˆ Follows pre-2019 climate policies

ˆ Slow technological change

ˆ Limited availability of CDR technologies

ˆ Global primary energy use: 650 EJ
by 2050 (up 15% from 560 EJ in
2020)

ˆ Fossil fuel share: 80% in 2020 to
70% by 2050

ˆ GHG emissions: 47 Gt CO2e in
2020 to 45 Gt CO2e in 2050

Net-Zero
2050 1.5°C

ˆ Collective global action from 2020

ˆ Strong early actions enable forests to become
a net sink by mid-century

ˆ Fast technological change and moderate avail-
ability of CDR technologies

ˆ GHG emissions reduction to 18 Gt
CO2e by 2050 (62% decrease from
2020)

ˆ Oil demand decreases after 2030

ˆ Low-carbon energy sources grow
signi�cantly

Accelerated
Actions 1.5°C

ˆ Global primary energy consumption declines
after 2025

ˆ Rapid growth of low-carbon energy sources

ˆ Signi�cant increase in wind and solar energy

ˆ Decrease in oil demand and price

ˆ Global primary energy: 430 EJ by
2050

ˆ Low-carbon energy share: 20% to
60% by 2050

ˆ GHG emissions follow Current
Trends until 2025, then decrease to
18 Gt CO2e by 2050

Net-Zero
2050 with
limited
BECCS

1.5°C

ˆ Limited access to carbon dioxide removal tech-
nologies

ˆ High costs and operational challenges

ˆ Uncertainties in biomass supply

ˆ Similar to Net-Zero 2050, but with
more constraints on CDR tech-
nologies

Below 2°C
Immediate
(Orderly)

@2°C

ˆ Collective global action from 2020

ˆ Early investments enable forests to become a
small net sink by mid-century

ˆ Moderate technological change and limited
availability of CDR technologies

ˆ GHG emissions reduction aligned
with orderly transition

Below 2°C
Delayed (Dis-
orderly)

@2°C

ˆ Action begins after 5 years of current policies

ˆ Steeper transition needed due to delayed ac-
tion

ˆ Moderate technological change

ˆ Limited availability of CDR technologies

ˆ GHG emissions initially grow,
then require rapid reduction to
meet targets
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Figure 3: Carbon price trajectories in transition scenario (weighted average)

Source: MIT EPPA Model

USD 300 by 2050, whereas the 2°C Immediate scenario also exhibits a price trajectory
that remains approximately USD 200. In contrast, the Current Trends scenario remains
mainly 
at, starting near USD 50 and only reaching about USD 100 by 2050. These �gures
underscore the critical importance of timely climate policies, as proactive measures may lead
to signi�cantly lower carbon prices compared to delayed actions when both scenarios are set
to reach the same ultimate target.

2.2 Modeling the impact on �nancial statements

Macroeconomic signals from Integrated Assessment Model (IAM) We detail and
extend the mechanisms of the method introduced in Le Guenedalet al. (2023). For each
sector i , region r , scenario' , and year t, the model provides the results for:

Revenuest;i;r;' � pt;i;r;' � x t;i;r;' (1)

Carbon CostsDirect
t;i;r;' � Emissionst;i;r;' � Carbon Pricet;i;r;' (2)

Carbon CostsIndirect
t;i;r;' � Q

j
� pœ

t;i;r;' � Z t;i;j;' (3)

� Emissionst;i;r;' � Carbon Pricet;i;r;' � Z t;i;r;'

� Indirect Emissionst;i;r;' � Carbon Pricet;i;r;' (4)

wherept;i;r;' andx t;i;r;' are respectively the unitary price of output and the production output
of sectori obtained from the EPPA model for a particular scenario. The indirect costs re
ect
all intermediate inputs (i.e., all inputs excluding capital and labor) from supplying sectors
j in production of sector i, with pœ

t;i;r;' denotes the carbon-penalty-inclusive price paid by
sector i for goods from sectorj at time t in scenario' and Z i;j;';t denotes the amount of
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transactions between sectorj and sector i at time t in scenario' from the Global Trade
Analysis Project. These intermediate inputs are calculated by the EPPA model.

Capital expenditures (CapEx) is the amount of money a corporate entity spends to
buy, maintain, or improve its �xed assets, such as buildings, vehicles, equipment or land.
Within the EPPA model, the dynamics of investment over time are driven by the additional
investment required by existing and new technologies. For example, capital may be invested
in lower-emitting sources of electricity, or in the removal and decommissioning of fossil fuel
plants. CapEx does not appear directly on the balance sheet for the income computation but
can be subtracted from future Free Cash Flows. In the EPPA model, the capital expenditures
(CAPEX) are computed as follows:

Capital expendituret;i;r;' � Capital pricet;i;r;' � New capital addedt;i;r;' (5)

The projected amount includes all the new capital added in the sector and in a given region,
and not only capital that is used for decarbonization. The di�erence between the sectoral
revenue and a sum of direct and indirect costs equals to the sectoral value-added,V At

i;' :

Value Addedt;i;r;' � Revenuest;i;r;'

� Carbon CostsDirect
t;i;r;' � Carbon CostsIndirect

t;i;r;' (6)

The EPPA model also calculates the changes in consumer price index (CPI) in
ation in
di�erent scenarios. CPI is calculated in the EPPA model as a price of consumption (�nal
consumption goods), by a representative consumer in each region. Changes in CPI are en-
dogenously calculated by the model based on the economic growth, changes in relative prices,
resource depletion, productivity changes and other factors. To simplify the representation
in the current paper, we do not introduce CPI projection in the modeling of the di�erent
variables.

Sector and regional activity allocations To downscale sectoral variables calculated by
the EPPA mode to company level, we allocate company-speci�c emissions in the following
way. For an issuer (company)k in sector i in country r , we determine carbon emissions
contribution as:

� k;i;r �
Issuer Revenuesk;i;r

Total RevenueEP P A
i;r

(7)

�
Issuer Carbon Emissionsk;i;r

Total Carbon EmissionsEP P A
i;r

if CI i;r is constant (8)

where � represents the contribution of the issuerk to the total carbon emissions in an
EPPA sector i and regionr . This supposes that all issuers have the same carbon-equivalent
intensity CIˆ i; r • when operating in a given sector, in a given region. The distribution of
this metric is represented in Figure 4. While the majority of companies represents only a
negligible proportion of the total activity in one sector and country, a selected few have a
ratio approaching 100%.
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Figure 4: Illustration of company contributions in sector/region activities� ˆk; i; r •

Note: For visualization purposes, we focus on contributions between 0.01% and 1% on this chart. Most companies inherit less
that 0.2% of the total costs in one activity and region. Average contribution over the whole MSCI World is 0.13%.

To construct company-level carbon emissions distributions, we need to map the break-
down of activities of each issuer to di�erent sectors and regions. The process is based on
multiple steps, allowing an advanced representation of company activities, with for example
details of its revenues repartition by sector and region. First, we retrieve company level
information on sectoral revenues using the FactSet Revere Business Industry Classi�cation
System (RBICS), which provides a highly granular description of the activity breakdown for
investors. This breakdown is also available on companies annual report and / or 10K.

For a subset of 6 000 companies that have been studied speci�cally for the current paper
out of a larger set of almost 200K companies (available in RBICS), the combination of the
reported b̀usiness segment' and RBICS level 6 activity classi�cation and description lead
to millions possible di�erent activities for a large universe of companies (c.f. Table 11 in
the appendix), since we can have a RBICS level 6 activity for each sector/country/revenue
split where the company operates. To map these vast number of instances to the Global
Trade Analysis Project (GTAP) sectors (which, in turn, are mapped to EPPA in Chenet
al., 2022b), it is necessary to project the embedding of all the descriptions and to identify
the optimal matches. We use a cosine similarity measure of the numeric transformation
of the descriptions of RBICS on one side and of GTAP on the other side and keep the
correspondence where the distance is smallest. This is an initial approach to associating
each RBICS description of each company's revenue fraction with the relevant EPPA sector,
given that EPPA is based on GTAP.7

The results of this �rst guess step are mostly satisfactory, although some allocations can

7We use state of the art open-ai incrustation model illustrated in Figure 5
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be somewhat complex. For example, \uranium extraction" RBICS L6 description could be
both allocated to \other materials" and \metals extraction", or to \nuclear energy" GTAP
descriptions. Moreover, for some sectors the energy mix is not properly speci�ed (e.g. Eu-
rope Mixed Wholesale Power, Global Energy Utilities, etc.). In order to reduce the error
due to wrong matching, we add to the matching additional sources of information: Euro-
pean commission taxonomy for eligible revenues share, Trucost breakdown of emissions and
company reports accounting. Multiplying the sources of revenue breakdown for companies
allows to reduce the uncertainty of matching company metrics by sector and region to the
proper EPPA sector/region.8

Figure 5: Embeddings based semi-automatic sectoral allocation between RBICS and GTAP

At a second level, geographic information is available in RBICS (c.f. Table 10 in the
appendix). Nevertheless, the geographical description of revenues is not aligned with that of
EPPA's region (c.f. Table 12 in the appendix). If the activity is mapped to several regions,
not reported or to ìnternational ' activity (for multinational companies), we introduce a
geographic allocation of revenues from Factset GeoRev. Consequently, we distribute the

8Figure 21 in the appendix describes the process. We start with an embedding algorithm based on
similarity distance between GTAP sectors and RBICS sectors. For low similarities scores and energy or
utilities companies, we update the repartition using energy mix information. For companies that present EU
Taxonomy metrics, we check using company reports that the new breakdown improves the one coming from
the previous steps. The reason not to trust fully each data source comes from the hardness to extrapolate
emissions from speci�c activities, recency of the source, etc.
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sub-sectors in di�erent regions where the company operates, in accordance with the global
repartition of each sub-sector worldwide. For example, if we only have sectoral repartition
of the activities of company A, we break down each activity according to its worldwide
repartition. 9 In the absence of information regarding the geographic distribution of the
company's activities, we utilise a proxy, namely the geographic breakdown of the companies
that are most similar to the one under study. Dividing the revenues share of companies in
EPPA sector i and regionr allows us to de�ne the carbon emissions contribution (c.f. Eq.
(8)).

Direct emission and �rst-tier indirect correction The direct emissions (Scope 1) and
activity in Le Guenedal et al. (2023) are de�ned as:

Activity Carbon Emissionscomputed
k;i;r � � k;i;r � Revenuesk � Carbon IntensityEP P A

i;r

where� k;i;r is the fraction of revenues of companyk in EPPA activity i in regionr , Revenuesk
are the total revenues. Carbon Intensity for each sector x regionCIˆ i; r • is de�ned in a top-
down fashion as:

Carbon IntensityEP P A
i;r �

Carbon EmissionsEP P A
i;r

RevenuesEP P A
i;r

(9)

Using EPPA implicit carbon intensities of activities (dividing sector emissions by revenues
in 2020 in each region), we have an equivalence between emissions and activity. However,
this representation does not take into account the di�erence of carbon emissions intensity
among companies.

Thus, we correct direct emission using reported emissions from Trucost to have a more
accurate representation of companies intensities (for this we can use direct, indirect or �rst
tier indirect emissions which are all likely to generate costs for companies). The total modeled
emissions of the companyk follows:

Carbon Emissioncomputed
k � Q

i;r
Activity Carbon Emissioncomputed

k;i;r (10)

we de�ne the error ratio as:10

" k �
Carbon Emissioncomputed

k

Carbon Emissionreported
k

(11)

where Carbon Emissionreported
k are reported scope 1 emissions in Trucost (direct or direct

and �rst tier indirect emissions). The direct and indirect costs associated to each company
activity at initial state are scaled with these corrected carbon emissions. To limit the impact

9In our graphic representations, to have a country level projection of revenues, we downscale our variables
using each country's contribution in terms of GDP in its region. This is particularly evident in Europe, which
contributes signi�cantly to market capitalization and revenues. This enables more precise identi�cation of
the roles of France, Germany and England.

10We reiterate Table 5 on page 34 (ssrn version), where this ratio was called speci�c carbon intensity (Spe.
CI).
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of reported carbon data on the scaling of the cost per activity, we control sector-speci�c
estimation errors, as illustrated in Figure 6. The proposed correction allows for the scaling
of the initialization cost at the level of disclosed scope 1 emissions. We then compute
each company's contribution to the evolution of the sector emissions using the updated
contribution ratio:

�̂ ˆk; i; r • �
Carbon Emissioncomputed

k

Carbon Emissionreported
k

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
Company intensity correction factor

� � ˆk; i; r • � " k � � ˆk; i; r •

where the total contribution (that will determine the cost burden) of the companies are
scaled according to their global intensity.

Figure 6: Direct emissions correction illustration (log scale)

Note: the Scope 1 Estimation on the y axis is based on the carbon intensity assumed by MIT EPPA model per activity, and
companies revenues share. Scope 1 on x axis are reported by companies (and potentially corrected by Trucost).

As shown in Figure 6 largest emitters (above 2 million tons of CO2e) are mostly located
below the scaled y=x axis, while lower emitters are located mainly above the axis, illustrating
that companies have di�erent intensity pro�les as compared to the average reference universe.

Projection of �nancial statements Once a mapping has been established between the
breakdown of revenues of each company by sector and country and the corresponding alloca-
tion in EPPA7, the �nancial statements of the companies can be projected over time. This
will provide insight into their future behavior in relation to transition scenarios. Fort A t0,
we use EPPA7 projections such as, for a speci�c companyk:

Total Assetst;k;' � � 1a � Total Assetst � 1;k;' � � 2a � logˆGDPt;' • (12)

� � 3a � In
ation t;'
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For revenue projection, we use the following framework:

Revenuest;k;' � Revenuest � 1;k;' � Q
a;r

� a;k;r ˆ1 � � tRevenuest; ˆ a;r • � ˆ i;r • ;' • (13)

where revenues and in
ation temporal variation are computed with geometric di�erences
(e.g. � tX � X t

X t � 1
) between time steps deduced from EPPA's trajectories. The subscripts

ˆa; r• � ˆ i; r • denotes the activity a of the company mapped to EPPA sectori in region r .
� follows the previous notation to embody the breakdown of revenue of each company by
sector.11

This projection o�ers several advantages. Primarily, it allows for the incorporation of
in
ation and revenue projections within a framework that permits the integration of multiple,
non-concurrent anticipations of future sales for each company. Additionally, it enables the
anticipation of shifts in the revenue breakdown, re
ecting the comparative growth of each
sector in any given projection scenario.

Operating expenditure (OPEX) refers to the ongoing costs involved in the day-to-day
functioning of a company. These expenses are necessary for maintaining operations and
include costs such as salaries, rent, utilities, and maintenance. Unlike capital expenditures,
which are long-term assets, operating expenditures are typically fully deductible in the year
they occur. Most of these costs are not dependent on transition policies (salaries, rental,
equipment, inventory costs, etc.), even though fuel expenses, for example are sensitive to
transition. Costs trajectories associated with transition scenarios proposed by the EPPA7
model are also included in the computation of the total operating expenditures:

Opext;k;' � Other Opext;k;'

� Q
a� i;r

� Carbon CostsDirect
t � 1;k;';i;r � Carbon CostsIndirect

t � 1;k;';i;r � (14)

� Q
a� i;r

�̂ k;i;r � ‰� tCarbon CostsDirect
t;k;';i;r � � tCarbon CostsIndirect

k;t;';i;r Ž

� Other Opext;k;' � � Carbon CostsDirect
t;k;';i;r � Carbon CostsIndirect

t;k;';i;r �

where:

Carbon CostsDirect
t;k;';i;r � Carbon CostsDirect

t � 1;k;';i;r � Q
a� i;r

�̂ k;i;r � ‰� tCarbon CostsDirect
t;k;';i;r Ž

Carbon CostsIndirect
t;k;';i;r � Carbon CostsIndirect

t � 1;k;';i;r � Q
a� i;r

�̂ k;i;r � ‰� tCarbon CostsIndirect
t;k;';i;r Ž

The direct and indirect carbon costs variations �t for sector i in region r (in which belong
issuerk) are computed with arithmetic variations (e.g. � tX � X t � X t � 1) distributed propor-

11Note that additional fundamental variables and revenues lags can be taken into account in projecting
company revenues through time. They can be generalized to any information (news, company report, due
diligence, background checks, etc.) as well as external factors (in
ation, sector dynamics) that can be taken
into account to build a more accurate projection of future revenues. Complete modeling goes beyond the
objectives of the current paper.
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tionally to the share of activity (corrected by the company level intensity factor), ^� ˆk; i; r •.12

This approach ensures that both direct and indirect costs are allocated to agents operating
within sector and region in a proportional fashion, based on their individual contributions.
13

Indeed, most companies operate in several activities, the computation of the direct and
indirect costs are performed for each segment and then aggregated at the company level.
The estimation of carbon-related operating expenditures associated to each sub-activities
also is determined with their revenues share� a;k;r . The estimation of remaining other costs
are made at the company level subtracting direct and indirect costs implied by the baseline
(or any scenarios) in the base year.14

The net income15 (also known as earnings) and pro�tability follow:

Net Incomet;k;' � EBITDA t;k;' � Revenuest;k;' � Opext;k;' (15)

Pro�tability t;k;' �
Net Incomet;k;'

Total Assetst;k;'
(16)

Free cash 
ow (FCF) is a �nancial metric that measures the amount of cash generated
by a company after accounting for capital expenditures necessary to maintain or expand its
asset base. It represents the cash available for distribution to the company's investors, such
as shareholders and debt holders, or for other purposes like paying dividends, reducing debt,
or reinvesting in the business.16 Ultimately, analysts use it to value companies. The modeling
of free-cash 
ows (FCF), is based on the assumption that earnings are good predictors of

12Total transition costs are distributed among companies assuming direct costs, associated with direct
emissions pricing mechanisms, and indirect costs, passed-on from the supply-chain, are accounted for in
the costs of product sold. In practice, carbon taxes are mostly associated with costs of fuels paid at their
acquisition. The cost of fuels is a purchase price, including customs duties and other non-recoverable taxes.
Indirect costs a�ect other purchases and are therefore part of the operating expenditures.

13We introduce a subsequent correction ratio to increase the cost burden of more intensive companies, and
reduce those of companies with lower direct carbon intensity.

14We have:

Other Opexˆ2023• � Total Opexˆ2023• � �Direct Costsˆ2023• � Indirect Costsˆ2023•�

and other costs are maintained constant in this stress-test. They can be in
uenced by external parameters
such as the size of the companies, its revenues or macroeconomic factors like GDP.

15We make the approximation in the current paper that net income is equivalent to EBITDA. In practice,
one has to add interest, taxes, depreciation and amortization.

16FCF can either refer to FCFF (Free Cash Flow to Firm) or FCFE (Free Cash Flow to Equity). In
the current paper we use the FCFF approach which is most natural in long term projection as we want to
exclude the impact of interest expense and repayments.

FCFF � FF OPER CF� FF CAPEX FIX � � Interest Expenses (Net of Interest Capitalized)� ˆ1 � Tax Rate•�

where FF OPER CF is the Net Cash from Operating Activities and FF CAPEX FIX are Capital Expendi-
tures Fixed Assets Capex
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future cash-
ows (Nallareddyet al., 2018). It can be written (Franciset al., 2000):

FCFt;k;' � ˆNet Incomet;k;' � Deprt;k;' • � ˆ1 � � •

� Deprt;k;' � � WCt;k;' � CAPEX t;k;' (17)

Simpli�ed as:

FCFt;k;' � Net Incomet;k;' � CAPEX t;k;' (18)

� WC is the variation of working capital is each period's beginning working capital minus
ending period working capital, which can be de�ned as operating current assets minus oper-
ating current liabilities. Should a company experience an increase in its Net Working Capital
year-on-year, this would indicate that either its operating assets have grown or its operating
liabilities have declined in comparison to the previous period. An increase represents and
out
ow of cash, diminishing the corresponding Free Cash Flow.17

The VAT ( � ) is introduced as control and will not di�er from one scenario to another.
Thus it should not impact the level of transition risk between companies.18 Table 9 reiterate
all the �nancial statements that are modeled for the companies in the transition scenarios
following EPPA model sensitivities. 19 The capital expenditure (CAPEX) is also scaled at
company level with the same downscaling formulas than the ones created for revenues:

CAPEX t;k;' � CAPEX t � 1;k;' � Q
a;r

� a;k;r ˆ1 � � tCAPEX t; ˆ a;r • � ˆ i;r • ;' •

2.3 Financial valuation and investment guide modeling

In this section, we present valuation ratios and investment guide modeling. We model
variations of discounted cash 
ows and probability of default in scenarios of interest.

2.3.1 Equity valuation

Discounted cash-
ows Equity is particularly sensitive to investors perception of future
cash 
ows, that are discounted using the Weighted Average Cost of Capital (WACC), to build
a unique indicator per scenario. WACC is a metric that calculates a company's cost of capital,
taking into account the relative weights of each component of the capital structure, which
typically includes debt and equity. WACC represents the average rate of return a company
is expected to pay its security holders to �nance its assets. The rational of introducing asset
speci�c WACC is to account for company speci�c measure of market riskiness. The WACC
is computed as follows:

WACC �
E

E � D
� RE �

D
E � D

� RD � ˆ1 � � • (19)

17In the current paper, given the time horizon we are working with, delta working capital are neglected.
18The Table 13 to 15 in the appendix justi�es this simplifying choice, as we can observe high adjusted

Rsquare using net income as single predictor� 60%.
19Table 9 in the appendix summarizes the transmission channel of the macroeconomic modeling from

EPPA, to the company �nancial statement and valuation ratios.
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whereE is the equity value (last market cap),D is the debt (last total debt) retrieved from
the �nancial statements of the company. 20 It is important to note that the calculation
of beta will signi�cantly impact the results when using the CAPM model to compute the
Weighted Average Cost of Capital (WACC) for the selected companies. For example, the
values of the WACC are provided Figure 7 for companies in the MSCI World Index.

Figure 7: WACC distribution of companies within the MSCI World Index

In general, there are several modeling options for the WACC (e.g. Constant WACC,
Leverage adjusted, Sectoral, etc.). Speci�c calibration is presented in Le Guenedalet al.
(2023). The application of the leverage-adjusted formula (presented above) with asset-
speci�c betas �xed at 1 in the cost of equity and the same risk-free rate assumption yields
substantially di�erent WACC values (though these remain globally concentrated between
3-10%, c.f. Figure 7). Notably, the median value approximates the market-cap-weighted av-
erage WACC depicted in the graph. This is due to the fact that some large companies have
a small amount of debt, and therefore a much higher WACC than the rest of the universe,
due to the �nancing using the equity part of their capital structure. Although the model of
asset level WACC is particularly sensitive to parametric uncertainties, it allows to capture
country speci�c e�ect or di�erences in companies leverage.

This method is deemed more consistent as it accounts for the share of debt and other
company-speci�c factors (cost of debt, beta, ERP) in the pricing of companies. Discounted
Cash Flow (DCF) is a widely adopted valuation method for estimating an investment's
intrinsic worth by projecting its future cash 
ows and discounting them to their present

20RE � Rf � � � ERP with Rf , the risk free rate (e.g. yield of government bonds with maturity of 10
years issued by the country where the company is based or a broader region),� represents the risk of an
investment relative to overall market, ERP is the equity risk premia, we use the value from Damodaran
(Damodaran et al., 2013; Damodaran, 2019), and aggregate them at the European level.RD is the cost
of debt obtained from corporate credit rating, � is a corporate tax rate from Damodaranet al. (2013) and
Damodaran (2019).
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value. The discount rate used in DCF analysis typically re
ects the investment's risk pro�le
and incorporates the time value of money, thereby providing a more accurate measure of the
investment's real worth over time:

DCF ˆt; k; ' • �
ª

Q
s� 2023

FCFs;k;'

ˆ1 � WACC• ˆ s� t •
(20)

Investment guide ratios We compute the equity valuation ratio in scenario' as:

� t;E;' �
DCF t;k;'

DCF t;k; baseline
(21)

That represents the (possibly unpriced) equity return associated to issuers that are better
positioned, in terms of revenues share of di�erent activities that comply with, Below 2°C,
Delayed 2°C or Net Zero Emission scenarios requirements. We assume that the shocks in
the market perception in terms of plausible realization of transition scenarios will translate
into shocks to equity value.21

Remark 1 This is a simpli�cation in discrete time of the probability-weighted cash 
ow
setting used, for example, in Le Guenedal and Tankov (2024) in the context of bond pricing.
Using continuous time modeling, the value of actualized future cash-
ows at timet is given
by:

DCF t � E � S
ª

t
e� W ACC ˆ s� t • FCFsUF t ds�

�
n

Q
' � 1

P� I � ' SF t � E � S
ª

t
e� W ACC ˆ s� t • FCFsUF t ; I � ' ds �

´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶
probability weighted future discounted cash-
ows

(22)

where P� I � ' SF t � denotes the probability of each scenario' � 1; ::; n materializing, under
�ltration F t . In the present discrete case, we assume that the market currently prices the
baseline only, i.e.P� I � Baseline� � 100%. Therefore, we assume that the equity valueE t is
proportional to the discounted cash 
ow in the baseline at time t:

E t � A � DCF t;Baseline �
ª

Q
s� t

FCFs;Baseline

ˆ1 � WACC• ˆ s� t •
and

¦ ' DCF t;' �
ª

Q
s� t

FCFs;k;'

ˆ1 � WACC• ˆ s� t •

whereA is a scaling coe�cient, which could be for example a price to future cash-
ow (for-
ward price earning ratio (PER)). This matches illustratively a situation where the market
does not price any transition risk and suddenly realizes that the energy transition' is a

21Note that in most academic or practitioners stress-tests, the assumption are quite similar. For example,
introducing the EV/revenues and Equity/revenue ratio (Bouchet & Le Guenedal, 2020), one can easily
channel the carbon price driven shocks transmitted to the Equity portfolio.
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necessity. In reality, this is not realistic, as the current market price is a probability weighted
combination of di�erent scenarios, following more strictly:

DCF t �
n

Q
' � 1

P� I � ' � � E �
T

Q
s� t

FCFs

ˆ1 � WACC• ˆ s� t •
UI � ' 	 (23)

�
n

Q
' � 1

P� I � ' �
T

Q
s� t

FCFs

ˆ1 � WACC• ˆ s� t •
�

n

Q
' � 1

P� I � ' � � DCF t;' (24)

whereP� I � NZE � , P� I � Current trend� , P� I � Delayed� , etc., are the probability of each
scenario to materialize, and T the time horizon considered by the market (it is common
practice to consider a 5-years forward period). In this setting, a more realistic measure
would be a shift in market perception in the materialization of the transition. We may thus
introduce a more realistic stress-test measure on the basis of deterministic scenarios posed by
the Network for Greening the Financial System (or other) using this change in perception.

Figure 8: Illustration of pricing under scenario uncertainty

Market perception based stress-test measure for Equity As Equity prices are sen-
sitive to market sentiment, in line with Remark 1 illustrated in Figure 8, we introduce a shift
measure to quantify the impact on a portfolio of varying market's pricing of a mixture of
scenarios. For each time step, this measure re
ects the proportion of a future scenario that is
implemented, thereby progressively transitioning from the baseline to the target scenario. In
e�ect, it represents the fraction of the investment gains or losses that result from the partial
implementation of each scenario in comparison to retaining the baseline. In this section, we
simplify the scenario-weighted discounted cash-
ows expression for corporate value:

DCF t �
n

Q
' � 1

P� I � ' � � DFC t;' (25)
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Let � P� I � ' � , ranging in �0; 1� for example 5;10; ::50%, be our stress-test input, applying a
shift in market perception of 5% to 50%, in the market belief in the scenario' . We simply
de�ne the spot shift metric for the portfolio of N assets as the probability weighted return
of DCF mixture:

SE ˆ t; � P� I � ' �• � P� I � ' � � � E
t;' (26)

Remark 2 To capture the scenario implied Equity prices, we can also use the earning pro-
jections and PER ratio (which is the price of a company divided by its earnings):

E t;k;' � Earningst;k;' � PERt;k;' (27)

The probability of scenario' is given by the sum of sequential changes in market perception
that occur through time stepss:

P� I � ' � t � Q
s@T

� P� I � ' � s >�0; 1�

The shock implied by a shift in probabilities� P� I � ' � s for each future stepss perceived at
time t on the portfolio becomes:

Sœ
t; � P� I � ' � t

�
N

Q
k� 1

wk � Œ
� P� I � ' � t � E t;k;' � ˆ � P� I � b� t � 1 � � P� I � ' � t • � E t;k;b

E t;k;b
� 1‘ (28)

where� P� I � ' � t is the shift proportion related to the market's con�dence across each sce-
nario occurring each year,wk the weight of each issuer in the portfolio,N the total number
of issuers and the su�x b to indicate that the variable is related to the baseline scenario. As-
suming the forward PER remains identical between scenarios,22 the Equation (28) simpli�es
to:

S
œE
t; � P� I � ' � t

�
n

Q
k� 1

wk � Œ
� P� I � ' � t � Earnings t;k;' � ˆ � P� I � b� t � 1 � � P� I � ' � t • � Earnings t;k;b

Earnings t;k;b
� 1‘

In order to account for capital expenditures and corporate tax rates, we employ free cash 
ow
(FCF) instead of earnings:

S
œF
t; � P� I � ' � t

�
n

Q
k� 1

wk � Œ
� P� I � ' � t � FCFt;k;' � ˆ � P� I � b� t � 1 � � P� I � ' � t • � FCFt;k;b

FCFt;k;b
� 1‘ (29)

For each forward time steps, we want to actualize the cash 
ows. The discounted FCF
(DFCF) is:

DFCF t;k;';s �
FCFs;k;'

ˆ1 � WACC• ˆ s� t •
(30)

and Equation (29) becomes:

S
œœF
t; � P� I � ' � t

�
n

Q
k� 1

wk � Œ
� P� I � ' � s � DFCF s;k;' � ˆ � P� I � b� s� 1 � � P� I � ' � s• � DFCF s;k;b

DFCF s;k;b
� 1‘

(31)

22This is a strong assumption, we keep the conditional modeling of PER ratio in transtion scenario for
further research.
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The portfolio weighted discounted shock for a given value of the probability parameter varia-
tion follows:

ESt;P � I � ' � �
T

Q
s� t

S
œœF
s;� P� I � ' � s

(32)

As introduced, at each time step s, there is a shift of� P� I � ' � s to the scenario' . We
have at the end of the period a shift ofP T

s� t � P� I � ' � s � P� I � ' � > �0; 1� , assuming initial
probability is null. For example, if there is each year a 25% shifted from the baseline to
the 2°C immediate scenario each year and n = 4, the cumulative e�ect by the end of the
period is a complete (100%) transition to the 2°C immediate scenario. This approach allows
to integrate progressive discovery of market con�dence in scenarios realization. The shift in
probability can be calibrated on observed change in prices, and alternative signals (such as
news, policy implementation, change in e�ective carbon price e.g. Le Guenedal and Tankov,
2024, etc.). We leave this calibration for further research.

2.3.2 Fixed-income

Probability of Default Probability of Default (PD) refers to the likelihood that a bor-
rower will be unable to service its debt obligations in a timely manner. PD is a key component
in credit risk assessment and is used by lenders, investors, and �nancial institutions to eval-
uate the creditworthiness of borrowers and to determine the appropriate interest rates, loan
terms, and capital reserves.23

In practice, PD is used in various �nancial models and regulatory frameworks, such as
the Basel Accords, to calculate expected credit losses, determine capital requirements, and
manage credit risk. It is also a critical input in the calculation of other credit risk metrics,
such as Loss Given Default (LGD) and Exposure at Default (EAD). We model the increases
in the cost of debt separately using sensitivities �rst introduced in (Alogoskou�set al., 2021),
simpli�ed in Emambakhsh et al. (2023) as:

PDt;k;' � � P D � � 1;P D � Leveraget;k;' � � 2;P D � Pro�tability t;k;' (33)

with parameters provided in Table 2.

Implicit credit spread The spread refers to the di�erence in yield between a corporate
bond and a comparable maturity government bond. It represents the additional yield that
investors demand for taking on the additional credit risk associated with a corporate bond
compared to a risk-free government bond. The credit spread compensates investors for the
risk of default and other credit-related risks. It can also be written as follows:

Spread̂ t; k; ' • � PDˆt; k; ' • � ˆ1 � R• (34)

23PD is in
uenced by various factors, including: (i ) Borrower's Credit History: ( ii ) Current �nancial
health condition, including income, assets, and liabilities; (iii ) Overall economic environment and industry-
speci�c factors and (iv ) speci�c characteristics: Terms of the loan, such as interest rate, maturity, and
collateral. PD is often expressed as a percentage. For example, a PD of 5% corresponds to a 5% chance that
the borrower will default within the speci�ed time period.
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Table 2: Regression results for probabilities of default

Fossil Fuels Energy Utilities Energy-Intensive Buildings

Constant -7.6*** -7.16*** -7.09*** -6.63***
Pro�tability -14.06*** -10.99*** -9.71*** -7.8***
Leverage 3.28*** 3.96*** 4.11*** 3.13***
Observations 1,622 20,037 229,642 261,560

Transportation Agriculture Scienti�c R&D Other

Constant -6.27*** -7.08*** -6.2*** -6.44***
Pro�tability -9.47*** -12.26*** -10.58*** -7.51***
Leverage 3.004*** 3.17*** 2.1*** 2.98***
Observations 81,223 27,218 3,014 1,159,501

Source: reproduced from Emambakhsh et al. (2023, p. 83): ECB calculations based on Orbis data. Sectors refer to Climate
Policy Relevant Sectors (CPRS) de�ned in Battiston et al. (2017). Notes: Standard errors in parentheses. * p @0:1, ** p @0:05,
*** p @0:01.

Where R is the recovery rate (percentage of the bond's face value that is expected to be
recovered in the event of default). Similarly we measure in basis point the transition scenario
credit spread as:

� B;';t � Spread̂ k; '; t • � Spread̂ k; Baseline; t• (35)

3 Financial impact

3.1 Case studies: impact on speci�c issuers

Revenues In this study, we assess the impact of several climate transition scenarios on a
diverse set of companies, each exhibiting di�erent sectoral pro�les. To illustrate the varying
revenues and cost drift in transition scenarios, we focus on 5 companies with di�erent activity
mixes.24

Figure 16 presents the impact of EPPA revenues variations on modeled activities in
the transition scenario of interest scaled at the company level. Company A, with minimal
involvement in both fossil fuels and renewables, globally bene�ts from the implementation
of the scenarios, and is not very sensitive to scenario speci�cs (the behavior of its revenues
remains the same whether the transition is achieved immediately or delayed). On the other
hand, Company B, heavily weighted in oil, experiences a substantial impact under these
transition scenarios. The more aggressive the scenario is with regard to transition and carbon
dioxide removal technologies, the more revenues are penalized over time. As oil sees a marked
reduction in demand under stricter climate policies, Company B faces considerable transition
risks on the demand side, particularly in scenarios with a rapid decline in oil activity, such as

24In this section, we smooth the projected revenues by employing a piecewise approach with a third-order
polynomial|while preserving the initial and terminal values|to account for forward modeling uncertainties,
ensuring that abrupt 
uctuations do not overshadow the fundamental revenue trends. We verify that the
resulting smoothed values su�ciently retain the core characteristics of the original projection while mitigating
abrupt spikes linked to changes in carbon pricing policies, thereby enhancing the realism of converting 5-year
interval representation in EPPA to annual intervals for �nancial applications.
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Figure 9: Projection of the revenues per EPPA activities on 5 illustrative companies

1.5°C or 2°C immediate. The decrease in oil-related revenues is a key factor in the company's
vulnerability to policy shifts aimed at meeting climate targets.

Conversely, Company C, which presents a high proportion of renewables in its business
mix, stands to bene�t from the transition to lower-carbon energy systems. The increasing
demand for renewables in all scenarios allows this company to capitalize on the growing
market, especially in the scenarios targeting a 1.5°C or 2°C limit on global warming. Also,
transition scenarios see the renewable share of revenues take over the gaz share contrarily
to current trends where the proportion stays well balanced. Company D, despite having
some renewable energy involvement, struggles to maintain its revenues due to signi�cant
exposure to coal and gas, sectors that face sharp declines in demand in transition scenarios.
This demonstrates the complexity of business models where a partial transition towards
renewables does not necessarily shield companies from the broader systemic risks posed by
fossil fuel activities. Finally, Company E, with only a marginal proportion of renewables
in its portfolio (about 10%), su�ers considerably across all scenarios. Its dependency on oil
and gas makes it particularly vulnerable to transition-related revenue losses, highlighting
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the importance of rapidly shifting business strategies towards more sustainable sectors to
mitigate climate-related �nancial risks.

Carbon-related costs In Figure 10, we analyze the total scenario costs, including both
direct and indirect costs, for the same set of companies. Interestingly, the cost burden does
not exhibit a straightforward relationship with the energy mix of each company. It is also
not monotonic through time, also because indirect costs are proportional to the activity of
the company, which may decrease in time.25

Figure 10: Projection of the costs on a set of companies

Company A sees its costs increasing gradually through time in every scenarios with dif-
ferent scales, re
ecting the high emissions speci�c to, in this example, steel manufacturing.
It is logically most penalized in the 1.5°C with limited access to carbon dioxide removal tech-
nologies. Interestingly, 1.5°C scenario sees the company costs increasing until 2040 before

25The smoothing procedure detailed in the Appendix e�ectively mitigates abrupt 
uctuations arising from
changes in carbon pricing policies. More importantly, it enhances the realism of converting the EPPA
model's �ve-year steps interval into annual intervals, thereby making the outputs more suitable for �nancial
applications. Although this approach could be re�ned further to accommodate higher temporal resolutions
(e.g., quarterly intervals), we leave such explorations to future research.
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decreasing slightly (although remaining signi�cantly positive). This can be seen both as a
reward of implementing early action and having access to extended access to carbon dioxide
removal technologies. For Company B, the costs associated with its oil-heavy portfolio are
signi�cantly higher in scenarios with more stringent climate action, such as 1.5°C Limited
BECCS and 2°C delayed. Under these scenarios, oil-related costs rise dramatically, particu-
larly between 2030 and 2040, before normalizing slightly after 2045. This pattern re
ects the
immediate �nancial burden of decarbonizing oil activities, which aligns with the projected
decrease in oil demand under these climate goals.

Conversely, Company C, which is largely involved in renewables, experiences a notable
decrease in costs related to its renewable portfolio across all scenarios. This cost reduction
is particularly pronounced under scenarios with accelerated climate action, such as 1.5°C
Limited BECCS. 26 For Company E, the cost burden remains high throughout the scenarios
due to its signi�cant exposure to oil and gas sectors, especially under the 2°C delayed and
immediate scenarios. Interestingly, while Company E sees a slight reduction in costs from
its minimal renewable involvement, it is outweighed by the persistent high costs from its oil
and gas activities, con�rming the unsustainable nature of its current business mix in the
context of climate transition.

In summary, the cost curves reveal that companies with a higher proportion of renewables
in their portfolios, like Company D, bene�t signi�cantly from transitioning to a low-carbon
economy. Meanwhile, companies such as Company B and Company E, which remain heavily
dependent on fossil fuels, particularly oil and gas, face substantial �nancial risks, especially
in scenarios that aim for rapid decarbonization. This highlights the urgent need for these
companies to realign their business strategies towards more sustainable energy sources to
mitigate the increasing costs and risks associated with climate policy transitions.

Earnings We compute earnings based on the latest �nancial statements of the companies,
including revenues growth projection, direct and indirect carbon-related costs, as well as
operating expenditures that are not carbon-related. In this section, we expand our analysis
from the �rst �ve companies presented earlier in the paper to a broader set of 12 companies.

The results illustrated in Figure 15 reveal signi�cant variations in the �nancial trajec-
tories of the companies analyzed, particularly in relation to their revenue composition and
carbon management strategies. Companies C, G and J, which demonstrate a high share of
renewable energy in the revenue mix, indicate a proactive approach to sustainability. This
is particularly noteworthy for Companies G an J, pure players focusing on green energy
production. Company A is a steel manufacturer, as the steel industry is traditionally associ-
ated with high carbon emissions, one could expect a strong negative impact on the earnings,
however, materials sectors bene�ts from high demand and revenue growth in the transition

26The reason the sum of direct + indirect costs has sometimes a smaller negative cost (higher in absolute
value) is that with limited BECCS, the carbon price is much higher (about 9 times for that in 1.5C case in
2050: 1260 USD/mt-CO2e vs. 140 USD/mt-CO2e). At the same time, the power sector negative emissions
under 1.5C (-1600 mt-CO2e) in 2050 is just slightly over 2.5 times more than the limited BECCS case (-620
mt-CO2e). That is why in 2050, the negative cost under limited BECCS (-770 billion USD) is more than
three times as much as the 1.5C case (-220 billion USD).
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