
Scenario-​based equity valuation effects 
induced by greenhouse gas emissions

Corporate valuations are largely determined by investors’ and market participants’ expectations. 

These encompass expectations about the future trajectory of CO₂ prices just as much as expect-

ations about how sharply a company can reduce its greenhouse gas emissions by adjusting tech-

nology in response to rising emissions costs. Where expectations shift from a scenario in which 

Nationally Determined Contributions are implemented to a scenario aligned with the more ambi-

tious Paris Climate Agreement targets, this could involve, in some cases, considerable valuation 

changes. In particular, it is then likely that companies will be revalued along the lines of their car-

bon footprint and their ability to bear the associated costs.

The present article introduces a simple indicator which quantifies the emissions-​related changes 

in the valuation of stock corporations resulting from a shift from one scenario to another. Here, 

a multi-​stage dividend discount model is calibrated on firm-​specific greenhouse gas emissions 

and scenario data from a multi-​regional integrated assessment model (IAM). The IAM used here 

models in a detailed fashion the energy systems in the individual regions of the world, amongst 

other things, and allows for temporary regional differences in climate policy. Under a set of 

assumptions, the measure presented in this article provides a risk indication for the firm’s ability 

to bear scenario-​dependent costs of direct greenhouse gas emissions. In this context, the results 

for 5,285 stock corporations from various countries indicate that a large percentage of them 

would sustain only minor emissions-​related valuation losses as a result of a shift in expectations 

towards a transition to a Paris-​aligned low-​carbon economy. On the other hand, a segment of 

companies with high emissions costs and limited ability to bear these costs would suffer substan-

tial valuation losses – especially in business areas oriented to fossil fuels. Climate-​related valu-

ation changes and the question of climate-​related stranding of certain assets are therefore likely 

to play an important role in financial markets going forward.
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Introduction

The atmospheric concentration of carbon diox-

ide (CO₂) has gone up by over 25% in the past 

50 years. At the same time, an increase in the 

global average temperature has been observed. 

There is now a consensus in the scientific com-

munity that the increasing concentration of 

CO₂ in the atmosphere is attributable to human 

actions and that there is a causal relationship 

between the CO₂ concentration and the rise in 

temperatures. A large number of recognised 

climate models therefore look at scenarios of 

future emissions of CO₂ and other greenhouse 

gases. At the heart of these scenarios is to 

identify which emissions pathways are associ-

ated with which climate impacts and tempera-

ture increases.1

Consistent with mounting signs of climate 

change, this scientific consensus is increasingly 

spilling over to the societal and political de-

bates. It is widely agreed that greenhouse gas 

emissions need to be reduced in order to miti-

gate global warming. The outcomes of this 

consensus have been, in particular, the Paris 

Climate Agreement (COP21) and, most recently, 

the UN Climate Change Conference in Glas-

gow (COP26) and national climate action legis-

lation.

The corporate sector is one of the largest emit-

ters of greenhouse gases. Policy interventions 

aimed at reducing emissions will therefore also 

impact strongly on firms. The analysis pre-

sented here quantifies the impact of climate 

policy measures – here, in the form of long-term 

CO₂ price paths – on corporate valuation. The 

article will focus on the emissions-​related stock 

market valuation effects that can be associated 

with a structural transition towards less carbon-​

intensive production. If, for example, climate 

policy is aligned with the Paris climate targets, 

leading to a transition to a low-​carbon econ-

omy, the results presented here suggest that 

the valuations of a large proportion of com-

panies will see only little change. For a segment 

of the firms, however, considerable shifts will 

occur, and some firms will see elevated insolv-

ency risk (stranded assets).2 The indicator pro-

posed in this analysis has been kept simple by 

design. It factors out the firm-​specific costs of 

avoiding emissions. The effects of progressive 

physical climate change, such as damage 

caused by extreme weather events, are not 

taken into consideration, either.

A key policy lever is the CO₂ emissions price, 

which is also applicable to other greenhouse 

gas emissions (expressed as CO₂ equivalents). 

This is likely to be the element on which 

climate-​friendly structural change will hinge.3 

At the same time, the CO₂ price path deter-

mines the speed at which the relative prices of 

carbon-​intensive products and services shift. 

The shift in relative prices therefore sets incen-

tives to reconfigure business models and pro-

duction processes and adapt supply chains. In 

this context, it is pivotal to head for a use of 

low-​carbon energy sources. In the multi-​

regional climate-​economic model applied here, 

too, the CO₂ price plays a key role.

Climate-​economic models 
and climate scenarios used

Recourse is often taken to what are known as 

multi-​regional integrated assessment models 

(IAMs), which incorporate the climate system, 

the economy and the energy and land-​use sys-

tems. They allow scenarios for the climate sys-

tem to be modelled as a function of climate 

policy and economic structures – especially re-

garding the use of fossil and non-​fossil energy 

sources. Drivers here are the various emitters of 

CO₂ and other greenhouse gases and their 

emissions trajectories. Such scenarios serve as 

key pillars of climate policy decisions. It is not 

sufficient to analyse historical data in order to 

Climate change 
and climate 
policy affect 
corporate sector

CO₂ price neces-
sary for climate-​
friendly struc-
tural change

Need for climate 
scenarios

1 See, for instance, Rogelj et al. (2019).
2 For more on asset stranding, see p. 68.
3 To wit, in a relevant special report published in 2019, the 
German Council of Economic Experts called for making the 
CO₂ price a core element of climate policy. See German 
Council of Economic Experts (2019).
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adequately assess future climate risks: there are 

no historical precedents for either climate 

change caused by the burning of fossil fuels or 

efforts to transition from carbon-​intensive to 

low-​carbon economies.

In order to calculate policy-​relevant climate-​

economic scenarios, climate research institutes 

generally use process-​based IAMs which allow 

for differences in regional developments and 

which exactly model key sectors. The projec-

tions of these models can be used, inter alia, as 

inputs for central banks’ economic models. 

Harmonised scenarios from such models also 

form, for instance, the analytical basis for the 

work carried out within the Network for Green-

ing the Financial System (NGFS), a global net-

work of central banks and supervisory author-

ities.4 The baseline scenario in the relevant 

scenarios is usually the “business as usual” 

case, characterised by the complete absence of 

enhanced climate policy efforts. An alternative, 

somewhat more optimistic baseline scenario of 

the models consists in full implementation of 

“Nationally Determined Contributions” by pol-

icymakers.5

Scenarios calibrated in this manner come to the 

conclusion that the international community’s 

current Nationally Determined Contributions 

will not suffice to achieve the Paris Climate 

Agreement targets.6

This became clear at the COP26 climate confer-

ence in November 2021. It therefore cannot be 

ruled out that future governments will agree to 

take more ambitious climate action measures. 

Therefore, in scenario analyses, the aforemen-

tioned more optimistic baseline “Nationally De-

termined Contributions” scenario is frequently 

contrasted with a climate policy scenario in 

which emissions of CO₂ and other greenhouse 

gases are priced such that they are reduced 

considerably in keeping with the Paris Agree-

ment. One of these scenarios is “Net Zero 

2050”. Under this scenario, societies around 

the world begin today to reconfigure their 

economies to low-​carbon economies in an or-

derly manner such that, by 2050, net CO₂ 

emissions are down to zero.

In the IAMs, representative agents maximise 

their utility while complying with restrictions on 

cumulative emissions of CO₂ and other green-

house gases. In the “Net Zero 2050” scenario, 

their scope is compatible with the 1.5°C tem-

perature target. Regional greenhouse gas emis-

sions are an endogenous result of this maxi-

misation. It is thus implicitly assumed that, in 

their production plans, companies choose their 

energy mix to minimise energy costs – depend-

ing on the regional availability of resources.7,8

The size of the differences between such scen-

arios is illustrated, in the chart on p. 66, in the 

time pathways for the CO₂ price and green-

house gas emissions from a typical simulation 

of one of the IAMs used in the NGFS. To wit, in 

the “Net Zero 2050” scenario the global aver-

age CO₂ price already surges between 2020 

and 2025, while it hovers near zero in the re-

maining scenarios up until 2030. Global green-

house gas emissions accordingly continue to 

rise until 2030, whereas in the “Net Zero 2050” 

scenario they drop quickly after 2020. Within 

this Paris-​aligned scenario, as in all scenarios 

used in the NGFS, regionally different CO₂  

price trajectories and attendant emissions re-

ductions are permitted (see the chart on p. 67). 

Here, the different initial conditions regarding 

At centre stage: 
“Net Zero 2050” 
climate 
scenario …

… with 
endogenous 
reductions in 
greenhouse gas 
emissions

Large differ-
ences in CO₂ 
prices between 
scenarios

4 See NGFS (2021a, 2021b) as well as the NGFS Scenario 
Explorer (www.iiasa.ac.at). Since 15 December 2021, the 
NGFS has been comprised of 105 member institutions and 
16 observers.
5 The implementation of Nationally Determined Contribu-
tions in IAMs is based on Roelfsema (2020); for a descrip-
tion of the Nationally Determined Contributions, see United 
Nations Framework Convention on Climate Change (2021).
6 See, for instance, Boehm et al. (2021).
7 In this scenario, there will continue to be a small amount 
of global CO₂ emissions after 2050, but these will be offset 
by CO₂ withdrawals elsewhere. Cost-​minimising behaviour 
which also allows for regional differences in CO₂ pricing is 
a property of the category of “cost-​effectiveness models”. 
See, for example, Luderer et al. (2015) and Glanemann et 
al. (2020).
8 To achieve this temperature target, the trajectory of CO₂ 
prices is used as a conduit to determine cost-​effective path-
ways of the prices of energy sources and greenhouse gas 
emissions. See Kriegler et al. (2013), Lontzek et al. (2015), 
Riahi et al. (2015), Riahi et al. (2017) and Rogelj et al. 
(2018).
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the use of the individual energy sources are 

taken into account.

We will refer below to projections for the base-

line “Nationally Determined Contributions” 

scenario and a Paris-​aligned “Net Zero 2050” 

climate scenario in the REMIND9 model de-

veloped by the Potsdam Institute for Climate 

Impact Research. As in other internationally ac-

claimed and renowned models of this category 

of IAMs, this model is basically about project-

ing a large number of economic, energy-​

related, physical and climate-​relevant indicators 

over long periods of time – generally until the 

end of the 21st century. On the basis of these 

model projections, we will investigate what 

valuation effects can occur in financial markets 

if the climate policy expectations “flip over” 

from this baseline to the “Net Zero 2050” cli-

mate scenario.

The REMIND model is a global general equilib-

rium growth model. This closed-​economy 

model with twelve regions consists of a macro-

economic core and process-​based modellings 

of the energy sector with all relevant green-

house gas emissions.10 Here, the energy mod-

ule is connected to the macroeconomic core 

via energy demand and energy costs. Endogen-

ous technological change all the way to 

climate-​friendly energy production is allowed 

for via a  global learning curve. The REMIND 

model can be linked up to a land-​use model 

called MAgPIE.11

It is assumed in the “Net Zero 2050” scenario 

that the individual regions of the world begin 

to coordinate their climate policy approaches in 

the 2020 to 2025 period, with most regions ini-

tially starting out with CO₂ prices at different 

levels that gradually converge (by 2050) to a 

common trajectory. The REMIND-​MAgPIE 

model allows an aggregated good, fossil fuels 

and bioenergy to be tradable across regions. 

Adequate mechanisms – such as carbon border 

adjustment mechanisms – permit regional dif-

ferences in CO₂ prices charged without this 

leading to shifts in trade relationships. CO₂ 

price-​induced competitive distortion or shifting 

of emissions to third countries – referred to as 

carbon leakage – can therefore be ruled out for 

energy-​intensive goods.12 There is therefore no 

contradiction between differences in CO₂ 

prices and coordination of regional climate pol-

icies: given that considerable transfers would 

be necessary in order to achieve the decarbon-

isation at the same CO₂ prices, initial price dif-

In the spotlight: 
REMIND-​MAgPIE 
model

REMIND-​MAgPIE 
is a global gen-
eral equilibrium 
model

Assumption of 
globally coord-
inated climate 
policy measures

CO2 prices and pathways of greenhouse 

gas emissions in selected scenarios

Source:  Potsdam  Institute  for  Climate  Impact  Research  (RE-
MIND-MAgPIE).  1 At  2010  prices.  2 Weighted  with  regional 
gross CO2 emissions. 3 100% corresponds to 54 gigatonnes of 
CO2 equivalents in 2020.
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9 For more on the REMIND (Regional Model of Investments 
and Development) model, see Baumstark et al. (2021).
10 The climate system, including temperature estimation, is 
not modelled within the REMIND model but in a coupled 
model. The MAGICC 6 model is used here for NGFS scen-
arios; see Meinshausen et al. (2011).
11 See Dietrich et al. (2019). Land-​use models such as 
MAgPIE combine economic and biophysical approaches in 
order to simulate spatially explicit global land-​use scenarios 
(especially pasture, forest and cropland for food and bio-
energy purposes) in the 21st century as well as interactions 
with the environment. In order to identify common transi-
tion pathways from energy and land-​use systems in con-
nection with the macroeconomic core, the REMIND model 
is therefore coupled either with land-​use emulators or, in 
an iterative process, with the stand-​alone MAgPIE land-​use 
model.
12 In the REMIND model, there is only slight carbon leak-
age caused by price effects relating to fossil fuels.
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ferentiation and gradual convergence are toler-

ated.13

On the basis of the REMIND-​MAgPIE model, 

the chart on p. 68 illustrates the relationship 

between global greenhouse gas emissions and 

global GDP (at 2010 prices) for selected climate 

policy scenarios. It turns out that in a baseline 

scenario in which climate policy efforts remain 

unchanged globally (“business as usual”), there 

is virtually no reduction in emissions despite a 

certain decline in emissions intensity, which im-

plies that global warming is not mitigated (me-

dian rise of 3.1°C by the year 2100).14

In the alternative baseline scenario, in which it 

is assumed that the Nationally Determined 

Contributions pledged by end-​2020 are fully 

implemented, the reduction in emissions inten-

sity – the amount of greenhouse gas emissions 

over GDP – is stronger, which means that emis-

sions will decline to a certain extent in absolute 

terms beginning in 2030 (implying median 

global warming of 2.4°C by the year 2100). 

Both baseline scenarios can be compared with 

an ambitious global climate policy aligned with 

the Paris Climate Agreement targets: as the 

chart on p.  68 shows, a strong reduction in 

greenhouse gas emissions and thus in emis-

sions intensity will be necessary to limit median 

global warming to 1.5°C. In a “Net Zero 2050” 

scenario, CO₂ prices already go up so sharply in 

the coming years that greenhouse gas emis-

sions will decline in the current decade from 

700g to 290g of CO₂ equivalents per real US 

dollar of GDP and keep falling to 130g by 

2040. Whereas historical reductions in intensity 

were primarily based on improved energy effi-

ciency, such a rapid reduction is possible only if 

energy supply is changed over to climate-​

friendly technologies – mainly based on renew-

able energy sources.

Considerable 
reduction in 
emissions inten-
sity necessary 
to switch to a 
Paris-​aligned 
emissions 
pathway

In the spotlight: 
comparison of 
valuation effects 
under different 
climate policy 
expectations

Regional CO2 prices and emissions reductions in the “Net Zero 2050” scenario

Sources: Potsdam Institute for Climate Impact Research (REMIND-MAgPIE) and Bundesbank calculations. 1 Latin America and the Carib-
bean. 2 Middle East, Central Asia and North Africa. 3 Sub-Saharan Africa.
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The scenario of Nationally Determined Contri-

butions shall serve as the baseline scenario 

below – thereby assuming that it is an accurate 

reflection of current market expectations.15 This 

is against the background of existing empirical 

evidence which indicates that greenhouse gas 

emissions influence companies’ financial mar-

ket prices to a certain extent. However, there 

are no signs to date that corporate valuations 

are broadly consistent with a Paris-​aligned tran-

sition scenario.

Climate risks and stranded 
assets

“Stranded assets” are currently being increas-

ingly discussed as a possible by-​product of cli-

mate change. An asset is said to be stranded 

prior to the end of its useful economic life – as 

expected at the time of investment  – if this 

asset can no longer yield any economic return 

and thus loses its entire value. In the context of 

climate change, losses in value can be caused 

by physical damage, regulatory intervention or 

structural change. Value losses can occur – po-

tentially abruptly – if already-​made investments 

are rendered unprofitable by unexpected policy 

measures or extreme weather events.

With regard to “green” structural change or 

the transition to a low-​carbon economy – much 

in the spirit of “creative destruction” – it may, 

however, be necessary to strand certain busi-

ness models if the goal is the efficient use of 

funds for necessary investment in financial mar-

kets.

There is a wide body of literature which studies 

the potential losses of asset values caused by 

climate change. Meinshausen et al. (2009) dis-

cuss the “stranded assets” hypothesis by show-

ing the limited amount of CO₂ that could be 

emitted by 2050 in order to have a high prob-

ability of keeping global warming below 2°C by 

2100. The logical consequence of these calcu-

lations is that a substantial portion of existing 

fossil fuel inventories would have to remain in 

the ground (“unburnable carbon”). McGlade 

and Ekins (2015) show that, between 2010 and 

2050, one-​third of oil reserves, one-​half of gas 

reserves and over 80% of coal reserves would 

have to go unextracted in order to meet the 

two-​degree goal. In order to have a 50% 

chance of not exceeding a temperature in-

crease of 1.5°C, according to Welsby et al. 

(2021), even nearly 60% of oil and gas reserves 

and 90% of coal reserves would have to re-

main in the ground.16 This would render a sub-

stantial proportion of fossil fuel assets worth-

less.

Nationally 
Determined 
Contributions 
as a baseline 
scenario

Properties of 
stranded assets

“Unburnable 
carbon”

Relative decarbonisation in selected 

scenarios

Sources: World Bank (World Development Indicators), Potsdam 
Institute  for  Climate  Impact  Research  (REMIND-MAgPIE)  and 
Bundesbank calculations.

Deutsche Bundesbank

0 0.2 0.4 0.6 0.8 1.0

5

10

15

20

25

30

35

40

45

50

55

60

Global greenhouse gas emissions
in gigatonnes of CO2 equivalents

2000

2010

2020

kg of CO2 equivalents / global GDP in US$ (2010)

2030

2050

2050

2040

2040

2050

2030

2040

2030

“Net Zero 2050” scenario

“Nationally Determined
Contributions” 
scenario

“Hot house world” scenario (”Current Policies”)

15 In the REMIND-​MAgPIE model, economic agents are as-
sumed to have perfect prior knowledge of the scenario in 
which they are agents. No sudden turnaround in expect-
ations is modelled within the scenarios under review.
16 According to Welsby et al. (2021), global oil and gas 
production would have to fall by 3% per year by 2050 in 
order to achieve this target. That would, in turn, make un-
profitable many fossil fuel production projects that are ei-
ther being planned or up and running.
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Methodological approach to 
quantifying emissions-​related 
changes in value and poten-
tially stranding assets
Various approaches to quantifying climate-​

related changes in asset values have been 

proposed in the literature. One of these con-

sists in incorporating projections of the afore-

mentioned macroeconomic climate scenarios 

into a large macroeconometric model such as 

NiGEM17 and, in a first step, identifying country 

effects for economic output and equity prices 

within a given transition scenario.18 In a second 

step, the resulting trajectories are linked to the 

results of a sector model in order to assign 

valuation effects resulting from a switch from a 

baseline scenario to a more ambitious transi-

tion scenario to individual securities depending 

on the sector of the issuer.

Battiston et al. (2017) and Roncoroni et al. 

(2021) take another path. They examine risk ex-

posure in institutional portfolios and, on this 

basis, answer the question as to how climate 

policy risks might propagate through the finan-

cial system, using their own sector classification 

(referred to as “Climate Policy Relevant Sec-

tors”).19 As regards equity valuation, Battiston 

et al. (2021) suggest estimating a firm’s divi-

dend path in proportion to output. They in turn 

then model future output as a function of the 

observed climate scenario. The authors use the 

comparison between this pathway and the 

baseline scenario pathway to identify firm-​level 

changes in value.

We propose an alternative, innovative firm-​

level approach. As described above, climate-​

economic scenarios can be used to model the 

pathways to achieving the Paris Climate Agree-

ment targets. Against this background, we de-

velop a scenario-​based price impact indicator 

based on the costs of direct greenhouse gas 

emissions attributable to non-​financial corpor-

ations and then relate these to individual firms’ 

dividend expectations. This indicator also in-

corporates projected macroeconomic output in 

the individual regions of the world and the use 

of individual fossil and non-​fossil energy 

sources. The objective is to quantify the finan-

cial market implications of Paris-​aligned climate 

action by taking recourse to projections in 

IAMs.

Constructing a scenario-​
based price impact indicator

Dividend discount model as a 
starting point

As a rule, market participants’ expectations 

about the climate policy pathways followed by 

the international community and companies’ 

adaptability determine whether market valu-

ations and financing conditions discriminate 

adequately between low-​emissions and 

emissions-​intensive business models.20 Against 

this backdrop, the analysis described here starts 

by quantifying, in a first approximation, the 

corporate valuation effects as a result of an as-

sumed switch from an expected implementa-

tion of “Nationally Determined Contributions” 

to the Paris-​aligned “Net Zero 2020” scenario. 

Meanwhile, any imponderables in terms of the 

evolution of global CO₂ prices and the con-

comitant uncertainties this creates in financial 

markets are disregarded here.21

The value of companies under the scenarios 

outlined above can be calculated using a divi-

dend discount model that incorporates long 

Top-​down 
approach

Firm-​level 
approaches

Scenario-​based 
approach 
chosen here

Market expect-
ations determine 
price discrimin-
ation based on 
greenhouse gas 
emissions

17 NiGEM (National Institute Global Econometric Model) is 
a macroeconometric multi-​country model developed by 
the National Institute of Economic and Social Research. See 
https://nimodel.niesr.ac.uk
18 See Vermeulen et al. (2018), Allen et al. (2020), Banque 
de France (2021), ECB/​ESRB (2021) and Deutsche Bundes-
bank (2021). In a departure from the assumptions made in 
the “Net Zero 2050” scenario, Deutsche Bundesbank 
(2021) assumes that revenue from CO₂ pricing is not used 
to finance public investment but instead to cut income 
taxes.
19 See www.finexus.uzh.ch/en/projects/CPRS.html
20 Dunz et al. (2021) and Battiston et al. (2021) demon-
strate, for instance, that the pricing of companies’ transi-
tion risk changes depending on market expectations – in 
the form of different capital costs, say.
21 See, for instance, Gollier (2021).
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An emissions- related price impact indicator

A multi- stage dividend discount model 
–  which allows for the incorporation of 
scenario- specifi c projections – was chosen 
as a basis for the construction of an 
emissions- related price impact indicator. 
The relationship between the share price 
Vi,r,s,2020 of company i at the base date 
(here: December 2020) and the future divi-
dends Di,r,s,τ in the baseline scenario (here: 
“Nationally Determined Contributions”) is 
shown in equation (1). Here, it is assumed 
that the baseline scenario is the scenario ex-
pected at the end of 2020 in the markets 
for company i domiciled in region r and 
whose core business is in sector s:

(1)
Vi,r,s,2020 =

2024X

⌧=2021

DIBES
i,⌧

(1 +Rbase
i )⌧�2020

+
2032X

⌧=2025

Dtransition base
i,r,s,⌧

(1 +Rbase
i )⌧�2020

+

2100X

⌧=2033

Dbase
i,r,s,⌧

(1 +Rbase
i )⌧�2020

+
Dbase

i,r,s,2100

Rbase
i � (gY,base

r,s,2100 + ⇡)
(1 +Rbase

i )�80.

Equation (1) expresses the share price as the 
present value of future dividend fl ows, as 
described by the variables DIBES

i,⌧ , 
Dtransition base

i,r,s,⌧  and Dbase
i,r,s,⌧ . The unknown 

variable for which this equation can be 
solved is the implied cost of equity (return 
on equity, Rbase

i ) as a fi rm- specifi c discount 
rate. For the fi rst three years (2021 to 2023), 
dividend expectations DIBES

i,⌧  drawn from 
analyst surveys (sources: IBES, Thomson 
Reuters) are introduced, which are assumed 
to be already priced in. For the following 
year (2024) the dividend expectation is 
approxi mated using the three to fi ve- year 
IBES earnings growth expectation – which 
does not depend on the chosen scenario, 
either.1 In the following assumed eight- year 
transition period (2025 to 2032), the com-
pany’s dividends Dtransition base

i,r,s,⌧  are pro-

jected based on an interpolation between 
the three to fi ve- year IBES earnings growth 
expectations and the scenario- dependent, 
partly sector- specifi c economic output in 
the twelfth year (plus an infl ation assump-
tion).

In contrast to the three- stage dividend dis-
count model,2 no “steady state” dividend 
growth is assumed in the subsequent phase 
(2033 to 2100). Instead, the model assumes 
a trajectory of dividends Dbase

i,r,s,⌧  propor-
tional to economic output in the climate 
scenario under review up to the year 2100, 
plus an infl ation assumption. Here, eco-
nomic output refers either to nominal gross 
domestic product (GDP) or sectoral produc-
tion in the baseline scenario for the region 
in which the company is domiciled. If the 
company is an oil, gas or coal producer or is 
active in the fi elds of renewable or nuclear 
energy, its dividends are projected in pro-
portion to the trajectory of energy produc-
tion in the respective sector. If it is a cement 
or steel company, its dividends are pro-
jected in proportion to the trajectory of 
either  cement or steel production, respect-
ively.3

Projections arising from the REMIND- 
MAgPIE model are available up to the year 
2100 and are accordingly incorporated. For 
the following period, it is assumed that divi-
dends continue to grow at the rate last pro-
jected in the baseline scenario for sector s 
and/ or GDP gY,base

r,s,2100 in region r, plus the in-
fl ation assumption.

1 Should the latter not be available for a company, it is 
approximated by extrapolating the dividend growth 
between years two and three for a further year.
2 See Deutsche Bundesbank (2016).
3 The REMIND- MAgPIE model provides separate, re-
gional emissions pathways for the cement and steel in-
dustries, which must be separately taken into account.
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The second step involves projecting fi rm- 
specifi c additional costs from greenhouse 
gas emissions that are incremental to the 
baseline scenario. The central focus here is 
the scenario of an orderly transition to a 
Paris- aligned low- carbon economy (“Net 
Zero 2050”). The starting point is direct 
greenhouse gas emissions, expressed in 
CO₂ equivalents. These data are taken from 
company reports or estimated by special-
ised data providers (source used here: ISS- 
ESG). The emissions data per share ci,0 
underlying the analysis are for 2019.

In addition to the size of company emis-
sions per share at time τ (cNZ

i,r,⌧  or cbasei,r,⌧ ), 
the CO₂ price in region r determines the 
emissions costs per share (CNZ

i,r,⌧ or Cbase
i,r,⌧ ) 

in the Paris- aligned “Net Zero 2050” scen-
ario and the baseline scenario:

(2a) CNZ
i,r,⌧ = cNZ

i,r,⌧ · pNZ
r,⌧ ,

(2b) Cbase
i,r,⌧ = cbasei,r,⌧ · pbaser,⌧ .

Accordingly, the incremental costs per share 
�Csc

i,r,⌧  arising for company i in the “Net 
Zero 2050” scenario are calculated at every 
future point in time as the difference be-
tween (2a) and (2b).

(2c) �Ci,r,⌧ = CNZ
i,r,⌧ � Cbase

i,r,⌧ .

To quantify the future scenario- dependent 
emissions csci,r,⌧  for the company (cNZ

i,r,⌧  or 

cbasei,r,⌧
), as well as the associated costs, they 

are projected as a function of the scenario- 
implied emissions growth rate:

(3)

csci,r,⌧ ⌘ ci,0

⌧Y

n=1

(1 + gE,sc
r,n ),

where

gE,sc
r,n ⌘

8
<

:

⇣
Esc

r,t+5

Esc
r,t

⌘1
5 −1 for Esc

r,t+5 ≥ 0 and t < n  t+ 5

−1 for Esc
r,t+5 < 0.

According to equation (3), gE,sc
r,n  is the rate 

at which greenhouse gas emissions in fu-

ture year n increase or decrease. It is deter-
mined using the scenario- specifi c emissions 
Esc

r,t and Esc
r,t+5, which are available at fi ve- 

year intervals [t, t + 5]. The emissions of 
company i change cumulatively between 
the base date and year τ at the rate 
⇧⌧

n=1(1 + gE,sc
r,n )� 1. It is thereby assumed 

that they evolve in proportion to overall 
emissions in the observed scenario. With re-
spect to the “Net Zero 2050” scenario, this 
is compatible with a Paris- aligned decar-
bonisation.4 If scenario- specifi c emissions 
are negative – due, for instance, to the use 
of carbon dioxide removal technologies – a 
complete decarbonisation is assumed 
(gE,sc

r,n = �1). This means that no earnings 
stemming from negative emissions or lat-
eral transfers are permitted at the company 
level.

Finally, the scenario- dependent dividend 
path of company i is reduced by the share 
xi of the incremental cost from equation 
(2c) that the company cannot pass on to its 
customers by assumption. The valuation 
effect  for a company arising from a revision 
of expectations from the baseline scenario 
towards the “Net Zero 2020” scenario is 
shown in equation (4):

(4)

�v
i,r,s,2020 =

1

Vi,r,s,2020

 
2024X

⌧=2021

DIBES NZ
i,r,s,⌧ � xi ·�Ci,r,⌧

(1 +Rbase
i )⌧�2020

+
2032X

⌧=2025

Dtransition NZ
i,r,s,⌧ � xi ·�Ci,r,⌧

(1 +Rbase
i )⌧�2020

+

2100X

⌧=2033

DNZ
i,r,s,⌧ � xi ·�Ci,r,⌧

(1 +Rbase
i )⌧�2020

+
DNZ

i,r,s,2100 � xi ·�Ci,r,⌧

Rbase
i � (gY,NZ

r,s,2100 + ⇡)
(1 +Rbase

i )�80

!
.

In equation (4), the bracketed term provides 
the present value of the dividends net of 

4 Although compliance with the Paris Agreement cli-
mate targets is not necessarily limited to a reduction in 
direct (scope 1) company emissions, for the purposes 
of this analysis scope 1 decarbonisation in proportion 
with emissions reduction in the “Net Zero 2050” scen-
ario is nevertheless defi ned as Paris- aligned.
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horizons. The focus here lies on the change in 

the value of individual firms as a result of the 

switch, outlined above, in market participants’ 

expectations regarding climate policy. The com-

pany’s equity price as at the base date (here: 

end-​2020) is used as its reference value. This is 

assumed to correspond to the present value of 

the future dividend flows if the end-​of-​2020 

pledges (Nationally Determined Contributions) 

are implemented. This share price is put in rela-

tion to the company’s equity value if the “Net 

Zero 2050” scenario is implemented. The price 

impact indicator analysed here describes the 

difference between these two figures. Such a 

measure of the difference in value between 

scenarios is likely to be relevant to investors, 

too, when quantifying potential price adjust-

ments for individual companies or the risk of a 

stranding of assets (see also the box on 

pp. 70 ff.).

For this indicator to be calculated for every 

stock corporation, several assumptions must 

initially be made. It is assumed, for instance, 

that companies are able to substitute energy 

sources in line with the production technology 

pathway projected in the REMIND-​MAgPIE 

model and switch to environmentally friendly 

technologies for their energy usage.22 Ultim-

ately, greenhouse gas emissions can be per-

ceived as the result of a cost-​driven energy 

choice made by the representative firm. As CO₂ 

prices rise, firms will tend to replace increas-

ingly expensive emissions-​intensive energy 

sources with lower-​emissions alternatives. Put 

simply, companies’ optimisation calculus will be 

to decarbonise as long as the firm-​specific cost 

of avoiding the last tonne of carbon emissions 

is lower than the CO₂ price.

Scenario-​based 
calculation of 
value based on 
a dividend dis-
count approach

Assumption 
regarding 
production 
technology and 
elasticities of 
substitution …

the share of incremental costs that cannot 
be passed on (xi · ∆Ci,r,τ), taking into 
account  the dividend path described by the 
variables DIBES NZ

i,r,s,⌧ , Dtransition NZ
i,r,s,⌧  and 

DNZ
i,r,s,⌧ . To the extent that output growth 

at time τ in the scenario under review dif-
fers from that in the baseline scenario, dif-
fering dividend growth rates are accord-
ingly accounted for. For the period follow-
ing 2100 in the Paris- aligned scenario, it is 
assumed that dividends continue to grow 
at the rate last projected in this scenario for 
sector s and/ or the GDP gY,NZ

r,s,2100 in region 
r, plus the infl ation assumption.

Similarly, short- term dividend expectations 
DIBES

i,⌧  taken from analyst surveys, which 
are assumed to be already priced in, are 
likely to be revised in a more ambitious 
climate  policy scenario. In the valuation 
approach  presented here, an adjustment is 
carried out for the growth differential in 

economic output (gYNZ
r,s,⌧ � gYbase

r,s,⌧ ) at time 
τ between the scenario under review and 
the baseline scenario. It is thus assumed 
that short- term dividends DIBES NZ

i,r,s,⌧  do not 
grow at rate gIBES

i,⌧  but instead at the ad-
justed rate gIBES NZ

i,r,s,⌧ :

(5) DIBES NZ
i,r,s,⌧ = DIBES NZ

i,r,s,⌧�1 (1 + gIBES NZ
i,r,s,⌧ ).

This rate is calculated as the sum of gIBES
i,⌧  

and the aforementioned growth differen-
tial:

(6) gIBES NZ
i,r,s,⌧ = gIBES

i,⌧ + (gYNZ
r,s,⌧ � gYbase

r,s,⌧ ).

If the company’s business is in one of the 
aforementioned energy sectors or the steel 
or cement industry, gYNZ

r,s,⌧  refl ects the sec-
toral production growth rather than GDP 
growth.

22 For the gross domestic product of each region, this 
model assumes a (nested CES) production function with 
constant substitution elasticities, with energy as a factor of 
production consisting of inputs from the buildings, industry 
and transport sectors. These are, in turn, dependent on 
their own elasticities of substitution between individual fos-
sil and non-​fossil energy sources.
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A further assumption relates to the expected 

dividend path. The approach chosen in this an-

alysis takes account of short-​term firm-​specific 

dividend expectations gleaned from surveys as 

well as long-​term gross dividend expectations, 

which are assumed to evolve in line with mod-

elled economic output. The estimated cost of 

the company’s direct greenhouse gas emissions 

is deducted from these long-​term gross divi-

dends23 to yield a net dividend path.

The present analysis assumes that region-​

specific progress in reducing the intensity of 

emissions is reflected at the company level. The 

companies studied in this analysis are domiciled 

in 75 countries from various regions of the 

world, where their businesses are subject to the 

prevailing national climate policies. In order to 

calculate the indicator, it is assumed that the 

companies work under the regional circum-

stances presumed in the REMIND-​MAgPIE 

model. A company is assigned to one of the 

twelve regions based on where the parent com-

pany is headquartered. It is thus assumed, for 

simplicity, that this firm’s greenhouse gas emis-

sions will also all take place in the region in 

which the company is headquartered.

Finally, the baseline scenario assumes that com-

panies are not, or only partially, able to pass on 

higher CO₂ prices to consumers. In order to 

quantify the bandwidth of potential effects, 

this analysis differentiates between two cases: 

first, the case without cost pass-​through and, 

second, the case with an 80% pass-​through. In 

the first case, any emissions costs incurred will 

reduce profits and consequently dividends as 

well. If the cost of emissions is already reflected 

in dividend expectations in the baseline scen-

.. and the 
dividend path

Assumptions on 
the region

Assumptions 
on cost pass-​
through

Temperature pathways and contributions of primary energy sources

Sources:  Potsdam Institute for  Climate Impact  Research (REMIND-MAgPIE)  and Bundesbank calculations.  1 100% equates to global 

primary energy production in 2020 (560 exajoules).  In the study of Baltzer,  Bertram, Hilaire, Johnston and Weth (forthcoming) refer-

enced here, the contributions of the primary energy sources serve as an indicator to capture the output and dividend growth of com-

panies that depend on the respective primary energy sources. The contributions of the primary energy sources are based on the direct 

equivalence method, where a unit  of secondary energy from non-fossil  sources equates to a unit  of primary energy. This method is 

used in studies on long-term scenarios, including several IPCC reports.
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23 The required firm-​specific emissions pathway starts with 
the company’s current (reported or estimated) emissions 
and is assumed to evolve in line with scenario-​specific de-
carbonisation. The company’s future cost pattern is deter-
mined by developments in CO₂ prices as well as the growth 
rates of the modelled emissions. Progress in reducing emis-
sions intensity (see the chart on p. 68) is consequently im-
posed for the companies under review.
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ario, only that percentage of the costs that ex-

ceeds the costs in the baseline scenario will 

have to be deducted from dividends in the 

“Net Zero 2050” scenario.

Ultimately, two factors determine the compa-

ny’s net dividend path: the deviation of the 

output paths from the baseline scenario and 

the incremental emissions-​related costs as a re-

sult of the remaining emissions (see the box on 

pp. 70 ff.). Depending on data availability, the 

net dividend paths also reflect the degree to 

which companies generate revenues from the 

sale of fossil energy sources or electricity pro-

duced from such sources.24

If the scenario-​specific net dividends are dis-

counted using the same interest rate (in this 

case, a firm-​specific interest rate) as in the 

baseline scenario, valuation effects can be de-

rived by comparing the resulting present value 

with the actual equity price. We determine this 

present value based on the firm-​specific implied 

cost of capital, as required by investors at the 

base date using the baseline scenario and the 

equity price at that date. The resulting firm-​

specific changes in value are subsequently ag-

gregated and evaluated at the sectoral and 

macroeconomic level.25

Data

A useful guideline when measuring companies’ 

greenhouse gas emissions is represented by the 

classification standards used in the Greenhouse 

Gas Protocol.26 According to this protocol, dir-

Firm-​specific 
discounting of 
dividends

The present 
analysis covers 
5,285 stock 
corporations 
worldwide

Sectoral emissions intensities*

Sources: ISS-ESG, Trucost,  Thomson Reuters and Bundesbank calculations. * A total  of 5,285 stock corporations are analysed. Sector 

averages  calculated based on unweighted company-specific emissions intensities. 1 Bandwidth of estimates supplied by data providers 

ISS-ESG and Trucost for indirect greenhouse gas emissions (scope 2) and emissions relating to the product or supply chain (scope 3).
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24 The projected growth of companies’ energy source-​
specific revenues are, in turn, based on the scenario-​
dependent contributions of individual energy sources to 
the total primary energy production in the region that in-
cludes the country in which the company is headquartered. 
For the globally aggregated contributions to primary en-
ergy production, see the chart on p. 73.
25 This path is taken based on the method used by Baltzer 
et al. (2022) (forthcoming).
26 For more on the Greenhouse Gas Protocol, see World 
Resources Institute (2004) and https://ghgprotocol.org/
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ect emissions (known as scope 1 emissions) 

from the production process or the services the 

company provides are distinct from indirect 

emissions (scope 2) that come about as a result 

of the purchase of electricity or heat. A further 

distinction (scope 3) covers emissions from up-

stream and downstream stages of the supply 

chain or in connection with the use of the 

product.

Firm-​specific data on greenhouse gas emissions 

are provided by various suppliers that base 

their information on company reports or esti-

mations. On this basis and using additional 

data at the firm level, the above-​mentioned 

price impact indicator is calculated for a total 

of 5,285 non-​financial stock corporations from 

75 countries. These companies account for 

more than half of global stock market capital-

isation. The percentage of direct greenhouse 

gas emissions they represent amounts to be-

tween 17% (9.4 billion tonnes of CO₂ equiva-

lents) and 20% (10.5 billion tonnes) of total 

global emissions, depending on the data sup-

plier. The following analyses are based on infor-

mation gleaned from company reports and 

estimates provided by ISS-​ESG, which supplies 

emissions data for all the companies observed 

here.

The chart on p. 74 depicts average emissions 

intensities for individual sectors (greenhouse 

gas emissions in 1,000 tonnes of CO₂ equiva-

lents per €1 million in revenues). It shows, first, 

direct emissions (scope 1) as reported by the 

companies or estimated by ISS-​ESG. Second, it 

depicts the bandwidth of sector averages of 

the intensities of indirect emissions (scope 2) 

and product or supply chain-​related emissions 

(scope 3) based on estimates provided by two 

data suppliers. In most sectors, this imprecision 

in terms of these emissions is considerable.

When constructing the price impact indicator 

presented here, only direct greenhouse gas 

emissions (scope 1) as at the base date are 

Definition of 
the greenhouse 
gas emissions 
analysed

Sector contributions to greenhouse gas emissions and stock market capitalisation*

Sources:  ISS-ESG, Thomson Reuters and Bundesbank calculations.  * The analysis  covers a total  of 5,285 stock corporations.  1 100% 

represents these companies' total  direct greenhouse gas emissions (scope 1 emissions for 2019) in the amount of 9.4 gigatonnes of 

CO2 equivalents. 2 100% of these companies' stock market capitalisation is equal to €44.6 trillion (end-2020).
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used. That means that the focus lies on that 

part of companies’ carbon footprint where 

data reliability is greatest. Another advantage is 

that direct emissions can be aggregated with-

out double counting.27

Importance of sectors in terms 
of greenhouse gas emissions 
and market capitalisation

In many cases, the size of a firm’s carbon foot-

print as measured by direct greenhouse gas 

emissions does not reflect its importance in 

financial markets (see the chart on p. 75). Look-

ing ahead to the results, that means that losses 

that depend on the level of emissions have a 

massive impact on part of equities, but this part 

is fairly small in relation to total stock market 

capitalisation. This applies to companies in the 

coal, gas and oil industry, for instance, as well 

as to other energy industry companies and 

companies in the cement and steel industries.

A subset of 502 stock corporations can be as-

signed to the above-​listed energy sectors based 

on available information on the revenue share 

generated from the respective energy source 

(source: ISS-​ESG). If, say, the extraction of coal 

or the production of electricity from coal ac-

counted for more than 50% of revenues in 

2019, then that company is assigned to the 

coal sector. The same is done for companies 

whose business models are tied to other fossil 

or non-​fossil energy sources, where companies 

active in the oil and gas business and com-

panies focusing on renewables are aggregated 

in each case.

The companies assigned to the sectors listed 

above emit direct emissions totalling 7.5 giga-

tonnes of CO₂ equivalents, accounting for 

around 80% of all the company emissions 

Weighting of 
companies by 
stock market 
capitalisation 
and greenhouse 
gas emissions 
often diverge

Companies 
assigned to 
energy sectors 
based on 
percentage of 
revenues from 
energy sources

Distribution of stock corporations' valuation effects*

Sources:  ISS-ESG, Thomson Reuters,  Potsdam Institute for  Climate Impact Research (REMIND-MAgPIE)  and Bundesbank calculations. 

* Assumption: Paris-aligned decarbonisation of companies (scenario: “Net Zero 2050”, baseline scenario: “Nationally Determined Con-

tributions”).
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27 Double counting would occur, for instance, if an electri-
city supplier’s direct emissions and an electricity user’s in-
direct emissions were added together.
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under review. By comparison, their weight in 

the total stock market capitalisation under ob-

servation is small, at €4.7 trillion, or just under 

10%. Low-​emissions companies in manufactur-

ing and the services sector account for the larg-

est share of market capitalisation, at around 

€16 trillion each.

Results

As described in the box on pp. 70 ff., shifts in 

the value of the companies under analysis are 

expressed as the scenario-​based present value 

changes of the shares in relation to the actual 

share price. In total, 5,285 stock corporations 

are valued relative to their share price at the 

end of 2020 and the dividend expectations at 

this point in time. These valuation effects can 

be presented in the form of a loss distribution. 

The chart on p. 76 shows – broken down by 

degree of cost pass-​through – for certain inter-

vals in the rates of value change the sum of the 

respective market capitalisation attributable to 

them (before the valuation change, as of end-​

2020).

The case of a Paris-​aligned decarbonisation 

with correspondingly high CO₂ prices shows 

that, given full pass-​through of the incremental 

Distribution of 
valuation effects

Emissions-related price impact indicator in a sectoral breakdown*

Sources:  ISS-ESG, Thomson Reuters,  Potsdam Institute for Climate Impact Research (REMIND-MAgPIE)  and Bundesbank calculations. 
* Unweighted sectoral  averages of  value change rates are calculated for  a total  of  5,285 stock corporations.  Sector  allocations are 
made based on information contained in the NACE and GICS classification systems. In some cases, companies were, as an exception 
to this rule, allocated to the sectors Coal, Oil and gas as well as Renewables if extraction of or energy generation using the respective 
primary energy source accounts for more than 50% of the enterprise's total revenues according to ISS-ESG. 1 Includes all  companies 
allocated to the respective sector whose scope 1 emissions intensity is smaller or equal to the sector median. 2 Includes all companies 
allocated to the respective sector whose scope 1 emissions intensity is greater than the sector median.
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costs from direct greenhouse gas emissions, 

shares to the tune of just over €35 trillion (or 

78% of the total market capitalisation under 

observation) are left unscathed by emissions-​

related share price losses of more than 4%. At 

the same time, however, more than one-​tenth 

of the total market capitalisation (€4.7 trillion) 

suffers losses of more than one-​half of com-

pany values as a result of higher emissions 

costs and deviating value added paths.

Assuming instead a cost pass-​through of 80%, 

share price losses are limited to less than 4% 

for 87% of market capitalisation (€38.6 trillion). 

At the same time, shares to the tune of €1.9 

trillion suffer losses of more than 50%.

The price impact indicator calculated at the 

company level can be aggregated for individual 

sectors. In the chart on p. 77, each analysed 

sector is split into a more emissions-​intensive 

and a less emissions-​intensive half of com-

panies. For each of these halves, unweighted 

loss ratios (in negative territory) are deter-

mined. Positive average value changes are not 

fundamentally out of range, though; they do 

occur in some cases for renewables.

It is evident that emissions intensity is one of 

the factors that determine the size of the valu-

ation effect. The “greener half” is associated 

with smaller value losses for the stocks under 

observation. However, in several sectors, this 

relationship is overlain by the influence of devi-

ating value added paths.

The price impact indicator presented here is 

sensitive to changes in individual assumptions. 

The results outlined so far are limited to the 

case where all companies reduce their emis-

sions in line with the “Net Zero 2050” scenario. 

This Paris-​aligned response of emissions is de-

picted using a cut-​off point at 100% in the ad-

jacent chart.28 This chart exemplifies, for a no-

tional company, the sensitivity of the price im-

pact indicator to the percentage of emissions 

costs that can be passed through and as a 

function of the pace of decarbonisation relative 

to the scenario pathway.

While the results explained above refer to a 

case in which the companies adapt their en-

ergy mix in line with the substitution elasticities 

used in the REMIND-​MAgPIE model and decar-

bonise correspondingly (in a Paris-​aligned man-

ner), individual companies might reduce their 

emissions to different degrees. As explained 

(see p. 72), the individual pace of decarbonisa-

tion is likely to depend on both the expected 

CO₂ price pathway and on the individual cost 

of avoiding emissions. If, meanwhile, the focus 

lies exclusively on emissions costs arising under 

the price projections in the Paris-​aligned scen-

ario, it is clear that value losses are higher the 

slower the pace of decarbonisation.

A theoretical 
example

Emissions-related price impact indicator 

for a fictitious company*

Sources:  Potsdam Institute  for  Climate  Impact  Research  (RE-

MIND-MAgPIE)  and  Bundesbank  calculations.  * Assumptions: 

Fictitious European stock corporation with an assumed return 

on equity  of  8.5% and dividends  (2021)  in  relation to  direct 

greenhouse gas emissions (2019)  of  €1.70 per  kg of  emitted 

CO2  equivalents.  1 Company  decarbonisation  relative  to  the 

emissions pathway in the “Net Zero 2050” scenario: 100% rep-

resents a proportional (Paris-aligned) decarbonisation, 0% rep-

resents  the  locus  where  companies'  emissions  remain  un-

changed at  their  2019 level.  2 Cut-off  at  100%: the present 

analysis  looks at  reductions in emissions in line with the “Net 

Zero 2050” scenario.
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28 Paris-​aligned decarbonisation is taken to mean that the 
company’s emissions develop in line with the emissions in 
the “Net Zero 2050” scenario.
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Scenario-​based value indicator 
for transition risk: quantifying 
stranding

The valuation approach presented here can be 

used to derive not only an emissions-​related 

price effect, but also a measure for company 

“stranding”. In what follows, this is defined as 

the case where, after taking into account devi-

ating value added paths, the incremental costs 

of emissions will exceed the expected or pro-

jected gross dividends as of a certain future 

point in time.

This definition can be applied to the companies 

under review in the Paris-​aligned scenario. The 

adjacent chart illustrates that the vast majority 

of stranding, both as measured by the number 

of companies and by their stock market capital-

isation (end-​2020), occurs in the five years to 

2025. This is also true if 80% of the incremen-

tal costs of greenhouse gas emissions can be 

passed through, although this assumption sees 

a somewhat larger percentage of companies 

stranding in the years after 2025 than is the 

case if the company has to bear all emissions-​

related costs.

Stranding stock market capitalisation can also 

be shown at the sector level. The table on 

p. 80 indicates that even given decarbonisation 

in line with the Paris-​aligned “Net Zero 2050” 

scenario, the incremental costs from the re-

maining emissions and deviating output path-

ways can leave several sectors hard hit. This is 

particularly true if no cost pass-​through is pos-

sible. Unsurprisingly, particularly badly affected 

sectors include the carbon-​intensive cement 

and steel sectors as well as companies whose 

business centres on fossil energy sources – 

driven in part by projected sectoral output tra-

jectories. According to the calculations, strand-

ing stock market capitalisation amounts to 

€4.4 trillion without cost pass-​through and 

€1.7 trillion with 80% cost pass-​through. Leav-

ing aside stranding and taking into account all 

5,285 stock corporations under review, the ag-

gregate capitalisation-​weighted loss ratio 

amounts to 12.4% (without pass-​through) and 

6.0% (with 80% pass-​through).

Constraints

One constraint to consider is that the price im-

pact indicator presented here does exhibit 

some measurement imprecision. The starting 

point for the quantification carried out in this 

article is that, first, market participants cur-

rently expect the “Nationally Determined Con-

tributions” scenario to be implemented.

Definition of 
stranding in this 
approach

Distribution of 
stranding over 
time

Stranding in 
a sectoral 
perspective

Measurement 
uncertainties …

Stranding companies and losses in 

market capitalisation under a 

Paris-aligned decarbonisation*

Sources:  ISS-ESG, Thomson Reuters,  Potsdam Institute for  Cli-
mate Impact Research (REMIND-MAgPIE) and Bundesbank cal-
culations.  * Scenario:  “Net  Zero 2050”.  1 Pass-through of  in-
cremental emissions-related costs to the clients of the compan-
ies under review. 2 The stranding of a company is defined here 
as the point in time at which the expected dividends no longer 
cover the incremental emissions-related costs which cannot be 
passed on to the company's clients.
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This assumption is supported by indications in 

the empirical findings that greenhouse gas-​

related risks are already reflected in financial 

markets to a certain extent.29 It cannot be ruled 

out, however, that markets assume these com-

mitments will not be honoured in some regions 

of the world. If, for example, one were to 

choose a less optimistic “Current Policies” scen-

ario as the baseline scenario (see the charts on 

pp. 66 and 68), the value adjustments resulting 

from a flipover to a “Net Zero 2050” scenario 

would be more significant still. Second, an-

other factor to consider alongside this impreci-

sion is that the price impact indicator assumes 

a shift in expectations towards a Paris-​aligned 

scenario. As is usual in scenario analyses, it is si-

lent on whether, or with what probability, this 

will happen at the global level. When interpret-

ing the price impact indicator, it should further-

more be considered that the future (global) cli-

mate policy stance is subject to a high degree 

of uncertainty. This uncertainty also has a 

knock-​on effect on market participants’ ex-

pectations formation about the future CO₂ 

price pathway.

There is also uncertainty about how flexibly 

economic agents will respond to a rise in CO₂  

prices and whether the substitutability among 

energy sources assumed in the REMIND-​

MAgPIE model and the assumption of techno-

logical learning adequately captures their be-

haviour. In particular, no data are available on 

individual companies’ current and future emis-

sions avoidance costs, which, along with the 

CO₂ price, will determine the decision to decar-

bonise. This means the question of decarbonis-

ing certain production processes also remains 

subject to uncertainty.

Basing the regional allocation of companies’ 

greenhouse gas emissions on the country in 

which the parent company is headquartered is 

… in the 
formation of 
expectations

Model uncer-
tainty surround-
ing technolo-
gies, substitution 
elasticities and 
emissions avoid-
ance costs, …

Stranding stock market capitalisation by sector

Scenario: “Net Zero 2050”, baseline scenario: “Nationally Determined Contributions”

Sector

Losses in stock market capitalisation caused by stranding1

Absolute, in € billion
As a percentage of respective 
(sector-specifi c) market capitalisation

Without cost 
pass-through2 

80% cost 
pass- through2

Without cost 
pass-through2

80% cost 
pass- through2

Services –   300 –    68 1.9 0.4
Manufacturing –   127 –    19 0.8 0.1
Transport and infrastructure –   211 –    67 26.7 8.4
Chemicals industry –   392 –    54 23.3 3.2
Automotive industry –     9 –     2 0.6 0.1
Construction and engineering –    64 –    16 3.4 0.8
Airlines –   111 –    98 98.4 86.9
Other aviation, aerospace and defence industry –   137 –    66 13.2 6.3
Cement industry –   245 –   157 97.7 62.7
Steel industry –   236 –   145 71.4 44.3
Renewables –    30 0 17.1 0.0
Oil and gas (extraction, power production) – 1,256 –   246 61.6 12.1
Coal (mining, power production) –   190 –   146 54.3 41.6
Other production of energy –   901 –   491 62.7 34.1
Other mining and metal working –   191 –    79 23.0 9.5

Total – 4,401 – 1,653 9.9 3.7

Sources: ISS- EEG, Thomson Reuters, Potsdam Institute for Climate Impact Research (REMIND- MAgPIE) and Bundesbank calculations. 
1 Stranding is defi ned here as a case in which, at a future point in time, the incremental emissions- related costs exceed the projected gross 
dividends. 2 Cost pass- through is understood as the incremental emissions- related costs being passed on to the companies’ clients.
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29 See, for example, Bolton and Kacperczyk (2021) or 
Görgen et al. (2019).
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another source of inaccuracy. This means, for 

example, that manufacturing sites of com-

panies which produce worldwide but are head-

quartered in Europe are assigned in their entir-

ety to Europe and subject to the projected 

European CO₂ prices.

The resulting valuation effects are, moreover, 

very much determined by the extent to which 

emissions costs can be passed on. The scope 

for companies to pass through costs depends 

on their competitive position in sales markets, 

say. Where a company has sufficient market 

power, it can, in extreme cases, avoid the bur-

den of emissions costs altogether. If, however, 

producers of intermediate goods manage to 

pass the attendant emissions costs through to 

a (downstream) company, the latter might, de-

pending on its competitive position, face costs 

beyond those associated with its own direct 

emissions.

Another source of imprecision in the indicator 

of the financial implications of higher CO₂ pri-

cing comes from the extent to which com-

panies have frontloaded the costs of foresee-

able emissions as protection against mounting 

emission costs over the coming years.30 If a 

company has already purchased enough emis-

sions allowances for the coming years, it will 

not incur any additional emissions costs no 

matter how tightly emissions rights are capped 

in this period and how strongly the CO₂ price 

will rise. Hence, the company will only have an 

incentive to reduce its greenhouse gas emis-

sions once the hedging period has elapsed. As 

a result, the valuation effects determined here 

could overstate the company’s actual emissions-​

related loss in value, provided it already has suf-

ficient emissions allowances. It is therefore in 

the absence of such hedging strategies that the 

proposed emissions-​related price impact indi-

cator can be understood as a point of refer-

ence in terms of a shift towards Paris-​aligned 

CO₂ pricing.

Summary

The present article proposes an approach for 

quantifying valuation effects resulting from a 

shift in climate policy expectations. Its focus is 

on the difference between a scenario based on 

the implementation of Nationally Determined 

Contributions (consistent with global warming 

of 2.4°C) and the scenario of an orderly transi-

tion to a Paris-​aligned low-​carbon economy 

(consistent with global warming of 1.5°C). This 

analysis looks at the incremental costs arising 

from greenhouse gas emissions as well as from 

scenario-​dependent deviations in the output 

pathways; no other shifts in costs are taken 

into account. Valuation effects resulting from 

ongoing physical climate change are disre-

garded as well.

The valuation method selected here is applied 

for 5,285 stock corporations from all over the 

world at the firm level. Together, they account 

for more than half of the global stock market 

capitalisation and are responsible for 17% to 

20% of global greenhouse gas emissions. The 

potential price adjustment for individual com-

panies as a result of changed expectations is 

modelled using a multi-​stage dividend discount 

model. This traditional valuation model is cali-

brated on firm-​specific greenhouse gas emis-

sions and scenario data from a multi-​regional 

integrated assessment model (REMIND-​

MAgPIE), which, amongst other things, models 

the energy systems in individual regions of the 

world in detail and allows for temporary re-

gional differences in climate policy.

This scenario-​based valuation approach for 

transition risks is driven by various factors. First 

of all, the company valuation in the baseline 

… the country 
in which the 
company 
is head
quartered …

… and the 
scope for pass-​
through

Valuation effects 
possibly over-
stated due to 
CO₂ hedging

Quantification of 
valuation effects 
due to a shift in 
climate policy 
expectations

Valuation 
method applied 
for 5,285 stock 
corporations 
worldwide

30 In an emissions trading scheme, frontloading can be 
perceived as an issuer strategy to purchase emissions al-
lowances when their prices are low in such a quantity that, 
together with the emissions allowances allocated for free, 
they are sufficient to cover the expected greenhouse gas 
emissions in the hedging period. The price of emission al-
lowances in the European Emissions Trading System (ETS) in 
mid-​2017 was still €5 per tonne of CO₂ emitted, compared 
with around €80 at the end of 2021.
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scenario is pivotal. Here, in addition to the 

equity price and the individual dividend expect-

ations, the respective Nationally Determined 

Contributions are taken into account. This in-

formation is used to compute the firm-​specific 

implied cost of capital, which is one of the de-

cisive factors in the price impact analysis. More-

over, the most significant factor for the major-

ity of companies is the CO₂ price trajectory in 

their particular region: together with the pro-

jected greenhouse gas emissions, this is what 

determines how the company’s emissions costs 

in a Paris-​aligned scenario evolve relative to its 

emissions costs in the previously defined base-

line scenario. These incremental costs lower 

the projected firm-​specific and scenario-​specific 

dividends. In addition, scenario-​specific output 

pathways are incorporated for selected sectors.

The cases analysed – first, where 80% of the 

incremental emissions-​related costs are passed 

through and second, where the company bears 

all emissions-​related costs – serve to estimate 

the bandwidth of potential losses. It is found 

that, in the case of a Paris-​aligned decarbonisa-

tion by the companies, the vast majority of 

them, along with their stock market capitalisa-

tion, are only expected to suffer small losses in 

value even if CO₂ prices rise strongly. By con-

trast, considerable losses in value will be sus-

tained by a segment of stock corporations that 

are responsible for very high greenhouse gas 

emissions while expected dividends are rela-

tively small by comparison. In addition, com-

panies whose business activities are centred 

around fossil fuels will be strongly affected; 

they may face the risk of stranding even if they 

reduce emissions in compliance with the Paris 

Agreement.

The measure presented in this article provides a 

risk indication for the firm’s ability to bear emis-

sions costs under a given scenario. This type of 

indicator can help to better quantify price ad-

justments associated with transition risks and 

the risk of climate-​related stranding of certain 

assets.

Scope for cost 
pass-​through 
determines 
bandwidth of 
potential losses

Changes in 
value associated 
with transition 
risks
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