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The Carbon Transition

1 Increasing carbon footprint and climate change is likely to result in consequent
legislative and regulatory changes.

2 It would potentially mandate �rms to achieve signi�cant reduction in their
carbon footprint.

3 This fundamental paradigm shift is expected to trigger an element of consid-
erable risk, for investors of �rms bearing high carbon footprint.

4 The narrative on climate-related factors, the resulting �nancial risk, and its
consequent management is critical.

5 Prudent measurement and transparent disclosure of risk exposures are the
primary drivers of this narrative.



The Carbon Transition

1 Increasing carbon footprint and climate change is likely to result in consequent
legislative and regulatory changes.

2 It would potentially mandate �rms to achieve signi�cant reduction in their
carbon footprint.

3 This fundamental paradigm shift is expected to trigger an element of consid-
erable risk, for investors of �rms bearing high carbon footprint.

4 The narrative on climate-related factors, the resulting �nancial risk, and its
consequent management is critical.

5 Prudent measurement and transparent disclosure of risk exposures are the
primary drivers of this narrative.



The Carbon Transition

1 Increasing carbon footprint and climate change is likely to result in consequent
legislative and regulatory changes.

2 It would potentially mandate �rms to achieve signi�cant reduction in their
carbon footprint.

3 This fundamental paradigm shift is expected to trigger an element of consid-
erable risk, for investors of �rms bearing high carbon footprint.

4 The narrative on climate-related factors, the resulting �nancial risk, and its
consequent management is critical.

5 Prudent measurement and transparent disclosure of risk exposures are the
primary drivers of this narrative.



The Carbon Transition

1 Increasing carbon footprint and climate change is likely to result in consequent
legislative and regulatory changes.

2 It would potentially mandate �rms to achieve signi�cant reduction in their
carbon footprint.

3 This fundamental paradigm shift is expected to trigger an element of consid-
erable risk, for investors of �rms bearing high carbon footprint.

4 The narrative on climate-related factors, the resulting �nancial risk, and its
consequent management is critical.

5 Prudent measurement and transparent disclosure of risk exposures are the
primary drivers of this narrative.



The Carbon Transition

1 Increasing carbon footprint and climate change is likely to result in consequent
legislative and regulatory changes.

2 It would potentially mandate �rms to achieve signi�cant reduction in their
carbon footprint.

3 This fundamental paradigm shift is expected to trigger an element of consid-
erable risk, for investors of �rms bearing high carbon footprint.

4 The narrative on climate-related factors, the resulting �nancial risk, and its
consequent management is critical.

5 Prudent measurement and transparent disclosure of risk exposures are the
primary drivers of this narrative.



Regulations and Disclosures

1 The �nal report of the Task Force on Climate Related Financial Disclosures
(TCFD) was released in 2017.

2 The aim was to motivate climate-related disclosures: Carbon Disclosure Project
(CDP), Climate Disclosure Standards Board (CDSB) and Sustainability Ac-
counting Standards Board (SASB).

3 Compulsory TCFD disclosures is mandated only a very few countries (such as
the UK), resulting in insu�cient reporting and minimal regulations.

4 Information is collated either through a manual exercise or through the usage
of Arti�cial Intelligence (AI).

5 Increasing calls for voluntary reporting to be replaced with a formal regulatory
framework.
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Brief Literature Review

1 A pattern of selective reporting in TCFD.

2 Voluntary disclosures of Scope 1 emissions: Lower returns on investments and
enhanced divestment by institutional investors.

3 Narrative on transition risk premium has two two perspective: Overall transi-
tion risk and speci�c risk components.

4 Higher carbon footprint resulted in higher returns.

5 The transition risk was short-term (long-term) for countries more dependent
on traditional fossil fuel (with stricter regulations).
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Brief Literature Review

1 Question: Does carbon emission constitute a systematic risk factor?

2 Investors of �rms with higher carbon footprints get higher returns, possibly
because they are increasingly demanding so, for their carbon emission expo-
sure.

3 2015 was identi�ed as the point in time, when banks initiated the pricing of
exposure, resulting from climatic policy of the �rms.

4 Recognition that any investment in fossil-fuel industries today will continue
to pose carbon risk for the succeeding three to four decades.
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The Data

1 We consider data from S&P500 companies.

2 Data on carbon emissions: Publicly available disclosures made by �rms to
external organizations or those declared on their sustainability reports.

3 Company �nancials and stock prices data: Yahoo Finance.

4 The emissions data was found for 208 �rms for the period 2015-2020.

5 The dataset of 197 �rms �nally assembled and considered.

6 The Greenhouse Gas Protocol (GHGP) dataset for Scope 1 (direct) and Scope
2 (indirect) (Scope 3 not considered) emissions.

7 Under Income Statement: Total Revenue, Total Expenses and Under Balance
Sheet: Total Capitalization, Invested Capital, Total Debt and Tangible Book
Value.
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Carbon Transition Risk Premium

1 The question is whether investors are aware of this risk, in which case, the
investors, to stay invested, will expect an incentive, like higher returns on
the short term, based on the amount of carbon emissions. This is called the
�Carbon-Transition Premium� or �Carbon-Risk Premium�.

2 The carbon risk premium pi ,T , for �rm i , in the year T is de�ned as,

pi ,T = ρi ,T − ρ0i ,T ,

where ρi ,T and ρ0i ,T are the total annual stock returns, and the risk-free stock
returns, in the year T .
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Carbon Transition Risk Premium

In order to estimate the existence of such a premium (if any), we perform a
cross-sectional analysis with the following linear regression model:

ri ,T = α0 + α1 ln (1+ Ei ,T−1) + α2 · Ci ,T + ϵ, (1)

where,

1 Ei ,T−1 refers to the total carbon emissions (Scope 1+Scope 2).
2 Ci ,T is an 8-dimensional vector of the values of the control variables, namely,

log-total capitalization, log-ratio of debt-to-book value, ratio of invested
capital-to-book value, ratio of book value-to-total capitalization, average mo-
mentum, average historical volatility, log-revenue and log-expenses.

3 ϵ is the idiosyncratic error.

To be estimated: α0, α1 and α2, with α1 being the critical parameter, pertaining
to the existence and value of the carbon risk premium.
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Carbon Transition Risk Premium

Recall equation (1)

ri ,T = α0 + α1 ln (1+ Ei ,T−1) + α2 · Ci ,T + ϵ

We exponentiate on both sides, to obtain,

ρi ,T = e(α0+α1 ln(1+Ei,T−1)+α2·Ci,T+ϵ).

Bringing out the carbon term, we get,

ρi ,T = eα1 ln(1+Ei,T−1)ρ0i ,T .

Therefore, we calculate the premium by subtracting the risk-free annual return
ρ0i ,T ,

pi ,T = ρi ,T − ρ0i ,T = ρ0i ,T

(
eα1 ln(1+Ei,T−1) − 1

)
. (2)



Carbon Transition Risk Premium

Recall equation (1)

ri ,T = α0 + α1 ln (1+ Ei ,T−1) + α2 · Ci ,T + ϵ

We exponentiate on both sides, to obtain,

ρi ,T = e(α0+α1 ln(1+Ei,T−1)+α2·Ci,T+ϵ).

Bringing out the carbon term, we get,

ρi ,T = eα1 ln(1+Ei,T−1)ρ0i ,T .

Therefore, we calculate the premium by subtracting the risk-free annual return
ρ0i ,T ,

pi ,T = ρi ,T − ρ0i ,T = ρ0i ,T

(
eα1 ln(1+Ei,T−1) − 1

)
. (2)



Carbon Transition Risk Premium

Recall equation (1)

ri ,T = α0 + α1 ln (1+ Ei ,T−1) + α2 · Ci ,T + ϵ

We exponentiate on both sides, to obtain,

ρi ,T = e(α0+α1 ln(1+Ei,T−1)+α2·Ci,T+ϵ).

Bringing out the carbon term, we get,

ρi ,T = eα1 ln(1+Ei,T−1)ρ0i ,T .

Therefore, we calculate the premium by subtracting the risk-free annual return
ρ0i ,T ,

pi ,T = ρi ,T − ρ0i ,T = ρ0i ,T

(
eα1 ln(1+Ei,T−1) − 1

)
. (2)



Carbon Transition Risk Premium

Recall equation (1)

ri ,T = α0 + α1 ln (1+ Ei ,T−1) + α2 · Ci ,T + ϵ

We exponentiate on both sides, to obtain,

ρi ,T = e(α0+α1 ln(1+Ei,T−1)+α2·Ci,T+ϵ).

Bringing out the carbon term, we get,

ρi ,T = eα1 ln(1+Ei,T−1)ρ0i ,T .

Therefore, we calculate the premium by subtracting the risk-free annual return
ρ0i ,T ,

pi ,T = ρi ,T − ρ0i ,T = ρ0i ,T

(
eα1 ln(1+Ei,T−1) − 1

)
. (2)



Carbon Transition Risk Premium

We obtain the following result of the linear regression.

Figure: Estimated Coe�cients in Cross Section Analysis

We �nd a positive value for α1 = 0.00151. This means a greater carbon
footprint gives higher returns to investors, i.e., there exists a signi�cant positive
carbon premium in the stock prices of the �rms in our data set.
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(a) Histogram of Risk Premia
(b) Variation of Carbon Risk Premium with

log-emissions



Single Event Transition Risk

Since the exact nature of the arrival of the carbon transition risk is impossible
to predict, the exact magnitude of the risk at a given time cannot be modelled.
Therefore, instead of the exact risk function, we develop a risk measure called
the Single Event Transition risk (SETR), that gives us the maximum exposure
of risk to a single transition event.

We model the arrival of the transition event as a stochastic process. The
transition event itself can be modelled by a stochastic risk process R(t),
de�ned by,

R(t) =

{
1, The transition event occurs at t,

0, The transition event does not occur at t.
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Single Event Transition Risk

Let P[(tA, tB)] denote the probability of the transition event taking place in an
interval (tA, tB) i.e., the probability that,

∃ t ∈ (tA, tB) such that R(t) = 1.

Hence, for an initial time t0, such that the low-carbon transition is yet to happen,
we can model the arrival process by a probability density function
τ(t) ∈ [0,∞) ∀ t ∈ (t0,∞) such that,

P[(tA, tB)] =
tB∫

tA

τ(t)dt ∀ t0 ≤ tA ≤ tB < ∞.

We additionally know that,
∞∫
t0

τ(t)dt = 1.
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Modelling the SETR

Consider an investor who buys a stock at time t0.

WLOG, we can assume the pre-risk price of any stock to be Si(0) = 1.

We can de�ne a real valued function Pi(t) : [t0,∞) → R that describes the
potential fall of the price of each share of �rm i , on any day t, on which the
transition event occurs. Suppose that the time at which the transition event
occurs is te i.e., R(te) = 1. Therefore we can model the price of a stock
generally as

S∗
i (t) = Si(t)− Pi(t)Ri(t) ∀ t ∈ [t0, te ].

Therefore, given a probability density τ , for the arrival process R, we can �nd
the relationship between the risk premia (p) and the SETR (P),
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Modelling the SETR

If an investor expects to receive a constant �ow of premium pt0i from time t0
through te , then the amount an investor expects to receive in premium is,

Ai =

∞∫
t0

τ(te)

te∫
t0

pti ds dte .

Assuming a constant risk premium,

Ai =

∞∫
t0

pt0i (te − t0) τ(te) dte = pt0i

 ∞∫
t0

teτ(te) dte − t0

∞∫
t0

τ(te)dte

 .

We can see that the �rst integral on the right is the expected time of arrival of
the risk and the second integral is 1
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Modelling the SETR

Therefore,
Ai = pt0i [E(te)− t0] .

This is an interesting result, because this tells us that the amount an investor can
expect to earn from risk premia does not depend on the form of the arrival
process at all, and only depends on the expected time of arrival.
Now, for a fair pricing of the premium, this surplus gain from risk premia should
equal the expected losses incurred by a fall in the price of the stock at te , i.e.,

pt0i [E(te)− t0] =

∞∫
t0

Pi(te)τ(te)dte . (3)
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Modelling the SETR

Let us consider some later time t = t0 +∆t, such that the transition event has
still not occurred. Then,

pt0+∆t
i [E(te |te > t0 +∆t)− t0 −∆t] =

∞∫
t0+∆t

Pi(te)Cτ(te)dte ,

where C is a normalisation factor

C =

∞∫
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τ(te)dte
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=
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Modelling the SETR

From this, we can derive an expression for the expected price of the risk, if the
transition event happens in the small interval (t0, t0 +∆t). Accordingly,

pt0+∆t
i [E(te |te > t0 +∆t)− t0 −∆t]

= C

∞∫
t0

Pi(te)τ(te)dte − C

t0+∆t∫
t0

Pi(te)τ(te)dte .

Making the substitution from equation (3), we obtain,

pt0+∆t
i [E(te |te > t0 +∆t)− t0 −∆t] = Crt0 [E(te)− t0]−C

t0+∆t∫
t0

Pi(te)τ(te)dte .
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Modelling the SETR

∴

t0+∆t∫
t0

Pi (te)τ(te)dte = pt0i [E(te)− t0]−
pt0+∆t
i

C
[E(te |te > t0 +∆t)− t0 −∆t] . (4)

Let t0 +∆t = t ′. Therefore, making this substitution in equation (4), we obtain,

t′∫
t0

Pi (te)τ(te)dte = pt0 [E(te)− t0]−
pt

′

i

C

C ∞∫
t′

teτ(te)dt − t ′

 .
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Modelling the SETR

In order to determine the explicit form of Pi(te), we now take the partial
derivative of both sides with respect to t ′, to obtain,

∂

∂t ′

 t′∫
t0

Pi (te)τ(te)dte

 =
∂

∂t ′

pt0i {E(te)− t0} − pt
′

i

∞∫
t′

teτ(te)dt − t ′
∞∫
t′

τ(te)dte



∴ P(t ′)τ(t ′) = pt
′

i

t ′τ(t ′) +

∞∫
t′

τ(te)dte − t ′τ(t ′)

 .
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Modelling the SETR

We can therefore write the value of the SETR explicitly in terms of the arrival
process τ , as follows:

P(t ′) =
pt

′

i

τ(t ′)

∞∫
t′

τ(x)dx . (5)
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Exponential Arrival Process

An exponential distribution with the parameter λ is given by

τ(t) =

{
λe−λt t ≥ t0,

0 t < t0.

Therefore,

Pexp(Si , t
′) =

pt
′

i

λ
. (6)

We �nd that the value of the SETR is independent of the time when the
transition event occurs, and only depends on the value of the premium at the
time of the transition. This happens because of the memoryless nature of the
exponential distributions.
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Uniform Arrival Process

A uniform distribution with parameters θmin and θmax can be de�ned as

τ(t) =


0 t < θmin,

(θmax − θmin)
−1 θmin ≤ t ≤ θmax,

0 t > θmax.

Therefore,
Puni(Si , t

′) = pt
′

i (θmax − t ′). (7)

We �nd that unlike the exponential case, here, the SETR is a (linearly
decreasing) function of the time of arrival.
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Uniform Arrival Process

Figure: Variation of SETR with θmax and time t ′



Gamma Arrival Process

We consider the Gamma arrival process with parameters a and b,

τ(t) =

{
0 t < t0,
ba

Γ(a)t
a−1e−bt t ≥ t0.

Therefore,

P(Si , t
′) =

pt
′

i

bat ′a−1e−bt′
Γ(a, bt ′). (8)

where Γ(a, bt ′) =
∞∫
bt′

y a−1e−ydy is the upper incomplete gamma function.
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Gamma Arrival Process

(a) b=0.005 (b) b=0.5

Figure: Variation of SETR (% of price of stock at purchase) with time for pti = 1%



Gamma Arrival Process

(a) a=0.5 (b) a=1.25

Figure: Variation of SETR (% of price of stock at purchase) with time for pti = 1%



Are the Premia Worth the Risk?

The condition for making pro�ts from the premium-risk trade o� is:

pi(te − t0) >
pt

′

i

τ(t ′)

∞∫
t′

τ(x)dx .

Therefore, in order to �nd our likelihood of making pro�ts or losses, by taking
long (or short) positions on the stocks of these companies, we need to �nd the
area under the graph of the probability density function τ , for which this
condition holds good. If the area is greater than 0.5, then the investor stands a
better chance of making pro�ts.
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Are the Premia Worth the Risk?

Exponential Distribution: If we assume t0 to be 0, the condition reduces
to

te >
1

λ

Thus making the integration we get,

qexp =

∞∫
1

λ

λe−λxdx =
[
−e−λx

]∞
1

λ

= e−1 < 0.5.
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Are the Premia Worth the Risk?

Uniform distribution: For the uniform distribution, the SETR is not con-
stant in time and is constantly varying, and, accordingly, the criterion for
making pro�ts is pi te > pi(θmax − te).

∴ te =
θmax

2
.

Hence,

quni =

θmax∫
θmax
2

1

θmax
dx =

1

2
.

Therefore, for a uniform arrival process, holding on to a polluting stock is
probabilistically risk-neutral.
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Are the Premia Worth the Risk?

Gamma distribution: For a Gamma distribution, the criterion is,

pi te >
pi

bata−1
e e−bte

Γ(a, bte).

Rearranging the terms, we �nally obtain,

batae e
−bte > Γ(a, bte).

To determine the probability of positive returns, we generate large ensembles
of te drawn from a Γ(a, b) distribution for various combinations of a and b
and estimate the probability in each case, by �nding the proportion of cases
in which the criterion holds.
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Are the Premia Worth the Risk?

(a) Variation of qγ with µγ , σ
2

γ (b) Variation of qγ with a, b

Figure: 3D Scatter plot depicting the variation of qγ



Key Takeaways

1 While stocks of highly polluting �rms may look attractive in the short run,
they pose signi�cant risks on the long run.

2 This risk depends on the amount of emissions produced by the �rms and the
probability distribution of the arrival of the low-carbon transition event.

3 Despite the pricing of the risk being fair, the probability of making pro�ts
by investing in a polluting stock need not be even, for instance in the case
of exponentially distributed arrival processes, the odds of making money is
always lower than the odds of losing money.
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