


Executive Summary
• Fiduciary investors must consider the potential 

increase of transition risks for fossil fuel reserve-
linked securities within their portfolios, as 
technological advances and regulatory actions 
signal a global energy transition.

• The potential transition to a low-carbon  
economy raises the possibility that fossil fuel 
reserves — which may be unusable in a low-carbon 
scenario — will face precipitous devaluation or 
become “stranded assets.”

• Low-carbon energy scenarios, such as in  
forecasts aligned with the objectives of the  
Paris Agreement, suggest declining long-term 
demand and production of fossil fuel energy 
sources — most pronounced in coal and  
oil — over the ensuing decades.

• To systematically measure a comprehensive  
view of a company’s risk, BlackRock proposes 
combining two distinct approaches to inform  
the NYC TRS potential divestment strategy.

• This combination of BlackRock’s Carbon Price 
Sensitivity tool and Low-Carbon Transition  
Readiness (LCTR) scores analyzes a security’s  
1) current carbon pricing sensitivity and  
2) forward-looking trajectory or preparedness  
for the low-carbon transition.

• Applying these analytics to the starting universe  
of fossil fuel reserve-linked securities reveals  
a distribution of exposures to both carbon price 
sensitivity as well as forward-looking potential 
(Transition Readiness).

• Fossil fuel linked-securities in the TRS portfolio 
have an average -14% earning exposure to a  
USD $18 carbon tax — with half of the securities 
demonstrating low-relative forward looking 
transition preparedness (i.e., are not taking 
proactive steps to align with low-carbon trajectory).

• In aggregate, the starting universe of securities 
indicates notable transition risk related exposure; 
however, there is meaningful differentiation  
in transition risk within the universe. That is,  
a distribution of preparedness for the  
energy transition. 

• In combining these two insights — both current 
exposure and forward looking preparedness — tiers 
of transition risk exposure emerge ranging from 
less prepared (both negative carbon price 
sensitivity and LCTR) to more prepared (positive 
carbon price sensitivity and LCTR).

• This differentiation of companies provides a lens 
into potential divestment options (or tiering) of  
the universe to be analyzed in Phase 3.
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I. Investment Risks of  
Fossil Fuel Reserve Owners

Key Findings

• Due to the mounting risks of climate change, 
technological advances and regulatory actions 
are signaling toward a global energy transition. 

• The potential transition to a low-carbon economy 
presents investment risks to fossil fuel reserve 
owners, raising the possibility that fossil fuel 
reserves — which may be unusable in a low-
carbon scenario — will face precipitous 
devaluation or become “stranded assets.”

• Low-carbon energy scenarios, such as in 
forecasts aligned with the objectives of the  
Paris Agreement, suggest declining long-term 
demand and production of fossil fuel energy 

More and more investors globally are recognizing  
the material investment risks of climate change.  
In the World Economic Forum’s 2020 Global Risks 
Report, a survey of over 1,000 business leaders, 
investors, and policymakers indicated that, for the 
first time, issues related to global warming are 
perceived as the top five risks in terms of likelihood 
over the coming decade. As a starting point, these 
risks are often categorized into two primary channels: 

1. Physical risks associated with changes in climate 
leading to extreme weather events and long-term 
changes in temperature and sea-level rise, and

2. Transition risks associated with the global energy 
transition away from fossil fuels and toward a 
low-carbon economy, generally focused on fossil 
fuel intensive sectors and companies. 

Given the focus on owners of fossil fuel reserves, 
transition-related risks will be the focus of this 
analysis. In examining the implications of a transition 

to the low-carbon economy on fossil fuel reserves, 
many researchers have analyzed the necessity and 
likelihood of a significant share of reserves remaining 
underground, referenced as “unburnable carbon.”  
In one estimate, researchers have predicted that  
80% of current coal reserves, 33% of current oil 
reserves, and 50% of current gas reserves will need  
to remain unused through 2050 to avoid breaching  
the 2ºC target of the Paris Agreement.1 As a result, 
segments of the fossil fuel industry may be threatened 
by “stranded asset risk,” a term that describes the risk  
of “unanticipated or premature write-downs, 
devaluations, or conversion to liabilities.” 

These risks ultimately depend on the forward-looking 
trajectory of fossil fuel related energy production, the 
associated emissions, adoption of clean technology 
and regulation. A common tool for assessing forward-
looking transition risk is through scenario analysis,  
or plausible scenarios of future energy supply and 
demand to meet societal needs and proposed 
emissions targets.

sources — most pronounced in coal and  
oil — over the ensuing decades.

• Globally, regulatory regimes have increasingly 
signaled toward more action, with a record 10 new 
carbon pricing policies passed in the last year 
alone, and are expected to accelerate the global 
energy transition.

• These regulatory tailwinds, coupled with 
technological advances, have driven price 
reductions and efficiency gains, leading to 
increasingly cost-competitive sources of low-
carbon or renewable energy sources versus fossil 
fuel equivalents.

• Fiduciary investors must consider the increasing 
potential transition risks of fossil fuel reserve 
owners within their portfolios.

1. McGlade C, Ekins P. “The geographical distribution of fossil fuels unused when imiting global warming to 2ºC.” Nature, January 2015.
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underestimated the rate at which renewable power 
has been adopted and overestimated the demand for 
fossil fuel energy.1 The chart below compares actual 
solar power growth with each of the IEA’s projections 
from 2002–2016. Each year, the IEA has projected 
modest growth in solar power, despite exponential 
growth forcing upwards revisions each time. This is 
the paramount risk for companies and investors — the 
risk that the transition away from fossil fuels happens 
quicker and more abruptly than forecasted. 

IEA World Energy Outlook: Solar Power Projections 
Projected Solar Power Growth vs. Actual Growth

Source: Data from IEA, World Economic Outlook 2002–2016, February 2020.  
See Hoekstra (2019).
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1. Hoekstra, A., “Photovoltaic growth: reality versus projections of the International Energy Agency,” January 2019.
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II. BlackRock  
Measurement Approaches

Key Findings

• Fossil fuel reserve owners are faced with high 
potential transition risks through a shifting 
energy mix and increasing regulation.

• To systematically measure these risks, BlackRock 
has developed two distinct approaches that 
analyze a security’s 1) current carbon pricing 
sensitivity and 2) forward-looking trajectory or 
preparedness for the low-carbon transition.

• Carbon pricing sensitivity analysis helps investors 
assess the impact on a company’s valuation of 
an instantaneous carbon pricing scheme. This 
provides clarity on point-in-time impacts to 
earnings under different potential carbon taxes.

Increasing regulatory action and technological 
innovation is powering a transition toward a low-
carbon economy, and some companies are more 
prepared for this shift than others. In the focus on 
transition risk, or financial risks that arise from a 
transition to a lower-carbon economy, both point-in-
time exposure to carbon prices and forward-looking 
assessments of a company’s transition readiness  
are considered. Two BlackRock-developed metrics 
that measure transition risk — Carbon Price  
Sensitivity and LCTR — are presented and 
recommended for analysis.

Sensitivity to Carbon Prices

BlackRock has developed a framework for assessing 
the sensitivity of company valuations to carbon 
pricing schemes. This sensitivity is a measure of 
the impact that a carbon pricing scheme will have 
on a company’s earnings and security valuation. 
The sensitivity measure is only materialized in the 
presence of carbon pricing schemes. Without a 

carbon scheme, there will be no emission costs 
and the Carbon Price Sensitivity measure will only 
represent a latent exposure. As the costs of emissions 
increase above zero, the Carbon Price Sensitivity 
effect will come into play. 

This concept can be used to address the impacts  
from scenario analysis, such as 2 Degree or Business-
as-Usual scenarios, because it is connected to the 
outcomes of carbon pricing schemes. For the 
purposes of analysis, the SDS will be referenced, 
which derives an estimated USD $18 carbon tax  
per metric ton of GHG in 2021 that slowly increases 
over time to keep emissions in-line with long- 
term temperature increases supported by the Paris 
Agreement. In other words, the USD $18 carbon  
tax we reference is the global average carbon tax 
needed for 2021 in order to stay on track with the 
commitments of the Paris Agreement, according  
to IEA estimates. The impact of this price will be 
compared to STEPS, where the carbon price is 
estimated to be USD $6 per metric ton of GHG  
in 2021. 

• Low-Carbon Transition Readiness (LCTR) scores 
companies’ preparedness for the transition to a 
low-carbon economy, taking a forward-looking 
view on the evolution of a company’s reliance on 
fossil fuels and ranking each company in relation 
to its peers.

• For a comprehensive view of a company’s risk, 
both its current exposure and forward momentum 
should be considered. To this end, BlackRock 
proposes leveraging both of BlackRock’s 
Carbon Price Sensitivity and LCTR scores — to 
understand NYC TRS’ exposure to transition risk.
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III. Portfolio Analysis  
and Exposure: Results

Key Findings

• The starting universe of fossil fuel reserve-linked 
securities shows a distribution of exposures to both 
carbon price sensitivity as well as forward-looking 
potential (Transition Readiness).

• Of the starting universe, most securities are 
expected to take a negative earnings hit under 
the USD $18 carbon tax, with an average earnings 
adjustment of negative 14%.

• With a forward-looking lens, companies are also 
distributed in their relative preparedness for the 
low-carbon transition, with some companies 
scoring more than negative two standard 

Carbon Price Sensitivity Results

Across the universe of fossil fuel reserve linked 
securities, an estimated carbon tax at USD $18 per 
metric ton is applied. This baseline sensitivity to a 
USD $18 tax reflects an estimated carbon price in 
2021 to align with the Paris Agreement.

Results show company impacts from a potential 
carbon tax that range from -100% (a company 
expected to lose 100% of its earnings under the  
given carbon tax) in a few extreme cases to positive 
earnings of 50%. The companies with large negative 
estimates are generally those with high emissions 
profiles — that is, large Scope 1 and Scope 2 carbon 
emissions per earnings on unit of good sold – with 
little to no activity in green or low-carbon solution 
production. Conversely, companies with large 

positive estimates, or expected increases in earnings,  
in general have muted impacts from direct carbon 
prices and are expected to benefit from a shift toward 
the green or low-carbon solutions they provide.

Of the universe, most securities are expected to take  
a negative earnings hit under the USD $18 carbon tax, 
with an average earnings adjustment of negative 
14%. From a frequency perspective, the majority  
of expected instantaneous changes in earnings 
clustered between -5% and 5%. The distribution of 
estimations reveals several outliers. These companies 
that are more carbon-dependent fare far worse in this 
assessment than companies with a more balanced 
fuel mix.

deviations lower than the average company’s 
preparation for the low-carbon transition.

• In combining these two insights — both current 
exposure and forward-looking preparedness — 
tiers of transition risk exposure emerge ranging 
from less prepared (both negative Carbon Price 
Sensitivity and LCTR) to more prepared (positive 
Carbon Price Sensitivity and LCTR).

• This differentiation of companies provides a  
lens into potential divestment options (or tiering) 
of the universe to be analyzed in Phase 3.
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Conclusion

As technological progress and regulatory pressure 
build, it is becoming increasingly important that 
investors account for the potential investment risks 
associated with a global energy transition. A 
successful transition to a low-carbon economy raises 
the possibility that fossil fuel reserves — which may  
be unusable in a low-carbon scenario — will face 
precipitous devaluation or become “stranded assets.” 
Projections by the International Energy Agency, 
aligned with the objectives of the Paris Agreement, 
suggests we are at the onset of secular decline in  
both long-term demand and production of fossil fuel 
energy sources — particularly in coal and oil. 

To identify these risks within the NYC TRS portfolio,  
a combination of two of BlackRock’s transition risk 
analytics are applied. Beginning with BlackRock’s 
Carbon Price Sensitivity tool, the present-day 
exposure or vulnerability of the starting universe of 
fossil fuel reserve-linked securities to the transition 
risks of carbon pricing is measured. Next, BlackRock’s 
LCTR framework is overlaid to measure a forward-
looking trajectory or preparedness for the low- 
carbon transition. 

In aggregate, the starting universe of securities 
indicates exposure to transition risk. More than 90% 
of securities showed a negative earnings impact from 
a potential USD $18 carbon tax ecurities 
in universe). When combined with forward-looking 
transition readiness, approximately 95% (  
securities) of all fossil fuel-linked securities had  
either or both negative carbon price sensitivity or 
transition readiness. That said, there is meaningful 
differentiation in transition risk within the universe.  
In combining these two insights — both current 
exposure and forward-looking preparedness — tiers  
of transition risk exposure emerged, ranging from less 
prepared (both negative carbon price sensitivity and 
negative transition readiness) to more prepared 
(positive carbon price sensitivity and positive 
transition readiness).

Together, these two analyses will inform potential 
options for divestment within the NYC TRS portfolio.  
In the next phase of this analysis, these options  
will be analyzed side-by-side across historical  
and go-forward risk dimensions, implementation,  
and monitoring considerations.
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Appendix

Data Provider Offering Approach Notes

Company Targets & Assessments

Science  
Based Target  
Initiative  
(SBTi)

• Helps define and validate 
science based targets aligned 
with temperature scenarios  
for companies on a range of 
criteria such as duration, 
ambition, and coverage

• Methods rely on GHGs
• All companies must include 

Scope 3 in their emissions 
inventory; if Scope 3 represents 
more than 40% of aggregate 
emissions, the company must 
set a Scope 3 target

• Avoided emissions may not  
be included

• The time horizon for targets is  
5–15 years, with the exception 
of Scope 3 supplier engagement 
targets (5-year time horizon)

• Target setting, not alignment  
or scenario-specific

Transition  
Pathway  
Initiative  
(TPI)

• Assesses companies’ 
preparedness for the transition 
to a low carbon economy; 
compares companies’ emissions 
intensity per unit of production 
as forecasted in 2030 (or 2050 
for oil & gas) with their sector-
specific benchmarks

• Rely on GHGs
• Relevant value-chain scope
• Forward-looking data based  

on targets
• Two dimensions considered 

based on publicly available 
information: management 
quality and carbon performance

• Forward-looking  
company-level assessment

Pathway Alignment

2 Degree  
Investing  
Initiative  
(2dii)

• PACTA: alignment  
at technology level

• Aggregate at sector  
and portfolio  
level (expressed as percentage 
alignment and an Implied  
Temperature Rise metric)

• Technology exposure for power 
utilities, oil & gas, coal and 
automobiles; and GHG intensity 
for cement, steel, shipping  
and aviation

• Relevant value-chain scope
• Forward-looking data based  

on asset-level datasets

• Forward-looking sector  
and portfolio assessment 
(temperature)

Overview of Publicly Available Measurement Approaches

Source: Institut Louis Bachelier et al. (2020). The Alignment Cookbook - A Technical Review of Methodologies Assessing a Portfolio’s Alignment with Low-carbon Trajectories  
or Temperature Goal
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Where the Δ Firm Value is the percent change in the overall firm valuation resulting 
from the implementation of $1 in Carbon Tax. 

Our motivation in developing a Carbon Beta is to gain a deeper understanding of 
potential financial impacts of imposed prices on carbon – both at the individual 
company level and extrapolated to sectors and the broader equity investment universe. 

Prior Literature 

The impacts of regulations setting carbon prices or limiting carbon emissions have 
been investigated in several studies of the European Union Emissions Trading Scheme 
(EU_ETS).  For example, Smale et alii (Smale, 2006) studied the impacts of the EU_ETS 
on five sectors and found wide variations across market share and profitability based 
on a sector’s ability to pass on the added costs of carbon emissions. In another study, 
Clarkson et al (Clarkson, 2015) found that the value of firms under the EU-ETS are 
related to excess emissions beyond free allowances and that a firm’s ability to pass on 
the cost of the tax varies across market sectors.  These results were echoed in a study 
by Oestreich and Tsiakas (Oestreich, 2015) who found similar benefits to free carbon 
allowances.   In a focused study of the European electric utility sector, Tian et al (Tian, 
2019) investigated the impacts of carbon pricing on the cost of electricity and stock 
price of electric utilities and found a positive and symmetric relationship between 
carbon prices and electricity prices while the effect on firm valuation diminished over 
time after implementation of carbon pricing. 

Carbon taxes and regulations in Australia and South Africa also provided environments 
for investigating impacts on firm valuations.  Luo and Tang (Luo, 2014) looked at 
market reactions to carbon legislature events in Australia during 2011 and concluded 
that carbon taxes had a negative impact on shareholder returns that varied across 
sectors.  Carbon price impacts in the South African market were analyzed by Ganda and 
Milondzo (Ganda, 2018) who found a negative relationship between carbon emissions 
and corporate financial performance. 

Outside of carbon tax regulations, Garvey et alii (Garvey, 2018) investigated the 
relationship between carbon emissions and firm profitability.  They found that firms 
which reduced the carbon ratio, or carbon emission per unit of sales, had stronger 
future profitability and positive stock returns. 

In this paper, we extend the approach of Clarkson et alii (Clarkson, 2015) to include 1) 
positive effects of carbon pricing, 2) cost effects of scope 2 emissions and an 3) explicit 
connection to firm valuation.  We start with a description of the Carbon Beta framework 
in the next section and then discuss the sensitivity of results to key inputs for the 
framework. In the final sections, we discuss the results across various levels of carbon 
pricing and present our conclusions. 

Outline of Carbon Beta Framework 

We define Carbon Beta as a company’s sensitivity to a price of $1 / metric ton of GHG 
expressed as potential gain or loss of firm value. The framework consists of five steps 
that originate with the explicit pricing of a ton of Scope 1 emissions and concludes with 
an impact on the valuation of a firm. 
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The steps of the framework are as follows: 

1. Carbon tax implementation
2. Cost elasticity and pass through
3. Scope 2 emissions as proxy for electric energy usage
4. New green revenue capture
5. Impacts on Valuation

1. Carbon Tax Implementation

Greenhouse gas emissions are a byproduct of a company’s operations that are 
currently not considered in GAAP reporting.  Regulatory efforts to limit GHG emissions, 
however, are a method for explicitly including GHG emissions as a business cost.   
Regulations in terms of a direct tax on GHG emissions or Emission Trading Schemes 
impose a price on each ton of GHG emitted and thus give companies a measure of the 
liability created by emitting GHG.  

In our framework, we assume that the cost of Scope 1 emissions can be materialized by 
a global carbon tax that impacts all companies equally.  The cost to each business for 
GHG emissions will be the carbon tax, in units of dollars per ton of carbon emitted, 
multiplied by the total amount of Scope 1 emissions. 

2. Cost Elasticity and Pass through

The added cost of a carbon tax can be either absorbed by a company, and thus reduce 
margins, or it can be passed through to customers in the form of higher prices for 
products and services.  Using an industry concentration approach based on the 
Herfindahl-Hirschman Index (HHI), we posit that in more competitive markets, firms 
will compete on price and hence are incentivized to minimize the cost-pass-troughs.  
The less competitive the market becomes, the greater ability a firm will have to increase 
prices and pass on costs to its customers.  

We make this calculation at the industry level but are aware that differences in 
operational efficiencies across companies will create different abilities to pass on 
carbon tax costs.  Also, the definition of a “market” is important for defining the HHI 
because a global market will result in more competition than a smaller country or 
regional market.  Here, we assume a global market as a simplification but acknowledge 
that regional trade barriers will impact pricing power by limiting competition. 

We propose the following approach to estimate costs pass through: 

1. A carbon tax on Scope 1 emissions raises the operating costs of a firm
2. Based on its pricing power, a company will seek to pass costs on to customers in

order to maintain profit margins
3. The amount of costs that cannot be passed through will result in lower profits
4. With time, a firm will rebalance its production and energy mix to maximize

profits.
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In this study, we adopt the first three steps above since we only consider the period 
immediately following the implementation of a carbon tax.  Over time, however, we are 
aware that there can be shifts and adjustments that will create a new equilibrium.  For 
example, we exclude the effects of step 4 given the complexity of modeling firm-level 
cost pass through in the period after the implementation of a carbon tax.  We are also 
aware that higher cost of goods will result in demand shifts as substitution effects 
develop from customers seeking to minimize their operating costs. 

We make an exception for the Utilities sector since these companies are operating in a 
regulated market.  Our assumption that Utilities will be able to pass 75% of a carbon 
tax cost is consistent with analysis of the European Emission Trading Scheme 
environment in which utilities were able to pass between 60% and 100% of the carbon 
tax costs (Sijm, 2006). 

3. Scope 2 emissions as proxy for electric energy usage

The cost pass-through from electric utilities will result in higher electricity prices, which 
in turn will result in higher operating costs and lower margins for electricity users.  To 
estimate the cost impact at company level, we use Scope 2 emissions reported by each 
company as a proxy for the amount of electricity used.  We then distribute the total cost 
of electricity passed through in proportion to each company’s Scope 2 emissions.  This 
process also generates an implied cost per ton for Scope 2 emissions, although this 
specific figure does not enter in the Carbon Beta framework. 

4. New green revenue capture

The added cost of a carbon tax on Scope 1 emissions creates a demand for products 
and solutions that can reduce GHG emission in a cost competitive way.  We assume in 
our framework that if a company is faced with a carbon tax cost of $100 but can buy a 
green technology solution for $99 that eliminates its GHG emissions, the company will 
opt to purchase the technology since it is cheaper than paying the tax. 

For companies providing green solutions, we estimate the increase in revenues as a 
percentage of the total cost of the carbon tax which we then distribute in the market in 
proportion to the share of green revenues. 

5. Impacts on Valuation

A carbon tax will impact the profitability of a company.  Costs will increase from the 
payment of the tax while revenues will increase from additional sales of green 
technology.  The net effect between costs and revenues will change earnings, with 
decreasing earnings coming from heavy Scope 1 emitters while higher earnings 
coming from companies capturing the green technology opportunity. 

We estimate the change in company valuation through its Price/Earnings multiple.  By 
assuming that a long-term P/E ratio remains constant through the impact of a carbon 
tax, a change in earnings will translate into a change in price, and hence a change in 
company valuation. 
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demand.  To calibrate this assumption, we use comparisons between total costs from 
the carbon tax and the size of the green bond market. For background, Green Bonds are 
debt issued by companies, municipalities, and sovereigns for developments ring-
fenced for environmental improvement, such as emissions reduction, energy efficiency 
or other qualifying projects. According to the International Finance Corporation (IFC), 
annual green bond issuance has grown from zero to nearly $170bn in little more than a 
decade and in 2019 global issuance is expected to reach a record $200bn.5 

In view of the growth in green bond issuance, we considered whether the market could 
absorb the entire new clean technology opportunity created by the carbon tax. That is, 
in the case of a $25 per metric ton tax on carbon emissions, would the clean technology 
market be able to supply low- or zero-carbon technologies to meet the new demand?  
Based on our analysis, we project a $25 tax would create approximately $125B in new 
clean technology revenue opportunity. Given the current size and trajectory of the 
green bonds market, we assumed that the 100% of the direct costs could be translated 
into clean technology revenue. We recognize that this assumption may not hold under 
higher tax scenarios. For example, an initial tax of $100 per metric ton can produce 
direct costs of $500B for publically listed companies, more than twice last year’s green 
bond issuance. However, for simplicity we assume that an imposed price on carbon 
would be initially less than $50 per metric ton and therefore the upside opportunity can 
be fully absorbed by clean-technology producers.  

5 International Finance Corporation, World Bank Group. Green Bonds. 
https://www.ifc.org/wps/wcm/connect/news_ext_content/ifc_external_corporate_site/news+and+event 
s/news/perspectives/perspectives-i1c2 
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Conclusion 

Companies that emit greenhouse gases, whether in the form of carbon dioxide or other 
gases, own a latent liability that is materialized in the presence of carbon pricing.  While 
there is no single carbon price globally, regulators across countries have increased 
their interest in applying carbon pricing and today about 20% of global GHG emissions 
are covered. 

We showed how a Carbon Beta framework considers the initial onset of a carbon tax 
and then distributes these impacts downstream through the application of price 
elasticity, impacts on electricity prices, gains for providers of green solutions and, 
finally, to impacts on the valuation of companies.  Valuation outcomes vary across 
sectors, with the Energy, Utilities, Materials and Transportation having the most 
negative valuation impacts, while the Automobiles, Software and Capital Goods sectors 
show the most positive outcomes.  We also find that within sector there is a wide 
variation in how carbon pricing affects companies, with some companies faring better 
that others. 

Including an upside valuation potential for suppliers of carbon reduction technologies 
brings into the framework a component of positive impacts from carbon taxes.  While 
we found that carbon taxes pose an initial loss of value in aggregate across the market, 
green technology companies provide some mitigation to those impacts. 

The Carbon Beta model does not incorporate scenario analysis directly.  Instead, 
through the selection of a carbon price, say $50 or $100/ton of CO2 emitted, it can 
model the regulatory environment that targets a specific scenario such as 2 deg C or 
1.5 deg C.  Given the flexibility of selecting a particular carbon price, a variety of other 
scenarios can be considered.  

We tested the assumptions made to arrive at a final Carbon Beta model and found 
some sensitivity around those assumptions, but we believe the approach yields 
valuable insights into the impacts of carbon pricing.  There are opportunities to 
improve on the framework and we outlined several that are interesting areas for future 
research. 
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This paper describes a new investment framework to assess public companies’ “Transition Readiness”, or 
preparedness for a transition to a global low-carbon economy. Unlike prior low-carbon research that focuses 
on carbon emissions as a source of potential risk, this five-part framework is designed to capture both a 
company’s potential risks and opportunities associated with the transition. We construct the Transition 
Readiness framework on a relative basis, whereby we identify companies we believe to be better prepared 
for the transition relative to their industry peers. While the framework is designed to enhance investment 
performance as the global economy transitions to lower-carbon usage, we find that a diversified portfolio of 
companies that exhibit superior Transition Readiness characteristics has recently outperformed an 
equivalent market benchmark on a risk-adjusted basis. Finally, we find that a Transition Readiness portfolio 
has lower carbon emissions intensity and greater exposure to clean technology revenue relative to the 
market benchmark. 

Climate change and the transition to a low-carbon economy are top of mind for the global 
investment community. In the World Economic Forum’s 2018 Global Risks Report, four of the top 
five risks projected to have the biggest impact in the next 10 years were environmental in nature 
– extreme weather events, natural disasters, water crisis and failure of climate change mitigation
and adaptation.i Further, a recent survey of institutional investors found climate as a leading
investment consideration, with more seeking to mitigate climate risks and enable transition to a
lower carbon economy than ever before.ii

Despite increasing in investment prominence, there have been few attempts to systematically 
measure companies’ preparedness in mitigating risks and capturing opportunities associated with 
a transition to a low-carbon economy. Previous investment research has focused primarily on the 
carbon emissions profile of companies, and existing investment approaches focus either on 
potential risks, through fossil fuel divestment or carbon minimization strategies, or on 
opportunities, through investments in renewable energy and energy efficiency solutions. 

In this paper we describe a public equity investment framework called Transition Readiness, a 
new approach to assessing companies’ preparedness for the transition to a low-carbon economy. 
This approach is distinct in two respects: first, it is based on thematic research on the full 
complement of company activities that reflect its preparedness for the transition to a low-carbon 
economy, and second, it applies quantitative investment techniques that have traditionally not 
been utilized in the sustainable investing context. We review here our approach to constructing 
this new investment framework, and present our findings of implementing this investment 
framework into a broadly diversified equity portfolio, from both a financial and environmental 
perspective. Our initial results suggest this investment approach can add financially material 
insights to the growing body of low-carbon investment research. 

1 BlackRock 55E 52nd Street, New York, New York 10055 
 *The authors would like to thank Kirsty Jenkinson and Juan Lois for their contribution to the direction of the research
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Background 

Transition risks and opportunities 

The transition to the low-carbon economy refers to the global shift to an economy that is more 
efficient in producing goods and services, one that is less reliant on greenhouse gas (GHG) 
emissions. While global gross domestic product and emissions have historically grown in tandem, 
we have recently witnessed a change. Since 2010, global GHG emissions have increased at less 
than 1/3 the rate of global GDP, reflecting increasing “decoupling” of growth and emissions 
globally.iii 

This transition is expected to continue, and by some forecasts, further accelerate. Regulatory 
action and technological innovation are two important drivers of the transition. On the regulatory 
front, the number of climate laws passed globally has doubled every five years since 1997.iv In 
2018 for example, China joined the Netherlands, Norway, France, the U.K., and India in banning 
fossil-fuel-powered vehicle production; California passed a bill requiring rooftop solar on all 
homes; and France announced that it will ban oil and gas production by 2040.v Overall, the world 
has adopted clean energy far faster than experts forecasted, and countries have moved 
aggressively in the past few years to reach their emission reduction targets. This includes the 
U.S., where despite recent federal legislation, many states, cities, companies, and citizens are
taking action on their own to accelerate the transition to a low-carbon economy. Within
technological innovation, price reductions and efficiency improvements have accelerated the
deployment of carbon efficient technologies to replace existing carbon emitting activities. Within
transportation, for example, due to declining production costs and increasing battery storage
capacity, the global fleet of electric vehicles is projected to triple in the next two years.vi

Looking forward, the trajectory of the low carbon transition is often characterized in the form of 
specific de-carbonization or low-carbon pathways or “scenarios”. These include widely utilized 
scenarios from the International Energy Agency’s (IEA) World Energy Outlook,vii including a 
“current policies”, “new policies”, and more aggressive “sustainable development” scenarios.2 
These specific scenarios are valuable for understanding the policy mechanisms required to 
achieve particular emissions mitigation and temperature goals (the IEA Sustainable Development 
scenario, for example, is intended to capture an outcome in line with the Paris Climate 
Agreement). They are also valuable for those asset owners that are interested in aligning their 
investment approaches with specific emissions or policy goals.  

Our research framework has been informed by the output of different long-term scenarios, 
including the IEAs, but was designed to assess Transition Readiness without being connected to 
any particular scenario. In other words, while our research is predicated on future global emission 
reductions, its utility is not contingent on a specific future temperature or emissions outcome. 
Instead, the goal is to generate a more useful way to assess the costs and opportunities firms 
could realize in the transition process, even as we face significant uncertainty about the 
probability of any one long-term climate scenario unfolding.    

Previous low-carbon research 

There is a significant body of academic evidence on the relationship between a company’s 
carbon emissions intensity3 and financial risk. Specifically, research has explored whether carbon 
efficient companies outperform their high emitting peers, presuming lower emissions reduce 
exposure to future greenhouse gas regulations and taxes. These analyses generally look at a 

2 The IEA has defined three specific scenarios for de-carboniza ion and the energy transition: 1) Current Policies Scenario (CPS) considers 
only policies firmly enacted as of mid-2017 and serves as a benchmark against which the impact of “new” policies can be measured; 2) 
New Policies Scenario (NPS) incorporates existing energy policies as well as an assessment of the results likely to stem from the 
implementation of announced policy intentions; 3) Sustainable Development Scenario (SDS) sets out a pathway to achieve the key energy-
related components of the United Nations Sustainable Development agenda, including universal access to modern energy by 2030; urgent 
action to tackle climate change (in-line with the Paris Agreement); and measures to improve poor air quality. 
3 Emissions intensity refers to a company’s scope 1 (direct) and scope 2 (indirect) emissions normalized by annual sales 
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as described above, the structural evolution of the global economy’s energy consumption 
patterns should reward better environmental performance independently. 

Based on the breadth of existing research on the relationship between emissions and 
performance, we include a concept of direct and indirect emissions4 intensity in Pillar 1 and 3 
respectively. Further, a variety of projections, including the IEA’s estimates show potential 
significant upside for carbon efficient technologies like wind and solar energy producers. In 
addition to energy however, extensive research focuses on carbon technology within the real 
estate sector, specifically the benefits of “green building” where there is evidence to support that 
real estate with green building certifications, such as LEED or Energy Star, experience increased 
market value, occupancy levels, rent, premiums, income, price appreciation, and total returns 
compared to non-certified assets.xiv We use this information to inform the creation of Pillar 2. A 
number of recent research reports highlight the importance of water related risks, specifically the 
concept of “water stress” which examines necessary water withdrawal with predictions of 
aqueduct scarcity overtime.xv Finally, there’s growing body of examples examining how waste can 
impact valuations, due specifically to regulatory pressures on waste regulation.xvi  

The formulation of our five investment pillars is based on investment hypotheses that could each 
stand on its own when measuring a feature of a transition to a low-carbon economy. Our 
expectation is that the combination of the five pillars would provide a deeper view into a firm’s 
overall readiness for transition, so we combine the information from each pillar into a unified 
transition readiness measure. 

Measuring a Company’s Transition Readiness Performance 

After defining our investment framework, we move to calculate a company’s Transition Readiness 
performance based both on 1) a company’s firm-specific management of each of the pillars and 
2) a company’s industry-specific exposure to each of the five pillars. We apply a simple linear
combination of components as shown in Equation (1). This approach accounts for company-
specific management of the five key transition characteristics, as well as exposure to transition
risks and opportunities based on its industry.

TRc   = ∑ (M
5

p=1
cp * Eip) (1) 

Where, for every Company (c): 
TR = Transition Readiness 
P = Pillars 1 – 5 of Transition Readiness Framework 
M = Pillar Management Score for company C 
E = Pillar Exposure Score for industry I 

Overcoming data challenges 

The challenge of ESG data management is one of the central challenges in ESG investing. The 
data are sparse, heterogeneous, poorly understood, and subject to divergent methodologies. A 
framework such as ours that takes a high-breadth approach to analyse thousands of individual 
firms must establish a rigorous approach to cleaning the data, making different indicators 
comparable to one another and comparable across firms. We need a reliable methodology to 
separate the signal from the noise. 

In our process of measuring each company’s management of the five pillars, we address three 
principal shortcomings of existing transition readiness-related data related to quality, 
comparability, and availability. On data quality, the prevailing market standard is to assess 

4 Direct emissions (scope 1) refer to emissions owned and produced by companies, indirect emissions (scope 2) refer to emissions 
indirec ly ied to he company, typically through electricity purchased. See www.ghgprotocol.org 
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companies either based on their carbon emissions intensity, or on third-party provider “headline” 
environmental assessments. These headline environmental scores, which are an amalgamation 
of several measures – like energy efficiency, carbon mitigation strategy and controversies – can 
offer valuable insight about an issuer, however we believe that many critical insights can be 
concealed by only using a single rating.  

We began with the premise that by assessing a variety of data sources – including MSCI, 
Sustainalytics, Asset4, and Reprisk – and disaggregating the single rating, or headline score, into 
its component Key Performance Indicators (KPIs) we would derive a closer estimate of the actual 
environmental performance and company management of our five pillars. To this end, we 
qualitatively assessed the applicability of over 2,000 individual KPIs to the five pillar categories 
based on our review of the literature explored above. From this sorting process, we identify 268 
KPIs (approximately 50 per pillar) that meet our minimum criteria for inclusion, based on the 
direct applicability to our five hypothesis and quality of measurement and methodology. 

Next, to systematically compare across data provider assessments, we account for the 
comparability shortcoming. Each third-party data provider leverages its own unique scoring scale 
– for example, 0-100 vs. AAA-CCC vs. 0-10 – and time scale, either reporting daily, quarterly or
annual basis. To enable comparison of different sources of information, we run a cross-sectional
normalization and time-series filling process, whereby each KPI is expressed as a score relative
to other firms at that point in time. We convert the percentile rank to a z-score with a mean of zero
and a normal distribution function. We then cap the resulting cross-sectional z-score at -3 and +3,
to reduce the impact of outliers driven by noisy data idiosyncrasies. The cross-sectional score
between -3 and 3 expresses how many standard deviations each indicator is worse (negative
score) or better (positive score) that the mean.

Finally, to address specific data availability gaps – where we had financial intuition but limited 
data to measure across companies – we construct our own information to incorporate in the pillar 
scores. For example, we leverage insights from the corporate engagement activities conducted 
by BlackRock’s Investment Stewardship team to get an investment sentiment of companies’ 
strategy and governance of carbon emissions disclosure and mitigation efforts. This new data 
source allow us to capture a view not included in existing third-party data sets.  

Constructing a Transition Readiness Score 

With the common data limitations addressed, we now have a multi-dimensional set of KPIs for 
each pillar in each company, but we need to reduce that to a single management score for each 
pillar in each company. To do this, we utilize a quantitative technique based on a principal 
component analysis (PCA) to identify the major impulses collectively driving the KPIs.  

In order to benefit from the qualitative and quantitative elements of our approach, we deploy here 
a variation of the traditional PCA approach. For each of our pillars, we use the output of our 
qualitative research analysis to identify the KPI (or KPIs) from within our overall data universe 
(again, about 50 KPIs per pillar) for which we have the strongest ex-ante conviction. We then 
prioritize that KPI (or KPIs) within the PCA, in order to both emphasize data that our qualitative 
research process suggests is more important, while still including relevant information from our 
broad data set. For example, within Pillar 1 – Energy Production, we prioritized KPIs that 
measure the trajectory of direct emissions production as well as fossil fuel reserve types, but was 
further informed by additional metrics, such as emissions mitigation governance and strategy. 

Having generated specific scores for each company for each pillar, we then combine them into a 
single score by applying an industry-specific “materiality” framework. Materiality refers to our ex-
ante view on how financially relevant each pillar should be based on the industry of the company. 
For example, the relative weighting of each of the five pillars for a healthcare company will be 
different from a utility company. 
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