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Abstract
How could global equity investors fight climate change and what are the implications for their portfolios? We construct a 
new climate alignment database to address these questions. Investors can fight climate change in two ways: by funding firms 
aligned with a sub 2 °C scenario; and by engaging firms to lower their climate footprint. Investing in climate-aligned firms 
does not raise portfolio risk much. For example, a simple 1.5 °C equity portfolio is only 0.9 pp more volatile than global 
equities. The reason is simple: most sectors have climate-aligned firms. Hence, “low-temperature” portfolios can diversify 
across sectors. Engagement has huge potential. All firms adopting their sector’s existing best practices may bring the world 
economy back on a 2 °C trajectory. Moreover, engagement does increase portfolio risk, and may even boost returns. Overall, 
investors can fight climate change without foregoing returns or increasing portfolio risk substantially.

Keywords Climate change · ESG · Global equities

Introduction

Climate change poses an existential threat to the world. 
Global temperatures rising 3 °C above pre-industrial norm 
would multiply the number of people facing heatwaves by 
80; sea levels would rise 0.4 to 0.9 m, threatening $15tn in 
coastal assets; and crop yields would fall 24% (CRO Forum 
2019). Climate change raises two challenges for investors: 
including global warming’s financial costs into investment 
decisions; and how to fight climate change. Some papers 
address the first question. For example, Reid et al. (2019) 
discuss financial costs. Shen et al. (2018) analyze what these 
costs mean for an asset allocation. Few papers address the 
second question. An exception is Andersson et al. (2016). 
It analyzes how equity indices can lower carbon intensity 
while keeping tracking errors moderate.

We elaborate on how global equity investors can fight 
climate change. We use a global climate alignment data-
base. Each firm has a “temperature” summarizing its cli-
mate alignment. Climate change alignment does not cor-
relate with financial variables. Better climate alignment is 

not associated with higher returns, lower volatility or higher 
company valuation. Climate alignment correlates slightly 
with ESG scores, though.

We assess how global equity investors can fight climate 
change. They can do so in two ways: funding cleaner parts 
of the economy, helping it grow (funding channel), and 
convincing management and voting at general meetings 
(engagement and voting channel). The funding channel can 
in turn take two forms: selecting “cleaner” sectors or regions 
(asset allocation); and selecting “cleaner” stocks within sec-
tors or regions (stock picking).

We focus on the funding channel first. We analyze better 
aligned firms. Perhaps surprisingly, how clean the sectors 
and regions in which firms operate drive only one-third of 
their “lower temperature.” Firm-specific efforts (over and 
above sector/region) account for two-thirds. Hence, select-
ing firms with best climate practices across many sectors is 
at least as important to fight climate change as investing in 
“green” sectors. That is, stock picking within sectors/coun-
tries is at least as important as asset allocation.

As a consequence, fighting climate change is consistent 
with significant diversification. For example, a simple equally 
weighted 2 °C portfolio includes 500 stocks. It covers much 
more than the traditionally “green” sectors. Indeed, our 2 °C 
portfolio covers 51 out of 65 sectors (78%). Low-temperature 
portfolios are therefore only moderately more volatile than 
global ones. For example, 1.5 and 2 °C portfolios are 0.9 and 
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0.4 pp more volatile than global equities, respectively. Track-
ing errors are 4.1% and 2%, respectively, though. They reflect 
low-temperature portfolios deviating significantly from their 
benchmark. We use equally weighted portfolios. Optimizing 
portfolios would lower volatility and/or tracking error further.

We then focus on the engagement channel. Successful 
engagement may defeat climate change. Firms below 2 °C (6% 
of total) are 1.8 °C colder than global average. 70% of these 
1.8 °C (1.3 °C) reflect idiosyncratic efforts, that is, how much 
these firms have reduced their temperature given their sector and 
country exposure. Other firms in the same sectors and countries 
could lower temperature by similar amounts. Crucially, all firms 
adopting their sectors’ existing best practices may bring the 
world economy on or close to a 2 °C trajectory. Hence, engage-
ment plays a crucial role in fighting climate change.

Our paper includes five parts. First, we present the data. 
Second, we review how climate alignment correlates with 
financial variables. Third, we analyze the funding channel. We 
quantify how much country/sector allocation and stock picking 
can lower a portfolio’s temperature. We also assess implica-
tions for portfolio risk. Fourth, we discuss how engagement 
can fight climate change. And we conclude last.

Data

We use I Care and Arvella’s climate alignment database, 
Climate SBAM. It covers 2686 firms, including MSCI 
ACWI stocks. The database includes two climate align-
ment metrics:

• A “bottom-up metrics.” It embeds all available firm-
level data. Such metrics is available for 362 stocks in 
carbon-intensive sectors.

• A “top-down” metrics. The database gives the climate 
alignment “temperature” for 65 sectors in 6 regions 
(hence for 390 “climate bricks”). A firm’s tempera-
ture is the average of the climate bricks’ temperatures 
weighted by the firm’s revenue in these sectors/regions. 
Such metrics is available for all 2686 stocks.

The climate alignment data use all three carbon emis-
sions scopes.

The Appendix describes the climate database in greater 
detail.

We use the more detailed bottom-up estimate when 
available unless specified otherwise.

All other data come from Refinitiv.

Climate alignment and financial variables

Few firms are aligned with a 2 °C scenario. Average tempera-
ture for global equities is about 3 °C. Only 6% of firms are 
below 2 °C. Only 4% are below 1.5 °C. Nearly 50% of firms 
are between 2.5° and 3 °C (Fig. 1).

Alignments do not display a significant difference between 
regions, with a 0.4 °C range between lowest and highest tem-
perature regions (Table 1). Within sectors, the differences are 
more significant: with a range of 1.2 °C for American firms 
and 0.8 °C for global firms (Table 2).

Climate alignment does not correlate with traditional finan-
cial variables. We compute annualized returns and monthly 
volatilities since 2010 (the reference year for the Interna-
tional Energy Agency (IEA)’s carbon emission benchmarks). 
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Correlations with climate change are negligible (Table 3).1 
Analyzing returns and volatilities by temperature quintiles 
does not suggest a pattern either (Figs. 2 and 3).

Similarly, climate alignment does not correlate signifi-
cantly with valuation metrics such as price to earnings, 
price to book or dividend yield (Table 3 and Fig. 4). Better 
climate alignment not being associated with a higher valu-
ation may be surprising. Firms with better environmental 
practices tend to enjoy a lower cost of capital. For example, 
Bauer (2010), Chava (2014) and Schneider (2011) find that 
stronger environmental performance is associated with a 
lower cost of debt. Better environmental practices lower the 
cost of equity too, as Ghou et al. (2011) and Sharfman and 
Fernando (2008) find. Focusing on carbon emissions, Mat-
sumura et al. (2013) and Saka Chika (2014) find that higher 

disclosure and lower emissions boost US and Japanese firm 
value, respectively. Garvey et al. (2018) also document that 
stocks with lower carbon footprints tend to outperform. Cli-
mate alignment is a new concept. Moreover, data are scarce. 
Hence, markets may not have fully reflected climate align-
ment into stock prices yet.

Moving to non-financial data, climate alignment does not 
correlate with firm size (Table 3 and Fig. 5). Such finding 
contrasts with larger firms enjoying higher ESG ratings on 
average (see, e.g., Breedt et al. (2019), and Mercereau et al. 
(2019).

Finally, climate alignment correlates slightly with ESG 
scores in aggregate and with the environmental pillar. Cor-
relation was strongest with the environmental innovation 
score, a subcomponent of the E pillar score defined as “…a 
company’s capacity to reduce the environmental costs and 
burdens for its customers, thereby creating new market 
opportunities through new environmental technologies and 
processes or eco-designed products” (Table 3)(Refinitiv, 
2019). Quintiling illustrates that the correlation is moderate 
(Fig. 6).

Funding channel: sector/country allocation 
versus stock picking

How could global equity investors allocate capital to fight 
climate change? They can invest in cleaner sectors, such as 
renewable energy, electric cars or railroads. Investors can 

Table 1  Alignment of regional indices. Sources: Refinitiv; authors’ 
calculations

Index Align-
ment 
(°C)

MSCI Japan 2.7
STOXX Europe 600 2.8
MSCI World 2.9
MSCI ACWI 2.9
MSCI Pacific ex-Japan 2.9
S&P 500 2.9
MSCI China 3.1

Table 2  Alignment of S&P 500 sector indices. Sources: Refinitiv; 
authors’ calculations

Note: Oil & gas exploration & production industry* is not based on 
the S&P 500 but on the S&P total market index

Sector index Align-
ment 
(°C)

Material 2.4
Real estate 2.5
Industrials 2.7
Consumer discretionary 2.8
Health care 2.9
Financials 2.9
Information technology 2.9
Communication services 2.9
Consumer staples 3.0
Energy 3.3
Oil & gas exploration & production industry* 3.4
Utilities 3.5

Table 3  Climate alignment correlations. Source: Refinitiv; authors’ 
calculations

Note: correlation for climate alignment is calculated with percentile 
for all valuation metrics (P/E, P/B, DY). Change indicates the change 
of the valuation metrics from 2010 to 2018. *** and ** indicate 1% 
and 5% statistical significance, respectively

Financial variable Correlation with 
climate alignment

Returns − 0.01
Volatility 0.00
P/E** − 0.05
P/B − 0.02
DY 0.03
P/E change − 0.01
P/B change − 0.03
DY change 0.01
Firm size 0.01
ESG*** − 0.06
E pillar*** − 0.07
S pillar** − 0.05
G pillar − 0.01
Environmental innovation*** − 0.12

1 Climate alignment is a firm’s temperature. The lower the tempera-
ture, the better the alignment.
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also emphasize cleaner firms across many sectors. Which 
matters more is an empirical question. We try to address 
it here.

We focus on firms for which bottom-up climate align-
ment data are available. We compute the temperature gap 

between average world temperature and each firm’s bot-
tom-up estimate. We decompose the gap into two compo-
nents: one that reflects the sectors and countries the firm 
operates in; and one that reflects the firm’s idiosyncratic 
elements. The sectors and countries component is the 
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Fig. 2  Temperature quintiles versus returns
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Fig. 3  Temperature quintiles versus volatility
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difference between world average and the firm’s top-down 
estimate. The idiosyncratic component is the difference 
between bottom-up and top-down estimates.

For example, Tesla is aligned with a 1.3 °C scenario 
according to a full bottom-up analysis (1.6 °C below world 
average). A top-down (sector/country) analysis suggests a 
3.3 °C alignment (0.4 °C above world average). The main 

sector and especially region in which Tesla operates (Auto 
Components—North America) would suggest a temperature 
0.8 °C above global average. Yet, firm-specific efforts (pro-
ducing electric cars) push the temperature down 3.3 °C to 
1.3 °C. By contrast, Ferrari is aligned with a 5.9 °C scenario. 
A top-down analysis suggests a 2.4 °C alignment (0.5 °C 
below world average). Country exposure explains why a 
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Fig. 4  Temperature quintiles versus P/E percentile
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top-down analysis suggests a higher temperature for Tesla 
than for Ferrari. Tesla sells mostly in the USA, where cars 
are bigger on average (emitting more). Ferrari sells globally 
and in Europe, where cars are smaller on average (emitting 
less). Yet, firm-specific effects (producing oil-intensive cars) 
push Ferrari’s temperature up 2.4 °C to 5.9 °C (Fig. 7).

We compute both components for firms below two 
degrees using bottom-up data. Such firms are 1.8 °C below 
global average (Fig. 8). Sector/country composition accounts 
for 0.6 °C reduction on average. Firm-specific efforts for 
1.3 °C. That is, firm-specific efforts drive over two-third of 
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Fig. 6  Temperature quintiles versus ESG score
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climate improvement, sector/country allocation less than a 
third.

Results are consistent when doing the same analysis for 
firms below 1.5 °C (Fig. 8). Their temperature averages 
0.9 °C, 2.0 °C below global average. Sector/country com-
position accounts for 0.7 °C on average. Firm-specific efforts 
are for 1.3 °C. That is, firm-specific efforts drive almost 
two-third of climate improvement; sector/country allocation 
slightly more than a third.

Such results have crucial implications for global inves-
tors. Fighting climate change does not only mean investing 
in “green” sectors. Investing in cleaner companies across a 
wider range of sectors is at least as important.

We then assess whether firm-specific climate “efforts” 
(positive or negative) correlates with financial or ESG vari-
ables. We find no significant correlation, except small cor-
relations with ESG data and again with the environmental 
innovation score (Table 4).2

Funding channel: fighting climate change 
and portfolio risk

Global equity investors may want to include their climate 
footprint in their investment decisions. Yet, few companies 
are aligned with a two-degree scenario. Hence, a smaller 

climate footprint may lower diversification, increasing risk. 
How big is this trade-off between climate alignment and 
portfolio risk, though?

We start by analyzing 1.5 and 2 °C portfolios. We con-
struct equally weighted portfolios using the more aligned 
firms. The portfolio’s temperature rises as the number of 
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Fig. 8  Low-temperature stocks: sector/region versus idiosyncratic contribution

Table 4  Climate alignment firm-specific effort correlations. Source: 
Refinitiv; authors’ calculations

Note: correlation for climate alignment is calculated with percentile 
for all valuation metrics (P/E, P/B, DY). Change indicates the change 
of the valuation metrics from 2010 to 2018. ***, ** and ** indicate 
1%, 5% and 10% statistical significance, respectively

Financial variable Correlation with 
firm-specific effort

Returns − 0.08
Volatility* − 0.10
P/E 0.00
P/B* − 0.09
DY − 0.07
P/E change 0.03
P/B change 0.02
DY change*** − 0.19
Firm size 0.01
ESG** − 0.13
E* − 0.11
S*** − 0.15
G* − 0.10
Environmental innovation*** − 0.23

2 A higher effort means a lower temperature.



77Fighting climate change as a global equity investor  

stocks increases (Fig. 9). A 1.5 °C portfolio includes 198 
stocks out of 2686 (7% of total). A 2 °C portfolio includes 
500 stocks (19% of total). How well portfolios diversify 
across countries and sectors is also important. 1.5 and 
2 °C portfolios cover 181 and 260 of 390 country/sector 
bricks (46% and 67%), respectively (Table 5). 1.5 and 2 °C 
portfolios also include 42 and 51 of 65 sectors (65% and 
78%), respectively (Table 6). Both portfolios include all six 
geographies. A closer look at bricks and sector composition 
suggests that a 2 °C portfolio is reasonably diversified. For 
example, we rank bricks from the largest to the smallest 
weight in a portfolio. The biggest bricks, accounting for 80% 
of a 2 °C portfolio, include 17% of all bricks. The figure is 
27% for a standard global portfolio. We run a similar exer-
cise for sectors. The largest sectors, covering 80% of the 2 °C 
portfolio, include 23% of all sectors. The figure is 31% for 
a standard global portfolio. Hence, a 2 °C portfolio covers 
much more than the traditionally “green” sectors. For exam-
ple, other key sectors include chemicals, real estate services, 
and electrical component and equipment. Climate-conscious 

global equity investors can therefore choose from a wide 
range of sectors and geographies (Table 7).

How does lower diversification translate into portfolio 
volatility? Fewer stocks mean higher volatility. We rank 
firms from coolest to hottest. We compute the volatility 
of equally weighted portfolios as the number of stocks 
increases. We also compute the volatility of a portfolio with 
the same number of stocks selected randomly. We repeat 
the random selection 100 times for each portfolio size. We 
average volatilities across the 100 draws. That way, we can 
compare the volatility of a low-temperature portfolio with 
a normal portfolio with the same number of stocks. Fig-
ures 10 and 11 summarize the results. They suggest two key 
takeaways. First, a “low-temperature” portfolio has a higher 
volatility than a standard portfolio with the same number of 
stocks. For example, a 30-stock portfolio with low-tempera-
ture stocks has a volatility of 16.9% vs 14.4% for an average 
portfolio. A low-temperature portfolio covers fewer bricks/
sectors. Hence, a low-temperature portfolio cannot diversify 
risks as well. Second, a full 2 °C portfolio is only moderately 
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Fig. 9  Portfolio temperature and stock number

Table 5  Number of bricks per portfolio temperature. Source: Refini-
tiv, authors’ calculations

Portfolio All bricks 80% cumulative weights

N° bricks Share of 
total bricks 
(%)

N° bricks Share of 
total bricks 
(%)

World equities 
(full data-
base)

346 89 107 27

2° port. 260 67 65 17
1.5° port. 181 46 39 10

Table 6  Number of sectors per portfolio temperature. Source: Refini-
tiv, authors’ calculations

Portfolio All sectors 80% cumulative weights

Total N° 
sectors

Share of total 
sectors (%)

N° sectors Share of 
total sectors 
(%)

World equities 
(full data-
base)

61 94 20 31

2° port. 51 78 15 23
1.5° port. 42 65 10 15
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more volatile than a global equity one: 13.7% versus 13.3%. 
Intuitively, we can build a 2 °C portfolio with enough stocks 
spanning enough sectors and regions to diversify many risks. 
Hence, a global equity investor can build a 2 °C portfolio 
raising volatility only moderately. Targeting an even lower 
temperature increases the volatility, though. For example, a 
1.5 °C portfolio has a 14.2% annual volatility, 0.9 pp higher 
than global equities. 

Some investors also care about tracking error. We com-
pute low-temperature portfolios’ tracking error versus an 
equally weighted global equity benchmark. Tracking errors 
are significant: 4.1% and 2% for 1.5 and 2 °C portfolios, 

respectively (Table 8). Low-temperature portfolios may not 
be much more volatile than their benchmark. Yet, low-tem-
perature portfolios differ significantly from them. The intui-
tion is simple. The world economy is on a path of excessive 
global warming. Avoiding global warming requires a very 
different path. A large tracking error reflects how different 
such two paths are.

We also assess whether low-temperature portfolios are 
associated with lower extreme risks. Skewness and kurtosis 
are not significant across temperatures when measured with 
monthly data (Appendix B).

Finally, we analyze alternative weighting schemes. We 
use a best-in-class weighting scheme (that is, we construct 
portfolios using the coldest stock in each climate sector, then 
the second coldest, etc.…). We also weight stocks by (the 
inverse of their) temperature and by the (the inverse of their) 
volatility. Results confirm that low-temperature portfolios 
are only moderately more volatile than higher-temperature 
ones (Appendix B).

Overall, we find a moderate trade-off between a portfo-
lio’s temperature and risk. Moreover, our weighting exer-
cises are simple. More sophisticated portfolio optimizations 
may reduce volatility further. Hence, global equity investors 
have significant room to lower their portfolio’s temperature 
while keeping their risk exposure acceptable.

Engagement and voting channel

Investors can lower their climate contributions by choos-
ing which firms to invest in (funding channel). They can 
also lobby firms to lower their climate footprint. Empirical 

Table 7  2 °C Portfolio’s main sectors. Source: Refinitiv, authors’ cal-
culations

Sectors Weight in 
portfolio (%)

Cumulative 
weight (%)

Chemicals 15.9 16
Real estate services 9.8 26
Electrical components and equipment 9.5 35
Marine 9.1 44
Electric utilities 6.0 50
Railroads 5.9 56
Industrial machinery 4.8 61
Real estate average 4.0 65
Auto components 3.4 68
Renewable electricity 3.0 71
Real estate residential 2.5 74
Construction and engineering 2.1 76
Steel 1.9 78
Diversified metals and mining 1.7 80
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studies find that engagement and voting can improve E, S or 
G. For example, Lee and Lounsbury (2011) find that share-
holder resolutions improved environmental performance 
at US petroleum and chemical firms. Guercio et al. (2008) 
conclude that shareholder actions help improve corporate 
performance. Similarly, Ertimur et al. (2010) find that share-
holder “vote no” campaigns reduce CEO compensation. 
How much could a company reduce its temperature, and 
hence, how much impact investors can expect from engage-
ment and voting?

Strikingly, successful engagement may defeat climate 
change. The gap between leading firms and their peers offers 
a yardstick. We can measure that gap in two ways.

First, we can analyze firms with bottom-up data. Firms 
below 2 °C (13% of total bottom-up stocks) are 1.8 °C colder 
than global average. 1.3 of these 1.8 °C reflect idiosyncratic 
efforts, that is, how much these firms have reduced their tem-
perature over and above their sector and country exposure.

Expecting a firm to shave 1.3 °C off its temperature is 
therefore reasonable. It does not rely on moving activity to 
cleaner sectors or regions.

All firms above 2 °C shaving 1.3 °C off their tempera-
ture would lower global temperature from 3 to 1.7 °C. We 
have bottom-up data for carbon-intensive sectors only, 
though. Hence, our 1.7 °C estimate assumes that firms 
in other sectors could also shave 1.3 °C off their tem-
perature (Fig. 12).

Alternatively, we use the best-aligned firm in each 
climate sector. Their average temperature is 2 °C. Hence, 
all firms adopting their sector’s existing best practices 
would lower global temperature to about 2  °C. Such 
method underestimates how much engagement could 
achieve, though. Non-carbon-intensive sectors use top-
down temperature estimates. Such estimates are less 
dispersed than bottom-up ones (standard deviation for 
bottom-up estimates is 15.5% versus 13.3% for top-down 
ones). Analyzing all sectors bottom-up would increase 
dispersion. Doing so should lower the average lowest 
temperature by sector and hence on how “cold” a trajec-
tory the world economy could go. That said, all firms 
achieving a sector’s best practice is not always feasible 
with existing technology. For example, better aligned 
cement companies tend to use technologies that are 
unsuited for taller buildings.

Moreover, many assets are not listed. Our estimates for 
the world economy therefore assume that unlisted asset’s 
owners would follow listed ones. Such outcome may require 
a specific strategy.

Yet, our analysis illustrates that successful engagement 
would have a dramatic impact on climate change.

Moreover, engagement does not assume excluding any 
stocks. Hence, engagement does not raise portfolio risk. 
In addition, successful engagement could boost returns, 
consistent with lower carbon emissions boosting firm 
value (Matsumura et al. 2013 and Chika 2014). Over-
all, engagement is an unusually powerful tool that most 
investors have failed to use aggressively.
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Table 8  Tracking error versus 
global equities. Sources: 
Refinitiv; authors’ calculations. 
All portfolios are equally 
weighted

Portfolios Tracking 
error (%)

1.5 °C 4.1
2 °C 2.0
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Conclusion

Climate change poses an existential threat. An increasing 
number of investors will want their investments to help pre-
vent it. Our paper analyzes what fighting climate change 
means for global equity investors.

Investors can fight climate change in two ways:

• Deciding where to invest (funding channel). Maybe 
counter-intuitively, stock selection is at least as impor-
tant as sector and country allocation. Partly as a result, 
low-temperature portfolios can diversify into more than 
traditional “green” sectors. Hence, low-temperature 
equity portfolios are only moderately more volatile than 
global ones. For example, a simple 1.5 °C portfolio is 
only 0.9 pp more volatile than global equities.

• Engagement and voting. Such strategy could lower 
global temperatures dramatically. For example, all 
firms adopting their sector’s existing best practices 
would bring the world economy back to a sub 2 °C 
trajectory. Moreover, successful engagement does not 
raise portfolio risk. It may even boost returns.

Overall, investors have the tools to defeat climate 
change. Doing so does not require increasing portfolio 
risk let alone lowering returns. More research would help 
sharpen existing tools and develop new ones. Yet, inves-
tors could use existing tools with great impact today.

Appendix A

Climate data methodology

Climate SBAM (“Climate Science-Based Alignment Met-
ric”) is a climate alignment database. I Care & Consult 
developed a methodology to measure a firm’s climate align-
ment in 2017. In 2019, I Care & Consult and Arvella Invest-
ments expanded the methodology to cover more stocks.

Climate SBAM builds on and expands the international 
framework to fight climate change. Let us summarize such 
international framework first. We will discuss how our meth-
odology builds upon it second.

International framework for fighting climate change

The international framework for fighting climate change has 
three main pillars:

• The Intergovernmental Panel on Climate Change (IPCC) 
analyzes the relationship between greenhouse gas emis-
sions and global warming.3 They use the latest scientific 
evidence to estimate the maximum level of greenhouse 
gas emissions to avoid climate disaster.

• The International Energy Agency (IEA) produces eco-
nomic scenarios for the world economy and climate 
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Fig. 12  Global equities’ climate alignment: actual versus potential with successful engagement (°C)

3 https ://www.ipcc.ch/.

https://www.ipcc.ch/


81Fighting climate change as a global equity investor  

change.4 The scenarios use IPCC evidence. The IEA 
computes a plausible transition to below 2 °C for the 
world economy. A plausible transition path needs to 
reflect transition costs. For example, some people advo-
cate divesting from oil as the only strategy to defeat 
climate change. The associated transition path is very 
costly: stopping to use oil overnight would entail large 
costs for the world economy. Such path is therefore not 
plausible. Instead, the IEA computes a 2 °C transition 
for the world economy that minimizes transition costs. 
Under that approach, all sectors and countries should 
adjust. How much each sector/country should cut emis-
sions depends on two things: how much the sector/
country emits; and how costly cutting emissions are for 
this sector/country. A transition path minimizing global 
adjustment costs is more plausible.

• The Science-Based Target Initiative (SBTI) offers firms a 
framework to reduce their climate footprint.5 Established 
in 2015, the SBTI uses the IEA scenarios to design a car-
bon intensity 2 °C reference trajectory for each firm. How 
much a firm should cut emissions depends on its sector(s) 
and region(s). Firms can use that framework to commit 
to measurable climate actions. As of December 2019, 
over 750 firms have committed to climate action using 
the SBTI framework. Their number is growing rapidly.

Measuring a firm’s climate alignment

Climate SBAM elaborates on the SBTI framework. The 
methodology translates the difference between a firm’s 
actual trajectory and its 2 °C reference trajectory into a tem-
perature. A temperature does not only reflect how much a 
firm emits: It reflects how much effort a firm does compared 
with how much it should do.

We use all three carbon emission scopes. Including scope 
3 is critical when assessing climate impact. For example, 
98% of car manufacturers’ emissions fall under scope 3 
(Stephens et al. 2017). The most relevant scopes and car-
bon intensity definitions vary across sectors. For exam-
ple, scope 3 is key for automakers (with tons of CO-2 per 
passenger*km measuring carbon intensity). Scopes 1 & 2 
are more relevant for steel producers (with carbon intensity 
being tons of CO-2 per ton of steel).

We use a two-tier approach to produce firms’ alignment 
temperature. For carbon-intensive sectors, we use all availa-
ble firm-level data. Such “bottom-up” approach gives precise 
estimates for the biggest emitting sectors (accounting for 
around 90% of global carbon emissions). For other sectors, 

we use a simpler (“top-down”) approach. Doing so allows 
covering many firms.

Carbon‑intensive sectors (bottom‑up approach)

Our methodology involves three steps: computing a firm’s 
carbon intensity’s trajectory; comparing it with its (SBTI-
style) 2 °C reference trajectory; and translating the differ-
ence between the two into a temperature.

• Computing a firm’s carbon intensity trajectory. We esti-
mate backward- and forward-looking carbon intensities 
using all available firm-level data. Our estimates start in 
2010. We forecast carbon intensities until 2050. We use 
SBTI-approved carbon intensity targets when available. 
If so, we adjust target for credibility using past carbon 
reduction. If not, we extrapolate carbon emission trends 
mechanically until 2050.

• Reference trajectory. We use the IEA/SBTI sector ref-
erence trajectories when available. We develop similar 
reference trajectories for sectors the IEA/SBTI do not 
yet cover (e.g., auto components, electrical equipment, 
agriculture and forestry…). In that sense, climate SBAM 
not only uses but also expands the international frame-
work for analyzing climate change. We can then compute 
a specific benchmark for each firm.

• Alignment. The difference between a firm’s carbon tra-
jectory and its 2 °C sector reference trajectory translates 
into a temperature alignment in  °C.

• We have bottom-up data for 362 firms in our sample.

Other sectors (top‑down approach)

• The approach allows covering many firms in less carbon-
intensive sectors. We split the world economy into 65 
sectors in 6 geographies.6 Our sector definition builds 
on the GICS sub-industry classification. We group or 
split sub-sectors according to how similar their climate 
dynamics are, though. These 65 sectors in six geogra-
phies give us 390 “climate bricks.” We compute the 
temperature of each brick. We then split each firm’s rev-
enue into the 390 climate bricks. A firm’s temperature 
is the average of its bricks’ weighted by revenue. Our 
model also uses scope 1&2 emissions for the few firms 
for which these scopes are most relevant.7

• We apply our methodology to all firms in the MSCI 
World ACWI. We include an additional 145 stocks for 

5 https ://scien cebas edtar gets.org/compa nies-takin g-actio n/.

6 North America, Europe, Developed Asia, China, non-OECD ex. 
China, and World.
7 Extracted from Refinitiv/DataStream. Accounts for only 60 compa-
nies in our database.

4 https ://www.iea.org/.

https://sciencebasedtargets.org/companies-taking-action/
https://www.iea.org/
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which bottom-up climate alignment data are available. 
We exclude stocks when data quality fails. Overall, our 
dataset includes 2686 firms. We have both bottom-up 
and top-down (brick-based) climate alignment metrics 
for 362 stocks. We use the more detailed bottom-up esti-
mate for such firms unless specified otherwise.

Overall, climate SBAM tracks how international busi-
nesses today commit to fight climate change. Moreover, the 
methodology adds new dimensions to the IEA/SBTI frame-
work global businesses use. To our knowledge, climate 

SBAM is the first climate alignment metrics doing so. Its 
methodology allows comparing firms across sectors and 
geographies. Hence, the metrics is useful for global invest-
ment decisions.

Appendix B

See Table 9. 

Table 9  Volatility, skewness and kurtosis for different portfolio weighting schemes

Volatility per strategy and portfolio temperature

Portfolio strategy Temperature All companies

1 °C 1.5 °C 2 °C 2.5 °C

Equally weighted 16.66 14.17 13.65 13.1 13.27
Best-in-class (climate SBAM sec-

tors)
20.75 15.96 13.57 13.23 13.27

Volatility weighting 13.17 10.43 11.16 10.97 10.84
Temperature weighting 16.5 14.55 13.76 13.11 13.25

Skewness per strategy and portfolio temperature

Strategy Temperature All companies

1 °C 1.5 °C 2 °C 2.5 °C

Equally weighted − 0.45 − 0.26 − 0.31 − 0.38 − 0.45
Best-in-class (climate SBAM sec-

tors)
− 0.16 − 0.21 − 0.19 − 0.28 − 0.45

Volatility weighting − 0.22 − 0.21 − 0.27 − 0.36 − 0.31
Temperature weighting − 0.43 − 0.29 − 0.31 − 0.34 − 0.35

Excess kurtosis per strategy and portfolio temperature

Strategy Temperature All companies

1 °C 1.5 °C 2 °C 2.5 °C

Equally weighted 0.74 0.73 0.99 0.87 0.94
Best-in-class (climate SBAM sec-

tors)
0.72 0.82 0.92 0.95 0.94 

Volatility weighting 0.38 0.25 0.79 0.72 0.83
Temperature weighting 0.72 0.72 0.86 0.85 0.92
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