
Climate change will be a defining theme in the global economy, industry 
and financial markets. We are concerned that our industry has focused 
more on urging action and marketing products than on developing 
robust analysis and risk management. We introduce Carbon VaR as a 
new tool to quantify and manage climate risks. 
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Earlier this year, we published the Climate 
Progress Dashboard, a new approach to 
measuring the pace of progress in mitigating 
the extent and impact of climate change. While 
the dashboard can help investors determine the 
current status and direction of climate action, 
it tells us a little about how to manage risks 
for a portfolio or individual stocks. Standard 
analysis includes carbon footprints and fossil fuel 
exposure, but these measures are too simplistic 
to analyse the complexities of climate change 
properly. Alongside the Dashboard, we have 
therefore developed a number of other analytical 
tools. Carbon Value at Risk (Carbon VaR) is a 
major advance in helping investors measure the 
threat to their individual portfolios. 

Introducing Carbon Value at Risk
Carbon pricing looks likely to remain a key 
element of government climate policies for some 
time to come, with implications that will become 
much bigger as prices inevitably climb from the 
low levels of recent years. Large and widespread 
effects on competitiveness, cash flows and value 
are almost inevitable. 

Most of our industry has not progressed far in 
examining, measuring or managing these risks. 
Carbon footprints remain the dominant measure 
of exposure, but at best provide an incomplete 
and at worst a misleading picture of the risks 
carbon pricing presents. We have developed 
an alternative measure, Carbon Value at Risk, 
which provides a systematic and objective guide 
to the risks to portfolios by analysing the effect 
of higher carbon prices on companies’ earnings 
and value. 

With Carbon VaR, we can model the effects of 
higher carbon prices on industry profit pools, 
combining the impact of rising costs and indirect 
supply chain pressures, how both will be passed 
to the customer through higher prices and the 

consequences for customer demand. While 
simplified, it reflects a realistic view of the ways 
industries work, which measures like carbon 
footprints don’t even attempt. 

Applying Carbon VaR to global equity markets 
highlights the scale of the risk. Our modelling 
shows that around 20% of the cash flows global 
companies generate could be lost if carbon 
prices rose to $100/tonne. 

On the other hand, there is no significant 
correlation between individual companies’ 
Carbon Value at Risk and the carbon footprints 
investors look at most often. There is a danger 
that investors in low carbon investment products 
will find themselves more exposed to climate 
risks than they expect.

In the end, our modelling informs but cannot 
replace the judgement of experienced sector 
analysts able to bring their knowledge of 
industries and companies to the table. Carbon 
VaR helps identify risks by measuring the threats 
that companies face, but its strength lies in its 
integration into decision making rather than 
as a standalone criteria. As a result, just as we 
caution against viewing high carbon footprints 
as universally bad, we suggest that high 
carbon VaR is simply one element of analysis 
to be considered alongside other analysis and 
valuation.

More emissions are being priced, but costs 
are yet to rise
Carbon pricing has expanded significantly over 
the last 10-15 years. The number, stringency 
and economic impact of carbon markets have 
increased significantly. Of the main ways to put a 
price on carbon, emissions trading schemes (ETS) 
represent two thirds, with carbon taxes making 
up the balance1.
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1 In emissions trading schemes, governments impose caps on total emissions by requiring companies to submit allocations for each tonne of CO2 
equivalent they emit, thereby allowing market forces to establish prices for those emission allocations. This ensures that allocations are used by the 
companies that value them most highly. Carbon taxes typically impose direct taxes at a fixed price on companies’ emissions.
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Figure 1: Carbon pricing schemes are planned or in place all round the world

Different schemes have different coverage, but a significant proportion of the emissions generated in each region are excluded. Source: IEA databases, media review and World 
Bank, as of June 2017.

The map in Figure 1 shows the schemes already in place or 
planned. Most schemes focus on carbon intensive sectors, 
but their scope is expanding to other industries. They 
are also expanding geographically to cover a significant 
proportion of the world’s greenhouse gas (GHG) emissions. 

China’s plans for a national emissions trading scheme are 
the main variable in this picture. The new scheme is due 
to replace current regional schemes. Its launch has been 
pushed back to the second half of 2017, but commitment 
to it seems strong2. When the Chinese scheme goes ahead, 
almost a quarter of the world’s emissions will have a price 
attached to them (Figure 2). Recent headlines suggesting 
the US may abandon carbon targets should not have too 
much impact on this total. The two main US schemes – 
California’s carbon tax and the Regional Greenhouse Gas 
Initiative (RGGI) – together cover less than one percent of 
global emissions.

Figure 2: Carbon pricing will soon cover a quarter of 
global emissions
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While the reach of carbon pricing schemes across global 
industries is spreading, their economic impact remains very 
limited. The current price of carbon implied by dividing the 
value of global emission markets by their volume stands at 
roughly $1.60 per tonne of CO2. That is low. Data from the 
IEA implies that a barrel of oil creates 0.43 tonnes of CO2 in 
use. At current carbon prices, this values the CO2 contained 
in a barrel at less than $0.70, or under 2% of the average 
Brent crude price over the last year and approximately 
equal to its average daily fluctuation. Prices on many 
individual carbon exchanges are higher, but still far too 
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low to play a meaningful role in most companies’ strategic 
planning. Carbon prices will have to rise significantly if 
governments are serious about honouring their collective 
commitment to limit temperature rises to 2°C over pre-
industrial levels, or even hitting their own less ambitious 
national targets. 

The usual approach to estimating how far carbon prices 
might rise relies on marginal abatement costs. These 
represent the carbon price at which different technologies 
deliver a positive return on investment3. Lining 
technologies up from the least to the most attractive and 
finding the price needed to prompt enough GHG emission 
cuts to hit certain warming targets forms the basis for price 
projections using this technique.

It is a blunt approach and conclusions are indicative rather 
than precise estimates of the likely scale of increases. The 
chart in Figure 3 plots projections of the carbon prices 
needed to deliver emissions cuts in line with three possible 
temperature trends. These estimates are based on analyses 
by international and intergovernmental organisations, 
most of which use similar incentive price approaches. All 
point to a sharp rise in prices in the future. 

Figure 3: Carbon prices are set to rise significantly
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Source: Historical data based on Point Carbon estimates of global carbon market 
values and BP emissions estimates; average prices divide the latter by the former. 
Forecasts based on estimates by intergovernmental organisations, including IEA, OECD 
and World Bank. Based on analyses available as of May 2017

Increases on the scale implied by the chart – anywhere 
from $50 to $140 a tonne – may appear ambitious, but the 
point of carbon pricing is to rebalance industry economics 
enough that they will incentivise significant changes. That 
will only be achieved with prices high enough to drive big 
shifts in cash flows and value. It is therefore unsurprising 
that increases in carbon prices on the scale our analysis 
implies will have big impacts on growth and profitability 
across many industries.

We have highlighted the growing competitiveness of many 
clean technologies, such as renewable power, but given 
electricity generation represents around one quarter of 
total GHGs, it’s clear that policy changes will be needed to 
deliver changes on the scale required.

Current methodologies are insufficient measures of 
investment risk
Conventional carbon footprints are at best a partial solution 
to the complex challenge of measuring the risk of rising 
prices. This divides the emissions a company generates 
by its revenue or market capitalisation. However, such 
measures of “carbon intensity” are often poor indicators of 
the effects of climate change on financial performance or 
value and can vary widely depending on the assumptions 
used. (We discuss carbon footprints more fully in the box 
on page 4.) 

The effects of applying higher prices to CO2 emissions 
will clearly be both dynamic and complex in ways carbon 
footprints cannot capture:

 – Companies’ costs will rise in proportion to the total 
emissions generated by themselves and suppliers.

 – Prices are likely to rise to offset cost increases at an 
industry level, so returns on capital may remain relatively 
stable. 

 – Demand should fall in proportion to the price elasticity  
of each market, shrinking companies’ sales and costs.

We have developed a systematic model capturing the 
impacts of each of these steps on the cash flows of global 
companies. The illustration in Figure 4 describes these 
steps in a hypothetical industry of three companies. It 
shows the changes in cash earnings as higher carbon 
prices reverberate across company and industry cost 
structures.

Figure 4: Modelling carbon pricing risks properly can create 
surprising results 
Sector-based vs MSCI methodology
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3 McKinsey & Vattenfall produced the first widely used marginal abatement curve (http://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-
insights/a-cost-curve-for-greenhouse-gas-reduction), although many others have been developed since using similar approaches.

For illustration only. Source: Schroders Investment Management August 2017
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Carbon footprints or Achilles heel? 
Despite our many concerns about the usefulness of 
carbon footprints as a gauge for climate risk, they remain 
the measure our clients ask for most often. It is important 
to understand where they come from, what they represent 
and their weaknesses. 

Carbon footprints are an attempt to compare the “carbon 
intensity” of different businesses by dividing reported or 
estimated “scope one” and “scope two” greenhouse gas 
(GHG) emissions by either sales or market capitalisation4. 
(Scope one emissions are those generated by the 
operations companies own and scope two emissions 
are those created to generate the power companies 
consume5.) Investors take the intensities calculated for 
individual companies and combine them using holding 
weights to arrive at overall portfolio values. 

Intensities calculated using sales are a reasonable 
measure of how effectively companies manage the 
carbon efficiency of their operations. They represent 
the emissions generated by activities within companies’ 
control – from their own facilities or their power use – 
relative to output levels. However, management effort is 
different to investment risk. 

Intensities calculated using market capitalisation are 
a cleaner measure of the emissions associated with 
investment in a fund. They represent the emissions 
attributable to a dollar investment in a portfolio. However, 
the effect of those emissions on companies’ earnings 
or values depends more on its business model, cost 
structure, industry dynamics and pricing power than on 
its carbon footprint. Value-based measures also introduce 
challenges comparing companies with different reliances 
on debt and equity. 

The main attraction of carbon footprints is their apparent 
simplicity and consistency. Closer inspection highlights 
significant variations in the estimates different research 
firms make for the same companies. These differences 
result from the need to estimate carbon intensities of 

companies which do not report GHG emissions. On 
average, only around 40% of large global companies 
report scope one or two emissions. Estimates are used for 
most large companies and results are therefore sensitive 
to the methodologies different firms use.

We have looked at three of the most common footprint 
methods, (i) MSCI’s carbon intensity analysis, (ii) estimates 
by the CDP climate information group covering companies 
in high impact sectors and (iii) sector average intensities 
for those companies which do not report data, variations 
of which are used by many firms. 

There is little relationship between the three methods. 
More than one-third of CDP’s estimates are over 50% 
higher or lower than MSCI’s values. Almost one-half of 
the sector-based estimates are similarly wide of MSCI 
estimates. The median difference between different 
estimates of carbon footprints for companies which do 
not report emissions is 40 tonnes/$million, a significant 
difference equal to approximately a quarter of the average 
company’s carbon footprint. The charts below show 
correlations between combinations of those approaches. 

Given significant differences in the footprints of each 
sector, sector allocation choices rather than stock selection 
determine over 80% of a typical fund’s carbon footprint. 
As a result, fund carbon footprints are highly sensitive to 
sector exposures. All this means that, while we recognise 
the ubiquity of carbon footprints, we would caution 
against either trying to compare funds calculated using 
different methodologies or relying on those footprints as a 
measure of portfolio climate risk. 

4 Almost all methods of calculating carbon footprints will provide outputs using 
both measures. Where companies report scope one or two emissions, those values 
are used. Where they are not, values are typically estimated based on companies’ 
activities and sometimes geographic domiciles, and those estimated values are used. 
Estimation methods can vary significantly.
5 Scope three emissions include those produced by all of a company’s suppliers (other 
than electricity providers) and those created when using the company’s products. 
Scope three emissions are rarely included in carbon footprint calculations; they are 
not widely disclosed and calculation methods can be very inconsistent.

Correlations between different carbon footprint methodologies vary widely

Axes are logarithmic; data in tonnes/$mn. Source: CDP, Datastream, MSCI and Schroders. Latest data available, as of Q2 2017.
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Modelling those steps relies on more information than 
companies report. We have therefore developed an 
estimating process to capture the three key variables: 

 –  Emissions: We estimate the emissions needed to create 
each dollar of revenues by combining the three main 
sources of emissions:
 – scope 1 from companies’ own operations,
 – scope 2 from the power they purchase and 
 – lastly, emissions released by other companies in  

their supply chains.
The first two are fairly well reported, but the third is very 
rarely disclosed. We estimate suppliers’ emissions using 
input-output tables6, which measure each industry’s 
reliance on inputs from other industries. All three sources 
are important in gauging companies’ exposures.

 –  Price: We apply a single global price to all carbon 
emissions, although in practice there are likely to be 
differences across regions and industries, even if pricing 
is becoming more co-ordinated. 

 –  Demand effects: We use academic estimates of price 
elasticity in representative industries to estimate falls in 
demand as prices rise to offset industry costs.

By looking at the interaction of these factors at a company 
level, we can gauge the effect on financial performance. For 
most it will lower profits, but for a few the introduction of a 
carbon price will raise returns. It is important to include all 
greenhouse gas emissions required to produce and sell a 
product, which conventional measures of carbon exposure 
(like the carbon footprint) do not. 

Case study
Comparing Apple and Samsung’s business models 
highlights the importance of analysing the full production 
chain. Both sell similar products, but Apple primarily 
designs its products and outsources manufacturing, 
whereas Samsung both designs and manufactures more  
of its own products. As a result, Samsung’s footprint 
appears much higher, even though the overall levels of 
emissions to produce and sell products to customers 
are quite similar. By combining direct and supply chain 
emissions, both companies’ products and true exposures  
to carbon pricing can be put on a comparable basis. 

Often it is those other supply chain emissions that are the 
most significant. Indeed, in most industries, they are a 
much larger proportion of sales than the scope one and 
two emissions most analyses focus on (Figure 5). 

We apply that framework to a global universe of listed 
companies. Figure 6 shows the scale of the impact on 
corporate revenues and cash earnings. The effect is 
material: carbon prices of $100/tonne would result in about 
20% of the cash earnings of listed companies being lost 
through the combination of forces included in our model. 

Figure 5: Often most of the carbon is in the supply chain
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Figure 6: The likely impact of raising carbon prices on the 
earnings of listed global companies
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We tested the model by asking what the demand effects 
would be of raising carbon prices to $100/tonne. It 
showed a 30% reduction in the carbon emissions of 
global companies through volume cuts. This falls short of 
political targets, but is close enough that general efficiency 
improvements and the closure of inefficient companies and 
capacity could close the gap7. 

6 We use a similar approach to the Carnegie Mellon Green Institute (http://www.eiolca.net/), which tracks the flow of resources between economic sectors. Analysis is based on  
US sectoral economic data from the BEA, but we believe it is representative of global industries.
7 In the analysis described here we have assumed a carbon prices of $100/tonne applied to all emissions globally and that 75% of companies’ non-personnel costs are variable 
(and therefore fall in proportion to declining volumes).
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The impact stretches far beyond the most obvious sectors, 
such as energy and iron and steel production. In fact, 
using these assumptions, almost half of listed companies 
would face a rise or fall of more than 20% in earnings 
before interest tax and depreciation (EBITDA) under our 
modelling.

Total changes in the most and least exposed sectors are 
shown in Figure 7, where we have focused on the largest 
sectors8. The most exposed sectors are those which emit 
large quantities of greenhouse gases, margins are thin and 
price elasticity is high, so that falling volumes more than 
offset the benefits of rising prices.

Figure 7: Most and least exposed sectors
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This framework underlines both the scale of impact climate 
change may have and the importance of stock selection 
over high level sector choices. Whereas companies’ carbon 
footprints are mostly explained by the sectors to which 
they belong, Carbon Value at Risk is mainly driven by 
company-specific factors. It means that knowing how cash 
flows would change within each sector becomes more 
important than selecting amongst different sectors.

Case study
Commodity chemicals producers face clear climate risks, 
but it is easy to come to the wrong conclusions without 
the right tools. A crude assessment of risk, multiplying 
scope one and two carbon emissions by a $100/tonne 
price and deducting that cost from current earnings, 
would wipe out almost every company’s profits. Our 
Carbon Value at Risk modelling provides a more nuanced 
and – we believe – insightful view of the likely impact. 
In our modelling, at a carbon price of $100/tonne, the 
net effect on earnings varies widely. Two prominent 
members of the sector, Linde and Air Products, highlight 
the discrepancy. Both businesses look superficially similar 
and have similar carbon footprints under conventional 
measures. However, Linde’s cost structure and carbon 
footprint leave its earnings much less exposed than its 
competitor. This is reflected in Figure 8.

Figure 8: Even in highly exposed sectors, the impact of 
climate change can differ widely
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8 Only sectors with larger sales than average are included.

Source: Schroders, December 2016

6



Detailed value analysis highlights the dangers of 
relying on shortcut approaches 
Figure 9 highlights the limited relationship between  
carbon footprints and our value-focused approach. Green 
(lighter) dots represent companies for which emissions are 
estimated and blue (darker) dots are based on reported 
emissions. While there is a positive relationship, it is weak. 
It is clear that both measures are capturing different 
aspects of performance and that treating carbon  
footprints as the sole measure of risk leaves investors  
open to major surprises. 

Figure 9: Comparison of carbon footprints and Carbon Value  
at Risk of global equities
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Our analysis allows us to gauge the risks facing portfolios, 
combining company Carbon Value at Risk estimates with 
portfolio weights. Figure 10 shows the effect on EBITDA of 
carrying out this exercise on some leading indices. While 
we consider our measure much more useful than carbon 
footprints, it still only represents one aspect of climate risk 
and should be considered alongside other sources of risk 
and opportunity, as well as an analysis of how companies 
respond to the pressures.

Figure 10: The effects on key benchmarks could be substantial
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Conclusion
Climate risks will be significant and inescapable. Measuring and managing the investment risks is both critical and 
complex. Carbon pricing will be a key element of the policy changes ahead, if global political commitments are to 
prove realistic. The tools the majority of investors rely on most heavily do not fully capture those risks. Carbon VaR is a 
significant step forward to helping us navigate the challenges ahead for our clients. 
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Appendix - methodology, key assumptions and sources 
Approximately 12,500 listed global companies are included 
our analysis. Financial data are provided by Thomson 
Reuters. Greenhouse gas emissions data are provided by 
CDP, a charity established to improve carbon reporting, 
and Thomson Reuters. Analysis is based on average sales, 
cost and average scope one and two emissions over the 
previous three years. 

We have used an input-output model to estimate the 
emissions generated in companies’ supply chains (other 
than power generation) using economic tables from 2007 
provided by the US government’s Bureau of Economic 
Analysis. In the absence of better information, we assume 
every company in each industry has a similar supply chain. 
To get a more realistic estimate, we scale the supply chain 
exposure to emission pricing by companies’ non-personnel 
cash costs as an approximation of their materials 
purchases. 

Total emissions exposure is calculated by combining scope 
one, scope two and other supply chain costs. We assume 
a price of $100 is imposed on every tonne of CO2 created 
at any part of that value chain. We recognise that applying 
a single global price to every emitted tonne represents a 
simplification, given the different schemes likely to be in 
place for different regions and activities. 

We assume all of the increase in costs associated with 
higher carbon prices is passed onto customers.  While the 
adjustment process may take some time, there is strong 
evidence that prices in any industry find equilibrium to 
support returns on investment at a level commensurate 

with companies’ costs of capital, industry consolidation 
and supply side discipline. Insofar as higher operating 
costs do not affect invested capital in our modelling, we 
assume prices rise by the same level for all companies in 
each sector, sufficient to offset the increased carbon costs. 

As prices rise in response to higher costs, we adjust 
(volume) demand in each industry using price elasticity 
assumptions specific to each industry. The key 
assumptions are described in the table below. 

Recognising that lower volumes will reduce costs, we 
assume 75% of companies’ non-personnel cash operating 
costs are variable and fall in line with lower demand. We 
adjust baseline sales, costs and EBITDA for the increase 
in costs likely to affect each specific company, the higher 
prices likely to be common to all companies in each 
sector and for volumes falling by a consistent level in each 
sector, reducing both revenues and costs. Comparing 
the resulting modelled EBITDA to the baseline EBITDA 
provides a measure of the value at risk from an increase in 
carbon prices. 

In reality, the picture would be more nuanced.  For 
example, volume and price changes would vary between 
different companies in a sector. Managements would 
respond by resetting strategies and reconfiguring assets, 
while alternative manufacturing technologies would 
become more competitive. As a result, the values we 
present reflect value at risk rather than forecasts of future 
earnings changes.

GICS Sector* GICS Industry Groups Price elasticity of demand

Energy Energy 0.75
Materials Materials 1.52
Industrials Capital Goods 0.75

Commercial & Professional Services 1.00
Transportation 1.00

Consumer Discretionary Automobiles & Components 2.80
Consumer Durables & Apparel 1.20
Consumer Services 1.50
Media 1.00
Retailing 0.70

Consumer Staples Food & Staples Retailing 0.25
Food Beverage & Tobacco 0.25
Household & Personal Products 0.25

Health Care Health Care Equipment & Services 0.17
Pharmaceuticals, Biotechnology & Life Sciences 0.20

Financials Banks 0.56
Diversified Financials 0.15
Insurance 0.25

Information Technology Software & Services 0.10
Technology Hardware & Equipment 1.30
Semiconductors & Semiconductor 3.50

Telecom Telecommunication Services 0.40
Utilities Utilities 0.30
Real Estate Real Estate 1.20

* Global Industry Classification Standard, developed by MSCI and Standard & Poor’s. Source: Literature review and Schroders. Based on literature review conducted May 2017. 
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Important Information: The views and opinions contained herein 
are those of Andrew Howard, Head of Sustainable Research, and 
may not necessarily represent views expressed or reflected in other 
Schroders communications, strategies or funds. This document is 
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