CLIMATE QUANTS
In the previous paper we made a short summary of the hundreds of pages in the upcoming
ESG regulations that have been politically agreed by the Commission. EU and no-EU fund
managers are going to feel the impact. We also envisage a lot of work for data-scientists since
the new rules will rely on data. This will result in the rise of a new type of quant: the “Climate
Quant”

CO2 DATA

D EALING WITH MISSING DATA
Everybody, on all levels of a financial organisation, will have to go back to training sessions
or even return to the school bench. Some professional charters such as CFA have since long
already included sustainability in their curriculum. Financial analysts must be able to
understand the different ESG disclosures made in financial reports. Institutions such as the
Sustainability Accounting Standard Board (SASB), the Global Reporting Initiative (GRI) and
the Climate Disclosure Panel (CDP) are working out standards for such disclosures.

Several third-party tools are being developed and compete in assisting asset managers in
quantifying the carbon footprint of their portfolio. Some of the CO2 data is offered for free,
some of the data is up for sale (against a yearly fee). No single data-vendor provides the full
scope and managers of small and mid-cap portfolios will be facing an important challenge to
solve the missing data problem. For a lot of equity and bond positions they will be left in the
dark when it comes to climate data.

The missing data issue has been partially addressed since 2018 by the NFRD directive (EU
2014/95) where larger companies are requested to disclose information regarding the way
environmental challenges are dealt with. This initiative helps the investors but delivers
disappointing results when dealing with smaller companies. Not every company is a Fortune
500 name.

We clearly see quants moving into the domain of greenhouse gas
(GHG) accounting. A GHG-quantitative analyst will split up the revenue
streams of a financial portfolio into different activities and will
determine for each of these activities the climate impact. Fortunately
no quant will have to start from scratch since there are standards to
quantify the CO2-emission of a company whenever no data-vendor is offering a solution and
no reliable disclosure has been made by the company itself. The CO2 emissions can be
calculated relying on the ISO 14064 standard or the GHG-protocol. Such protocol is a

recognized standard to obtain the quantity of anthropogenic or human caused emissions
embedded in a given activity. This will however add an extra level of uncertainty in a
portfolio. Several possible GHG-outcomes can indeed be derived for one single activity. There
is no such thing as “the” CO2 emission of a company. It all depends on the use of emission
factors and application of appropriate parameters such as the global warming potential.

CO 2 EQUIVALENTS
Greenhouse gases have been well defined by scientists as a cause for creating global warming
and the resulting climate change. A climate change with melting glaciers, rising sea levels,
massive droughts, etc…These gases “trap” the heat in the earth’s atmosphere and warm up
the planet. Calculating the quantity of such gases emitted by a company is obtained using
the standard formula:

EMISSION = ACTIVITY

X

EMISSION FACTOR

The emission factor for an executive diesel car is 0.17341 kg CO2 per
km 1. Driving 30.000 KM per year with such a diesel-fuelled executive
car pushes over 5200 kg of CO2 in the atmosphere. The introduction of
the formula above brings a level of uncertainty to the table. It can raise
more questions than the answers it provides. The same activity can
result in different emission factors. All depends on the technology underlying the activity but
even then, the numbers will differ. According to the International Energy Agency (IEA) the
average electricity-based CO2 emission is around 0.6 tonnes CO2 per MWh and ranges
between 0.1 in Norway and 1.1 in South Africa. Organisations such as the UK’s Department
for Business, Energy & Industrial Strategy publish yearly for a wide and detailed range of
activities, the emission factors that can be used. Such initiatives add value and help.

Another source of uncertainty in GHG-accounting is the choice made when mapping a
quantity of one greenhouse gas to a corresponding quantity of carbon dioxide (CO2). CO2 is
by default the common denominator to use when comparing one company to another.
Climate change is however not only caused by CO2 but other greenhouse gases such as for
example methane (CH4), nitrous oxide (N20), hydrofluor-carbons (HFCs), perfluor-carbons
(PFCs) and sulphur hexafluoride (SF6) are involved as well. Methane is produced by the
agricultural sector, nitrous oxide results for example from commercial and organic fertilizers.

1

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment
_data/file/847122/Conversion-Factors-2019-Full-set-for-advanced-users.xls
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Our executive diesel car in the example above does not only spill CO2 into the air. The other
emissions are CH4 (0.000004 kg/km) and N20 (0.00184 kg/km).

Each quantity of these gasses has to be rebased to a CO2-equivalent quantity. This is the socalled tCO2eq measure or “tonnes CO2 equivalent”. A new element has hence to be
introduced into the equation: the Global Warming Potential.

CO 2 E Q U I V A L E N T (CO 2 E Q ) = A C T I V I T Y
POTENTIAL

X

EMISSION FACTOR

X

GLOBAL WARNING

Each type of greenhouse gas has a different contribution to the greenhouse effect. Some
having a greater warming potential than others. This global warming potential coefficient
(GWP) allows us to compare any greenhouse gas against carbon dioxide which now becomes
our standard reference point. The calculation is straightforward, just multiply the mass of the
gas by its GWP value to get CO2 equivalent emissions. This is noted as “CO2eq” and not as
“CO2”. It is also important to make at this point a distinction between carbon and CO2. CO2
contains carbon with a ratio of 44 to12. Strictly speaking, a carbon footprint is not the same
as a CO2 footprint. Very often these two concepts get mingled and add to the overall
confusion. In the EU Taxonomy for example, carbon foot printing assesses for CO2 emissions
and other Kyoto-Protocol GHG emissions. Here the word “carbon” is used for “carbon
equivalent” or GHG equivalently.

GWP is a measure of how much energy the emission of 1 ton of a gas will absorb over a given
period of time, relative to the emission of 1 ton of carbon dioxide (CO2) over the same time
period. The larger the GWP, the more that a given gas warms up the Earth compared to CO2
over the same time period. The higher the GWP, the more heat a specific gas can keep in the
atmosphere. The time period usually used for GWPs is 100 years.

Some examples:
-

Methane (CH4) GWP: 28-36
Nitrous oxide (N20) GWP: 265–298

Obviously, the GWP is not a unique number. On the contrary, for some greenhouse gases
there is a wide range which is an extra source of uncertainty in our calculations. The number
used depends on the time period incorporated in the GWP. The early creators of GWPs
developed tables with 20, 100, and 500 year time horizon values. One will often notice that
those that are focused on methane will promote the use of 20 year GWPs, for obvious
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reasons 2. Talking to the manager of an agricultural company or a cement factory, will leave
you puzzled regarding the correct time period to use.

S COPE 1, 2 AND 3
The previous paragraph dealt with direct emissions only. A segmentation of an industrial
company into its different activities and mapping these activities into tCO2eq is the procedure
to follow. It gives us a framework to quantify the direct emissions for the company as a whole.
There are also indirect emissions, an electricity producer sells power into the grid. This source
of energy travels via the grid down through the supply chain to other companies. These
companies turn therefore into an indirect greenhouse gas producer.

Greenhouse gas (GHG) emissions are grouped in three distinct categories: scope 1, scope 2
and scope 3. Scope1 are the direct emissions, where scope 2 and 3 stand for the indirect
emissions. The Benchmark Regulation of the European parliament defines these different
scopes in point (1)(e)(i-iii) of Annex III.

The scope 1 emissions are those directly produced from sources that are owned or controlled
by the company itself. Energy production from power plants are an important contributor.
Approximately 40 percent of the world’s greenhouse gas emissions come from energy
generation, and about half of that energy is consumed by industrial or commercial users3. It
is important to take the complete supply chain into account, which brings us to scope 2
emissions.

Scope 2 emissions are the indirect emissions generated by purchased electricity that was
made available onto the power grid. For a financial institution, the usual culprit for scope 2
emissions is for example the trading floor: powering up the computers, the air-conditioning
equipment and of course the coffee machine. Companies have to report their scope 2
emissions according to two different methods: location-based and/or market-based.

In the location-based approach, a company uses a calculation based on what is consumed
from the power grid. The market-based method dives into more detail. Here a company
discloses the emissions resulting from its own purchasing decisions. The emissions are
derived from contractual instruments. In the contract with its electricity supplier, a company
might for example have opted for wind-energy, a decision lowering its scope 2 emissions.

2

https://meatmanagement.com/industry-unites-to-call-on-ipcc-to-evaluate-new-metric-forglobal-warming/

3

https://www.wri.org/blog/2015/01/scope-2-changing-way-companies-think-aboutelectricity-emissions
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The most complex and most difficult element to quantify are the scope
3 emissions. These emissions are all the other indirect emissions that
are a consequence of the activities of a company, but that result from
sources not owned or controlled by the company itself. Consider for
example the commuting of the employees or the efforts of the sales
and marketing team that is continuously on the road. All these mileages in the car or public
transport produce CO2. The GHG protocol splits up scope 3 into 15 different categories and
also makes a distinction between upstream and downstream emissions. Scope 3 is the most
difficult to measure, the most important component and is model dependent. Andreas
Hoepner, one of the members of the TEG, states: “… Scope 3 emissions are the primary cause
of climate change. They are the patient zero, to use a coronavirus metaphor….”

The lack of available scope 3 data is addressed in the construction requirements of the two
new climate benchmarks (CTB/PAB). In the portfolio construction constraints imposed on
these benchmarks, scope 3 emissions are partially left out. A four-year period is foreseen to
allow a complete phasing-in of the non-visible scope 3 data.

D OUBLE C OUNTING P ROBLEMS
The three scopes are mutually exclusive for the reporting company. As such there is no
double counting of emissions between the scopes. In other words: a company’s scope 3
inventory does not include any emissions already accounted for as scope 1 or scope 2 by the
same company. But the direct scope 1 emissions from company A, supplying material to
company B becomes an indirect emission for the latter. This creates the risk that CO2 is
counted twice in the overall CO2 contribution of a country/economy. A portfolio manager is
confronted with this all the time. Imagine you are holding two German names in your
portfolio: RWE and Allianz. Allianz published in 2017 a scope 2 emission of 190000 tonnes
CO2eq. This is caused by electricity that this insurance company bought on the grid from an
electricity supplier. Maybe Alliance sourced its power from RWE? In which case the scope 1
emission of RWE contains to some extent data incorporated in Allianz’s numbers.

CO 2 - INTENSITY IN P ORTFOLIO M ANAGEMENT
Once all the emission data for the holdings in our portfolio are gathered, the aggregation can
only take place after a normalisation. Portfolio managers do not necessarily work with CO2
equivalents in tonnes, but rely on the concept of CO2 intensity. Three different approaches
can be used, where each time the numerator is in tonnes CO2eq and the denominator is a $number.

•

Using Revenue ( R ):
𝐼 !"!,$ =
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This definition of CO2-intensity informs us how much CO2 the company emits for every
dollar sold.
•

Using Market Capitalisation (M):

𝐼 !"!,& =

•

𝑡𝐶𝑂%
𝑀

Using Enterprise Value (EV):
Enterprise Value is defined as the sum of the market capitalization of common stock
including preferred equity and the book values of total debt and minorities’ interests
minus cash and cash equivalents.
𝐼 !"!,'( =

𝑡𝐶𝑂%
𝐸𝑉

At this point in time there is no consensus in the industry regarding the three definitions
above. The Technical Expert Group imposes the use of Enterprise value (EV) as denominator
in the calculation of CO2 intensities. This choice has created a barrage of criticism 4 from some
benchmark administrators. The TEG claims that using revenue ( R ) as the denominator for
greenhouse gas emissions biases the CO2 intensity number in favour of sectors such as coal,
which are exposed to stranded assets when compared with market valuation-based
denominators such as Enterprise Value.

The next step is to aggregate the CO2 data using the weights of the different holdings in the
portfolio. This is the weighted CO2 intensity of the portfolio:

0

𝐼 )*+,-*./*,'( = + 𝑤/ 𝐼!"!,'(,/
/12

The concept of CO2 intensity is not new, since it has already appeared long before the
publication of the European Action Plan on several websites and reports of asset
management companies. French investment management companies were leading the pack
on this climate related disclosure. France has been the European front-runner in terms of
carbon-related disclosures in the investment management industry 5. After the adoption of
the 2015 Paris Climate Agreement, the now famous Article 173 of the Energy Transition Law
requires investors to disclose how they deal with ESG factors and aspects related to climate

4

https://www.ipe.com/news/teg-member-sees-scientific-beta-criticism-revealing-net-zerolaggard/10044104.article

5

6

https://www.unepfi.org/fileadmin/documents/PRI-FrenchEnergyTransitionLaw.pdf
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change. Before Article 173 saw daylight, several French initiatives were already leading in
their efforts to disclose the carbon intensity of their portfolios. Already in 2014, the pension
provider ERAFP developed a methodology aimed at reducing the carbon footprint of their
portfolio 6.

NACE CODES VS GICS AND BICS
Classifications support the investment process by organizing the different holdings into
groups according to specific activities and risk categories. This allows portfolio managers to
slice and dice their exposure and P/L in different dimensions. The results of these
classifications make their way into all the different factsheets and marketing documents.
As a fund manager you may have your data organised using ICB, BICS, GICS,TRBC or inhouse
sector classifications. Companies are classified quantitatively and qualitatively according to
their principal business activity. The GICS classification (MSCI) uses for example revenues as
a key determining factor.

The EU Taxonomy addresses the classification from a different angle. One company’s identity
can even be attributed to several activities. For each of these activities alignment criteria
have been defined (or are in the process of being defined). The activities are represented by
a NACE code7. Eurostat provides correspondence tables so one can map an activity from
NACE to the other sector classification methods such as GICS. These tables have also been
made available in the supporting annexes of the Taxonomy.

CO2 PATHWAYS
The mandate for technical work of the European Commission fell on the shoulders of the
Technical Expert Group. Their recommendations are targeted towards achieving the goals of
the Paris Climate Agreement. On its turn, the 1.5 °C recommendation of COP21 has been
based on the scientific input provided by the Intergovernmental Panel on Climate Change
(IPCC 8 ) . Based in Geneva, the Panel on Climate Change is the United Nations body for
assessing the science related to climate change. The IPCC produces regular assessment
reports (AR). The most recent report (AR5) was published in 2014. AR6 is scheduled to be
published in 2022. In each of the assessment reports, the IPCC highlights the current state of

6

https://www.rafp.fr/en/article/combating-climate-change

7

NACE stands for nomenclature statistique des activités économiques dans la Communauté
européenne. The metadata are maintained by Eurostat. The current NACE code version is
revision 2.
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the climate system and climate change, its environmental and socio-economic impacts, and
possible mitigation strategies.

To understand the work of the TEG on Benchmark indices, it is important get familiar with
the concept of emission pathways. Such a pathway is a scenario of possible CO2 emissions
over time. Each of these pathways should be seen as a scenario with a corresponding range
of temperature outcomes. Some of the outcomes meet the Paris Agreement, some fail to
keep the temperature from rising above 1.5 °C. Figure 1 visualizes these paths. The baseline
scenario is a bunch of the status quo scenarios where the planet keeps receiving CO2
emissions at the current rate.

F IGURE
1:GHG
S OURCE : IPCC

EMISSION

PATHWAYS

2000-2100

( ALL

AR5

S CENARIOS ).

Emission pathways are classified by their temperature trajectory over the 21st century:
•
•
•

no overshoot pathways giving at least 50% probability based on current knowledge of
limiting global warming to below 1.5°C.
limited-overshoot pathways limiting warming to below 1.6°C and returning to 1.5°C
by 2100
higher-overshoot pathways exceeding 1.6°C but still returning to 1.5°C by 2100

There are multiple mitigation pathways that are likely to limit warming to the Paris
Agreement target. These pathways would require substantial emissions reductions over the
next few decades and near zero emissions of CO2 and other greenhouse gases by the end of
the century. This is illustrated in Figure 2. The same figure shows how the human induced
warming can reach 4°C at the end of this century if no action is taken.
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F IGURE 2 : L INK
S OURCE : IPCC

BETWEEN TEMPERATURE INCREASE AND

G LOBAL CO2

EMISSIONS SINCE

1870.

The need for an adequate greenhouse gas trajectory is incorporated in the composition of
the new climate benchmarks introduced by the TEG. There is a 7% year on year reduction of
the CO2 intensity in the benchmark portfolios corresponding with the IPCC’s “1.5°C with no
or limited overshoot”-path.

EUROPE’S NEW CLIMATE BENCHMARKS
As stated before, the new benchmark regulation resulted not only in new disclosure rules for
benchmarks but also led to the creation of two types of climate benchmarks: the Climate
Transition Benchmark (CTB) and the Paris-aligned Benchmark (PAB). The focus of the
Technical expert group has been on the creation of corporate-based indices (listed equity
and corporate bonds). For the time being Sovereign indices are left out of scope.

EU PABs allow for a higher decarbonisation of the investment relative to the underlying
investable universe

The PABs index rules are different from the CTB rules. A PAB index has a more outspoken
ambition in terms of climate change mitigation. The benchmark index aligned with the Paris
Agreement has stricter carbon intensity rules, contains additional activity exclusions and has
a higher green/brown ratio. The latter ratio is based on the revenue of the underlying
activities derived from green vs. brown activities.

Traditional benchmark rules are documented by their respective benchmark administrators.
Benchmark compositions change over time. Some holdings will see their weights increased,
new names might be added or removed from the index. Passive portfolio management
9

May 2020

RiskConcile

strategies replicate the investment holdings of such a benchmark in order to achieve similar
results. Additionally they could even prefer to over-or underweight certain holdings
according to their investment view. It is therefore important to have a full understanding
what exactly is contained in the benchmark rules. Deciding to create a fund with a climate
index as benchmark exposes the fund-manager to the constraints that have to be met by
either the CTB or PBA index.

The table below illustrates the main differences between the two benchmarks types.

Climate Transition
Benchmark
(CTB)
Carbon Intensity Reduction
compare to investable
universe

Paris Alignment Benchmark
(PAB)

30%

Activity Exclusions

50%

-

Green / brown ratio
(voluntary)

>1

Exclusion for Coal, Oil,
Natural Gas and Electricity
producers with lifecycle
GHG emission higher than
100gCO2e/KWh. The
exclusions are based on the
percentage of the overall
revenues associated with
the activities above. For
Coal producers the
threshold is set at 1% of
revenues.
>4

Apart from the differences above, both indices share several common factors:

10

•

Scope 3
In the initial design of the two indices, the scope 3 emissions have been left out in
the calculation of the CO2 intensity for most of the NACE activities. The TEG has
foreseen a period of 4 years to phase-in scope 3 data for all activities.

•

Decarbonization trajectory
The carbon reduction of a climate benchmark index compared to its investable
universe is 30% or 50% for respectively the CTB and the PAB. This reduction target
is set for the base year (2020). For subsequent years the benchmark administrator
will incorporate a yearly 7% reduction. The gradual CO2 reduction imposed by the
TEG has been driven by their choice for one of the several emissions path-ways
May 2020
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•

•

specified by the IPCC. The TEG recommends using a 1.5°C pathway for the
alignment with the Paris Agreement. “1.5°C with no or limited overshoot”
Losing License
A benchmark can lose its “climate” license if it fails to keep itself aligned with the
constraints and rules in two subsequent years.
Minimum Sector Weights
When compared to the underlying investment universe, the benchmark will have
an exposure to so-called high climate impact sectors9. These are sectors that are
key in the transition to a low carbon world. For these sectors the TEG stresses that
the assigned weights in the benchmark indices (both CTB and PAB) are not to be
lower than the exposure in the underlying investment universe.

SMART CARBON PORTFOLIOS
Under the assumption that all the CO2 data is available for a particular investment universe,
several new allocation exercises can be undertaken. Portfolio managers currently operate in
the two-dimensional domain of (expected) return versus risk. Where risk can be defined in a
lot of different ways: volatility, expected shortfall or an inhouse risk measure. Given the
renewed importance of the climate change topic, a third dimension is now to be considered
in the portfolio construction process: CO2 intensity.

Figure 3 illustrates this new dimension. The size of the markers in the scatterplot represent
the ranking of the company in terms of CO2 intensity in the DAX index. A company like
Wirecard AG is green in terms of CO2 emissions but is expensive in terms of risk. Since the
release of the KPMG special audit report on April 27,2020, the Wirecard shares took a serious
hit and disappointed investors with lot of increased uncertainty ahead. On the other side of
the spectrum, there is for example Merck. This pharmaceutical company seems to be a safer
bet since it has a positive expected return but it carries a CO2 intensity which is 67 times
higher than Wirecard’s emission level.

9

The high impact activities are agriculture, forestry, fishing, mining, manufacturing,
electricity, gas, steam and air-conditioning supply, water supply, waste management,
remediation activities, construction, real estate activities, transportation and storage,
wholesale and retail trade.
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F IGURE 3 : R ISK -R ETURN FOR DAX COMPANIES . T HE SIZE OF THE CIRCLE REPRESENTS THE RANKING OF THE
COMPANY IN CO2 EMISSIONS COMPARED TO THE OTHER NAMES IN THE INDEX . S OURCE : KU L EUVEN
U NIVERSITY

The choices in portfolio construction will often result in either a linear or quadratic
programming problem. In our sample portfolio we considered the DAX index for which we
use the scope 1 and market-based scope 2 data. The base year for this exercise was 2017 and
using the 3 definitions of carbon intensity for the DAX Index, we obtain:
𝐼 345,'( = 224.25, 𝐼 345,6 = 287.44 and 𝐼 345,7 = 245.22 (tCO2eq/M EUR)

In terms of CO2eq emissions, the DAX is a concentrated index. Where a handful of names are
CO2 heavy-weights : RWE, Heidelberg Cement, Lufthansa, Covestro and BASF. Applying an
exclusion on these names would be too easy and is certainly not what the Commission
intends. In this white paper we cover two short case-studies

C ASE STUDY 1
R EDUCE CO 2 WITH MINIMAL PORTFOLIO CHANGES
In this particular case, the goal is to reduce the CO2-intensity of our DAX portfolio through a
different allocation in weights. Each of the names in the index sees its weight adjusted from
𝑤/ to 𝑤/∗ in order to get the lowest possible value of CO2-intensity for the portfolio.

This boils down to a linear programming problem where the goal is the minimize the
following target function:
0

𝐼 )*+,-*./* = + 𝑤/∗ 𝐼!"!,/
/12

At the same time we impose several constraints on the new weights 𝑤/∗ :
•

All the new weights add up to 100%:
12
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0

+ 𝑤/∗ = 1
/12

•

We impose a limit 𝛿 on how much the weights can change:
∀ 𝑖 , 𝑤/ − 𝛿 ≤ 𝑤/∗ ≤ 𝑤/ + 𝛿

•

Negative weights are not allowed:
∀𝑖, 𝑤/∗ ≥ 0

•

The sector weights are unchanged

The result of this exercise is visualized in the figure below. The more we allow the weights of
the individual names in the portfolio to change, the larger the reduction in CO2 that can be
achieved. The reduction was obtained while keeping the overall weights of each of the
sectors in the portfolio unchanged.

F IGURE 4 CO2 REDUCTION IN THE DAX INDEX ( LINEAR PROGRAMMING )

C ASE STUDY 2
I MPACT OF CO2 REDUCTION ON THE TRACKING ERROR
Putting the screws on the portfolio in terms of CO2 intensity will have an impact on the
tracking error. In this simulation the overall sector weights are also kept unchanged, while
minimizing the tracking error against the DAX index, which is here acting as benchmark. The
results of this quadratic programming exercise are illustrated in Figure 5 using the three
different definitions of CO2 intensity.

13
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F IGURE 5

DATA-DEMOCRACY WITH “GREENDATA4ALL”
There is a lot to be done between now and March 2021. After that date, the work does not
stop. As a matter of fact, the job is never done. Indeed, the Technical expert group has
multiple times stressed the dynamic character of the regulation. These new initiatives add
an extra layer of reports on top of what is already required in a heavily regulated industry.
This boils down to more quantitative and qualitative disclosures supported with respectively
data and narratives. All of this information will have to be processed by investors. The use of
narratives is still subject to manipulation and possibly does not eliminate the risk of
greenwashing.

The cost of running an asset management business will go up since investments in
information technology and data will have to be made. This may represent a minor
investment for a financial power-house, but will be a drain on the profitability of smaller
investment firms. Climate change impacts all of us, but yet the ESG data to address the main
issues is not publicly available and needs to be purchased from third party providers 10 .
Universal and free access to data is the key to make the Paris Agreement happening. Data is
at the centre of this transformation to a carbon-neutral Europe by 2050.

RiskConcile is delighted to welcome GreenData4All, an initiative of the European
Commission. This supports the Green Deal with the creation of Common European Green
Deal data space.

10

https://www.efama.org/Publications/Public/Responsible_Investment/19-4091.pdf
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