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Carbon footprints of the equity portfolios of
Chinese fund firms
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Under the dual carbon goals in China, the transition to a net-zero carbon economy requires

massive amounts of capital, which must be provided and facilitated by financial institutions.

Yet, there are no unified, publicly available disclosures of the investment carbon footprint of

Chinese financial institutions, leaving them facing great climate-related risks. Here we

demonstrate that the aggregated financed emissions show an upward trend from 2015, and

the investment portfolios are more exposed to carbon-intensive assets, based on the equity

portfolios of China’s 105 fund firms. We further explore the decarbonization potential for fund

firms and show that sustainability-aware fund firms are characterized by financed emission

reductions and carbon efficiency gains. To fulfill sustainable investing, China’s institutional

investors should focus on investment allocations shifting to high-tech sectors and target the

improvement of self-reported carbon emissions.
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The current emission pledge to the Paris Agreement appears
insufficient to hold the global average temperature increase
below 1.5 °C1,2. The transition to net-zero is a strategic

imperative for the financial sector, with trillions in capital that are
aligned towards meeting the Paris Agreement3,4. Under the
commitment, some financial institutions (i.e., insurers, asset
managers, and fund firms) are competing to showcase their green
ambitions and committing to align their portfolios with 1.5 °C
based on a decarbonization trajectory by 20505. As the world’s
largest CO2 emitter6, the Chinese government has committed
itself to achieve peak carbon emissions before 2030 and carbon
neutrality before 20607. Capital markets, particularly environ-
mental, social and governance (ESG) investing, have become an
important force in supporting carbon neutrality strategies. Con-
sequently, Chinese financial institutions as active participants in
sustainable investing, facilitated and supported the flow of trillion
dollars in ESG capital to mitigate climate change.

Financial institutions that want to align their financial flows
with sustainable ESG investing, need to assess their investment
carbon footprint accurately8. This footprint is multidimensional
and spans all factors in ESG, we only focus on the environmental
factor in this paper. Partnership for Carbon Accounting Finan-
cials (PCAF) and Task Force on Climate-related Financial Dis-
closures (TCFD) have provided standardized guidance on
calculating and tracking carbon footprint embodied in investment
activities year over year, and comparing these with the targeted
goals9,10. ESG investing has gained popularity in the Chinese
mutual fund markets over the past decade, which places greater
demands on environmental information disclosure11. China has
also made efforts to decarbonize within its booming economy via
a package of low-carbon development policies, including
improved climate-related and environmental information
disclosure12,13. As the largest institutional investors in the stock
market, Chinese fund firms offer an important route towards
investing in the equity markets to achieve carbon neutrality
goals14. And some of the investors have started to pay attention to
their investment portfolios and disclosed their carbon footprints
voluntarily15,16. However, the impact of this action will likely
remain marginal as long as lawmakers do not supplement com-
pulsory reporting standards. There is, to date, no unified reg-
ulatory canvas for China’s financial institutions to impose a strict
framework for reporting investment carbon footprint.

Financial institutions’ ability to make a comprehensive
assessment of portfolios’ climate profiles relies on being able to
analyze trustworthy corporate disclosures of carbon emissions.
This is a notoriously complicated task because of the dearth of
firm-level CO2 emissions data and even generating self-reporting
bias8,17. The firm-level carbon disclosures concentrated in Eur-
ope, North America, and other developed countries18,19 such as
the compulsory mandate for annual disclosure of GHG emissions
in the UK20. Developing countries, have little commitment to
carbon mitigation and disclosure21,22. In addition, it is well
accepted that Scope1 emissions can’t sufficiently draw the full
picture of investment carbon footprint, and Scope 3 embodied in
the supply chain should also be focused on. However, the main
issue is that the overarching account of Scope 3 emissions is quite
hard to assess.

The all above points imply that China’s financial institutions
remain largely in the dark when it comes to accurately measuring
the carbon footprint of their investment portfolios. In this study,
we only focused on Scope 1 and Scope 2 emissions and used
methodologies introduced by TCFD to study the equity portfolios
of 105 Chinese public fund firms over the period from 2010 to
2020. We first accounted for and analyzed the trends in financed
emissions and carbon intensities of the fund firms’ investment
portfolios. The study also revealed the drivers of financed

emissions to help identify key exposures to carbon-related risks
and potentials for carbon reductions. It can guide in embedding
ESG principles into institutional investors’ portfolio dec-
arbonization strategies and provide compelling insights for pol-
icymakers and investors.

Results
Trends in the carbon footprints of 105 fund firms’ equity
portfolios. Figure 1 shows the trends in total financed emissions
embodied in the equity portfolios of China’s 105 fund firms, as
shown in Eq. (1). Overall, it presents a fluctuating trend from
2010 to 2015, which dramatically increased from 100.26 million
tons (Mt) in 2010 to a high point of 183.11 Mt in 2012, and then
decreased to 87.21 Mt in 2015. After 2015, total financed emis-
sions suffered a steady rise, reaching a second peak of 168.40 Mt
in 2018 (Supplementary Table 2). There then, the total volume
declined slightly and stabilized at the level of 159.00 Mt in 2020.
Zhang et al. calculated embodied carbon emissions in equity
portfolios of the leading asset managers and found that there are
prominent differences in the volume of financed emissions of
different asset managers23. There has been a rapid increase in
financed emissions for most Chinese asset managers, which is
related to the investment structure. They were from the invest-
ment firms themselves rather than environmentalists, and their
financed emissions were more concentrated in carbon-intensive
sectors like Electricity, Gas and Water. However, foreign asset
managers are building portfolios aligned with climate change
goals with financed emissions and carbon intensities declining
over the past decades. Europe, the world’s leading economic
region having committed to carbon neutrality with the best legal
system, has not only set limits on the total carbon emissions for
its member states but also mandatorily required financial insti-
tutions to report climate-related disclosures24. Similarly, the
oscillating fluctuations in the financed emissions of Chinese fund
firms were mainly influenced by carbon-intensive sectors, which
accounted for approximately 80% of the total financed emissions.
Financed emissions of Electricity, Gas and Water sector con-
tributed the most with a consistent ratio of ~50% of the total
financed emissions. Notably, it largely contributed to the peak of
total financed emissions in 2012 and then dropped from 113.12
Mt in 2012 to 42.80 Mt in 2015. Similarly, financed emissions of
Metal Smelting decreased by 48.03%, reaching a low point of 9.75
Mt in 2015. Overall, fund firms adjusted portfolios based on
macroeconomic conditions. China stimulated the construction of
basic industrial facilities such as electricity and steel prior to 2012
in response to the shock of the financial crisis, which pulled up
total financed emissions. The ongoing impact of the global
macroeconomy from 2012 to 2015, causing weak demand in
traditionally carbon-intensive products, triggered the withdrawal
of capital from these sectors.

Total financed emissions were mainly contributed by the Top
10 Chinese fund firms, altogether 88.77 Mt in 2020, accounting
for 55.83% of total volume. The overall trend of the Top 10 firms
remained consistently rising but showed varied degrees of growth.
Fund 8 with 6.90 Mt of financed emissions in 2020, increased by
3.10 times compared to 2010, and Fund 5 and Fund 1 increased
by 2.98 times and 0.98 times, respectively. From the perspective of
the drivers of financed emissions, we analyzed the Top 10 fund
firms at the carbon-intensive sectoral level. On the whole,
financed emissions increased in almost all carbon-intensive
sectors, including Electricity, Gas, and Water as well as Metal
Smelting being the two drivers that played a notable role in
promoting the growth of financed emissions. Specifically,
Electricity, Gas and Water was the largest contributor to financed
emissions, with a possible reason for this being that they
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continued to occupy an irreplaceable position in investment
portfolios. Notably, Fund 1 was responsible for 9.57 Mt financed
emissions from Electricity, Gas, and Water in 2020, resulting in
72.77% of its financed emissions and increased by 2.61 times
compared to 2010. Similarly, Fund 5’s rapid growth in financed
emissions was also driven by Electricity, Gas, and Water, which
increased from 0.08 Mt in 2010 to 5.62 Mt in 2020. In addition,
Fund 2 reached 10.71 Mt of financed emissions in 2020, of which
Metals Smelting contributed the most with a ratio of 30.01%.
Financed emissions from Metals Smelting in Fund 8 and Fund 9
increased by 1.57 Mt and 0.96 Mt, accounting for 24.79% and
25.22% in 2020, respectively.

The effects of carbon exposure on financed emissions. The
metric Weighted Average Carbon Intensity (WACI) indicates a
portfolios’ exposure to carbon-intensive assets9, which can be
used for evaluating carbon-related risks. Additionally, Carbon
Emissions to Revenue Intensity (CERI) measures total financed
emissions divided by economic activity, with higher values indi-
cating more efficiency. Overall, the average WACI for 105 fund
firms showed a fluctuating downward trend, with two peaks at
624.76 tonnes CO2 M$-1 in 2012 and 577.45 tonnes CO2 M$−1
in 2018.

Most of the fund firms visibly reduced their holdings in
carbon-intensive sectors, and mainly concentrated on Coal
Mining and Electricity, Gas, and Water. Fossil fuel divestments
could be presumably attributed to Chinese fund firms having
started to allocate their capital in socially responsible ways. The
average WACI of the Top 10 fund firms was slightly above the
overall average WACI and each fund firm showed varied degrees
of decline (Fig. 2a). Specifically, Fund 4 decreased most over the
period, from 635.40 tonnes CO2 M$−1 in 2010 to 282.25 tonnes
CO2 M$−1 in 2020. This was ascribed to the reduction in share
of investment in Coal Mining (−4.66%) and Electricity, Gas, and
Water (−0.80%), with only 6.87% of capital distributed in
carbon-intensive sectors (Fig. 3a). In a similar vein, Fund 10
decreased from 685.14 tonnes CO2 M$−1 in 2010 to 361.29
tonnes CO2 M$−1 in 2020, which was mainly divesting from
Petroleum Processing and Coking (−0.73%) as well as Raw
Chemical Materials and Chemical Products (−7.42%).

The variation of the average CERI shows a bimodal structure
overall (Fig. 2b), rising from 356.49 tonnes CO2 M$−1 in 2010 to
the first peak of 654.36 tonnes CO2 M$−1 in 2012, and then
decreasing to 415.07 tonnes CO2 M$−1 in 2015. From 2016 to
2020, the average CERI reached the second peak in 2018 (608.06
tonnes CO2 M$−1) and then entered a continuously downward

Fig. 1 Trends of financed emissions in Chinese fund firms during 2010–2020. a Total financed emissions by sectors. The gray line represents the
financed emissions of Top 10 Chinese fund firms. The pink shade represents the sum of financed emissions except for six carbon-intensive sectors.
b Trends in Top 10 fund firms’ financed emissions (FF represents fund firm). In the panel, the thick lines in the thick gray box denote the interquartile range
and the median, and the thin lines outside the box denote the maximum and minimum values. The point inside the box represents specific values of
financed emissions of Top 10 fund firms. c Top 10 fund firms financed emissions by carbon-intensive sectors in 2010, 2015, and 2020. See detailed results
in Supplementary Table 3.
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Fig. 2 Trends in carbon intensities from 2010 to 2020 in Chinese fund firms. a Trends in Top 10 fund firms’Weighted Average Carbon Intensity (WACI).
b Trends in Top 10 fund firms’ Carbon Emissions to Revenue Intensity (CERI). The red and blue lines indicate the average WACI (CERI) of all Chinese fund
firms and the average WACI (CERI) of the Top 10 fund firms, respectively. See detailed results in Supplementary Table 2. In each panel, the thick lines in
the thick gray box denote the interquartile range and the median, and the thin lines outside the box denote the maximum and minimum values. The points
inside the box represent specific values of WACI (CERI) of Top 10 fund firms.

Fig. 3 Share of investment and revenue of Top 10 fund firms in 2010, 2015, and 2020. a Top 10 fund firms’ share of investment by carbon-intensive
sectors. b Top 10 fund firms’ share of revenue by carbon-intensive sectors. See detailed results in Supplementary Table 4-5.
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trend, reaching 493.42 tonnes CO2 M$−1 in 2020. The trend of
average CERI of Top 10 fund firms remained largely consistent
with the overall, whereas it maintained a continuously upward
trend since 2016 and reached 673.86 tonnes CO2 M$−1 in 2020.
For most of the fund firms, the share of revenue in carbon-
intensive sectors was low (Fig. 3b), such as Electricity, Gas, and
Water with the highest financed emissions but underperformed
in revenue over the last decade. Furthermore, all the Top 10 fund
firms displayed decreases in their shares of revenue in carbon-
intensive sectors. Fund 5’s share of revenue in carbon-intensive
sectors fell from 33.51% in 2010 to 12.08% in 2020, with a
decrease of 21.43%, mainly due to the reductions in Coal Mining
(−11.31%) and Metal Smelting (−14.71%). Similarly, both Fund
3 and Fund 4 showed decreases in Coal Mining (2.76% and
4.03%, respectively) and Metals Smelting (6.82% and 7.28%,
respectively). In addition, it can be seen that the shares of revenue
in Petroleum Processing and Coking, Nonmetal Products as well
as Electricity, Gas, and Water were quite low and investees in
these sectors had seen their profit margins shrink due to the
contraction in both energy demand and the decarbonization
process.

Carbon reduction potential for fund firms. Financed emissions
can predict the future trend of portfolios’ carbon footprints.
Between 2010 and 2020, there has been an increase in financed
emissions for the vast majority of fund firms, while some fall,
indicating a clear tendency to reduce emissions. In terms of
carbon intensity indicators, the rise in financed emissions is
accompanied by a fall in WACI and CERI. In particular, they
tended to invest less in heavy industries such as Electricity, Gas
and Water and Metal Smelting, and divested some of their lower-
yielding holdings, indicating a degree of divestment from carbon-
intensive assets. In addition, some fund firms have seen their
financed emissions fall while their carbon intensities have risen,
suggesting that there is a risk of greenwashing as the carbon
exposure of their portfolios has not shrunk distinctly. In this
study, it can be observed that there are heterogeneities among
Chinese fund firms. Therefore, we further classify them into three
categories based on the trend of the financed emissions and
carbon intensities from 2016 to 2020 (Fig. 4), and select one as a
representative case study, respectively.

Fund a maintained a consistently upward trend in financed
emissions over this period, at an annual growth of 72.45%.
Financed emissions embodied in carbon-intensive sectors are
important drivers. It can be also observed that with the rise of
financed emissions in Metals Smelting, it drove financed
emissions of Fund a from 0.01 Mt in 2015 to 0.07 Mt in 2020.
Two highly carbon-intensive sectors—Metals Smelting and
Electricity, Gas, and Water—accounted for about 70% of its
financed emissions since 2018. In terms of the carbon intensities,
both WACI and CERI showed a consistently increasing trend
over this period (22.05% and 74.70%, respectively). With the
continued growth in financed emissions and large exposure to
carbon-intensive assets, there is no clear roadmap toward
decarbonizing portfolios for this category of fund firms, which
demands further attention.

Fund b with financed emissions and the carbon intensities were
all in a downward trend. More specifically, the sectors—
Electricity, Gas and Water, and Raw Chemical Materials and
Chemical Products, made a great reduction during this period,
which were the main factors contributing to the decline of
financed emissions. Both the WACI and CERI declined from
474.98 tonnes CO2 M$−1 to 163.38 tonnes CO2 M$−1, and
576.34 tonnes CO2 M$−1 to 224.22 tonnes CO2 M$−1,
respectively. Fund b made a huge reduction of investment in

major carbon-intensive sectors such as Electricity, Gas and Water
(−88.40%), Metals Smelting (−78.50%) and Nonmetal products
(−67.60%), and shifted extensively to electronic and telecommu-
nications equipment (+ 8.26%) as well as electric equipment and
machinery (+ 0.06%). Electronic and telecommunications equip-
ment, as a representative of the high-tech sector, is characterized
by low carbon intensity and high energy efficiency25, which plays
a critical role in achieving investment portfolio decarbonization.

Fund c was clearly characterized by an upward trend in
financed emissions and a downward trend in carbon intensities.
While Electricity, Gas, and Water kept dominating over the
period, Metals Smelting was the main factor for the increase in
financed emissions, contributing to 32.93% of its financed
emissions in 2020. It performed well on two carbon intensities
indicators, which suggested the fund firm’s great potential for
carbon reductions and carbon efficiency gains. Accordingly, the
WACI declined considerably by 63.31%, and CERI decreased by
35.84%. There were great increases in shares of investment in
electric equipment and machinery (7.93%) and electronic and
telecommunications equipment (4.64%), while divesting from
Petroleum Processing and Coking (−0.30%) and Electricity, Gas
and Water (−2.33%). This shift from traditional high-emitting
sectors to high-tech sectors has not only resulted in reducing
financed emissions effectively, but also improved the risk
exposure of their portfolios.

Data validation and limitation. Financial institutions’ ability to
make comprehensive assessments of companies’ climate profiles
relies on trustworthy corporate disclosures of carbon emissions.
Corporate carbon emissions are a key input in climate-related
metrics. The uncertainty of estimating financial institutions′
investment carbon footprints is mainly caused by the reliability of
carbon emissions data for investee companies. Currently, we used
an industry average approach based on input-output tables to
estimate firm-level carbon emissions, which brought great
uncertainty into the study. The firms in China that are mandatory
to disclose carbon information account for a very small propor-
tion, while most fall within the scope of voluntary disclosure
owing to corporate social responsibility26. For example, only 211
listed companies actively disclosed their carbon footprint in 2020,
accounting for 5.1% of all listed companies27.

To test the reliability of the data, we compared the estimated
results with the currently disclosed data on corporate carbon
emissions. This study covers 56 high carbon-emitting listed
companies in China28, releasing a total of about 5.1 billion tonnes
in 2021 (over 40% of China’s total carbon emissions and 75% of
the total emissions in the Top 100 fund firms), with electricity,
cement, and steel being the main three sectors. The gaps in
electricity, cement, and iron sectors between the self-reported
firms’ carbon emissions data and those calculated by the
accounting methodology in this paper are 22.21%, −85.82%,
and −34.21%, respectively (Fig. 5). Specifically, after excluding
some exceptional values, the uncertainty ranges for electricity,
cement, and iron sectors are (−69.52%, 119.49%), (−85.82%,
−56.08%) and (−99.80%, 16.90%). The exceptions are mainly
distributed in the electricity sector, in which the companies’
renewable energy development strategies are the main causes of
uncertainty. For example, some renewable energy companies
focus on hydropower generation, and their carbon emissions are
much lower than those of the traditional thermal power
generation sector. The industry average method ignores the
heterogeneity of corporate energy transition strategies between
industries. In the future, we will further divide the power industry
into renewable and traditional sectors in order to improve the
accuracy of the calculation.
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In this study, we only accounted for Scope 1 and Scope 2
emissions, without the consideration of Scope 3 emissions. PCAF
recommended investors account for the Scope 3 emissions of the
investee company when Scope 3 emissions are necessary, as only
focusing on Scope 1 and Scope 2 emissions will not provide the
full picture of the company’s carbon-related risks. Some
researchers have undertaken to assess Scope 3 emissions for
specific industries and corporates, which used the input–output
analysis methodology to measure carbon emissions29,30. They
found that indirect emissions are substantial and growing,
especially in the industry sectors (in which Scope 3 emissions
were most important) and buildings (in which Scope 3 emissions
were twice as high as direct emissions). Although Scope 3
emissions are widely known to be important, they are not well
understood and rarely estimated, and there is little motivation or
science-based technical methods in current carbon footprint
protocols.

Carbon emissions embodied in investments are allocated to
the financial institutions based on the proportional share of
investment in the investee. This attribution assumes that
institutional investors are only responsible for part of carbon
footprints, as many emissions from the up- or downstream
of the value chain can’t be attributed to institutional investors
alone. Therefore, the economic Input-Output life Cycle Assess-
ment (EIO-LCA) for measuring investment carbon footprint
could cause this risk of double counting. Teubler and Kühlert
applied the 100/50/0 attribution rule to Scope 1, Scope 2, and
Scope 3 emissions for calculating investment carbon footprint31.
In this study, we used PCAF’s method including corporate
Scope 1 and Scope 2 emissions based on a 100% attribution
factor, and for Scope 3, a more accurate attribution rule is
needed in future research but will be likely based on an analysis
of the portfolio’s distribution of energy producers and
consumers.

Fig. 4 Trends of financed carbon emissions (left column) and carbon intensities (right column) for three categories of Chinese fund firms. The orange
line shows the trends in Carbon Emissions to Revenue Intensity. Each row of the graph represents a fund firm owning the same characteristics. a–c show
the trends of carbon footprints of the representative fund firms - Fund A, Fund B, and Fund C. d–f represent the trends in carbon intensities (Weighted
Average Carbon Intensity and Carbon Emissions to Revenue Intensity) of Fund A, Fund B, and Fund C, respectively.
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Discussion
Institutional investors face a moment of truth about their com-
mitment to environmental, social, and governance (ESG) factors.
Many large institutional investors have publicly committed
themselves to integrate ESG factors into their investing. Yet it’s
clear that many investors have struggled to convert their com-
mitment into practice. The ESG investment in China has entered
a phase of accelerated development, but the AUM of ESG assets
still lag behind those in other major markets worldwide, with less
than one-sixth of the European market and one-tenth of the US
market, respectively32,33. Institutional investors’ ESG investments
rely on accurate environmental information disclosure, however,
the absence of a standardized framework has hindered institu-
tional investors from socially responsible investing.

This study accounted for the financed emissions and carbon
intensities of Chinese fund firms, explored the drivers of financed
emissions, and identified potential carbon-related risks from a
dynamic perspective. We found that Chinese fund firms, as the
largest institutional market participants, had maintained a con-
tinuously increase trend of total financed emissions from 2015 and
reached 159 Mt in 2020. In addition, the Top 10 fund firms were
the main contributors, responsible for about 70% of total financed
emissions. Considering the entire portfolio universe, we found that
Chinese fund firms held large shares of carbon-intensive assets
with high exposure to carbon-related risks. Therefore, the focus
should be put on the leading fund firms, who need to follow the
lead of their international counterparts in setting specific phased
carbon neutrality targets to decarbonize their portfolios as soon as
possible. We further found that while exposures to carbon-related
risks had remained on a declining trend, portfolios still remained
dominated by carbon-intensive assets. In general, Chinese fund
firms have been accelerating the launch of ESG-themed products
in recent years, with investment portfolios shifting from tradi-
tional carbon-intensive assets to green and low-carbon ones.
Regulated by the “carbon peak and carbon neutrality” target, the
green transition will bring about tremendous investment oppor-
tunities as well as social and environmental benefits. Fund firms
can increase socially responsible investments within their portfolio
by reconsidering carbon-intensive sectors, which are exposed to
material carbon-related risks. Additionally, fund firms can focus
on growing sectors like renewable energy or companies bringing
an innovative approach to traditional industries. Fund firms also
can set ESG scores for investees based on a well-estimated
accounting system, and then allocate more capital to companies
with high ESG scores.

This paper further explored the heterogeneity of trends in
carbon indicators of fund firms, with a view to improving their
investment portfolios to achieve long-term decarbonization goals.
Firstly, fund firms that have shown a consistent increase in both
financed emissions and carbon intensities are likely to face greater
carbon-related risks and pressure to reduce emissions in the
future, due to their large holdings of carbon-intensive sectors.
Therefore, these firms should pull out of an ever-wider range of
carbon-intensive assets and tilt their portfolios towards the
companies flagged as environmentally friendly. Secondly, fund
firms with both declining financed emissions and carbon inten-
sities indicate a trend toward decarbonization of their portfolios.
Such firms should therefore play a leading role in decarbonizing
their portfolios, and take on the social responsibility to run their
own businesses in a sustainable manner that further increases the
rigor and transparency of carbon disclosure. Besides, they should
set green transition routes, such as divesting from fossil fuels.
Finally, funds characterized by rising financed emissions but
declining carbon intensities indicate their investments are still
dominated by carbon-intensive assets, while the future trend will
be satisfactory. They need to reduce carbon-related risk exposures
on the one hand, and achieve incremental decarbonization by
setting up their portfolios to adjust to lower carbon-intensive
assets on the other hand.

Methods
Scope boundary and corporate carbon emissions. The Greenhouse Gas
Accounting System (GHG Protocol) provides the standard for measuring direct
and indirect carbon emissions, which are further catergorized by three scopes—
Scope 1, Scope 2, and Scope 3. Scope 1 is direct carbon emissions that occur from
production activities by the company34. Scope 2 is indirect carbon emissions from
the generation of purchased or acquired electricity. Scope 3 is all other indirect
carbon emissions that occur in the value chain of the company. The GHG Protocol
Corporate Value Chain (Scope 3) Accounting and Reporting Standard categorizes
Scope 3 emissions into 15 categories, and investment portfolios are precisely under
Scope 3 Category 15 (investments).

In this study, we only focus on investees’ Scope 1 and Scope 2 emissions, due to
the data unavailability and uncertainty of Scope 3 emissions. We use average-data
method to evaluate Chinese corporate carbon emissions, shown in Eq. (1). The
method uses revenue data combined with environmentally-extended input-output
(EEIO) data to estimate the Scope 1 and Scope 2 emissions, which is specifical for
firm-level CO2 emissions unavailable10. The formula is as follows:

Eit ¼ Rit � Cjt=Ojt ð1Þ

Where Eit is Scope 1 and Scope 2 carbon emissions of company i in year t. Rit is
total revenue of a company i in year t. Cjt indicates the sector j’s carbon emissions
in year t. Ojt represents total output of sector j in year t.

Fig. 5 Dispatities between the published data with estimated results. The boxplots show the minimum, maximum, first quartile, the median, the third
quartile. In each panel, the thick lines in the thick box denote the interquartile range and the median, and the thin lines outside the box denote the
maximum and minimum values. The point outside the box represents specific values of carbon emissions of high carbon-emitting listed companies in each
sector. Carbon emissions based on estimated and self-reported data in a Electricity sector, b Cement sector, c Iron sector.
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Investment Carbon Metrics. Scientifically sound evaluation methods for calcu-
lating carbon footprint of investment have been sufficiently developed and
standardized. Initial methods for assessing the climate impact of investments
were developed and tested in open network initiatives, such as the PCAF, which
was an industry-led initiative to enable financial institutions to consistently
measure and disclose the GHG emissions financed by their loans and
investments35,36. TCFD made some progress on the basis of PCAF, and provided
guidance on calculating GHG for certain financial products, such as private
equity investment funds, green bonds and so on. Nearly 4000 organizations
around the world have declared the support for the TCFD and over 615 insti-
tutional investors with more than $60 trillion in assets under management took
on TCFD’s guidance to disclose their climate-related information37. In this study,
we applied the TCFD framework to account for financed emissions and related
carbon intensity indicators of equity portfolios; the equations can be expressed as
(2) to (4).

Total Financed emissionstðFtÞ ¼ ∑
n

i
Iit=Mt � Eit ð2Þ

The financed emissions are calculated by multiplying share of investment by
carbon emissions of investees. Where Ft is the financed emissions of the portfolio
in year t. Iit is the market value of the invested company i in year t.Mt indicates the
total market value held by the investor in year t. The metric can clearly show the
financed emissions and changing trends intuitively, but can’t be used to compare
with other portfolios.

Weighted Average Carbon Intensityt ðWACItÞ ¼ ∑
n

i
ðIit=MtÞ � ðEit=RitÞ ð3Þ

Where WACIt refers to the metric Weighted Average Carbon Intensity of
portfolios in year t, expressed in tonnes CO2 (M$ sales)−1. By normalizing
financed emissions, it can compare portfolios of different sizes, in addition to
simple calculation and easy understanding.

Carbon Emissions to Revenue Intensityt ðCERIttÞ ¼
∑n

i Iit=Mt � Eit

∑n
i Iit=Mt � Rit

ð4Þ

Where CERIt refers to Carbon Emissions to Revenue Intensity and can
be used to measure the productivity of the investees, expressed in tonnes CO2

(M$ revenue)−1. It is used for comparison between portfolios of different
sizes. The disadvantages of this equation are relatively complex and difficult
to understand.

Data collection and processing. There were 155 public fund firms released by
China Securities Regulatory Commission38. Fund firms whose equity portfolios
did not figure in the S&P Capital IQ Pro database, were excluded. Then the
sample data was 105 fund firms over the period from 2010 to 2020, as China has
supported a series of incentives to encourage and back green financial
development39. In addition, the majority of the invested objects are Chinese-
listed companies, so the study only focuses on the invested companies that are
headquartered in China.

The economic output data are sourced from the Global Trade Analysis
Project database (GTAP), which is updated at a four-year interval and is
available in 2011 (GTAP9), 2014 (GTAP10), and 2017 (GTAP11). The Scope 1
emissions are from the CEADs database, which covers 42 sectors and provides a
full picture of historical country-level emissions by energy types. Scope 2
emissions are based on the GTAP-E database, which contains detailed energy
consumption from the electricity sector. To fill the data gap in intervening years,
we used data from the neighboring year to replace it. For example, data from
2011 is also used for the years 2010, 2012, and 2013. All equity portfolios and
related financial data are collected from the S&P Capital IQ Pro database (The
equity portfolio of financial institutions refers to the shareholdings of listed
companies, and the data is updated quarterly.). The S&P Capital IQ database
also provides detailed financial information on listed companies, including the
total revenue, market value, Standard Industrial Classification codes (SIC codes),
and headquarters location.

To maintain the sectoral consistency of GTAP and IEA databases, we
aggregated into 28 sectors and divided them into carbon-intensive and non-
carbon-intensive sectors (shown in Supplementary Table 1). Each invested firm
was assigned a SIC four-digit code to determine which sector it belonged to. For
the regional scale, we distinguished the headquarters of invested companies based
on their country-level distribution.

Data availability
All the data are available at https://github.com/lareina678/Carbon-footprints-of-Chinese-
fund-firms-equity-portf.git.
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