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In recognition of the cumulative effects resulting from financial decisions, a growing number of campaigns are
advocating for the removal of investment funds from companies responsible for high levels of carbon emissions.
A systematic approach can aid in examining the social, economic and environmental impacts that extend beyond
political motivations to divest from fossil fuel companies.
We have adapted publicly available economic input–output life cycle assessment models (EIO-LCA) to develop a
Shadow Impact Calculator (SIC) for examining the potential environmental impacts of investment decisions. An
investment portfolio's shadow impacts represent the economic, social and environmental effects underlying an
investor's decision to place their funds in particular financial instruments. In this study, we focus on greenhouse
gas emissions to show which sectors of the United States economy have particularly large or small carbon
shadows and place those results in the context of volatility and earnings. To demonstrate how SIC may be
used, we examine the endowment investments of a Canadian university in the context of divesting from fossil
fuel companies. Our analysis suggests that large pooled funds choosing to direct their investments away from
heavy carbon emitters may have less of an impact than would otherwise be expected.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Financial investments are inherently a multi-attribute decision. Tra-
ditionally, an investor seeks to balance risks and rewards by allocating a
portfolio across ranges of sectors and asset classes.We suggest that con-
ventional financial metrics can be augmented to frame the effects of
portfolio allocation decisions on climate and energy systems. For this
study, we have extended economic-input output models for use with
decisions on financial investments. This approach is used to model the
potential results of choosing to divest a university endowment from fos-
sil fuel companies.

Recent campaigns advocating for divestment have focused on
pressuring institutional investors to remove funds from carbon inten-
sive financial holdings because of their long-term association with
greenhouse gas emissions. While the fossil fuel divestment campaign
has raised important questions through an active social movement
around the moral and political viability of continually obtaining invest-
ment income from holdings of fossil fuel companies, this study seeks to
understand the potential reliance of investment funds on whole-
economy contributions to climate change through applying a Shadow
ie).
Impact Calculator (SIC), built on the economic input–output life cycle
assessment (EIO-LCA) framework1 (Matthews and Small, 2000).

Because no company operates in isolation from thewhole economy,
measurements of an investment's shadow impact use EIO-LCA to reflect
the chain of interactions that make it a desirable financial instrument.
We define the shadow impact of an investment as the patterns of re-
source mobilization that support the value of a financial instrument.

The following work is focused on examining the carbon emission
shadow of equity investments. Divestment is modeled in its ability to
move money from one sector to another, potentially reducing the size
of the carbon shadow needed to support the returns received by a par-
ticular investor. Reductions of a carbon shadow in this context should
not be perceived as inevitably leading to an absolute reduction in green-
house gases across the whole economy. Further development of SIC as
an extension to the EIO-LCA methodology opens the possibility of ex-
ploring many additional environmental, material and social impacts of
investment decisions for a broader range of asset classes across ranges
of time.
1 Environmentally extended input–output (EE-IO) adds tomonetary input–output (IO)
tables developed through a national economic censuswith information on environmental
impacts for each sector (Hendrickson et al., 2006;Miller and Blair, 2009; Victor, 1972). EE-
IO models form the basis of the EIO-LCA foundation of SIC.
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Table 1
Available methodologies for calculating financed emissions.
2° Investing Initiative (2013).

Model name Methodology Scope First availability

Trucost Extensive database of carbon data reported by
companies + proprietary EE-IO model for non-reporting
companies

More than 4500 listed companies 2006

INRATE EE-IO model supplemented with LCA data of products More than 2800 listed companies 2006
Profundo Tracking fossil-fuel company transactions using Bloomberg

and public data
Bank ratings based on financing provided to fossil-fuel
extraction

2011

Cross-asset footprint Based on Inrate data extrapolated to include financial
instruments beyond equities

Listed non-financial companies and financial institutions,
sovereign bond, loans, mortgages and green projects

2012

South Pole carbon screener Extrapolation for each sector based on reported carbon data Every listed company 2012
Camrdata Carbon Screener® Model Carbon disclosure project data Roughly 8000 listed companies 2013
ASN Bank Based on Trucost for equities along with reported data and

national statistics for other products
Methodology applied to its own balance sheet to reach
carbon neutral by 2030 goal

2013

Table 1 contents adapted from 2°C Investing Initiative comprehensive review.
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When compared to alternative approaches for measuring the green-
house gas implications of financial holdings, SIC provides the advantage
of being applicable on a range of economic scales by using readily avail-
able public information. Once the per-sector composition of a portfolio's
investments is known, we can apply EIO-LCA to understand the broader
economy-wide effects. In the context of movements advocating divest-
ment from large-scale contributors to climate change, this approach is
useful for examining the life cycle impacts of decisions to move
money from one sector to another. If data are available on the specific
companies held by an investor, the SIC model may be adapted to reflect
the precision of funds transferred between specific equities.

As reflected in Table 1, SIC is only onemethodology in a growing tool-
box of assessments attempting to understand the environmental im-
pacts of financial investments (2˚ Investing Initiative, 2013). It is our
opinion that no singlemethodology is currently able to deliver a compre-
hensive picture of biophysical impacts associated with an investment.

Leading tools for estimating the emissions associatedwith an invest-
ment use a range of methodologies, as summarized in Table 1. At the
smallest scale, directly reported data (often based on process-based
LCA) from companies may be used to calculate financed emissions.
This micro-scale approach can be combined with data on macroeco-
nomic and cross-sector transactions to obtain a more comprehensive
calculation. An example of a multi-scale approach to calculate financed
emissions is exhibited by Trucost2 which uses a comprehensive data-
base of company reports combined with environmentally extended
input–output models (EE-IO) and LCA data on products (van Ast and
Dell'Aringa, 2009).

It is difficult to determine how closely the proprietary methodolo-
gies listed in Table 1 would resemble the outputs we obtain with SIC.
The process bywhich EIO-LCA calculates biophysical impacts associated
with economic activities relies on EE-IO data, as do several of the cur-
rently available methodologies. Where it appears Trucost, Inrate and
SIC may differ in applying these EE-IO matrices and in the range of out-
puts that may be obtained: the EIO-LCA data used by SIC is traced
through economic activity in the entire supply chain and data are avail-
able for a range of impacts.

To demonstrate how SIC may be applied toward the question of di-
vestment, the endowment investments of a leading Canadian university
are analyzed for their carbon shadow using statements issued from the
campus' Treasury department.

2. Methodology

SIC's framework is based on EIO-LCA which is developed from
input–output tables of a national economy. These IO tables reflect the
2 Trucost is considered the industry leader in calculating financed emissions; their com-
mercial activity generates roughly £2million each year of which approximately 50% is de-
voted to investor related studies.
cost of goods purchased and sold. EIO-LCA is publicly available for use,
and may be accessed online at http://www.eiolca.net. We apply the
EIO-LCA 2002 United States Benchmark Producer Price model to US
and international equity holdings and the 2002 Canada Industry
Account Model for Canadian equity holdings (Carnegie Mellon
University Green Design Institute, 2013a, 2013b).

The economic prospects of a company (i.e., exposure, expected
growth and earnings for investors) are primary factors in determining
its financial valuation. Thus, different sectors and companies exhibit
wide variations in their price–earnings (P–E) ratios: a metric that sug-
gests how much a particular investor is willing to pay for equity for
one dollar of earnings. Conventional capital asset pricing models aim
to calculate the appropriate rate of return of an asset but have no under-
standing of returns on natural capital. We suggest that biophysical fac-
tors may also potentially play a role in determining a security's price
and can be expressed as the shadow impacts of an investment.

The SIC approach for modeling the shadow impact of an equity in-
vestment begins with gathering revenue data reported by companies
and the market price for their shares at a given date. This relationship
is commonly expressed as the price–sales (P–S) ratio: a formulation of
how much an investor will pay for a dollar of sales generated by the
company to consumers or producers. SIC uses an equity's P–S ratio as
the link between activities in the financial sector and activities in the
broader economy. This process is shown in Fig. 1. Where P–S ratios
aren't readily available, they may be calculated by dividing the market
capitalization for a company (the total market value of the company's
outstanding shares) by the total annual revenues of the company.

Once a relationship is established between an equity share's price
and a corresponding amount of economic activity in a specific sector,
EIO-LCAmodels provide the corresponding environmental or social im-
pacts for which an investor is willing to pay. This adaptation of EIO-LCA
for usewith financial instruments allows SIC to model the environmen-
tal, social and resource impacts that deliver returns to a specific
investor.

EIO-LCA calculates the greenhouse gas outputs from flows of pur-
chases between sectors as a vector (ΔbCO2e) which is a function of the
greenhouse gas emissions released by economic activity per dollar of
output (RCO2e). This is shown in Eq. (1) which was adapted from
Hendrickson et al., 2006.

ΔbCO2e ¼ RCO2e I−Að Þ−1y ð1Þ

where: ΔbCO2e is a vector of the greenhouse gas outputs resulting from
the supply chain of a purchase; RCO2e is a matrix of the GHG impact
per dollar of output at each stage of economic activity; (I− A)−1 repre-
sents the series of the supply chain engaged by a purchase (Hendrickson
et al., 1998; Lave et al., 1995; Leontief, 1970); and y is the final demand,
measured with SIC as the revenues generated for a particular company
that sells products or services to a producer or consumer.

http://www.eiolca.net


Fig. 1. Stylized process for calculating the shadow impact of a financial instrument or portfolio. Illustration of the methodology for applying an EIO-LCA model to a portfolio of financial
holdings.

3 For a list of current P–S ratio for US equity sectors see the NYU Stern Database of Rev-
enue Multiples by Sector (Aswath Damodaran, 2013a).

4 Beta is a measure of volatility and systemic risk in comparison to the market. The
higher the number, the more volatile that sector will be.

5 January 2013 has been selected to allow for reproducibility; a dynamic analysis of
price fluctuations is beyond the scope of studying SIC models of divestment decisions.
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Thus, the carbon shadow of an investment (Cs), expressed in tons
CO2 equivalent per investment dollar (tCO2e/$inv) may be calculated
as in Eq. (2) where ΔbCO2e is calculated from Eq. (1) and P is the price
of the security.

Cs ¼ ΔbCO2e=P; ð2Þ

2.1. Case Study: SIC Applied to Holding $1000 in the Canadian National
Railway

For illustration, we follow the steps of applying SIC to estimate the
carbon shadow of $1000 in equity of the Canadian National Railway
(CNR), one of the investments in the campus endowment for our select-
ed case study.

CNR reported $10 billion in revenues for the twelve months ending
December 2012. Itsmarket cap at the time totaled $36.9 billion, yielding
a P–S ratio of 3.69. Thus, the $1000 invested in equity represented $271
of sales by CNR. The EIO-LCA Canada Industry Account model provides
the economy-wide impacts of CNR delivering these services: 0.25 tCO2

equivalent gaseswere emitted and 3.15GJ of energy consumed. The car-
bon shadow for this investor through holding shares in CNR would be:
0.25 kgCO2e/$inv.

2.2. Case Study: SIC Applied to a University Endowment's Holdings to
Understand Divestment Impacts

To calculate the carbon shadow of a selected university endowment,
the following steps were performed:

1) Campus endowment investments from holdings reported on
October 23rd, 2012 were identified by nation, type, and sector in
order to understand which EIO-LCA producer price model was
most applicable. In the context of campaigns seeking divestment
from fossil fuels, EIO-LCA is particularly useful for modeling invest-
ments since the model is publicly accessible.

2) Where specific equity holdings were listed, market data on share
prices at the endowment statement issue date were gathered
along with values for market capitalization values and annual
revenues.

3) Reported revenues for each investment holding were used to deter-
mine the emissions and energy inputs associated with business ac-
tivities in associated sectors for FY 2012–2013 operations with the
most recent EIO-LCA models.

4) To determine the campus' share of each company's biophysical im-
pacts, the P–S ratio was calculated for each holding. Where data
were available, a P–S ratio was calculated as a relationship between
themarket capitalization and the annual revenues of each company.
For exchange traded funds (ETFs) and other aggregated fundswhere
knowledge of specific holdings were rarely available, the allocation
of each ETF by sector were gathered from available fund information
and a sector average P–S ratio was applied.3

5) Results for each holding were aggregated to determine an overall
annual carbon shadow impact associated with the university's in-
vestment holdings: the amount of whole-economy greenhouse
emissions that support the annual investment returns of the
endowment.
3. Outputs from SIC: Sectors Cast a Range of Shadows

The basic SIC model of the US economy uses the average P–S ratios
for 82 sectors. This provides a perspective on the range of GHG impacts
supporting investments in various sectors. Fig. 2 displays the sectors of
the US economy with the highest GHG emissions need to support in-
vestment valuation.

Investments in sectors with the highest carbon shadowmatch intu-
ition: electric utilities, steel, coal, petroleum and natural gas utilities
round out the top five. Companies in these sectors obtain revenues
from direct fossil fuel sales or rely heavily on its combustion. For these
twenty-two sectors, investments of $1 million would be supported by
GHG emissions of 8.8 to 0.9 times the economy-wide mean of 854
tCO2e/mn$inv.

The carbon shadow of each investment sector can be understood in
the context of financial metrics of risk and return as measured by beta4

and earnings per share. This relationship is indicated in Fig. 3 plotting
the 22 highest emission sectors of the US economy along axes of their
corresponding earnings per share ratio (EPS) and beta. The size of
each bubble in the plot is scaled according to the sector's underlying car-
bon shadow: smaller bubbles aremore desirable for an investor seeking
to minimize exposure to ongoing emissions.

Institutional investorswishing tominimize their exposure to contin-
ued carbon emissions while supporting endowment returns could
target the upper-left of the plot for a combination of stability and in-
come. The color of each bubble indicates the corresponding P–S ratio
of the sector. As indicated in Fig. 3, a low P–S ratio does not necessarily
mean an immediately high carbon shadow. Because sector specific EPS
are in constant flux, it is important to note that this plot merely repre-
sents a snapshot in time for January 2013.5

In Fig. 4, the carbon shadows for the twenty-two sectors with the
lowest associated investment carbon shadow are shown. Investments
in sectors with the lowest shadows typically support highly financialized
or technologically advanced areas of the economy. Financial and infor-
mation services round out the investment sectors with the least



Fig. 2. Carbon shadows of high emission investment sectors—United States. Normalized carbon shadows for theUS economy's twenty-two highest emission investment sectors (normal-
ized to national mean).
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associated GHGs. Carbon shadow impacts for these sectors are less than
20% of the economy-wide mean.

Banks and many other investment companies report income rather
than revenues and are shown fading into the backdrop of Fig. 4. This
study understands the role of financial services as enabling the activities
of other economic sectors, thus these boundaries are represented as po-
rous and variable.6 Yet, even the activities of securities brokerages, equi-
ty management, insurance, financial services, banks and investment
companies have associated life cycle emissions: investment managers
still use energy in their commute to the office or use electricity to
power trading stations. The emissions associated with these activities
are captured in the EIO-LCA models for financial and insurance sectors
accordingly.

In Fig. 5 the risk–return relationship for twenty-one low emission
sectors of the US economy are plotted. Several of the sectors of the US
economy that show high earnings and relatively low carbon shadows
include computer software, e-commerce, healthcare information and
information services. While the Internet sector is present in Fig. 4, it is
omitted from Fig. 5 because its associated EPS of 150.13 is such a signif-
icant outlier.

The carbon shadows of low emission sectors presented here show
much lower variance than the emissions for high impact sectors; the
difference between each sector's environmental impacts are much
lower. In Fig. 5, the real differences betweeneach carbon shadowbubble
are much smaller than in Fig. 4 because of the significant scaling factor
used to highlight the differences.

In the absence of further concerns, an investor could use the distri-
bution of GHG impacts demonstrated in Figs. 2 and 4 in an attempt to
optimize a portfolio. However, investment decisions will also consider
their risk tolerance and return characteristics. Further implications of
the risk–return relationship to environmental metrics are explored in
a forthcoming publication.
6 For example, if a financial institution enables amountaintop coal-mining project, then
the carbon shadow of holding equity in the bank would rank among the largest inmagni-
tude for potential investments.
4. Results of Applying SIC to University Endowment Investments

The endowment of a major Canadian university with publicly avail-
able investment listings was chosen to demonstrate SIC on an actual
portfolio of equity investments. The market values of the campus' en-
dowment investments totaled to $952 million on October 23rd, 2012.
The selected endowment was allocated to the following investment
classes and public equity sectors as detailed in Table 2.

Approximately 58% of the endowment was invested in public equi-
ties. The bar plot in Table 2 shows the allocation of equities by sector.
The financial, consumer goods and energy sectors receive the largest
amount of endowment investments for a total of $404 million support-
ed by activities in these areas of the economy.

A SIC analysis applied to campus endowment investmentsmeasured
a total carbon shadow of 550,000 tCO2e for 2012. To put this number in
context, the campus' annual Climate Action Plan was referenced for the
university's GHG inventory. In 2012 the campus' scopes 1 and 2 emis-
sions7 were 60,715 tCO2e.

Scope 3 emissions were reported to include commuting, staff and
faculty air travel, building life cycle and solid waste for a total of
63,990 tCO2e in 2012. Thus our estimation of the endowment's annual
carbon shadow was more than nine times the university's scopes 1
and 2 emissions and more than four times that of the scopes 1, 2 and
3 emissions combined — yet returns from the endowment only fund
3–4% of the campus annual budget.

The carbon shadow for the investments of the selected campuswere
measured as a ratio of MtCO2e permillion dollars invested (MtCO2e/mn
$inv) and compared to the carbon intensity of contributions to GDP by
the private sector in Table 3.

This particular endowment exhibits a notably higher carbon shadow
than carbon intensities we calculate for economic activities by private
7 Scope 1 includes emissions directly associated with on-campus operations: the vehi-
cle fleet, natural gas use for core and ancillary buildings. Scope 2 includes the indirect
emissions associated with the electricity use in each building. Scope 3 includes the emis-
sions associated with paper, building lifecycles, staff and faculty air travel, commuting
and more.

image of Fig.�2


Fig. 3. Risk–return relationship for sectors with large carbon shadows. EPS, beta and P–S ratio are accurate as of January 2013 (Aswath Damodaran, 2013b, 2013c). The size of each bubble
on the plot correlates to the sector's carbon shadow, sized as per Fig. 2.
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sectors of the Canadian and US economies. We suspect that this is be-
cause of thefiduciary responsibility associatedwith a university endow-
ment. A similar finding is expected for other large endowment or
pension funds where institutional investors seeking low-risk with
sustained income from their investments. A profile of risk-aversion is
likely to tend toward income stocks in sectors that are trusted in their
ability to deliver continued dividends over many decades; these invest-
ments are typically in established areas of the economy with a higher
profile for greenhouse gas emissions. We consider these stable yield
sectors as those in the upper left quadrant of Figs. 3 and 5. Implications
of risk in the context of carbon shadows and yield or growth invest-
ments are explored in a forthcoming paper.
9 As an alternative to the random approach considered here for moving endowment
funds to ‘green equities’, an attempt wasmade at a scenario to match endowment invest-
ments in each fossil fuel companywith solar, wind, hydro, biofuel and battery storage eq-
uities with an equivalent P–E, EPS and beta profile. Several approaches to screening with
this criteria returned few potential matches, eliminating the option to move funds from
each company to another without significant trade-offs.
10
5. Discussing the Application of Divestment Criteria to our
Selected Endowment

We have applied SIC to outline two fossil fuel divestment scenarios
for the selected campus endowment: (1) the endowment's directly re-
ported holdings of oil, gas andmining totaling $8.7million are placed in
alternative energy companies8 and (2) ETFs and other pooled funds
which hold the majority of the endowment's equity investments are
re-allocated in an attempt to reduce the endowment's carbon shadow.

It is important to note that in presenting these hypothetical divest-
ment scenarios,we are calculating thepotential for reductions in the an-
nual emissions needed to support the selected university's endowment
returns. We are not attempting to project the potential impacts of di-
vestments on reducing greenhouse gas emissions of specific companies
or sectors on a whole-economy basis. In this model, a smaller carbon
shadow computed for a pooled fund does not necessarily result in car-
bon footprint reductions for particular sectors or companies.
8 Companies listed as ‘Power’ in theNYU Stern Price–Sales Databasewere numbered 1–
101 and chosen with a random number generator, entities in the basket that had since
been de-listed were replaced with similar companies.
5.1. Divestment Scenario One: Toward Alternative Energy

Seven alternative energy companies were randomly selected to re-
ceive the endowment's clearest investments in oil, gas andmining com-
panies: a total of $8.7 million. The new portfolio is comprised of four
solar PV companies, a waste-to-energy company, a batterymanufactur-
er and awind turbine company.9 Investment shifts are carried out to re-
flect a simple transfer of equities from an existing company to a new
“green alternative”. The original and new investments along with their
amounts are represented in Table 4.

The original carbon shadows of these seven holdings totaled 7,790
tCO2e in our selected year. The new carbon shadow for this divestment
scenario would be 6,350 tCO2e per year, representing an 18.5% reduction.
The entire endowment’s carbon shadow would be reduced by less than
1%with the divestment scenario outlined in this section. The $8.7 million
divested represents 0.91% of the total endowment’s market value.10

In the next scenario the implications of moving a larger amount of
the endowment are explored through re-allocating funds placed in
high impact ETFs.
5.2. Divestment Scenario Two: Reducing the ETF Carbon Shadow Footprint

A decision to divest the endowment's directly stated holdings in oil,
gas and mining would leave the majority of the roughly $83.4 million
SIC permits us to explore a great many divestment scenarios. The divestment scenar-
ios covered here are not intended to serve as recommendations for action or as a compre-
hensive set of choices available to the institution's endowment in the case study,merely to
demonstrate the potential of the SIC model in the analysis of divestment for climate
change.

image of Fig.�3


Fig. 4. Carbon shadows of low emission investment sectors— United States. Normalized carbon shadows for the US economy's twenty-two lowest emission investment sectors (normal-
ized to national mean). Note: Finance and insurance sectors shown fading into the backdrop as these sectors receive their investment value from enabling activities in other areas of the
economy.
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invested in energy equities intact. Becausemost of the endowment's en-
ergy holdings are in ETFs,movingmoney between various funds has the
largest potential impact to remove university funds from exposure to
large amounts of GHG emissions. Table 5 summarizes the five largest
ETFs in the selected portfolio carbon intensity of each fund ranked by
tCO2e/mn$inv.11

Two scenarios are considered for the endowment's aggregated funds
for optimizing the impacts of the university's carbon: (2a) moves in-
vestment dollars from the funds with the highest carbon shadow (IV,
V) to the two funds with the lowest carbon shadows (I, II); scenario
(2b) moves the entire $351.1 million in aggregated funds to the least
carbon intensive fund to explore the impact of an extreme shift. These
divestment scenarios are not intended to reflect the decision making
process of actual investment manager because factors of return and
risk aren't included.

The potential carbon shadow impacts of these two divestment sce-
narios are summarized in Table 6. Moving $104.7 million from the
State Street S&P 400 Midcap and the SSGA S&P 500 Index Fund into
the LeithWheeler Canadian Equity Fund and the Blackrock Active Cana-
dian Equity Fund reduces the endowment's carbon shadow footprint by
4.2%. Placing $250.2 million from funds I–V into the least carbon inten-
sive fund yields a carbon shadow footprint reduction of 11%.

Scenario 2b's reduction of the overall endowment carbon shadowby
11% results frommoving 22.9% of investment funds toward an ETF that
has a high proportion of financial sector holdings. This may raise the
question: are high levels offinancial sector holdings the easiest pathway
to reduce a large fund's carbon shadow? If the case for divestment is
made on the basis of morality and ethics, it is difficult to see why the
global financial sector would necessarily be targeted as an alternative
for investment funds. In the context of climate change, especially in
Canada, many banks finance carbon intensive energy projects. Divest-
ment decisions that remove endowment funds from fossil fuel compa-
nies for substitutions with investments in large banks have the
potential to redistribute investment dollars back into oil and gas pro-
jects through a less visible pathway. We expect that some of the initial
11 Values for calculated carbon shadows are reported with nomore than two significant
figures to avoid conveying a notion of false precision.
attempts to create ‘fossil-fuel divestment’ friendly funds or instruments
may simply re-allocate investment dollars toward less obvious direct
emitters of greenhouse gases; major financial institutions would likely
be the target for such funds.

When the ratio of carbon shadow reductions per proportion of en-
dowment are considered, Scenario 1 is a less desirable option: the en-
dowment carbon shadow would be reduced by 1% for each $33.2
million moved. Scenario 2b requires $19.8 million in divestment for an
equivalent reduction. Scenario 2a reduces the carbon shadow by 1%
for each $25 million divested.

Public institutions have to balance many different criteria and poli-
cies when investing their endowments. Notably, ubiquitous budgetary
shortfalls steer endowmentmanagers toward holdings that generate in-
come while limiting the risks to the principle invested. This and other
salient factors have not been reflected in the divestment scenarios
used for illustrating the SIC framework. However, SICmay be readily ex-
tended to analyze conventional financial and institutional concerns in
the context of environmental impacts. This line of inquiry could inform
pathways that allow an institution's investment portfolio to reflect its
ethos.
6. Conclusions

In this study, we have adapted EIO-LCA for usewith financial instru-
ments to develop an approach that models the reliance of investment
returns on greenhouse gas emissions throughout economies. In apply-
ing this shadow impact calculator (SIC) to a selected university endow-
ment, we estimate that the campus under study requires annual
greenhouse gas emissions far in excess of those generated from on-
campus activities to meet their objectives for returns from these invest-
ments. Attempts to reduce this carbon shadow through divestment face
various challenges because of the structures of currently available finan-
cial instruments. Our work shows that if the full life cycle of economic
activity is taken into account, it is difficult tomake significant reductions
in carbon shadow of a large pooled fund using conventional approaches
to risk and distribution across sectors. It is possible that such large pools
of investment funds will be unable to make a notable impact on reduc-
ing the emissions they rely on for returns until the whole economy (in-
cluding necessary imports) has a lower carbon intensity.

image of Fig.�4


Fig. 5. Risk–return relationship for sectors with small carbon shadows. Risk–return relationship for twenty-one low emission investment sectors. Earnings per share (EPS), beta and P–S
ratio are accurate as of January 2013. The size of each bubble on the plot correlates to the sector's carbon shadow, sized as per Fig. 4.
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This work has narrowed its focus on a snapshot in time for the valu-
ations of endowment under study. A fossil fuel divestment strategy that
intends to develop net reductions in GHG emissions would naturally
consider long-term consequence of investment decisions. We estimate
Table 2
Allocation of the selected campus' reported asset class profile for endowment investments (to

Endowment allocation by asset class

Fixed income
Private equity
Public equitiesa

Public Equities - Canada
Public Equities - United States
Public Equities - Global + Emerging
Real estate
Infrastructure equity
Hedge funds of funds

a Note: Inset provides details on endowment's equity investment allocation by sector.
that while the valuations in the holdings of a campus' endowment
would fluctuate over time, it is likely that the relative ratio of the
endowment's investment carbon shadow to the on-campus operations
would remain within a relatively consistent window while broader
p) and the endowment's public equity exposure by sector (below).

18.8%
11.5%
58.4%
22.8%
9.7%

25.9%
6.3%
4.0%
1.0%
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Table 3
Benchmark comparison for United States & Canada private economic activities vs. selected campus endowment.

2012 Private sectora

(billions $USD 2005)
Associated GHG emissions (MtCO2e) Carbon intensity of economic activityb

(MtCO2e/b$USD 2005)

Canada 1230 537 0.44
United States 13,270 5386 0.41

2012 valuation (billions $USD 2005) Investment GHG shadow emissions (MtCO2e) Carbon shadow (MtCO2e/binv$USD 2005)

Selected campus endowment 0.91 0.55 0.60

Note: Government contributions for Canada and United States removed from Q4 2012 GDP in calculating size of private sector economy (Statistics Canada, 2014; US Department of Com-
merce, 2014). Government contributions to national GHG inventory calculated from reported national carbon intensity per unit of GDP (EIA, 2014; Environment Canada, 2014a, 2014b;
Environmental Protection Agency, 2014).

a Non-government contributions to GDP & GHG emissions: (GDP— gov't contributions).
b These values for carbon intensity are intended to estimate the GHG intensity of contributions to GDP by the portions of the national economy that may receive investment dollars.

Table 4
Divestment scenario one: oil, gas and mining into alternative energy companies.

Current holdings Divestment scenario one holdings

tCO2e/mn$inv tCO2e/mn$inv

$1.76 Cenovus 1600 EnerSys 350
$1.51 Cameco 170 Sunpower 390
$1.36 Ensign Energy 2300 Broadwind 360
$1.16 Encana 770 Canadian Solar 1200
$1.03 Talisman Energy 1400 China Sunergy 4000
$1.02 Baytex 450 Solarcity 40
$0.85 Canadian Natural Resources 1100 China Recycling Energy 10

$8.7 Original annual carbon shadow 7,790 Scenario one annual carbon shadow 6,350

Outline of a divestment scenario where the endowment’s investment funds in oil, gas andmining are moved into randomly selected alternative energy equities for energy storage, wind,
solar and waste-to-energy. Note that in the scenario, China Sunergy constitutes a significant amount of the carbon shadow. While these scenario holdings could be optimized to select a
smaller shadow, this allocation reflects a random assignment and any series of asset choices are likely to have outliers.
Note: All values in millions of US dollars, price–sales (P–S) ratios accurate as of the endowment's disclosure dated October 23rd, 2012.

139J. Ritchie, H. Dowlatabadi / Ecological Economics 106 (2014) 132–140
investment strategies and economic structures remain unchanged.
However, further study in this area is necessary to confirm or overturn
this hypothesis. Our approach to calculating carbon shadows with SIC
will need to incorporate dynamic fluctuations in pricing and the evolu-
tion of economies.

A focus on divestment through the lens of direct equity holdings and
pooled funds represent two limited illustrations of SIC's potential. By
developing on top of an EIO-LCA framework, a multi-criteria analysis
can be developed on questions of: how investments stimulate the
whole economy, lead to employment, deplete resources, or release var-
ious toxics into the environment. In our view, investment decisions can
be improved if we combine the traditional risk— return measures with
the socio-ecological aspects of the activities they finance.

But we should also note that any EIO-LCA base framework has a
number of well-known limitations. These include: a coarse industry
level resolution averaging impacts associated with a high valued
(small footprint) product and a lowvalue commodity (with a large foot-
print) if classified in the same category; it relies on historic economic ac-
tivity and price information (the models rely on detailed statistics that
are published 5 or more years after the survey date). Finally, EIO-LCAs
are retrospectives of the economy's capital structure. It is not immedi-
ately clear how tomarry aspirations that seek structural change through
Table 5
Target endowment's five largest ETFs with SIC measured carbon shadow.

ETF name Carbon shadow (tCO

I Leith Wheeler Canadian Equity Fund 430
II Blackrock Active Canadian Equity Fund 460
III Leith Wheeler International Pool-A 630
IV SSGA S&P 500 Index Fund 760
V State Street S&P 400 Midcap 840
decisions to divest from fossil fuel companies with the outputs of EIO-
LCA models. Were a fossil fuel divestment campaign successful in
reshaping the architectures of economies, the resulting transitions
would only be captured in retrospect by these input–output models.

In a broader context, SIC may introduce new considerations for
equities priced by market exchanges. Consumer sentiment and investor
confidence go hand in handwith economic cycles, changing the distribu-
tion of impacts held by any one investor in this model. Irrational exuber-
ance in one sector could dilute the apparent relationship SICmeasures for
any investment's biophysical components because calculations rely on
the P–S ratio. Overconfidence in a particular sector would increase equity
pricing, potentially lowering the apparent shadow impacts.

Despite these limitations, SIC holds the potential for detailing com-
plex relationships between financial and physical resources that are
often obscured by solely relying on prices and traditional multi-factor
asset pricing models. From the market's perspective, such factors are
considered externalities. The divestment scenarios and corresponding
carbon shadows in this study can be compared in the context of addi-
tional tools like Trucost or INRATE. Each of these methodologies for cal-
culating financed emissions has its own drawbacks and strengths.
When combined, they create a more comprehensive picture for the in-
vestment manager.
2e/mn$inv) ETF structure

Financials 33.3%, energy 19%, industrials 17.2%
Financials 33.1%, energy 27.3%, materials 15.8%
Other 19.7%, industrials 19.6%, consumer discretionary 14.3%
IT 18.0%, financials 16.0%, health care 12.6%
Financials 23.6%, industrials 17.1%, IT 14.8%



Table 6
Divestment scenario two: Results of ETF carbon shadow reduction scenarios.

New fund compositions as % of endowment

Fund Original share Divestment scenario #2a Divestment scenario #2b

I 11% 14% (I+V) 36.9% (I+II+III+IV+V)

II 7% 15% (II+IV) 0

III 7.9% 7.9% 0

IV 8% 0 0

V 3% 0 0

Net impact on total 
endowment carbon 
shadow 

–4.2% –11%
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While this study has focused on SIC's ability to understand the
carbon shadowoffinancial holdings, our lens could look the other direc-
tion. SIC could be applied to model energy, water or other environmen-
tal impacts on financial systems. This methodology has the potential for
insights on the relationship between a society's metabolism for energy
or resources and factors of financial performance.

Investment strategies claiming to be ecologically responsible yet re-
liant on a dematerialized economy are enticing yet impractical myths.
We all still need shelter, food and other services only made possible
through physical objects.While electric utilities have the highest carbon
shadows, most wouldn't choose to do without electricity. For our mod-
ern expectations of electric power to be maintained, long-term invest-
ment is needed to develop and support its associated infrastructure.
Howeverwe can choose to dowithout carbon intensive electricity, fore-
going investment in coal-based generation.

Though we have not integrated the potential market or social dy-
namics that could possibly result from fossil fuel divestment in this anal-
ysis, we suggest that from the whole-economy perspective much finer
tools are needed to shape industry activities than simply seeking divest-
ment. Though this study has focused on annual carbon shadows, rela-
tively minor reductions accumulate over time. Lock-in effects from
investments that seek relatively small carbon shadow reductions
could become significant over decades.
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