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In this paper, I review the existing literature on climate risks—both transition and physical—and their relationship
with firm performance, with a specific focus on transportation finance. I find that the broad literature on carbon emissions
and firm performance overlooks two critical characteristics of the global transportation sector: its heavy reliance on fossil
fuels and the international scope of its operations. As a result, the conclusions drawn from this body of work may not be
directly applicable to global transportation companies. Furthermore, I examine existing studies on extreme sea levels and
the global maritime transportation sector, noting that these studies have not yet quantified the economic impact of
extreme sea levels on the firm performance of seaports and shipping companies. Similarly, the nascent climate finance
literature on the physical impacts of climate change has yet to address this issue. Filling these gaps is crucial, given the
sector’s central role in global trade and its heightened vulnerability to climate risks. The research gaps I identified in this
review underscore the need for future studies at the intersection of climate change and transportation finance.
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The global transportation sector plays an important
role in facilitating international trade and travel.
Following the Global Industry Classification Standard
(GICS), global transportation can be classified into five
main industries: air freight and logistics, airlines, marine,
road and rail, and transportation infrastructure. Global
maritime transportation, which includes seaports and
shipping companies, supports about 80% of the world
trade volume (United Nations Conference on Trade and

Development, 2021). Air travel, which includes airports
and airline companies, is the most common mode of
international passenger transportation. The returns that
global transportation companies derive from supporting
the global economy make the sector an attractive asset
class. Indices and funds, such as the MSCI World
Transportation Index and the BlackRock Future of
Transport Fund, allow investors and other financing
providers to track the performance of this sector.
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One interesting characteristic of the sector is that
even if the five industries are grouped under global
transportation, each one of them has its own nuanced
properties which may uniquely influence each of the
industry’s performance. For example, the earnings
and asset value in the shipping industry are affected
by factors such as the global supply and demand for
shipping services, and movements in freight rates and
vessel prices (Alexandridis et al., 2018). In the aviation
industry, airline companies turn to operating leases
(instead of the direct acquisition of assets) to manage
their fleet. Under this setup, airline companies operate
the fleet that lessors lend to them. They lease to manage
their capacity in response to fluctuating global traffic.
Under this scheme, they expense, instead of capitalizing,
their assets (Oum et al., 2000). Infrastructure for
transportation systems is also becoming a viable asset
class for investors. Mechanisms such as project finance
and public-private partnerships (PPP) facilitate private
participation in funding infrastructure projects that
support the functioning of society (a function that the
government traditionally performs). Infrastructure is
generally characterized by long-lived and large-scale
public structures. The returns to investors and other
private sources of financing (i.e., pension funds) are
linked to contracts or concessions that the government
awards to private entities (Courtois, 2013; Gifford,
2012). The complex nature of the global transportation
sector underscores the importance of understanding
the financial management decisions that are unique
to this industry. Transportation finance, as defined by
Gifford (2012), involves the funding and management
of transportation infrastructure and services, including
highways, transit systems, airports, and ports. This
field considers the distinctive characteristics of the
global transportation industry, making it an interesting
setting for studying the factors that influence firm
performance.

The rising importance of addressing climate change
has recently increased the attention that top financial
journals have given to studying climate risks by having
special issues on climate finance in the last five years'.
The broad finance literature now includes a growing
number of studies on the effects of carbon emissions
and extreme weather events on firm performance.
However, there remains a gap in understanding how
these climate risks impact firm performance in the
global transportation sector. As Gong et al. (2016)
noted, the industry’s unique and complex characteristics

make it essential to test financial theories within this
context. In my review, I address this gap through three
key contributions. First, I look at the well-established
literature from finance, environmental economics,
and sustainability on the relationship between carbon
emissions and firm performance. I evaluate the
methodologies used and the theme of the findings from
these studies. Second, I examine the emerging climate
finance literature on the physical impacts of climate
change on firm performance, identifying its current
focus and potential areas for future exploration. Last,
I synthesize these findings to propose future research
directions at the intersection of climate change and
transportation finance.

In this review, | identify critical gaps in the literature
on climate risks and firm performance, particularly as
they relate to the global transportation sector. Studies
on the relationship between carbon emissions and
firm performance often fail to account for the heavy-
emitting and international characteristics of this sector,
limiting their applicability. Additionally, research
in transportation and finance has yet to quantify the
economic impacts of extreme sea levels on the global
maritime transportation sector, despite its direct
exposure to this risk and its central role in facilitating
global trade. Understanding these relationships is
essential, given the significant implications for both
industry resilience and the global economy. These gaps
underscore the need for future research to explore these
underexamined areas.

I structure the rest of the paper as follows. I provide
a background discussion on climate risks in the global
transportation sector in the next section. I then review
the existing literature on carbon emissions and firm
performance and examine the available research on
extreme sea levels and global maritime transportation
in the succeeding sections. I conclude the study in the
last section.

Climate Risks in the Global Transportation
Sector

There are two types of climate risks that can affect
firm performance. One is transition climate risk,
which is linked to the firm’s carbon emissions. Firms
with higher carbon emissions face higher transition
risks because of regulations and changing consumer
behavior, which penalize firms if they do not manage
their carbon emissions (Bolton & Kacperczyk, 2023).
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The other type is physical climate risk. Physical
risk is related to the actual manifestation of climate
change. It can be acute or event-driven (i.e., heat
wave, drought, extreme rainfall, and storms), or it
can be chronic or long-term (i.e., increases in average
temperature, changes in rainfall pattern, and sea level
rise; Ginglinger & Moreau, 2023).

The global transportation sector is highly vulnerable
to both transition and physical climate risks. The
industry faces transition risks because it heavily
relies on fossil fuels. It accounts for 25% of the
world’s GHG emissions (Deumier et al., 2021) and
maintaining business-as-usual will only lead to higher
transportation-related emissions in the future. Hence,
different stakeholders are taking various measures
to minimize the sector’s carbon emissions. These
actions, however, have financial consequences on
transportation companies. One example is the inclusion
of the aviation industry in the European Union
Emissions Trading Scheme (EU ETS) in 2012. The EU
ETS, launched in 2005, is one of the EU’s policies to
reduce carbon emissions. It follows a “cap and trade”
principle. This means that industries included in the
EU ETS have a cap on their carbon emissions and
that the allowances they need for their emissions are
traded (Faber & Brinke, 2011). To meet the climate
goals of the EU ETS, the cap per industry is designed
to decrease over time. The cap in the aviation industry
from 2013 onwards is 95% of the average emissions
from 2004 to 2006. This is equivalent to 209 million
tons of CO2 (European Union, n.d.). The EU ETS
affects the financials of airline companies in two ways.
First, the purchase of carbon allowances increases their
operating expenses (OPEX). Based on Italian data,
Meleo et al. (2016) estimated that an allowance price
of EUR 25 per ton of CO2 costs the industry from EUR
12.87 to 15.14 million. In 2022, the average price of
emission allowance in the EU ETS was EUR 81 per
ton (Statista, 2023). The price of carbon allowances
can also increase in the future with the growth of the
industry. The other financial impact is on the firm’s
capital expenditure (CAPEX). Airline companies
may need to invest in assets that reduce their carbon
emissions because their industry emission limit is
progressively capped (Nava et al., 2018).

The global shipping industry provides another
example of transition risk in global transportation. In
this industry, the International Maritime Organization
(IMO) sets standards that manage the sector’s

emissions. The IMO is the United Nations’s (UN)
specialized agency that is tasked to set the standards
for the safety, security, and environmental performance
of international shipping. The standards they set also
affect the shipping companies’ OPEX and CAPEX. For
example, they introduced a regulation in 2020 (known
as “IMO 2020”) to reduce the sulfur oxide (SOx) from
ships by lowering the upper limit of the sulfur content
of'the ships’ fuel oil from 3.50% to 0.50% (IMO, 2019).
To comply, the company can either (a) switch from
using high sulfur fuel oil (HSFO) to either low sulfur
fuel oil (LSFO) or liquefied natural gas (LNG) or (b)
they can keep using HSFO and install an exhaust gas
cleaning system (EGCS), more commonly known as
“scrubbers.” Using LSFO increases their costs because
LSFO is more expensive than HSFO. An increased
demand for LSFO can also widen this price gap further.
Meanwhile, installing LNG engines or scrubbers
requires multimillion-dollar upfront CAPEX. The
company also incurs a one-off loss in revenue when
the ships are docked for weeks during retrofitting and a
permanent opportunity cost due to the lost deck space
allocated to the new equipment (Halff et al., 2019).

On top of regulations and standards, increasing
environmental awareness among consumers is another
source of transition risk for global transportation
companies. For example, retailers are receiving
increased attention for the carbon emissions of
the maritime cargo carriers they use in shipping
their products (Robertson, 2021). The scrutiny that
consumers impose on the carbon footprint of their
purchases has prompted large retailers to commit
to reducing their supply chain emissions? , which
include those of the shipping services they employ. In
the aviation industry, the passengers’ environmental
views are reflected in their willingness to pay (WTP)
for climate-related measures that increase their airfare.
This premium is based on the polluter-pays principle
and compensates for the environmental damage
caused by flights (Brouwer et al., 2008). Search
results from Google also provide information on the
carbon emissions of flights to guide passengers on the
environmental impact of their itineraries.

The global transportation sector is also vulnerable
and sensitive to physical climate risks. Extreme weather
events interrupt the operations of transportation
companies. Thunderstorms, heavy rainfall, and
snowstorms disrupt high-speed rail (HSR) and aviation
services (Chen & Wang, 2019). Increased lightning
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incidences cause flight delays, cancellations, and route
disruptions (Yair, 2018). Climate change can also
damage infrastructure (Becker et al., 2018), which can
lead to costs amounting to billions of dollars (Blake
et al., 2011). For example, the State of Mississippi
(2006) assessed the damage of Hurricane Katrina
to its ports to be at USD 100 million. In Japan, the
Kansai International Airport, situated on reclaimed
land in Osaka Bay, experienced severe flooding and
other infrastructure damages after Typhoon Jebi hit the
country in 2018. The airport closed for three days and
resumed full operations after 17 days. The impact of
the airport closure on the Kansai region is estimated
at JPY 60 billion or USD 500 million (Lacoin, 2019).
The effects of acute physical climate risks can even
be worsened by the onset of chronic physical climate
risks. Sea level rise (SLR), an example of a chronic
physical risk, increases the frequency of coastal storm
surges and flooding incidences (Bosello et al., 2007).

Carbon Emissions and the Global
Transportation Sector

The existing financial, environmental economics,
and sustainability literature provide the relationship
between carbon emissions and firm performance.
Table 1 presents the key details of these studies on
the effect of carbon emissions on firm performance. |
expand Y. Wang et al.’s (2022) discussion by including
the industries that the papers in their review covered
and adding papers on carbon emissions and firm
performance that are not on their list.

The studies employ diverse measures of carbon
emissions, reflecting varying methodologies and
research objectives. A common measure is a firm’s total
carbon emissions (Bouaddi etal., 2023; Guastella et al.,
2022; Lewandowski, 2017; Liu et al., 2023; Sun et al.,
2022). L. Wang et al. (2014), Matsumura et al. (2014),
Clarkson et al. (2015), Delmas et al. (2015), Choi et
al. (2021) and Bolton and Kacperczyk (2021, 2023)
distinguished the firm’s absolute carbon and carbon-
equivalent GHG emissions through scopes defined by
the Greenhouse Gas (GHG) Protocol—Scope 1 (direct
emissions), Scope 2 (indirect emissions from purchased
energy), and Scope 3 (indirect emissions from supply
chains). Together, these measures capture both direct
and indirect environmental impacts of the company
because they measure the firm’s carbon emissions from
its own operations and its supply chain.

Other studies use carbon intensity (emissions scaled
by assets or revenues) to evaluate emissions relative
to firm size or financial performance, highlighting
resource-use efficiency (Aswani et al., 2024; Bendig
et al., 2023; Brouwers et al., 2018; Busch et al., 2022;
Busch & Hoffmann, 2011; Ferrat, 2021; Ganda &
Milondzo, 2018; Homroy, 2023; Lee et al., 2015;
Oestreich & Tsiakas, 2024; Russo et al., 2021; Saikia
& Maji, 2024; Saka & Oshika, 2014). Trumpp and
Guenther (2017) used the negative value of the firm’s
carbon intensity to proxy its carbon performance.
Meanwhile, other studies focus on carbon efficiency
to assess relative performance. Trinks et al. (2020)
compared a firm’s emissions with those of best-
practice peers, whereas J. Wang et al. (2021) used a
data envelopment analysis (DEA) model to estimate
carbon efficiency. On the other hand, Nishitani and
Kokubu (2012) and Ghose et al. (2023) explored
carbon productivity (net sales per unit of carbon
emissions) to illustrate the economic value generated
per unit of emissions.

In addition to these metrics, some studies analyze
changes in emissions to track a firm’s reduction
initiatives. For example, Alvarez (2012) and Gallego-
Alvarez et al. (2015) investigated the impact of
emission reduction efforts on performance. Ferrat
(2021) used the Carbon Emission Performance (CEP)
metric from MSCI, which links carbon performance to
an ESG framework to assess its financial and strategic
impacts. Categorical approaches are also used, such as
dummy variables, to classify firms by their association
with high-emission industries (Nguyen, 2017) or their
alignment with climate initiatives like the science-
based targets (SBT) (Ben-Amar et al., 2024).

The data for these analyses come from a variety of
sources. These sources include company disclosures
like corporate social responsibility (CSR) reports
(Sun et al., 2022) or carbon disclosure project (CDP)
disclosures (Homroy, 2023; L. Wang et al., 2014),
regional databases such as the EU ETS (Brouwers et
al., 2018) and the European Pollutant Release and
Transfer Register (E-PRTR; Homroy, 2023), financial
databases such as Thomson Reuters ASSET4 (Liu et
al., 2023) and MSCI ESG Research (Ferrat, 2021), and
national records (Nishitani & Kokubu, 2012).

Firm performance is measured using market-based
and accounting-based indicators, with some studies
combining both to examine the multidimensional
impact of carbon emissions. Market-based measures
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Table 1. The Financial Literature on the Effects of Carbon Emissions on Firm Performance

Paper

Carbon Emission
Measure

Firm Country
Performance
Measure

Industry

Study Period

Key Findings

Alvarez (2012)

Carbon emission
variation from
2006 —2007

ROA and ROE  Global

Multiple

2007 -2010

Firms reducing CO2
emissions experienced
anegative impact on
operating performance
(ROA) in the short
term due to the upfront
costs of emission
mitigation. This effect
was particularly evident
during the financial
crisis years of 2008—
2009, as firms prioritized
financial stability

over environmental
investments. The
findings suggest that
emission reductions
could yield longer-term
financial benefits once
economic conditions
improve.

Aswani et al.
(2024)

Scope 1, Scope
2, and Scope

3 carbon
emissions and
carbon emission
intensity (carbon
emissions scaled
by net sales)

Stock return, USA
ROA, ROS,

EBIT margin,

and EBITDA

margin

Multiple

2005 -2015

Carbon emissions

are positive and
significant in terms

of stock return, ROA,
ROS, EBIT margin,
and EBITDA margin.
However, carbon
emission intensity is
not significant against
all measures of firm
performance. They
concluded in their study
that the results from
previous studies are
driven by measurement
and research design
specifications. Bolton
& Kacperczyk (2024)
argued that the results
of Aswani et al. (2024)
corroborate their
previous findings and
that the latter decided
to choose a different
interpretation.
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Ben-Amaretal. A dummy Stock return USA Multiple 2020 Firms with SBTi-
(2024) variable equal to  (raw and market aligned emission targets

1 ifthe firm sets  model-adjusted) experience higher raw
carbon emissions and market-adjusted
reduction targets stock returns during
in line with the COVID-19 crash
the Science- period. This suggests
Based Targets that investors reward
initiative (SBTi) proactive climate
framework commitments amidst
economic uncertainty.
Bendig et al. Carbon intensity ROA and Global Multiple 2015 —2020 Carbon emissions
(2023) (Scope 1 Tobin’s q reduction and lower
+ Scope 2 carbon intensity have a
emissions positive effect on both
divided by ROA and Tobin’s q.
total sales) and Findings suggest that
change in carbon firms committing to
intensity science-based emission
reduction targets (SBTs)
benefit from increased
market confidence and
improved operational
efficiency. Investors
appear to reward firms
for mitigating carbon
risks and demonstrating
strong environmental
stewardship.
Bolton & Scope 1, Scope  Stock return USA Multiple 2005 —2017 Carbon emissions
Kacperczyk 2, and Scope 3 and carbon emission
(2021) carbon emissions growth have a positive
and carbon effect on stock return.
emission growth Findings suggest that
rate investors are demanding
compensation for the
firm’s carbon risk.
Bolton & Scope 1, Scope  Stock return Global Multiple 2005 -2018 Carbon emissions and
Kacperczyk 2, and Scope 3 carbon emission growth
(2023) carbon emissions have a positive effect on

and carbon
emission growth
rate

stock return. Investors
are demanding a carbon
premium for their
exposure to carbon risk.
This premium is higher
in countries with lower
economic development,
larger energy sectors,
and less inclusive
political systems.
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Bouaddi et al. Carbon- ROA, ROE, Emerging Multiple 2008 —2021 Carbon emissions
(2023) equivalent Tobin’s, and Economies have a negative effect
emissions market-to-book across all performance
value (MTBV) measures. This effect
is more pronounced
in smaller firms and
low-performing
companies. For high-
performing large firms,
carbon emissions are
positively associated
with performance.
These firms tend to
prioritize profitability
over environmental
considerations,
accepting carbon-related
costs such as taxes
or fines rather than
investing in emissions
reduction.
Brouwers et al. Industry- and ROA,ROE,and EU Multiple 2005 -2012 Carbon emissions have
(2018) year-adjusted Tobin’s q a negative effect on
carbon intensity firms that cannot pass
(verified on their carbon costs
emissions from to their customers. The
the EU ETS over effect is insignificant
a certain year for firms with cost pass-
divided by sales, through mechanisms
minus the as their carbon costs
corresponding are transferred to end
industry median consumers.
of this carbon
intensity)
Busch & Negative carbon  Tobin’s g, ROA, Global Multiple 2006 Better carbon
Hoffmann (2011) intensity and ROA performance leads to
higher Tobin’s q.
Busch et al. Scope 1, Scope  ROA and USA (inthe  Multiple 2005-2014 Replication of Delmas
(2022) 2, and Scope Tobin’s q replication of etal. (2015): Higher
3 carbon- Delmas et al. carbon emissions are
equivalent GHG (2015); USA positively associated
emissions in the and Europe with ROA, indicating
part where they in the second better short-term
replicate Delmas part financial performance

etal. (2015);
Carbon intensity
(Scope 1 GHG
emissions
divided by sales
in the second
part

as firms avoid the
immediate costs of
emissions mitigation.
However, there was no
significant link between
carbon emissions and
Tobin’s q., suggesting
mixed long-term
investor perceptions of
emissions.

Second part of the For
high-performing large
firms, carbon emissions
are positively associated
with performance.
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For high-performing
large firms, carbon
emissions are positively
associated with
performance.

Choi & Luo Scope 1 and Market value Global Multiple 2008 — 2015 Carbon emissions have
(2021) Scope 2 carbon  of common a negative effect on
emissions equity scaled by firm value. The effect
scaled by common shares is more negative in
common shares  outstanding countries with emission
outstanding trading schemes and
strict environmental
regulations.
Choi et al. Scope 1 and Market value of  Australia Multiple 2008 — 2015 Carbon emissions
(2021) Scope 2 common equity negatively impact firm
emissions value.
Clarkson et al. Scope 1, Scope ~ Market value of EU Multiple 2006 — 2009 Carbon emissions have
(2015) 2, and Scope 3 common equity anegative effect on firm
carbon emissions value. This negative
effect is mitigated in
industries with lower
competition because
firms can pass on their
carbon-related costs.
Delmas et al. Scope 1, Scope ROA and USA Multiple 2004 —2008 GHG emission reduction
(2015) 2, and Scope Tobin’s q negatively impacts
3 carbon- ROA, which shows
equivalent GHG the immediate upfront
emissions costs of emission
mitigation. However,
GHG emission reduction
has a positive effect
on Tobin’s q, which
reflects the long-term
financial benefits of
emission management.
Findings suggest that
investors value proactive
emissions reductions as
a signal of preparedness
for future regulations
and market shifts.
Ferrat (2021) Carbon emission ROA and stock  Europe, Multiple 2015 -2020 CEP negatively affects
performance return North short-term financial
(CEP) from America, and performance, measured
the MSCI the Pacific by ROA, especially
ESG Research for high-materiality
database industries and in regions

with strict regulations.
In the long term, firms in
high-materiality
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industries can achieve
competitive advantages
through emissions
reductions, particularly
in markets that reward
superior CEP. For low-
materiality industries,
CEP improvements
often yield no significant
financial impact, as
they are perceived as
symbolic and neither
rewarded nor penalized
by equity markets.

Gallego-Alvarez
etal. (2015)

GHG emission
variation

ROE and ROA  Global

Multiple

2006 —2009

A reduction in carbon
emissions positively
impacts financial
performance (ROE),
supporting the notion
that environmental
strategies yield
competitive advantages.
However, emission
reductions did not
significantly affect
operational performance
(ROA), especially
during the economic
crisis of 2008-2009,
suggesting limited
short-term benefits for
operational metrics.

Ganda &
Milondzo (2018)

Carbon emission
intensity (carbon
emissions
divided by net
assets)

ROE, ROI, and  South Africa

ROS

Multiple

2015

Carbon emissions have
a negative effect on
financial performance.
This negative effect

is more pronounced

in heavy-emitting
industries due to
higher regulatory and
environmental scrutiny.

Ghose et al.
(2023)

Carbon
productivity (net
sales divided

by the sum of
Scope 1 and
Scope 2 carbon
emissions)

ROA and India
market-to-book

ratio (MBR) of

equity

Multiple

2015-2020

Carbon productivity
has a positive effect on
financial performance,
particularly on MBR.
This positive effect

is more pronounced

in carbon-intensive
industries, where firms
benefit from reduced
regulatory risks and
improved stakeholder
confidence.

Griffin et al.
(2017)

Scope 1 and
Scope 2 carbon
emissions

Value of USA
common equity
per share

Multiple

2006 —2012

GHG emissions have a
negative effect on the
value of the firm’s equity
shares.
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Guastella et al. GHG emissions  Tobin’s q Global Utilities, Energy, 2011 -2017 High GHG emissions
(2022) Materials, negatively impact
and Transportation firm performance,

particularly in
energy-intensive
industries with stricter
regulations. Sectoral
variations highlight
that transportation and
utilities show weaker
negative impacts than
the energy and materials
industries.

Homroy (2023)  GHG emissions  ROA and UK Multiple 2007 —-2017 Lower GHG emissions
data from market-to-book have a positive effect
the European value (MTBV) on ROA and MTBV
Pollutant of the firm through improved
Release and operational efficiency
Transfer Register and reduced energy
(E-PRTR), Eikon costs. This positive
and Carbon effect is more
Disclosure pronounced in firms
Project (CDP) led by CEOs with

daughters, as they are
more likely to adopt
climate-integrated
business strategies. The
effects are strongest
for direct (Scope 1)
and indirect (Scope 2)
emissions, highlighting
the financial benefits
of proactive emission
management.

Iwata & Okada Greenhouse ROE, ROA, Japan Manufacturing 2004 —2008 Greenhouse gas

(2011) gas emissions ROI, ROIC, emissions have a
(measured ROS, and negative and significant
as 1,000 Tobin’s q — 1 effect on accounting-
tons of CO2 based measures of firm
equivalents) performance (ROA,
scaled by sales ROI, and ROIC).
and operating
revenue

Leeetal. (2015) Carbon intensity ~ Tobin’s q and Japan Manufacturing 2003 -2010 Carbon emissions
(carbon ROA weaken firm value. The
emissions scaled market’s penalty for the
by assets) firm’s negative actions

(carbon emissions)

is more consistent
compared to its rewards
towards the firm’s
positive actions (green
R&D).
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Lewandowski Annual carbon ROA, ROE, Global Multiple 2003 -2015 A curvilinear
(2017) emissions and ROS, ROIC and relationship exists
changes in Tobin’s q between annually
carbon emissions reported carbon

emissions and
financial performance.
Firms with superior
carbon performance
experience positive
financial impacts, while
those with inferior
performance face
negative outcomes. This
suggests that financial
benefits from carbon
management are realized
only after surpassing a
threshold level of carbon
performance. There is no
curvilinear relationship
between changes in
carbon emissions and

firm performance.
Liuetal. (2023)  Total carbon Tobin’s q UK Multiple 20102017 Carbon emissions
emissions negatively affect Tobin’s
from Thomson q due to regulatory
Reuters ASSET4 costs, reputational

risks, and upfront costs
from complying with
emissions reduction
mandates. Carbon
disclosure mediates this
relationship, mitigating
the negative impact of
emissions and enhancing

performance.
Makridouetal.  Verified EBITDA EU Multiple 2006 —2014 Lower emissions
(2019) emissions per intensity (verified
sales emissions relative to
sales) is associated with
higher profitability,

as it reflects better
operational efficiency
and resource
management. Firms in
countries with strong
energy efficiency
policies benefit from
reduced energy costs,
translating efficiency
gains into increased
profits over time.

Matsumura etal.  Scope 1, Scope ~ Market value of USA Multiple 2006 —2008 An additional thousand
(2014) 2, and Scope 3 common equity metric tons of carbon
carbon emissions emissions reduces the
firm value by USD

212,000.
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Miah et al. Total, direct,and ROE, EPS, Emerging Financial and non- 2011 —2020 Carbon emissions
(2021) indirect absolute  Tobin’s q, credit Economies financial significantly reduce

carbon emissions rating, and ROA and Tobin’s q for

Z-score both types of firms.

This impact is more
pronounced for non-
financial firms, which
tend to emit more carbon
compared to financial
firms.

Nguyen (2017) ~ Dummy variable Probability of Australia Multiple 2000-2014 Firms in heavy-emitting
that indicates if ~ negative net industries have lower
the firm belongs  income, Tobin’s firm performance
to a heavy- g, and ROE because of their higher
emitting industry carbon risk. The

negative relationship
strengthens when stricter
carbon policies, such as
the Kyoto Protocol, are
implemented.

Nishitani & Carbon dioxide ~ Tobin’s q Japan Manufacturing 2006 —2008 Firms that reduce their

Kokubu (2012)  productivity carbon emissions have
(net sales scaled better firm performance.
by carbon
emissions)

Oestreich & Carbon emission  Gross USA Multiple 2005 -2019 Firms with higher

Tsiakas (2024) intensity (carbon  profitability carbon emission
emissions (gross profits intensity show
divided by divided by total significantly lower
revenue) assets) profitability. The result

suggests that high
emissions impose direct
and indirect costs that
negatively affect firm
performance.

Russo et al. Ratio ofa firm’s ROA, ROE, Global Multiple 2004 —-2016 Firms that reduce

(2021) greenhouse gas  ROS, Tobin’s q their GHG emissions

emissions to

its total sales,
normalized
against the
industry average
(a value of

1 indicates
emissions

per dollar of
revenue equal
to the industry
average, while
a value below

1 reflects better
environmental
performance)

experience improved
operating performance,
as indicated by higher
ROA and ROS,
reflecting greater
operational efficiency.
However, the positive
relationship with
financial profitability,
measured by ROE, is
limited due to the capital
intensity of emission
reduction investments.
Firms with sustained
environmental
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improvements also
benefit from higher
market valuations, as
reflected in Tobin’s q,
signaling strong investor
confidence in their
long-term sustainability

commitments.
Saikia & Maji Emission Tobin’s q India Multiple 2019-2023 Firms with higher
(2024) intensity (Scope carbon emissions
1+ Scope exhibit lower market
2 emissions performance due to
divided by sales) increased regulatory
risks and reputational
challenges. The negative
relationship is more
pronounced for firms
adopting SBTi-aligned
emission targets, and
this corporate initiative
enhances their market
valuation.
Saka & Oshika ~ Carbon Market value of  Japan Manufacturing 2006 — 2008 Carbon emissions have
(2014) emissions scaled  equity a negative effect on firm
by revenue value.
Sunetal. (2022) Total carbon Market value of  China Multiple 2017 -2020 Insignificant regression
emissions in equity results between carbon
CSR reports emissions and firm
value.
Trinks et al. Carbon Tobin’s q and Global Multiple 2009 - 2017 Carbon-efficient
(2020) efficiency ROA firms have better firm
(carbon performance (0.1 carbon
emissions efficiency translates to
compared with 1% higher profitability).
best-practice
peers)
Trumpp & Carbon ROA and stock ~ Global Multiple 2008 —2012 A U-shaped relationship
Guenther (2017)  performance return exists between
(negative carbon emissions
total Scope and profitability. The
1 and Scope results suggest that “it
2 emissions pays to be green” after
divided by sales) exceeding a minimum
level of environmental
performance.
L. Wang et al. Scope 1 and Tobin’s q Australia Multiple 2010 GHG emissions have
(2014) Scope 2 a positive effect on

emissions from
CDP

firm performance. This
relationship is attributed
to Australia’s economic
reliance on emission-
intensive industries

like mining and limited
socially responsible
investment (SRI)
pressures in the country.
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J. Wang et al. Carbon CR, TAT,ROA, China Multiple 2015-2019 Carbon efficiency has a
(2021) efficiency P/E ratio, and positive and significant

(estimated using  Tobin’s q effect on TAT and
a DEA model) Tobin’s q.

Yan et al. (2020)  Inverse of Tobin’s q China Manufacturing 2009 - 2017 Better carbon
carbon emissions performance translates
scaled by to better firm value. This
revenue relationship is more

prominent among non-
state-owned companies
and firms with high
levels of corporate
governance.

Yuetal. (2022)  Carbon intensity ROA China Industrial 2010-2017 With the introduction of
(industry CO2 apilot ETS, firms with
emissions lower carbon emissions
multiplied by the have better profitability.

ratio of the firm’s
cost of sales to
the industry’s
cost of sales,
scaled by the
firm’s revenue)

include Tobin’s q and stock returns. Tobin’s q reflects
the firm’s forward-looking value, whereas stock returns
capture investors’ perceptions of expected future cash
flows and associated risks. Matsumura et al. (2014) and
Clarkson et al. (2015) used the market value of equity,
whereas Griffin et al. (2017) focused on the value of
common equity per share. These metrics assess how
carbon emissions influence overall firm valuation in
financial markets. Accounting-based measures include
Return on Assets (ROA), Return on Equity (ROE),
Return on Investment (ROI), and Return on Sales
(ROS), which assess profitability and operational
efficiency. Some studies combine market-based and
accounting-based measures in their analysis to provide
a holistic view of firm performance as they capture
the effects of carbon management on their operational
efficiency and profitability and the market’s perception
and expected future performance of the company
(Aswani et al., 2024; Busch et al., 2022; Delmas et al.,
2015; Ferrat, 2021).

A common theme in the literature is the negative
impact of carbon emissions on firm performance. For
instance, studies by Choi and Luo (2021) and Clarkson
et al. (2015) showed that carbon emissions reduce the
market value of the firm in markets with stringent
environmental regulations or emission trading schemes.
Similarly, Ganda and Milondzo (2018) highlighted
the challenges faced by heavy-emitting industries,

where regulatory and environmental scrutiny leads to
negative financial outcomes. Other studies, such as
those by Nishitani and Kokubu (2012) and Oestreich
and Tsiakas (2024), reported that higher emissions
weaken profitability and operational efficiency. Nguyen
(2017) noted that firms in high-emission industries
face lower performance metrics due to elevated carbon
risks, whereas Yu et al. (2022) demonstrated that
lower emissions enhance profitability under China’s
pilot emissions trading scheme. The seminal work of
Matsumura et al. (2014) estimated that every additional
1,000 metric tons of carbon emissions reduce firm
value by approximately USD 212,000.

In contrast, some studies suggest a positive
relationship between carbon emissions and firm
performance in certain contexts. For example, Bolton
and Kacperczyk (2021, 2023) found that carbon
emissions are associated with higher stock returns. In
this context, the positive relationship is explained by
asset pricing foundations, where investors demand to
be compensated for the higher risk they incur from
the company’s carbon emissions. Similarly, L. Wang
et al. (2014) reported positive effects of emissions
in emission-intensive industries like mining, where
socially responsible investment pressures are limited.
Busch et al. (2022) noted that firms benefit from
higher emissions in the short term by avoiding the
immediate costs of emission mitigation efforts, leading
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to improved ROA. From this perspective, lowering
carbon emissions can hurt a firm’s profitability, and
firms that delay carbon-abating investments may
experience better financial performance in the short
term.

Other studies reveal mixed or conditional effects
of carbon emissions, often depending on firm
characteristics, industry, or external conditions.
Delmas et al. (2015) observed that emission reductions
negatively affect ROA in the short term due to upfront
costs but positively influence Tobin’s q, indicating
long-term benefits from regulatory preparedness.
Ferrat (2021) identified short-term financial challenges
associated with emissions reduction in high-materiality
industries but noted long-term rewards in markets
that value superior carbon performance. Bouaddi
et al. (2023) reported that smaller firms and low-
performing companies experience negative impacts
from emissions, while high-performing, large firms
see positive effects due to their ability to absorb
carbon-related costs. Lewandowski (2017) identified
a curvilinear relationship, which suggests that the
financial benefits from carbon management are realized
only after surpassing a threshold level of carbon
performance.

Aswani et al. (2024) argued that the mixed results
on the relationship between carbon emissions and
stock returns or firm value reported in previous
studies are primarily influenced by two factors: (a)
how data vendors estimate emissions and (b) the focus
on unscaled emissions, which are naturally tied to
firm size and productivity. They caution researchers,
practitioners, and policymakers to carefully interpret
the statistical associations between carbon emissions
and returns.

Studies also show that firm, industry, and country
factors can moderate the relationship between carbon
emissions and firm performance. For example, large
firms with stronger financial performance are less likely
to experience the negative effect of carbon emissions
because they can absorb the required upfront mitigation
costs and are better equipped to invest in mitigation
strategies for carbon reduction (Bouaddi et al., 2023).
Similarly, firms with climate-conscious leaders are
also less likely to be negatively affected by carbon
emissions (Homroy, 2023).

At the industry level, sectors with low product
market competition (PMC) can often pass carbon-
related costs onto consumers, mitigating the financial

burden of carbon emissions. For example, Clarkson
et al. (2015) found that industries with low PMC
experience weaker negative effects of carbon emissions
on firm performance. Likewise, Brouwers et al. (2018)
demonstrated that industries capable of passing on
carbon costs are less vulnerable to the financial impacts
of carbon emissions.

On a country level, regulatory frameworks
targeting carbon emissions influence firm performance
significantly. Governments employ mechanisms such
as emissions trading systems (ETSs) and carbon taxes
to penalize high-emitting firms. An ETS sets a cap
on emissions by allocating allowances to industries,
creating financial incentives for firms to reduce
emissions. Similarly, carbon taxes, which are based on
the carbon content of fossil fuels, encourage firms to
transition to low-carbon energy sources. Consequently,
firms domiciled in countries with strict ETS or
carbon tax policies face higher costs, intensifying the
negative financial impact of carbon emissions on their
performance (Choi & Luo, 2021).

Although the existing literature provides a broad
understanding of how carbon emissions affect firm
performance, they are unable to capture in their
discussion some emission-related issues that are
distinct and relevant to the global transportation
sector. One key example is the heavy reliance of the
business operations of global transportation companies
on fossil fuels. Reducing carbon emissions in this
sector entails substantial expenses for fuel switching
and capital for carbon-abating technologies (Kiuila
& Rutherford, 2013). There is a possibility that the
benefits of reducing carbon emissions do not exceed
the costs of reducing carbon emissions. Hence, the
documented negative effect of carbon emissions
on firm performance may not apply in this sector.
Nguyen (2017) provided a discussion that focused on
the industry’s emissions. In his study, he identified
nine heavy-emitting industries® and classified them
as polluters. Firms belonging to these industries are
hypothesized to have higher carbon risk and have
weaker firm performance compared with non-polluters.
Although his study focused on the emitting nature of
the industry, his results cannot seem to fully apply to
the global transportation sector. For one, he did not
include the transportation industry among his heavy-
emitting industries. Furthermore, his sample only
included firms from Australia, so it did not capture
the international nature of global transportation. He
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did not control for global macroeconomic variables
that influence the demand and supply for global
transportation services (and, consequently, affect the
performance of transportation companies). Guastella et
al. (2022) partially addressed this gap by including the
transportation sector in their analysis of high-emission
industries, recognizing its significant contribution
to carbon emissions. However, their study did not
account for the international scope of transportation
firms or global trade’s influence on carbon emissions
and firm performance. The same reasoning can be
said as to why the studies that focus on the Japanese
manufacturing sector are insufficient in providing
insights into the global transportation sector (Iwata &
Okada, 2011; Lee et al., 2015; Nishitani & Kokubu,
2012; Saka & Oshika, 2014). The manufacturing sector
is like the transportation sector in the sense that they
both traditionally rely on fossil fuels, so their carbon
emissions increase with their business activities.
However, the existing studies on the manufacturing
sector only look at Japanese firms, so they also fail
to capture the international nature of the global
transportation sector.

Overall, there is a need to study the relationship
between carbon emissions and firm performance in
global transportation companies for two key reasons.
First, existing studies yield inconsistent findings on
this relationship, making it difficult to draw definitive
conclusions. These mixed results suggest that the
unique characteristics of the global transportation
sector may not have been adequately considered,
highlighting the need for further investigation.
Second, most studies offer generalized insights into
the relationship between carbon emissions and firm
performance but fail to consider critical features of
the global transportation industry. These include
the sector’s heavy reliance on fossil fuels, its high
levels of emissions, and the international scope of its
operations, which subject firms to macroeconomic
factors such as fluctuating fuel prices, cross-border
trade dynamics, and varying regulatory frameworks.
Addressing these distinctive aspects is essential to
gain a deeper understanding of how carbon emissions
impact the financial performance of transportation
firms, emphasizing the need for focused research in
this industry.

Extreme Sea Levels and the Global Maritime
Transportation Sector

The global transportation sector is highly vulnerable
to climate change and extreme weather events
(Melkonyan et al., 2024). Among physical climate
risks, the rise of sea level has gained significant
attention in media and international policy discussions.
This chronic risk exacerbates the effects of acute
climate events, increasing its potential impact. Rising
sea levels particularly threaten the global maritime
industry due to its direct exposure to the oceans,
with significant implications for the global economy.
Variability in sea levels, whether extremely high or
low, can disrupt seaport and shipping operations,
increasing operational costs (Lam & Su, 2015; Moon
& Woo, 2014; Dero et al., 2020). Global maritime
transportation companies can pass on these costs to
their customers through higher freight rates. Because
this segment supports 80% of the international trade
volume (United Nations Conference on Trade and
Development, 2022), increases in shipping costs
have inflationary effects on the global prices of goods
(Carriére-Swallow et al., 2023). Hence, it is important
to estimate the economic impact of extreme sea levels
on seaports and shipping companies.

Existing studies in transportation and finance
journals, however, have not addressed this literature
gap. Becker et al. (2018) reviewed the transportation
literature on how climate change effects, such as
extreme sea levels, will affect seaports and shipping
companies. The discussions revolve around qualitative
and case-based studies that assess the impact on
global maritime transportation. [zaguirre et al. (2021)
quantified the impact of climate change on seaports.
However, they focused on operational aspects such
as the maneuverability of ships in docks, berthing
and loading/unloading operations, visibility during
rains, seaport staff’s ability to work outdoors, and
potential disruption of terminal operations due to
flooding. Transportation studies have yet to quantify
the corresponding economic costs that exposure to
extreme sea levels brings.

The impact of extreme sea levels on firm performance
is also a topic that the nascent literature on climate
finance has yet to cover. Table 2 shows the different
physical climate risks that the existing literature has
studied. The two commonly used measures in the
literature are the Climate Risk Index (CRI) from
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Germanwatch (Huang et al., 2018; Ozkan et al.,
2023) and temperature data obtained from the PRISM
Climate Group of the US Department of Agriculture
(Addoum et al., 2020, 2023) and the European Center
for Medium-Term Weather Forecasts (Pankratz et
al., 2023). These variables capture different aspects
of physical climate risks. The CRI represents the
country’s relative position in terms of the following
dimensions of physical climate risk: (a) number of
deaths, (b) deaths per 10,000 inhabitants, (c) losses
in purchasing power, and (d) losses per unit of GDP
(Huang et al., 2018). On the other hand, studies that
use climate data identify a threshold to define extreme

values. For example, extreme temperatures are defined
as being above 30° and below 0°C. These studies
found that extreme temperatures affect the operations
and productivity of companies. Hence, exposure to
temperature shocks reduces their profitability (Addoum
et al., 2023; Pankratz et al., 2023). Studying the
impact of extreme sea levels on seaports and shipping
companies can extend the literature on the impact of
physical climate risks on firm performance. The global
maritime transportation industry is an appropriate
setting for studying extreme sea levels because the
sector operates with direct exposure to the oceans.

Table 2. The Financial Literature on the Effect of Physical Climate Risks on Firm Performance

Paper Physical Climate ~ Firm Performance Country  Industry  Study Key Findings
Risk Measure Measure Period
Addoum et Number of Sales, Productivity, =~ USA Multiple 1990 — Exposure to extreme temperatures
al. (2020) days exposed Operating income, 2015 does not affect sales, productivity,
to extreme Net income, and and profitability. They also do not
temperature Stock return obtain sufficient support for the
(above 30°C and  (during earnings possibility of corporate adaptation to
below 0°C) announcements) temperature shocks.
Addoum et Number of hours  EPS USA Multiple 1990 — Extreme temperature affects the
al. (2023) of exposure 2015 earnings of different industries.
to extreme The effect is bi-directional. Some
temperature industries are affected negatively,
(above 30°C and while others benefit from extreme
below 0°C) temperatures.
Hsu et al. Major disasters ROA USA Multiple 1988 — Firms with factories in states that are
(2018) (e.g., hurricanes, 2014 hit by natural disasters have lower
earthquakes, profitability.
wildfires, and
floods) that last for
fewer than 30 days
and have a total
estimated damage
of over USD 1
billion
Huangetal.  Climate risk ROA and cash flow  Global Multiple  1993-2012  Physical climate risk has a negative
(2018) index from from operations and significant effect on ROA and
Germanwatch cash flow.
Ozkanetal.  Climate risk EBITDA, ROA, Global Multiple  2010-2017  Physical climate risk has a negative
(2023) index from Cash flow, and and significant effect on accounting-
Germanwatch Tobin’s q based measures of firm performance.
Pankratz et Number of days Sales and operating ~ Global Multiple  1995-2019  Exposure to hot days reduces sales
al. (2023) exposed to heat income and operating income. When the
(above 30°C number of hot days increases by
and the 90th one standard deviation, revenue and

percentile of the
location- and
season-specific
temperature
distribution)

operating income decrease by 0.6%
and 1.8%, respectively.
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Conclusion

In my review, I highlighted the diverse
methodologies and findings on the relationship
between carbon emissions and firm performance.
The studies revealed mixed results. Some studies
identified a negative impact of carbon emissions due
to transitory costs associated with regulations, shifting
market demands, and negative investor sentiment. In
contrast, other studies reported positive or conditional
effects, particularly in emission-intensive sectors or
within specific financial frameworks. These differing
outcomes are often influenced by moderating factors
such as firm size, industry characteristics, and country-
level policies like emissions trading systems and
carbon taxes. Although carbon emissions remain a
well-researched topic in understanding the impact of
climate change on firm performance, the varying results
underscore the complexity of this relationship and the
need for continued exploration in underexamined
contexts.

In contrast to the well-established literature on
carbon emissions and firm performance, the climate
finance literature on the physical impact of climate
change is still emerging and limited in scope. Although
it primarily examines physical climate risks, existing
studies that directly use climate data only focus on
extreme temperatures. It has yet to address the financial
implications of critical phenomena such as extreme sea
levels, particularly in sectors directly exposed to these
risks, such as the global maritime transportation sector.

I also emphasize in my review the need to study
the effects of different climate risks on the performance
of the global transportation sector. Existing research
on the relationship between carbon emissions and
firm performance does not adequately capture the
heavy-emitting and international characteristics
of this sector. As such, the empirical relationship
between carbon emissions and firm performance
in global transportation should be investigated.
Moreover, neither transportation nor finance research
has quantified the economic impacts of extreme sea
levels on the global maritime transportation sector.
Addressing this question is crucial, as seaports and
shipping companies play a central role in facilitating
global trade. The two research gaps identified in this
review highlight critical opportunities for future studies
at the intersection of climate change and transportation
finance.

Notes

! Stroebel & Wurgler (2021) noted these journals to be the
Journal of Financial Economics, Finance Research Letters,
International Review of Financial Analysis, Management
Science, Review of Financial Studies, and Sustainability.
The Journal of Corporate Finance also has a special volume
on climate change (Calvet et al., 2022). This development
among finance journals appears to be recent as Diaz-Rainey
et al. (2017) observed that the top three finance journals
(Journal of Finance, Journal of Financial Economics, and
Review of Financial Studies) did not publish a single
article on climate finance from 1998 to 2015.

2 Walmart includes reducing its supply chain emissions in
its climate change strategies at https://corporate.walmart.
com/esgreport/environmental/climate-change, accessed on
July 10, 2023.

* The industries included are: (1) Oil, Gas, and Consumable
Fuels; (2) Electric Utilities; (3) Gas Utilities; (4) Independent
Power Producers and Energy Traders; (5) Multi-Utilities;
(6) Chemicals; (7) Construction Materials; (8) Metals and
Mining; and (9) Paper and Forest Products. He used the
GICS as his basis in identifying the firm’s industry.
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