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Abstract

Global mean sea levels have risen at an accelerating rate over the past century in response,
primarily to greenhouse gas emissions from the combustion of fossil fuels. We use MAGICC7, a
reduced complexity climate-carbon cycle model, to quantify how emissions traced to the Carbon
Majors, the world’s 122 largest fossil fuel and cement producers, from 1854-2020 contributed to
present-day surface air temperature rise, and sea level rise both historically and projected through
2300. We find that emissions traced to these industrial actors have contributed 37%-58% to

present day surface air temperature rise and 24%-—

37% to the observed global mean sea level rise to

date. Critically, these emissions through 2020 are expected to contribute an additional 0.26—0.55 m
of global sea level rise through 2300. We find that attribution of past emissions to projected future
sea level rise is robust regardless of how emissions trajectories evolve in the coming centuries.

1. Introduction

Global mean sea levels rose by 0.2 £ 0.05m from
1901-2018 (Fox-Kemper et al 2021), driven primar-
ily by the energy imbalance resulting from anthropo-
genic greenhouse gas emissions (Oppenheimer et al
2019, Fox-Kemper et al 2021). The resulting impacts
include heightened storm surge, flooding, erosion,
and salinization of freshwater, all of which inequitably
affect human and nonhuman life (Hardy and Hauer
2018, Buchanan et al 2020, Fox-Kemper et al 2021).
Sea level rise is a slow onset event that evolves over
centuries in response to a given forcing due to heat
storage in the oceans and the long response times of
the Greenland and Antarctic ice sheets (Fox-Kemper
et al 2021). This long-term response presents sub-
stantial risks for distributive injustice and intergen-
erational inequity (Clark et al 2016, Sadai et al 2022).
Sea level rise is driven by processes of ice mass
loss, from the Greenland and Antarctic ice sheets

© 2025 The Author(s). Published by IOP Publishing Ltd

and global glaciers, ocean density changes, and land
water storage changes. The global sea level budget,
which determines the relative contribution of each
factor to the total observed global mean sea level rise
(GMSLR), has recently been closed (Frederikse et al
2020). From 1901 to 2018, ice loss and ocean thermal
expansion contributed nearly equally to observed
GMSLR. In recent decades, ice loss from global gla-
ciers and ice sheets has accelerated, becoming the
dominant contributor to sea level rise from 2006—
2018 (Fox-Kemper et al 2021). Earth’s energy imbal-
ance from 2006-2018 was 0.79 (0.52-1.06) Wm™?
with 91% of the excess accumulated energy being
taken up by the oceans where it drives thermal expan-
sion, which directly contributes to sea level rise, as
well as basal melting of floating ice shelves which
indirectly contributes to sea level rise through the
destabilization of grounded ice (Forster et al 2021).
The recent closures of both the sea level budget and
energy budget give confidence in the understanding
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of the drivers of sea level change (Fox-Kemper et al
2021).

Understanding how greenhouse gas emissions
sourced from particular countries or companies are
driving climate impacts is important for guiding
mitigation action and attributing impacts to spe-
cific actors. Anthropogenic greenhouse gas forcing is
dominated by the release of carbon dioxide into the
atmosphere (Gulev et al 2021), and fossil fuel com-
bustion has been the dominant source of carbon diox-
ide emissions since 1950 (IPCC 2023). Since 1990, the
largest growth in emissions has come from carbon
dioxide resulting from fossil fuels and industrial pro-
cesses, followed by rising methane emissions (IPCC
2023).

Long-lived climate forcers like carbon dioxide
remain in the atmosphere for prolonged periods
and constitute the dominant forcing driving GMSLR;
however, modeling has shown that short lived cli-
mate forcers like methane also have multi-century
impacts on thermosteric sea level rise that far out-
last their atmospheric lifetimes (Zickfeld et al 2017).
Prior work has sought to quantify the long-term com-
mitment of rising seas due to anthropogenic emis-
sions (Price et al 2011, Levermann et al 2013, Strauss
et al 2015, Zickfeld et al 2017, Mengel et al 2018).
One study found that the long-term GMSLR response
to historic greenhouse gas emissions and emissions
corresponding to pledged Nationally Determined
Contributions from 1750 through 2030 yield 1 m of
committed sea level rise by 2300 (Nauels et al 2019).
Of this, emissions from 2016-2030 were responsible
for 20% of the total committed GMSLR, with the five
highest emitters (China, United States of America,
European Union, India, and Russia) responsible for
26 cm over this time period (Nauels ef al 2019).

Historical analyses have shown that a substan-
tial proportion of carbon dioxide emissions can be
traced to a relatively small number of corporations,
specifically fossil fuel producers (Heede 2014), and
that some fossil fuel companies have been aware of
the climate risks associated with their products since
the mid-1950s (Franta 2018). Instead of mitigat-
ing these risks, these companies invested in extens-
ive campaigns to mislead the public and delay regu-
latory action (Supran and Oreskes 2017, Franta 2022,
Supran et al 2023). Prior source attribution research
on sea level rise, which found emissions traced to
these industrial producers account for 0.018-0.127 m
of the observed GMSLR from 1880-2015 (Ekwurzel
et al 2017, Licker et al 2019), has underpinned legal
arguments that seek to establish corporate account-
ability and enforce mitigation obligations (Wentz et al
2023).

While previous research has quantified the con-
tribution of major emitters to global sea level
rise to date, there is little known about how the
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products produced by industrial fossil fuel and
cement producers are projected to contribute to
long-term sea level rise. Here we use MAGICC7,
a reduced complexity climate-carbon cycle model,
to quantify the contributions of emissions from the
Carbon Majors, the 122 largest industrial fossil fuel
and cement producers, to not only present day tem-
perature and sea level rise but also multi-century
projected sea level rise. The chosen simplified meth-
odological approach has been successfully used to
explore GMSLR resulting from national emission
shares (Nauels et al 2019).

2. Methods

2.1. Model

To assess climatic change resulting from emissions
traced to the fossil fuel industry, we use MAGICC7
and the associated MAGICC sea level model v2
(Meinshausen et al 2011, Nauels et al 2017a, 2019).
MAGICC7 is a reduced complexity atmosphere-
ocean climate-carbon cycle model with a hemispheric
upwelling-diffusion ocean component (Meinshausen
et al 2011, 2020). The model is run with emissions
driven forcing using OpenSCM-Runner (Nicholls
et al 2024) and run with a probabilistic frame-
work generating 600 ensemble members through
a Metropolis—Hastings Markov chain Monte Carlo
method (Meinshausen et al 2009).

The MAGICC sea level model v2 projects sea
level responses based on emulation of process-based
models for the Greenland and Antarctic ice sheets,
global glaciers, and land water storage (Nauels et al
2017a, 2017b). Thermosteric sea level rise is calib-
rated to CMIP5 models within MAGICC’s hemi-
spheric upwelling-diffusion ocean model component
(Nauels et al 2017a, 2017b). The MAGICC sea level
model v2 is calibrated with projections from process-
based models rather than observations. We therefore
ran a validation exercise to evaluate the model’s per-
formance in the historical time period by compar-
ing modeled GMSLR to observations from IPCC AR6
(Fox-Kemper et al 2021). IPCC AR6 WGI assessed
modern GMSLR as 0.2 (0.15-0.25) m (median value
with 5th to 95th percentile confidence intervals) from
1901-2018 (Fox-Kemper et al 2021). Over the same
time period and using the same confidence intervals
our modeled responses in the control scenario yield
0.19 (0.15-0.22) m, giving confidence in the robust-
ness of our modeled results.

2.2. Emissions forcing

The simulations presented here are modeled with
historical counterfactual emissions scenarios gener-
ated by subtracting emissions traced to the products
produced by the largest fossil fuel producers from
the full historical emissions used in the 6th cycle of
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the coupled model intercomparison project (CMIP6)
(Gidden et al 2019). Here we use the emissions com-
pilation created for the reduced complexity model
intercomparison project (RCMIP) (Nicholls et al
2020, 2021), although all sources of this data give the
same result.

The historical emissions data used in CMIP6
and RCMIP span 1750-2015 (Hoesly et al 2018,
Gidden et al 2019). After 2015 they are harmonized
to extend into the future via the shared socioeco-
nomic pathways (SSP) (Meinshausen et al 2020,
Kikstra et al 2022b). The IPCC AR6 WGIII infiller
database is used to fill missing emissions ensuring
that all scenarios have complete sets of anthropo-
genic emissions forcing (Kikstra et al 2022a). The
emissions data includes 51 species, including Kyoto
gases (CO,,CH4,N,0,NHj3,HFCs, PFCs), Montreal
gases, aerosols (BC,SO,F,,0C),NH;, NOx, Sulfur,
and VOCs.

Fossil fuel emissions are derived from the Carbon
Majors database (InfluenceMap 2024) which com-
piles data based on the methods of Heede (2014).
The dataset contains fossil fuel production quant-
ities for each product (oil and natural gas liquids,
natural gas, cement production, and a variety of
types of coal) and their associated CO, and CHy
emissions. The data spans from 1854-2022 and
includes products produced by the 122 largest
investor and state-owned fossil fuel companies
around the world (InfluenceMap 2024) accounting
for mergers throughout the historical time period.
This dataset includes Scope 1 and Scope 3 emissions
classes (Heede 2014). We aggregate all companies in
the dataset to produce a single time series for each
gas. Emissions forcing in the historical and SSP data-
sets is yearly from 1750-2015, then has a data point in
2020, and every 10 yrs following 2020 until 2300. Due
to this, Carbon Majors emissions are not subtrac-
ted out in counterfactual scenarios in 2016-2019 or
2021-2022 as the model internally interpolates values
during those years.

2.3. Scenario construction

We evaluate three counterfactual scenarios repres-
enting different time periods: the 1854 counterfac-
tual (hereafter denoted CF1854) removes fossil fuel
emissions from 1854—2020; the 1950 counterfactual
(CF1950) removes these emissions from 1950-2020;
and the 1990 counterfactual (CF1990) removes these
emissions from 1990-2020 (figures 1(a) and (b)). The
total cumulative emissions in each scenario are in
table 1. CF1854 represents a world in which indus-
trial fossil fuel development never occurred. CF1950
represents how the climate system would have evolved
if the fossil fuel industry had acted to halt emissions
at the time when they were becoming aware of the
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harms their products were projected to cause. CF1990
provides insight into how the evolution of the climate
system since 1990 would have differed if emissions
had been swiftly halted when international efforts to
address climate change, such as the establishment of
the Intergovernmental Panel on Climate Change and
United Nations Framework Convention on Climate
Change, first began. These modeled pathways help us
understand how emissions tied to industrial fossil fuel
and cement production impact modern day temper-
ature and sea level rise as well as projected contribu-
tions to long-term sea level rise in the coming centur-
ies. We compare our counterfactuals to a control scen-
ario which contains full historical emissions forcing.

To assess the robustness of our future sea level
projections, we conduct an additional sensitivity
test assessing the counterfactual scenarios with three
post-2020 emissions scenarios: SSP1-1.9, SSP2-4.5,
and SSP5-8.5 (Meinshausen et al 2020). This allows
us to assess contributions to long-term GMSLR from
historical emissions without making assumptions
about how emissions trajectories will change in the
coming decades and centuries.

3. Results

3.1. Present day attribution

Under the control scenario (following SSP2-4.5 emis-
sions after 2015), the average surface air temperat-
ure (SAT) change for the period from 1990-2020 is
1.00 (0.83-1.13) °C (median value with 10th to 90th
percentile confidence interval) above the preindus-
trial baseline (1850—1900 average). In CF1854 (table 2
and figure 2), SAT rise over the same time period
is 0.54 (0.39-0.65) °C, whereas in CF1950, modern
SAT rise is 0.56 (0.41-0.66) °C. The minor differences
between CF1854 and CF1950 stem from the relat-
ively small quantity of emissions released from 1854—
1949, compared to the cumulative emissions released
thereafter (table 1). In CF1990, in which emissions
are removed starting in 1990, present day SAT is 0.78
(0.65-0.90) °C above preindustrial. Across these his-
torical counterfactual scenarios, emissions traced to
the 122 largest fossil fuel producers are responsible
for 45%, 44%, or 21% (median values) of present
day warming respectively for CF1854, CF1950, and
CF1990 (table 2).

The amount of warming modeled with each
counterfactual is consistent with the cumulative
emissions associated with the fossil fuel and cement
producers through 2020 (table 1). The difference in
cumulative emissions between CF1854 and CF1950
is small, which then results in a small difference in
the modeled temperature responses between those
two counterfactuals (table 2). The relatively smaller
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Figure 1. Greenhouse gas emissions and atmospheric concentrations. (a) Carbon dioxide emissions from 18502020 in the
counterfactual scenarios and the control, (b) same as (a) but for methane emissions, (c) atmospheric concentrations of carbon
dioxide from 1850-2020, (d) same as (c) but for methane. Curves are plotted to depict the median and 10th and 90th percentile
confidence intervals.
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Table 1. Greenhouse gas emissions and atmospheric concentrations across scenarios. CO, and CH, are the two gases that are altered
between the control and counterfactual scenarios, while all other gas quantities are the same across all scenarios. The upper portion of
the table includes total cumulative emissions for each of these two species from 1750-2020 for each scenario, and differences in
cumulative emissions between each counterfactual scenario and the control scenario (§CO; and 6CHy). The lower portion includes the
atmospheric CO; and CH4 concentrations at 2022 for each scenario, and differences between each counterfactual scenario and the
control scenario (6CO, and §CHj). Atmospheric concentrations are rounded to the nearest whole number.

Cumulative greenhouse gas emissions 1750-2020

Scenario CO; (Gt) 6CO; (Gt) CH4 (Gt) 0CHy4 (Gt)

Control 2263.83 30.25

CF1854 1176.40 1087.43 26.04 4.21

CF1950 1202.07 1061.75 26.13 4.13

CF1990 1615.40 648.43 27.63 2.62
Atmospheric concentrations in 2022

Scenario CO; (ppm) 6CO; (ppm) CHy4 (ppb) 0CHy (ppb)

Control 424 (417-436) 2081 (2053-2112)

CF1854 337 (331-343) 88 (85-93) 1590 (1576-1606) 491 (469-511)

CF1950 339 (332-344) 87 (84-92) 1589 (1575-1605) 492 (471-512)

CF1990 359 (352-369) 66 (64—68) 1592 (1574-1611) 490 (477-503)
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Figure 2. Modeled temperature and sea level rise at present day. (a) Global mean surface air temperature response for the control
scenario and the three historical counterfactual scenarios. Temperature curves are plotted to depict the median and 10th and 90th
percentile confidence intervals. (b) same as (a) for global mean sea level rise since 1900. Post-2015 emissions follow SSP2-4.5. Sea
level curves are plotted with 5th and 95th percentile confidence intervals. The observational sea level rise in 2018, as given in
IPCC AR6 WGI (IPCC 2021), is shown as a single data point and 5th and 95th confidence intervals overlaid on our projections.

Table 2. Modeled surface air temperature and sea level rise at present day. Surface air temperature (SAT) change is given as the
1990-2020 average above the 18501900 baseline. Global mean sea level rise is shown as the median rise in 2022, as compared to median
sea level at 1900. Values are given as the median with 10th to 90th percentile confidence intervals in parentheses. After 2015, the
historical emissions scenario follows SSP2-4.5. Percentages are rounded to the nearest percent.

Scenario SAT Change (K) SAT Attribution GMSLR (m) GMSLR Attribution
Control 1.00 (0.83-1.13) 0.20 (0.17-0.23)

CF1854 0.54 (0.39-0.65) 45 (37-58)% 0.14 (0.12-0.17) 29 (24-37)%
CF1950 0.56 (0.41-0.66) 44 (36-57)% 0.14 (0.12-0.17) 28 (23-36)%
CF1990 0.78 (0.65-0.90) 21 (17-26)% 0.17 (0.15-0.20) 14 (11-17)%

contribution to total warming in CF1990 is in part
due to the warming and sea level rise effects of emis-
sions closer to the end of the historical time period
not having been fully realized yet, particularly for the
long atmospheric lifetime of CO,. The differences in
modeled temperatures between the counterfactuals
translates to similar differences in the amount of sea
level rise modeled by the counterfactuals (table 2).

Under the SSP2-4.5 control scenario, we model a
GMSLR 0f 0.19 (0.15-0.22) m above the 1900 median
value by 2018, which is consistent with the glob-
ally observed GMSLR of 0.240.05m over this time
period (Fox-Kemper et al 2021) (median value with
5th to 95th percentile confidence intervals) (figure 2).
Comparing all scenarios at 2022, we find GMSLR
since 1900 to be 0.14 (0.12-0.17) m in CF1854 and
CF1950 and 0.17 (0.15-0.20) m in CF1990 (table 2,
median values with 10th to 90th percentile confidence
intervals). Emissions traced to the 122 largest fossil
fuel and cement producers therefore contributed to
29%, 28%, and 14% (median values) of sea level rise
by 2022, respectively, under CF1854, CF1950, and
CF1990.

3.2. Projected long-term sea level rise modeled
with historical counterfactual scenarios

Each counterfactual historical scenario was run with a
series of future emissions scenarios (SSP1-1.9, SSP2-
4.5, SSP5-8.5), producing a series of scenarios con-
structed to have emissions removed during the his-
torical period, then increased after 2020 to follow
future SSP scenarios. This allows us to understand
the long-term projected sea level rise from historical
emissions using standard future projection scenarios
rather than making assumptions about future emis-
sions from major fossil fuel producers and cement
manufacturers. Control versions of these scenarios,
which have full historical emissions forcing, span a
range of future projections. In SSP1-1.9 there are
net-zero CO, emissions by 2050-2055 which limits
warming to 1.5 °C above preindustrial at 2100 with
a greater than 50% likelihood (Meinshausen et al
2020, Lee et al 2021, Riahi et al 2022). In SSP2-4.5
CO; emissions peak by 2030-2035, limiting warm-
ing to 3°C by 2100 with a greater than 50% likeli-
hood, while in SSP5-8.5 CO, emissions peak by 2080—
2085 and 21*" century temperatures exceed 4 °C above
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Figure 3. Difference in projected future sea level rise through 2300. The difference in projected GMSLR (§GMSLR), since 1900,
between the control scenario and each counterfactual historical scenario for each of three future emissions trajectories (a)
SSP1-1.9, (b) SSP2-4.5, and (c) SSP5-8.5. Curves are plotted to depict the median and 10th to 90th percentile confidence intervals.

Table 3. Difference in projected GMSLR at 2300. The difference in projected GMSLR (§GMSLR), since 1900, between the control and
counterfactual scenarios at 2300 under each future emissions scenario. Values are given as the median with 10th to 90th percentile

confidence intervals in parenthesis.

OGMSLR OGMSLR OGMSLR
Scenario SSP1-1.9 (m) SSP2-4.5 (m) SSP5-8.5 (m)
CF1854 0.35(0.27-0.51)  0.36 (0.26-0.55)  0.36 (0.26-0.48)
CF1950 0.35 (0.26-0.50)  0.35 (0.26-0.53)  0.35 (0.26-0.47)
CF1990 0.22 (0.17-0.33)  0.23 (0.17-0.35)  0.23 (0.16-0.30)

preindustrial (Meinshausen et al 2020, Lee et al 2021,
Riahi et al 2022).

These modeled pathways are analyzed and visu-
alized by taking the difference between the control
and each counterfactual within a given SSP scenario
(6GMSLR). We focus on §GMSLR rather than the
overall magnitude of GMSLR to assess the attrib-
utable long-term response of past emissions which
necessitates a comparison between the control and
each counterfactual for a given future emissions
scenario. Results show that the difference in long-
term projected sea level for a given historical counter-
factual is largely independent of which SSP scenario
occurs post-2020 (figure 3 and table 3). The median
OGMSLR at 2300 is 0.35-0.36 m for CF1854, 0.35 m
for CF1950, and 0.22—0.23 m for CF1990 (table 3). As
noted for scenarios through the present day, the small
differences in cumulative emissions between CF1854
and CF1950 result in very similar projected §GMSLR.
Meanwhile CF1990 yields lower contributions due to
the shorter time period of emissions removal. This
attribution method is robust regardless of which SSP
scenario is chosen with the difference between SSP5-
8.5 and SSP1-1.9 being at most 0.016 m for a given
counterfactual (figure 4). The difference in uncer-
tainty in 6GMSLR across the scenarios is more com-
plex. While the results are broadly similar, the details

are a result of a number of factors including the over-
shoot (or lack thereof) in each scenario and how this
interplays with the feedbacks in the climate forcing,
carbon cycle, other greenhouse gas cycles and energy
uptake. Exploring these dynamics and their interplay
is beyond the scope of this study, but would be an area
for future research.

4, Discussion

The findings of this study have several important
implications for understanding and addressing the
long-term impacts of emissions traced to industrial
fossil fuel and cement producers on GMSLR. Our
results indicate the products produced by the Carbon
Majors between 18542020 have substantially altered
the climate by contributing 37%-58% of present day
SAT rise and 24%-37% of modern GMSLR. While
the quantities of fossil fuels produced by these com-
panies into the future are, as yet, undetermined, the
impacts of their past production on the climate sys-
tem will continue for centuries. Here we find that the
multi-century contribution to rising sea levels from
past fossil fuel and cement production by these com-
panies from 1854-2020 is projected to be 0.26—0.55 m
GMSLR at 2300.
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Figure 4. Difference in projected future sea level rise across scenarios. The difference in median projected GMSLR (§GMSLR), in
millimeters since 1900, between the SSP5-8.5 and SSP1-1.9 scenarios for each counterfactual historical scenario.

By integrating historical counterfactuals into
scenario based GMSLR analyses, the method presen-
ted here allows for evaluation of the effects of past
corporate emissions on atmospheric greenhouse
gas concentrations, SATs, and GMSLR. In addition
to maintaining emissions-intensive business mod-
els that drive climate change (Ekwurzel et al 2017,
Licker et al 2019, Dahl et al 2023), the fossil fuel
industry has played a role in spreading disinform-
ation and delaying regulatory action (Supran and
Oreskes 2017, Franta 2018) despite awareness of the
impacts of their products (Supran et al 2023). We
show here that the delayed mitigation illustrated by
CF1950 and CF1990 has led to additional sea level
rise at present day compared to what would have
occurred in the absence of these emissions. Delayed
mitigation and the long-term impacts of sea level rise
present a temporal distributive climate injustice in
which actions in the past have impacts on those living
in the future (Sadai et al 2022).

Estimates for the attributable present day signal
and projected sea level rise rely on model assump-
tions and the specific construction of the emissions
scenarios. The production of fossil fuels is associ-
ated with co-emitted species, particularly aerosols,
which can partially offset the warming effect of fossil
CO; and CH,4 emissions. The Carbon Majors dataset
does not contain attributable aerosol data, and there-
fore we include all historical aerosols in these simula-
tions. The inclusion of changes in aerosol emissions
would reduce the short-term impact of emissions
from major fossil fuel emitters (Ekwurzel et al 2017),

however the impact of aerosols is short-lived. As a
result, the removal or inclusion of aerosols will not
affect the paper’s key results for long-term impacts,
although it may impact present-day attribution.
MAGICC?7 takes a simplified modeling approach
to representing the interactions between elements of
the earth system. The MAGICC?7 sea level rise model
v2 includes contributions from thermal expansion,
glaciers, ice sheets, and land water storage (Nauels
et al 2017a, 2019). While this simplified framework
allows for an investigation of the climate system
response to emissions by simplifying the dynam-
ics and computational cost of simulation, there are
dynamics that the model is unable to capture. As
an example, the model cannot represent small-scale
feedbacks and interactions, such as those between
ice sheets and oceans (Alley et al 2019, Anselin et al
2023, Vankova et al 2023). Furthermore, the model
used in this study provides a simplified representation
emulating ice sheet dynamics and, in this model con-
figuration, does not include uncertain processes such
as the marine ice cliff instability (MICI) (Fox-Kemper
etal 2021) or explicit representation of inherent non-
linearities such as the marine ice sheet instability
(MISI) (Weertman 1974, Schoof 2007). MICI, in par-
ticular, has been shown to produce a significant sea
level rise response, but the process itself and its applic-
ation to natural systems is not yet understood (Clerc
etal 2019, Edwards et al 2019, Morlighem et al 2024).
The role of MISI as well is still being evaluated in nat-
ural systems (Pegler 2018, Robel et al 2022, Sergienko
2022, Sergienko and Haseloff 2023, Ranganathan and
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Minchew 2024). Therefore, the results presented here
are conservative estimates of future sea-level rise that
do not capture high-risk processes that may produce
significant sea level rise.

The projected sea level rise presented in this study
represents global mean values, but it is important
to note that spatial variation leads to regional sea
level change that can differ substantially from the
global mean (Gomez et al 2024). Regional variations
in sea level as compared to the global mean are
mainly due to spatial variation in heat, freshwater
flux, and changes in gravitational, rotational, and
Earth deformational effects due to barystatic changes
(Fox-Kemper et al 2021). From 1993 to 2018 the
western Pacific experienced higher rates of sea level
rise than the global mean, which has exacerbated
risks for low-lying Pacific islands (Fox-Kemper et al
2021, Mycoo et al 2022). Higher regional sea level
rise in locations that are responsible for negligible
amounts of greenhouse gas emissions, such as many
Pacific island states, has previously been highlighted
as an issue of distributive climate injustice (Sadai
et al 2022). Understanding regional differences in sea
level rise is important for developing targeted adapta-
tion strategies that effectively address the unique chal-
lenges posed by sea level rise in different parts of the
world. Future research should explore the contribu-
tion of industrial emissions to sea level rise in regions
around the world.

5. Conclusion

This study quantifies the contributions of the Carbon
Majors, the world’s largest fossil fuel and cement pro-
ducers, to present day temperature and sea level rise,
as well as to projected GMSLR over the coming cen-
turies. Our results emphasize the impacts of delayed
mitigation and the long-term consequences of indus-
trial carbon dioxide and methane emissions. Our ana-
lysis shows that ongoing sea level rise—resulting from
past and ongoing emissions—will continue to unfold
over centuries. Counterfactual scenarios suggest that
if emissions reductions had been implemented when
the fossil fuel industry first recognized the risks of car-
bon dioxide emissions, or at the onset of international
negotiations, present day sea level rise would be 0.03—
0.06 m lower. The level of global fossil fuel infrastruc-
ture that exists today is projected to result in emissions
that will exceed 1.5 °C (IPCC 2023). Immediate and
near-term mitigation is crucial to meeting global cli-
mate goals and reducing the long-term impacts, such
as sea level rise, which will evolve over centuries. This
study underscores that the past actions of fossil fuel
and cement producers will have consequences long
into the future. Future climate action should consider
corporate accountability measures to prevent the con-
tinuation of practices that exacerbate climate change,
and to mitigate the intergenerational harm associated
with these impacts.

S Sadai et al

Data availability statement

The MAGICC7 climate model is available from
https://magicc.org/. The Carbon Majors dataset is
available at https://carbonmajors.org/. The historical
and SSP emissions were provided by Zebedee Nicholls
via https://www.rcmip.org/.

The data that support the findings of this study are
openly available at the following URL/DOI: https://
osf.io/23dkn (Sadai and Ranganathan 2025).
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