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A historically missing market
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Scale of the ongoing market failure

Current global emissions = 37B tons CO2 per year

$231 per ton −→ $8.5T in external costs worldwide

= 8% of world GDP

≈ GDP of Japan (#3) + Germany (#4)
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This talk

1 The problem of defining “Loss and Damage”

2 Our proposed solution

3 Demonstrate application using GDP-based damages

Bonus: Updated GDP growth estimates (reconciled with literature)
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Current international legal framework for GHG
management

UN Framework Convention on Climate Change (UNFCC) - UN
process for negotiating an agreement to limit dangerous climate change

Conference of the Parties (COP) - decision-making body of UNFCCC.

Kyoto Protocol - Treaty developed by COP entered into force in 2005
(currently 192 Parties).

Paris agreement - Legally binding treaty by COP entered into force 2016
(196 parties). Based on Nationally Determined Contributions (NDCs).

Article 8 → “Loss & Damage”
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The World is negotiating over “Loss and Damage” from
climate change
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What is “Loss and Damage”?

https://unfccc.int/sites/default/�les/resource/loss_and_damage_online_guide.pdf
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https://www.wri.org/insights/loss-damage-climate-change
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State of play

Treaties are essentially contracts between countries.

Terms of a contract are only legally binding insofar as a common
understanding of their definition can be established.

“Loss and Damage” is now a legal object but lacks an actionable
definition.

Solomon Hsiang | Loss & Damage



Solomon Hsiang | Loss & Damage



...but we know a lot about quantifying damages!

climate in numerous dimensions and at many
scales. Individuals face conditions that compromise
personal health, while entire trade networks or
countries can beweakenedunder adverse climate
variation. The linkages between individualswithin
societal groups can themselves even be fractured
by climatic conditions, triggering violence or
migrant flows, for example. We review major
findings at all these scales, examining effects on
human health, economic conditions, social inter-

actions (including violence), and demographic
responses (including migration).

Health impacts: Mortality

As individuals, each of us is constantly exposed
to temperature, and under extreme heat or cold,
our bodies struggle to successfully thermoregulate,
sometimes leading to severe cardiovascular, respi-
ratory, and cerebrovascular effects that can result
in death (40, 41). Both hot and cold environmental

temperatures increase death rates (Fig. 3, A
and B): In Delhi, deaths increase by 3.2% per °C
above 20°C (42), and in theUnitedStates, days above
90°F (32.2°C) and below 20°F (–6.7°C) increasemale
mortality rates by 2 and 1.4%, respectively (39).
Effects of high temperature are rapid and acute
but decay quickly, sometimes depressing mortality
in following days, as some of the same individuals
would have died in subsequent days had an extreme
heat event not occurred (39) (red line in Fig. 4A).

aad9837-4 9 SEPTEMBER 2016 • VOL 353 ISSUE 6304 sciencemag.org SCIENCE

Fig. 3. Empirical studies demonstrate that climate variables influence social
and economic outcomes in many sectors and contexts. (A to P) Examples of
dose-response functions estimating the causal effect of climatological events
on various social outcomes. Reproduced from authors’ original estimation;
titles list the outcome variable and location studied.Colors indicate categories
of outcome variables: red, mortality (44, 46); blue, cyclone damage to assets
(48, 116); green, agriculture (21, 153); teal, labor productivity (96, 97); yellow,

electricity (25); gray, aggregate economic indicators (32, 100, 125); orange,
aggression, violence, and conflict (27, 130, 134, 136); purple, migration (171).
Climate variables differ by study but include temperature, cyclone wind speed,
rainfall anomalies, and ENSO measures. Response functions only identify rela-
tive changes and are either normalized to “zero effect” at a designated climatic
event, such as a minimum valued outcome, or the sample mean of an out-
come. Shaded areas are confidence intervals, as computed by original authors.
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Carleton & Hsiang (Science, 2016)
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...but we know a lot about quantifying damages!
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Estimated change in GDP per capita by 2100 under SSP5-RCP8.5 compared to no climate change

(reproduced with data from Burke et al, 2015, Nature)
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Estimated mortality effects of climate change in 2100 under SSP3-RCP8.5 (deaths per 100,000)

(reproduced with data from Carelton et al, 2022, Quarterly Journal of Economics)
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Estimated impact of climate change on maize in 2098 under SSP3-RCP8.5 (Δ log yield)

(reproduced with data from Hultgren et al, 2024, forthcoming)
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Estimated annual average costs of sea-level rise in 2100 under SSP3-RCP8.5 (USD)
(reproduced with data from Depsky et al, 2023, Geoscientific Model Development)
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Estimated annual change in asylum applications under 4˚C of warming

(reproduced with data from Missirian & Schlenker, 2017, Science)
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Estimated impact of climate change on electricity consumption in 2099 under SSP3-RCP8.5 (GJ per capita)

(reproduced with data from Rode et al, 2021, Nature)
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Estimated impact of climate change on other energy consumption in 2099 under SSP3-RCP8.5 (GJ per capita)

(reproduced with data from Rode et al, 2021, Nature)
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Estimated impact of climate change on labor in 2099 under SSP3-RCP8.5 (minutes per worker per day)

(reproduced with data from Rode et al, forthcoming)
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Estimated annual increase in sleep loss in 2100 under RCP8.5 (hours per person)

(reproduced with data from Minor et al, 2022, One Earth)

Hsiang (Annual Review of Econ, Forthcoming)
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...but we know a lot about quantifying damages!

Fifth National Climate Assessment

19-7 | Economics

Table 19.1. Example US Economic Impacts of Climate Extremes and Climate Change

Shown are observed and projected impacts of a sample of climate extremes and climate changes on US economic outcomes, 
as they are estimated in the context of particular studies. Note that only a subset of climate drivers may have been assessed 
in each study. Section (a) shows impacts on current economic outcomes. Section (b) shows projected future impacts. Section 
(c) highlights examples of important but unquantified impacts. All impacts are for the US and in 2022 dollars unless otherwise 
noted. GDP stands for gross domestic product, a standard measure of total domestic economic production. These estimates 
are illustrative and not comprehensive. See metadata for table credits. 

Key: * indicates an intermediate scenario (e.g., RCP4.5); ** indicates a high scenario (e.g., RCP6.0); *** indicates a very high 
scenario (e.g., RCP8.5); † indicates 3% discount rate.

a) Sample Current Impact Estimates of Climate Hazards on US Economic Outcomes

Sector Impact Type Climate Hazard Economic Estimate

 
Crop insurance payouts Temperature 

increases +19% of federally subsidized payouts48

Rural outmigration Warming-linked 
crop failure +0.17% for 1% crop yield reduction49

Commercial mortgage 
delinquency Hurricane +28% per 10% damage increase50

GDP growthW Hurricane –0.45 percentage point annual growth rate per 
hurricane51

Municipal borrowing costs Sea level rise +23.4 basis points annualized bond issuance cost per 
1% additional GDP loss due to sea level rise52

Municipal budgets Wildfire +25 percentage point increase in likelihood of budget 
deficit53

Social safety net transfers Hurricane +$975–$1,440 per capita54

Housing prices Flooding –4.6% (in 100-year floodplain)55

Student learning Temperature 
increases

1% decrease in test scores per 1°F hotter school year 
(no adaptation)56

Property values Sea level rise –14.7% (1-foot rise)57

 
Damage to  
structures and crops Flooding +$235 billion per year58

Earnings Wildfire smoke –$144 billion per year59

Work injuries Heat (≥85°F day) +5%–15% per hot day4

Hsiang, Greenhill, et al (National Climate Assessment, 2023)
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...but we know a lot about quantifying damages!
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Perspective

We already have all the tools needed to give structure and definition to
the concept of Loss & Damage from climate change.

Economists and modern analytical tools should be at the center of any
effort to quantify Loss & Damage.

→ Requires economists engage with this international policy process.
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This talk

1 The problem of defining “Loss and Damage”

2 Our proposed solution

3 Demonstrate application using GDP-based damages
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One approach: Basically a missing market for waste

Loss and Damage is analogous to debt from unpaid bills for garbage
collection.

What would have X needed to have paid in order for others to be willing
to accept the burden of X’s GHG emissions?
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Use the Social Cost of GHGs (SC-GHG) as a guiding
framework

Social Cost of GHGs (SC-GHG) - the net present value of all future total
global harm that results from the emission of a marginal ton of GHGs
today (or in future).

→ A yardstick for measuring the benefits of any GHG mitigation policy.

Question: Can we define a similar yardstick to quantify the harm
from emitting one ton of GHGs in the past?

→ Would provide a foundation for practically quantifying L & D.
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The Social Cost of GHGs

Hsiang et al (National Climate Assessment, 2023)
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The Social Cost of GHGs
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Why Loss & Damage should be consistent with SC-GHG?

1 We can use the scientific machinery used to compute the SC-GHG to
calculate LD.

2 Aid harmonization of legal interpretations in current and future legal
cases worldwide on liability & accountability.

3 Needed to align financial incentives in any situation where payments
for past and future damages are institutionalized.

e.g. if cheaper to pay for damage from past emissions relative to
future, incentivizes emitters to delay financial settlement as long as
possible to maximize emissions that are categorized as historical
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The proposed definition (in words)

We propose:

L&D be computed as the net present value of economic and
non-economic impacts attributable to the emissions of greenhouse
gases through their impact on the climate, net of any adaptation
that was undertaken.

Hypothetically, compensation for L&D would then be a payment schedule
that reimburses all individuals for the damages (or benefits) that they have
experienced or will experience from climate change, paid for by the
individuals that caused these impacts via emissions.

Note: consistent with Article 8 of the Paris Agreement, that these damage
estimates do not necessarily equal what is “owed” by one entity to another,
as that is a moral and legal question beyond the scope of this analysis.
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The proposed definition (in concept)

historical future future

Loss damages damages damages

and = from + from + from

damage historical historical future

emissions emissions emissions
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The proposed definition (in math)
Impact of marginal emissions on outcome, via a change in the climate is:

∆Y (∆emissions) = Y (climate(emissions))−Y (climate(emissions−1ton))

Resulting in cumulative damage to i from a marginal emission:

Di ,te ,ts ,t1,t2(∆emissionste ) =

t2∑
t=t1

(1 + r)−(t−ts) ·∆Yit(∆emissionste )

For a time interval t1 → t2 and context defined by:

t0: time when first accountable for emissions
te : time of emissions
ts : time when “accounts are settled”
r : discount rate
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Timing

t0 −→ te −→ ts

t0: time when first accountable for emissions

te : time of emissions

ts : time when “accounts are settled”
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Historical Damage (“HD-CO2”)
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Future Damage (“FD-CO2”)
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Social Cost of Carbon (“SC-CO2”)
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harm from past emission
FD-CO2

Settlement for future harm 
from past emissions (FD-CO2) 
is also additive

time

lo
g 

va
lu

e

high discount rate

Higher discount rate increases settlement for past damage,
decreases settlement for future damage

settlement (ts)

lo
g 

va
lu

e

te = ts

SC-CO2: special case where settlement occurs
at same time as emission

Social cost of carbon dioxide
SC-CO2

a

b

c

d

e

f

g

low discount rate
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Historical damage from a marginal emission (HD-CO2)

HD-CO2te =
∑
i

tp∑
t=te

(1 + r)−(t−tp) ·∆Yit(∆emissionste≤tp)

Future damage from a historical marginal emission (FD-CO2)

FD-CO2te =
∑
i

∞∑
t=tp

(1 + r)−(t−tp) ·∆Yit(∆emissionste≤tp)

Future damage from a current/future marginal emission (SC-CO2)

SC -CO2te =
∑
i

∞∑
t=te

(1 + r)−(t−te) ·∆Yit(∆emissionste≥tp)

tp: present time (assume tp = ts)

Solomon Hsiang | Loss & Damage



Three yardsticks to measure all harm from CO2 emissions

Total welfare loss for humanity from all emissions ever:

Lt0 =
∞∑

te=t0

global emissionste · (HD-CO2te + FD-CO2te + SC -CO2te )

HD-CO2: Historical damage, historical emissions
FD-CO2: Future damage, historical emissions
SC -CO2: Future damage, current/future emissions
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Bilateral L&D from emitter j → i starting at t0

Lj→i,t0 =

tp∑
te=t0

(
HD-CO2,i,te︸ ︷︷ ︸
past harm to i

+FD-CO2,i,te︸ ︷︷ ︸
future harm to i

)
· Ej,te︸︷︷︸
past emissions from j

+

∞∑
te=tp

SC -CO2,i,te︸ ︷︷ ︸
future harm to i

· Ej,te︸︷︷︸
future emissions from j
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Example: Historical damages from USA → Brazil
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Interesting Legal Question 1: Selecting a discount rate?
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elasticity of intertemporal substitution of consumption. Using estimates of demand systems, Stern
(1977) finds a concentration of estimates of g of approximately 2, with a range of roughly 0–10.
Epstein&Zin (1991),whopropose a generalization of theDEU to disentangle aversion to risk and
to fluctuations, find a value ranging from 1.25 to 5. Pearce & Ulph (1995) estimate a range from
0.7 to 1.5.

If we combine an index of inequality aversion of g ¼ 2 with a prospective average growth rate
of g ¼ 2%, the Ramsey equation (Equation 3) gives us a normative discount rate of 4%. Table 2
gives some variations in the calibration of this equation that are representative of the current
literature on this question.

The Ramsey rule tells us the minimum return required to induce amarginal increase in savings.
The above analysis suggests that if one believes that the growth rate of the economy will remain
close to its historical trend since the Industrial Revolution, one should not invest at the margin in
safe projects whose return is less than 4%. But we have seen that past generations in the twentieth
century invested in safe projects whose return was as low as 1% in the United States. This in-
vestment led to a formidable accumulation of capital over the past century. This outcome was
socially undesirable. If past generations believed in a bright future, why did they sacrifice so much
of their production for the benefit of theirmuchwealthier successors? The low return on safe assets
during the period did not compensate for the large intergenerational inequalities that this generous
saving and investment behavior generated.We refer to this observation as the normative risk-free-
rate puzzle.5 A possible explanation is that past generations were pessimistic or recognized that
economic growth is an uncertain process (see the next section).

Table 2 Calibration of the discount rate based on the Ramsey equation (Equation 3)

Author Inequality aversiong Growth rateG Discount rate gg

Stern (1977) 2

Cline (1992) 1.5 1% 1.5%

IPCC (1995) 1.5–2 1.6–8% 2.4–16%

Arrow (1999) 2 2% 4%

HM Treasury (2003) 1 2% 2%

Lebègue (2005) 2 2% 4%

Arrow (2007) 2–3

Dasgupta (2007) 2–4

Stern (2007) 1 1.3% 1.3%

Weitzman (2007a) 2 2% 4%

Nordhaus (2008) 2 2% 4%

Pindyck (2013) 1–3

Some of the authors add a rate of impatience d to the Ramsey rule so that the last column is only a partial
representation of what these authors recommend for the discount rate. Blank cells denote that data were
not given.

5Weil (1989) was the first to present the (positive) risk-free-rate puzzle, which states that the classical consumption-based
capital asset pricing model (CCAPM) cannot explain why interest rates have been so low during the past century.

280 Gollier " Hammitt

Gollier & Hammit (Annual Rev of Res Econ, 2014)
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Interesting Legal Question 2: When is t0?

i.e. what is the date for when to start holding emitters accountable?

REVIEW SUMMARY
◥

CLIMATE PROJECTION

Assessing ExxonMobil’s global warming projections
G. Supran*, S. Rahmstorf, N. Oreskes

BACKGROUND: In 2015, investigative journal-
ists discovered internal company memos indi-
cating that Exxon oil company has known
since the late 1970s that its fossil fuel products
could lead to global warming with “dramatic
environmental effects before the year 2050.”
Additional documents then emerged showing
that the US oil and gas industry’s largest trade
association had likewise known since at least
the 1950s, as had the coal industry since at
least the 1960s, and electric utilities, Total oil
company, and GM and Fordmotor companies
since at least the 1970s. Scholars and journal-
ists have analyzed the texts contained in these
documents, providing qualitative accounts
of fossil fuel interests’ knowledge of climate
science and its implications. In 2017, for in-
stance, we demonstrated that Exxon’s internal
documents, as well as peer-reviewed studies
published by Exxon and ExxonMobil Corp
scientists, overwhelmingly acknowledged that
climate change is real and human-caused. By
contrast, themajority ofMobil andExxonMobil
Corp’s public communications promoted doubt
on the matter.

ADVANCES: Many of the uncovered fossil fuel
industry documents include explicit projec-
tions of the amount of warming expected to

occur over time in response to rising atmo-
spheric greenhouse gas concentrations. Yet,
these numerical and graphical data have re-
ceived little attention. Indeed, no one has
systematically reviewed climate modeling
projections by any fossil fuel interest. What
exactly did oil and gas companies know, and
how accurate did their knowledge prove to be?
Here, we address these questions by reporting
and analyzing all known global warming pro-
jections documented by—and in many cases
modeled by—Exxon and ExxonMobil Corp
scientists between 1977 and 2003.
Our results show that in private and acad-

emic circles since the late 1970s and early
1980s, ExxonMobil predicted global warming
correctly and skillfully. Using established sta-
tistical techniques, we find that 63 to 83% of
the climate projections reported by ExxonMobil
scientists were accurate in predicting subse-
quent global warming. ExxonMobil’s average
projected warming was 0.20° ± 0.04°C per
decade, which is, within uncertainty, the same
as that of independent academic and govern-
ment projections published between 1970 and
2007. The average “skill score” and level of
uncertainty of ExxonMobil’s climate models
(67 to 75% and ±21%, respectively) were also
similar to those of the independent models.

Moreover, we show that ExxonMobil scien-
tists correctly dismissed the possibility of a
coming ice age in favor of a “carbon dioxide
induced ‘super-interglacial’”; accurately pre-
dicted that human-caused global warming
would first be detectable in the year 2000 ± 5;
and reasonably estimated howmuchCO2would
lead to dangerous warming.

OUTLOOK: Today, dozens of cities, counties,
and states are suing oil and gas companies for
their “longstanding internal scientific knowl-
edge of the causes and consequences of cli-
mate change and public deception campaigns.”
The European Parliament and the US Congress
have held hearings, US President Joe Biden has
committed to holding fossil fuel companies
accountable, and a grassroots social movement
has arisen under the moniker #ExxonKnew.
Our findings demonstrate that ExxonMobil
didn’t just know “something” about global
warming decades ago—they knew as much
as academic and government scientists knew.
But whereas those scientists worked to com-
municate what they knew, ExxonMobil worked
to deny it—including overemphasizing uncer-
tainties, denigrating climate models, mytholo-
gizing global cooling, feigning ignorance about
the discernibility of human-caused warm-
ing, and staying silent about the possibility
of stranded fossil fuel assets in a carbon-
constrained world.▪

RESEARCH

Supran et al., Science 379, 153 (2023) 13 January 2023 1 of 1
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Historically observed temperature
change (red) and atmospheric
carbon dioxide concentration
(blue) over time, compared
against global warming
projections reported by
ExxonMobil scientists.
(A) “Proprietary” 1982
Exxon-modeled projections.
(B) Summary of projections
in seven internal company
memos and five peer-reviewed
publications between 1977 and
2003 (gray lines). (C) A 1977
internally reported graph of the
global warming “effect of CO2

on an interglacial scale.” (A) and
(B) display averaged historical
temperature observations,
whereas the historical tempera-
ture record in (C) is a smoothed
Earth system model simulation
of the last 150,000 years.
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“Proprietary” 1982 Exxon-modeled projections.

Supran, Rahmstorf, Oreskes (Science, 2023)
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Interesting Legal Question 3: Use consumption or
production based emissions?

EPA (2024)
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This talk

1 The problem of defining “Loss and Damage”

2 Our proposed solution

3 Demonstrate application using GDP-based damages

Bonus: Updated GDP growth estimates (reconciled with literature)
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Demonstrate application with GDP impacts
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Full update of Burke, Hsiang, Miguel (Nature, 2015) [BHM] addressing all
testable concerns raised in literature.
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Technical aside: here, use 5 years of lags (no recovery at
10 years)
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Historical & future damage from historical marginal
emissions

a   Cumlative damage through 2020 (HD-CO2) b   Cumlative damage 2021-2100 (FD-CO2)

c  Impacts through 2020 of 1t pulse in 1990 d  Impacts 2021−2100 of 1t pulse in 1990

e  SC-CO2 estimates under different analytic scenarios

 SC−CO2 (per tonne damages in $USD)
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Application to behaviors

Not recycling
recyclingz97
recyclingz98
recyclingz99
recyclingz910
recyclingz911
recyclingz912
recyclingz913
recyclingz914

Not recycling
A serving of beef/month
Driving 10% more than an average American
Eating an average American diet instead of a vegetarian diet 
Using a gas furnace instead of a heat pump
Additional long−haul (8000km) flight per year 

$1 $10 $50 $150 $500 $5,000 $25,000

a Cumulative damages (through 2100) of a decade (2010-2020) of invdividual behaviors

Jack Nicklaus (%0.1418)
Kylie Jenner (%0.0823)
Dan Bilzerian (%0.297)
Travis Scott (%1.3117)
Mark Wahlberg (%0.2415)
A−Rod (%0.2338)
Kim Kardashian (%0.0938)
Steven Spielberg (%0.0121)
Taylor Swift (%0.2538)
Puma/Jay−Z (%0.1139)
Elon Musk (%0.0007)
Floyd Mayweather (%0.2745)
Jeff Bezos (%0.0011)
Bill Gates (%0.0013 of net worth)

$0 $250 $500 $750 $1,000 $1,250 $1,500 $1,750
b Present value of future cumulative damages (through 2100) of celebrities private jet emissions in 2022 (thousands of $)

Kuwait Petroleum Corp
Sonatrach SPA 
Peabody Energy Corp 
Abu Dhabi National Oil Co 
Petroleos de Venezuela SA (PDVSA) 
Chevron Corp 
China National Petroleum Corp (CNPC) 
BP PLC 
Royal Dutch Shell PLC 
Coal India
Petroleos Mexicanos (Pemex) 
ExxonMobil Corp 
National Iranian Oil Co 
Gazprom OAO 
Saudi Arabian Oil Company (Aramco)

$1 $2 $5 $10 $15 $25 $40 $65

c Accumulated damages by 2020 of emissions of carbon majors 1988−2015 (Scope 1 and 3, $T)

Damages 2021-2100
Damages through 2020

Damages 2022-2100

Damages through 2020
Damages 2021-2100
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Application to individuals

Not recycling
recyclingz97
recyclingz98
recyclingz99
recyclingz910
recyclingz911
recyclingz912
recyclingz913
recyclingz914

Not recycling
A serving of beef/month
Driving 10% more than an average American
Eating an average American diet instead of a vegetarian diet 
Using a gas furnace instead of a heat pump
Additional long−haul (8000km) flight per year 

$1 $10 $50 $150 $500 $5,000 $25,000

a Cumulative damages (through 2100) of a decade (2010-2020) of invdividual behaviors

Jack Nicklaus (%0.1418)
Kylie Jenner (%0.0823)
Dan Bilzerian (%0.297)
Travis Scott (%1.3117)
Mark Wahlberg (%0.2415)
A−Rod (%0.2338)
Kim Kardashian (%0.0938)
Steven Spielberg (%0.0121)
Taylor Swift (%0.2538)
Puma/Jay−Z (%0.1139)
Elon Musk (%0.0007)
Floyd Mayweather (%0.2745)
Jeff Bezos (%0.0011)
Bill Gates (%0.0013 of net worth)

$0 $250 $500 $750 $1,000 $1,250 $1,500 $1,750
b Present value of future cumulative damages (through 2100) of celebrities private jet emissions in 2022 (thousands of $)

Kuwait Petroleum Corp
Sonatrach SPA 
Peabody Energy Corp 
Abu Dhabi National Oil Co 
Petroleos de Venezuela SA (PDVSA) 
Chevron Corp 
China National Petroleum Corp (CNPC) 
BP PLC 
Royal Dutch Shell PLC 
Coal India
Petroleos Mexicanos (Pemex) 
ExxonMobil Corp 
National Iranian Oil Co 
Gazprom OAO 
Saudi Arabian Oil Company (Aramco)

$1 $2 $5 $10 $15 $25 $40 $65

c Accumulated damages by 2020 of emissions of carbon majors 1988−2015 (Scope 1 and 3, $T)

Damages 2021-2100
Damages through 2020

Damages 2022-2100

Damages through 2020
Damages 2021-2100
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Application to firms

Not recycling
recyclingz97
recyclingz98
recyclingz99
recyclingz910
recyclingz911
recyclingz912
recyclingz913
recyclingz914

Not recycling
A serving of beef/month
Driving 10% more than an average American
Eating an average American diet instead of a vegetarian diet 
Using a gas furnace instead of a heat pump
Additional long−haul (8000km) flight per year 

$1 $10 $50 $150 $500 $5,000 $25,000

a Cumulative damages (through 2100) of a decade (2010-2020) of invdividual behaviors

Jack Nicklaus (%0.1418)
Kylie Jenner (%0.0823)
Dan Bilzerian (%0.297)
Travis Scott (%1.3117)
Mark Wahlberg (%0.2415)
A−Rod (%0.2338)
Kim Kardashian (%0.0938)
Steven Spielberg (%0.0121)
Taylor Swift (%0.2538)
Puma/Jay−Z (%0.1139)
Elon Musk (%0.0007)
Floyd Mayweather (%0.2745)
Jeff Bezos (%0.0011)
Bill Gates (%0.0013 of net worth)

$0 $250 $500 $750 $1,000 $1,250 $1,500 $1,750
b Present value of future cumulative damages (through 2100) of celebrities private jet emissions in 2022 (thousands of $)

Kuwait Petroleum Corp
Sonatrach SPA 
Peabody Energy Corp 
Abu Dhabi National Oil Co 
Petroleos de Venezuela SA (PDVSA) 
Chevron Corp 
China National Petroleum Corp (CNPC) 
BP PLC 
Royal Dutch Shell PLC 
Coal India
Petroleos Mexicanos (Pemex) 
ExxonMobil Corp 
National Iranian Oil Co 
Gazprom OAO 
Saudi Arabian Oil Company (Aramco)

$1 $2 $5 $10 $15 $25 $40 $65

c Accumulated damages by 2020 of emissions of carbon majors 1988−2015 (Scope 1 and 3, $T)

Damages 2021-2100
Damages through 2020

Damages 2022-2100

Damages through 2020
Damages 2021-2100
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Application to countries
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Conclusions 1

Economists should be involved with defining Loss & Damages.

It is straightforward to apply standard economic tools to formalize a
quantitative measure of Loss and Damage.

This quantification can be fully consist with standard def of the SC-CO2.
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Conclusions 2

We propose a framework for L&D that reduces to three marginal
costs for each unit of emissions: HD-CO2, FD-CO2, SC-CO2

→ SC-CO2 is a special case of L&D where accounts are “settled”
at the time of emission.

For instance, we estimate that 1 ton of CO2 emitted in 1990 caused $180
in global cumulative discounted damages by 2020 [95% CI: $40-530] and
will cause an additional $2000 in discounted damages through 2100
[$500-5700] (2% annual discount rate).

Settling debts for past damages will not settle debts for past
emissions.
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