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A historically missing market

Cumulative CO2 emissions

Cumulative emissions are the running sum of CO: emissions produced from fossil fuels and industry since 1750.
Land use change is not included.
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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

@ The problem of defining “Loss and Damage”

@ Our proposed solution

® 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

Article 8

1. Parties recognize the importance of averting, minimizing and addressing loss and
damage associated with the adverse effects of climate change, including extreme weather
events and slow onset events, and the role of sustainable development in reducing the risk
of loss and damage.

2. The Warsaw International Mechanism for Loss and Damage associated with Climate
Change Impacts shall be subject to the authority and guidance of the Conference of the
Parties serving as the meeting of the Parties to this Agreement and may be enhanced and
strengthened, as determined by the Conference of the Parties serving as the meeting of the
Parties to this Agreement.

3. Parties should enhance understanding, action and support, including through the
Warsaw International Mechanism, as appropriate, on a cooperative and facilitative basis
with respect to loss and damage associated with the adverse effects of climate change.
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The World is negotiating over “Loss and Damage” from
climate change
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What is “Loss and Damage”?

ONLINE
GUIDE

As of March 2024

LOSS AND DAMAGE

httns://unfecc int/sites/default/files/resource/loss and damaae online auide ndf
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What is “Loss and Damage”?

-

LO.

OVERVIEW
IMPACTS OF CLIMATE CHANGE

Impacts of climate change include slow onset events and extreme weather events
which may both result in loss and damage.

Slow Onset Events Extreme Weather Events
Slow onset events usually develop An extreme weather event is
gradually over time, and their an event thatis rare ata
impacts are often based on a particular place and time of a
confluence of several different year (IPCC, 2012).

events (UNFCCC, 2012).

)
Source: the IPCC glos Onset Events™  LoSs AND DAMAGEONLNE GUIDE 3

ary, Technical paper of

httns://unfecc int/sites/default/files/resource/loss and damaae online auide ndf
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What is “Loss and Damage”?

: OVERVIEW

IMPACTS OF C1 IMATE CHANGE

Impacts
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What is “Loss and Damage”?

B OVERVIEW

IMPACTS OF C1 IMATE CHANGE

Impacts

wienm — MILESTONES ON LOSS AND DAMAGE
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1) What Is Loss and Damage?

“Loss and damage” s a general term used in UN climate negotiations to refer to the
consequences of climate change that go beyond what people can adapt to; for

mple, the loss of coastal heritage sites due to rising sea levels or the loss of homes

and lives during extreme floods. This also includes situations where adaptation
options exist, but a community docsnit have the resources to access or utilize them.

To date, there is no official definition of loss and damage under the UN

the

most, meaning that addressing the issue is an urgent matter of climate justice. But the

Loss and damage is harming and will continue to harm vulnerable commun

subject has historically been fraught with contention both inside and outside of UN
climate negotiations. In particular, countries have struggled to reach agrcement on

how much money developed countries should supply to address loss and damage in
de
often hit hardest by its impacts.

loping nations, which have contributed the least to the climate crisis but are

2) What Counts as Loss and Damage?

Lo

heatwaves, as well as from slow-onset changes such as sea level rise, desertification,

ss and damage can result from extreme weather ¢

nts like cyclones, droughts and

dation, ocean acidification and In some cases,

glacial retreat, land
damages may permanently alter places; for example, rising seas encroaching on low-

lying islands, or drought shrinking water supplics and turning once-productive

farmland into barren land.

Solomon Hsiang | Loss & Damage



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.
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nature climate change

Explore content v About the journal v Publish withus v Subscribe

nature > nature climate change > articles > article

Article \ Published: 25 September 2017
A typology of loss and damage perspectives

Emily Boyd &, Rachel A. James &, Richard G. Jones, Hannah R. Young & Friederike E. L. Otto

Nature Climate Change 7, 723-729 (2017) | Cite this article

Abstract

Loss and Damage (L&D) has been the subject of contentious debate in international climate
policy for several decades. ly, formal isms on L&D have been blished, but

arguably through unclear language. This ambiguity is politically important, but researchers
and practitioners require clearer understandings of L&D. Here we report on the first in-depth
empirical study of actor perspectives, including interviews with 38 key stakeholders in
research, practice, and policy. We find points of agreement and also important distinctions in
terms of: the relationship between L&D and adaptation, the emphasis on avoiding versus

ing L&D, the rel ofanth
typology of four perspectives is identified, with different implications for research priorities
and actions to address L&D. This typology enables improved understanding of existing

pogenic climate change, and the role of justice. A

perspectives and so has potential to facilitate more transp: ion of the options

available to address L&D.
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...but we know a lot about quantifying damages!
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...but we know a lot about quantifying damages!

;" P —

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

Fifth Natonal Climate Assessment
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...but we know a lot about quantifying damages!

<EPA

Report on the Social Cost of
Greenhouse Gases:

Estimates Incorporating Recent Scientific Advances
November 2023

National Center for Environmental Economics
Office of Policy

Climate Change Division
Office of Air and Radiation

U.S. Environmental Protection Agency
Washington, DC 20460
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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.
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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.
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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

@ The problem of defining “Loss and Damage”

@ Our proposed solution

® Demonstrate application using GDP-based damages

Bonus: Updated GDP growth estimates (reconciled with literature)
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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.
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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

The Social Cost of Greenhouse Gases

For each additional ton ...the climate ...imposing additional ...and these costs will
of CO, emitted... will respond... costs to society... add up over time.

1ton CO, Additional warming Additional damages Social cost of carbon
from 1 ton CO, from 1 ton CO, ($ per ton of CO,)
Energy
Water
Coasts
"““‘“““I““I““N -“‘“-“l“ll“llll“ o
.t I
Today Future Today Future  Today Future

Hsiang et al (National Climate Assessment, 2023)
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The Social Cost of GHGs

<EPA

Report on the Social Cost of
Greenhouse Gases:

Estimates Incorporating Recent Scientific Advances

November 2023

National Center for Environmental Economics
Office of Policy

Climate Change Division
Office of Air and Radiation

U.S. Environmental Protection Agency
Washington, DC 20460
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Why Loss & Damage should be consistent with SC-GHG?

@ We can use the scientific machinery used to compute the SC-GHG to
calculate LD.
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Why Loss & Damage should be consistent with SC-GHG?

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

@ Aid harmonization of legal interpretations in current and future legal
cases worldwide on liability & accountability.
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Why Loss & Damage should be consistent with SC-GHG?

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

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

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

o 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.

Solomon Hsiang | Loss & Damage



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.
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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)

Loss
and

damage

historical
damages
from
historical

emissions

future
damages
from
historical

emissions

future

damages

+ from

future

emissions
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The proposed definition (in math)

Impact of marginal emissions on outcome, via a change in the climate is:
AY (Aemissions) = Y (climate(emissions))— Y (climate(emissions — 1ton))

Resulting in cumulative damage to i from a marginal emission:

%]
D te,ts 11,12 (Demissions,) = » (14 r)~7%) - AYje(Aemissionst,)

t=t1
For a time interval t; — t» and context defined by:

to: time when first accountable for emissions
te: time of emissions

ts: time when “accounts are settled”

r: discount rate
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Timing

ty — te — fts

tp: time when first accountable for emissions
te: time of emissions

ts: time when “accounts are settled”
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annual flow of damage
generated by asset

leIII,

1) time
emissions pulse creates
an “emitted asset”at time t_

log value

Solomon Hsiang | Loss & Damage



log value

Settlement occurs after damage

vate
_ d\s(_o\l(\t— -
S\ope” -~ value at time of
.- delayed settlement

-

>

settlement (t) time
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log value

Settlement occurs prior to damage

= d\SCoU“ﬂ
S\OPQ_ - -
-=" one year
value if settlement of damage (t)
occurs in advance
[
time

settlement (t)
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Q.

log value

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

xe
(3
CO\)(:“ -z =
\(\6\6 - - : s
- P .= -
‘(\\’qf: t‘» t . -
= Tow aiscoun .

settlement (t) time
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Historical Damage ("HD-CO2")

Settlement for multiple periods
€ of uncompensated past
A harm (HD-CO,) is additive

log value

(value owed for costs already incurred)

| total settiment for past harm
- D HD-CO,

settlement (ts)
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Future Damage (“FD-CO2")

log value

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

settlement (ts)

total settlment to offset future
I~ harm from past emission
FD-CO,
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Social Cost of Carbon (“SC-CO2")

SC-CO,: special case where settlement occurs
A at same time as emission

log value <

Social cost of carbon dioxide
_- SC-CO,
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Settlement for multiple periods
of uncompensated past
A harm (HD-CO,) is additive

m
3

log value

total settiment for past harm
(value owed for costs already incurred)
HD-CO,

settlement (t)

Settlement for future harm

o A from past emissions (FD-COZ)

2| isalso additive

s total settiment to offset future
o [" harm from past emission
2 FD-CO,

settlement (t)

9 SC-CO,: special case where settlement occurs

o A at same time as emission

=}
©

>

o
o

Social cost of carbon dioxide
sc-co,
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Historical damage from a marginal emission (HD-CO2)

HD-CO2;, = ZZ (1+r)" (t=tp) - AYj(Aemissionst,<t,)

i t=te

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

FD-CO2;, =Y > (1+r)~=%) . AY;(Aemissionst,<,)

i t=tp

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

5C-C0O2,, = Z Z(l + r)~ (%) LAY (Aemissionst, >+, )

i t=te

tp: present time (assume t, = ts)
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Three yardsticks to measure all harm from CO2 emissions

Total welfare loss for humanity from all emissions ever:

(e}
Ly, = Z global _emissions,, - (HD-CO2;, + FD-CO2;, + SC-C02;,)

te=to

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 t

tp

Lissig = (HD-Coz,f,te +FD-C02,i,re> : Ej . +
te=tp . . .. .
past harm to i future harm to i past emissions from j
oo
> SC-COui, - Ej .
——

te=t,
€7P future harm to i future emissions from ]
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Example: Historical damages from USA — Brazil
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Interesting Legal Question 1: Selecting a discount rate?

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

Author Inequality aversiony | Growthrate G | Discountrate yg
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%
Lebegue (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 8 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.

Gollier & Hammit (Annual Rev of Res Econ, 2014)
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Interesting Legal Question 2: When is ty?
i.e. what is the date for when to start holding emitters accountable?

A GROWTH OF ATMOSPHERIC CO2 AND AVERAGE GLOBAL
TEMPERATURE INCREASE AS A FUNCTION OF TIME

Observed_ 21t Century Study D [

620|  —— st Cammiry Sy s o/ 3.2
No Sy FuslsLiaid |

== And Gas Balances o '/
AT e Comry 5o

580

b4
8

g

460

AVERAGE TEMPERATURE INCREASE,"C -

ATMOSPHERIC CARBON DIOXIDE, PPM (V)
5

3

1960 - 80 o 20 40 E) 80 00

YeAR
=== 0bserved atmospheric CO, concentration
~==Qbserved temperature change

“Proprietary” 1982 Exxon-modeled projections.

Supran, Rahmstorf, Oreskes (Science, 2023)
Solomon Hsiang | Loss & Damage



Interesting Legal Question 3: Use consumption or
production based emissions?

Scope 2 Scope 1
INDIRECT DIRECT
Scope 3 Scope 3
3 INDIRECT INDIRECT
purcased E__9

goodsand transportation -
purchased electricity, steam, ST 4
R coning ot o i investmens
company

leased assets [ Y
e Do ull

- franchises
employee processing of

fueland commuting - ‘sold products ?

enery related ﬁe g o

business. E k ﬁ
company leased assets
- b vehicles useof sold

activities —
transportation o
anddistribution _ waste Products  engofife
generated in treatment of
‘operations sold products
Upstream activities Reporting company Downstream activities

EPA (2024)
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This talk

@ The problem of defining “Loss and Damage”

@ Our proposed solution

® Demonstrate application using GDP-based damages

Bonus: Updated GDP growth estimates (reconciled with literature)
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Demonstrate application with GDP impacts

0.05 — 0.05
0.00 — 0.00 —
-0.05 -0.05
2 £
o [
£ - < .
g 0.10 s 0.10
=} o
S S
-0.15 — -0.15
BHM (dotted)
-0.20 cubic -0.20 I*\I 1961-79
linear timetrend ll_‘ 1980-99
-0.25 - region-yr FE -0.25 - \|*|\ 2000-20
T T T T T T 1 T T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
temperature (C) temperature (C)

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)
a Distributed lag models
0.005 —
0.000 —

-0.005 —

dy/dT

—0.010

-0.015

-0.020 -~

0O 1 2 3 4 5 6
number of lags

change in GDP/cap (GDP-weighted)

b Local projections

0.005 —

-0.005 —

-0.010 —
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1 2 3 4 5 6 7 8 9
years after shock
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Historical & future damage from historical marginal
emissions

a Cumlative damage through 2020 (HD-CO,)

Per tonne damages in 2020 $USD
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Application to behaviors

a cumulative damages (through 2100) of a decade (2010-2020) of invdividual behaviors
$1 $10 $50 $150 $500 $5,000 $25,000

|
|
o |
|
|
Damages 2021-2100
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Application to individuals

b Present value of future cumulative damages (through 2100) of celebrities private jet emissions in 2022 (thousands of $)
$0 $250 $500 $750 $1,000 $1,250 $1,500 $1,750
Bill Gates (%0.0013 of net worth
Jeff Bezos (%0.0011
Floyd Mayweather (%0.2745
Elon Musk (%0.0007.
Puma/Jay-Z (%0.1139)
Taylor Swift (%0.2538
Steven Spielberg (%0.0121
Kim Kardashian (%0.0938)
A-Rod (%0.2338
Mark Wahlberg (%0.2415!
Travis Scott (%1.3117
Dan Bilzerian (%0.297)
Kylie Jenner (%0.0823

Jack Nicklaus (%0.1418 Damages 2022-2100
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Application to firms

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

$1 $2 $5 $10 $15 $25 $40 $65
Saudi Arabian Oil Company (Aramco!
Gazprom OAO

National Iranian Oil Co

ExxonMobil Corp

Petroleos Mexicanos (Pemex

Coal India

Roval Dutch Shell PLC

BP PLC

China National Petroleum Corp (CNPC
Chevron Corp

Petroleos de Venezuela SA (PDVSA
Abu Dhabi National Oil Co

Peabody Energy Corp
Sonatrach SPA Damages through 2020
Damages 2021-2100

Kuwait Petroleum Corp

Solomon Hsiang | Loss & Damage



Application to countries

60T
Emitter
USA ($10.18T)
CHN ($8.7T)
40T

EU (86.42T)

BRA (§3.55T)

RUS (83.27T)

JPN (52.24T)

Damages from warming (S$USD)

20T IDN (52.01T)
IND (51.89T)
GAN (51.33T)
GBR
MEX (30.94T)
UKR (50.8T)
ZAF (§0.79T)
AUS (80.78T)
KOR (0.72T)

(Other emitters (510.93T)

Recipient

USA (516.2T)

EU (§757T)

CHN ($6.55T)

JPN (§3.85T)

IND (52.84T)

BRA (61.8T)

Others (§8.24T)

GBR (50.88T)
KOR (50.83T)
ARE (80.72T)
THA (50.71T)
NGA (50.61T)
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impact (in $trillions)

net impact (in $trillions)

a Damages from selected top emitters
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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.

Solomon Hsiang | Loss & Damage



Conclusions 2

We propose a framework for L&D that reduces to three marginal
costs for each unit of emissions: HD-CO2, FD-C0O2, 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 CO5 emitted in 1990 caused $180
in global cumulative discounted damages by 2020 [95% Cl: $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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