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1The SE&HGvariesbased on the year that emissions are released into the atmospigegochanges in concentrations of GHGs

in the atmosphere and socioeconomic conditioB$1Gslsodiffer intheir lifetimes andthe timing and magnitude of their effects

on temperature and other environmental outcomeand thustheir impacts on society will be gapecific. Collectively, these

valuesg the social cost of carbon (SI13), social cost of methane ($324), social cost of nitrous oxide (8&0), and social cost

of hydrofluorocarbons (SBFCt I NB 2F i Sy NBFSNNBR (2 &4 (kGHGHaz20Att O02&0 2F 3
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2 As discussed in EPA (2028)pnomistsand other scientific expertsave emphasized thissue of international cooperation and
reciprocity as support for assessing global damages of GHG emisstmmestic policy analys{s.g.,Kopp and Mignone 2013
Pizer et al. 201,4Howard and Schwart2017, Pindyck 2017, 2021, Revesz et al. 2017, Carleton and Greenstone 2022, Houser et
al. 2023.

3Wedza S a Sy dzYSNI G A @S¢ A norddiaggregatdd birbdchit@darnbgeruddtidnideveldpriedt that typically
involves spatially explicit and sectoral or categespecific modelling of relevant processes and then aggregates regional or
sectoral damagedhis has also been describedras & 0 2dilLd¢2 Y2 NIsgedif®@ £J- O LIFINBIm&IKg climate damages

in the literature.

4Macmoeconomicstudies thatestimate the effect of temperature on GDP a@mnetimes characterized as providing @ R RIg y €
approach to developing climate damage functiorHowever we do notadopt this terminologyince asdiscussedn more detail

in Section4, these studie®n their own are not abléo provide acomprehensiveccountingof climatedamages.

5 For the scope dthis paper U.S. impaespecific S&Q refers tothe present value of the monetizefdture damages resulting
from one ora fewcategories of climaimpacts occuring within the United Statasaresult of an additional ton of G@missions

in a given year
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6 Other methods to estimatéghe SGGHG includeexpert elicitation methodsor other survey techniquege.g., fhdyck2019,

Hulshof and Mulder 202MMoore et al. 2023t Economywide computablegeneral equilibrium(CGE modelsare often usedto
explorehow marketbasedclimate impacts propagate through the econofieyg., Dellink et al. 2019, Takakura et al. 20ta)

have na generally been usedn their ownto develop SEGGHG estimates

7 Other climate change IAMs incluaeore structural representations of the global economy with a high level of regional and
sectoral detail and were originally developed for analyzing the impact of policy and technol@jji@missionsSee NASEM

(2017) for more discussiorthese types of IAMs areften used to examine different climate change impact sectors and
interactions between sectors and regions but do not yet comprehensively link physical impacts to monetized economic damages
as needed for SGHG estimation (NSEM2017).
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manufacturing, construction) of the economy. In the relatively few studies that rely on multisectoral, multiregional economic
compuable general equilibrium (CGE) models to build damage functions, the term may be used in the more traditional way to

refer to economic sectors. CGE modeddibrate to regiorsector impact estimates but account for more interactions among

regions impacts, supplyand demand factors
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13 Given ongoing research into the health rifksn even lowlevel PM sexposure (see e.g.pBgard et al. 2024) and other more

toxic components of wildfire smoke (see discussion of related literature in CIL Y2@2dd not apply amoke intensitghreshold

to the smoke dayslatapresented in Figure.1

14For example,ecentresearch suggests that the welfare costs of lost earnings from smoke exposure is similar to or larger than

the cost of increased mortality from wildfire smol@orgschulte et ak024).
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The results presented in ihsection provide an overview &f.S:specificdamage estimatebased on the
categories of clirate impacts currently represented iaxisting U.S. anglobal enumerative models
Importantly, not all climate impacts aurrentlyincorporatedin these models, andur inclusion of two
additional impactspecific studiesuggests that).Sspecific damages froramitted categories may be
substantial. We expect thathe results ofother recentU.S impactspecific studiege.g.,Bell et al.2024,
Yang et al. 2024 antet al. 2022,Barrage et al2023 could likewise soobe adapted for inclusion in an
IAM modelingframeworkof the type used for SGHG estimation
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terminology used across the literature.
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18 By estimating a collection of projections local to each forecast horizon, the authors can interpret the estimated effexts in
0-horizon regression as the contemporaneous impact and the estimated effects in subsequent regressions as reflecting the
impact Qyears after the shock. The LP methmduces less biaseut higher variancejorecasts at intermediate and long
horizonsthan vector autoregressiomethodsbecause it does not constrain the shape of the impulse response functions and is
thus less sensitive to misspecificatifin et al. 2024)

19An ARDL model is a type of a DL mdaejuentlyused inanalysis ofmacroeconomiaatathat includes lags of the dependent
variable(autoregressive) and lags of ampéanatoryvariable (distributed lag)
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20 Nath et al.(2024) define the shock to temperatureas the innovationin a nonlinear autoregressive model of country
temperature a common practice in analig®f macroeconomic datevhich isolatesurrent shock$rom their relationship to past
shocks in the presence of serial correlati®pecificallythey constructthe temperature shock as the residuabm a regression
of temperatureon laggedvalues oftemperatureand lagged temeratureinteracted with mean temerature.
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21This 2100 U.S. temperature projectiomamsistent with theJ.S. temperature projections presented in Figure C.2d&sdribed
in Appendix B. That is, it lE®sed onthe average ofL0,000 Monte Carlo simulations of FalR 1@Z2lusive of two additional
carbon feedbackbased on Dietz et al. (2091)sing the RFBPemission projections as inputs af@IR 1.6.2 uncertaintyp
recover theincreaseof 2.6 Cin U.S. temperature relative th980-2010 average and 1980-2010baselineU.S.temperature
levelof 13.62°C(Burke et al. 2015)

22 The percentage change the GDP responstom the yearbefore the shock to the year of the respongethe sum othe
response of GDP growtiiom the year of the shock to the year of the responkdlO00 1 OO0 B 1 T"000

I TO00D

23 papers thaestimate themarginaleffect of the change in temperature ghe change in the natural log of GDP astimating
a firstdifferenced equation ofhe marginaleffect of temperature on the natural log of GDFherefore, the parametersan be
directly used toestimate theresponse of GDP.
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U.S. damage projections based on our constructed damage function under an SSP5/RCP8.5 scenario through 2100 approximated
the resultsfrom the U.S. damage projections in the replication code for the paper. While this SSP/RCP scenario is not used in the
estimates we presenin the main text it is one that is generally available for each paper and assures consistency of the damage
component with the paper results. See Appendix E for a detailed description and results of thistepuitalidation exercise.
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26 While the controldncluded inQiuet al. (2024)solatetheir mortality estimates from temperatureelated confounders, it is
possible that some of the studies underlying Cromar e{2022) could be partially capturing wildfir®M, s related deatts.
However giventhat the U.S. studies included the Cromar et al(2022)meta-analysisise datgprimarilyfrom less wildfire prone
regions of the country, we expetttat anycontribution of wildfire PM s related deathgo the Cromar et al(2022)temperature-
related matality estimateswould likelybe small
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271n contrast to DSCIM and GIVE, FrEDI currently accounts for mortality and morbidity (e.g., hospitalization costs) damages fro
exposure to wildfire smoke, as well as response costs from wildfire suppression. These damages are based on the watk publishe
by Neumann et al(2021) which includes impacts from changes in wildfire activity in the western CONUS balgfore,some
adjustmentswould be needed in FrERI incorporate thenew Qiu et al. (2024) based wildfire related health damégetion to

avoid any potential overlap with some wildfire damages already represented in. ArEf)| said the share of the~=rEDI U.S
impactspecificSCGCQ attributable to wildfire is ~1%, such that tf/@EDI estimatevithout wildfires is ~$35 (when rounded). For
adiscussion on the aggregation of impacts within FrEDI, see Section 2.2 of the FrEDI Technical Docu(i#hafion4a).
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Acevedo et al. (2020) $10 $21 $31

Kahn et al. (2021) $10 $21 $31

Casey et al. (2023) $14 $21 $35

Harding et al. (2024) $28 $20 $48

Nath et al. (2024) $66 $19 $85
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28 Specifically, projected changes in premature mortality in the U.S. are monetized using the same value of mortality tisk reduc
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current EPA guidelines and practice (EPA 2010) and consistent with EPA Science Advisory Board (SAB) advice (see e.g., EPA 2011)
resulting in a 2020 value of $10.05 million (2020USD). See EPA (2023) for more didcussarase of combining market and
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Represented in global =~ Reflected in U.S. models
models (GIVE, DSCIM) (FrEDI¥.1)

Impacts and Associated Damages

Human Health and Welbeing
Heat and cold related mortality Yes Yes
Mortality and morbidity from extreme weather events (e.g., storms, wildfire,

flooding), andSLR Partial Partial
Mprtality_and morbidity from climate mediated changes in the formation of Partial
criteria air pollutants (e.g., ozone, Bb)
Infectious disease@.g., vibriosis, lyme) Partial
Other mortality (e.g., suicides) and morbidity (e.g., malnutrition, allergies) Partial
Displacement and migration
Labor
Labor supply (i.e., hours worked) Partial Partial
Laborproductivity (i.e., output per hour worked)
Human Capital
Energy
Energy consumption (e.g., heating, cooling) Yes Yes
Energy production and provision (e.g., hydroelectric, thermal power generatio Partial
Water
Water consumption (residential, industrial, commercial)
Provision of safe drinking water
Water storage and distribution
Land
Coastal land loss fro®LR Partial Partial
Buildings, transportation, and infrastructure
SLR Partial Partial
Intensity or frequency of coastal storms Partial
Extreme weather inland (e.g., storms, wildfire, flooding) Partial
Enyironmental conditions (e.ghawing permafrost, air temperature and Partial
moisture)
Food and Agriculture
Agriculture/Crop production Partial Partial
Animal andivestock health and productivity
Fisheries and aquaculture production Partial
Forestry
Timber, pulp, and paper production
Tourism, recreation, aesthetics
Visitation, locations, and opportunities (e.g., recreatiofigiing winter sports Partial

scuba diving, scenic views)
Ecosystem services
Availability and quality of natural capital used in the production of marketable
goods
Biodiversity and wildlife habitat (e.g., aquatic environments, breeding grounds
Other provisioning and regulating services (e.g., water filtration, wildfire and fls
mitigation, medicinal resources, pest control, pollination)
Cultural services
Crime (property, violent) Partial
National Security
Military base impacts
Military mission impacts from international civil conflict
International development, humanitarian assistance
Trade and logistics
Supply chaimisruption (e.g., from extreme weather)
Supply chain transitions (e.g., altering trade routes)
{2dzNOSY ! Rl 0Ji SRoO!PNEBMIFHDOKSNI 6AGK AYTENEHEP Y NBE 2 8zid ' DCOD 5 L
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Impact DSCIMGIL 2023) GIVE (Rennert et al. 2022b)
Category
Health Heat and coldrelated mortality Heat and coldrelated mortality risk
(Carleton et al. 2022) (Cromar et al. 2022)
Expenditures foelectricity and other Expenditures for space heatiagd cooling
Energy direct fuel consumption in buildings
(Rode et al. 2021) (Clarke et al. 2018)
L . . : Welfare changes from temperature driven
Production impacts for six crops: maize, rice ; . o
. changes in production dbur crops: maize,
Agriculture wheat, soybears, sorghum, and cassava .
(Hultgren et al. 2022) rice, wheat, and soybeans
' (Moore et al. 2017)
Impactsof SLR as realized through inundatio Impactsof SLR as realized through inundatic
migration, protection, dry and wetland logss  migration, protection, dry and wetland lgss
Coastal mortality and physical capital loss from SLF  mortality and physical capital loss from SLI
(Kopp et al. (2016%arner et al. (2021) for SLI  (Wong et al. (2017) for SLR; Diaz (2016) fc
Diaz (2016)Depsky et al. (2023) for damage: damages)
Labor disutility costs from labor supply
Labor responses to increased temperature
(Rode etl. 2022)
{2dzNOSY ' RFLIGSR FTNBY 9t! OHAHOOU
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Impact

Category FreDI v4.1 Underlying study
Heat and coldrelated mortality Cromar et al. (2022)
Climate driven @and PMrelated mortality Fann et al. (2021)
Wildfire PM exposure _m_ortallty and morbldlty_ impacts (hospitalizatia Neumann et al. (2021a)
costs and lost productivitygnd some suppression costs
Health Southwestregiondust mortality and morbidity impacts Achakulwisut et al. (2019)
Valley fever mortality and morbidity impacts Gorris et al. (2021)
Suicideincidence Belova et al. (2022)
Vibriosis mortality and morbidity impacts She(zgzr;)et al.
Electric power sector costs (e.g., capital, fuel, variable operation an
maintenance (O&M), and fixed&M cost) for heating and cooling McFarland et al. (2015)
(demand) and required capacity expansion (supply)
Stress to electricityransmission and distribution infrastructure..,
Energy leadi . L
eading to system failure, changes in infrastructure
health/lifespan efficiency/capacity). Fant et al. (2020)
Replacement or repair costs, O&M costs, costs from efficiency or
capacity losses, and interruption costs to consumers
Hsiang et al. (2017), citing
Agriculture 90S0da 2F OXNIYHE®GRNING A ASRIINB A 1| Hsiang etal. (2013); McGrath
eAStRa 2F 0O0292y2Z YIAI SE az2eodosSlt and Lobell (2013); Schlenker
andRoberts (2009)
Coastal Propertieg Costs related to armoring, elevation, nourishmen| Neumann et al., 2021b) &
structure repair, and abandonment (including storm surge impacts) (Lorie et al., 2020
High Tide Flooding Coastal property damage/adaptation cogisffic Fant et al(202])
delays and adaptation costs due to high tide flooding
Hurricane Wind DamageProperty damage from hurricane winds Dinan(2017) with CBO (2016
andMarsooliet al. (2019)
c Urban Drainage Costs of proactive urban drainage infrastructure Price et al(2016) Neuman et
oastahnd : . )
adaptation €onstruction costs and annual maintenance costs of al. (2015)
Infrastructure temporary storage or infiltration to manage runoff volumes
Inland flooding; wesidential property damages from riverine flooding Wobus et al(2021, 2019
Rail impactg, Costs of replacing traskand osts of delays associated | Neumann et al(2021b) citing
with temperatureinduced track buckling. Chinowsky et al2019
Road impactg Temperaturedriven damage to paved and unpaved Neumann et al(2021b) citing
road surfacesncluding pad repair costendroad user costs (travel (Neumann et al., 2015)
time delaysandvehicle operating costs).
Labor Impacts on hours worked in weathexposed industries (e.g., Neidell et al. (2021)
agriculture, construction, manufacturing)
Fisheries impacts value of change in weight of landings due to Moore et al. (2021) and Morle
changes in thermally available habitat (no additional adaptation) (16 et al. (2018)
fisheries that account for 56% of US commercial fishing revenues)
Ecosystems | water quality impacts; recreation-related WTP for changes in wate Fant et al. (2017) with
and quality (Boehlert et al., 2015; Yen et
Recreation _ al., 2016)
Winter recreation impact§[ 240 ay2¢Y20A{ Ay3X Wobus et al. (2017)
ONBORXzy i NBE &1 AAYy3 NBOSydzEROS@RY
0f26Ay30X 2ytfe az2YS NB3IA2ya
Property (robbery, burglary, larceny, and motor vehicle theft) and Hsiang et al. (2017), citing
Crime violent (murder, rape, and assault) crime impacts from temperature | Heaton P., (2010), Jacob et a|

change

(2007), and Ranson (2014)

n o
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U.Simpact U.Simpact
specific specific
SCOH, SGN;O
Model Impacts represented (2020$/mtCH) (2020$/mtNO)
DSCIM health, energy, agriculture, coastal, labor $130 $6,000
GIVE healtt? energy, agriculture, coastal $400 $7,700

various impacts to human healtanergy demand
and supplycoastal and inland property (e.g., fron
FrEDA SLR, flooding and storm&bor,transportation $590 $11,000
and other infrastructure, water resources, and
winter recreation(CONUS only)

mortality risk changefom climatedriven wildfire

Qiu et al. (2024 PV sexposUreCONUS only) $590 $6,300
Wingenroth et al. (2024) nonuse value from biodiversity loss $4 $180
Burke et al. (2015) permanent U.S. GDP growth effects $16,000 $330,000
Kalkuhl and Wenz (2020) temporary U.SGDP growth effects $850 $17,000
Newell et al. (2028 temporary U.S. GDP growth effects $140 $3,100
Acevedo et al. (2026) temporary U.S. GDP growth effects $120 $3,000
Kahn et al. (202%) persistent U.S. GDP growth effects $210 $3,300
Casey eal. (2023} persistent U.S. GDP growth effects $170 $4,100
Harding et al. (2023) persistent U.S. GDP growth effects $310 $8,100
Nath et al. (2024) persistent U.S. GDP growth effects $880 $20,000
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PanelA

U.S:specificSCCH,

(2030emissions, 2% ne#erm Ramsey discount rate, 2020%$/rki
Wildfire and

biodiversity damages

Damage categorie:

Enumerative models represented in ¢ . Total
i rom new impact
existing models o )
specific studies
GIVE $400 $590 $990
DSCIM $130 —b $130+—
FrEDI $590 —b $590+—

U.S:specificSENO

Panel B (2030 emissions, 2% nerm Ramsey discount rate, 2020$Ma0)
. Wildfire and
Damage categorles L .
. biodiversity damages
represented in : Total
. from new impact
existing models o )
specific studies
GIVE $7,700 $6,300 $14,000
DSCIM $6,000 —b $6,000+—
FreDl $11,000 —b $11,000—
Pd{d a20A2802y2YA0 YR ®Yhaawsyy SNY LR Y iy SYHARBY WEYXLIS NI ( dzf
I 002dzyi ¥2NJ OFNb2y FSSRol Ol SdaSOGa FNRBY LISNYIFFNRAad GKEg | yR
FTSSROISBOS LIG Ay T&ND DI aNB 2det CNPIINBHESY ISR Ay (GKA&a GF1o6tS FNB ol
F2NJ G6KS OFNb2y TFTSSRol O]l SuSOGa TNRY LISNY¥YIFTNRaAad dKFIg yR !'YIT
F¢ K3 a®2dzyay3d Y2Rdz S F2ff26a bSeStril ySRNBIOH® AGNG HIBR diRd K KBl Y &3 &
O2yadztd 2§ £ OdzAf  ( SINBKE I SERYMANL G dzNB e RIYF3IS& 66FaSR 2y / NRYIN
ChLw INB R2¢ya0OFriSR (2 #HOf OAYIYLIENNG 6z0E ded ¥y BKRA OKIF § §NY { D/ aa
asStaoo
o— | yRNBLINBASY({ (KS Ay ONBayLIS/Gihd NN Oyi O 2NLIAINGSe yf ID{ KS ySg SOAL
OA2RADSMBIAIESR 2RIAYF 384 Ay 5{/La FtYR CNB5LXI NBaLSOa@dStesx oKAOF
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Panel A

@
ya

U.S:specificSCCH,
(2030 emissions, 2% ne@rm Ramsey discount rate, 2020$/@t)

GDPbased market Health nonmarket

Source of GDBased market damages damages cro n?zilrme?%(Ia.SZOZE) Totaf
Acevedo et al. (2020) $120 $350 $470
Kahn et al. (2021) $210 $350 $560
Casey et al. (2023) $170 $350 $520
Harding et al. (2024) $310 $340 $660
Nath et al. (2024) $900 $330 $1,200

U.S:specificSENO
(2030 emissions, 2% netlwrm Ramsey discount rate, 2020$MH0)

GDPbased market  Heaith nonmarket

PanelB

Source of GDBased market damages damages damages Total
9 (Cromar et al. 2022)

Acevedo et al. (2020) $3,100 $6,700 $9,700

Kahn et al. (2021) $3,300 $6,700 $10,000

Casey et al. (2023) $4,200 $6,600 $11,000

Harding et al. (2024) $8,300 $6,400 $15,000

Nath et al. (2024) $20,000 $6,100 $26,000
a2RStAYy3d O2yRA®OKERD ;fgfls;ma\wm(u;@m:{q: aQO}\QSOEYEYAT{)téthWS)Yy(ﬁﬁJj2$f|
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RASOoIFIO1 oF&aSR 2y 5ASiT S$S5SRoMWOVPEATHMO{ W2 RSY WG EHI 2ENAI KISNES2 S 06 2
LINE2S0o02yad R2oyamOf $Ryd@arxyHENR | OKGEBRY WKAKEBER/ abdi g OFlaw LI NI YS

Of $
wl YadSea SR RAad2dzyay3 2f f zzxyzizalss;z;@t{fm SNPBU®I ¢RmJ|KNJmmmmm®Ru
dzy & F2N

a2RStAy3 | 002dzyi BEARRI Q1 ¥ BRAVY(i83ay¥yESRI Py 2F KSIf (K
Y2 Rdz So

‘wSadgKe®y Ay GKAa GFrotS INB olFlaSR 2y SIOK aiddReQa adl dSR &Ll
GSYLISHISHdzNS f  a2yaKALI FYRK2NJ 1KS YSGiK2R dzaSR (2 LINRB2SOG Of AYl
WSaaKeay Ay GKAa GlofS INB 6FaSR 2y G(KS Y2NItrfAde RIYF3IS Fdzy
AY AYO2N1LRNIay3d 20KSNJ KSFHf GK RFEYFI3IS Fdzy @d 2y &F ING SraSadesNg/dk NI SG2y
RI2fdzYya FNB AYRAQPARdAZ tf& NBdzyRSR (2 (62 arAayArAUOryd RRIAGAE |y
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30%

= Burke et al. (2015)
Kalkuhl and Wenz (2020)
Newell et al. (2021)

20%

= Acevedo et al. (2020)
Kahn et al. (2021)

— Casey et al. (2023)

= Harding et al. (2024)
Nath et al. (2024)

10%

U.S. Damages in 2100 (% of GDP)

0%

0] 2 4 6
U.S. Temperature Anomaly Relative to Preindustrial (°C, 1850-1900)
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F2N) ( KENPIBISORASA NG ¢ KSaS UIORBRI NRa2y AydHf dRS {ta

HmMan® ¢KS {{ta KIZ#S 06SSy dzaSR¢AKS Lt{/t/ LINRLIXSNIpZ ylay R.
GKS U3dNBSF2WNRe S NAEG 6 NBG N 1IBRF 23y YSiK2Ra NBOSydGf @
.Sy@SyAraisS SiG Ffd ovHnuno F2NI {{twmX {{tHX FTYR {{to
ORI SRSIRSRTAA Y B822GNF oyd G(KS aSyarograide (2 O NhA2dza SE
¢KS YSIy 606t 01 &a2ftAR fAYSO WHyR LRIRIAIY 20/0 (LINR|S SFODE
FIEANG B 26002 NE AFRNBSEZBHR MEKv LIS B X YIS ABYS i KS SEABI Hwmp
Aa F2fft26SR 08 lotanf 2YBRAR SN WY R F 2dzf RSNIG KS  dzLILIS NI |
{td GKNRBdAZAK Hman | yRE RSLSYRAYy3 2 yiigd ISSEISNG LIRSt |26F
IKSHWCRAAGNAROdzo 2y Ol HDR NIINE K3 OS2 iuSAHE dfyT A yF G AT dp
2NJ ySIF N G§KS #ANI yIIER @1F06 Al fKSA 'andil BRI (INRA20YdZ 2K SF&2 NINB f A Y
I O2YLI NA&AZ2yif i 2RAKENNadzd 2 W€ Ce KS {{t& 6SNB AyiSyes2:
NBIFazylofte tA1Ste a0SylINxAz2a O2NNBaLRyRAy3a (G2 RAGSI
2L | dzaA ot S & OS yfltNaRd® AC dzNKSS toldvradeie aOaNe 2 SPpeya | NB &
SEGNIYLREtlFIa2y YS(iK2R dzaSR® C2NJ SENY LOASRIZINBKSB{GD {t o
L2 LIzt F o2y AY Hoemm NAERERIVGES | bR Pzl olnyiiRy 0 Y8AF & BI20y02 £ |
GKS . SygSyAaraisS Sioltd 6unund SEGNI LREI a2y

CAJdeMB LINB 3 @2 ya RS O INRSGK LINRtesS Gof22yyad FANRGYK (1K2SY Lull-CN
{{ta BOEKISwcydsly o0606fl 01 &a2tAR f Ay&hlSRSIOYY @¥iudmsa AR &
RSOt AyISS NGBS S Sy H nbymR KRS Vo yildeR O i 2 y §2 dzikK NBKIA Ky SEG OS
¢KS YSIy S02y2YA0 3INRBsOIK NRSINOSKEASICHS @Zy 2 WA @ yI NIDS i
LINEP2SOos2yad INB f26SN odzli yR2QF 1O A HARKISS S H t bINB BS O ¢ 2
RA&LJX I & SRap AfyA & AEAINSSAYYif WICKISA & BNJIHO dze 2 Y @

29FiguresB.1 andB.2 contain all Tier 1 SSPs from IPCC ARG6. Tier 2 scenarios, such as SSP4, were not considered.
39The growth rategand the uncertainty boundaround the RFSPskshown in Figuré.2 are plotted in a timeaveraged manner
to accurately present the underlying yean-year correlationghat exist within each scenario/storyline.
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SSP5

SSP3

RFF-SP SSP1 SSP2

RFFSPprobabilisticprojections based on R{SPs (Rennert et al. 2022a). Black lines represent mean (solid) and median (dotted)
U.Sgrowth rates along withBto 95" (dark shade) andsito 99" (light shade) percentile ranges. Historical data from Benveniste

et al. (2020) using World Bank WDI (World Bank 2019). SSP data through 2100 from International Institute for Applied Systems
lylrfteaaa oLL! {! 0 {Gfowth rbotefi(Riahi el 800 3. SBF% bejon®ALAD (dashed) are basavomecent
extrapolation methodsBenveniste et al. (2020), and CIL (2028 growth rates (and the uncertainty bounds around the RFF

SPs) are plotted in a tireveraged manner to accurately present thedarlying yeamon-year correlations that exist within each

scenario
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31 Anotherpossible approach is that of Tebaldi et al. (202Bjey show that a timshift approach to emulating earth futuresd
climate indicegould, in some cases, outperform that of simple pattern scaling.
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Model (ESM/GCM) TCR  ECS Weighted TCR ECS Weighted
Sum rank rank Sumrank
INM-CM50 1.39 192 1.21 1 1 1
NorESM2.M 1.48 2.6 1.43 2 4 2
MIROCG6 155 257 1.46 5 3 3
CAMSCSM10 1.75 2.29 1.48 9 2 4
MIROGES2L 155 2.68 1.49 4 6 5
GFD{ESM4 161 262 15 6 5 6
BCGCSM2MR 1.5 3.01 1.55 3 8 7
MPFESM12-HR 1.65 297 1.62 8 7 8
MRIESM20 1.64 3.14 1.66 7 9 9
GFDICM4 201 3.87 2.04 11 10 10
CNRMESM21 1.9 4.7 2.2 10 14 11
ECEarth3 2.32 4.2 2.28 14 11 12
CNRMCM61 213 4.83 2.35 13 15 13
CESM2 206 5.19 2.41 12 16 14
ECEarth3Veg 2.61 4.3 2.45 15 12 15
NESM3 279 4.68 2.64 18 13 16
UKESMD-LL 275 5.34 2.8 17 17 17
CanESM5 266 5.62 2.83 16 18 18
5FLaF 2y ¢/ w | YR219YNE @2 W8hBAITKE SR &ddzy A4 ONBIGSR o0& ¢SA3IKay3d i
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Model (ESM/GCM) TCR  ECS Weighted TCR ECS Weighted
Sum rank rank Sumrank
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Black lines represent mean (sol@yISTrom FalRL.6.2along with 5" to 95" (dark shade) andsito 99" (light shade) percentile
rangesthat are a result of the uncertainty underlying FalR.2. Blue line represents the historical record from Berkeley Earth.
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Black lines represent mean (solidl5. mean surface temperaturem combiningFalRL.6.2GMST and CONSpulation
weighted patternsalong with %" to 95" (dark shade) andsito 99" (light shade) percentile rangehat are a result of the
uncertainty underlying FalR6.2. Blue line represents tpepulationweighted U.Shistorical record from Berkeley Earth.
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32 A detailed discussion of the discounting methodology can be found in EPA (2023).
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33 The covariance between marginal climate change damaged$uture consumption growtlis oftenreferred toas the climate
beta seeDietz et al. 208 or Gollier 2014 for a discussipte climate betacan similarly be viewed as the covariance between
returns to investmentsn climate mitigation ancconsumption growthBecausesachMonte Carlo triahas a separate discount
rate path that varies withconsumption growth the climate betais internallydetermined within our IAM framework and
therefore, our discounting approacts also internally riskdjusted.

34 The certaintyequivalent discount rate is thdiscount rate thatorrespondso the expectation ofuncertaindiscount factors.
35InRennert et al. (2022a, 2022b) and EPA (2023), parameter calibrations for a 2 percelermgargetdiscount rate following
this approach but using global consumption growth ratesaret® 1 land— p& T
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Clobal Temperature Anomaly Relative to Preindustrial (°C, 1850-1900)
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— With Carbon Feedbacks Without Carbon Feedbacks

Global mean surface temperature anomaly (GMST) (solid line) froni lBa2falong with 8 to 95" (dark shade) andsito 99"
(light shade) percentile rangahat are a result of the joint uncertainty underlying FaR2 and the RFEPs.
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U.S. Temperature Anomaly Relative to Preindustrial (°C, 1850-1900)
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— \With Carbon Feedbacks = Without Carbon Feedbacks

U.S. mean surface temperature (solid line) from combining E&IR GMST and CONUS populatieighted patterns(EPA
2024b), along with 8" to 95" (dark shade) andsito 99" (light shade)percentile rangs that are a result of the joint uncertainty
underlying FalR.6.2 and the RFEPs.
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GKSANI LI LISNI 2 | LIWINREAYFGS ' NBRddzOSR F2N)Y RIYF3IS -
vAdz Si REGIFMNHWYSE2H o VAOKS vy IS a YAYNIIEKAKIBANIKO dzii 6 S
t aod E L2 & dzNBA f TRNENYS The atthdrsBse an ensemble of regiespecific statistical and

machine learning models to project wildfire emissions as a function of climate andigndariables over

North America and use countgvel mortality data from 2002019 to empirically estimate the effés of
wildfire-specific PMs on allcause mortality ratesn the CONUSThese empirical relationshipesre

combined with projected climate variables from 28 GCMs in CMIP6 to generate future projections of
wildfire smoke PMsand mortality burden in each cell of a grid with 10km resolutior this paper, we

received data from the authors thatasGCMspecific nationainortality projectionsunderthree SSFRCP
combinations (SSPA6, SSR2.5, SSR3.0) for three future time periods (2022035, 20362045, and

2046-2055), for a total oR52uniquedata points.

¢KS | @f @AEKISOSNI IS | yydzZ f Y2NIlIfAGe FaARMERP®{ DT
LJ2 LJdzf | ez RcFh = hB & d2A & A y I () KIHIENIA NJoRRIRR W hAbABHOSE | Of
| Sy&akr 2S0a2ya 2F LI2LJzA | &2 KS | § 8 NP {udbzp /h SELE/KAANP FAING D
02 YIAYOGLIAYy O2Y88KaRfg@2 I0nA K (BRSANMS yloa2y Il | SN
AY 8QI0GKNDE s RY JA RAYIFR (ddet HSKASBY & dibKiNI OXHISRUNSE Y2 NI |
GKiSnmwmun oFaStAyS ocdrn LISNI manZInnntd F2NEM2 YSI adz
NEO2@SN) KS Da{¢ OGKimidESn NEF & 8I0Sy DRp HRASINES a2y a s ¢
ddz0 i N} OGSR SI OK 20aSNUI o2 gRdzZDANR | OKEPARE AH$S DEE ¢ |
OKIF y3S mAnyH nH AR Y i K ©@I6PD v y B z6i BIEzigundile RgressfongioSexcess

mortality on temperature with no intercept (using the 550", and 7% quantiles) to generate slope

parameters thatare used in amodified MimiGIVEdamage moduleusingthe range of the estimated

guantile regressiocoefficientsto characterizehe uncertainty inGMSTdriven changes iwildfire smoke

related mortality TableD.1 and Figure D.1 present the results of these regressions.

¢l o5y vdzZ yof S NBEINBaaA2Y adzYYINE aidl adaaOa

Quantile Estimated slope  Standard error t-value p-value
25 2.70e05 8.63E07 23.6 < 2E16
50 4.03E05 9.72E07 27.7 < 2E16
75 5.36E-05 1.00E06 35.8 < 2E16

36 GCMspecific output data mortality rates, and population estimates were receiwtidectly from the authors (Personal
communication withtMinghao Qu, December 4, 2024anuary 7, 2025)
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Each point represents a GCM x -88IP x epoch pairing for a total of 252 unigamts. Quantile regression was used to recover
the median (solid),'5(dotted), and 9% (dashed) bounds of the wildfire damage function approximation from Qiu et al. (2024).
The slopes of the lines were then used to define a triangular distribution of the wildfire damage coefficient, from abieh a v
was randomly sampled for each of the,d@0 Monte Carlo simulations.

We constructa MimiGIVEdamagecomponentin whichthe slope parameter of the wildfire mortality rate
function was drawn from a triangular distribution with parameters corresponding to the slopes of the
guantile regressions abové&o avoid making projections that extend further into the future than what is
attempted by Qiu et al(2024) we hold the mortality rate fixed at its 2055 level in each tGdnsistent

with other healthrelated damage functions used in this papéne projected changes ipremature

mortality are monetized using U.S. populatioraverage measure of willingness to pay for mortality risk
reductions.®’

37 specifically, projected changes in premature mortality in the U.S. are monetized using the same value of mortality tisk reduc

4 Ay GKS 9t! Qga NBIdA FiG2NB FylfteasSa obndy YAftAZ2Y AY wmdbddn o
current EPA guidelines and practice (EPA 2010) and consistent with EPA Science Advisory Board (SAB) advice (see e.g., EPA 2011,
OMB 2003), resulting in a 2020 value of $10.05 million (2020USDEP2e€2023) fanore discussion.
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https://www.nccs.nasa.gov/

.® t NBOALMGlIaz2Yy

A « _ 9asaYla2y9aaYla2y tNEtNR2SOs2) a = <
t I LIS NJ 9daaYloa2y 51 {(FYLXS 28A3Koy3d FyF.FaStAyS t NE2SOe2Yya

. '585f IANRRRS t 2 Lddzt ¢ SRIKGS :
. dzNgisS | f o (I-y'ﬁ 2 Y2 M@ M WAnn b! b!

e Ao a / w!' INARRSR UNB L s A ce |
YIt BdeK £ @ b BM® MO Mmpmrmmvmn ! NBF gSAIKI<D! b!

A ar e L '!'585f INARRRS t 2 LddzAt @ SRIKGS :
bSoSttlto LYR 2 RHAN2 G Mp@mmn b! b!

S & san / w3 NRA RBR 3 RINA t 2Lzt a2y 4¢
| | |

OSUSR2I £ & b Bud M O M @M MPp Mp N b! b!

& .1 58t INARRS t 2 Lddzt @ SRIKGS |
YIERY o °|-y|§ 2 7 R @ MM MmN W b! b!

' 53INARRRSR 6 t2LddzA F a2y 6¢ l 84dzYSR 02y avif i adineeNg

I
FHase FEe Cpvg e migwag "PETMY HAMA 6AGK FyR sAGK2dzd Of A
'55f 3ANRARRS t 2Lz 4SRIYKGS YSIY mpys 9y aSYotSF YB2H&ELa »HyE w

. . 1 z . 7 N o - A et N
PENFSAY 3 €@ e 2 gy g MPEOMIA 6. dZNL S RI 6 Ay TEINNSRE BV AGE B v
bl &K olvtndni bl b! b! b! b!
CKAA Gl ofS &dzy MINBDA B (il &K 2 N2 BNIDKLINKITHERNNRIR 50 FaiYSIRA Yy €S 2NJ aOSY GNI £ & aLISOAUC
LINP2SOa2ya Ay U(GKS LI LISNI AFdzZNRSLBBFENNERH AL OX UOI @2y ma @t (S®ROYI £ { dzKE | yF
St ft® onnmpO® YEKY SG Ff® ounumOY ¢F6tS HZ ALSOME p@¥fbd liKe S/ 238 Db nmind Y
c OtONR 2SS QadiyA yRAP /M2 RSt & RXNb&L TNRBNXNYBHEKS 9ELX 2 NSNJ



https://climexp.knmi.nl/

/I ® {20A2802y2YA04

t | LIS NJ

9aaYloazy 51 Gt

9asYlaz2y {

t Ne280Oa2y

t Ne280Oa2ya

2 Sy

.S NE
.dzNQB [t d 622NIR .yl 25IlmMbmmmn T HAMA a%mi h o/ ®h3 N &L
.y I dzi®2NILIAE SR D . o a -
YIf Bdek & £ @ wSIA2YE( tNBIi(MCpmmMn s HAMp {{t H OohIMmmADE S
bSsStitltd 22NIR .lyl 25Ilmbmmmn T HAMA {d z h o/ ®h3 N &L
HAaMNOU
C A e LaC 22NXR 902,
| - o o | |
I OSUSR2I f & b y®R2 NI R byl , M mEmM Mp B b! b!
YESYE Ffd 60 22NIR .yl 25l Mdpmmmn T b! b!
 xéads | Lt SYyyYy 22 REBRORIL € I dzti 2 NOdz F § SR LI NJ
FHase Fte 0, casyamngmpis | MPEMMA ” Hama 2F 2420A2802y2YA04
I I NFSAly@E mfidn 2 2NI R .yl 251 Mbdmmmn T HAMA E'%Lnimh9/5h£llld£dilf_\]t
bl K ol 22NIR . Iyl 2510 Mdpmmup n HAMA {{trA2mh9/ 5 h3NE LI
HAaMNOU
¢CKAA GFofS adzYYINAT S&E (KS a2dzNO& LANBISASBRYIVEATI RyYédE FRNIKOSPEKNEGAZRAQEOAUDESRY S 2 NJ
RI'YIF3AS LINRP2SOs2ya Ay (KS LI LIS NEZNTS yRi LINSOF SONINGSVRp 0aYLISED Aol GBF avsy Qi amidt GYS R dzKE | Yy R
[ S@Sta GSNBA2Y 2F . dzNJS SiG td 6nnamp0od YIFEKY Si YD SbnHmoOYorhdaSYHEI LB OME 6T omod
Cdz f ReylYAO&a $gAGK aYS C9& 6CA3 cO0Od



A ML A

9dH t NP 2SOn{SIR DSFINRIYRVMAEDL 9 LYLEBNVONBEEADY DSHWAYD
5} YIF3S CdzyOea2ya

CA 3 dzNB 9 Nk BIRPE @Y & & PENR ¥ 2G@IEKANRIdANS sdztnary 3 FNRY (KS
AYLE SYSyilloez2zy 2F SIROKRI &l @fé I8/ @r@Ris a0k SOs2ya 2
420A2S02y2YA0 OIHNRE olf ol FHIRSHI ikENE B O62ya RSAONAOSR
¢ K 8 doNiBa LRf21GeKA GoKS Y8 Pada2yRRIKS YSRAYIWISRIRIKGIRISA yI
GKSnZmRyiS /N2 ALKYSEIAGOEKINSESIINKS 5320A2S02y2YA0 Iy
LI N} YSGSNAE | NBUROEGyaddBEgH ¢ rfOSENRE (S i NRfl & @Fnmp 0 RI
GF18a GKS &alFYS a20A2S802y2YA0 LI (Kol ¥Bf T gzRt Ok R4S
OHBHDSEStEE SG fd OHAuMO YR a2 F2NIKO O

/| 2yaAraisSyld 6AGK GKS RAaAOdzaarAz2y Ay {S0e2y G®EGSI NI
LINE 2SO0 LISNXYI ySy il SNBSS NI oNgBBt ONBE S FTRR Y| 384 G2 GKS
2P0SN) GKS ySEG OSylGdzaNE 6A o8 X NIESdOe @S 4G 20 yI DHO S 2IFN
Ot AYIFI(iS OKUyRSya@ i5NMEIBNI ( dzNBI SiCRi aK 125 DS W IZENEIENEBK  LJI
AYLIYERGar2NB GKFyYy | INSBR deOSSNSPIAEFT 3 S RLINBYOB y i LI LISNE Y
RSAINBSa 27F LISNEASALSYIS NEHSWiE |y Ay

CAIdaMBt IR2S 002V 24 aDFNDBYOSDAKIYYNDE +9 A WBSWIy il a2y
YI ONRSQODYy S8 % |WRdR A S &

¢ KW AdzNB Sa KeRodiR R ALINBTFSNNBREI AaYFAYyéES 2N aOSY(dNFfé &ALISOA U
A

é
2
2

Da
RFEYIF3S LINR2S0Oe2ya Yy GKS LI LISaNS IAyF o/22 fLINGS FISANWER 1y FE O IIROA [oy2 yo R
i2 ! ®d{>d D5t FNRY Of A Y3 ANBKIOKYIyQsin MHERGNASD Oazy OF 2 KSR DALEYLIE SYSy(
F OO02dHANDR ®OA 2802y 2YA0E OfAYIGSTI | VyRNRAY I B8 hdh NI X 8 & 8 Kdz BB R |
NE |

REYIF3S FdzyOe2y NBIdzANBA | YSI &dzNB F2 N O tzRNBYOB IS G @485 iiCEOBNUNE | & S
L32 Lz SRIYKG SR YSIy G SyyriSiNgRiNdzNGB/m FINERYY .vgl $ DBt @ aGSamp NS NB
Ot AYF G AWSIoy 2 G(GSYLISNI GdzNB | $EOBEIA S¥ I K KA KO NGBS ol yddehSy 202 S 0

21 KOR Ny (ONEE b YRKHIR WK Q) A y F NRNBESyiRn #n ! o{ & RIYF38a AyOf dzZRS t dzSNIi2



