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Projectingfuture climate change, and what drives it, is difficulth many uncertainties. Analyst in Environmental
Computer models, however, can be useful tools for exploring thetésnmgimplications of Policy

climate change anelvaluating policy optiong=or example, mdels can help construct plausible

scenario®f futuregreenhouse gas (GHG) emissdrased on socioeconomic, environmental,

and technological trends and drivers

June 3, 2021

Integrated assessmanbdels (IAMs), coupled modelsf the economy, energy, land use, and climate systemgsadeby

the Intergovernmental Panel on Climate Change (IPCC), the main international scientific body for assessing global climate

changeThis report explores thesults ofa selected set ®AM scenarios consistent with keeping therease in global
mean surface temperature to 1.5Q°C above preindustrial leveils 210Q the temperature goal of the Paris Agreement
Themodelng indicates that themore stringent the temperature targle¢ ealier the datesvould have to béor globalpeak
andnetzerocarbon dioxide ©CO,) emissionsin order tohold likely (with at least a 66% probabilityyarming tobelow?2°C

in 210Q themodelresults suggest thgtobalannual CQ emissionsvould needto decline tonetzerobetween 2080 and
2100.To keeplikely warming belowl.5°Cin 210Q the models project thglobal CO, emissionswould generallyhave
pealedaround 2020 andiould reachnetzeroby 2060 In these scenarios, carbon remowaluld need to hlance positive
GHG emissionsThePCC scenariogdicatethat thelater the peak in C£emissions, the sharper the reductiamalld be
later in the century tbold the temperaturincrease below any givearget

With current technologies and projected futtgehnologycosts, the global IAM models in this report all generally rely on,
inter alia,a scalingup ofenergy efficiencyrenewable energyuclear energyelectrification of enelise energy, andrge
scaledeployment of ngative emissions technologitsfind lowestcost solutions t&eeping likely warmingo 1.5°Cor 2°C

in 2100.Under some scenari@snsidered in this repgrthe models indicate thatmewable energy may scale liwp3-4

times, anccarboncapture and storagapacity by P to more than 300 times in the next 30 yebr2050, across the model
runs assumedhegative emissionsepresent half to more thalouble the levebf positive CQemissions from energy,
transport, and industrial process€le models project significant increases in the global demand for electricity by-A050
some scenarios, twice as much as current ledakto a shift towardelectrification orthe substitutiorof electricity for

fossil fueluse in engines, furnacemnd other deviceI hemodekindicatethat theenergy intensity (energy per unit GDP)
of theworld economywould declineby roughly oneguarter to more than ofthird in the 1.5°G or 2°C-consigentscenarios
compared to the baseline in 205wever, the IAMs have limitations in foreseeing what technologies may become
available and economically viable in the futufbere are other possible energy futures if other factors besides costs and
techrical potential are taken into consideration.

Role ofintegrated Assessment Model$AMs) in Policymaking

The projections andomnparative results from the 1ANMcenarios magrovide a foundatiofor Members of Congress who are
considering climate change mitigation propos@lile not without criticism and limitations, tleeenariohavebeen
specifically designed tfind technology deployments that meet specified climate or emissions constyguitally in a
lowestcost mannerOne strength of IAM$s the abilityto explorecomplexlinkages and tradeoffscrossenergy, agriculture,
and landusesectors that may occur with policy changégvis are most useful not for precise estimates of tharéu
technology or fuel mix under different scenarios, but rather to compare relative results from different policy options

If Members ofCongressreinterested inunderstandingsHG emissiors choicesincluding netzero emissionanodel results
from IAMs can informpolicy deliberations opossibleGHG reduction targst timing, and pathway$AMs mayhelpin the
consideration ofegislative options, such as incentitesacceleratelevelopment andeployment ofechnologiedo meet
emissiors objectives. IAM results suggest that key technologées in such areasrenevable energyenergy efficiency
electrification, nuclear energyarbon capture and storagadcarbon removalamong others.
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|l ntroducti on

The use of scenario analysis amadgano vwidt H nmiol it ther j
world by the early 1960s as a waymtoonsnadyezwrecaidn
strategld"héecglosiilom)sf scenario analysis 1is mneither
explore possiblbe ufideause¢ anidn uace¢et ainties and ke
decisionmaking.

Greenhous ece miasss i€ &ndsGy) i os a rwen & aewrnsdtghnee dilteoaning t o
implicaodtoifditsumrtelir opogeni €anedl ipmaltid¢coyc moapnt@ilgpantse 1 t

emi ssions scenarios are plausible emissions futu
technol ogical ®Tthreeyn dasr ea nuds eddr iavse risnputs in c¢climate
in GHG concentr &t ireandsi aa‘latuedr abfhfheagnkcacb h b° c 1 i mat e .
As Congress considers whether and how to addres s
drafted with a policy objectmakaetami msiogatec &GHGT
as evaluati onMoroefoPvtedre,i d e wppt Bodden has announced a
change targets in the Nationally Determined Cont

t hlekni t ed Nations Framewor k (UNFnCWefn tpiaornt oonf @ lhiemaPtaer
Agreebfehret NDC includes a 50% reduction in GHG e m

andzrato emissiComgrky s2@ma@. find i tt hues enfoudle Itso tbheatt
the Administration may ivse Sheasecembdads xmd pmdoa
deliberations on the feasibility of achieving va
identify policies and tradeoffs, such as. compet:i
This prepwirdes backgr oun,s oaquet loafiiencsdinennsie asgcye nar i 0 s
mode¢ehat havedbeenconstruct emissions scenarios :
on Clima¢bP€a@ingational politchypy stechawtfBedgeg Saadas) uc
some of the ksecye nfaonidel swsgthkchmotp i h pemean glodbnrnl war mi
2° Che rtehpeonrntc 1 u ddbss ewiftaoltri Cosn gr e s s .

lRichardHMo s s et Naxt ,GéThreation of Scenarios forNafulgivahat e Chang
463, no. 7282 (February 11, 2010p.747-756; Eric V. Larson,Force Planning Scenarios, 1945016: Their Origins
and Use in Defense Stratedianning Santa Monica, CA: RAND Corporatio2019.

2 For a discussion of the scientific understanding and confidence regarding the drivers of recent global climate change, see
CRS Report R4508& volvingAssessments of Human and Natural Contributions to Climate Chbpdane A. Leggett

3 Hereinafter referred to simply asnissions scenarioRi ¢ har d H. MNextGeneratiomf $Scenariosfar h e

Climate Change Re s datured@3, na. #1282 (Pebryary 415 20pp. 747-756, https://doi.org/
10.1038hature08823Aurore Colin, Charlotte Vailles, and Romain Hubérfyn d e r st anding Transition Sc
Steps for Reading and Interpreting These Scenai®SE: Institute for Climate Economics, November 2019

4Theradiative balance s t he di fference between solar e)andengigyance (s un’ s
radiated back to space.

SFor more discussion of the drivers of c¢limate change, see
Science, ” Miatyps://arehjve.epdgbepatlimatechangesciencetauseslimatechange.htmiR. K.

Pachauri et alClimate Change 2014: Synthesis Report. Contribution of Working Groups I, Il and Il to the Fifth

Assessment Report of the Intergovernmental Panel on Clibhatege eds. R. K. Pachauri and L. Meyer (Geneva,

Switzerland: IPCC, 2014).

SU. S. Government , “Nationally Determined Contribution. Re du
Emi ssions Tar ge thitps/wawidrunfdcc.irditeshdc&tapingPublishedDocuments/
United%20States%200f%20America%20Flstited%20Sates%20NDC%20April%2021%202021%20Final.pdf

" For a discussion of neero emissions, s&8RS In Focus IF1182NetZero Emissions Pledges: Background and
Recent Developmentsy Michael I. Westphal
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Econobkreec gy ,Clandat e Model i ng: L
| nt egrated AssddAmMMsnt Model s

Overview

The cons GH@Gc & mosacsepnbanrsi o sdose gwinmit mbHd¢ il vyveg which a
abstractions, or simpMoflebedtmapr cshenteastsicars woff 1
in a system, bucto mprlee xrietdyu cteod ailnl otwh ecoimwei mpd ygain i
framaiidnbdeiModieolneg madttleamman uncaat] but noBesntecessar
pr acfior emoidnecllcidndgs r satsastuendp t i o ns raenlda ttizoamnsshpiaprse n t
madel vadriables

Integrated afd AdMsapgeptomiondedts tenmpangagfclHet onombcecne
el ements of t hepohpuumaant isoyasptdeeneuoseeo)ggya, nd t he bi ophys
earth system into “Wheamodewo ngadsahdypek vefl yl AM
simpAM hat incorpor atfer oenc ocnl oi nmbawtted hcahbagnagfea € d 1 y
repr e ssorft a thieoaencdohndogndyl y asgpgartelgaahtdleyd( 2 )hidghan 1 e d,

spa-t e sadlpurtosewemnss ed I AMs that represent the drivers
ener gsyo mentdianmeds use systems I inked to the broader
comprehensive 71 e pirnepsaecmtsgh.b n gge o dofnrecsit io ntfu GHD]

from physical®TchiRiomautse oif ngahotss pledmsteydea o f

I

W

d

(

c

o BT o = =

AMwhi clliasacdediomv det ail

hile one could u

s various aondaellyss etso fgreonne rtahtees ee
et gpirl edeassbkeAdMisa ve b

I

0

e
e e a key component of the midt
I)laIOIf tthtter national scientific
been Useednami @d ofaonbfedd odi ¢ o un

Working Gr & ® gtCH d
ha®®Ekey have als

8Katy Borner et al., “An Introduction to Modeling Science:
Framewok for the Compar i s d&nderstahding EamplexsSysterB®d2d e 1 s, > i n

Katy Bor ner oduationiolModeling Saiencel BasicrModel Types, Key Definitions, and a General

Framework for the Co mp dnderstanding&dmpléxiSyster@&lz Mo del s, ” i n

James A. Edmonds et tdMbdeling( 1 IAdvk) Engyelapedia df SustainabilitysSeienae and
Technologyed. Robert A. Meyers (New York, NY: Springer New York, 20pp),53985428

11 These include thBICE, PAGE and FUNDmodelsWi 1 1 i am Nordhaus, “Evolution of Mode
Global Warming: Changes in the DICE Model, 1992 1 Clim&tic Changevol. 148, no. 4 (June 2013)p.623-640,

at https://doi.orgl0.1007$105840182218y; David Anthoff and Richard S. Tol, The Climate Framework for

Uncertainty, Negotiation, ahDistribution (FUND), Technical Description, Version 32914;C. W. Hope,The PAGE09

Integrated Assessment ModalTechnical DescriptionJudge Business Schodlniversity of Cambridge, 2011

12 They are spatially aggregated in that they typicallgrafe at no smaller than the courgnale. They have been used to

calculate thesocial cost of carbgra monetary estimate of the discounted climate change impacts to society over time

from an additional ton of carbon dioxide. 92¢ 1 a vane Diaz and Frances Mosoke, “Quant.ii
Cl i mat e Nature Gligate Changeol.7, no. 11 (November 20L,)p.774782; CRS In Focus IF1062%0cial

Costs of Carbon/Greenhouse Gases: Issues for Condrgsane A. Leggett

13 These are callepgrocessbasedbecause they offer a detailed representation of the energy system, including energy
demandfuture extraction, transformation, distribution, and use of energy and explore linkages with other sectors in the
economy, such agyeculture and land us@hey have a higher spatial resolution in that they incorporate features at finer
spatial scales than the counswgale (for example, agmcological zones or hydrologic basins).

14 For an example of a wetased emissions scenariotb, see Ener gy Policy Simulator: Ene
Pol i cy S ohttps:timww.anergypolicy.solutions/

15 For a review of some of the main conclusions from the IPCC assessment repotite@veeeCRS Report R45086,
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example, the U.S. mi dterm strategy for deep deca
Admini s® ration.

Thedet aprl cdeasskeAdMar ¢ numerical., h€wampwur seird emmoadbell ys i 1
t heir (seecgt.or atltpaoews pgenet abdbtmoahnohdgistcaly), or macr
detg@gadgraphic representation; avai leacboinlointiyc of t e
struc taunrde s ol u(thB8MHQ GHp&woecavicedry, atr e typically struc
severahkuipladi ng bl oJLIXPHor modul es

X ODFURHFROR¥YHRBR ms dwls@at {&xdegdnoushe model)

macr oeconomipco piunlpauttiso n(,e .Ilgabor pJlYtooductivity, s
estimate energy demnddworfbd eaghosecTlhe mos:t
sectors 1 ntc,] ubduei ltdrianmgshp, @ i@ midarws It tr wr e .

X (QHUBAWWHBme dulypically includes a representat

primar ¥seppt gy modes of (e&ncernegbyu sttriaonns foofr ma t i o 1
fossil fuels 1 nd4 wadnheeragty asnedr veilgeacstdreimairtdys) ,( e .
and freight transport, industry energy use, |
electricity). This building bloofc kf uaelllsows t he
and technol ogi e smatnod smeaentd trheep reenseerngtys dtehe <cos't
performance (¢ f Dif ¢ ityd mt ceye,rh chhbigfwegtliidnse. n ¢ 1 ud e
energy supply, tftobhanpl ofgueks (enygowliaeamadr),, sasl ar |
wed$ energy demangdasteshowbegnad beifkers, ele.
pumps, internal combustion.Tahnd emoedcutlrei ¢ vehi
could also include ener gy de nlahned ffureolns a gr i c u
used to meamatmdenar guacdhe ti me persiadtbase assoc
that fuebmbastion to greMmthyulsAMsgaasl canisspoase
t hneconener gsyu slk «a darnedy dacgud hidnrcel ude mnoncombustio
CQ, an-€QoH@s s uceht haasnem and .Ther waysdiaxwlech

I A

Mes ho’dtsecec hnol ogi eyswidithd mbuells stamcture and th
“objectiwda hfaunathiecomodel ers specify, and these
differences across model results.

X &OLPBOWWHRmMe duled atesovmnysiome period to chan
atmosphbhaceatrations of GHGs asmdatnhe resultin

Evolving Assessments of Human and Natural Contributions to Climate Chandgne A. Leggett

The Whi t Wnitéll StatesdvjeCefitury Strategy for Deep Decarbonizatio Nove mber 2016, a't
https://unfccc.infiles/focuslong-term_strategieapplicationpdf/mid_century_strategy_repeiihal_red.pdf

17 Henceforth, these detailed, procéssed IAMs will simply be referred to &&Ms.

18 Integrated Assessment Modelling ConsortittAMC Wi k i , ~athftp:2wivw.iamcdocumentation.éudex.php/

IAMC_wiki .

®Ajay Gambhir et al., “A Review of Criticisms of Integrate
TheseThr ough t he L Energiesvof.12BnB.Q (M&yl, 2019) pp.1-21;Joint Global Change Research

I nstit ut 4.3 Dotumenhtathdri athttps://jgcri.github.iogcamdoc/

20 Primary energyis energy found in nature and not subject to any human conversion process. Primary energy includes
fossil fuels (petroleummatural gas, and coal), nuclesrergy, and renewable sourcegnérgy such as wind and solar.
Secondary energefers to resources that have been converted (for example, crude oil that is refined into fuels, coal that is
used in a codiired plant togenerate electricity, or wind that is harnessed by a turbine to generate electricity).

21 Models very greatly in the amount of technological detail they contain. This can greatly affect the options available in
the model for responding to policy constrajrated ultimately the results from the model.
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surfeamper at ur el.ncIroendleasfcbeAdds gl obal cglkimate carb
moddlhat incladenheedbmokypheré, soil, and oce

One key dmohBAMsst ihoonsvt t hetyur e t he e ceocnoonnoymi cEqui I i
t heiox yreached when prices are fourdHQHUD@atch sup
HTXLOmbPUWLeXIPs represenvmyhé¢thbontuighet he sectoral det
significantly) and tfthea de feflecwiits idhfigmpr ked¢ s. shantw | I & v
SDUWLDO HIX8O®©LEULIXI mseoacobrapmpu ket s/ secarogy, (e. g.

agriculture), assuming prfces in other markets r

AlT1 AMs generally are desimmntdot oclmem&E RE¥Wmkr € mh ok
HITHmW bhY#8 h evyat 5 how they repr adshenwt sfumutlmet and whe't
emissions and,otwhehrheRSW hRipbidt chrs(it.,ieme o5t p,at hway)
assuming pe?PIfAMst dra ecfitghn EDYV ORKED-bchdRnepmnairses iao n s
trajectcouwryr eurnntd ecro n-dwitti BRIGLIFRN & B Lvkhicerse c¢1 i mate pol i
constraints, or cahvaanigleasb,silnintdyh,eni sdx phpo ko gy

Figure 1. lllustrative Example of 1AM Inputs, Building Blocks, and Outputs

INPUTS BUILDING BLOCKS OUTPUTS

Economic

GDP —_— Economy —>  Uicomes

Population ~———> Energy system =) Emissions

. Energy

Policies =~ =i Land system —_— ST
Other .

assumptions _ Climate e Land use

Source: Adapted fromCarbonBrief "4 $ +RZ 1, QWHJUDWHG $VVHVVPHQW ORGHOV:- $UH 8VH
Change p ) H E U X D U \at https://www.carbonbrief.orgfahow-integratedassessmennodelsare-usedto-

study-climatechange

Note: IAMs vary in how they incorporate socioeconomics (for example, population and labor productivity may be

used to generate GDP estimates) and their sectoral representation.

22 GCAM, for example, has global climate carbomycle model Hector, that models carbon flux in the atmosphere, three
“pools” on land, and four “pools?” i nGCAMV.3baecementationJ oi nt Gl ob

Earth System Module Hector v2.Q0 > http:#jgcri.github.iogcamdocigcamusa.html

2Elizabeth A. Stanton, Frank Ackerman, and Sivan Kartha,
Cl i mat e EClimateoand Develppimentol. 1, no. 2 (2009)pp.166-184.

%Ajay Gambhir et al., “A Review of Criticisms ofslIntegrate
These, through Enekgiesival. h2sno.d(MaBIEOI9Pp, 1:21.

Elizabeth A. Stanton, Frank Acker man, and Sivan Kartha, “
Cl i mat e EClimateand Develppmentol. 1, no. 2 (2009)pp.166-184.

%Aurore Colin, Charlotte Vailles, and Romain Hubert, “Unde

and Interpreting These ScenarioldlCE: Institute for Climge Economics, November 2019
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| AMs andPGtheAssessment Process

The I PCCemassinordiagckinrasrti oss sessment Report in 1
a tseof foum $acsEEALIEHVVK DV édidD&@ hr e e p20llni cly9 9s2c,e nar
the ITPCC reformulaoatedctihad epondlaibcyyr nsoc e nar i os, S pan
ofipxl aupabhwaejlsyiimg eamally coherent assumptions a
technologi @&Bym2906yotlthe. I Pyl almat B pdaetvi ewxlko Reedbor t o
Emiisosns Scenarioswi(thRES)urs mawdrapogyel at ooy,] imesno
growt h, ecarmids sGHHG Wh e a i P ki€covdit he s cire ntalr200k@s$ ¢ t he

I PCC descdpatchaet @ e vel opment of snmo csicoeencgotnoobnuilco fs t or
warming that could occur by t hecleinmda toef ntohdee 1cienngt t
procd@dhss led to development of Representative Cc
as s ocSihaatreedd Socioeconomic Pathways (SSPs)

Scami os of G| oabnad SBaamomigc Storylines

In response to a call from the IPCC for a resecear
model ing community 1in t he Idheeveeglroaptmedn tAscfe smemwe nst ¢ ¢
Consof¢l MA'®Rps e s tianb [2T0k0A7e § MAC d eRvGePlsopenlt it thtes
represen ttardigﬁef/uﬁrﬂ:sm]ﬂﬂD)GLDWLSHTIhIRWFI.tQﬂk emartdhy 1 mbalan
ma y h acd gte various ,c Isiuncaht iacs dGHGv ecrosnmoesngtireartei ons i 1
reflecti Vlst ys uoﬂ"fﬁsabche&C&’as thnari osbyargel owsaeld ciln maant acl
mo d®tles undtelres tiampdlact of changing radiae¥ve forci
For e xcalnmipmaet,e change ptridgPdROCH so nlsa vmeaa dbkee eurs i msge d i n
part UofBoturet h National ®Climate Assessment

The RCPs are in unit sW/ anf, wvaa tntesa spuerre mnoeft etrh es geunaerregc
at mosYPHieghker valuesd oircThnsCPese gmnaaber considered a

2’7Ri chard H. MNesxst eGe naelr.a,t i“oTnheof Scenarios forNaluteivohat e Chang
463, no. 7282 (February 11, 201pp.747-756.

28 Janeleggettetal,“ Emi s s iSeenari os f o rnClinfat€ Changa1092UThelSupplementaryi Report

to the IPCC Scientific Assessmdntergovernmental Panel on Climate Charid¥92 https://www.ipccchisitelassets/
uploads?201805/ipcc_wg_1_1992_suppl_report_section_a3.pdf

29N. Nakicenovic et al.Special Report on Emissions Scenarios (SRES), A Special Report of Working Group Il of the
Intergovernmental Panel on Climate Char{@ambridge: Cabridge University Pigs, 2000)

ORjichard H. MNesxst eGe naelr.a,t i“oThh eof Scenarios forNautevahat e Chang
463, no. 7282 (February 11, 20]10p. 747-756.

31 The Integrated Assessment Modeling Consortiurhitat//www.iamconsortium.org

32Radiativeforcing s t he difference between solar irradiance (sun’s
back to space. For more discussion of the drivers of climate change, see U.S. EnvironmentakPc t i on Agency, “CI
Change Scienc e,htps:Mechive.ép2.gospaclimatechangesciencetauseslimatechange.html

33 IntergovernmentaPanel on Climate Changé Wh a t I's a GCM?” Daaccesse@®Apsli% 202ht t i on Cen't
https://www.ipcedata.orgguidelinespagesicm_guide.html

34 Discussion of climatenodels is beyond the scope of this report. One major project to compare and continually improve

climate models is the World Climate Research Program, “Cou
https://www.wcrpclimate.orgivgcm-cmip.
SC.W.Avery et al., “Data T dndrpsactsaRisks, aSdcAdaptationiirothe PJmiteddac t s , ” i n

Fourth National Climate Assessmewmbl. Il (Washington, DC: U.S. Global Change Research Program, 2§1.8%113
1430.

36 Watt is a unit of energy, so radiative forcing (W)ns a measure of energy per unit area.
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mean gl obalThiempgtoinaalt Ril@®sdhe prandeadvfve forcing v:
t hyeera 2fl®@@Ondpewetvh & we @dr talitei rinee, fearto m 2. 6 »)t;o s8e.e5 W/ m
7TDECH he 1 PCC Fifth Assessment]l Re paeDEWQiIHIF ocused on
subseqRCGh.td,y3 ReCalRICF . 0 have fboere nt haed dSeidx t h As s e s s me
due to be published beginning in 2021

IPCC QlaMH@\eace ,t 0o at | TRER i2n dbi6cPaithpledboOPha bi 1 it y.

mperatur®@oadgrie off Callb.oBv e pr e i n*WRuCsPt i25.a61 [ evel s

nsistentl iwkmetelaynk gd pbrad Wairtmh ngt tloe @29 Cna 66 % pr c
R CP i4n &i claitkBedlGy® mper at ulr.2ld B a°(gme o.HFY 1 n

ntrast, thoeRCBddSmuli dvien efsomwIctimegr ease in war ming

me a n °Co falnBdk & 1 ¥ °(BtaonPhea Bo ve pr e i nbdyu stthrei aeln dl eovfe Itsh e
enfRaqppe 1y, there has been some criticism of RCI
ery pPhasidbdrtaemmplhada,ng ipo lwiocuyl dc hmeimcndfiovlled aidn mige & D e
gl obmdl use, which may be 1| acege*Tvhech anne we sRtCGiPmalt. e9s
s consisteninwrethski mnt ghgbathe mé&adn wtigathper atur e
pproxama%edrypbabilit

© —~ 0 0o B

Table 1. Overview of the RCPs

Temperature Increase (2081-
RCP Description 2100) (°C)

RCP 2.6 Peak in radiative forcing at ~3 WAn 0.3 to 1.7(mean 1.0)
(~490 ppm CQ eq) before 2100
and then decline (the selected
pathway declines to 2.6 W/tby
2100)

RCP 4.5 Stabilization without overshoot 1.1 to 2.6(mean 1.8)
pathway to 4.5 W/ra (~650 ppm
CO2 eq) at stabilization after 2100

SDetlefP. van Vuuren et al., “The Repr es eGlimaticcChangevoCl®% centrat i or
no. %2, SI (November 2011pp.5-31.
B PCC, “Summary f Climate Ghange 20i3aTkeePhysical’Scienee Basis. Contributidrodfing

Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Ghamipeidge, UK: Cambridge
University Press, 2033

¥Table2.1inn PCC, “Summary f €limate Ghange 20k3:aTkeePhysical’Sciénee Basis. Cotitibu

of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate (Claangédge, UK:

Cambridge University Press, 2Q18ach RCP results in a range of temperatures in 2100. See also TabletlgfiP.

van Vwuuren et al ., “The Repr es e n tClimaticxChandgewhlO% moti2, It i on Pat hw
(November 2011)pp.5-31.
VT PCC, “Summary f €lmate Ghange 2013:aTkeePhysical’Scienoe Basis. Contributidrocking

Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Ghamipeidge, UK: Cambridge

University Press, 2033

“Matthew J. Gidden et al., “Global Emissions Pathways unde:
Dataset of Harmonized Emissions TrajectofibsoughthéE n d o f t h&eos€lentific Modey Developmenbl.

12, no. 4 (April 12, 2019)pp.14431475.

27Zeke Hausfather and :The‘elis iPne sPse tas sUs u aElmNatusetvebBing, nd.s Mi s 1 e a d i
7792 (January 30, 202Q)p.618620.

“Justin Ritchie and Hadi Dowlatabadi, “The 1000 GtC Coal Q
Combustion StEnérgy Efohomigssmoli 6b (2@17)pp.16-31.

“oeri Rogelj TBotwaarld.s, L9Smcietnanrgi oGsl obal Me an Nawrm@linatea t ure Incr e
Change vol. 8, no. 4 (April 1, 2018)pp.325332
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Temperature Increase (2081-
RCP Description 2100) (°C)

RCP 6 Stabilization without overshoot 1.4 to 3.1(mean 2.2)
pathway to 6 W/n# (~850 ppm CQ
eq) at stabilization after 2100

RCP 8.5 Rising radiative forcing pathway 2.6 to 4.8(mean 3.7)
leading to 8.5 W/ (~1370 ppm
CO2 eq) by 2100

Source: '"HWOHI 3 YDQ 9XXUHQ HW DO “7KH 5HSUHVHQW DGimali¢tiCBaRg@ FHQWUDW L
109, no. 12, SI (November 2011pp.5-31, at https://doi.orgl0.1007¢10584011-0148z ,3&& “'6XPPDU\ IRU
3R OLF\P D Blindte Ghahge 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth

Assessment Reporthaf Intergovernmental Panel on Climate GBangeridge, UK: Cambridge University Press,
2013).

Note: The temperature increases ar@afed on 5% to 95% of model ranges

T hR CPasrceo mp | ¢ meSnStPesdw hbi yjcchc iaareec on o mi ¢  n ar rWhtiil we st hoef
RCPs e f f ercetpirveeslgpwmttdaetvta we f or GHG ncdoinccacenntaleflait ki eolnys a -
t hcee n twamr ymi ntghe S SPs 1 nmdatcraamres thorwm saorcd ,eGldy@ ns e que nt
emis smagheange olvheerr €tii9e®s gnédadsit o span possible so
and cover the societal trends that could make bc
or less challienging to undertake

SSPABSust ai-mnTaabkiilnigt yt he’); Gr een Road

SSAMi ddl e o1); the Road

SSPARegi onat-ARRovalk ;yRoad

SSPA4 nequAl Rogd "Pi winde d

5. SSPF o s-Ruiell ed De+vEd lipmg ntt )¢* Hi ghway

P wbNPE

Th&8SPs vary considerably in what they assume abo
dependan€tessil f aedblnss,unippedESEKQ Elo[r% mo r).e HRert ai 1l s
exampl e, SSPl1 assumes medimtme et atiden 1l g wo wtr o wt Imc
material comeamptdioenhs,l ewd an emphasis on renewae
while SSP5 as

sumeshhgkhiegtenomi cogabwthade, high
me ati chs, damed a focus onThehyycwasrei & & rhdtlrlay icicnt four d less .

for i mpt@arncti sseoc o n o miGD Pv aarnida bp(dépdE N.Hmi @gll10006G,2 R

for SSPlraam@r &8 PEHDOM tb i 1L010i0o nb(i Bl 8l i founa d rwihli 1l ieo n )

p o p ulraatnigoens bfirlolne 06h.29. 6 bji l 1 ¢ opEamd 2adfd Pt he aut hors
characterawod | SSPhads continue® the historical e:

Keywan Riahi et al., “The Shared Soci o®@GreecohousefGas Pat hways ai
Emi ssions I mpl i c dtolhabEmironmehtal Cliangeal. 42i(January’2017pp.153168, Brian C.
O’ Neill et al ., “The Roads Ahead: Narratives for® Shared So

Ce n t @Global,Elvironmental Changeol. 42 (January 2017pp.169-180

4JoeriRg el j et aTowards LirSiting Glabal Mears Temperature IncreBsel o w 1 Nafure Clithate&
Change vol. 8, no. 4 (April 1, 2018)pp.325332

Congressional Research Service 7



Greenhouse Gas Emissions Scenarios: Background, Issues, and Policy Relevance

Figure 2. SSPs andPopulation and GDP Assumptions

GDP Assumptions Population Assumptions
S in trillions (2005), PPP Number of persons, in billions
$1,200 13 ssp3
SSP5
$1,000 12
$S800 1
10
$600 S5P1 SSP4
9
SSP2 ssp2
5400 ssPa 8
$200 SsP3 . SSP5
SSP1
SO I T T T T T T T T T T T T T T T T T 1 6 T T T T T T T T T T T T T T T T T T 1
2010 2040 2070 2100 2010 2040 2070 2100

Source: CRS analysis of data frooQWHUQDWLRQDO ,QVWLWXWH IRU $SSOLHG 6\VWHPV $QI
Socioeconomic PathwaysYersion 2.0pu  Diffys://tntcat.iiasa.ac.&pDbdsdAction=htmlpagefage0;

,QWHUQDWLRQDO ,QVWLWXWH IRU $SSOLHG 6\VWHPV $QDe&idnV 663 'DWDETD
2.0 u btws://tntcat.iiasa.ac.&$pDbdsdAction=htmlpagefaged0;, . H\ZDQ 5LDKL HW DO “7KH 6KDUHG
6RFLRHFRQRPLF 3DWKzZD\V DQG 7KHLU (QHUJ\ /DQG 8VH DQG *UHHQKRXVH *
Global Environmental Changk42 (January 2017pp.153-168.

Notes: There are different interpretations of th8SP socioeconomic variables. Tigjection for GDP was
provided by theOrganization for Economic Goperaton and Development (OECD)GDP isin purchasing power
parity (PPP)$2005 This projection for population was provided by thheternational Instiite for Applied Systems
Analysiswittgenstein Centre (IIASAVIC).

For each SSP, the six I AM groups tried to find a
scenario, in order to umnsdersyandmbhowotrhed emotl gy
($SSHQGTLhS$ s eRESPS Ps cemme itolse w ¢ omp,arwhdi ccho ias baa sreel fi en:
case scend) icl iwmattheo uch a nge mietsi gaaftticoon 2p0dll0s, e iiensc 1 (1
related to the Dadticeedhgmdeamdrcth)mngerd on s ocioecon
systleonsbe consistent and aid in comparison acros
same climate model to convert fromsanmaabt GHG er
resulting ¢l obal war ming.

Result Emf sentoennsa £ msi st eh.t5 wgt’dad d
War mi ng

The UnitegparSttya tteos tihse aUN Fr amework Conv®2ntion on
witlobijter At veledien @

47 As Table 1 shows, the same GHG concentrations could result in different estimated warirendMs used the same
climatecarboncycle model MAGICC Climate Modeling System, attp://www.magicc.org/to aid in comparison of
IAM results.

48 U.N. Treaty Collection, Chapter XXIIl. 7. President George H. W. Bush transmitted the signed treaty to the Senate for
its advice and consent in 18®dngressional Recor#3902 (Sptember 8, 1992). The U.S. Senate gave its advice and
consent to ratification in 138ongressional Recor83527 (October 7, 1992). See also S. Treaty Doc:3B0A992); S.

Exec. Rept. 1055. President Bush signed the instrument of ratification and siglohnitito the United Nations on

October 13, 1992. Depositary naotification C.N.148.1993.
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stabilization of greenhouse gas concentrations in thesaineoe at a level that would prevent
dangerous anthropogenic interference with the climate system. Such a level should be
achieved within a timérame sufficient to allow ecosystems to adapt naturally to climate
change, to ensure that food production isthreatened and to enable economic development

to proceed in a sustainable manffer.

ThBi den Admiaj stihReatli 9 nA¥Yr eemkeanitdi ary agreement u
UNFCCCTChagree,mdth 1 paasr tafest he dat.,d nadfe at miism publ i c:
strengthening the global response to climate cha
[h]olding the increase in the global average temperature to well below 2°C abeve pre

industrial levels and pursuing efforts to limit the temperature increase to 1.5°C @migove

industrial levels, recognizing that this would significantly reduce the risks and impacts of

climate chang&?

These temper atppe rttheed gsbeisenmatatidfsaitosvtelr@a 5 ks t o
physical ,anedo osliyasgti ecmpslg,r(iec wl.t ural production, 11ive
warmDng. consi dbewdi ochimatehehange sufficient to

irrever ssi(WLSSL@QJa3RW&OQWW preeamamnhsasertaval sthe risk a
crosschgthresholds incr e®TshdeP C&id shs goifss mehpgt t € mp e r @
t empert at naete sweheircthai nral, managed, and human syst
l east mosharg®tne braikseky doovad war d , 0 gd v etni emotrief isc
studTkse isscimamwideénce to suggest ltdh abte seoxmee etdiepdp
bet wleeh °tCo oA War ming.

While the Par ms Agtreanepheereatvteut hegpepebglf mwall

emissi ofifsi rtshte,geti s unEOLPEHIDWEWhY VMW 5d e mper atur e
chapgoejecesdl tchfarnogme ainnc et nhter a tiino nt hoef aGHnoss p her e
IPCC Fifth Asses s mean td oRiebploirntg eostf raot amtoesddpesachraitc CO
1 e vweolusll idkreelsyul t i n an 1increase iinn gtlhoebflarld fingteatno s ur
4. 5®Tth.e rangestuné hasopedsnad cld RLEPHMEDHe Fleect t h

49 United Nations Framework Convention on Climate Change, May 9, 1992, S. Treaty Doc N&, 1071 U.N.T.S.
107.

%The WhitPaHosrns €]ithate A0 202kanhtps:Hwwi.whitehausegawliefingroom/
statementselease®02101/20/parisclimateagreement/

51 For more on the Parisgreement and the UNFCCC, sERS Report R46204he United Nations Framework
Convention on Climate Change, the Kyoto Protocol, and the Paris Agreement: A Subwyrinye A. Leggett

2Uni t ed MNaartiiso nAsgr e“ePme n thttps://Mmww.uniorgghilimatechdng@arisagreement

53 pachauri et alClimate Change 2014: Synthesis Report. Contribution of Workingsrh Il and Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change

Ti mot hy M. Lent épping®PaintsaTlo.o, R Glkiym at tdNatlB&vol. 576gne.i7 %84 (Nqveémber
28, 2019) pp.592-595

55 |PCC,Global Warming of 1.5°@Intergovernmental Panel on Climate Change, 2018); IPBCC Special Report on
the Ocean and Cryosphere in a Changing Clin{ateergovernmental Panel on Climate Change, 2019).

56 For a discussion of the role of anthropogenic GHG emissions in climate chanG& Séeport R4508@&volving
Assessments of Human and Natural @bntions to Climate Changdy Jane A. Leggett

STapp o Schneider et al., “Climate [ KaturelClimate @hdngebb7nmoult i ng t he Fu
(January 1, 2017)pp.3-5. The termequilibrium climate sensitivitis often used. This term refers specificallythe

global surface tempetare increase that results after @ncentrations have doubled and the climateegystas
equilibrated to thiperturbation

I PCC, “Summary f €lmate Ghange 20k3:aTkeecPhysical’Scienoe Basis. Contribution of Working
Group | to the Fith Assessment Report of the Intergovernmental Panel on Climate Qi@argbridge, UK: Cambridge
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lus i*ORED®O DWPLOPPUrnt f& Pt amlo,de 1 i ng
tted 529 scenwirtihosl,.a%dC dvh2c dhn 9i0s twe o t

model ing s ce mnasrsiuonsp tdiiofnfse,r ainnd tnhoeti ra
anflTabbabl ool wix atmhi direassefpdoorst t he six I A
BSREPmMs deAll d d iotf h e¢uhseesde al AcMsns i stent se
cehaveumpdednoud puts available 1in t hce
ional Institut®THese ADAMi mddS8kshgmsc
cus of the forthlkiomimegpd Pt Gdedd xttho tAs
havbsmay be compatible with 1.5°C or

RGP be considered pr%Axsi ensotfeodr alb.o5v°eC
on sALsNthi©Oh tn  wil tolb hlhe Qi BB g e preindust

l e vewhsi 1 e RCP 1.9 is ObhMkdQ@Qwt ghobwdt Badbloemtep gn g

University Press, 2033

9Yann Robiold u Pon't
Climate Changevol. 7, no. 2 (Feb

0p, Forster et

et al., “Equitable Mitigation toNatlrehi eve t he
ruary 2017p. 153, at https://doi.orgl0.1038NCLIMATE3210.

al., “2.SM Mitigation Pathways €ompatible w:

Suppl e me nt arGlobalWarrang of 4.3 °QMhtergouernmental Panel @limate Change, 2018). Rogelj et

al ., “Chapter 2:

Mitigation Pathways CompatiGldbal with 1.5°C

Warming of 1.5 °GIntergovernmental Panel @limate Change, 20)8
61 The terml.5°G/2°C-consistentefers to pathways with no overshoot, with limited (low) overshoot, and with high

overshoot of 1.5°€@2°C in 2100J

. Rogel]j et al ., “Chapter 2: Mitigation Path

of Sustainabl® e v e 1 o p nxdobat Warming of 1.5 °@ntergovernmental Panel @limate Change, 2018)

2] nternational

Institute for Applied SystemsVeAnsailoyns i2s.,0,“’S S

athttps://tntcat.iiasa.ac.&pDbdsdAction=htmlpage&aged0;Ke y wan Riahi et al., “The Share

Pat hways and Th

eir Energy, Land Use, and Gabalenhouse Gas Em

Environmental Changevol. 42 (January 2017pp.153-168.

63 These include the International Energy Agency, research and consulting firms (e.g., Bloomberg New Energy Finance,
McKinsey), and a number of oil majors (e.g., BP, Shell, Equidanpre Colin,Charlotte Vailles, and Romain Hubert,

“Understanding
Climate Economics, November 2

Transition Scenarios: Ei”d4CE:InStitutefors f or Readi
019

4] oer i Ro g el j Tewardsdimiting Global dMeam Tempsore IncreasBe 1 o w 1 Nafure Clithaté&
Changevol. 8, no. 4 (April 1, 2018)pp.325-332.

65 Likelyin IPCC parlance refers to at least a 66% probability.

I PCC, “Summary

f EClimaté Ghange 2p18:aTheePhysical’Sciénee Basis. @union of Working

Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Ghamipeidge, UK: Cambridge
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University Press, 2033

J oeri Rogel j Tewardsdimiting GlobalMean Temperature IncreBsel o w 1 Nafure Clithat&
Changevol. 8, no. 4 (April 1, 2018)pp.325332

%l nternational Institute for Applied SystemsVeAnsailoyns i2s.,0,“’S S
athttps://tntcat.iiasa.ac.&pDbdsdAction=htmlpage&aged0;Ke y wan Riahi et al., “The Share
Pathways and Their Energy, Land Use, and Gabalenhouse Gas Em

Environmental Changevol. 42 (January 2017pp.153-168.

69 |nstitute for Applied Systems Analysis “ SSP Dat abase ( Shar eWe rSsoicoino e2c.o0n,o”miact Pat h
https://tntcat.iiasa.ac.&pDbdisdAction=htmlpage&aged0;Ke y wan Ri ahi et al . jc “The Shared

Pathways and Their Energy, Land Use, and Gabalenhouse Gas Em
Environmental Changevol. 42 (January 2017pp.153-168.
MJoer i Ro g el j Tawardsdimiting Global Meam Tempecature IncreBsel o w 1 Nafure Clithat&

Change vol. 8, no. 4 (April 1 2018) pp.325332

"Joeri Ro g enarjosTewardsd.imiting Glob&ldMean Temperature IncreBsel o w 1 Nafure Clithat&
Changevol. 8, no. 4 (April 1, 2018)pp.325332
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The models eadiongtgloempbtrime aorne sae t t b p &2@ionr y
21 @®quires an osncbail oi enags seaptelvef y t achmelsogthe I b b e
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providtimgl A% of primary° @mans g teimm tridahpa i ead tthe D%
3% in t hien bXa0sn&EWoi h @*Aady Wi 1 1  bbee ldoiws, cswshseeyd AM
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72 International Energy Ageng$/Global Primary EnergyDemand byFuel, 19252019 > httpst//www.iea.orglataand
statisticsthartsglobalprimary-energydemandby-fuel-19252019 1 MTOE is equivalent to 0.042 EJ.

73 InternationaEnergy Agency“GlobalPrimary EnergyDemand byFuel, 19252019 > httpst//www.iea.orglataand
statisticsthartsglobaltprimary-energydemanl-by-fuel-19252019

4 International Energy Ageng$/Global Primary EnergyDemand byFuel, 19252019 > httpst//www.iea.orglataand
statisticéchartsgjlobaltprimary-energydemandby-fuel-19252019

75 Note that only four of six IAMs had runs for thes°GconsistenscenariogFigure 3). This is reflected in the range

differences. CRS analysis of data from Internatio
Socioeconomic PathwaysyV ¢ r s i o nhttgs:/tftcat’iiasa.ac.&bspDbdsdAction=htmlpage&age-10; Keywan
Riahi et al., “The Shared Socioeconomic Pathways

I mplication s GlobalEnvibementalt Changgol’42 (January 2017), pp. 189%58.
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Figure 3. Global Primary Energy M ix in 2050, by IAM
SSPZ ‘middleof-the-road psocioeconomic scenaro
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Source: CRS analysis of data frooQWHUQDWLRQDO ,QVWLWXWH IRU $SSOLHG 6\VWHPV $QI
Socioeconomic Pathwaysyersion 2.0u  Dtffys://tntcat.iiasa.ac.&pDbdsdAction=htmlpagefage0; Keywan

5LDKL HW DO “"7KH 6KDUHG 6RFLRHFRQRPLF 3DWKZD\V DQG 7KHLU (QHUJ\ /
,PSOLFDWLRQV GhdalEviHahmerte? Change42 (January 2017pp.153-168.

Notes: RCP 26 is consistent with keeping mean global warmmg°C in 210Q while RCP 1.9 is consistent with
keeping mean global warming to 4C5in 2100 The database includes orftyur IAMs thatcould solvefor the RCP
1.9 target for theSSP2&cenario For IMAGEand WITCH modelsno solution could be foundRenewables include
all nonbiomass renewables (hydro, solar, wind, geothermal, and other).

Congressional Research Service 13



Greenhouse Gas Emissions Scenarios: Background, Issues, and Policy Relevance

El edtcraitfi on

El e c tirointf hdesabts t i eheconi oftysdornfesganddfmeliarnace:
devi®€C¢s mate change devdréeficndioaté¢sthbae of the
decarbonization, al ochnpgo weeirt l{s audpspelayt b ¢ marvbdotmi €¢m pd fii r &
ncrdaser gy dfifieci,emeducéd energy demand) .

ThleAM resnditthdate pi ng 1 itkde.? D 2WE mmidmoghd d ent ail an
incrdeeteance on el cate@lsliXtYHl ltecc t maecti teynadmg yf i nal
nearly doubles in°@ontisscfealnhNMso icro mpha ®1d28 50 t he

reachli%egtl 8 of finalBegneogppad@mbhddtricity compris
of t hes wioirdall efergy demand

Figure 4.Global Electrification in 2050 , by IAM
SSP2 fniddleof-the-road psocioeconomic scenarjo
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Source: CRS analysis of data frooQWHUQDWLRQDO ,QVWLWXWH IRU $SSOLHG 6\VWHPV $QI
Socioeconomic Pathwaysyersion 2.0p  Dtyys://tntcat.iiasa.ac.&$pDdsdAction=htmlpagegage-10; Keywan

5LDKL HW DO "7KH 6KDUHG 6RFLRHFRQRPLF 3DWKZD\V DQG 7KHLU (QHUJ\ [/
,PSOLFDWLRQV GhdRalEviHahmerte? Change42 (January 2017pp.153-168.

Notes: RCP 26 is consistent with keeping mean global warmmg°C in 210Q while RCP 1.9 is consistent with

keeping mean global warming to 4C5in 2100 The database includes only four IAMs that could solve for the RCP

1.9 target for the SSP2 scenarkwr IMAGE and WITCH mode]so solution could be found

®“Chris Kennedy et al., “VWithirelbiCilgr oGd gt aNe tCl Neng a4 td5°Ceéh alhlgec t r i ¢
Climate Change and Urban Area8 (February 1, 2018), pp. 5.

"The GHG benefits of electrificatiodepend on the carbon intensity of the electric grid. Except for the mostfessil

intensive grids, electrification will generally result in a net reduction of GHG emissionCBe&ennedy et al.,

“Keeping GI ob aWithi@l.5°GThrouth Nleatn Nee g a t i v ¢.5°E ClimatetChange ar@ Utbane s , ”

Areas vol. 30 (February 1, 2018), pp. 4&5.) This is due to the fact that electric devices are generally more efficient than

fossil fuel devices. For example, electric vehicles are curremtiyto five times more efficient than internal combustion

engines. SelEA, World Energy Outlook 202@Paris, France: International Energy Agency, 2020).

T EA, “Global EV Outlook 2020: Entering the Decadke of EI ec!
https://www.iea.orgeportsglobalev-outlook-2020Q
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(i.e., RCPheutputl ) er 1t drte edna tsslsinofnasir.d epre atkot aknade p wa
2° @ n 2t1h0e0 mo d e | sa npnruoajd enaCtOs ti b ats r wiankelnte b ® v sve & a

2080 af)LIJXUYHM® achli.cSteCnpet attglee neosdteiltnhaGt@®e

emis swiomlalhea dp ¢ sk da r2002n0 a nzde rroe ab§IL IXWHE mi s s i ons

of other GHGs 71 e mad& €x°e€sointsiivset eirnth rtohaeeshea 2 il & O
According thoe tlhact enro dtedimsi ,pstiakn 8 ,n tClOe whwlrd elra tehe
to be latetoikeehewrcthtnryhe temperature target:s

Thiaadhievingstdhedu etminesm ss dnmee & thtghwd tthar ge bost h n 2100 f
mi t i gacteincgre nes @ bobime ga t i v ¢”% @ miesr sma@rsnetma v a 1

di scus s)e,d tbheoluogwo fitviael 1 daebgrled e y orfe Itihan ¢t e cchm on eoggayt ia
e mi sstiecth n ovlaymg ir eoss sC al rAbsbsmo yra.le r ,c mtodvl@Qf r om t he
atmosphdret orage in @»oéraegsiecravliopirrosdpicoerstiom chdd t o
bal opmsd t i ve ¢ micslsuidd msghrt ddGERREGS .

®International Institute for Applied SystemsVeAnsailoyns i2s.,0 ,“’S S
athttps://tntcat.iiasa.ac.&$pDbdsdAction=htmlpage&aged0;Ke y wan Riahi et al., “The Share
Pat hways and Their Energy, Land Use, and Gabalenhouse Gas Em
Environmental Changevol. 42 (January @17), pp.153-168.

80 Negative emissionefers to the removal of greenhouse gases (GHGs) from the atmosphere by deliberate human
activities, in addition to the removals that occur via natural carbon cycle processe3CSgBlobal Warming of 1.5°C
(Intergovernmental &el on Climate&€hange, 2018)

81 For a discussion of carbon removedeCRS In Focus IF1150TCarbon Capture Versus Direct Air Captuigy Ashley
J. LawsonandCRS In Focus IF1182NetZero Emissions Pledges: Background and Recent Developrhgiikchael

I. Westphal
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Figure 5. Global CO;, Emissions over Time Across 2°C-Consistent Scenarios
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Source: International Institute for$ SSOLHG 6\VWHPV $QDO\VLV 663 'DWDEDVH 6KDUHG 6R
Version 2.0p  Diffs://tntcat.iiasa.ac.&pDbdsdAction=htmlpage®aged0; .H\ZDQ 5LDKL HW DO “7KH 6KDU
6RFLRHFRQRPLF 3DWKZD\V DQG 7KHLU (QHUJ\ /DQG 8VH DQG *UHHQKRXVH *
Global Environmental Changke42 (January 201,7pp.153-168.

Notes: Each CQ trajectory represents one IAM maal run for different SSRPShe legend indicates the model

name, followed by the socioeconomic scenario (SSPYaudlidtive forcindRCP)RCP 26 GHQRWHG DV ~ p LQ WKH

legend)is consistent with keepinigkely mean global warminig 2°C in 2100 RCP 2.&efers to the radiative

forcing target of 2.6 Wn2 radiative forcing in 2100.
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Figure 6. Global CO, Emissions over Time Across 1.5°C-Consistent Scenarios
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Version 2.0p  Dtys://tntcat.iiasa.ac.&pDbdsdAction=htmlpagefaged0;, .H\ZzDQ 5LDKL HW DO “7KH 6KDU
Socioeconomic Pathways amdKHLU (QHUJ\ /DQG 8VH DQG *UHHQKRXVH *DV (PLVVLRQV ,
Global Environmental Changke42 (January 2017pp.153-168.

Notes: Each CQ trajectory represents one IAM model ruThe legend indicates the model name, followed by the
socioeconomic scenario (SSP) aadiative forcinfRCP)RCP 19 GHQRWHG DV ~ pislcansistéhH OHJHQG
with keeping mean global warmitgy1.5°C in 2100 RCP 1.9 refers to the radiative forcingrget of 1.9 W2

radiative forcing in 2100.

Negative Hmichnioomgi es

Al'l df 58RMH°€Consistentll usedmatkgs abovegative emiss
two main abtthowmgh other techmnolbd®icewd ttchyucladc beomme r g
captur e aBrEd ¢sSt owhaegree (bi omass is burmedpfarceednerg
and samdte@2 y estr bombtvharlough clbase¢érwad¢ion, restorat
improved |l and manegemsatcarchboon GHeehnaigsesiiaonnds/ oirn a v
forests, wetlands, gd@ ® snk a n d § & I0QDIWIX UtDOe & @ luA DIWiH a |
VROXWILR®¥ S

2Bronson W. Griscom et al., “Natur a ProcddingsaftheNaka 1 uti ons ( Vo
Academies of Sciencesl. 116, ro. 7 (February 12, 2019), p. 27%ee als®CRS In Focus IF11693\gricultural Soils

and Climate Change Mitigatioy Genevieve K. CrgfandCRS Report R4631Forest Carbon Primerby Katie

Hoover and Anne A. Riddle
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Figure 7.Total Annual Global Carbon Capture from BECCS in 2050, by IAM
SSP2 fniddleof-the-road psocioeconomic scenarjo
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Source: CRS analysis of data from International Institute for Applied Systeni3@aVLYVY 663 'DWDEDVH 6KDUH
Socioeconomic Pathwaysyersion 2.0u  Dtffys://tntcat.iiasa.ac.&pDbdsdAction=htmlpagefage-10; Keywan

5LDKL HW DO “"7KH 6KDUHG 6RFLRHFRQRPLF 3DWKZD\V DQG 7KHLU (QHUJ\ /
,PSOLFDWLRQV GdDalExirahmertb? Change42 (January 2017pp.153168.

Notes: BECC® bioenergy with carbon capture astbrage RCP 26 is consistent with keeping mean global

warmingto 2°C in 210Q while RCP 1.9 is consistent with keeping mean global warming ¥€ In5210Q The

database includes only four IAMs that could solve for the RORarget for the SSP2 sceiarFor IMAGEand

WITCH models, no solution could be foundhe models include little or n@ECCS3n the baseline

Industarbah capt Cr®¥i maldudeormgte ¢nly BECGS, but a
from fossil fuel combustiome memaln wf ) @Horwiewdg st r i al
BECGS not po shsei bulG€ Swoifftah€ouurtr tdiméed y ,n dustry associ a'f
estimattleesr ¢ hmarte 26 oper at iicemsa Ilw,oPdhodmvivedracli,a 1t hGGSe f

8Joeri Rogel | Tawardsdimiting GlobsldMeam Tempevature IncreBsel o w 1 Nafure Clithate
Changevol. 8, no. 4 (April 1, 2018)pp.325332;J a y F u h r ma n-Energy-Water.Implicétibns of Mgative
Emi s sions Technol ogNatreClimate Changeil. 16, nd. 10 (Gttokeruly 2023p.920-927.

84 While BECCS is a negative emissions technology, CCS by itself is not. CCS is a process in which a relatively pure
stream of C@from industrial and energgselated sources is separated (captured), conditioned, compressed, and
transported to a storage location for lelegm isolation from the atmosphere. CCS can be used to captufeo@0O
fossitfuel burning plants and other indtat facilities (e.g., cement plants), in which case it may be net neutraldn CO
but not negative. SéBCC, Global Warming of 1.5°@ntergovernmental &el on Climate Change, 2018ndCRS

Report R44902Carbon Capture and Sequestration (CCS) in the United StayeReter Folger

%Gl obal CCS Instit utNetZersQME athttpsi/vwaviglobalecsinatitute.comp-aontent/
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oper fintnhave ebbe e n seesqtuiematCe@ple 4t0845BdiaC8 s a technol og:
has mnot been; WwgHtehlehryes bardeendnew g i al BECCS (pladnts i
associattechdpomvarlduhoms equestenparg *\Gad &@.n Mt G @tnCdt h e
2°Lcendes osi bed arbaonvgeea pobfopecaptaud @0 bt 8BBCCS of
13, 000:bpMtCPeat hin HOAHAODJd CifCSquwiatpea cg tho@e & soe mor e
than 300 times tion malie hne h¥ s20 pyogrections

The moaddlisancet on mBECLR®MBRECe mperataoer ¢tapgedsngly
translates into great eprarbeido etnoe rtghye chtadopd) Hpirnoed usccteinc
Without an increase 1in agricultural productivit.y
increased bioenergy prfoadad tp romdpuweoteikodn api ulta bpirleistsyur
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change from the cultAccvotridomgof obthatengplygsaops
replacctagbbbonghng ecosystems-bwsehd mmoturl glyg tbéep amposr,e
efficient forembpmasph®anc BEQCS.

As previoudl $& A2d°t€eodn,s itshtee mtl s cdmadivuadses varying co
fremrrestrial o@amrbtamr urleamdwa Ir e f. oorFeesstta taninoknh yagnedn ea f
increases gilmbtaHd yl AM, 2ddb&®bomeg bmoldted et @adcoualtd be
forest 1 oss icm oapr epd86 ccembiitmeldh wbi b a general decre
1 i vest oc(kd uper otdou cat issnh lit.th¥ed €24°-€Cdbinsti st entt heemadebs
finddecarease in pastureland in 2050.

uploads?202042/GlobatStatusof-CCSReport2020_FINAL_Decemberll.pdf

Gl obal CCS Instit utNetZerd, QMG athttps:i/meww.plobalaesingtitute. coavfy-acontent/
uploads202042/GlobalStatusof-CCSReport2020_FINAL_Decemberl1.pdf

87 Commerecial facilities include those where (1) &captured for permanent storage as part of an ongoing commercial
operation, (2storage is undertaken by a third party or by the owner of the capture facility, (3) the economic lifetime is
similar to the host facility whose G@hey capture, and (4) there is a commercial return while operating and/or meeting a
regulatory requiremenG1l obal CCS InstitutNetZer6’Q®R2Gat Vi tal to Achieve
https://www.globalccsinstitute.comp-contentliploads20204.2/Globat Statusof-CCSReport

2020_FINAL_Decemberll.pdf

8Author’>s calculations, assaperiyearg CCS today sequesters 40 M

®%Anna B. Har p-Use Emissions Play a CriticalRaledlinLaBca s e d Mi ti gation for Paris C
Nature Communicationsol. 9, no. 1 (Aigust7, 2018), p. 2938

®Anna B. Har p-Use Emissions Play a CriticalRaledlinLaBca s e d Mi ti gation for Paris C
Nature Communicationsol. 9, no. 1 (August 7, 2018), p. 2938

Congressional Research Service 19



Greenhouse Gas Emissions Scenarios: Background, Issues, and Policy Relevance

Figure 8. Bioenergy Crop Production in 2050, by IAM
SSP2 fniddleof-the-road psocioeconomic scenaro
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Source: &56 DQDO\VLVY RI GDWD IURP ,QWHUQDWLRQDO ,QVWLWXWH IRU $SSOLH
Socioeconomic Pathwaysyersion 2.0pu  Ditfys://tntcat.iiasa.ac.&pDdsdAction=htmlpagefage=10; Keywan

5LDKL HW DO "7TKH 6KDUHG 6RFLRHFRQRPLF 3DWKZD\V DQG 7KHLU (QHUJ\ /
,PSOLFDWLRQV GidhalEvidirbhineris?Change4?2 (January 2017pp.153-168.

Notes: The models do ot assumeall bioenergy crops would be used in BEC®®énergy with carbon capture
and storageRCP 26 is consistent with keeping mean global warntm@°C in 210Q while RCP 1.9 is consistent
with keeping mean global warming to 45in 2100 The database includes only four IAMs that could solve for the
RCP1.9 target for the SSP2 scenarkor IMAGEand WITCH models, no solution could be found
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“Bronson W. Griscom et al., “Nat ur a ProcddingmaftheNaonal uti ons ( Vo
Academies of Science®l. 116,n0. 7 (February 12, 2019), p. 2776

92 Based on 2014 data. Note that net emissions from the land use sector were 1,50M K62@ Counteracting this
sequestering of carbon are positive emissions from forestry and agricultural activitesL e Quér é et al .
Bu d g et Earth Sydtem”Science Datal. 7, no. 1 (2015)pp.47-85.

, “Glo
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Figure 9.Global Net Land U se Emissions in 2050, by IAM
SSP2 fniddleof-the-road psocioeconomic scenaro
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Source: &56 DQDO\VLVY RI GDWD IURP ,QWHUQDWLRQDO ,QVWLWXWH IRU $SSOLH
Socioeconomic Pathwaysyersion 2.0pu  Ditfys://tntcat.iiasa.ac.&pDbdsdAction=htmlpagefage=10; Keywan

5LDKL HW DO "7TKH 6KDUHG 6RFLRHFRQRPLF 3DWKZD\V DQG 7KHLU (QHUJ\ /
,PSOLFDWLRQV GidhalEvidirbhineris?Change4?2 (January 2017pp.153-168.

Notes: This figure shows net land use emissidREP 26 is consistent with keeping mean global warntimg°C
in 210Q while RCP 1.9 is consistent with keeping mean global warming t€ In52100 The databaséecludes

only four IAMs that could solve for the RCR9 target for the SSP2 scenarfeor IMAGEand WITCH models, no
solution could be found

To put the pirne vtichgusy tp ana d) yBXiUslihvoew,s how nengsati ve e
compare withbmpesi.fioses(i@Odudhk omommes gyoomdd trans
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t o ke &walrymi ng otRo°iCh. P*Th@ 1 AMs vary as to whether
the dominant source of mnegative emissions. One 1
emis {igoRaimLIXUHNn 2050 undems tskteamhtr’ C

93 To keep likely warming within 1.5°C/2°C, the models need to select technologies that reduce GHG emissions
example, by reducing fossil fuel combustion (e.g., in electricity generation or transport). If positive emissions cannot be
reduced quickly enoumgin the models, then those emissions need to be offset with assumed negative emissions
technologies that remove G®om the atmosphere (i.e., BECCS) to the degree they are available in the model.
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Figure 10. CO; Emissions in 2050, by IAM
SSP2 fniddleof-the-road psocioeconomic scenanpRCP 1.9
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Socioeconomic Pathwaysyersion 2.0pu  Ditfys://tntcat.iiasa.ac.&pDidsdAction=htmlpagefage0; Keywan

5LDKL HW DO "7TKH 6KDUHG 6RFLRHFRQRPLF 3DWKZD\V DQG 7KHLU (QHUJ\ /
,PSOLFDWLRQV GhdRalEviHahmerte? Change42 (January 2017pp.153-168.

Notes: Positive emissions include CQemissions from fossil fuel combustion (energy, transport), as well as
industrial CQ emissions (e.gcement) BECC$® bioenergy with carbon capture and storaGeme models have
net negative emissions (GCAM, REMIND), meaningribgative emissions exceed positive emissiBa® 1.9 is
consistent with keeping mean global warming to 1.5°C in 2T8@.database includes only four IAMs that could
solve for the RCPL.9 target for the SSP2 scenarkor IMAGEand WITCH models, no solutin could be found
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%Forthe latter,selat han E. Hultman et al., “Fusing Subnational with
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Appendix A. Det aoiftl lsleA Ms

Table A-1.Comparison of IAMs Referenced in this Report

AIM/CGE GCAM IMAGE MESSAGE  REMIND WITCH
GLOBIOM
Organizatio n  National Pacific PBL International Potsdam Fondazione
Institute for Northwest Netherlands Institute for Institute Eni Enrico
Environmental National Environmental Applied (Germany) Mattei (Italy)
Studies (Japan Laboratory = Assessment Systems
(UsA Agency Analysis
(Austrig)
Scope Global Global Global Global Global Global
Spatial 17 32 26 11 12 17
Resolution geopolitical
(Regions) regions 384
land regions,
235
hydrologic
basins
Economic General Partial Partial General General General
Structure equilibrium equilibrium  equilibrium equilibrium equilibrium equilibrium
Solution Simulation Simulation Simulation Optimization  Optimization Optimization
Approach
Base (start) 2005 1975(2015 1970 20002010 2005 2005
year final
calibration
year)
Time Step Annual 5years 1-5 years 10years 5years 5years
Time 2100 2100 2100 2110 2100 2150
Horizon

Source: Integrated Assessment Modelling ConsortiufAMC : LN L pu , at
https://www.iamcdocumentation.eéodlex.phplAMC_wiki Joint Global Change Research Institu@CAM v5.3

'REXPHQWDWLRQ

*&$0 OR IGtps@jgRrigithuly.igebrdpcioverview.html
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AppendixB. Summar y

o f

SSPs

Table B-1.Assumptions Regarding Economy, Lifestyle, Policies, and Institutions for the
Five SSPsof the Intergovernmental Panel on Climate Change

SSPL
“Sustainability
3 Taking the
Green Road p

SSP2  Middle
of the Road p

SSP3
"Regional
Rivalry 3 A
Rocky Road p

SSP4:
‘Inequality 3 A
Road Divided p

SSP5: “Fossil-
Fueled
Development 3
Taking the
Highway p

Challengesa Low challenges tq Medium challengeg High challenges| Low challenges | High challenges to
mitigation and to mitigation and | to mitigation to mitigation, mitigation, low
adaptation adaptation and adaptation | high challenges | challengesa

to adaptation adaptation

Narrative The world shifts | “"7KH ZRUOG( ~ $resurgent "+LJKO\ X({q Thisworld places
gradually, but follows a path in nationalism, investments in increasing faith in
pervasively, which social, concerns about | human capital, | competitive
toward a more economic, and competitiveness | combined with markets, innovation
sustainable path, | technological and security, increasing and participatory
emphasizing trends do not shift | and regional disparities in societies to
more inclusive markedly from conflicts push economic produce rapid

development that
respects
perceived

historical patterns.
Development and
income growth

countries to
increasingly
focus on

opportunity and
political power
lead to

technological
progress and
development of

environmental proceeds domestic or, at | increasing human capal as
boundariesp unevenly, with most, regional inequalities and | the path to
some countries issues U stratification sustainable
making relatively both across and | development p
good progress within
while others fall FRXQWULH
short of
expectations p
Economy and Lifestyle
Growth (per capita| High in low Medium, uneven | Slow Low in LICs, High
income countries medium in other
(LICs), medium countries

income countries
(MICs); medium
in highincome
countries (HICs)

Inequality Reduced across | Uneven moderate | High, especially | High, especially | Strongly reduced,
and within reductions across | across countries| within countries | especiallyacross
countries and within countries

countries

Internationalrade | Moderate Moderate Strongly Moderate High, with regional

constrained specialization in
production

Globalization Connected Semiopen Deglobalizing, Globally Strongly globalized,
markets, regional | globalized regional security| connected elites | increasingly
production economy connected
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SSPL
“Sustainability
3 Taking the
Green Road p

SSP2  Middle
of the Road p

SSP3
"Regional
Rivalry 3 A
Rocky Road p

SSP4:
‘Inequality 3 A
Road Divided p

SSP5: “Fossil-
Fueled
Development 3
Taking the
Highway p

Consumpticand
Diet

Low growth in
material
consumption,
low-meat diets,
firstin HICs

Materiatintensive
consumption,
medium meat
consumption

Materiat
intensive
consumption

Elites: high
consumption
lifestyles; rest:
low
consumption
low mobility

Materialism, status
consumption,
tourism, mobility,
meatrich diets

Policies and Institutions

International Effective Relatively weak Weak, uneven | Effective for Effective in pursuit

Cooperation globally of development
connected goals, more limited
economy, not for environmertal
for vulnerable goals
population

Environmental Improved Concern for local | Low priority for | Focus on local Focus on local

Policy

management of
local and global
issues; tighter
regulation of

pollutants but only
moderate success
in implementation

environmental
issues

environment in
MICs, HICs;
little attention to
vulnerable areas

environment with
obvious benefits to
wellbeing, little
concern with global

pollutants or global issues | problems
Policyrientation | Toward Weak focus on Oriented Toward the Toward

sustainable sustainability toward security | EHQHAW R| development, free

development political and markets, human

business elite

capital

Institutions Effective at Uneven, mdest Weak global Effective for Increasingly
national and effectiveness institutions/ political and effective, oriented
international national business elite, toward fostering
levels gowernmens not for rest of competitive

dominate society markets
societal
decisionmaking

Technology

Development Rapid Medium, uneven | Slow Rapid in high Rapid

tech economies,
slow in others

Transfer Rapid Slow Slow Little transfer Rapid

within countries
to poorer
populations

Energyfecmology | Directed away Some investment | Slow Diversified Directed toward

Change from fossil fuels, | in renewables but | technological investments fossil fuels;
toward efficiency | continued reliance| change, directed including alternative sources
andrenewables | on fossil fuels toward efficiency and not actively

domestic energy| low-carbon pursued
sources sources
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SSP5: “Fossil-
SSP1: SSP3: Fueled
“Sustainability "Regional SSP4: Development 3
3 Taking the SSP2  Middle Rivalry 3 A ‘Inequality 3 A | Taking the
Green Road p of the Road p Rocky Road p | Road Divided p | Highway p
Carborintensity Low Medium High in regions | Low/medium High
with large
domestic fossil
fuel resources
Energyntensity Low Uneven, higher in | High Low/medium High
low income
countries
Environment and Natural Resources
Fossilonstraints | Preferences shift | No reluctance to | Unconventional | Anticipation of None
away from fossil | use resources for constraints
fuels unconventional domestic supply| drives up prices
resources with high
volatility
Environment Improving Continued Serious Highly managed | Highly engineered
conditions over degradation degradation and improved approaches,
time near high/ successful
middleincome management of
living areas, local issues
degraded
otherwise
Land Use Strong Medium Hardly any Highly regulated | Medium regulations
regulations to regulations lead to| regulation; in MICs, HICs; lead to slow decline
avoid slow decline in the| continued largely in the rate of
environmental rate of deforestation unmanaged in deforestation
tradeoffs deforestation due to LICs leading to
competition tropical
over land and deforestation
rapid expansion
of agriculture
Agriculture Improvements in | Medium pace of Low technology | Agricultural Highly managed,
agicultural technological development, productivity high | resourceintensive;
productivity; change in restricted trade | for large scale rapid increase in
rapid diffusion of | agiculture sector, industrial productivity
best practices entry barriers to farming, low for
agiculture smallscale
markets reduced farming
slowly

Source: Reprinted from% ULDQ & 2-1HLOO HW DO "7KH 5RDGV $KHDG 1DUUDWLYHV I
Pathways Describing World Futures in thes2& H Q W &labal IEnvironmental Chaage42 (January 2017), pp.

169-180. Narrative text from .H\ZD Q 5L DKL Bhared Socioédokdtinic Pathways and Their Energy, Land

8VH DQG *UHHQKRXVH *DV (PLVYVLR QGlohd En@ilofneWedl BHange4d Qadait UYLH Z p

2017), pp. 15368.

a. "&KDOOHQJHVHu UHIHUV WR ZKHWKHU VRFLHWDO WUHQGV LQ WKH VFHQDU
adaptation harder or easier, without explicitly considering climate change itself.
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