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::!teGOI!::fll. lJmEJr .IJ1'al!t 

l Execu,ti:1re Summary 

2 

ll'l..l.. .ALU) \'litnll. 

3 CmTeUt Gt:-eenhouse !G:u ~CHG) eum..'.Mon ttends :it fue gloooJl le~e\ ennpolat~ are 

4J. mcompatib1e nith th.e go:1b agreed m the Ram: ~ee-ment, w:hic!&. :mddights die nffd fo.r Wjg,eDt 

5 andl :iooeieratedmitig,rd:ioo action.'3 atallu::des(rdm-sfevidenc.s, Afgh agrieennrtrr}. S:meeIPCC'sFiffll. 
6 ~ R.epo:ri (JUtSt iu.llf)Olbn cb2nge i:ndnde the greater global :ambition emb!is'hed in die 
1 Paris ~ of 2{115~ ailo:ngg.de iris.mg climate :impacts and le,;;-el.s of s.ociet.tl ~ However~ 
8 umile the ti.onall;y Deteiniim!!!I Comribwiom (Nl[)Cs) o:tre:r :impoohm. sfep5 towards limiting GHG 
9 emiroQ~ the gap be:m,..een cw:rent ~~ icmrm. m:iplemenrafioD:. ;md the rate of emissi a :iredadio:ns 

10 eonsisfErrtu-i.th ID3eting Paris goals IEil:UDS- m~. Confuiuing iim~ mc:arbon.-mi:rn"i.'E ?.'dilaliti.es 
11 u'DW.d beightm. the multiple tme.ats o bwoat1 d.e!i:elopmimt am3. -~-ell-bi!ing zsociated with climate 
12 ~ 1nisk asses be:ing sn~ and. maped.e SDCiietail and mdashia.l rromsfmrneiion tol\l"Uds low 
13 e?.Jhan ~r1Eci: ~leeting Paris .Agreemem goals IE.qllires global OOi emissions. to peal. befcme 
14 2{125"' and dee.line to net zero generally uiSlun.11:he hFd qmrl:eir of the centmry. 'This implies~ md 
15 ambitim.15 action combining oafumail inifu.rti:r."eS -ra.ith ~omal and global coopei~o _ The 
16 uopmc.edem.ted.OJ\!'ID-19pa:odemic haiS :also h...~ m-1Nchingi:mpacls. o global. econnmic and.social 
11 s;,~ and li8CO'li."el')' u,ill present bmh cliallenge :and oppo:rhmrn~ for cmmfE mitigation. {1.22 1.2.4 
18 1.3,~ 1.1. Oiapw 3} 

19 Globally efffflin!: di.mat~ mitig,atioo n~&. rto lbe imple-mented. to adlie;,,·e ig,loball filMtaioahle 
24il de--.-elopment :md rto eradicate pm-e,:triy as 61'3!h..ri.oedl m I · S:DCs, !li'erog:nmg rfb.eR. are s;yoe;rgies 
21 an or rkritde-ofi'l_ 1!Clim:Jie miligatin is onie of many goak imt societie5 pm:su.e, in the context of 
212 Sll.5tr.llmb .e de,;;rel oproe-ll~ a.9-'onderlined by the wide rmgeo · .JN Sustaimhle Development Goails. 'Ibeie 
23 bas been a strong llelahonsltjp bet:ween der,relopmem and GHG emissions, as. bistmie.ally ho.th per capita 
241- and ?ibsolute emi.ssmI!lS nave risen u~ mmiah:RJis::ihon. Co:uinfria m"i.'E different prionlii.e m adnei.'ing 

25 the SDGs a.s dimfed. by &e:ir. ~iwe nati.ooal conditions ;md eap~biliti~- Gwen the differences in 
26 hi.sfo:ric:al .mm. em:rem ~b - · es,, impacts., ?15 a capaciri.e5 u~ m.d between mti.om~ equity 

21 and juati.ce are WJPOltm" is.sues lo ~ to get nafiomal and !LIItana.tioml suppon for deep 
2B decamboni5ah.on. Falures to .a.d.diess ruch ~ mrer time cm m:u:le,mm,e social cohesion and 
29 sfabi.liq•. lnfe1rnatiio:nal eo-o.peahon caD enha:r:tN". do:m; to aehier,re a:irnhiti.Ol.l5 globcJ climafE mitig?lti.o:n 
3{I iin lhe con±m ofsu.st.miahle ~'el.opDEn.t. {1.4, CmptErs; 2/J, 4, :S=" J ~ 7}. 

31 Ad·nm~-e'3 in tffho1ogi.H and poiirie-s, iodo.ding tiramfo:nnn;tn-e cbangeG-m s.ome :regions and 
32 :s«to,·ti, lh:1.'3 OJJE'ned up oe;w andl ~:u·g_.e-8~e opporlunines lor deep dec:u·hooi'3a-tio~ :md for 
33 n!tHn:di,~e de-ii~lopment p-:ithWll.y, whifb. rouldl delh-ff multiple '3oci.-d andl de,elopme-nt:11 go:ih. 
34- (robust ~. medi.um &~·6lffl'Nil1J). The devE.opml!Df and dep.oymem of lllllONtive l:eclmologjes. 
35 and ~ ~t scale a1e miporlimf fur adrie:-.'ling deep decarbomsation.. In~ ye;u-s se~ clean 
l6 em.ecg}I" technologies ha"l.'I! ~ rapidly and declined m,costi, .md signifieant mmiber.i of colDltries 
31 bai..-e sumi:ined 1emissioo. rednclii.ons.. 'The mide:rsranding and scope of tec'l!mo.og,• :and policy options. o 
JB ~ !has increased.. 'Ililli enhance opportunities for mitigation.. Hcm'EVElr=" compe.ting priorities; 
39 combined -ra.-ith instin:diional and political ms:ti.a could pose chalJen~. The ttansitian m, [ow· c.mibo:n 
40 dei.-elopmem: depends on a ui.de ir,mge of'additioml ~ and1ena.bling oondmom. 11:tese include: die 
41 means by-wbidi seni:ices aie oong prmi,,ided md fui-""~ tne emissions. intens,ily of fiaJded pmdmis: 
42 :li:n;:moe and !im,.£:!5EDE:ui, political econnmy f'o~ equity mcJ :raime55:i socia:1 mnni.~on and belrniiomr 

43 cm.an~ .ep ili~oTk and iimtituiions;, and the qualny of mtemational c,oopE!la.ti.on. These fa,c_tms 
44). matter m 1clifferem JTIPwl~ u~ ed e:x;aeii:r,g mol!E! or less :foroe depending a pre:i.'1ilimg social, 

45 eeono:mi~ 1cu1fural and polm.ca.l oo:ntm.. They often.1~ bdh.push and pull. forces ?Ji the· same~ in 
46 lbe same and across different ~ales. { 1.3=" LS, OhaptEI!' 4} 



.::Jli:\:l!J'Ul/l ...,..u.t:.ll .UJ:.:.11.l 

l A_~:lt:i.D,g mitigation to tl.iioid. OJI' limit dain;e,1com; anfh.Fopog:enk intem1renee ml& the dim:ite 
2 SJ"'3mn mil ftguire integr:1tioo. of b:rioad1ened. ~MSme:nt fr:imen-orb ·:1od. tools thn:t roml:tin.e 
3 multiplle pers,peeitn-e'il, aP,plied iD 31 conte:rl of multi-!leI"el goTetman.R (ro.!1.wt 'Bl.imJ'OS. medium 
4 agrBeMm11). ~15ing a cliallenge• o:m. the scale- of fully deeai:bo:msing om economie5 ireqtme5 
j mtegratio of:n:niliiple :anal}1ic lfii:ame:wmb :ind.umng apprna~ to ml ar;sessm:,ent e5l.ablished acrCEs. 
6 OCC 9,forking Gm.ups. . .Eco,mmic framswoJ"b indicate ~g COIIVa'~ of ioooi-beneilii 
1 as~ w.~ih mst-effedi-,.1:! deli:vay of the, Pails goalls.. EthPaiJ..fram~h are @59!,Iltial lo clioor~ 
8 po' "cies to ~.,;roid oegati.11-e dimibuti.om'.l :impa.m a.Gm-S; inoome §J~ rcomm:ies :and ge,neJ:-aJtions. 
9 Tirrm.ritmn and itnmefonnationframewo.rb ~ itbe d,r'Ilaroics of ~m te · ow-carbon Sy"Stems 

Hil ~ from imaraotiom 3:mlnggt lsveb, mJb. mel!"itable ~ ifi:om esbhlished :socio-racJmieal 
11 S'b:uclures. P's)~JJmlogiool ... bshm-'ioU¥id m1tl pMtiool fi;amm,mrh undedrne lbe c:onsm.im (;md 
12 oppoo;ilmities) arisi:mg from hmm.ll psycbo.ogy and lhe po-n.'Er of riocrm:Jb.:r.nt interem.. A oompr.ebeI1rii..-e 
13 tmOO'Sfanding DD.15tt eomhme ihese nm..lliple mmewools. Together ilie}r exp!aD.:potmfu.1. s:}~ aDd 
14 ic:.de-o~ WJP-ly a need fo1r a mde pmifo · · ofpo "cies afumeril to diiferen acto:r.s and lev of decision-
15 making, and undsp:io. 'just bransi.tionJ so:ategies :in dii.-e,rse eolrlexts. {l.6} 

116 The speed, median andl depth o£ rban.sition ~ be de,temlined ~- ehai!Z'e13 in g,eoph}-sicai, 
11 m11.i:ronmenm1l tR{lmofogi~:d, HO:nom:r~ S,M,io-culbm.rl Ml.cl i'.n,mtu1ionn1l irealnm (mh.ust mdmroe. 
18 kig/1 agrieement), Tira.nsiti.o:ns typicaD.y ;!l"e not sanoo9i. and gradual They can be sudden ain.d diri!upti-,;'e.. 

19 Thepaee of tr.mriti.enca:m be impeded by L. ock-in 2 fmm.exi.sfingphy5:i_c;ilcapi~ msnlutio~ and.social 
W m:t0:rms. The :interacrio:m. beh\-een powe1rJ polm.cs ;md eoo:nomy is. ~. in explaining why hmm 
21 cmnminment do.es not always firan5la.te f o urgen adi.o:n. Af &e s:ame ~ :atte.n+ion to and. :suppm1: for 
22 climafE policies and. low caxbon societal fm:.m.9iiition has g~y increased. Su;pporting policie:i in the, 

23 ~of~ regrutait!i.on, insttita.ti.ons m.d ~tal nor:mr; amE: ~~;;i'l Ito aeeeJ.er.aJte ow caioon 

24! b;;msdions in multiple sectoB, whilst: .addressing distimuti.o:nal. 00:nce:£0.S endemir: to my ma.jm· 
25 kamfo1'lllil.ti.on. {LS, 1.6~ ~ 2-4} 

:16 ~hie-mg gllobd rtramitio_n rfo a fcm·:-carrbo~ ~lima.te-<Jiie..-rl:lie-nt· ::mdl smt:rioable ·n-o:uld !l"cequires 
YI plll'jpOGHU]] :ind ~~- ~Fmn:ded pbnning :and dencirlam: at m:my seal~ of go;n~rmmff' 
28 mcluding mumrip:il, BD.bn:dion:d, national Ml.di globaJ fM-ek (ifobu.w rtn~. ,Jigb QgliB6lfJeJit), 

29 Mnlh-le'!.i'el ~'Elmu?£e of di:o::LJba• cb'2nge• :is. in.ecessi.taied by the ~ fmr smmg acno . a~ 
3iil multiple jmisdicti.om;; and decis,ion-making l,e;vels._ Choices ~ can;e climate change as. 'Pi.--eil as; the 
31 de:clis,ions and proces.s:es invoh-ed m making and nnplementing decisions a · climal:P ma11Jge ii..mroh-e a 
32 range, o:f non-m.ti.on stLte actoIS such as. ciJties, b-.usine'.ises., md rci,..,,,jl society o~tinns. At glob~ 
33 ~fu:mal and mbm.ti.om.al. lsvekJ elim$ c'o:mge: polici~ and ~ctio:m :illiE mtenvm.1:!D. 11;\~ .and embedded 
34 in.the oo~ of :mnch broa.de-ma~ economic and political goals. Therefh~ d!e govemmce requiied 
35 lo :a.dmas climate ~~ bas lo ea:i.~gaite powa; political, eeon:omc, and~ ~cs at all lSilili: 
}6. of decision making Inshruti.o:nsJ ide~, and ~ti.on are by :rartms m. s1Jifting ~o:nsJ 
31 engaging sb'.keho~, md bmlmng lmDIDBllllmll for eff'ed:i.,;,T:! di:m.:Jte adii.on at all. ~ e:i mg~ 
3B. {1.2, 1.5~ l.1, Chpfa'S 11-14} 
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:Sec,on.d Omer Diraft 

1.1 Inuoduc1io:n 

2 The~ m:ipacls of cfuna,:.,_ ,cl,;;mge ,q,mJ. get omch v.-mse mthmrl-sltmn,~ emissiom miti.§ati.on 
3 (Il'CC ,Si:db. Ass:e!Wfflif!,nf (.~ \\"GI and \VG][ r;epom). The .· _ Frnnl!u·rHl. Comremion. on Climate 
4J. Otange (UNFCCC 19.92) agreed the 1glohal Objedive ro ..,a-i.,:oiddange:Fous anJlhropogem.ic infefenmce!"' 
5 "~ the climal? system I Refleciing ~ the Paris .Agreement ([JNFCCC 2015) ,establisl:i.ed. the 
6 mitigation aimof~oiding 6ie ~! m the global average tempe:i.r;m:ll2 ro,"1\-ell below l"'C abmte pre-
1 ~ levels md p:urnring effom to .limit the te-J19PI~ihlre increas.e ta, lSIC. '" 

g Depite gwMDg clm:me mmgationpoliciei around tm.e,"l\'O 4, pre:vious. lPOC .A5'lA5SIDems highlighted 
9 ilbe conri:n~ ofGHG emusio:ns.. S~e&.e¥Jftb. ... 4:s~f"5sme:n Ri!pari (IPCC 201 S), glohal emissions 

10 cond:imled to mcre~.se to 201Sl9 lhough mo:ra s Oli\lfy (C01 increase, ave.raged 0.1% pe,ryear. 2014-19~ d' 
1 2.~/2 per YBil 2003-13~1 Ihm commuiee itbe 1J:;end of 

1
global m ,eoncemrahom rismg ;:it o~ 1ppm 

12 pe,r yea:r (see Figure 1.2). Became CO2 ~ in the-~ h::;1ffing do.bat 1-vanning requires 
13 di:e con:c:en'llation ,of~ to be-sb.bilised,. ·"iifh net zero, emissions. Any giMEJ. ~ target is 
14• closely tied to, ,C1.IIDll1:ah1.-e emiwQI15 up ta tfiat point, imdeilin:io.g the mgency of the mi.ti~n 
15 cliall~ .15 demonskir ed m ffiis TepO:rt (chapteir 3). 

16 The-lIPCC ~ also published. tfm!e Special Repom m the Sixth ... l\sses5l!IlE!D.t Cycle .ill oI "mm 
11 ~ the ming threat of climm! ~ aa the need for more amhcfious mi.ti.g~:fiom. effoifs at all 
18 ~- ~ are il!e •special Hepo:rt an ll!e impam of global wa:i:ming of 1 .~C .JJbo1.-e p:re-im.dusbial 
19 1.eveJs. am.d rel.af:ed global greenhome ga5 en:cission pafnli\~"' in. the context of ~g the global 
2-0 ~e to the lhre.at of climate cliae.~ !JUSb:ieahle d.el.-elopment, am effnm to reradicate ·po.vert;' 

21 (hereafte,r SR.LS, 201&) pPOC 20l8a); the "Speci.al R.epmt on ClinE:e Change and. Land 11 (SRCCJL); 
22 and. the ·spem1 Report on the 0c~ and U}'OOJ;)nere in ;:i Oba1JJf}Dg Oi1rn~ 1 (SR._OOC) (IPCC 1019a). 

23 AR6 amE ro ~ new 1.iteraJme on clmiJife mi.ti.pion and dra:.w out tbu:- ~ations. for. global 
24 ~b-e de1.-elopment. Al.OJJg mlh a betts-undemanding of the physit::a.l science basis of climate 
25 dian,ge (AR.6 WGI), and "!i,'ll.lnie,rahilifie:s,, i.mpact5!' and adapbti.on {Alfi WGii1 the landsC2J!1ie of cl'.iJmte 
2i6 mitigation las ev:011.-ed. substmt.ially s,mce, AR.5 .and suhsequent :Special Repeat.:.. At dle same time. the 
21 Paris 01:ima: e, Agreemem aed. the SDGi~ bo8i of which were, adopted in :m1s, se,t mrl a globally agreed 
28 bro.ads- a~ Mlhin ~ clima.te mmg;nion. efmrb must be loc-3ted. The Special Repo:rt on 1.5~ 
29 midslined 6m biimanity !is now livmg with. the ''unifying eD5 of the Antmopoc:ene-"' (SRl.5 IPCC 
3-0 2018a;, p.52 & 531 as an ,ol!-er-arching ,eol?.tat., 1mt raqu:in!s a sbpened focus on 1he m:pad ofburoan 
31 adir,;-ify on &.e phnet and &.e 1?:eed fm-mgem st~ o ~s climate cliange m -the confm of eqwfy, 
3,2 nahom.Ily rdefermmed action,, global su.sbimbilify, mtam.tiomil. Coopellaf:ion,, and. mw··.-le1.-el 
3,3 govemJ.JJ.C:e. 

J4]. ~rte the global~ of emi.ssiiOJJS miJJg ·mml 2018!9 (ami only then ~g tmdeJr lh.e mipad oI 
35 COVIDL.19pandanit:), oatioml emission ti~ have been,di."lliWSe. The maj01ify of diet/eloped cOllllbies 
3,f:i b.n;e mt absolut:e, ernissiom m the past dec:me - both on then- tem.tm.ry, and intludmg thm 
3,1 •,oollS"lmipfum-b.a.sed.' emisaiom (ie. taking aecoont of trade) - aloopide !mitrined. eoo:m.omic gr.owtn 
38 tOiiapter.2)-bmt ~ mucl:i s.lowe,r lhanffi.e,pa.ee required fm the Paris gpills. 2 Ps--c:apih GHG 

FOO'INOTE • 'L"NFOCC .Art:ide 2 (OIJ-jeotn:e•): c:to aabieve ... st.~mtw.s'!inD of~ ~ COJ:ll.te.Iltml:ns iI:J. 
tlE, :1tmos.p!J.ere at a !lEVe1 t!Jat·IPl-oml'd p:reve,m ~ 2tlllhr0J10yrii.c :in:i:rl'~e "Aoifu ~ dDmrte S}r~ Such 
:!i lei.--el. s!wul.dl'be :adn1!ved "IM1hm.a time fi::ami!. ruffitie:at to 211lawec..05J'Stemii ro :!d3pt mturallyto dima.":e dlmge, 
a eJlilJie i!bst food ~'Olli is: mt thJ'eateoed. BDd to emble ,eroJKJmic d~wl~ to pe-OiCee.d iD a snstai.m.'ble 

l!fJ!Ul1'ET" :r: 

FOOTNl)IB 1 By 2018-, 1<Dz remismms V."el'e 'll€1.ow 2010 l'e~:l!ti :in 32 oo'el1oped r(l(Jlllltrie;., but only:in 24 -when 
iodlllimg,othi=r1CmGs. ~:ns were by less lb:m 10 . iD !half~ c_OUIJtt:i.ei.. Data from Ohapter2: see (2.2.3) 
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emi,;,rio~ be~"l!etl cmm.f:Jie:s even at s,imilar stage.g, of econ.omit: ds\re!~ (GDP peir capita) i..-;axy by 
a faoh::w of tnree, (F~, 1.16}, and by mo:redhan hr.0 on commnpfum b:asis {Ch.apa 2). 

Sma,.. .... differ~ rernain in -~lnli.ties ifm: and p;in;ibiJities to ltal.e cJ.imafe action. mthin and 
~ -~ ~ - ? • 

between tOOl.lIUJ.'ie5. 1he5e differenn~ :a5 "JiS ,~ m the impact of cl.Dmte chm~ point to 
lhe need. for eoll.ecl:i:,;re aati.nn to., addre5.s. tne eoaUe:ngp: of adi:i.et!-:ing ur~ and am'bitiml5 global ciinnte, 
miti~tio:n :in ihe eon.text o:f Sll.5fa.mab e dewl~ with. :a: en.ti.on to issues of equity :and fa.imess 

(Obaptear 14'.). 

l:anovation and :i.ndusblal. deve!opmem ofkey leclmologies in~ 1 er.'"a.Ilf secial'S hat.coe mnsfo~ 
~ for mitigation at ma.eh lower CO£!: than preLi-iOU5ly ~ (Chapten 2 ;md 6-11). la-ge 
!IBDlcttions m the cost of mdely-av.nb:b'.e 1Ele'w.3hle ~ t,:,,cbnologies_, aiki:ng v.ifh other beha.1.i-imual 
clian~ ~Cbapte5 5 and 9-U) can enable societies to prO'l.~G.e ~ wun lowPir ~ demEd 
Ho11.'P'!;."'S, there ille 5bil. signified diffa-e.nces in die, aibmty to a'CC:e58 md. utilise low caman 
eclmol~ ac:I'05s the -uo:o:rld (Chapter 4, l5, 16). New acli:lr5, mcl.urlmg citie5~ busm.esses, arnd 

ll.'lmll.E!l'Ol.15 ID.Oll.-state, tir.mma.tioml a'Pianres ha.lie emerged. as impmtm ~ (Ohapters 13-16). 

Amfyiicilly_. a!Gngv.lith co, ,fj oued.deve!~eut of COIJ.Ce:Pt'i, modEili and.teclmologj.1!5:i tmere have be.en 
ll.'lmll.E!l'Ol.15 msights &nm ho& Sll.C.cesse:5 and mlures of miti~tio:n aciion. Th.is can mfmm ooth policy 
derign and the:polmcal ~m of m ambition_ ifov,t4!1.'W, po'.liei.es andm\""PWD?Dts al!- still clearly 
madequaf e to put ilhe wnd1d m line -uifl!i the PA' s aims (Chapter 1.5). 

Reoem lite.Dime :asy.c;~ l:ry urGs I and Il of this AR6 illJ¥)lie:s a 1~ and heightened need fmr 
mgart clima:lf:e, action. Th.e iMJmmning LCill'OOD. 'l:rudgea·~ aissocia1e:d. -r.r,;ith l.S°C and 2°-C Je~twe 

mcmases equate to aJbout l to 3 de.caies of ClJll'em emiwo~ 1TeSPecti~y, fmm bef:ollE ·2020 (mr 
emimnnpatlmQ.:,-s.implied l:rythe Paris goah" -r.r,;ith timing,of'peak and ~net :i!l!'IO~, see sedio 1.2.2 and 
Chapters 2 m.d 3,). 'The uem-er the !lil.ertra (including pol.iti.aJ) m iemis!iio · trends m.d the obsbcle:s to 
mitigation, th@, nlOJlE tmt ffii 1iri1J. rm:xtim1e, f:o aoo1mn1]afe, inc:eaising ihe s:ca!e of eosts and risb. also 
assoo.:ated will:J. bar.mg to sub-~que-llfly lielllOlie C0i from d!e ~l pa1rlrir:1.mJlJ to a_clrie;-.re the 
lower ends of lhe Paris Agreement goili ~ et a1. 2.019){Chapta 3). Olimale ebarnge'l\ill in itmu 
mi:pad os emissions by affecting~ used foir eneigy prodnciio :aoo. tenem:m camo:n sii.nks 
(IllC.C 10190) ~rGI). 0.-erall,, iliese faclors :aoo. the assooated literatures po:im to mo:re dyeamie 
oonsideratii.on of :mh!m\med cba.llemges coIX.'6IllDg the b:am!fmmati.on of :ley GHG emitting 5Y.ctelm: 
to minimise the ttarle-oft5, and. m:mimise the SJ,'!l.E!rgj.es,, of deli:1.-ering deep de.cc.Jioo:nis;ation v.-nilit 
enhancing 51.lBbinal:de deve.np:r:ae-nf. 

This Report,, oons:e~, draiw:s upo:n a r:apidly expmdmg body of lilerabm:e cm'ering theory, 
modelling and:practieal. eperi~ to .!iS:!i~ ~ ~ledge oncl.ima.te mitigation andffi.e m.tedinled 
eff'mu to global :a.cl!usv@. 51J5ta:imble de-t.~ and sooietil. itr.msfum:iatio:n the face of clinnte 
ckm~ 

Figure: .1 be1owprm.".ide a map of ibe broad sb:uclm:e of the Asses!JDE!I Report inclnd:ing ibe cliapter!i 
and. hav.~ iiliey linl.. A IDD:re debued d.eseription of the Roadmap to 1he repo:d is ~ in Sedian 
1. Hi) oflhi.s d:tapter. 

:md F.r,;gme, 2.11 for~ of 36 romttrie tlmt have~ raim:o:rial eniliBioD irEdnmon,,;; lo:ng,s thml IO :ye:us:, 
a.s; 3.Mlysed in (Lamb et al~ SUbmittai), aad d.eoomposimm 3.JLU}'s:is of m'lio:asl tre:ods. in r-,{ia ,et :al 2B20). 1lle 
p~y rmag nem of "om50lm:edlembod:ied emi;_ssjom' ssocfated '1tith good.5 mqi,orted i.D!:a dewloped 
commie peaked in :!006~ lbnt dei:illeddab. o:n lhis 2.re o:i:llJ)r ~hl'erto 2015 {Cb.¥!E:r 2 secmm 1.J,).. ee Chapter 
3 fur reduc:lnoo. rate;; 3.5Slllld.aJted '1i1!J. l .5 ::mil. 211C. 
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Ll Prerious .Assessments and :iNFCCC De1-elopmen.ts 

l.!.l Key.6ndin~ ft1om pt·eriou.s As~ess:111e-nt Repoirt.s and SpecialRepo:rts 

Sm::cessi\Te liPOC ~enr; m-r;e ~em. the :importmce of climate mitiy.tiol!l alo:m.g v..'ith the 
need to consider bro2d.a societal goails especiailly susr-aii.n.ab e oo op:ment Key insights mmi AR5 and 
die subsequent three Special~ (IPCC 201Sa, 1019b,a) are 5Ulllillll'l.Sed ow. 

In _4R.5, the pJroje.c · ons of business as. u.su.:il (B_i\U) emission pa&,;va;-s ob\'iii.ou.sJy did no: r.:.ke into 
aooowrl marioml collmlimiem.i!s as subwtted uiiitlim the P.ms Agreement. AJt5 projected that in b~ 
scenarios (s~os: based on pre:1.a.il.mg trends l\~ explicit additional effolif.s: to oomstra:in 
em:i.ssioES), Agriculture, f ore-.rll.'Y and Othe-r Land Use.s (.4FOLU) would 'be the only sector u½i.ere 
emis:sio:m.s could fall by2100 but ei..·en tms pi;:ojecti.onis baisedo:m. somemea5UJ'e ofOOi :remow1 (p.17 
SPM "\Vm ~.R.5) (IPCC 2014.;i)_ On the same ba,;;e,Jim~ scenarios <meet· CQ~ emisaions. from energy 
sector could d011ble or e1.:en triple by 2-050 (p20 5PM "\\tGm: AR.5) ~ to glahal popu!atio:m. and 
economc .~ :resulting in global DJBan smn"C.e tempera_tw:e incre~ m 2100 firom3. -=-c to 4.l~ 
compared to pre-industrial .~-els.. li..R5 noted that mitigation effm.t md ~ costs ~ociiated mth such. 
effm.t differ .s,igmfk • a'Cro'"" count1.ies for all mitiga,tion semari.os... It is .also ob5eli.'°ed &a: m the 
globa!ty cost-effeclii.1.Te scem.rios, the majority ofreducliom are·~de- m ~ OOUI!.hre:: m1h the hi.gm.est 
fu1m:e emissio:m.s m the baiseline ~ (p.17 SPM \I. Gm AJRjl-
A.:by :me5/iage from r.ecem: Special Repom is the mge,ncy to mitigate GHG,emisriom in order to ai\.-:oid 
rap:Ed am.cl po.tem.tnfiy in1!'1tern.b chang~ in man.ml and lmman systems (_jIPCC 2-0l&a., 1019b.,a). 
Snu:essi.i.-e IPCC :repo11!. :ha.1.-e drawn upoii. increasing sop.mst:i.carion of modtillm.g tools to p:roje.."1" 
em:i.s.sio:m.s m the ab--~ of all'.llbi.timJ.s deca:rbonisa.tion action, a.s u'lill a.s the emission pa:ihrways d?at 
ID'.lle.et" lo:m.g teim temperamre mg~. The SRI .5 f01ll!.d lh:ait patb.Br.:J}-:s limiting wammJ.g to 1.5-=-c v.ith no 

or limited 0\-er-.aohoo.t uro.uld n!qwre ~d and fu-reachmg 1nns:iriom in em.eFgy, land, mbm and 
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1 infrn"b:u:ctme (mclwiling tr.m:sport· an:d buildliugs), .m.dl iedmniaJ systems (~righ cr:nyltk!ID£J) {IPOC 
2 2-018.a.). Since mo511· physic.ail capita! (e..g. power phnts, building;, transport :infrastmcture) :imroh:ed .m 
3 GHGemissiom is ~ong-lii.~ the timmg of the shift m m"·ea,-tments md. strategies niill be crucial {p.lS 
4 SPM. (]PCC 10l4a). 

5 The Natim1a~'" De1amined Co:m.ttibuitions ~lJCs) as d.eclJ:Fed mJder ·the Paris -~t (PA) ~ 
16 globa! GHG emissions between 5 and S& GtC0ieq )T 1 in 2030 (]PCC 201Sa), s:imil.ar to the 58 (=5.8') 
'7 GtCO~eq GHG e.mi.iltol!!S :iim. 2018 (Om.pt:er 2)). The e,mis:s:i.011 conttriburiol!LS i5 submmed·Wlder the Pllis 
8 Agreement (PA) sugge5t ,global GHG enrris-siffllS be,h\"E!En 52 an-d 58 GtCOieq yr m 2030 (.]POC _01.8.a), 
9 "l\'ID.ch ~ at the same lem of · arr to the 58 (±5.8) GtC01eq of globa! GHG emissiol!IS in 2013 

10 {Cbapte:r 1). ~ v.·ould not limit~ to. 1 .~C. To sta:y below 1~ am.biti.mi l"'.rould bai--e to. r:apidly 
1 ] ramp up after 2030. The :NDCs are 11.ot sufficie.n.t to mee,t the Sitated aim of the .ill~~ or the,- could 
12 ~· do twfu. rapid transition to 11'81 me~-e emiciolli;5 - sub--~ m :remo1.Tal at al SC e exceeding 
13 et'.!Cll5Sio:m. and.fa Solar R.adiario _ 1odmcatton (SRM). Bo.ih ~-mes iim.1,,·o_ ee llll.CE1'2!:in cos:ls, 
14 em.1,,"11'0umeE risks. and g01.--erne challen:a~ as discussed m SRl.5 ( or 11.,egati1.-e amissions) and 
15 clia_p~ n md. l 4 of this report. 

li6 -~ md. the Special R.epom. analy~ed econ.o:mi:c costs arssocJU!te:d niirlh. climate action.. The estimates 
l '7 i~• lVidely d.,.pe,ndirrog ,o the assumptions made 21.s to how ordered the ltransirtion is, tempera.mre target, 
18 th-e teclmn!ogy deployed, the msrn:: or model used, among others (Chapter 6). Mode!!ed direct 
19 m:i.ti.,gati.o:m.com ofpatlm.i:,~ to l.5"C, mtheo · · edmr-ersb.oot, spam. ~v.--id.e range, b:utv.-w-e ltypical!y 
2{1 3-4 ~ hiE,ber tm.n m pafuway.5 to 2"C (Jrigh c"'1ffld~loo), before bkmg at:eonnt of beneim, mclu~ 
21 :;.igrmicant redi.Lction in !oss: of life and li1.~, a:m.d a:,roided climate impa-ch; (]FCC 2018b). 

22 S'1.t'C:Cessi1.Te 1PCC R.eP,om mgb].igh a stro:m.g COI!.Ilecti.on betn'"E.'En climate lmtiigario:m and sus:tmiable 
23 de1.-elopmem: Climate mitig.:.ti.o:m a:m.d adaptation goals ba-,;-e Sj'I!Spe:i and n-ade-offi: wtth e£rom to 
24! achieve ~b.e deve.!op:1nent, irm.cluding po\'ierty eadicaiticm.. .1.~ oo,t111prehensilie assessment of 
25 climate policy thaefo-Je im-okes going be:,·orui a mirow fiOOI.Jl.'i, o.n specific ~on and a"Gaptario11 
16 optiom to. inoo:rporate climate issues mto. the design of c:omp:reh1!:nsnre strategies for equitable 
17 sum:imb!e d.e,;;elopme,n.t. At the .52!tl!E ~ so:nE! cliDJJt'! mitigation pclicies. can nm oou:n.ter to 
28 sum:imb.e de-i.-elopme,ut and eradic;:.ti.ng pin-eri)· nample-s: include s,~ bem-e:n clm:me policy 
29 and. impro,;;·ed .air qi:i;m.ty, redncimg premature deaths arnd mmhimty (AR.5 \JiGfil Fig SPM..6), hut there 
30 "rould be ~fls if policy raise:s :net energy bilk, niitb. dismbuti.ona! m:,plicarioms. The Special ~:rt 

31 on Climate Change ma Lmd (SRCCl,) also eDQ)msises -~rtaILt syns-gie and n-ade--offi., 'bringing 
32 lt1!:W light o:m. ilhe lrink hem-~ healthy and .smtainahle food oo:m.s.i.mip,tion and emissions cam:ed by the 
33 agricultm:a.l sector. Land-1 ;:.ted responses that contribwe to climate change adaptation am.d mitigation 
34 cm also combat desertificario a:m.d hm.d degradation a:m.d emham:e food secmity. 

35 Prer.iom ... 4.Rs :ba,-.-e :presented ~ed. 'll!ll~ ofth,e comribufumi0f ,.m01.1S sectcG a:m.d.adi,iities 
36 to~ ob.al G-JfG emisrums. lilnem. mdu-ed emissions (mainly from ~eclricity, heat and other em.erg)' 
3'7 com~erno:ns) are mcluded,, the mm ma.in consumption.( end-use) ,drnrers aFe ind-ustty, • .I\FOLU., buildings 
3£ and transport (fi:ll' updated E!5Cllmte5, see SP.MA). These - togshr 7"--ith the energy md. m~ ~ 

39 nmch feed md. shape tb.E!Se end-use SEc\."'tOJS - d.e:6ne n!ie s:ectom ~ m dns AX6 repo:rl. 

40 Estmmes of emissions associated ·nitth promicti:on md. ti:mspcut of intei.:na.tiomily traded goods 1ve1re 
41. first pI"E!!ientea iim. .AR.5, wmcli e-.st:innted di-e 'embodi.e,rJ eirri ssio inns£~, fium upper..:nriddle-im.come 
42 commies to :imms"b.ulise,d c01lllll1.E!5 thrnugh nrade at about 10 percel!lt of C01 e:Dill.SSio:ns -in eacli of dtese 
43 groups (Ii.RS IPCC (F" g. TS.5)). Th~ -~ on this and. cfucm!iio on their acc,cmntiim.g has gF•Ol\!J!I. 

44! subst.mtially since then (~pt:er 2). 

45 The atmosphere is a slrned _ ohal resau:rce and. m inte:gra.J :pait of the "'global cnnuno:ns~=. In ah-e 
46 depletionf.re:s:torarion of this ra;;omi::e, lll)'l.l.ad actors. at i..uious .scale .are imrok~,d, for mstanc:e, 
41 indni.dwk~ oo:mmumrie::;, fu:ms md. states.. This iwpl.iE!S tm.t iim.tam.ti.o cooper.ario and ,c edi'!ie 
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actio:m. on climate cbangp .alongside ocal; 111a!'tional1 ragion::J and ,_ obal pclicie5 v.ill be cruc · to so -e 
dte p:ro .Em (Cliapter l3.: 14) . .brtt:JF alM, iim.terea.fum.JJl ~ti.o:m. to ndde ozone ~on md acid 
rain offer UE&lJ! eWIJP e:;. 

AR5 mted that gr:eaiter ooope;rati.on would ems.ue if policie:; are percei.1--ed as f.me-and equri.table by .all 
co.11Jltries: alo:ng the spei...""1:rum. of ecoIIDmic de:i.7el.opmer!l!t...;miplying a need fm equitable sh:umg of th,e 
effo11r. A key tabaur.tJy from .AR5 iE: tha: clnmte policy m1;;'0h"e5 ,r.iliie ju_dge,me:nt .m.d ethics. (AJR.5 
V.. Gill ~ TS. l ' Roople am.i romilrim harvs 1-ight.s and oi1-'6' tlutim. wivarth-e:aci1 oJhc":T.. These are 

mattiJTJi Ci/ jmfi.oo.. equi • c,r ,/ai.nt6SE. Il.f8,Jl,' fall 1 itl1i11 the mbjw rJra11er of nmral and politioal 
philoroplij,.jurisproderro.s. andeomwmk,s_r. p. 31) 

ARj 3Jso underlined. dJiat cl:imJ.fe ·po' ~C)T :imhe,n ." m\"0 rid ;mn_d 1Lll(leltmlty (in II.~ eoDJl0JllY 2 

~- md:im.di:ciduah). There exists a rich suite of .malytical t • 2 for ~:-amp~ cost-bene:it amaly-ili; 
cost-e:ffed:i.1,-e:ness analysis~ multi-criteria analysis: expected ·utility theory and c:at.irstrophe .and risk 
modek, of which b-e• pros: .and co~ ~ md Nikas 202-0)~ to help manage· dris :risk md 
'llllC:el1r.mIIJ:y. ~ e cons.id.er tme;:;e oo!s b.rieily in sect.ion. 6 of tms cliap: a. 

Recent AssessmBWi (-~ 2t1lld SRI .5) (JPCC :2015, 20 l&a.) beg;m to oomrid& the r:O!e of .iim.diudml 
beha:,;;iomcJ choices and cu!tural JllOimS im. a.,cing ~ and food patterns._ Notably, SR.I .5 (section 
4.4.3) outlined emt:rgmg e'!.ideiooe OI!! the pnteJ!lfu! fo1" changp~ m bemJ,.iou:r and cmt1ime to 001:utri.bnte 

to decalbcm~ ¥hon (and Iowa the cost); fur the DP.it time, -™ de,rotes a Vwhole c:mpter (Chapter 5,) to 
col!Qder the.se md otl!:i.er mi\·ers ol energy dem7Jffld, food choices md social a:.--ped:s. The most 1n:CS1.t 
AsS6SID:nts (.t-.R.5 and SR .5) (l!PCC 2015, CH&) l!uni-e begun began to coI!IS:i.der the :ro • .e of mdi:,~idml 
beha-,;,iomai cl1wice;; md eultunl emut5 in chi1,'lllg e-neI'g)I" and food patte:r.m£. 

Smee 2.fJl5: there ba,.--e been.some notable -,~,ateiral e:ffum :relevam: to clim.:Jfe at1Jion. These ·ir:i.clude:: 
dte Paris ~ v. - ;mm, to e:mb:an;::-e &,,e imp~eut::ti.o:n of the l'-9.:. Umte.d.~ons F!raIDl:1'rork 
Comre:m.ti.nn oo. Cl:i.mate Change (lJNFCOQ ithe tm ~gi~:or;. on Dliaster :Risk. R£du.ctiol!l (S:ernhn) 
and F:inmce fur J:k.-,.--elopmem: (Addis Ababa), am.d lh-e SDGs.. 

Th~ Pruris. .-\gt;ee-mmt. The P.miis Agreeme:l!I (PA) aims to 'bo!d the in.ere~ in the globa aveage 

te:mpe,rahue to 1 below 2'~ abo1--e pre-indiftm,ia! le,--eh md pm'Slll!ing eft'o:rl; to · "rt the ~ture 
~ to l .5"1C abo,.--e pre~mdnsmJJl la~r. (UNFCCC 2015). The PA aims: to :strengthen the g!.obal 
~"JlOTISe to the tmraaJ of cl:imate cbang1; :in the oo:ntm of S'IJ5'bimhle de'!.'elopmem: m.d effmi5 to 
eradicate po,.-ert}T. It also underlines the principle of ffl'.IDDJO lmt differentiated 1~ and 

llie5pectir;;-e capabilitie:;, m ithe ~ of di:ffa-ent m.rtional ci:rci.m:b--t.ances as the basis fo:F glo action om. 
climate clum~ (P _t/t _4.lticle 2 ·paragraph 2). 

The P.uis ~t :is piedrcated on em.eomaagmg pro~1--ely ambifuru.s climate action from 
commies: on the basis of volnntmy Nationally Deteimin"£<1. C.o:ntnl:rurio11S (R.aj:unanw 2016; einen~-m. 
2015)2 unlike die Kyofo Pmtocol~s egcJ]ly biimding ~ons OI!!. dt!:'l';;eloped ,ooi.mni.es onl;r. The J\10C 
ap_m-oach requires coum.fries to set their owm le:1,;--el of 2!Dlbimions for climate ,~ mitiig;:;rio:e but within 
a c:ollaboi-all:i.1,;-e am:i legally binding process to foster .a.mbEtio .tot\~ the agreed goals (F · · 2016.a; 
~r _(n6). The PA en.teredmto oree m Nm·em.l.Je-r 2016 and <!JS of.J1.me 2020 it mis 189 Parties 
(out of 197 Partie:s; to the UNFCCQ. The PA explicitl;r ,:mdei-1.ine; the role!i of cai:mf:rie5 m !ti .Arlicle 
4:-paragraph 4: ,dev oped coum.bjr Parties shill oo:ntin.ue ta.king dle ead 'bynnd.ertaking economy--Mde 
3ly.:,0_ te emiwon .,eductions. De:1,-elop:iim.g couniry Parties .shmrdd wntmll'e e,ub:mcing their miti.gati.nn 
effoits 2 aml a1e encomaged to mo\-e mrer lime towartls eoo:m.omy-mde emission 1~n o:F .timirallio:n 
targets m ithe ' -gh.t of differem: m.ario!!!al cirCJ.llllStaJ?:ces. 
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l The PA aclmowl.ed.ge5 :ifs mili.gailion goal :implies t@ •cadrie:1;;e a ba!ance benveen amhrnpogerie 
2 emissio:n5 by som~ and rem.01;;~ by sinks of~ p:ses in the ~:nd bill' o:f tmis cemmsyP, 
3 eommonl:r knowo. as ""Def zero~ (tbticle l). &sed om lhe seemorict'i ~ m llhis fiePOrl!' ~ goo.ls 
4!. en - global 001 emissimJS peaking before 2021, and declining to oo zero generally wi.1him. the ithutl 
j qwna of'tlie 1centmy (3: Figme SPM!.1: Table S?fi1.l categmy 1-3). 'Ib.e!De1i-zero CO-a. date depends 
6 on the . a'El of ammtion, the r.apidi.ty of~ md degree of 'oveEh.oot~ (with subr-~ ~'lie 

1 COa. emissions). Delays in m peamig imp]y sfeeper md deepa- subsequem reduclions to 1C~mpeDS::!Jfe 

8 for the hi,gha in.tami 1emissions.3 11remh fo total GHG emissinns ;u-e, similar though the net-zs:o 
9 emissions -year :is ~ieaily 5-25 ye.us bte-r. 

10 The P~~ pror.,1ide!1-for ~;nrly st~es in mncli Parfie..s ha-r.~ to take eolledi1.--e stock on progress 
11 towards aclJiE1.mg its~ ;md us long-teJ.m ~ell in lhe light of'1e;qail.y and i:!1~'J.i'.l;able best science 
12 (P~~ ... 4.11ticle 10 and 14). 'lbe fustg!oktl !d"ocltaleui scbe:dri!edfm-2023. The outoome ofthese r.E'l.iews 
13 is mem to imfo:nn. Partie5 to llp(lb.te ;ma, ~ the pledges in iheiJ:-NDC!i-(PA luiide 14!-para. 3). 

14 lnke.epmgin.ifh lhe pimciple of differentiatedrespoDS1mli.ty and.capabilitii.es and.effo:rt to, adrier.re gtooal 
Jj s:ust.rim!b e de1.-elopment and prn;;'Eliy eradicatio~ developed ootmtry parlie AD! to assist developing 
16 eommy parlie; tn.iifn :6ua11Je:ra1 resOONe:S (PA .. i\Jiti.cle 9). Th.e Grieen. CJ'.imate Fund (GCF) r.i..,as; given an 
11 uoportmf mle m ~ ibe .A~ and delivering the UNFCCC Objecfure~ and suppo1.rlmg the 
18 goal of'ileepi.Qgclumte ~~ well be1m,.,-2°C. 'I1le! Ga m.rapidly gathae.,dpl.ed.ge5 wmih USD Uil..3 
19 billion, from devel~ and dev-e oping «11J.n.t11ies, 1:egrons, and. one city (PaE.!1-) (Am:imiani et al. 2011; 
2-0 Bmvmm md. ~£mis 2-0l9) .although still shod- of the goal to m:ibilised USDlOO billion by 2010. 
21 lmriatir,res eon.tnbuting to the PA ~ah !Ul:clude &e, No•Shie .Actmr Zone m Olim3.IE kct:io:n (NAZCll) 
22 po~ Janndted at OOP20 (Dec 2014!) in ~ Peru., to suppo1t cimy-b~ed act:i.om mir mitigating 
23 climate clmige (Mead 2015.[11 .md Galv.ml!Zmg the Groundswell of Climate Arnom (GGC...A.) in.'Dicli is a 
24], ·{Fccc-baeke_d S&ie o:f open dialoga.e5 mtended to ming cli:roate ldli.Oll!I-from cities ff@OE.ti, 
25 eompmes, and other grou;p.s Ito a highs- le\1l!:l of'sca!e and. ambition. 

2li SB.Gi.. Im. September 201.5, the ·. end.ol5ed a 1.lllI!.!~ ag~ - ''Ilransfmuring om \1lcd& the 2030 
21 Agencb foir Sustainahle Devel~'. The aigenda adopted. 11 non-legallJr.binding SDGs and 169. 
18 targets to 5Dpp0Iil: people::, :pmspe:m:J parlnerships md die planet Wmle, ,cli.mate clliange is ap1:i.ciid:Jt 
29 li£!t:ed as SDG13, the p1.Il'51lll ofil:he :m:iplementanon of the UNFOOC is JJko r~a'illlt fo:r a nun:iba-of' 
3-0 ~• o.1her g;ools inc.In.ding SDG 1 (clean.~ for all), 9 (sustamable mrb:mby), and. l. l (Sl.lBbmable 
31 cities). as. 6ell a5 ihose rala:ting te life on land (14) aJd in.r.Jifeir [15) t]lie,rm-:imn P.t al 2017). Mit:ipiio:n 
32 arlio:ns eould batre multiple ~ aDd trade--offs across &e 5DGs (Plaj et al 201 Tu) and lher-~ 
33 effects depend o:n &e pace and. !lllalgcimde o:f cban~ die composili.on of'tae mitig;i,tio:n :(X):rfmlio and 
34]. ~ ltllail.agemelli 1of the ka.minom. lli.s ~ lba.t mnitigahon IInl5t be plll5llE!d :m the, bro.mar oomed 
3j of !il.15ta.im'ble developmenf. 1Yfitigation adiOll!I-co.u!d ~ nro]tjple ~ m.d hraM--offs: ~ ihe 
3 6. SDGs (Pra.jal ell al 201 Th) and their neit eff:ech depend ion the pa.ee and !lllai~ o:f ~ ~ 
31 composition of the m:i.tig;mio:m. poo.tiro!io md the D18ll8gemel!l of the: t:ransi.tion. This sugges,15 lbat 
18 mitigatio:n rm:rrl be puimi:ed. tin lbe l:u:o.a:ds oonmm of suda:i:nahle s'Elo.pmeni. 

39 ru11uu:e. The :iP:ms AgJ.-eemem !has. as OJJE ofils t1hme declared aims t~, nnke ~:timmme tla.v.-s consisimt 
40 "litlli a pafn1\~ to.w.mck low gmenhouse ~ e:miwo:ns and dirmfP.-resilim de:velopme,nt."' (.-~rticle 
41 2.1(). 'Th.i5 nd!ect;; a bmadened f~ beyond the costs of di:roate adaphtio:n m.d niitri~tio~ to 
42 racognisiug lhai aclnaing a s:bsuclm-al 5Dift ta.w;.utls lawcarbonclima.te.-resilient deve•TUent~ 

FCIO'I'N,OI'E ::i See Qapta l :fCIJ' d.emil. Cl and C2 m!: l .5·c .soe;nmos, ~'I!dj•·iv._ifh llitfl'e, m w. ~ 
:md high O'!l8!5!loot co:mp:msa.ted by~ 'E!Ii!g:tm' glolral emf.isjolli. C3 scem!.rlos myibel_ow2-C'with 
SI 615.% ~. e:en ibe hlgl:Et .50e.:nar.i.o5 in fuis ~go]}" sbm1,r 31 m«iian pd 'Ao'liilllrimg l!lD'lmd~LS . .All ttbe l.5 
:md 2-C ~Il1.ostmti:ve P~y.s\ .;:m•iiidOiM :inserti:Oll. 3.5 (Box 1-2), peal emkiJom by1025 andiraadi. llH!lZi!ro 

m llhe:peri.od 2650-200'0 lFigme SPI\,l '7). 
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l ~ llarg@.sc~ inv@fments tlm e.mg.1ge the:md.er mnancral system(l5.l md lS-2.4). The IPCC LSC 
2 r;eport es:tima.ted Iha: 1.:9-C p~ihl\~ would reqi.m_;E ~e.J ~Ml:iJm6111 of O.S-1% of global GDP 
3 beitween now and 2050, which is up, m 2.5% of ~obal s:a.1,,~ I i.nvesfmem.t mrer the pe:11.00... For ow-
4! and middle-inrome, t001.lllD.1.e5, 5DG-eompaab'.ble infirasfructure, in1,'1!S'bnents in die, moot re ram sedms. 
..5 are estimated. to be armmd. 4-So/. of dim GDP, am 1llfrasfru_chJre im~ paths compatil .e u-nh 

6. full de~ti.on in the ~ond half of fne. cemmy need n.a.t cod molie ~ more-polluting 
1 altana.ti.-,,.'"e!i~ (Woirl.d Bank 2019a). 

8. The par.tllel 201.5 UN Addi5 Ababa Conference on Finance for Development, aoo its re5Ulimg Adion 
9 ~ aims to 1 ;1d.dre:5s. tn.e, ,cb::ilJenge of finan.cing ... to e.nd. prn;.'Elfy and hmlgEf, md to :ach:i.e,,-e 

10 sustrimb e m!'!.l-elopmem :in ifs three diroens" ODS 1hroogh :promofing mclu~ci.''i,'2 eoonomi.c gJ.UR-th, 

11 prote:ding the envurnnJ:MD1:_. and.promoting :soci.al inclusion.• 'Ilhe Conf'erence•n!:Co,gni.ses the qgnit6cant 
12 pomifuJ. of regi.oml co-operati.oo. .md pl'~ a forum for ~g the so lions. patnl\r;i;rs. to 
13 cionmmn cliallenges faced by de,.rei_oping ~ (1..5.6. . 

14. A.!0: ,g,ide this, pnvafE am blended. cl:inn1e ·fimrte:P: is. ~ bnt !is still shmi of' projected 
1.5 ~ cionsi.stenfu,ith Paris Agreement tu:;ge't5 (l5.3.2. l). ']'hp ifimnr::ing gap :is paiticiili.rly aaJte 

16. for adapt:a.ti.on. prnjeds., epeoially in ,rnlnierah e del.-eloping cmmbies. From :a maero-ff!gnlatory 
11 ~. lheire is ~g :reeo.gmtio:n &at sribsbnti.~ financnl r..ruue may be at risk from clhamging 
18. iie.~0: and teclmol.ogy ma lmv-caiibo:n transition. mih.potem:ial i.mplicatiom fu global~ 
19 stabilit;~ (l5.6.3). Tio d::rfe, the most s:ign.ifiean.t gmmce oo ~ is the F:manew S:bbilify 
2{I Board.~s. TCFD (T::r:& Foree o:n Cl:ima.te Disclosure) reoomm:rndati.ons. which. 1\l!irE!! wei!.comed b:y OVEJr 

21. 500 fimncial :~ollS and ,oo:nipanies; a5; !iigeatori.es a.lbeit umh pa: dry implemenrati0: . (15.6.3). 
22 Although dris ridecls cion-cem. about the l'isb posed by clnnate clJange to, the silabilit;r of'the: global 
23 fi:nanci::il system (and lWF-1.ma), lhu is also .ro~ed. by growing ,eo:esemu.s. 1hat transp2.1-eney 

24.l .uone cannot milig:a.te, ~e risb; (li.meli et al. 2.019) (1..5.6.3). 

25 T.abmoa lJiahJgi:.e tmtl. Am Tramititm Lmnched. at COP2'3~ lbe •Til.anoa Dialogue Sy--nthem. liepott" 
26. (UNFCCC 20l&ai; :Mead. 2018)1 empb;:irc;ic;ed the need to1 implement ho!istie ~ a.c:ro:55 mnllipie 
21 economic seclnr:s. for efficfem clioxde change mingahon.. At COP.24 also~ the Just Transition Silesia 
2B Decl:arah.o:n, .focusmg ,on the need to comi.dec social ~ in de-sigµung policie:; for climate ,clm:ige 
29 miti.,g;a.ti.o:n was signed by 56 hea&;; of state (lll',WCCC fHS · ; COP24 1018). 'This 1mderlined die 
3{) [mpoJia.nce of' aiming fur a "Jm;t Transit!ion' m fEIDl5 of~ e,mjro(!)115~ at lhe same time pI!e:5e'.li!Wl!!g 

3,l li-,,.-elihoods and. D'J'3Jlaging e;:ion:omi.c mks fm coun.hries that irely h~ ,on. emissii.~infen.sive 
32 eclmologies b dome:sti.c growth O,fa,:d¢k-anen .and Anger-KiCJia1ri 2019). 

3,3 

34 ].3 The e\""ohing context and. out" appl'oarh to .1.~se-s-5ment 

3..5 &:!fond the: . and related pl'OCESeS the warld since · 015 bars sen rlmply co:nb:ast:ing b-ends :in many 
3 6 dimensinn.s. 11io-bich he1p defe..m:cine the contEd for future action., and. our appruadi lo aJS"Se5SDJPffl Ibis 
31 se:etion ~ key feaJmes o:ftnis evoh.'ing oom.tm.. 

18 1.3.1 Olimate science,, imp"eits and! ri,k 

39 Th.e ai5SPSSDJPffl iof the Ph;'!iii.cail. Sete:nc,~ &5js; (IPCC v.rra AR6) donmne:nk irustain.ed and. m.~ 
40 d:tan~ mtce a.bn.ospbei~ cr:yosp'.fi.ere, b~ and ~proriaingum.eqµi.vocal,aidem.ce of':a l\"CE d 
4 l ib.d has~ associated "inn rising atmo5p1lmc C~ conoerrtr.mions reaclmi.g le:vek nott experienced 
42 mart JEaSI: tme l.astr 2 million ye;n-s_. A!cide from. t~ other clearly discennbl.e, mmnan-indm:::ed 
43 clian~ beyond eatm.ral.v.nimons :im.clnde ~lines m .. ~c sea rne :and gl.ac:ie:s, tfum-ing of~ 
44 and:a ~,ofthe global w.ilter cycle (Ul"Gl SI¥.:'1 A.1, B.3 and.B. . Oceanic chmges:include 
4.5 osing sea le-1..'l!:l.~ a.cidi.fieab.on., deo~;fgena_ti.on, and ~ salinity (lllGl SP · 1 B.J). Over ~ m 
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I r.ecent d£ea.~, botn &eqomcy and SE'!.4~ m:ve maea5ed &:er hd ~ but ~sed few oo!d 
2 em'.Elll.eS; intem5:i£h:ation of'heavy precip:ierti.011 i:s ab-~red m. parrallel mth .! deereaiSe iin ari.'"llhMe watei.r 

3 m. ch-, seaso~ ~ong ~-ifh -an. im::reaised. oc:cmTent:::e of-rn.'Balher c:ondilion.s imt pmmDtE ·in.~ 

4J. Against ·llhe bad:§rnmull of ~un~voceCll J tl\R.4) e"§;ridence of lnnnm--indured climate ohm~ 
5 and the gremng ~erienre of dued: impact~ the IPCC hu sought to s,rstemaitise ai robust· 
ti approach 'lo risk md risk management This pla:ys -a key role m how the lll\CC .i'Ssesse md 
'1 eoIDIIJJJDi~ ih_e patenti~ adverse~ o:i.:s md ~ opti.oos to clinnrte ~ mJh demin -
8. mahT1J md. the public_ 1:his :a.um topm'!.4-idE a :fuimel\'OIX fo:r 1.:irikim.gc:cien+ific: and IE!cimi.cal a~PJT5 
9 m !00~5 of concern to peep.~ cbandsising lhe UIH:le.tta:imy m :sncli. ~ and .lmbng 

10 these um.~ to, :po.teDb:.ail solutio:ns and decisio:n pr~. At the same DDE:1 m defiumg tne 
11 objed:i'!.4-e of mfemafiona.l ctimeh=! negohations :as being l:o •:preven di!n~'OllS m1nmpogenic 
12 ~ce~ (Fiootnat:e I)J the ill\1FC.CC 1mdedines lbe ceinn-.dity of risk framing :in considering tfie. 
13 Im-a-ts of climate change aJ!d. po: enhal response IIEaEmes. 

14]. In AA6 die filCC emplcrys a coIDIDO:n m:k :th.ming aaoas all three wo:rking gimups :and prm;~de 
15 guidance far me:re eomistent met. n~ usage (A.R.6 UtGil 1.4.l; IPCC risk guidmoe) .• iW 
16 defimes. 1ri¼ 2.:5 ftte potential for am~ consequences fo:r hllill.E. o:r ecolo~eil ~~ reco:gnismg lhe 
17 di-r.'EJ.'sify of values md objecb:I.~ ai.saociated mitb. 51il.dh systam (ARD gl05&11j')fS_RA 2015). lmb can 
18. arise &ompoteniial m:ipam ofcli.Jm~ chJJDgP. as ~ hiroJITTJ re5POD.5es l:o climate-~ed ash. Th2 
19 ml :thm:ing ine.1ndes shp.5 fo:r ~ e1;;<alwrting, and piori11ismg cmrem md future m:ks; fmr 
20 midersram:ling; the ~ among different source of mrik; foc clJ.oosiDg ~pp'Op]UtE al!oatio:ns of 
21 effm.t and. nsomcs amo:ng v.mous approadiei fmr reducing md. equib:ble sharing of rub; for 
2'2 mo:miio1mg and adjusting aclion.s over rfime ~mle co.n'tlinuing to :aS9':SS dianging ~; and fmr 
23 eommt1ni-c-aion_1; ~noong ~ decirio:n-nm~ md the public. 

24]. Ouna.te cban~ ilnis:k assessmenhi face cnallen!?JI. mcl.miin.g a fe:ndeJkzy to .mi.s-cbantleri.5e irisks and.pa, 
25 msuffi.ciEIJt :aiten'lion to the potential. for smpD.Se-El (Ylert?milD WI 1; Aven and Renn 2015; StoeJk ei al. 
26 2-018). \lfJfh ~P. ~J risk !D:rnl.8gement often mm to,:"demify specific cm:dbin~rliOD:S of~:nse• 
21 acti.o:ns andenab~ iinst:i.tmions lha1 increase the po1:emw fmr f.avom:abie outCO'.IDes desprtE !DT€!dunl>le 
28 1m.Cel.~ (AiaJiCmu et al 2019)1-C.0:nceph of resilience and.117.l!nera_bil:i.t; also :pro-r,.ide averbpp_mg 
2:9 altauati.1.--e m-fliy po:ins to tmdeJmoomg JJDd ~ the .sooieb.l clullenge:s c~used and. enoab.aited 
30 by climate~ chm!? (Alt~ ~'GIi, C1llp 1.2.l). 

31 Lifel-aitw:e hymg to, quantify the co:5t of climate damages ~ conforoed l:o cw.'e'.l.op. Different 

32 mahod.olo~ .systema.tri.call;• affect outc.om.Es, with 1'BC:eirl esnmaies based on empirical approac'.hes. -
3,:3 econometric measuremem:s. 1med ,oo. aciml m:pa.d!i - 'catEgorica.lly lh:ighH inan. estunateg fiu.m other 

3.4 approaches-:-(see Croas-\Vo:rking-Group Bo~ [ o:n Et::Gnomic 'henflfitsfoom trll{}itlml climate i~ m 
35 Cb.a.pta-3)_ ~ along m1lh. olh&de1.--elopmeuts stre:J.gthen fo-m:ubtions lfo:r calculating a 'social cost of 
3."fi ca.mm-:-, and mfomis a eommo:m. mefrie fmr oo~aring diffemn.f mks. and e51ti:ma6ng benefif!l compared 
31 m ibe cosisof~ Gas mdi.idions and.other1~-mdncimg options (5.ed!i.oos l.162, and.3.6.1)1_ 

18 Simult~ mm-er.'EFJ the il.iitera.1:me :iricreasmgly ~ l:he :~~ of Illl1lffi.--objeot:i-r.re risk 
39 asEeSSmem mil lfm]l]-lgetD?Uf (e~ s;;epresenta:furekey rul5 in urGJIT Cn3p 16). TI.us; ~es fue,di1,~ 
40 of~ and ob;eati'-'1?5. that different mdi.14-idaals use to~ die, pmen.tial mmequence.s. of climate: 
41 ~ on lhmnan. and !Dahual s,rstans -rnhi.dh. DJJJY or DJJJY nC!lt cm:re]afE m6iJ. any smg!_e estimate of' 
42 economic 1.i-alue [AR.6 9.lG!II 1.4.I; IPCC risk guim.m:,e). Under :51.lc'h co:nditio:naJ and gj:r."'Ell the deep 

43 mJL"eJ.fu:imie:s and risks" tne intami · omi conmnmity bas elrablished goals sm:b. ~ tnme m tne Pam 
44 Agr;eeme-nf and SDfu, mmILUE. by the sciemtific <!l5!ie55DEII of 1-iiks mi megot:i:afed among 
45 s:iakelm.ders and employed methods. such as oosf"-effecti."re anal;-si:s (1.6.1) fo ,er,tailWJte optio:mi 
46 ca-nsistem Mlh. lhose goals. 
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2 Global GHG emiillolbS oonbnusd to rise s~ .._lUlj, bot the rate 1of emi.ssioI!!S giro-n.th dmwd (Figme, 
3 1.2). From 2-0U) to 2018,. total GHG emissions grew on a:ve;age 'by 1.4% }'I'"~ (compared to an average 

4;. 2.:5% yr1 200lil to 20U))., !ilightly ~~ popubtion grow.th (c.1.lo/. yr 1) • .Airer a period of 
5 ~ephcoally rap:" d growth a5 cliarted. m A.RS, global e:oe.l'gy-relatted ool 1emi.:ssions plateaued between 
fi 2014 and 1016 i!i.inle the global economy ~ to e.."'qXmd (Ufodd Bank 202CJl increas.ed ag!i:n :in 
7 24ill 7 md. 2018 (by 1.5% ;md l.7%ire~)- The h:wpmaii:;• 1decoapling .alectedimaphy of srrong 
8 er:i.ergy effic:iency :impm\.--eme,nfs and low-moon ifBchnnlon-~l~ mm.icing coal demand (IEA. 
9 2@19a), ba1 t1!i.ese id.id eo expand f.m enough suihsequen.itly to o:l:llia the pre;sures; foqgrowt:h .r global 

10 level (illi.m? 2018.ar; m..~ 2019a) ... I\Re- a second plateaau in 2019, the Ol!JVID-19 ou1hreil :m 1020 
111 mmroed. enagJ-:relaied i(l0l emi.ssrolllS by abouf 8,¾ in 1820 (1EA. 202{!21); (Ch.apter 2). 
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12 

13 F;woe: 1.2 Glob.31 reossimll ifR.nds silLce 19.90 by ~imps, of ~:ases 

14!• No.le: ~ COt i:nm fo,--~ me! combm.hon and~ pr~ (ffl); CO:t :Imm 
15 Forestry arnd Other I.and me (FOLU)~ :caetbaiae (C&)~ mtmm o~ ~. -~ :tm.oo:inated ~ 
lfi (F-gasa). ~~ rq,onmlm Gt 001eq;,c.om'6Tte.tl basedo:n glrmal warmingp.otentiah with J00-
11 J."St'D' #ms l.!~11 (GWP-100). So11roa· Pig;rme 'IS-4. fill bs upd.atmlfor foraJ. ilrqft. 

18 Figure 1.3 sb.ol\r rfhe dismbution of Rgio:nal GHG emissions (a) per capita and (b) pa Gm?ppp of 
19 di&rem 1oow:m1y grouping5 :in 1018.. The area of each block is fh.ere.b}r pmporti.ona.1 Ito the region's 
20 emissio:m.s. Co~ to, the equ.itra.len ~tions in 2004 (AR.4, SPM.3) and 2010 (..lillS, Figw-e 
211 1.8). east Asia now forms su~ the biggest group~ ~ :at lOtCOieq pe,r per-~ it :reJID-1IDOii 
22 about half of north .Ameriea m pe,r-eapila ten:a:s. In eonhrast!' a thim of the, 1(,\'"Q d\s popal.alion, in 
23 iiCi'IIlhem Asra and .ruiiea, emit on ~1;,reiraige bamly 2..5ffJOl pe,r person, liffle more than in lhe pre:,,,ious. 

11-14 Total pages,: 99 
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l ~- Paiti~ly foir tbeE.e regii.om the:Jie also cor •I itrtte to be substantial. diif:ere:noe.:; in the GIDP, 
2 life ~ and oiber measme of v.'El.lbe:ing (see Figme 1.4, and 10hapter 2)1. 
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6 Fag:uu l.3 Dimmtaltio111 of m:-egmn'31. GHG emili~ 1018: pH-npib tCOt n popofa_tioD, md emi.ssoom 
1 mtmsily n GDPI-'ff-J fm- diffaol <JDmrby ~o~ 
8 k"me: Th.@,~ of eooi bl.lock is proportional D otaJ emissions; 11:b!·p:DC:~ mdicai:l!! a regj.QJJ.'s. sh:ue in 
9 gJ.0b:d Gl!G ~- ... i\rmiex I :andnao- .. ~ I data. !Jm. baea. tit& from.SPM 3.b oftme .AR.4. 

10 Enms.icms per uniJ GDP iha:ve cion-i;.reirged. signm~y. Pb.ore:r countries tend lo use mm.-e energy I 
l l ~iom per unit GIDP partly -~J!llSE! ofmgheir ~. on bEc ~ :aIMi this r,pmains. the c~ 
12 lbough :in ~ theiir en.erg, GIDP bas declined. faster. The big.est m:elafive. clia:ngp in Fig. Uh is ihe 
13 ,liBIDJ.d:in in~ emissioo.s per ·unit GDP=' wbicli liEl!ects not only efficiency m1prmremem but 
14 ;.mcele:rahng declirJ.e iin fme ca::rb<m inf:ensity of ena-gy (lfm rdiscrJssi.on also of ha.de I coDSlllDption effed:s 
15 ~cbapteir:2). 
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1 Regional trends haJ.e ·""•uied. Emissions. from m-osf cOllllbie:S ,c:,onti.nued. to grow, but in absolute i:el:ms,, 
1 3i'.2 of the deireloped e01.m:bi.es reduced enel."gy-C02 emis!iiom; 201. 0-2018,, md 24 Educed oveir.a.ll GHG 

3 (00-?-eq) en:u5sions. ove:r ~.e s;;ame penod., ·but only half of Ith.em by more· fnan 10% over the peri.od in 
4 each case (dupter 2). In total, de-ve.Joped country emiss.iom; bai;ely changed fi-om 1010, whil.st those 

'.5 from the miest ofthe wo].lld grew. 

6 'While ,enreme pOl.'eri:y has fallen i.n filO[E than !ha.If of the wodd':s econ_omi.es. in r:-ecem yeair:s"' nearly 
1 one-:li:6:h,of'eom1.bnies. faced poverly rates above 30% in 2015 (be'low USD L90 a dla.y), ire.tled:iog high~ 
S income inequality (Wolfld Bank 2-019a; Laborde Debu.eqoet md Ma1ti.n 2017). Diffe.nbaugh and Bmke 

9 (:~019) show- that 1global w.umiog aheady has mereas.ed global tton-omic me-quality. E'll·en if bemreen-
10 cou:n1I1;r i.nequaJ.mes have decireased O'Vel" irec:ent decades, global w;mn:ing bas. slon·ed the decrea-se (ibrd). 

11 because -rwm .e 1 "'C of gloha.11\\ra:oniog can be :posili:ve o:r uncerbin for caol. countries., i.t bJ.s. mo:JJe 
12 adverse :impads On growth 1\\m Wallin counhtt.S :m.cln&ng mil~ of the low-mcome ,counmes (ibid}, see 

13 a.I.so section 1 .'.5 .6 below. The :pmrsmt of :some shared :soc:mecono:m.ic paihn.rays. (SS:P:s) by :regional 
14 groups. could imply a. growth of climia.te chaege :in.equalities. while other eombi:nati.om; could :reduee it 

15 (Frame et al. 2019). 

16 Since much ,of die CO2 emitted slays. in i:he atm-0:sphere for cenlmies,. the ahnospheric eonee.:nfl"ation md 

11 tempera1me w:ill ,only siop, rising if md when net e.Dll55wns ,decline to ze,ro, as aJdn.owledged. in the 
1 S P.aris Agreement Consequently,. m imponmt irecent d.eirelopm.ent bas. been ~cm:ai co:mn:lirtm.ents to 

19 ireaeh. n.et zero, em.issioll5 . .. ~s ,ofDece.mbl!l" 2020, s:iix counbie:S bad l~hted fmr net zero and anoths 
20 six ;u-e debating p1roposed.Jegis1ation, all except ,one targeting 1.0.50; anothel." fomteen hal.·e dechrred oJ.r 

21 are-considain,g mtet 2er,o goals in official policy doouments (Ecru 2020). 

21 1.3.3 Economy,, fimmeie :and inncrration 

23 Ho.,·eo"'lrei:, l:b.e5e deve..opme1:1.ts ,oc.cmr im. an Ul!l."Celtm. ,economic ,oo~ fo.llonmng strong groMl!:i. in. 2011 

24 and e:a.irly 2018. D.i.sordeJ"ly financial mMhf ill.E!'!itelopment:s could disrupt aot:Miy in so.me ttonomies 
25 and lead fo ,con.ragi.on etT:eds (Prospeds Group md Bank 2 019).. If ir.ade disputes, most' notably 'ben..re.en 

26 US and China., es:calate ,or become m-0:re iwid.esp:liE!aid, ibis would delllt ecan:omic activity in these 1-e.g:ion:s 
21 and elsei\rbne m_Fireund et al. 2018; Re;mi]koira and 1',;,as:hchenlo, 2018). On top of this, COV.IU-19 is. 

1-S projected to, contract the g'lohal economy substanti.:all:y (Il\_1F 20--20), :and. economic tr:oU:bJes. could affec:-t 

29 porilic.al prior:ihe:s and focu:s public opinion on pohcies that yields :immediate eco1:1:omic benefits. (Kahleir 
3 0 and Lake 2013). 

31 Th-.e OOVID-19 pmd.emic profoundly impacted 1eaonomy and !hum.an sociecyr, g.lobally and willrin 
3.1 countries. Some of its impacts will be long .la:stmg,, pe.miia.nent e,r,teo, and tha,e aJJe also les.:som; reler,;r.mJ: 
33 to, diroate change (Gross.-Ohapteir Rox 1). 

34 Cros'il-C!lbp"te,r Box]: The 1(."{l\D·-19 1£'ri'ili-s:: ~e'3SOD"3, risk'il aod oppo:rtunitie-s for mitigation 

35 Diana lJ'r:-ge-V,o:irsaiz (H:img,aJ-y)~ Lilia Camado Couto (Br.ml), Felix CJ-eutzig (Germany)~ Dipak 
3 6 Dasgupta (India1 · ·lichzel. GJ.'111:)h (United Kingdom), Kirsten Halsn.ae5 (Demnia..Yk), Sm Kil.ki.s ff~ey )~ 
31 ~,e Kober e (Brazil). Sih-ia Knribiehl (Genn.my), .Jian. Minx (Germany), Peter Newman 
3 8 (Austtalia), ChuJmm:merije Okereke (Nige1ia)United Kingdom) 

39 Th..e OOVID-1.9 pandemic has trigge.r,ed th-.e deepest 1gilobal. econ:omic ,aonhacti.on as well as CO2 
40 emission. ~,edud:ions; s,mce the Second. W1oild \Var (Chca.pfe.li 2; Le Que:re e :a.L 2020b; Liu ef al 2i020JJ; 
41 Forster et al. 2 020). \\~e emissions. :and most ,econ-omies ;ne expected t,o rebound in 2{121-2022, the 
42 impaJct of the pandemic on many aspects. of tton_omy and emission DM°eB ma.::,• la.st fur longer. The:Se 
43 changes, as. we'll as di.e :pmd.emi.e response adio:ns, bl'ing oofu n:apo:rta:m.t risks. as. well a.s. oppo1tunilie:S 

44 foir accelerating mitigati.on@Jhapten 12 '.5, 10,. 15). 
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1 Leo;cS:onS-. lmpomnt 14:srons can be drawn from the pandem.ic to climate cm.illge· mclu.dmg the .,..-alue of 

l fonvai:rd-loo~ ri.s:k managem.em.t, tm.e :role ,of scientific assessment, p-:re:paratory action ;md. inte,rnationail 

3 p:roce:ss mdm.stitutions. ( .3, Chapter 5). Th..erie Jud been lom.g-5bm.dmg uia1-nmgs ofp;ni.dsnicrisks.,_ a!l!l.d 

4 ·p:reeu.rsors: - with both pandemic a!l!l.d climate risks: being identii.fied by social scientists as 
5 'nnromf01ta.ble :knowledge•, or •a.mmo1-\o'.l!l bon!'DS, nih:ich tend to be ma:rgmlised in practi.c<!!l policy 

6 (R.a:yner, 2012; S arewitz, 2020). However, the w,a.J1nings focused manly ,on direct heatlth dimensions; 
7 '!.\rhilst pre\.--ious re,gioe<!!.I pandem.ics had already dem,onstrated impacts oe agriculrural trade ind food 
8 prices:, fev.-" v.·Jimm~ fo:resaw di.e potential scale md mterlmked. @tent of econo:mic :impaeits. of a globat! 

9 pmdemic:. Dru echoe.s long-stan.dmg dim;tte lite:ra./1:ioi:re on potential 'high unpa.ct' ,ei;ents which are ait 
10 least perceirt:ed as Jow probability (Dietz,, 2011; \1leitmJ.ca:n, 2011). The costs of pr.epaarfo1,r action, 

11 mainly in those collllhie:s that had suffered from earlier pandemics were negligible :in comparison, 
11 su~ting the :import.:mce not jun of k11.ow edge bu :its. eff edi,ie comm.unicatio:n aied ,em.bodim.ent m 
13 rociety (Cha!Jiter 5). (Klenei et tJl., 2010) offer fn,-e early lessoill!S, for c.limca.te policy., ,conceinmg: di.e 
14 cost of deby; the bw m hmnca.:m.jndgemem; tm.e inequality of impacts; the need fo:r multip!e fo:rm.5 of 
15 mtenu.tionatl coo.peraition; and. finally, 'tr.mspai:re:ncy .in 1;,-alue ju.dgem.enis at the science-policy 

16 interface•. 

1 £mi~'iioms: :1111d! behmioul'td cih:iBg:es:. Pi'e:lin,iE,ary data sugge;:."t" ili.at CO2 emissiom; from fossil fu.el me 
18 and md.u.sbiy fell about 7 a (2.7-13%) fi.rom 2019 to 2®20, but con5istently sh.ow that e.missioru picked 
19 up as ~down eased (Forster 6/ tJI., 2020~ Fried.ling-stem BJ al., 2020;, Le Qu.,a-e. etal., 2010; L~u tUtJI., 

20 20--20). Anal)~ ftom pre1;,-iom econ..omic CJ.Bes su~-1 significant rebom?d in emi£.!i.ons urithout 
21 ·poltey-inmr:oed .structm:-.al .shifts (2.2 .2.1; f igw'e 2.5). Imti.a1 projeciionis suggest e:m.issions: may b-e 

21 around 4-S.5% belov.· a •n._o-p;mdemic' 00$ me by 2024 (Sh.u:J. et.al _020) . The lo g-tenn unp<!!cts on 
23 belh.<1.i\riow:-, teclm,ology and associated emis.sio:ns iliel!ll<!flll. to be se~ bui may be paticubdy .significant 
24 in transport. CO\i'ID-19 JoddO!illls ha-,.--e reduced all m-obility-ralate.d emissions:, v.'ith tw,o m-ajo:r growth 

25 areas: elern:onic communications replacing m;my urork and per-"°D.!l! t:r<!!\·el requi:rement:s; m~ 
26 ire1.r--rtalised local acti""-e• tr.m.spoit and e-micromobility (Eande"y and Nev.-~ca.n, _020). I empor..uy •dear 

2 s'kii.e-.s • ouy atlro ha.-,.·e raised aur.a.reness olf ilie pote:ntiatl en,ri:r,onm.ent and Jiieahh co-benents of reduced. 
28 fossil :fu.el use pa:rlicula-ly m lil-hm areas (8. 7), v.-,fu e\cidence <!!ho mdicart::mg that the \"l.l:DS .is. c.ai.ried Oll! 

29 meseJ paiticles andlor that ai:r pollution itself implmed ·\.7.Jlm.erability to COVID-19 (Wu et al. 2020; 
3 0 Gu.dla et .al. 2010). Th.e impac6 oo. matiom. ha.,;e been exoeptionilly large, md a.re projected to extend. 
31 not just through behariour.al changes, but also ·urith fleet chaDt,ve:s associated w!i.th retiring o!der planes, 
31 md:r,educednew orders indicating el..1}ectamons of reduced demand and <!Jssociaited GHG,emis.siol!l.51llDril 
33 2030 (5.1_110.5). 

34 F foe al, g:rowtih a:nd inegua!lify !imp :ict'i, Aspect;. of the ,gilobatl and :regioI!!al economic ,~ resulting 
3 5 fr-om COV1D-19 mcay p:re\rail much longer than the c.risis. it;elf, potentiatlly comp:romisim.,g mitigaition 

36 amibitio!!!S-.. Mo5t countrie5 ha,;;·e• been fo:roed to 1.lllde:rt:<!!ke un:p:reced,e.n:re.d le,;;·els of shorl:-tenn pnbtic 
37 ek-penditures. The IMF projects: so\.·ereign debt to GDP to barve increased by 20'% ·m adi.imced 

3 8 econ.omie.s .md 10% in emerging economies by the end of 2021 (IMF~ 2020). This is likely to dow 
39 ecmtomic growth, and mey sqneeze :6.na:n:cial :re:som"Ce5 for :mit:(~rio:n md relevant m,;;"es.tl!ne:m.ts for 

40 ma:m.y yeai:rs to come (15 .2.3, 15 .6.3). At the s;.:mie time,, COVID-19 Jiia.s. further lowei-ed :interest :ra.te.s 
41 '!.\rhich shouJd facil~• low carbon m,;estment HoR'"E!•~er, <!lfter decades of global. progress m ireduci:ng 
41 po-,;;-eny, COVJU-19 has:pnshed h.:mdreck ofm.i!ho-n.s ofpeople be owpoverty~l:told!. and rai5es the 

43 spectre ofmte:rsed:in.g Jiiealth and climate crise.s that aire de1;,-astating fo:rtli.e most ,-um.erable (5.L_ Box 
44 5.1). Like those of climate chmg-e, pandemic impacts fall hen-i.ly oo disadvantaged groups, exacerbate 

45 the un.e\.·en d.isnibuti.on of fuJtwe benefits., ;n:m.plify existing meqwti.es, <!J1td mrtroduce 
46 1tev. one.s. Increased. poi;;"'erty .a.lso. hmders: effo1rts. towanh su.sbirm.ible low-carbom. transitio:m.s ( .4~. 

4 7 lmpcac!l:s oo pr.ofit:iibility a.m.d in,es-fmeo!I:. CO~lID-19-induced demca.:m.d :reduction m electricity 
48 ms.proporti,:matDy affected coal power plants, whilst trmspo11 reduction most arffected oil ([EA, 2020b). 
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l This has shai-ply accelerated pYe-existmg decline in the profihbilif}• of m-0sf fossil fuel indusmes;: the 
1 i.-abre of,e:ne.rgy ,companies; in 'tih-e S&P-500,, w:Inch m the decade to 1019 had slnnnk from abm,·e 10-/4 
1 to, below· :5%,. dropped b-e!ow 1 . .5% ,dming 2020 (Bloomberg/Ameli.,. 2020). hi1!.ew.1bles; wer,e li:e onl:;;r 

4 energy sedorto incre31se ,oulput (IBA, 20120b). Uti&n the context ,of a wider m\e.rt.dl reduction m en-ergJ• 

5 inves.hn.ent ibis hais :p:r,ompted a substa.:nful rB!atiw sm!ft fmv.urds low carbon ioveshnent partioularly by 

6 the pm-ate seclo:r (IBA, 10--lOa), (Rosembloom and Madra:rd, 2010), within which ihe:re is growing 

1 a.tte.ntionito 'Net Zero,, as a gJiide or goal for fu.tw:e marjo:r in~'E!stmenl: decisions (llobins, 2010);(1.5.2.l,, 
8 15.3.1, 15.6.1)_ 

9 The- po'3t-pnind.emic r,eco,·e:ry path prmicfn an opp.oriuoli.ty to attr:id finanee into af'nle.:rnted and 
10 tr.m.s.fo1nmati,·e fon--c-aroon public m·11,·estm.ent (15.:!, lS.6,.3), COVID-19 has for a ·period ,created a 
l l 1A.rm:ld o!f high ·um.e.mple,y.ment mdlor state-supported employment_ There is 3i profound difference 

12 beh\reen shmt-.teJm 'hail-outs' to, stem unemployment, and the m:ienbb.on o!f ne,w public m.1.!-e:slm.ent. 
13 Tire public. deht is mir.mred by large pools of pm"ate ,capital There are de.ar :reasons why a low-carbon 

14 res;ponse• ,cm create more enduring jobs, 'bectter :aligned to, future: growth secroo: by also crowding-in 

1 S and :r,evi'Viog private uweslmenf {e.g. from. ,capital ma.rke,ts and :institutional i:n1;resioI5,. :in duding the 
16 growing profile ofE.m-:ironment and.Social Govemam:e (ESG) and glieen bond mad.,ets (15.6)}:. this can 

11 boost the e.ff:edivene.s.s ,of public spen.di:m.g (Th:'1F,, 201.0)_ A shldy1A.11.fh 3i global genenl. equilibrium mod.el 
18 (Liu e' a~ in. rec\i-:ision) fmds thai because the• OOVID-19 economic a!ftemiath ,combines :negative impacts 

19 on e:m.playmmt and ooD51.1Dlp1io:n, 3i shift from ,employment and ,coilSU.Illption ta.Jo.es to carbon or other 
20 r.eromoe- :related I.mes would enmm.ce GD1P by 1.7% m 2021 relative to ':no, policy', in ad~tion to, 

2 l £"educing CO2 and. oi:b.er pollutants_ A multi-sector, post-Ke)"n.eS:ian mmlel o!f wider 'gr,:een reco.i.ay' 

22 polic!i.1!!5 (Pellitt et al . ., :in lie'View) !fict<h a s.holi-nm benefit of around. 35% GDP (compared to 'n-0, 

21 poliey 1)1., and e1.·en ca_ 1 % above 3i :reoo1.·ezy boosted. by ,euh m consumption ~s,, the, latter benefit 

24 s.u.sbmed through 2-03 0. 

25 Orie:ot:Jrioo of r«-onry pa£ka g;e,s. The lai,ge public speruhn~ ,on supporling ,or .stimulating economies, 

26 exceeding USDl 2tn by Ocrohe:r 202 0, dww dem energy m.vestmem needs :and hence could either 

21 help to solve the comb-med crises,. o:r result :in high-c.arrbon Joel-in (And.nj evic: st al., 2020)_ The sholi-
28 teim 'bail-outs'' to, ,date ,do, not oosfe:r cJimate :r,es.irient lo:ng-te1m. inve.s.tments (1 S . .2.3, U.63): 
29 as5-E!5Smenfup to lr61h Decembe:r 1 Ct20 estimated ihat m the G20 counties, 51% of,energy-:rebfed SlllppOlli 

3 0 s:pendmg \\rem lo the foss:il fuel indnsl:cy co~a:r,ed to 35% on low-carbon. energy (En:e.rgy ]Policy 

31 Tra~er. 2020). However some counhies; and :regions harve pnori.tised green s:bmulus. expenditures !foir 
32 example as. pa.rl of 'G:ree.n Ne-w Deal' (Box 13,.10; see also Oh et al (m r.eriew) foir ,ove1'\i".i.e:\\r of K;orea,. 
31 EU and US. GNlls im. mm.text ,of COVID-19)_ This is moti:i..--ated by asse55menb di.at im.-esti..ng m new 
34 growth .indl.15fries can boost the macr,oeco.nomic effectiveness ('mullipliers') of public spending_, cr,owd-

35 m al!d reri"!.!--e pri.1.i~ate unreslment (HepOUllll et al 2020),, uihilst ;mo, delive:rm,g om mitigation 

3 6 commitments. (l :5 .23} 

31 

38 lntegr:atmg aoalr,1es. The ll'e!iporue to OOVID-19 also :reflects. lhe Rleva.nce o!f combining mnl~p]e 
3,9 analytic fhme1.rn:rks spannmg economic efficiency, ,elhics and ,equity,. transfo:nna.tion dynamics, and 

40 psyc.hologieal md political analyses (l .r6). As ·with di.mate impacts, not only bas the global bu.men of 

41 disease been d'.ishri.but:ed une1.-enly but capabilities. to, prievem: and b.reaf ,dis.ease v.·ere asymmebical and 

42 those• in greafest vulnerability ,often had the least access to hum.an, physical, and financial 
41 re50u,oes. (Ru.~r and. Horton" '2020). However,. devefoping ,oounhy energy expo:rte.rs ha.lie been hit also, 

44 by the low poa-t-OOVID'"l9 fos.5il fuel p:rioes.,, imeatemng other ,de1.·elopmental goals; 'green' VeJ!'SUS 

45 'b-:rcm.m' lf,eciotrezy has; 001res;pondmg ,dislribufio:na.1 consequences. 'beh\reen ihese and 'gr,ee:n' pT,oo.uoers, 

46 suggesting need fo:r differentia:ied. po.licies 1"11-ith :intematio:n.al coo:rdi:nation (le Billon et .a.L~ in Jievisio:n). 

41 This illu.sbtes the role of 'Jusf T:irans.ition• approa:c.'he.s. fo 1glo'bal respo:Dses including the value of 

48 integrated, multi-le1;rel governance (1.7, 4 . .5, H.l). 

1-18 'lob.I.pages: 99 
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1 (:rih1es :Jill.di oppo:rtun~~= d1.e mde,F eontat fo:r miti;ga.ti.on ru1d iliFrulS_fo1nmation, The impads of 

2 COVID-l 9 baive 'been de...istating in many -w.ay~ :in maro:y counbies. B: may have• set back development, 
3 an.d delivey of man:; SDGs, 'by ;')teal"!> or e,,.-e:n ,decades. [t also distracts politieal and f'manciia.l eaip.acify 

4 a:way from effurls to, mitigate climate change. Y,et, studies ofp:revious post-shock :penods suggest ibat 
5 -urav-es of inoowtion i:ba-t are l:'E!ady to emerge rean be 31ccelerated by crises,, which 1ru1y prompt :new 

6 behaviom:s, w,eaken :inoumhent emeso-level) syrte.ms,. and prompt irapid :refoans. (1.6_:ii; Rob ms and. 
1 Geel.s (1-019))1. Les.sons; fr.om the ,colleclive eff mt toi 'ifli!iffen the oun·e• during the pandemic, i.Ilnshat:ing 
8 aspects: of science-socli.e,ty interactions f'm public heaJfh m man; countries, may cany olie:r to climate 

9 mi.ligation, and o,pem. new oppo11tumfies (j_ l _2)1• COVID-19 appe31n toi have aece!erated ·tihe ,em.e:rgem=e 
10 of ren-.ewab,le po,~ter, electromohility and digitalisation c_N ewmn 2020); (:5.1.2,63, 10.2). In.sti:tuilional 

11 cmnge u G:l:ren. vsy slow hut major economic disloeatioo, can ere.ate significant opportunities :fon1.ew 
12 ways of financing and enabling "[e.apfi:-oggiug' im.-estment to happen (10.8). 1Gi.ven the 1UDamb:iguous 

13 mks ,of climate clum.ge, and oom;equem sh:anded 35:Set 1.ru.s from new fos!iil fuel :investments (Box 
14 6.11), the m-osi irobu.st r-ec<>Vel!ies <!!ff! likely to bei those which emerge o:n l~er c.u-bo:n. md resilient 
15 p~s. "Fhe Jlilaris Ag,.Jeem.e:nt proce55es could help, align recovery packages (Obe.:ga:ssel, Hennnri.He 
16 and Obmhiu:, 2020). Ghersi el al. (in ret.-iew) identify ilhe crihca.l global post-COVID-19 challenge i:!IS 

11 the- double-impact of heightened credit :ri.sk in developing countries, along with indebtedness m 
18 developed eounbies: they estimate that ;a "roiui)late:ral' sovereign guarantee m-w:mrefu undenrrite lo-w 
19 carbon investiments ,could lever.age l0-20 times ii.ts 'Vall/le :in :pri:,..i.te in,:estment,, md suggest itihaf after 

20 OOVID-l9,. could the£eby contribute to, sm:Et:ing d~efopment patlmrays ,com;istent witb. lhe Sl[)Gs and 
21 Pari.s goals. 

22 
23 The rnec.-essity fo:r economic reeovery packages ere.ates 31 oentral role, for g,0,1,remment-led in1.·estment., 

24 and may change the eco:nomic fuudmii=,ntals. :involved for some ye<!!n to com-e. As ,e.xplm1.ed in (Chapter 
25 15,. SectioDS 15.22 15.r!O., many b:adilional fo:nm of economic .analysis. (~re:ssed as genell:all 

26 equ:ihbriwn) llS1lille that a'!.-ailab!e economic 111!:S01JJ:C:e5 axe fu:lly employed, with limite,d scope for. 
11 be:neficiJJ e.co:nomic 'multiplier eiffecl.s' of goi.·emmenU.ed. in,restm-ent ... ~e:r COVID-19 boweve.1,. no, 
28 eounbJr:is; in ithis staie. velij" low:in-fEi:est rates amplify. oppodunities. f'm lBge--s:cal.e :invesitmenis which 

29 could bring enduring pubr c benefil5. Poi:emial economic multiplier benefits ,of clean im.restment ,could 
3 0 be .amplified. aill the more insom a.s they help, to build the mdrutries and mfi-asbndu:res fo:r fw-fner dean 

31 growth (iHepbwn et al. 2020)1. In p:raotioe howe:ve:r, 11!:e cwrem.t o:rieidati.o:n. Gf COVID'-19 .:rean,e:ry 

32 paclrages is 1rem:y wried, po_iming to :a Yet}' mix.ed pictme :about wit.ether o:r not co-imfiies are exploiting 

3,3 this opportunity (see Cross-Chapter Box l)i. Moreove:ir, whil.st i:n theca-y i.--e.1J• low inteFe9t utes should 
34 suppolt gJl:!en invesf:l!J!l.ent, the la:irge• public rdebt. - including bringing some developing oounmes close 

35 to defuuH - unde:rmi:ne both the po1ih.cal appetite and :&asii.bilil:y of'Jarge-scale clem :inl.reshnenb. Lo'llr 

3 6 ca1.bon finaince :remaim m shorl o,f ir,equirements: (Chapter 15). 

3,1 A.side :&,om ~conomic and. COVID-19-celated shooks:, .!nother big co:nte,xfual change ih;as been. m 
3 8 technologies IJ'ele:'!.-ai.t Ito graem.house gas ,e.mis.sions. Most shuring,, the reosl of sol!air JEIV has ±hllen by 31 
3,9 raclom: of5-l O m the decade since the IPCC Spsc.ial E.spfNt on R.sns»wble Energy (1011.a),. wlnch largely 

40 f'omied the b~ fo:r. the AR5 .BSes:sments, The, SRI .S :rep.o:rted majm cost reducho:ns,, the IBA (202 0), 
41 World E.11-MgJ! Outlodk r-epmted PV as. now 'the ,cli.eapest ie:lectricify 01, bist:ol!)i2 ,. md fodl?e 111:erl decades, 

42 eos:l:s are still p:rojected to, full (\if .a:rtiainen et at 2020). This AR.6 iiepod finds solar an:d wind energy ro, 
43 be incr:-easin,gly compehti.i.-e with fossil fuels. in many rconditions,. and, ~ey ihai:e· ie.~mded mad!. faster 

44 than anhcipated (Hoelstra ef al. 2-Cll?): globilly,,. sobr PV reapa:ci:J:y grew at a:o. a.r·e:rage 401/. )--:r-1 :&,om 
45 l 5G\V in 200:B tor 500GW m 201'.8, 1"he:n mnd riea.ched afmoGt 600GW (RHN2 l 2019); ·wind and som 
46 combined.in 2019 ~eerated 8% rofpo..,re:ir globailly, and 15% inEwrope (BP':2018). However, both.costs. 

41 and deplo;p'1Dent wry -urti.dely between di:fme:rent ,oounh:ies (ch.apt-er 62 92 12). Rapid technological 
48 dE1.i-e!:opmenis hav-e ooCIJJ.'I'ed :in :m:a.ny oflte:r !ow-carbon. technologies including baliferies. and eledrie 

49 'liehicles,, IT and :irelafed oomrol s.ystems~ md some secl:o:n where elechmca.tion ii:s no pos.sible sucl!i as 

Do l\ot 1Cite, Quo'te. or Dii.rtn'bwte 1-19 1:'obl pages: 99 



Second. OJ-,ds Draft rOhapf-er. l I!PCC AR.6 WGID 

1 green hydrogen and CO2-based fiu.e1s:_ AJo:ngside this flte s'.hale revo.lution lh:as opened up new fossil 

2 fuel ~ources, not yet miatclied by the progre5S in CCS O .5.3). 

3 

4 l.JA Ofhe1 Social and Po!llmcal 'Tl'ends 
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G/Lo:fu1t n·e11ti5 com'1·tilil'J' ro nuil_rilm,eTial coopesmi-o'IL The, ru;e of' sfate-aentsed politics md. 

geopoliti.cal/geo-eeon:om.i~ item;- om are 1em.sgmg acmss many ieoun:lne5 and ii.s:sues,,. n-o only on clmiiate 
cooperation (\\fE!F 2019). In some· ,cases, multi.btei;al coopeiranon cou.d be tnre.alened. by 'b:;end.s; sucl:i aiS 

ririm.g popuh'iD:J,,, nationailism, auth-ontarianism and growing protectionism (Ahrahamse.n cef ;:d_ 2-019). 
These n-end.s. ,could make d mo:re difficult ro tackle: global challenges indu.ding protechng d?e 

enwonment (Sc'mre:w:s 2016; Pamer ef al 2011; VLIBF 2019) . 

CiJiil :soe,i'eg• pres.sm's-S-fer ~tronge,· acrion. Rising global temperalm:es. and e:m:eme e~nts elevated 

c.li.mra.te change on the polnical agenda in mmy iregio:ns.. Youth m-oliements in 5eVE!ru co1.lll.b:ie!i sh.en\'· 
-youog people's ~s about c]imate charege,, e1.--idenced by the sch-ool stri.kei;; fol!' ihe climate: th.at 
started in Sweden, but became a global phenomenon. i:n 2018.-19 (lhgedo:m et ;al_ 201.9; Buetfnel!" 2020; 
\Jlalkelf 2020; 11:ucleiray et al 2020). Senio:r figme:5 acJ.10:ss mill-}' :religions, fo:r inrlmoe in the papal 
eneycliealLtmtl-ato Sj"_-On Cl11"sfo,: OW' Commo11 Bame (Francis. 2015) haTie also trais.ed sb"o:ngi.oiees 

a~bout om duhe!i fu protect furure generations and the natural world, md ·!A.ramed abom the i:neqoihes of 

c.limate change.. Also, the gr.owing awalienes.E: of local en~nmental problems such as air. pollu'lion in 
Asia, ;also suppo1t po_licie-5; that Jl',educe GIHG emiss;iom (K:alrlsson el al 2020), ae.d the i:hreat to, 
indigenous. people rights; and emstenee has rC!lieated climate activism (Erobart 201.1) _ A ire_surgence of 
grasi;; ro:o.t mo1;.remen:ts; and aclii.1;.~ ireflec1iing wider. irench :m Ike: use of mll:emet and social media in 
o:irg;rnising brge-:s.cale intellnal!i.onal prote.st:s (F!t!:li?s cef aL 1019). may play a marjo:r irole in building 
polmc.ai pres;sme fo:r acc-ele:rafuJg clim<ate change mitigation. 

Climate policies. coIJ[d also ~ncc1mra,-a,•,esi~ttmcs. Hower.re,:r:, t1!iere is. e1.idenoe that climiate policies will 

oot succeed. unless it is a pert of a lairge:r social polieJi• package consistenl: with a just kmsition 
(Urpelamen md. Van de fu:aarf 20 lS). l\Vhile, the, ~ell ow vest• movemeni in Fl!'ance had broa:del!' ;as:pe-d' 
of mcome :inequaliiy and otfi.eir sooial issues, :iJ: was hig§eI'E!d by !l!righer fuel corl a:s a ['erult of C0-1 bx 

hike (Lianes 20 19). South Africm unions :rej eci:ed g,01re1rnment plans to close coal-fired power plmts 
aed a11A.ra:r.d renewable 1eee:rgy contrach w.dhoul: a just tra:n.sinon in place. 1ia.e:re is a m:ismarfch bem.·een 

concerns oo. climate change aod. people~s willingness to pi'J fm higb.e.T ,costs; 11:ra-t may result from. 

mitig;mon po_licie.s.. l.-vbi'.le a survey .!ihov.s; that 11 % of Ameriea:ms believe dimarte: change is happening,, 

68% would be ,opposed if celecbicii.ty bill .additionally cost USDlO a. monfh foir ,oom'bat:ting climiate 

cha-o-ge. This !i.:s in sml collirast v.iith global caJrbon pnc:es compan'"b. , with - 30-480 ppm COae.q ([PCC 

20141>; EPIC et al. 2019). See also furtheir mscll5S!i.on on,cih.zen engagemem:inCbapter. 3_ 

'fa·tJ.11mtiltiontJ.I alliances-. Cii.ti.es, bus,messe!i_. a wide ran,ge of' olha non-state acioIS also have em.aged. 

with ii.mportmt inieluahonal netwmrks; to, fQJSter. mitigation. C:ity-ba.5ed ,~l~ include: 1the Gti.e_s 

Allia-n:ce in addressing ,cli.mate• cli.ange, CDbon Neu.bral 1Gttes .. ~lliance,. the Co1ien:a:nt of_ fa.yo1rs 
(chapter 8), md. sever.al cii.ti.es an.d countries have c-ommittea. to 100% !l!ie:D.~"'aible eneirgy in 11:b.eir en.e:rgy 

secto:rs Qacobson 2020) ; there .u-e num-eiroll5 other alliances m-d networks sueh. as those m :in.anoe 

(ehapts 15), teclmoJogy (cliapter 16),, amon,gst many otheirs. (c~pten 13,. 14). 

Tb:u.s, d.e1ielopmenis: s:inee AR..5 lhave underlined. the compl~ of the context :fo:r cli:miate mitigation. 
Economv tedmolo:!!V b-ade sbi,A:.,;-a, IT~l)olttics diTiS''''"'"• political debates m,r-er SiOTie:Jl>'itcrll"l+.r and -:J', 'i:r...-J !I .LllJU.A6 tt:-,------. , f;~ -a-L§ 

globa.risati.on:, im.equd:ii.es w.ifhm. md bi:meenconntries., flle coneems,ofrtihe 1r:iE:mg generation:, multile-"!iel 

and u:;msnabonal. adions and eiren r.-eligiio_n.:, atre all impo_rtm:t In se-dion 1.5 we ,outline dte iimpacf of' 

these fomes. on climate ,chm.~ mil!i.gahon_ 
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l 1.-J.5 Sefniuios au.d Illusb:ati,-e Pathways 

lite most ob"t'lious irmplicarri.o:m. !is ilhat the future holds deep micerta:il!lties2 ;and emissions ,.,.~ill be 
3 s:ubs:bm.tiaHy aiiffeeted both by the choices; we make, .a.m.d wider de"selo.pme.nts. This unde:rline.s the 

4 re:len.·.iince of using :scenarios: to e..'q)lo:re the: pos:si'bilitu:s. This section outline.s the oaitme aind conce:p:tual 

5 ro. of soenaiios:, and smwna1ises: the: 'illustratn-e pathRiays • de...-eloped for dm. SiKtlh. Assessmelllit. 

6 S.c:enaiios a-e .iJ powerful too! for exploring an uncerta:im. futw;-e 'ft"Orld aga.instr the background of 
7 alte11nati't'"e choices al!.d cfe,relopme:n.t. Sc,eomos .are ·p arusible, ·mtem.alfy consistent rep!!,esenb.tions: of 

S potential future der,;elo.p.ments rued to think ithroug.h potentia consequences: of altEll!lafare e:xte:mJil 
9 factors sucli. a1s, alternative technology aiv.aifability. alternative policies:, em.a.five r;esomce ai.·<!Jila'bility. 

10 alte11nafo,;·e sacio-ecoll?.omic dii,;;E!fi O!I" future soci;n, politic a] and mstitu.tional de1.Te.lopme:oti:. Scenarios 

l l can be cons:bu.de.d m.i:m.g both DJ.!r.rafue and qu.antitatii;e metho.ck 'W:m.en combined they p!rOY-u.de 

11 cODJ.ple:w.e:ntaiy .infoonaitio:m. .and i:m.sights. Quantitm'\·e .and nairab.,te models: are fi-equ.emly u.s:ed to 
13 !I"~· sce.naiios: to ,e"Kpl.we choice.s and chaUenge:s. The IPCC hais. a long history of .assessing 
14 scenarios:. The AR.6 sce:nario .assessments draw from .iJ huge body of liE!searoh (.N2kiceno1.Tic2 & Swart 

15 2000; .. ,.-m Vu.men 2011; 1;,;m, Vuw-en et aL ·1014). 

16 This: assessment dranrs upon a v.·ide :range of qu.alii!ati"t-e and quantitati,;e scenarios :mdnding 
17 qu,a.ntitati"t~ scenmos. de"t·eloped by moo.eh wifh heterogeneous: .styles including na.rrati.1,,·e.Sc, 
18 s:preadshee:ts, md comple.."i. computational models ·using opti.mis.ation. sina.ula.tion and recUJ"S!i.1;·e· 

19 tecw:?liques. They s:pae mghly 'il,uied system bom1da1ies: r~~g from nan-ow technofogi.es a:n:d sectors. 
20 o:r mw.1,,-idua.J places, to the long-term, glob models (Chapter 3, Amnex C pro...,ides: :further discussion 
2 and e~mples: of compurationa.. mode.ls). 

21 Th:e co!l'.tc,ept of an illustratif\.·e parthw-ay (IP) was introdu.ced in IPCC Specw &epoil't o~ 1. 5 (IPCC 20 l8a) 
23 to h:ighligh._t a s.n:i,aU m.umbe:r of quantitarti:1,e seenari.os 'ftcith :specific charaderistic:s. d.J:awn from a larger 
24 pool. IPs: CODJ.bine a storylme - descnoes m narrati:1.Te fo!l"m the key ch.aracteristics - with qumniati."t·e 

25 illlli"trations of patln,ia::fs. By dermim.g general cliarad:e:iistic:s of an IiP. i:ndi.1,,idual ch.:"Jpteirs can bundle 

26 s.eem.arios. fr-om d!.e existing literature into groups that are broidly co:m.si.s:te:m.t with IPs. Building upon 
2- this; appr:oa.ch, IP:., hal.·e been developed for IPCC ·working Group m, AR6 (Box 1.1). 

28 

3 0 The Illu.s:tr.ati\.e Path,val}'s pr:ol-ide ai set of scenarios which an to sho'!.v, in qua.ntitartt\.e and nan-arrive 

3 f~ pote:mial evolutions of mun.an systems thait ill1.c.-trate themes: ~ flow tbJ:ougb. &e entire \VGill 
3 _ as:se5SmEl!l.t They proicide illuztm . .:!lt'WID!S of potential future deve~opmenlb; tbt c:m be shaped by human 

3 3 choice including l"e.btiom.ship between the le"""el of ;mibition. climate policy and tempe:rat!..lle outcomes. 
34 Th:ey combine a s:tor;iine v.ith quamitafu.-e pajthways. The sto:ryline de.scribes: in na.n:aJti'il-e• fonn th-e key 

35 chairaclte:ri.s:tics that defi.m.e::; an IP. The quantibti1,·e·1,·e:1ision.s., s:e?ected from tm.esceeJ!rio dabb.a::;e. p:ro"tide 
3 6 mune:rica! 1,,ralu.es that are im.te:m.ally co:m.sis:-r-em.t .and cm be ai.ss:ociated dii.rectly v.ith specific human 

37 acti'il-itie.s (e.g. passeeger h:an.sporl, comme:rcial buildim.g lie, power generation, o:r !l"e!:timng). 

3 8 A toral of ele"""en IP:s bas heeo created to illustr.aite possible ,de"t-elopments.. All 'b-nt one ,of these: &aws 

3 9 upon the wids soc:mo-E:conomic 'b2dground of Sbarad Socioeco:m.omic !Pathway SS'P2. "'Middle of the 
40 &oa.d"'. The ele'il-en IPs are arrayed in the Figure h· ow and briefly ,oufum.e.d m the accomp-anymg T ah!e. 

41 Il's: .a:re described.in detail im. (chapter 3). 

4_ A cunent-:policie5 (circ..a. 20]8) IP, Cu.rPol, illus.tr2/tes; llhe cons:equ.ence of !.imitil!!g climate mitigation 

43 policies: to those in pbce m dle ba1se yearr (o!r policies which regress to the p;;,rtb so projected before 
44 COVID-19). It ~e.iJds to .!VE:rage temperatw;e change of 3 .5-4.::C (.i!b~-e p;re-·indu.s:tri.d) itempel"artme:s in 
45 2100. and s:tiD rumg. The Moo.est Acrio:m., MooAct, scenario illlli·trat'es the con.sequence of limired 
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1 a ction with dyna:mic-.s thaJt lead b)\f 203® to aggregate deJlir.•By of the fimt-reund ND Cs~ 1extended in V.'a1r-s 
2 th m: imply around 2 .3°C in 2100. 

3 Th eremainiiag nine Ies explo:re a range of-wa.Js that the Paris t~eFaiture goal could be realised.. Four 
4 SC enarios illustrate altemati\•e pathways to 2CC_ Four olJher scenarios illmtrate altematii•e paths to 1 _ye_ 
j T \V01 :srenmos, 15-Rie,n md <2-Ren, emphasise use of rene\vable energy_ Two scenarios, t5-SUP md 
6 < 2-SUP, emphasise a broader range of :supp])~ teclmob)gies iindurling 00.! capture and storage (CCS) 
1 an d other removal tecbnologies, fu achie-,.·e eithe.,r 1. 50,c or 2CC limits,, typically after 'cnrersb.oot'. Two, 
8 SC emm.os~ ] __ j-NBZ and '-NBZ 

' 
illustrate :pathwaJ'S \l!iilhout net negl{1.m,e global emissions~ that 

9 a chi.eve 1.5°C and 21?-C \'\11.tb.01.tt ®'l."eF.s.!b.oot, ithongb. theJ• m.dude ~ome negative emissions teclmologies_ 
10 On 
u JilJ 

e scenario, <2-GS,. illustrates a pathway that (lil:,e Mod.~) by 20301 delivers change equal to the 
·liat NOCs., but v.iith rapid tightening thereafter to 11eacb. 2 °'C. Two other IPs de1li.t•er ambition of 1.5crc: 

12 l . .S-ID1, m'!.•olves mucb. lmver demand based on a focus on efficiency and lifestyle change, 15-SP th.at 
13 111 ses SSP 1, "Smfainabilify'-'. as a point of depmmre and illmr,trates that both climate md other SDGs c-.a:n 
14 b e :simultme~r achieved. 
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Scenario fcaturc:s 

Bm. 1.1 F'mgul'.e I 01as.:-rifi£-:iti:an of ID1Mtr:1t:if\-e P::1tthwa3i~ 

Box :LI Table I GeneF3'.ll ie:h::.-nc.ter.fatiir-; ofIDu.s.-tr.iim.~P:ith-wayo; 

Ke,y ,chanrtffistin 

CoriftmJJ3MD .:if amm [PO]itie;; 3JJ.d ~ @iased :m3inly OD e:mtissiOD :md! pol'icy co:n.d.Jtioni c. 2011no18) 

Modest / milxed Acti.oD,. sr.hje:'!.~ by 20.30 ,e,mi;,;.sjo:na. equi,.--al'em: tto m:ipte:m.e,m:mon of 'first romid' NDCs: 
implies fillgin1e,'lltsted policy~ post:-2030 :lcti.on conmm:ing a tte;nd of modest actioD mml. 203 0. 

R.eD E1:1hmc:ed deii.•e:lopmeat :and npjd diffmsfo:o of ren<i!'li!t•ables male a do:mimnt oontri.ba.bo:o to 
dee :!Ibo:aimia:n; 

S11p ~~on llilh relmvefy greater :remmce on ofus rupply--side ,decaJ:oo::J.isatio:o,. im.d.ude.s: mo 
snosmnal :remmc.e an net ~gati.ve emissitmi after ',m-e~' 

NBZ Still some OC.l:Urn:rbon di:J.lmd.e remoo.;B], but a.nly to exte:at af offiettimg ]j]OSitive e:mis!OOD.i - net 

entis!i?Olli Never Below .Zero) 

iVaritznu - r;{l1utiitg aptiom mJ1u autt.Jl}• lmlu4 to~~ ~h '1j'11fl/J'iti:Dn 

<2 Only :ll Gnd!llal S~ of smon iD the s:hort-tenn, \\'hi.ch prectude5 1.:50-C but attains < 1°C 
GS wifu srcel'emted. 1arter :action 
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1.5 Reduced demmJd leads to emy emissiOD 1MUcti:ou; aJld ap:mds the potemiall to acme'l.e, oo.;e to 
1D l.5C 

1.5 Eu,pbaru ,o:n :!.'Cbfe\!ing l .5°C a:nd ~ SI:IGs smmltmeous.ly is demo:nsmted. 1lle p:dn:!ray 3SimnE5 

SP :m SSPI refera!l.ce 5iteD.Mio. 

2 \ll'hart the IPs dou'rt ,do, and 11ela:lionc1ihlp rtio '\li 011mg: Gt"Oup I S«o.a tios. The IPs file, as, their name 
3 implies are a set ef scenaries meant to, ill'ns:trate some iimpt.ntant themes, that run through the entire 
4 WGID assessment They are not intended to be comp:rehensive. They aie not intended to :ilhistmte all 
j possible 1ib.emes in this lieport Tilley do not,. for ~re attempt to ilTrustrate fue range of alternative 
6i socioecon.omic pathways tliait could 'be the background against 1i.,ibicb. effm:ts te implement Paris goals 
1 aie set. They do, ill!)f' attempt to reflect variation in potential Fegiorutl steries and trari.ation. They are 
8 framed in temis of Paris goals rather than the goal ef adhiemng net 21el!'o e.missions-fue c.omplementa[y 
91 framing med in the Energy rchap1er. Fmilly, ilieJr enly O•"t'e.dap v-iith fue S1Cena:ri.os emplO)-ed by IPOC 

10! WG]. irn ene iinsfimoe-SSPi-4.5. 

11 Scenarios beyondl the IP 1CC. Soenmo, development in support of a broad spectnlDl of msa.es and iin 
12 support of a -wide Iange of decision n:id:ers as was demonstrated at the 2019 sicenarios wod::shop 
13 (O'Neill etal.1019). Trans:fu:mmtion-erieDJted icenmos, have been de1,;relo:ped to rexplcmepatlm.·a:Jrs 1ihat 
141 oouJd achieve the SDGs by mid-oenrtury (Sachs et al 1019). Other re-SellliCihe:rs have begn:n fu, explore 
1 j the trade-0ffs an:dl synergi:es acl!'oss gods, :iin soenari0s, for example (von Stech.our ret al. 2016; 
1 iii Klaus brncknel!' iet al. 2()116,~ Obersteine:r ,et al. 20116;, Iyel!' ret al. 201].8)1• Global scenarios can sen,.e as fue 
11 boum:lmy conditions for maJyses and coupled models to e."tplere specific seofm:s OJ!' geographic areas 
18 (Bak!ken et al. 20141; Schaeffe:r ret al .. 1020). At the same time nav .scenario mas such as the financia] 
191 sector have ,emecged as scenario consumel!'s (NGFS 2020; Allen et al 2020; Hale et a1L 2(H91

). 

201 

21 I c3 .!Iii Feasibility and 1 elated dimensions of as s,e~~ment 

22 The SR!. :5 mtroduced six dimensions (listed in Figure 1.4) for asse~ing the feasibilitJ of adaptation 
23 and [ll]l]gation technological c.entributions md p3!thway-s, motiv.rted bl!'oadlir bJr the question of whether 
241 1.5cc pathiw-aw,s are foasib1e. AR6 emphasises that all pathways :iin'!i:rolve different cballenges and requ:me 
25 chmres to be made. Continuing "hsiness, as til.l'al' is still a cboice, 1.1-ihich in addition to the obvious 
26' geophysical risks, invoh•es not making best me of new technofogi.es" riiks of futl!.lre stranded assets, md 
27 greaie:F local polnticm. 

28 B'uilmng on fumieworlrn introdllced by :ti.iaj one (1915) md Gilabert and Lav.rford-Smth (2012)1
, 

291 assessment m"t'oNes c.onside.ratien of botii desnabilify and feasibility. Desirabi.lity acrounfs for the 
301 extent to n•bich transfonnafions, reqmed by mifigalion pathwaJrs are .in liine 1..vith basic societal 
31 ebjeotii1.•es, md norms,,, as represemed b)l' ether sustainable d1e"t'e1epmeot ob:j,ectives {chapter 3) explores 
32 the implications ofillusrnrtive pathv.1R)"S en other SDGs. Feasibility ru:::cowts fm the pfansibiliry• of the 
33 tmnsfcmnation riequired given a pfilficulfil tempo:ral and geographi.ral oentext The transformation, 
3 4 measured ·tlbrougb indicators of pace and maguitnde of required change of each pafuwav along the :siK 
3j dimeDSionc1 mtl!'odlllcedl abm.-e~ can be 1emluated a.gamst critical ranges that ind:icate plau!Dmlity in a 
361 given peri0d andl time. 

31 The six. dimensions as lis1ed provide a basis for this assessment botii in the sectora] chapters (6-11) and 
38 in 1lhe re-valuation ef global pafuwa1rs (Ohapte:r 3). The morre specific indicatOJ!'s 11mder ea.ch of these six. 
391 dimensions offer consistency m. use§ing fue clwlenges, choire~ ,enab.ling requirements fac:iing 
401 different aspects of mitigating d:i.m.aite change, and a c.olllDlon framework for cross--secto:ral assessment 
41 in chaplel!' n_ .. AJt6 seofontl chapters (6-10 assess feasibility, enablers, md barriers to implementation 
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]. by attributing sc.ores to sitcb indicator:s, includirng negati'l.'e OF po.sitire impacts,, mi~e.d 1e-i.1J.dence, limited 
2 or no, ei.idence of iimpcaot (Box TS-iii). 
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3 

4 F jgur,e, 1.4-r F~,tbility :rod re.lated dimensions: of a9Se:s-.."Imeo~ 

5 

Policv and 
International 
AMffi.menl 

,,chapffln n. 14) 

S.Xkx!.Jlt.r.tl Co-bend"rt, 
~nd other ~10.~ cHr:cu 

lramformati~ p~ent111I 

61 The SR15 (seen.on 4.4) a.l:soi introdu.red a frame-r.,,ro:rk of 'EnabliiJ,g C011diti.a.nsfor systemic clumg2', as, 
1 also 1listed m Figure 1.4, illmtrating sigmfi.Cl.1111 a.ligmnent i,iilh fue dimensions of feasibility. In AR61 

8 these en.abfuig conditions. are applied parti.cnlarl:y m the context of :sbiflmg developments pathways 
9 (chapter 4), md ur.ed m mboducing om rel.-ie\¥ ofDri-i.rer:s, and Constraiuls (15). The Hgwre 1.4 also, 

101 illustrates,, iin. a simi.laI manner, Irey criteria used in oha:pters 13 and 14 for evaluating domestic md 
11 interuatioual policies, 

12 Note that the.se dirmensicms are only a -i.vay of organising analysis andl disoossion. Some fun-d!amental 
13 criteria may Sipa.111 across. se"l.'"e.Jal dimensions. Most obvicms]Jr, ·isS1iles of ethics and eq;mty are intrinsic to 
14 ·the economic, :s.oo:io..1cul'.rtural (\.ralu.es, mduding :mle1gen.eratiomtl jnstioe) and :institutional (e.g_~ 
15 prooeduraJl justice) dimensions. Geop oJlitical issaes, also demlly mvoke :seventl dimensions, e.g_~ 
161 c.oncern:ing fue politics of :iintemaitiona] il:rade, fi:nanoe and resouroe distribnticn (economic dim.ens.ion); 
11 int.em11tioual 1-rs nationafuitic id1entiily (socio-ccltnral); and n:rulfil;deral governa.nc.e (iin.stihilional). A 
18 more overtly aclion-foousedl :stm.otme is used iin. c.onsid1ering the role of demand! md sert'l.ces, in chapter 
19 5~ ·v.·hich organises key actions ill a biem::cby of"Avoid-Shiff·-Improve. 

201 

2] ] .4 Sust.a in.able De1,elopme1d and Climate Chao ge l\·Iitigation 

22 Climate change and sustainable development are interwo-,.·en along multiple an-d! comp}e..""{ lines of 
23 relationship (fmkbauMrr 2016; Gome-2-Eoheverri 2018; OkeFeke an-d! Ma:ssa.quoi 2017; Okerel::1e 1et al 
24 2009). The close oonneotion between :sustainab]e de1.•e1cpm-ent md. climate change is highlighted iin. 
25 se"l.'"eral pre-i.'l.ous, ]PCC reports (IPCC 2001a, 201fa, 2®15, 2@1B'a, 20119a). Ufith its :signm.cantnegahve 
26 1 impact on food. se,cmity and infmstme~ foss of lives and ten:itories,, species extinotio~ heairth,, among 
21 se"!leral o1!her risks., cllim.aite change pose-.s a serious 1breat to, de1:relopment mdl wellbeing (IPOC 2007a, 
28 20iUa, 2015~ 2018'a, 20193). Climate change ~s a multiple &tress.or that aggnu.;rafe-.s the effects of 
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:popu1aition gro,1.,,!1th, nrnanisaitio~ poo1 land management, ova:oomumplion andl weal mstitutions among 
ofuecs. \V.iJhout serious effuFfs at mitigation and adaptation., climate change is, likely to push milflio:ns 
ftuther irn.to po1.:reitJr and limit the opportunities for smtainab.le development. It follow,s that ambitio1!1S 
dimirte mitigation :is nere§aFy to secure a safe climate 1i.vitb.in which dEn.·elopment and wellbeing cm 
oe pursued md sustained. At the Sfillle il:iime_. some scho]ars emp!hasise that rapid md ]argescale 
eoonomic development, the sort of which, d least lb.istooically, ha Ye re~ed irn climate change,, seem to 
oe needed to imprcnre global wellbeing and lift millions m fow- and m.id.dle~income 1ceuntries out of 
:po1i.-re:rfy (Baarsch 1et al.102@; Lu et al 2~H9; Mugmnbiwa and T.iriva:ngui 2011; Oben e1 al 2011; See 
Figure 1.6). Yet, 0th.en:, stress t!hat climate roange .is caused by industrial development and more 
s:pecificallly, the c!rumacter of soc!i..d and ec--0nomic development produced oy the ncaru.re of c.aptalist 
sociely (Belling and Mamiel-Nm:arrete 2011; Koch 2012; :Malm 2@16)., which thejr 'therefore "'iew as 
lllltimately unm.stamable. 

.A.n olnious implication of 1lhe very close interaction between climaite cliange and develQPment as 
outlined above is thm: d..imate mitigation at loca1l, nationm and giotial tteirelJ cannot be 1effeotitrelly 
ac.hi.eved by arumo1i.v foous on "ommte~specmc' sectors, actors andpollicies~ but:raiherthrougJJ. a much 
brnadeir attention to the mirK of development choioes md the resulting development paths and 
trajectories (0~ . eill et al. 2014)1• 

As a key staple of IPCC reports and globa] cti.m,ate :policy .lmdscape (Giddm et al 2019; Qu:ik.a:ille et 
at 2®19.; '!i.'fill Vuuren et al. 2017; IPOC 2014Jb, 2007b) (see a1so chapter 2),~ .integrated assessment 
mod1els and global scenarios (such as ·l!he "'Shared Soc!i.o-Eronemie Pathways"' - SSPs) lrigliliglrt the 
interaction bemreen de1.-re.lo,pmem:palhs, climate charnge and emission stabilisation (see,seofum 1.5.1 for 
in depth discussion on scenarios). The dose link ben,reen and msta:inable de,;elopmenf is, also 
recognised] in polic1r c:i.rde-S. A pad: offue staited obj ec;tive of the UNFCCC is to 'achieve the staoilisation 
of green!house g-as conoenfnttions in the a1mo:sphae at a J.ev-el that wolllld. prevent dangerous 
anthropogenic interference wiiil:h tire dim.me system and enahle economic delielo;pmmt to :prn~ m a 
slllStainable mffl1De1' UNFCCC 1992, ... A.rt· 2). Similarly_ rutide l offue Pw, Agreement states ffmtfhe 
aim .is to ':sb"1engthen the global re,s_ponse to ·llhe threat of cfunaite c.bmge, m the c"11nte,xt of .su.sta.iMl:ile 
development and efforts to era.dfoate poverty' (UNFCOC 20].5). 

Equity., inequality., jm.tio~ md :poireily eradicdion, fil1e important in amoepmal.is.ing the relmionsh:ip 
oetw,een :sustainaole development andl cl:iimate change because of the \lride ii.rariation iin the oontn"bution 
't~ md impact of climate dhmge 1i.,rithin md acro_s.s comdries (Re.ckien et al. 2017; Diffenbm.il.gh and 
Bmke 2(M9; Okerel:Je :and Co\!~ 1016; Baauc.h et al. 20CW; Bos mtd Gupta 2()119; Klinsky 1et al. 
20111). Specifical.ryr, the m:rpaot of cll:im.aite c.bange in lim.iiting d'eveTepment and wellbeing is most acutely 
felrl: iby fue \i'DFld's poorest people,, 1oommwlities~ and nations., who ibave the smallest CiJIIbon feo1print> 
oorntnrined ca.pac!i.ty to, irespond md limited. \reioe in :important deci.sion-m..akmg· c:m:Jes, (Okerelre and 
Ehresman 2014; ToSlllll and:M:bih 201:5; Mlllgmnbiv,Nl and Tiriirangasi 20117). 

A common expresmn v.-i.dely used iin academic md policy· c:i.Fcles is that climate aotion needs ·to be 
pursed in·l!he context ofsustainabfe d'e1relopment, ~r andpol.'"eFfy eradication (]POC 201&b., 20140; 
Bruton 2001; Smirt and P.ilif"Osm.~. 2003; Klins:k)-.-and Vi.rinkle1 2014; Tscbakert and Oh~on 2005). 
HoweveF., developing a betteJi 1mdemmdmg of the re]aitionsbip oetween c:11.imate nritigation., susfainable 
development and equity at both ooncepmal md pmclicid Ieire]g remains an impmtaut bat ciontenfioru, 
aspect of climate mitigation policies. 
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1 1.4.1 Ioteg1·ati.ng Climate ~Iiriganoo aind the De,·elopment Imp1erati 1re: ReJe,.·aint 
1 Concepts aod tl1eii' limita ti.on-s 

3 At one leve], the concept of sustainable development cm in fact 'be seen as m attempt to resolve the 
4 clirn.'3/telenvironmem:-developmem ensicm \r\iil!h the bruic aspiration and assumption 'being that 
5 ececmomic gro\1'1th and climate change as weil as o'l:her environmental ~xtemal~ties can be decoupled 
6 (.AnraJJ md Van Den Bergh 2016; Casadio. Tmabusi and Guarini 20B). Fmtdamentally~ Sl!l.sta:iina.ble 
7 development reoognises the interlinkages and interdepen.denoe: cr,f lhumm md n'l!lhl:ratl systems and 
8 implies the balancing of economic, social, and environmental (incJmlmg climate) aspects in 
9 der.,elopment p]ann:irng and :prooesses. Ho\ver.,er, de-spite fue appeal of fue conoept_ tensiom remrun over 

l O the interpretation and practical application, wiilb. a.oute disagreements regardliing '\\"hat th.e balancing 
11 entails in real life, which goals to set, and the me.ans thrm.tg1~ \which such goals miight 'be pursued 
11 (Nlichelsen et al 2016; Oterek,e C. and Mass.a:quoi and S. 2017; Shaing et al. 2019). for ,ex.ample, the 
13 literature on de.gro\1rtb., poot gr~ and post development (Jllleiticm the su:stmnaibility and. mipenmve 
14 of more growth e,;;_pecially in ailready industrialised cOllllltries mdl m-gue thm prosperi1y and the Good 
15 Llfe ue not iimmutablly tied to ec-0nomi.c gro11-1h (E.sc-abar 201 S; Asam ,et al. 20 l 5~ Kall.is 2017; Latouche 
16 2018) Howe\rer., otha- :scholar:s continue to emph.i_sise fue importance of economic g:roi.-i.1h in tackling 
17 clim'llfte change, pointing to the re1ations!hip between de·1,·elopment and climate Fesilience as well as the 
18 role of .industry-ipo\vered technologies :su.ch as ele.clric vehicles"' md. even neg,ati\i-e emis:sion 
19 technologies in reducing GHG le\"els md promoting welTueirng (Heinrichs et a]_ 2014; Kas~,elm 2017). 

20 11:oreover, countries differ enormously in their respecti,,,re :sib.:i.ation regarding theirr development path -
21 a. condition which affects their c-,arpabili.ty, goals, priorities and approach to ihe pursuit of smstainabili1:y 
22 (Shi ,et a]_ 2016; R.amos-JAejia et a]_ 2018; Okerelre et al. 2019). :tiifost climate and sw;ta:mable 
23 development literature recognise that despiite it.5 liimitatiom sustainilble de\relopment 11aith irt.s emphasis 
24 on integrating :socia], eeonomic and environmentaJ goals. provides a comprehensive framework for the 
25 pw:sw.t of 1wman progress and \lrellbeing. This .is more so the cas,e ·when sustama:ble development .is 
26 recogni:;;ed not as a sta:lic objective but as a dynamic frame-11-od: for me.asur.ing mm10n progress 
27 (Costanza e al. 2016; F otis and Polemis 2018). Sustaaiuable development is therefore rele:i."allt for all 
28 cotmtries evenif dllifferad: groops of nations ~'Ferienoethe challenge of sustainability in different ways. 

29 ~mch like Sustainsable Development, concepts like low-carnon de\•e]opm-em (N1nlugetta and Urban 
30 20 l O; Yuan e al. 2011; \\ mg et atl. 2017; Tian et al. 2019), dimaite-compati.ble de\re]opme:nt (CCD) 
31 (Nlitchell and Maxwell 2010; Tompkins et al 2013~ Stringer et a]_ 1014) and more rece:ntly climate-
32 resilient deve]opmenit (CRD) (FmkibauSB aind ~cDermott 2015; Henly-Shepard et al 2018) harve al!l 
33 emerged as ideas irntended to bring-together the goals of climate mitigation, dwelopment and poverty 
3 4l redhction (see figure l ..S). 

35 

36 
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FAQS. 2: Climate-resilient de~ellor.,ment pathways, 
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2 Figu:r,e LS Lln.b beh\-eeo dimate mitigati-0n, rns,tamaMe de:r-elopme-nt, :11nd eqw.ty 

3 Source: (IPCC 2018a) 

4 As indicated in f :iigure 1.5 above, development pafu\vays tihat nm-owly focus on climate mitigation or 
5 ~onomic growil:h \\ill not lead to 1he attainment of the SDGs and clirwtte stahllisation objectives .. 
6 Rather. the best chanoes of acihiei."lllg both fue SDGs and long-term climate goals lie in fue de,;relopment 
7 paths that ma:ximi1;es the synergy between cl.:iimate mitigaition and broader s,mtainaible development. 

8 In indnstria.lised ooumries ·terms such as ecological! modernisation, eco-modemism, the Green N e\'.\i' Deail 
9 are often used to convey ideals of develo_pment pathways ·that rake sustainability and rem,iroillille:ntal 

10 limits seri01r.1slry (see ,e.g. Dale el al (2015). The green economy has gained popularity in both de\.·eloped 
1 ] a.nd d.eve1opmg countries as an approach fur harnessing economic grov.1h to adrlres.B ,environmental 
12 isSl!les (Bina 2013; Georgeson et al 20] 7). Under a green economy, cou.nlries would eolumoe economic 
13 gro11-1h while ensuring tlud :iit does not undellllllle ecological! systenn. Critics ho'l.\·ever argue tihat green 
14 oconomy ultimately empihasises economic gro\lrth to the delri.meut of other important aspects of itmmm 
15 welfare such as social ju-stice (Adelman 2015; Death 2014; Kamuti 2015). It is also argued ·lib.at the 
16 ceniral idea. of the green economy il:ha.t it is possible to decouple economic activity and growth 
17 (measured as GDP inCl'iement) ftommcreasingme ofb:iio-physical resources (mw llh'lterials, energy) and 
18 GHG emissions is fluved (Jackson mld Victor 2019; Parril]lLle et ail. 20]9~ Hickel and Kills 2020). 
19 Fmthennore, some h111\'e obsen,ed iliait while term:s like the gFeen economy m.d climate Fesilient 
20 development offer coureph1:al tools for imaginirng a synergistic Felatiomhip between de-,.·elopment and 
11 climarte m:iitig,ation, they genera.lily offer limii1:ed practical gmde1ines for reconciling the tensions thait are 
22 often pre-cSent in policy making (Dalee al 2015; Ferguson et al. 2015; Kasztelm, 20]1 Korae, 201&). 

23 Increasingly, the ceDliral thought &'it underpins most literature on how to o-pernitionalise tlhe linl:: 
14 between sustainable developmeni: and cli.mate mitigation is fue concey1 of synergies and trade-offs 
25 (Dagp.achew ,et al 201&; Nerini ,et al. 201&; Th.omton md Combeni 2017; \Viisteman.n et al. 2017~ 
16 Klambmcl::ner et al. 2016; ~ et al. 201Ra). Clirmate mitigation can have co-benefits to other 
17 development as.pntions. For example, ena-gy efficienc;r and Fenewable energy programs cm ha.ve 
28 positive effect iin clean aiir and iheeiJJlth, job creaiticm, conmmnity cohesion and addressmg inequities. At 
29 the same time, nm-ow clim'3/le fuoused policies can W1damioe :sustainable development aspirations such 
3,0 as 1,,vhen large l:md-ba,sed :mitigm:ion. :such as re/afforestation tail::ecs the land and crops il:h,art can be med 
3, 1 for food production or when regressi1'.'e c.arbon tax :policies e:xa:cernrutes. poverty mld inequality. For its 
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1 O'!.\i"ll_pm't., deve1o_pmad: pathways thll!t are sustain'll!ble c..m coom:iti:mte to cl:iimate mitiga'hon with examples 
2 inclndmg sustaina:ble urban planning,. conservation, agriculture. sustain111ble consumption, etc. In order 
3 to highlight the various ways that :SJnergies C3iD. occur. lit has been :suggested. to label '"climide po]icy 
4 c.o-bene:fm{,, i.,e. nritigaticm. benefih in addition to avoided climate change, as Type], and ""climate co-
5 beneits", ie. clim'lrie mitigaitionres:ulting from a measure in an.oilier policy meld,, as. Type 2, andl benefit 
6 S)'Dergies of policies mrth multiple obJeclives as Type 3 (Kar]sson et al 2020). The ke}r insight is lbat 
7 pursuing climate srabilisation in the context of sustainable de1.·elopment requires decisions and choices 
8 th-art exploit and lll3!ximi:se the S)'IleTgy and miu:irmisies the ·trade-off between climate miligation and 
9 sm;taina.ble development. 

l O Other conoepts &1it aid the amal__,~tion of cliima:te mitigation and sustainable dei.·e1opment goals are 
11 inte-.gration and mmmtreammg (Stringer et al. 2014). It coodd be tlbat llh1lilltreruning mth its. fucm on 
12 incorporating climate chmge .into development actn'iities, :such as tlhe building of iirunstmchrre and. 
13 energy acce.s-3 e~'Pa.nsion might have stronger resonmre in developing colliltrie..s (Ulamsler and Pauleit 
14- 20] 6; Runhrurr e al. 2018). Developed cotmtries :fur fueir O\.l'Il part tend to emph~sise the conc.ept of 
15 just transition which s.lrels.es fu-e need. to erutrre ht societa] il!ramfor.mation to low carbon pathways 
16 adequate-ly integra1re ju~tice concerns of \lforkers and unions., andl do not resntt in the imposition of 
17 hardMip on already m3!fginalised populations wiithm. countries (Evans and Phelan 2016; Heffron and 
18 JAcCanley 2018; GoddMd mdfaue][ly 20]8; Smith, Jackie and Patter.son 20]8~ :ti.1kCmidey and Heffron 
19 20]8). 

20 1.4.1 Cl!i:mat,e J~liirigatioo., Eqmt,- and the Sustaioab]e De,-elopment Goals (SDGs 1 

2] Cliimate a.cti.on is one of tlhe fuci of the ] 7 Smtainable Develop Goals agree-0! by the world le..ader:s m 
22 20] 5 as a. global :lilramework for action to ,end hunger, protect fue planet and e.:nsm,e prosperity for all 
23 humfill.S arnund thewodd (Urg:e-Vorsm e1 al 2018). A.t the same ·time, several of the other goals ~uch 
24 as ending :poverty (Goal 1)~ zero lhunge:r (Goal 2), goClld health and we][being (1Go:d 3), affordable and 
25 clean energy (Gool 7) among many others m-e related to climate cfamge. Climate a.ction cJm there-Jore 
26 be conceprua]ised as both a stand-alone and cross,..c;mting issue m ·the 203 0 Development Agenda 
27 0,•1akomere and :ti,,fbeva 20]8). 

28 A major utility of the SDGs, apart from. gal11;mri:smg global collecfrve a.ction, is that they 1n·o\ride 
29 c-0ncrete il:bem-es as wen as short to medium term metrics and targets for meaism:ing hum.an progress to 
30 sustainability (Kanie and Biermann 20]7). The SDG-s also help to shmpen fu-e links and pro\ride a 
31 concrete basis for exploring the synergies and mde--0ffs. beh.veen sm;tamable development and clnlli1te 
32 mitigation as well as between different smtainaible devefapm.ent goals C\(akomere m:td JAbeva 2018; 
33 JAaimli et ail. 201Sb; Nerini et al. 20]8; ftaja] ,et al. 2017a). 

3 4 There has ~ a strong relationship between devefopmmt and GHG emissions., as historically ·both per 
35 caipiita. and absolute emisslio:ns have risen \lliith:irndttstrialisa-tion. Among correlation also exists ben,,reen 
36 Hmnan De\relopment Jnde."'it md ·llb.e per caplita GHG emissions of regions and countries. Figure ]_6 
3 7 below illmtra.tes several important ctiim.ensions of the relaticm.slrip beh1-·een development and GHG 
38 emisslions. 1t sh0tvs that v.ihil.e historical]y per C".arpita GHG is strongly correlated to GDP, there is 
39 neverthele..ss a ve;ry wide range of nation'llll. per capita GHG emis_sions and .income levels e·ven for 
40 c-01mtries M1lh :similar levels of de1.·efopment or industrialisation. Some coUDJtries have very lo\lf per 
41 ccap~ta. GHG emissions and income even by !historical standards, mean\vhile others have very high :per 
42 caipiita. emissions and .income. \\ ith. the indmtriaJJ revohition and .indmtrialisation in reoent times, has 
43 c-0me .increased mcome foo-:some cowitries audl people. \Vith regards to mc-0me levels, 1rlP tmtil GDP per 
44- c~iita. income levels m the range USDl0,000-10,000 there is clear relationship heh-i;een GDP increase 
45 and almost every more direct :indicator ofwelfure. Ho-wever, at higher incomes the relationship berom.e-:s 
46 progres:-sive_ly less clear. 



S eoond lbder l.Jcatf 

n \Vb.en - 'ODJes, · LD 1:. other dei;eloping ecenomi.i em-erging .indmtrila] eoonemies and 
2 indum:iaJlised economie . GDP pe1 capita .is an iirmpoimm.t m~tri bat no e onl}y me ·c d1£-JJi0ingthe 
3 c:3!legories.. le1rels of agri wbJme andman1ua turing· are also defining CIDI[aictaistir.s:1 and - the c~ of 
4l LDCs so me 1 "els ef eoonomi 1.l"Dlia.mbility (inc]nding fue share ofpepullaition m lo\,r elei;ratedl ooastall 
j zen-es) d humm.i assets.. SI these development andl indmmia · ation re eg ries c~ .impm:tant 
ti chu:aciem'.tics of ollntries their economies d posfil"'hle pmtbrw31s towards sirmtainabi.tiit}r. 

1 ] is gain5t this 1Jaclgrnund Ow Dub ash (20 l ~ emplrni e i.mpmtance of ~a mg fue need for 
mgent acti,on on climaJte cl:Jaug~ .in the rontext of the Pari A.greement i:amev. oik v.11th ~ts emphasis on 

9 sm1ai:nahle deve opnrent .in tire ontext imf approache tha.t reinforce dcm:,e..stic political prioriti d 
l ® c · wide.rations as r as e in,stiiru.ti.rorn ·within ·~-,bj_ch national imnev."'orks aJe c.r_rs ·sea.. 

l n Concerns 01rer. eqmty· in fue rontext o grtirt1'ing glo me.qlllality md ~"eIJl tigh 1emain:ing global cub©n 
12 budgets (Peters et i. 2015; Kartba e al 2018b; mtthel.li et al. 2 ®19; wn den Be,m: et alL 2019a baYe 

11 led o the sua:e.sfinn that ·fire emphtiis s.ho be ~n ecp.ll!l:1 e aooess ustunabTe d1eveTopment This 
14 -~h1:reempbasi~ erequi r dimension md recognisedl fueneedl mr ... de1;reToped oollllrb:ies to have 
l:S 1ufficientr1 omford1e"1.1~elopment1.1hile a~&ess]ng limate drumge (Pm et a1L lO 4; 1\ inkl\e1 ef al 013). 

1, 
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Figure 1.6 Sustainable Development is relevant for all countries even if challenges differ 
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] Nom"iithstanding, ffle SDGs deady highlight ffle idlea that arta1ning sustainable dei.refopmem is a 
2 challenge fur all groups: of colmlries - dei.reloped and de"'irelopmg - e"'il~eu tho~ the ohal!lenge might 
3 manifest in different \14";llj1L 

4 The :figure allso pims :regjona] OHG pet· capita 1emisfl0ns, by llife expectancy v,.rith ufe expectancy-at hi.db 
S nsed as a pioxy of development It shov.is bu :reganiless of the .HI.dices chos~ the relationrmip between 

6 per capita GHG emissions and de1.'"elopment (including .i.ndt.mrialisation) FP1Jmrius similar, lio~ v..ith 
7 a wide rnnge of per cap.itai emissions aren fur similu lel>-els of del..-elopmem particulady at rughe:r leRls 
8. ofODP. 

91 The impornmt thing is that all oounfries need to m:,-,,.-e on to a pathway tov..rards sustainability. 
H) Tmporlam.lly> sustainability mhs more than 1.<m-GHG emis_siom, but also .in-,,.""O]ve.s some level of 
1 ] .industrialisation ro suppoi-t del>-efopment aspirations and fim.ffimne the SDGs. Panel C of Figure 1 .16 
[ 2 .sohewaticallry plots a dei.relopment pathway towards sustain.ability. Fm high pee-capita GHG emissions 
[ 3 jurisdiotions, a transition pathway tov.rards sustainability imrolres rnpid per capitt GHG emissions 
14 :redudio:ns, For fo\.\r emissioos and development jurisdictions. a developinem pali-,.,ray towa:rds 
[ S S1!JStainability could. take file foon of an. a:rc that alilours. fm s~ increased~ capita 1emimons while 
[ 6 ,srayuig belo\14.,. the historic global :per capita 1emissions curve and well below ·l!he 2ollC emissions curve 
1 7 o'!i.<-er time. Ho\.\retre:r, it is important to note, low emissions alone are nm: adequate to fiuJfil llie SOOs_ 

[ 8, l.iterahi;re consi.sten:tiy indicate that different 001.W.fries v.i"'ill focm on di:ffe.riem SDGs as: ptiorities~ at 
191 L~ in ire medimn teIDI - the kejr detemiinant beiBg lie cw.1.'ellt development sto and socio'-
20 1oconomic oonditions of OOW1fries. For example., the :l!llain. oo.ncetn of the Least Developed Countries 
2] (I.DCs) might be economic de'!i.<-eiopment and how to oope \.\rith clu:mte ""l.'miability r(adaptation~ v,,ifu]e 

22 developed conntries v.him typically hat'"e more :fi!Oancial and t.eclmofogical capabilities oocld focus on 
23 ofunat.e mitigat~on and :reducing11.msustru.nable c~tiom The collllhies falling in. bem·een those two 
24 categories can address both adaptation and mitigation adfiOfJS at different degrees of combina.tiou and 
2S 1emphasis of different sed:oB depending on mruonal wcumstam:es_ 

26 The key basis foF dri"'iiimg societal u-ansfoonatiom u 1hat wbile econo:nric. growth at least 11.l) to a 1e"Li-el of 
27 broad inmistrialli.sation has: been histoiically :ti.nked to greenh01JJSe gas emissions g1mv.iih, lie conelation 
28, bemreen CC>.1 emission intensity, m absointe emission ami gross domestic prodoct g:i:·ov..itih, is not 1igid. 
291 uomnbigJ!I-OUS and detecmmistic (Ojehmle et aL 2015). It cannot be ·taken that aohietmg a certain 
30 meamre of economic ~~ih ine\litabl'y dem.mds: a given amount ofGHG emissions. As r-eceut hisoory 
3] has sho1.vn, ~ in toohnoiogy and the socia] mno1.ration om result .in. conn tries attai oing the 
32 S1!1Stainamiity com.dor at a fower per capita GHG emissions. The developed com1ries mary prioritise the 
33 1&lr'iromnentai dl!ISt:.er of SDGs 1el..~en .if fhey are aiho concerned -,.,ritih adiib-essimg inequality and other 
34 social issues. It is also important to no·lice that the social dluste:r elements are dosely mt.erlinked as it is, 
3S difficuh to makre ffie d'im.wction bew.·een pm;rerty~ hlllllge:r~ mallnnu:iti~ heruth, etc~ It is apparent ·that 
36 belour some tlnresholds of auoll!lte poverty=, more consmnption is necessary- for de,;relopment lo Lead to 

37 v,rell-being; v..nere~ in c.onte.xts where there is O'!i.<-e:rooDS'l.lDlpti~ less materia] c.onsumption may 
38, .i.ncrea.5e \-lrell-be:ing_ 

3-91 The need to tliw:: tllromgh llie oonoeptual and. pra.ctica] relationship between climate change action and 

40 Sl!IStai.mble dell elopmen.t 1ITPJ1uari1u: ""et'lf pressing 1e.speci.alfy in the oonteKif: of Pa:ris Agreemem and ~he 
41 SOOs. Fim, v..Me the :Paris Agreement and the SDGs. share fhe ooon:uon goal ofbmlding a climate-
42 safe finmre that is, more sustarnable., resili.em and prosperous fo::r hun:miity r(Hell:in and Fooer 2019) the 
43 .i.ntegrat~oo between boil ~t in teons of policy· roots. and tinrelines are limited_ The SDGs Ml..-e 
44 a titueline of 2030 while mr.tigat~on aotioo has a much longer timelline. Seoon~ fl1el;e are synergiJ and 
4S tensiOfJS betv,..-een d . .imate mitigation and lie othef- SGDs 011 ihe one hand, and among lie oflher 116 
46 SDGs on the othef-band_ Third, there a.re set:ions questions about lie exrent ro wbioh the SGDs can be 
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] me1 within p1anetaryoo1!Jlldm:ies and tbe h, v.re.altih of global ecosystems_ Fourth, ,~fu[e the ardiiteoture 
2 of the Paris Agreement on Climate C1lange is based on an approacli 1.vhere oountrie-S submit NDCs and 

3 One of the key controversies around Smmrnabl1e Deve;1opment (SD) and development more broadly is 
4- attributed to the absence of a completely satisfactory v.,ay-of measuring well-being or the iGood Life_ 
5 Well-being is still predom;n;;mtily associated ~-ith increased Jevels of consumption of products and 

6 sen'ices (Roy et aL 2012) and conseq1!1eD!ly-, the l!ISe of GDP bas dom:iJlated the literatme. Ho1,,\re'\.'"ef", 

7 GDP onily measures economic activily and! neglects: inequality and .services delivered by cl!JD."ent capital 

8 stocks (Habe,rl et al. 2019) is therefore, a pom-proxy foi- oocietal well-being (Ward et al 2016) and 
9' sng,:gests that economic gro-iwib,, pee se,_ i!J not the main problem for em:'UO.lllllellta[ pi-essures and impacts 

10 but that related on the qwility of growth. Since the tradition.a] appco.ach is based on the neock_sicru. K-

l ] L (Solo,~-Sii~'fill) growth model, 1imich consida"s the effects of merely- the capital and the hlbouc on the 

12 economic gro1.-vtb, the cmrent empirical growth ilitemture has reoonily addirncSSed the role of lhmnan 

13 capital (sb]..ts) and institntiorud quality (Dasgupta et a!l. 2015; Sugiawan et a!l. 2019). In that sense= 

14 sev~m indices baTii-e emerged to mea~ui·e 1.vell-bemg (i.e. HnmanDe,.-elopm.ent Index, OECD better life 
lj .mitiatiTii·e, QoL Index., Gallup Heal~ \Veil-Being .Inde-X; Gross alioml HappinecSS, Happy Planet 
16 Index) but fimdine a. smgle measure represents a challenge due to the lack of data (Sugjm,\~ et al 
17 2019). Recently, measures such as i.ndusive i.¥ealili (the 5nmof capital assets that fomi tihe:productive 
18 ba~· of a1!l economy) are proposed as an mdicat« to replace GDP for measuring weU-1:ieing (UNEP 

19 2018b; An'Ow et al 20] 1; Dasgupta et al 20] 5; Sugiawan et al 2019)_ 

20 As previously indicated. achi.ei.mg d:imate stabilisation in the context of s,11.Sraimblte deTii-elopment and 
21 ,eff o:rts: to eradicate po\o-erty requi.res collective a.ctio:ll! and ,explo.iting synergies between climate aotion 

22 and sustai:nabie development~ while mm1:rmswg the i.mpact of trade-offs (1\lfakorrere and 1beva 2018; 

23 Najam 2005; Okereke-. C_ and }..,{$.saquoi and S. 20]7). They also require a focus on equity 
24- co:asidemti.oll3 t,o avoid climate !induced haa.n, as ll\-rell as lllllfiw:11ess that can rnsult from urgent aotion.s 
25 to out emissi.om. (Kaniha et al. 201&.i; Pall! et al 2014; Robiou Du Pont et al 2017). This is more so 

26 ~t as the runnmm ming c--m:bon budget bas intt'JlSified debates on which conntries should be 
27 p11oritised to access ·the rf'ifuam1og carbon budget (11:cGlade and Elkins 2015; Ral!IJJ.ach et al 2014)_ 

28 ~lo1"eovei-, c-0ncems pe1".sist o,-,;rer tihe :ws,_rlfioiency of support fur :n:ie.ans of implementation, to suppo1t 
29 ambi:ti.011S mi:tigation efforts (Pickering et al 20]5; Weikmans and Roberts 2019)_ 

30 

31 1.5 D1riY1ei1:s, and Consh·ain~ of Clim.de ~Iitigati.on and System 
32 Transi tions/T,·a nsformairi 1on 

33 This ~on pro\rides brief asressment of some of the most import.ant :fuctors and dynamics tiilllt dri,re= 
34 shape and o:r limiit climate miti~ation in tihe cont.ext of S1~ainabl~ darelopm.ent and sy.stem 
35 1ransformation.. AR 5 introduced six "enabling conditions" for shifting ~ve.lopment pathways 1.cvmch 
36 are presented in.Chapter 4 oftihis report and some ofv .. fuehovedapv..iifh the dri:11.re-reviewed here_ The 
3 7 11ey-im:ight from the ~t of the :sy"5tem dri~;ers and oonstraimJ: 1tmdertaken below is n,rofold._ The 

38 :fkst: is ·that none of the fact-01° or conditions by themselves is more or less impo1tam than the otmr _ A.111 
39 the fa.cto.t3 matter in different meMlllreS 11'.'ill each exacting mo1"e or less force dependllig oo prevailing 

40 sociaL economic, cultural and political conte::itt\. The other insight u that tb?3e factors are m one sense 

4] D.ellJtral: each can serve as an enabling c.ondi.tion or a constraint to ambitious: climate actio:ll! dependi.ng, 
42 again, oo tihe romext ruid ho1,,,r they are d.eplo;-red. Often o:ne sees the factors rexe1iliing both push and pul!1 
43 foroe.s at tihe .,..illlle 1ime in the same and acroo.r; ~e.11t seal.es. For examp11e finance and im.-restmems 

44- can :s,en,-e as a barn.er or an enabler to climate action. Simila.dy, political. economy faotors can align i:l!l 
45 favour of ambitiom climate actio:ll! or aot w 11-ray:. tiba1 :inhibit strong co-qpera.ti.o:ll! and l.011v e~ 

46 1ramition. 
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Anthropogeni1c GHG emissions are a. by-prodl!Jct of 'trans funning resotu-ces to .s:enre lniJ.n:nm needs mid 
des1res, as :ma.ped by mmmn c!JJlture instih!Jtions and the physical wo:dd_ This basic relationship ms 
imny and '\raned faoets im:fuding for example 'technology (the methods by which fhe transfomiation 
proceeds:), sc-itl1e (mtmber of humans), diffiibntion of resources and the means to transport re.irources 
llVl!thin societies,. the goods and services that ind!i'\.iiduals and societies de,sire and .in the choice that 
human societies make m terms of social organisation and institutions_ A discussion of anthropogenic 
emissions by sector and theirw1dedying dn:'i.,eJfS is provided in chapter 2 (see Chapter 2, Figme 2.7)_ 

Hmrum societies and .mdi:l!i"idt.uds v.aIDe a '!.\ti.de range of .set"i.•ices for satisfying their needs: and decSires~ 
~omg :from mdrition to she:lter ro health 'to nnbility and so forth (Chapter 5). The means by which 
sei-r;.i.ces have been provided mid for whom hal.<e· -,..raried substantially ova: time md s.pa.re. J,,leeting 
S1I1Starnable de1,rel~t goals, iacmding ~g di.mate change, prinwil~r entails finding v.,ay·•, to 

pmvide the goods, services, and oirerall quality of life desired by human populations while protecting 
the Eanb :sy tems that enable sustama.ble dei.relqpment Ohmg.ing the composition of goods oo:nsw.ned, 
for example, s:hifti.ng die1 toward a mo:re vegetarian balance, can reduce land-l!lSe emi.s.sious without 
~g lie qmliit;,. of life (Stehfe.st et aL 2009; '\-13n Vumen et at 2D18; "'"1lll den Berg et aL 20]9b) .. 
In th-e same vein, addre:.mg climate change Vi.'ill require transforming the existing energy institm:ions 
tha.t have been Largely shaped around fossil fi.1.eb ooi,rar& reneivable enttgy. Systems do not evollve 
mdependemly_ Th"Ey interact ac:ms:s sectors, scales, and time. For example m.teraction.s; acro:.1. systems; 
are evident in the role ofbiomvers:rty in ecosystem. integrity mid proviswn of services (ivfori et al 2017). 
There has been oonsid.erable :intere.st to berter 11.mderstmd v-arious co-e:,mlution scalecS (rvloss et al. 20] 6; 
USGCRP 2016; U.S. Departmem· of Energy 2014) as; well as the Vitays to transform systems and 
societies towards a low carbon futm--e. The co--e~:romtion of energy· water, !land and economy is 
sometimes referred-to as the "ne,,._'llS" 1 _S .. ~artm.ent ofEnergy2Dl4; Bazilian et al_ 201 ]; Ringler et 

al 2D13; Smajgi et al 2016; Albrecht et al 2018; D'Odorioo et al 2018; Van Vtmren et al. 20119). A 
key perspective to note i,g that the fundlamental paradigm of nexus .is to assess ttade-o:ffs and 1imra1,rel 
synergies benveen the v-arious interlinked energy, water, food land and climate dimensio11: (Birouwer 
et al 2018.). 'Ibis is parlicl!lilady inqJortant io the context of proi.ii~on of senices such as energy, 
agriculnue mid lmd u.se and ecosystem sen.ioes, as well as lie cole of cities m prov-ding new systems: 
of transformatioDL 

To take miothet· example, energy i_,., :not consumed for its oll.tn sake, bl!lt ra.th.er foe the ~nroces that it 
pm"ii·ides (ie_, for economic activities). Energy pro\iides a wide range of services i:ncluding, foir example, 
trru:asport of people mid :freight, piroi.'l.!imJ of sustenance,, materials, space conditioning, hght:iug, 
rnnu:mmications, coobng, water-heating. mihtary serl!i~.lc~ and other (See Cl!ll.len and Allwood,, 2010, 
Figm-e 2). The size of the global ,e.n_e1-gy system has groivu from roughly 1] e,xajou.le (EJ) yr~1 in 1850, 
ptlilliltiiy in the fonnoftraditional fuels (e_g. ivood,, straw, dwig) (Grubleret al_ 2014; Z-0u et al_ 2016)~ 
to more rum 600 EJ yt'" :io 2017, do:mioated by m.odleru energy-fomJS (BP 20] 8). Conversion losses in 
the tmnsfommion ofprimuy energy forms to energy se11lices a.re on lie order of two-third.1; (Gmhler 
et al., 20]4), lemimg much room for .improvement Tiiere has been a. long te.tm trend! to i:ncreasmg the 

share of en.d-iu.se· energy that is in lie form of electricity rather than fuels (Edmond5 et( al 2006)- A rm~ 
ofperspedil.·es cm.be considered-there.is evidently-going to be ruJtincre.ased demand foe sen-ice that 

provide satisfaction for human \lleli-be-ing. This pecspectil.-e is different from siwpl~ consufering energy 
and material inputs (see Ohapteir 5). The balanoe hes in identifyiag mitigation. optiom, along i,ti.1h 
efficii.ent pmvw.on of sen"ices for em.Bring well-bemg_ Im. temi.~ of energy-re1mn-on-m:ve£1ment, the 
ratios for fossil fuels are noiv mu.ch doser t.o those of :Fenewables, and are expected to decline fur the 
fotmer m the future (Brock-way et al 2019)_ Land-energy-water mid dimate-land--e,nerg)~-v.,ater are jl!lSt 
one of many ille.xnses, which are relevant for l!lllderstmding the complex nature of interdependencies 
and how ~ col!lld. either dri\i-e m-coll.£traio effom:i at cllimate mitigation as dri1vers or oonskaints to 



] low c-.aroon system t:ransfotmation. (.Fajaro:y et aL 2.0]8). Others interdependent sect-Or5 and sen.tice,s or 

2 nexuse£: where literature 0111 ynems transforwatio1ll has grov..n include agt1.C11JJlture, forestty, land use 
3 and ecosystem Se:F\,'ice,5 uti.fh a groi.-ving .interest on the role that "nature-based .solutions" {e .. g. agro-
4 forestry, land remoration, forest rec£torntio1l! (Cbamo1l! 2008) can off er c~nefitiS for tacliing climate 

5 ohmge and for enhancing ecosystem sen.ices for Sl!JStainable development (K.eesmm et al 2018; 
6 NeJ.Shchrer et al. 20]7; To1rnlbai et al 20]6~ Serte11e et al 2016). 

7 Another potent ex.ample .is the interdependencies bemreen pattecs ofurbanuatio~ and the demand and 
8 S1!JJ)ply of il:nw..ispo:1:tation, houging, water= food and m.edicare, recreational and other sen.ices .. Here the 
9 role of urban plmmiug and ptltJlosefiul "~experi.menta3tion" have been identd'ied as critical for 

10 decaiborusing old pm,...-er and tta:nsport systems,, creating energy efficient and.for renewable energy 
1 ] synergies, and regenerating the attnosph"flfe through carbon dioxide :rem.o,tal tttbnologies (Ne,.,iuWl! et 
12 al. 20] 7). The green tnunfomiation of cites I.Jave also been identified 33 1ilita] to addl·ess inteme 
13 inequa]ity, and to promote ju~ trans.iti.on.cS, and inchlSi1re approaches to addressing climate 
14 vnlnerabili1ies (Shi et al 2016). In sum, it shouild be empmmsed iliat effecti"'i.se mitiga.tio1l! strategies 
15 req111.ire an integrated approach 11hat conside£S the trade-offi and synergies between "'i.~ious dimensions 
16 of nexus (Chapter 1; IPCC 2019b). 

17 1.5.2 Tn,de, ,r,onsumprion and fealmge 

18 Emissions amx:iated willh the production of wtemationall~• traded good,; and sen.ices accmmt for 20-
19 33 % of global emi.ssiom (\Vierurumn ijfidl.enzen2018). \\i'h.effler mfem:.aliooal bade drives increase or 
20 decrease in global GHG emissions depends 01l! emissious intemity of traded prooocts as 'li• .. reH as the 
2] infl.uem::e of mtematiornd trade on the re-lociltio1l! of production, on the eoonomic gr~1h and income 
22 and on OOilSU1llption patterns. \\i'bile th.ere are stutidie-S suggesting a general increasing effect of trade 
23 openness 01l! terri.to1'ia] CO2 emissions, there are ml-dies indicating opposite effect (2.4.5). Taiiff 
24 reduction of low cad:ton technologies could facilitate effecti,re mitigation (de !\llelo and Vijil 2014; 
25 \VTO 2018; Er1ugrull et al 2016; h:lam.et at 2016). Caibon leakage offsetting 1lhe reduction in emissions 
26 by an. .increase omside the jurisdiction ool!llld occm through changes in the :relative prices, relocation of 
27 ifidustry, nested regwatio1l! and v.'eak co1151m1ption leakage (see BoK 5.4. AR5) (Naegele and Zaklan 
28 201'9). The magwtude of carbon le.akage caused by em1ly and unilateral mitigation policies in a 
29 fragmented climilte policy world depend-'J on trade and sumtituti.on patterns of fowl iiieb and the design 
30 of policies (Bamer et al 2013}; Abmoto (2018) argµe 11hat differences in margin.al abatement cost of 
3] l®Cs coul!d cause carbon leakage m energy-intensive., bade-exposed sectors, and ooul:d weaken 
32 effective global mitigation. Cwone and Ri"'i.-er.s (20] 7) est~.mate that uoilateral d.ima.te policy in such 
33 sectors could c-fflL':le ]0-30% leakage. See B.2.6 for discu.s5io1l!. 

3 4 Wbile the:t:,e could be a mun.her of policy responses to cope v.-ith ca:rbon leakage inclndmg border carbon 
35 adjn.-1stmeut {Be.As), they have limit-ationi. Some opti01.1S could potentially be incompatible ,i1.iifh \VIO, 
36 particmarly those not focl!I-Sed oo simply le,1.re:1.ing the cost of carbon paid by OOllSlunen;. Oilers col!llld 
31 i.1.111.ml"'i.-e difficulty of ttacing the c-.m.bon content of inputs (Onder 20] 2;. Denis-Ryan et al. 2.016); see 
38 oh.apter ]3, and Qdebling et al 20i]9) oo context of trade law and the Paris Agreement. 

39 Supply chains &'e iru:i-ea-Singl~r beoomiug global (Hubace:k et al. 20il 6)= leading to a groi.-,ith in tnufe 
40 volumes (Federico and Tena-Jmgnflo 2017). Official rn:vemorie.s report territorial emissiorb';. T:n recent 
4] ye.a.rs, oiler melllods hm.te been snggecSited as a. way of accouming; for emissions, such as: shared 
42 re~ponsibility (Lenzen et m.. 2007), reclmology adjusted oonstunptiOl!l based acoonnting (Kandet:-e1 al 
43 2015)= ,.ralue added-based responsibility (Piiiero e1 al 2019) and execgy-based ~ponsibility 
44 {K.oojehpou:r et al 20] 9). Consumption-based emissions (ie. attribution of emissions related to 
45 domestic. oonstimption and impo1'ts - final destination) are not offi.c.iall~r repo11ed in gl!oba] emissions 
46 datasets (Mom.is et al (2017); see chapter 1 for dis·c111.ssio.n of ~ acoonnting p~ectives). 
47 Unda:stw.dw.g consnmptian-based ewissioni; at multiple levels {see Chapter 2), is etlrJcial for gamniug 
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1 .wsights .wto fue tl:-ends in emissions, and fOf" uncoveil'ing the oocio-demo graphic dlriva-s of emissions 
2 and 'Lmequal ecologieru ,exchmge (Jorgenson2012; Yn et al. 2014). 

3 From a co11S1.m:tption perspecti:rtre: high-income der.reloped coUlltries typically tend to be net importers 
4 of em:iwo11s, v.here.as lo,.\¥lwiddle income <fe.,;relopimg countries net-eKpo:til:ers (Petern et al. 2011).This 

5 ·trend is now ~g. v.iith a gro'l.vth in 1rade beuveen non-OECDi countries Qdeng e1 al. 20] 8; Zhang et( 
6 al. 201 19), and a decline in ,emissions intensity of traded goods (\Vood et al. 2019 1

). An :increase in 
7 i.utematio.nal trade has resulted ma g~neral shifting of fossil-fuel drir.ren ,emissi.on.,;..:intensir.re production 
8 from de"'ii·eloped ro de,reloping countries (1-lalik and Lan 20 116; liiaki ~ol\rto and .ErikDietzenbacher 2014). 
9 and bem·een de\,.elQping countries (Zhang et al. 20] 9). 

10 1 Compilation of com11mption-based GHG i:m-entories ha~ been. :suggested as a ,,;.iay of monitoring e,;nbon 

11 leakage (Peters and Herturich 2008). To this end, entire global supply chains m11S!t be considered (Peters 

12 et at 2011 ). using \i\rell-estabiished teclmiques such as multi-regional inpnt-output tableJ; tlmt encompass 
13 wfonnation about trade between different sectors of uations (fukker and Dietzenba.cher 2013). These 

14 tabl\es have been -ii.~ extensively for cons111mption-based accol!llltin_g of erru1!Sions at multiple levels 
15 (\\ 1'iedniaoo and Lenzeu 2018; :t\-liilike1 al. 2019). 

16 ·En:tissions from a,fiatio1ll and ~hipping are only rconsli.dered in productio1ll-based accol!lllting approaches, 

1 7 and not tetritor:ial and com.smnption-ba:s:ed approaches (Figure 2. 8}. Thes,e sectors emit approrimatelly 

18 ].6% and 2.6% of global CC½ :r,espectively (though the climate imp.ad ofllhe fonner is estimated to be 

19 2 - 4-time higher due to indirect effects), with emissions wov.iing rapidly at 3-5% per ye.ar before 
20 1 COVID-19. As the Paris Agreementprimariliy deals \\ithNDCs, emissions fromintetru.tional ar.riation 
21 and shipping are not cm·ered in 11he Agreement ( chapter 10). Other emissions associated ivith shipping 

22 and mriation wdude black carb:m and short-hv-ed aeuoools ( e.g. sulphates), which run.re sho~"'Jl to be 
23 especially hatm£nl for the Arctic (Qia1ll et al 2015; Rrunanathan and Xu 20] O; Stephenson et al. 2.018; 
24 "Pistone et al. 20]9; Scbaefer et a]. 2014; Steffen et al 2018; I.em.on et al 20]9a) (chapter 10). 

25 

26 1.5.3 I et'.bnology 

27 The rapid de,telopments in technology o¥er the past decade ,enhance potential for transformative 

28 ohanges, m particular to help deliver climate goals si.nni1taneomly v.iili other SDGs.. Technological 
29 change has enabled bofh emim.ons :reductiow. and increase$ in emissions. The challenge will be to 
JO enhance-the :synergies and nrinimisie the tra.de-offs and 1:-ebol!lllds. 

31 There have been large improvements in imofIDa1l:ion storage, proces.sing, inclu.dmg artilicial 

32 i.uteUigence, and comnnmi.calion or.rer the last few year , see (chapter 1 ~- Io energy systems 11his can 
33 enhance- enecgy--e-:ffi.cient control, redu~e trn.11.1saction cost for energy prodl!Jotii.on and distribution, 
34 .imprmre demand-$l.de management (Raza and Khosravi 2.015), and reduce lie need for physical 

35 ·transport (Rosqvist et al. 2016) (see chapters 5, 6, 9-] 1 ). Information Teclmologies {IT) v.ill ruu,re broad 
36 impacis on tohe pa.ttems of wad:: and leisure; they maiy acx:elernte trends to fewer or relocated workmg 

3 7 hours {Boppart and Kniseil 2020) which - COl!JJ)fed with ming affluence - means that the emissions 

38 .i.utemity of how people spend their l~ time u.il!l. become (even) more important (.see chapters 5, 9). 

39 Howei.1er, IT' maiy lead to rebound effects and higher needs for energy (BeMw- and Ebneligj 2018). 
40 Efficiency leads in general to lower cost and higher demand (Sudbm.y and Hl!ltcliinso1li 2016; Cohen 
41 and Ca"\."'Olli. 2019), and Information technologies, in.duding blockchaia, are electricity-:intensli.'!i.re: as an 
42 example., cr;'Ptocurrencies may be a major global s011rce of C01 if the electricity productim1 is not 
43 decaroomsed (bJfora ,et al. 2018). 

44 The fall in rene,ivable energy costs, hrighlighted in section 1.3 3 and illustrated in Figure 1. 7, has been 

45 accompanied by"\'Rried progress in !lllrul!Y other technology areas such fi.1e!l cells fur both st.a.tiomuy and 

46 mobile applications (Dodds 2019) (diapters 6, 9, 12) and battery and other !'.tornge tedmologies 
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]. (Crabfiree et al 20 l5)- The laMer may he:lp manage variability in electricity from Fene1.vabl1e renerm,~ 
2 (cl:taptei:s 16, 9) and. facilitate electric 1ransport (chapter 10), (Freeimn 1et aL 2{H7; Greal:rel-et al 2019; 
3 Wang.sness and Halse). Also~ Generation ill light ura.iter rm.cl.ear fission re.actors oould be ready for lar~ 
,4, scaledepioyment comiibutingas aneoo:nomic,al base [oad.for1en-ergy(Knapp andPe,..-ec 2018), but may 

5 mil if potential financial safety·, :fue] cyde and regmatory risks are not properly managed (Abd I\iiarum 
6 ,et al 2015). 

1 

8 

25 
26 
27 
28 
291 

30 
3]. 

32 

33 
34. 
35 
36 

..... 

... , 
- I.-- ··.---- ~ .. 

... 

• I 
_. •II i'• 11 • til (')l) 21(1 • J •I , 11 I i1• J1 i11 (II 10 •"t 'It 11 I J 11 i' it)I) "•lJI l• J IJ , ••• , I tt I ,, 

.......... -.i r:'"••-•11, ~rt•I JMt~.l'-•JV\• 
N.._ • I..-,.-__.,,. "v t. .._"_. 

Figure l.'7 Cos:t udoctious :ind :::adoption m 1101.·u· PV Mid orubore uind ene;rgy 
Somc.e: IR.ENA (20-20), with ifo55iJ. fuel.LCOE indicaied as shaded 'bhi.e at USD> 50-117/M:W (p.12. note,4) 

Like elec1ricity, hydrogen (a) .is a :rero-cm:bon 1energy ~-ecto:r ~-iith mnttiple applications. It is a zeroc.. 
carbon candidate for replacing hydrocarbon foek (gasi;, liquid and coke) for higb.-:tempeadore heat in 
mdustriall prooesses such as iren, steel in.du.my and non-metallic mineral. production,, for long-range 
1ransportalion (IEA 2019b), power generation and for low-temperature heat in residential and 
~cial bwding,5 (.StaffeU et al. 2019). Deploying H2 delli.vemy inftastn11dnre economica~y is a 

ohaUenge when the future scale of hydrogen demand is so l!lllCedain: ID this fransitio:n period, H2 from 
nmi:ra] gas (NG) wiith OOi capue and storage (CCS) ruayheq> to ki.ak-stad tile~ 1economy (Sunny1et 
al.1020). 

In addition to hydrogen, C:Oi,-based iiwls (or e-fuells or Power-to-X) pm~ride ~t low-carbon 
~es to fossil fue]s if produced 1JJSing fov."-crurbon enecgy s01m:es (Oh 10). C-Oi--bared fuels such 
as synthetic melhane, methanol, diesel, jet fuel and other hydroe.ai:boos, frep!iesenl drop-in solutions as 
no major clmmges of infirastmomre are neceuaiy for ffleu use (Arlz et al 2018; Bobeck ,et al 2019; 

Yugo and Soler 2019). 

Ao.oil.er concem is that energy prndootio:n and. oonversion sptems .w1vullri.·e materials, l!ISe, such as. :rare 

earth materi.aTu: for elecironics or lithium. fur bnte:rie.s (Wan~ 201 l; Flexer 1et al. 1018), stressing lli.e 
.importance of ~•cling (Rosendahl and Rubiano 1019; IPOC 20 l lb). Ino.01-ration is enabling greafet" 
recyoling and~Te--us-.e of1enttgj'"-~•emateriab (e.g. :Milford et atl. (2013)) and.introdm:iog fl3dicalfy 
net\!~ and less carnon-inteasi,re materials.. Deployment and dei..relopment of CCS technologies h.m.•e been 

nmch slower tihan prnjed:ed in previous .Assessments. Nineteen. full scale commercial! fucwties '!.lrece 
operating ID 2019 (Globa] OCS Institute 2019), but the ~city is loul compared to projections of 

11."ommes neede~ ei.ren if d is increasing ei.rery-year (Intemational! Enecgy Agency (IEA) 1019). 

Tenes'lrial .syst.ems play an increasingly impodant rofe as fossil fuel and industiia] emissions are 
reduced to lo1.¥ le,re]s.. Tei1restrud systems provide a path\\ray to offsetfuig Fesi.dual, hard~to-redure 
einissions in other secto:rs ¥ia. afforestation, .so.i1 carbon :management,, and other slnitegies:. Howevei:, 
there arre limits to tibe.ir potentiaJ and large--sc-al.e depfoym:mt collJJld llIDfease risks for desmmcati~ 
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I land degradation, food security aud sustaimble. development (SRCG'L SPM B.3.2). Still. continued 
2 improvements in crop and li\,estock yields reduce laud dem.md for agriculttu .. enabling it to be used for 

3 other purposes including bioenergy production (Wise et al. 2009; Roberie et al. 2020; Havlik et al. 
4 2014; Popp et al. 2017). By removing c;iroou from the. atwosphe, .. dtuing gro"1h, modem bioenergy 
5 can provide both eue,·gy and negative emissions when coupled with CCS (BECCS), and uet zero 
6 emissions scenarios tend to project bioeuergyproductiouin millions ofkm 2 (IPCC 2019d, 2018b). Since. 
7 ARS, several modelled sceu.11ios have explored the adverse. side. effects of gigatou-scale deployment of 
8 bioenergy s1ich as higher risk of food insec.,uity and higher water withdrawals (Hasegawa et al. 2018; 
9 Fuhnuan et al. 2020). Until recently, the only c;ubon dioxide removal (CDR) options available. in 

IO wodels we,·e BECCS and afforestation aud the introdtiction in models of other CDR options like CO2 

II direct air capttu.. with CCS (DACCS) redtices reliance ou bioeue,·gy to deliver negative emissions 

12 (Rea!monte et al. 2019; Kobel'le 2019). In agriculttu.., a recent sptu· in both teclmological aud 
I 3 knowledge innovation show potential for meeting demaud for food, feed, fiber and bioeuergy while 
14 keeping within pLmeivy bound.mes (Chapter 7). One example. is plant.based meat innovation which 
15 could also help drastically redtice meat consumption (Eshel et al. 2019). Ulllovation in spatial data and 
16 monitoring systems can also help reducing deforestation rates (Seymour aud Harris 2019). 

I 7 Geoeugiueering typically refe,s to a broad class of speculative technological proposals that either 
18 captt.-e carbon dioxide from the atmosphere. or directly ruodify the Earth's energy balance. Carbon 
19 dioxide removal (CDR) technologies, which include. clirec.t air capture, ocean iron fertilisation, 

20 enh.mced weathering and ocean alkalinisatiou (Nati om! Research Cooocil 20 I 5a), are appealing 
21 because they present au opportunity to draw down atruosphe,ic CO, at rates that far exceed those. 
22 associated \Yith the Earth• s natural c.arbou c.ycle, but are. ctvnntly more expensive per tou CO2 than 
23 renewables and other forms of mitigation. SRM, which would cool the. planet by reflecting incoming 
24 St11l!igh~ is appealing for its low estimated direct costs aud rapid timescales for cooling (National 
25 Research Council 2015b). The two prim.vy proposals are stratosphe,ic aerosol injection and =ine 
26 cloud brightening, both of which entail significant, uncertain side effects aud extremely thomy 
27 international equity aud governance challenges (Chhetri et al. 2018). O.,oenginee,ing proposals are in 

28 early stages of technological development and have. not been tested or deployed beyond the. pilot stage. 
29 Understanding of the climate respou.se to SRM remain.< subject to large. uncertainties (AR6 WG I). 

30 Innovation in low c.aibon technologies comes partly from direc.t public. and private. investments in 
31 research and development, but. also through te.arning effects and scale economies as uew products and 
32 technologies are. developed aud deployed (Chapter 16). Private. sector inceutives to low c;iroou 
33 innovation are lintited by many factors. Oue example is that the. full beueJits of innovation often extend 
34 beyond the 01igin.1l inno\'ators ('spill-ove,s' to other companies aud countries). Gove,muents anyway 

35 have an important role. in most major Ulllovatiou.s and associated indusbial innovations (Mazzuc.ato 
36 2013), suggesting a significant role for govemmeuts in fostering low c;ubon industrial developweuts 
37 (Roberts and O.,els 2019a). Another obstacle is th.1t innovations tend to be cbi,,en from a few glob.1.1 
38 centres, and other re,giou,s may fear technology depe.u.de.uce. Interuat.ioual initiatives, combined v;1ith 
39 fuucliug from the G,.,en ClinJ.,te Food, may help to alleviate such coucems (1.2; Ch.,pters 15, 16). 

40 

41 1.5.4 Finance and inYestment 

42 Since ARS, there has been gro,,ing recognition that the fiu.mcial sector has au important role. to play in 
43 the. mitigation of climate c.h.,nge. l\ifajor shifts in current. investment patte11ls are. required to realise the. 
44 objectives of the Paris Agreemeut (15.2.2), pa,ticularly the. goal enshrined in Alticle. 2c for 'w!aking 
45 finance flov,;rs consiste.ut v.rith a pathway tov.rards low gree.uhou.se gas emissions and c-limate.-resilieot. 
46 development" (UNFCCC 2015). There. is a persistent but unceitain gap in mitigation finance. (fable. 
47 15.15. I). Climate. fiu.,nce draws from the same. pool of resources to fund both mitigation aud adapi,tian 
48 projec.ts meaning they lllllSI be. exantiued togethe,· (Box I 5.1 ). 
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Climate finance is a nmlti-actor, nmlti--0bjecti'\i-e domain 1llilt includes central banks, commercial baDb, 
asset managers= underu.nters, de-,.;,elopment banks and corporate planners. Climate change pres;ents 
both risks ruid opportmiities for thf' :financial sector. (Jlimate :related :financial risk is often divided into 
phry.3:i.e.al nm related to tihe .impac-tcS of clin.mte change itself and transition il:isks :related to the exposure 
to policy and tecbnology changes in line ,triti a low-carbon tnumtion., ruid lillbilitf rm.s!ks :from litigation 
for climat.e-t-eh,t.ed damages (Box. 15.2). Both could :Potentially lead to stranded assem (tihe loss of 
economic "1due of existing assets before the end of their mefi!JJl ufetimes (Bos and Gupta 2019). The 
oominumg expansion of fossil fuel in.firastructure capacity and lack of transparency on how these are 
,milued in CO!J><mate balance sheets :raises concem.s that systemic ti.sk may be acc.1nmnlating in the 

financial sector in relation to a potential low-earbon ttansiJtion that ii.nay alrre-adlybe under ~-ay (15.6.3). 

The F w.ru.ici.al Stability Board dwte:red the Task Force on Climate-related Financfal Disclosure 1(f CFD} 

m 2016 (15 .6.3} om of ooncem that m.adeql!Jate mfo.onation about potential clinwe-fielated tinMJcial 
mk (ph:ysicail and transition) could lead to fuiancial iastabili1y (1t-ece-ssions} {Camey 20]5). The TCID 
recommends that iovestOl"S and companies consider climate c.hange risks in their s1rategie3 and capital 
allocation, so investo:rs can make wormed decisions (TCFD 2018). Tmnspa:rency- alone may be 
m.mfficiem to enable the r,eqmred asset reallocation. There is an Wlnlf't need fo.r mettics ruid :indicatot-s 
of M36ts risk ,exposure (Campigti.o et al 20]8; );,lomsterolo 2017). Tue Nehivo1k for Greening the 
Fw.ru.icial Sector (NGFS)~ is a collective of centrnl banks and :smpenuors worlriag 'vomntarily to help 
strenglien the global l'espollS'f' :required to meet the goals of the Paris agm;eeme,nt and to enh ranee the roie 
of the fimncial system to manage risks and to mobilise capital for green and loiv-c.arbonm.-,.;est:ments in 
·the broader- context( of euvirorune.ntailly sumainable dei.relopment. Clima.te-refated instiCutio:nal stress 
tests have been co1mrusslon.ed by :some central banks (especially in EJttrope) to assess lie exposme of 
regulated financial mitutioo.s undec lieir a.rn,pi~ (Bank ofEng!land, Dutch Central Bank, Banque de 
France etc.). 

The .mter.national c.n:oJUJJflfJity agreed in. 2015 th.-m1gh lie Addis Ababa. Action Agenda (Ai\AA) "to 
addre.ss tihe chalenge of financing and creating an enabling en-,.;iromnent at aU le1orels for sustainable 
del..·elopm.enf' (UNDESA 20]5). The AAA.A recogJlires the significant potential of regiona] 
cooperation and prmrides a forum for disotu.,5IDg the solutions path\vays lo commos. challenges faced 
by deveiQPing countries (15.6.4). At OOP]6 in Cancun., countrie-_s "e~tablished tihe Green.Clima.te fru:td 
(GCF) "Man opentting entity of the Fiwu1.cial Mecb:mism= under .Article l] of the UNFOOC to help 
finance de\relopwg 001mtries., efforts to ured:oce their greeahome ga5 emissions and enhance their 

ability to re.spond to diimt.e cmmge (GCF 2020). Advanced economies pledged USDlOO bil!lion a ye.ar 
by 2020, but so fur tiis target has not been met (] 5. 6. 4). C-onftonting the problem of msuffi.cient fhndiag 
remains a challenge (Cui and Hmmg 2018). Recent incre.ase in green bond isstumoe has happened in 
parallel l">ith effom to refmm the intemationru. fuwlci.al system by supporting dei;elopment of local 
capital markets (15.6.4). 

Dev-elopment bank ruid climate funds afie :in.adequate to prm .. ide the se-ak of fimmcw fl.ov.rs to achieve 

sustainable de-,.;e_lopment. Long-s!etm s~:mrce.s of ptivat-e cap.ital are :required to meet financing needs 

acrms sectors and geographies. Requisite North-South fulaacia1 floivs are impeded by both geographic 
and tecbnologie-al risk pnmiums (Buhr et al. 20]8; Iyer et al 2015) i(l:i.2.l).. Chmate-:related 
w"~estments in de-,.reloping oount11es also suffer from sn:111ctnral baniers :snob as sovereign ruk and 

exchange me "~olatility (Farooquee and Shrimah 2016~ ('T1w1Jan et al .. 20]8) which affect not only 

ch.mate-related iu"-estment b1!Jt imrestw.em in general 0' amab raki et al. 2020) w.cludmg in needed 

u.1dliasm:i:c:mrn development consistent witih meeting the SDGs: (Gray and hv.iin 2003}. 

In deep dec:arbonimion soonmos, im estment:. into fossi1 power generation technologies (induding 
those v.iili CCS) decre-ase by more than half by 2030 (IE..\ 20]9,e}. Policies would need to facilitate a. 
shift toward low-carbon sollll.tions and.incr~ in-,.;estment levels (15.62). Howe\.-er, there was a surge 
of coal im~tmems across: 56 :recipieut OOWJ.tries m .. ~ and Africa, almost entirely supported by 
foreign State-Oi..wed Ente:rp1i.ses= whilst pri,;.;ate i.m•esmient has flowed almost entirely into reneivables 



l (Zb.ou iet al 2018). Steffen and. Schmidt 1(2019) also fowid that even v.rithin ~tilaternl Der.relopment 
2 Baaks.~ ~public- and pnl.-a.te-seot.oi· btimc.hes differ cooside.rably' ~ \\qfb public-seotot" lending used maia]y 
3 m non-cene,~mble and hydropowa- M eots. Political leadership is therefore res~ to .steel' financial 
4 fl.ows to S1lppOrt lov.r caroon. D"a.t!lSiJtion (l S.6). Voitu.t1ez et al (2.019) identify significant mitigati011 
S potentw if fioancing oountrie.s simply applied their oi,o environmental standards to ffi-eu-o1'rerseas 
0 fill\restments. 

7 

8 1.5.5 Politkal economy 

9 The politics of mterest r(mOH especially economic lllfaTest) of key· actors at sulmatiooal, na_fio:na] and 
10 global fev~l can ·re an .important dett'ffl1iaoou of climate (in) action (O,,Hara 20C)9; Lo 2{U O; Tannec 
11 and Mooclie 2011; Soi.racool et al 2-015'; Clapp et al 2018.; L<,bn:mm 2018; Ne1.vell and 'fayio:r 2-018; 
l2 Lobrm,·mn 2019). Political 1econ.omy approaclies. can be arndely dir.•ided into ilie te1'DlL as lilSed by 
13 economis~ which can be refeu:ed to as. cc1eoonomic approad.ies to :(>Olitics", and liose by oiler social 
14 scientci.m (PateJ:SOn and P'-laberge 101.8). The [alter litenmre emphasises ·the intimate 1rela.fion betv,reen 

1 S industrial reconomic growth and cllimate cbaogf' and mDt-e specmcaUy the cemra] mle of :s1rim:,nu·es of 

10 power~ promrotion, and a commitment to 1eoonomic grol'.11b in ei1het-facililating m hindering ambitious 

17 cllumt.e action_ An important ~ of this is the hisroricaUy oemral role of fossd ftreb to economic 
18 development and especially in eoabting the expcmemia] expansion and ~obali.sation of economic 
19r activity, as well as the deep embeddrngoffossill enecgymdailylife (r,,fa]m.2-015; Hubei-2012; Di MlllZio 
20 2015~ N e1.veU and Paterson. 2()110). 

21 The cemrality of fossil energy to eoonomic. der.relopment ov-er the Tulst two hundred years raises dmriom: 

22 questions: :regarding the ·pouibi@:y of ~on- Economicallly, 1fbis is \\re.U il.mderstood as a 
23 pt-obiem of deamplling. Bm the constmint is also political. in teons of the pm,.w of incumbent fossil 
24 fuel interests to block initiatives. to~·anis decarbcmisatioo (Newell and Paterson. 201 ~ Geels 2014.~ Jon~ 
25 and le-vy 2!0091

). In climate change~ one sees both dmt die ,effects, of_pohcy on GDP gro\\!ith are key 
26 amsuf.eratim.is in. decid:iDg the Le\1-eJl of policy amb.iJtiott and diredion. and sntegies. of states. (Lo 2010; 
21 Mamet a]_ :1013~ lbit:unle and Okereke 2014), regillllS (Goldfiliau and Sitter 2015'); and.business actors 
28 (llittneben e1 al. 1012). DecamooisaJion. strnt:egies are often oemred around projects to develop new 
29r smm:e.s of economic aot-iri.iiity: cubon ma.mets creating new rommodiJties to ·ode and v.mdfaU profit for 

30 big businesses. (Nev.-ell and Paterson. 2010,; ilie .mtre.stmem gene1rated iu new urbmi infta.stmdwe 
31 ('lhitelread 21H3)~ innor.oilti.011S in a t-ange of nev.r energy techn.ol~gies (Fankbam:er et al 2013; 

32 Lacliapelle et al 2017; I\iieclrung and Nahm 2018}. for example. 

33 One factor umiting ·lihe am.mtiott of climate policy has been -tihe ability· of mrumbent industries to shape 
34 govenm1ent action on. clu:nare change (Newell and PatttSOl!l 1998; Breetz et a]_ 2018; Jones and ler.ry 

.JS 2009; Geek 201.4). Campaigns by oil and coal ~orf P.,s against dimate action in ihe US and Australia 
36 are perllaps tlle most well-knov.n and bJ"wfy S1J1CCesmd of liese (Bmlle et al 202.0~ Stol:!e.s 2020; 
3 7 ~hldenbe:rger 2-020) alliomgh similar d.}'Ilalil)jcs. have been demonstrated for example in Brazil and 

38 Soutlh J\fuc.a (Hoohstetel" 2020). In 01lhe1r oomexts, 11resi.struire by iaomnbem comp.mies is more subtle 

39 but ner..-edh.ele.ss has ~-eahmed. pollicy-design on emissi.oos tmdmg. systems (Piokse and K!Oik. 2012):. 

40 wniled lie de~t of alternative fuelled automobile.s (\Veils and Nieu~-eclmis 2012; le'li-y and 
41 Egan 2003}. for example. 

4-2 Pollitic.a] eoonomy miggests one part of the key t.o oowitering this is ill the bm.td:ing of co.allit.ions of aCJtoJ:s 
4-3 to Legitimise pollicy in the face of such opposition (1.-Je.adowa-oft 2005; l..e"irin et at 2012; lifeo1ding 
44 2011 ). Th-e intetraotion of politics~ po:i.,rec and. economics is cen1ral! in elq)faiaing ~·by ooumries -with 
45 higher per-capita emissions, v..,bicb logic.ally have more oppoi:mnitie.s. to re~e emissions!, ill pi;acti.ce 

46 often take the opposite smnre. 'This cm. arise from. lie r..-e:sted interest of Smte--0\\!lled Entaprises 
4-1 (llittneben et al 2012~ Polman 201.5; \Vright and Nybet-g 2011)., rue mwm1emf and coa@ions of 



] oomitnes in chmate ne~tiations (Guptca 2016; Okereke ruid Covemiy 20] 6), and the patterns of 
2 opposibon to or support fur d.imate policy among ci~ (Sl1t.ii.l~lo~ et al 2016; Heffron and IYkCauley 
3 2018; Ransan-Cooper et at 20Ht 'futfum et al 20] 9; Baker 2015) (ll.li1h the "yellow ·'i.;esf' 
4 demonstratioos m France in 20] 8 being one recent exrunpl~). Bmlmcing such forces typic.ally involves 

5 building coalitions of actors to 1egitimise cmnmte _policy in tihe f.ace of S1JJCh opposition ~f.eadowcroft 
6 2005; l..e'\m et at 2012; Meckling 2011 ). 

1 

8 1.5.6 :Equi.ty am.cl fai!n1e-ss 

9 Considerations of equity and :mime-~ can serve ai, both dri'!,;re1" and barri.er to climate mitigation at 
10 different scales of goi;-'eOlallC!e. Literature re-gulady highlight equity and jmtioe issues as critical 
1 ] components in local politics and imemationru diplomacy regarding all SDG, ~J.Cb as goals fur no 
12 pove1i;•= zero hmiger= gender ,equality, affordable dean energy, reducing inequality, but aloo for climate 
13 action (Goal 13) (rvfarmotc and Bell 2018; Spijkers 2018). Eqmty issues are important reasoms why it is 
14 diffi.cullt to :reach a sigmiicant global agreement, as it :is bard to agree on the optim:tl le,re] of greenhorn,e 
15 gas mitigation (or emissions) and how mitigation shoold be distribwed among ooun11ies (K.vemdbtt: 
16 2018).. There are at least two reasons fm-this. first= an optima] 1:rrufe~ffl1euveen mitigation costs and 
11 dan.iage oosts of clliwate chmge depends o:n ethical considerations. Examples follow :from simulations 
18 made on integrated assessment models (see e.g.. chapters 3 and 4). A<1; these modeu; me different ethical 
19 parnme1ers mch as the time preferenoe rate and 1\he i,aluation of oonsw:nption betv;•eeo. age,ms with 

20 di.ffe:reut consumption levels, they mo produce different optimal wib~tioo patihs see (IPOC 2018a) 
2] and Chapter 3. Second, treaties that we cmwdered umil!ir may be hard to lm:plement (Klinsl--y et al 
22 2017; Liu et al 2017). I...e.swns frmn experimemal eco.o.om.ics show tih.,-rt people may not accept( a 

23 disnibu.tion tihin is considered wrlhlr, eveniftDhere is a cost of not accepting {Gru:npfo1· 2014). As ,equity 
24!- issues are impodant for readhing deep dec-ruooois;rti.on, the traootion towards a , ;u..srainable 
25 deirelopm.ent (Eirao.s and Phelan 2016; He_flion and jli.,foCaniley 2018; Okereke 20]8) is also dependent 
26 on taking eqmty seriousl~r m climate policies and international n~gotiations (Okereke and Cor.rentiy 
27 2016; ··wtainez et at 2019; Klirn.ky et at 2017). 

28 Boffl climlte chlrnge and climate policiecS affeot COl!llltries and people differently. Rich and poor 
29 oomitnes v.itll not be affected in the same way by d.i:Di.a.te change, and the highest impacts 1,,vill likely be 
30 felt in the pooc countries (Bnd.'"e et al. 2015). For eKample, low-income col!Jlltries fend to be more 
3] dependent on pri.nmy industries (agricuUtue= fisheries, etc.) than high- and wddle-inoome countlries= 
32 and tiheir infiash:lJC'tw:-e is also in a poorer condi:tion. There is alro a lack of_pohtical representation at 
33 v.""Odd st.age fur nml)' of tih~e rem:mo::molties (:see moo l .6..3. 2 befo,,.r). Ako, within a co1.llltry, tihe burden 
34 may not be equall~• disnibuted. For instance= gender matters, and wo:meu, esperialfy in poor cmmtri.es= 
3:5 are often less adaptci1.re to, c:Jimate change (Jost et al 2016; Rao et al 20]9). Coots of mitcigatii.on also 

36 differ across countries. Sm.dies show there we large disparities of economic impacts of NilCs across 
31 regions, and alro between relativel!y similar couutries when it oomes to the Le1.rel of development, due 
38 to large differences mmargmal abatement c.os;t fur the emission m.'edl.J.ctioo target ofNDCs (Mcim.oto et 

39 al 20]8; Fujimori et al 20]6; Edmonds et al). 

40 Ho1.ve1:re:r, trucing eqmty into account in cfesig:ning an :intetna.tioml climate agre.emeut is complicated as 
4] the1-e is no single universally accepted equity cl'iteria, and oowitries may strategically choose a c11terion 
42 ·th.at favOU1'.r. fflem (Lange et aL 2007, 2010). Still., sevend smdies analyse the consequences of differ-em 
4 3 social preferencecS in. desigmng cli11uat~ agteem.entr., such as for instance inequality aversion, sovereignty 
44 and altrui~m (Anthoff and Tol 20]0; K'l.'-emdo:b±et al 20].4!-). 

45 A climate treaty may help ni.eetmg some of ·fue Sl)Gc;, but fhere may also be trn~s between 

46 mitjgating cfumte change and meeting some SDGs (:see seotion 1.4 above and chapter 17). Such a treatiy 
41 v.iU likely involve transfer ftom rich to pom cotum-ies= as agreed ·upon in tihe (UNFCCC 2010) (see 



~econa. u1uer uran l...n.aprer .I! lrl...-\..., 1"\.l'!i..O W'\Jli.l 

] section ].45 abo,;.reruidchapte£ 15). Th.e1rnnsfecs will typicall~rbetransfecs ofmitigationandadtptation 
2 capital, or financial resoui·ces (from public and pri-,,;rate fun ) to sl!lppOrt mitigation and adaptation 
3 activities, and may be motivated by ":tirategical reaoons as wen as equity reasons (K:li.remdokk. 2018). 
4 Hm.vever, transfers of mitigation technology should he carefully de!Jigued to ensure additivity and not 

5 crowding om of mitigation effort .in the poor :re-gions (Sarr and Sivansoll 2017; GJachant ett al 20] 7). 

6 1.5.7 SMial iBno,n,rion ancl bebardou1· change 

1 In addition to economic batrie:rs to tohe adoption of dean technologies, 11here may be other obstacles 
8 bMed on indi!i.iWUl and collective beh.t'l'\."iom:s. Religion, vahre:s, culmre, idemity, social statul.15 and habits 

9 stc£ongly i:nfltJeD.Ce indlivichwl bebaviou:rs and choices and!. therefore, climne friendly consumption, see 
10 also section 1. 6.3 .1 and chapter S. The reqmred behavioural changes are not always aligned with these 
1] key driving factors. Identity, or a :pe-.rson's sense of se]lf, affects their beha:-,;.riour·. Identity can mean that 
12 you identify u.rith a certain oocial ~atego1y of people (Ah-dof and Kramon 2000), that yon belurve in 
13 accordance with som.e soit of ~deal behatiiour (Brel:ke e1 al. 2.003), or that '\.-aiu.es are based on pm 
14 oho.ices (Benabon and Ticole 2011). 

15 One example Illa}• be changes m diets, as diets ha:ve an impact on greenhouse gas emissions (\Villett ett 

16 al 2019). ~lo\ ing to1.cvards plant-based. alte:rnattlres to meat could be an .important 1,vay of crlltrng into 
17 emis.siom from diets, see e.g. (Eshe] et al. 2019 1

) for a. study on the .S. Ho~re\rer, diets are deeplly 

18 ,ent1"encb.ed io cultu1.u--es and identiti.e-S mid b.u-d to change (Fre:.oeo 2015). Henceforth, some behaviou:rs 
19 that are harder to change t.vi11 owy be trnnsformed by 11he transition itself: triggered by policies, the 
20 tt·ansition -,.,,fi.U bring abom teclmologie-S ffi.at, in hlfn., 'Li\"'lll malre new gFee.n behaviours ,entcfellcb.ed (Min 
2] the case of a tax on :red meat that facilitates the dd'fusm of meat altemati\i·es that gain the favom of 
21 new generations). 

23 Bebavionr can be changed through a number of mechaniSlll3 besi.des economic policy and regl!llati00t., 

24 S1!1Ch as information campaigns= advertising and nudging. In addition, mno1.rations and i.nfrastr1t1-chrtre 
25 funre impacts on beha:viour. For instance, to redoce rood t:raffi.c, hib:ng une.s make .i.tt easier to choose to 
26 bike. Bu.t several social mnovatio:ru may aho m'\."e W.lpact5 on greenhouse gas emissions. Edu.cation is 
27 increMing aciro.ss ilie wod~ and higher ~~1ion urill have ilJi)act.s on fertility, CO'.ll511mptfon and the 
28 attitude toward.s 11he en11.rironment (Osili and Long 2008~ Mc:Cnuy, Justin and Royer 2011; Hrunilion 
29 2011). Furth.er, a full in pmrerty and an imprm,~elllf'llt w health 1.,rill also ha'\.·e implications for fertility, 

30 energy use and coummption gl!obru.ly. finally, social capiW and 11he ability to wod: collectively may 
3] have large consequences fui- mitigation and the ability to adap1 to climate change (Adger 2009)- See 
32 also sect~ 4.3. 5 in 1FCC (20] S). 

33 Climate dlallge pecception and hov.• po]i.ci.es can affect thi.:s perception and then. act accordingly is 
34 studied through diff'efrem lenses from psychology (\\~eher 2016) to soci.ology (Guilbeal!JJlt et a]_ 2018) 
35 andexperimeuttaleconomic (AH.cott2011). These disciplines andstoo.ies also are of great help in better 
36 understanding of demand-side of mitigation .solution.. In chapter 5~ a tran.Slmscipfu:wy approach to 
31 identify demand-side climate solutions ~ introdl!Jced, i.m.re!.tigating fw- each beha'\."iom:al-based .solution 

38 ds mitigation potemial, w!mt policy m.eMm-es may trigger the c1wige and dieii: implications fur well-
39 being, A key :shift· to introduoe these beha.vfoural! measures is to depart from ihe :noti.on of :seetor and 

40 w.troducing the i.dea of sen.-ices. The foc:ns shifts from the economic activity itself to the benefits it 
4] h1ings to human weU-beiug: 1.cve don't need the traaspoi1: sector per se, but we do need a set of transport 
42 seni.ces fo fulfil our [lives. 1bis iB: the first IBCC ru,;,sessment report using :services, rather than sector . 

43 as a me-amngful unit to explore mitigation optiOllS and ~-ith particular a.ttention to well-being. Av-0id, 
44 Shift and Jfmpm'\.~e are fhe three dim.en's.i.oni::i: along 1vhieh i.t is useful to artioulate :mitigation options for 
45 eaeh of1lhe senices: 11bat indii.iicl:uah need to meet their needs. 



1 1.5.8 Leg,ail fr.,rmewo1·k aind instirtutti.ons 

2 Instimtioru: are rules and norms heidl in oomnio.n by social actor that guide, conslnnn and .mape human 
3 w.teraction (IPCC 2018a). lnstritutions c-.an be formal: such as law and policies, or mfo:rmal, S111.d:JJ as 
4 norms and c.onventious_ b became ob~.rion.s that wstitlrJtious can f.)mih facilitate or co11Stra:m climate 
5 pohcy-:mabng and .implementation in m111hiple v.'Ry.s .. Instimtions set the economic- mcemi~les fOf" action 
6 or inaction on d . .imate cbange both at natiowtl, re-giowtl and individual leveis (D:oro:-.ch and Flachdand 

7 2017; Rory Sul!livan 2017). 

8 A lot is often said abom: :Emw .Pric,e or coot infl.ueuoe how nmc.h nations, companies and indi~,-id.uail-s are 

9 willing to adopt renevrable energy technologies and lifestyle (C:t-eutzig et al. 20] 7; T ol 2018). Howe\re:r, 
l O llhe cost of low-carbon tedmologiecS are often 1Jihemrehres products: of specific insti~onal oonstmcis 
U and praotioe--3, sucb as ihe pattern of .slilhsidies oi: mll·est.ment (A..ndre~·:;..Speed 20]6). Institmions 
12 entrench :spec-die political decision-making .proce-_sses, often empoiveri:ng some imet-em 01,;rer others. 

13 Several scholars have traced delay and slmggisbness by mites to ptU"Sl!Je ambition climate mitigation 
14 pohcies to ffie activities ofpowerlul interest groupi who have ll-ested interest in waivtaining the cunent 
15 high caroon economic- :sm1.d:l!lfe.s (Sullill·m et al 10] 8; 01::erelre and Rmrel 2010; \Vilwte 2016). 

16 Some suggest that .M)cietal ttan:sfummion toli,mrds fo11v a carbon futl!lre requires new pol\itie,s: that 
1 7 .i.in~otl\i·es thinking in intet'generntciorud ·time horizons, as well as new forms of partne,:1:'.mips benveen 

18 pri'vate and public actors (1.Vestman and Bmto 2!018), vmioh may i:mpl~~ the need for new institutions 
19 and social innovation that entail greater involvement of non-~tate actor.s: in climate gavernance (Flllhr et 
20 al 1018). Some scholar insist 1Jibat fhe democratisation of climate pollitics, with greater emphas~ on 
2] eqmty and oomnnmity ·p:uti.cip:ition, i:s 81 nm:cb-needed condition for this (Dryzek 2016~ Dry2ek and 

22 NiemEyer 2019; Nico Stehr 2015). Others su~t that democracy may actually binder radical climate 
23 action in .some cimumstances ('Povi1Jikina 2018.). 

24 At the global level, the institutions have been a major foo:e dti\li:ng climate aoti.oo tuootily through 
25 persuasion, rule .setting, building coalitions and the promotion of accoumtability (f omey and Cross 
26 2018). :1tiomtl action may be spw1'ed by :intern:ational process 1111.rb.ile national consen!:.lJJS may enhance 
27 global collective ac-tion (Iacobl!lta and Holme 20]7). By 2017, 70'¼ of glob.al GHG emission~ are 

28 covered v.ri1Jih ei1Jiher nahomtlly binding climate legislation or climate sb"ategies. In acoordance with the 
29 development of NDCs, the share of global GHG emi._11;sion.1;, covered 1,,,ri1Jih national GHG emissions 
30 tacgets incre"3Sed from 1690/o in 2014 to 89% ui 2017. 

3] A common criticism of inteina.ti.ona.Jl institutiOfJS is tb.eir limited (if any) polivers of compliance (Zaruu-
32 2017). A~ a gioba] le-gal imtitutioll!, the Paris Agreement has lihle enforcement mecbani.ml (Sindico 
33 2015), but enforcement i:; not a nec,essm:y condition for an instn:unem: to be legally binding (Bodansl.'Y 
34 201 16a). In 1t-eality compliance tends to be high once conntries: have ratified! and a Ti:eat:y oi: au Agr~t 
35 is in force. Often, the problem is not so much of uon-coIDJllianre, but the leve] of ambition. 

36 The Paris Agreement Feqnires Parties to submit ffieir N ationaUy Detemiined Contri.butious md tro have 
3 7 these lipdated periodic-~. The Pe1'iodic update is seen as a 1,,vay of ratchet up ambition oll·ertime. The 
38 Pni·:is Agreement also i:-equireE Parties to :Pl.il£Slle domestic mitigation nie~11res, proi.ridrng clear, 

39 ka11Sparent and unden.randable info:tmation on the NDCs, accounting for anthropogenic emissions and 
40 rem:mlals, and pmv.idling :info.rmation., no fess :frequently than biewuallly, on a :national inventory a':!: well 
4] as on progress in implementing and achieving the NDC. At fhe same time, 'the Paris Agreement obliges 
42 that developed country Parties mal!l pro,;.ride financia] resourcecS to ass~t de1-reloping oountly pm.1ieg_ 
43 Legally bindingness of 1Jihe Par-is Agreement is undeniable .since it is justiciable based on 1Jihe consent of 
44 States in its implementation as contracting states (Bodansky 2016b). The binrungness of an agreement 

45 also depends on the coots (e.g., ms.s of repmation) 'to 81 state of nonparticipation, nonoompliM1Ce, or 
46 withdrn.1,,1,fal Strong nOflm with high costs of "i.olation a1'e sometimes called 'hindmg • (IPOC 20] 5; 
47 Hciffina:ou 2004, 201 ]). 



] It 1re:trum1S ilmdear 1,,vhether harder or softer legal no.uni; are more c~ble of enhancing eoologi.caJ 
2 reilexi\.·ity. The combination of hru:'der procedmal oomrnitme.ntiS V'i.iith softer ~uhsta:ntive pm\.~isio:ll.S of 
3 the P,ai:u; Agreement could encourage :flexible responses to c-bangin8: conditions 1,,,rhile its: softer 
4- transparency-based framework could funit assuranoe to ambitious commitments and their fulfii~t 
5 (Pickering et al. 20] 8). Numerous mtemationa] di.mate governance initiabves engage na.tionall and 
6 sl!lbrurti.onal! govemme:11ts, NGOs and pri\i-afe co1pomtions= oonstimting a uregime complex" (Keohane 
7 and Vietor 2011 )- They illmY ]ia-,.;e longet-tl!Ul and second-order effectiS if oomruitrne:11ts are-more prec~ 
8 and bin cling (Kahler 20I 7). However, 1,,vithout targets, incenti\.·es,, de.fined baseline or manitori.ng, 
9 repo1ting, and 1'ilerification, they are not li.kel~, to fill the "rnitigabon gap~ (1ilichaeJov.~ and :Michaelowa 

10 2017). 

11 1.5.9 Policy chi,~e:rs 

12 The literature find3 that 1ransfonmtion to differ;em systems will hinge on oonscio11-3 policy tso change 
13 he dlirection m. \\fbi.ch energy, land-use, agri.cultut:i:re and oiler 1--ey sectors develQP (Bataille et aL 2016). 
14 Policy plays a centrnl role in in lan~related systems (Ob.apter 7), il.rlian development (Ohapter 8), 
15 .improi.iing energy efficiency in build.in~ (Chapter 9) and transport (Ohapta- 10), and decaroonising 
16 .industrial ~-y«tems ~(.;liaptet' 1 l ). 

1 7 The role of policy in shifung towards a. fow-ea:rbo1li system to date !has been most evident in energy 
18 efficiency (Chapta- 5) and e.fedricify (Ohapter 6). The IPCC Specia.il Report on Renewabfe Energy 
19 {201 ] a) already found dim "Govemment policies play a cmcial role m accelerating the deployment of 
201 RE technologies", as "an increasing mimber and variet_y of RE policies - mot:i'\iated by many :fuctorn -
2] haPire dri1re11 esc-.alated grov.1hof RE tedmologiecS" (SRES, p.24). \Vitb contim1.edexpansion of pohcie.s, 

22 the SR.1.5 (IPCC 2018a) noted the "drama.tic improvement in lie politic-.a.il, economic, social and 
23 technical feasibility of solar euergy, 1,,vind euergy and ,electlicitty s,tomge..,. summ1ui.sed a'bcnre~ 

24- Policy has 'beetli and V,;'11!1. be ce11tral not only bec-.a.il.JSe greenhouse gas emiss!i.ons are ahnost um-,.rersally 
25 under-priced in market eoonOOlies (Stem. and Stiglitz 2017; \Vodd Bank 2019h ), and became of 
26 ma.dequate economic incentives to innovation (Jaffe et al 2005) but also due to multiple souroes of 
27 pmins-dependence and lock-in to existing syste,.ms (Section 5.2 befow). AR5 found that '"Iniias1ructure 
28 de\.·elopments and long-bved pu::docts that locJk .rocietie.s into GHG-intensiT,.,·e emissions pathv,raY5 ma;• 
29 be ddfirnh or -,.;eiy oostfy to change, reiofoecing fie importance of early act:ioo foe ambitious mitigation 

30 (robust evidence, high agr;eemeut)." (AR5 _p.18). 

3] Synergie~ and t1-ade-0ffi; arise pru:tly beca.use of the n,eKUg of GHG emimoiL~ 1,,,ritih other ad-,.,erse impacts 

32 (e.g. local air pollution) and oritic--al! rew1.1rce3 (e.g. water and food) (Conway et al. 2015~ Andre'li'its-
33 Speed and Dalin 2017), whicb ,aho impl~• interacting policy domains. 

34 The lite:ra.tru:-e sho\\r increasing emphasis on policy packages, indudmg those sp.·m:oiog the di.ffen~nt 
35 Levels of nichflbeha-,.,iour, existing regimes governing markets and public actors; and the laadscape 
36 level ofstmtegie decision-fll:lkiof; and regime changes (section 5.4). Ob.apter 13 condtocts a thorough 
3 7 appraisal. of policies for trnnsfunmtion .in ilie oo.nteKt of :1:,.mtainllble development. Su.ch .wessment 
38 .indicates 1he imp01tan.ce of policy as a drivel' of cliange for sustainable de--,.;elopment at multiple levels 
39 and acmss many actors, with potential foe benefits as ,~ell ru.i oosts at many levels. 

40 Nanonal-leve] legislation may be particularly important to the credibility and Tong-term stability of 
41 policy to remire the :riskB and hence oost of finance ( chapter 15) and for encournging private sector 
42 .innovati.on at scale (chapter 116). Nash and Steurer (20]9) find tilm sei.;rennational Climate Ohange Acts 
43 .in European.countries all act as "living policy processes:, thoug)h tO'\f31)ring extents'. As one significant 
44 example, the halving of C01 emissions in UK power gener.1tion reflects multiple policies, ptuticu.lru:-l~r 
45 since the UK's Climate Change Act (2008), ,m.ich drew upon th~ Kyoto stnJcrnce of binding 
46 co.mnritments but :requires domestic emissiO:l!l caps to be :s,et 15 ye.ai-s ahead to enhance certainty. The 
4 7 energy regulator' duties v;.,.ere amended to pmtect "'preiSent and future consumer ', leading on to fihe 
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] UK's Electricity Market Refonn, which botlh streugtheued earbon pricing and supported aJ surge in 
2 renewable energy, whicb along 1.-v.ith energy efficiency policies at EU, UK and sub-national level"J led 
3 to these mprecedent redtJ.ctiorn; (Grubb and Newbery 20] 8)_ 

4 The importam of policy· at nmltipie levels does not lessen the importa:noe of i.ntema1ional policy, for 
5 :reasom include long-teon stability, equity, and sic.ope, bm examples of effecbve implementation polic_!,r 
6 at intem:rtionai le,rels t-emain fewer and governance 1.-ve.aker (Ohaptei- ]4). 

1 

8 l .5.10 Inte1rnarionaJ. rooper.atiou. 

9 The need fm-oo111etlive and mgent action on di:nme change :is often menlioned as an impo:1:ta.m reason 
10 for strong inteuiati.onal co-operation in 11he 21 ·, century (Bodansl.--y et al. 2.017 · Cramton et al 2.0] To; 
1 ] Fal!kn-er 2016~ Keohane mid Victor 2016). 

12 futen:mtional cooperation is essential fo.rtackling cfumtes action beca"l!De of the Slru-Ctm-e of rue climate 
13 change problem (Bodans.l--y and Lavanya, 2017; Keohane and Vict-O.£, 2016). First, 11he benefits ofGHG 
14- e.i.niwons: reduction are global and non-exdrn.dable, miling amln--opogemc climate cih.ang a global 
15 commons problem (Fallmer 2016a; \Vapn.er and Eh•ec 201 7). Sec,ond, mitigation c.omi are only home 
16 by col!Ultries taking action while, 11he benefit of such action is not limited to them. :tvforeover, there is a 
1 7 tendency among gmretnmen"ts to think that mitigalion effm:ts will raise energy cost and adversely affect 
18 national economic oompe,titi:veness. All these create stm:ng incenti\i-es for free riding v.-.b.ere st.ates may 
19 "111;ish to benefitfromGHGreduction wi11h-ol!lttak:in.gtihru fair share of action (Keohane and Victor, 2016; 
20 Herman 2019). Inte:tmtional coopemt:ion has the potential to addrecS.s 11hese challenges by offering a 
21 platf 01m for collaboration for nmltipie actors v.ith di.veB.e perceptions of the coots and benefitcS of 
22 collecti,,,;re action.. International instimtions offer oppo.rmnity for actors ro engage in meanin_gfu.J! 
23 roJfn:DJJlfilcatiom., and exchange of ideas: about potenna1 s:-0lmioos (iCole 2015). 

24- One of the mies of international ianimtiom. set up to addt'eSS oz.one layer depletion was rue promotion 
25 of t:mst between emitters which was needed to redoce the tbrem of ftee-ridwg (Fallknec 2016b; Keohane 
26 and Victor 20] 6). Jfntemalional cooperation i.s "\rita!l for the creation and diffusion of norms and lhe 
27 framework: for stabilising expectations among actors (Petten_ger 2016)_ The Umted Nat:iorn; Frn.mework 
28 Convention fur Climate Change fm-exaJl¥le, has generated or reinforced several important nonns fo.r 
29 g[obal clrimate action rndudling the principles of eqtHJty, comm.on but diffei-entiated re.sponsibility, 
30 ~pective capabilities and the precantionaiy prmciple:3. These p:1:inciple.s h.arli.;e been \!-ital for helping t-0 
31 mwi.trun globa1 cooperation among st.ates v.ith l!llleve:oly distributed emissio:n.s sources, d.ima:te impacts, 
32 and vru-ying mitigation cost aci:oss OOllllltries (Keohane and Victor, 2016). Intemariarud cooperation 
33 ool!llld increase t11lv-arenes3 0111 climate change, moti\ii:ate ambitious actioo.3 through fo.r example- fhe 
34- formation of coalitiow of the ~"illing and pro\o-ide a structure for rue.asuriug and mow.to.ring acti.oo 
35 toward,;; a gfobm goal ~lilkoFeit and Haapala 2019). It c-~ ~ promote technology development and 
36 tnmsfer, capacity buil.dw.~ mobilise finance fur mitiga1io111 and adaptation., and address Cillmlte justice 
3 7 (Ohan et al 20] 8 ~ Okereke and Coventcty 2016). 

38 However, it has been noted flat intemationai oooperation can be characterised by 'organised n:,pocrisy' 
39 v..nere proclamations are not wat-ehed wilh cotre.spom..ding action (Eguesll 2010). Some have argued that 
40 mtemational co-operation for the climate change certamly di.~iays this prob,tem gi"lil-en 11ha.t ovtt 20 
4] ye.ar of c0-0peration has not resulted in level of reduction whic-h sciemim: say are neces_sary to a\.'"Oid 
42 d.imate chaDge. Int:ematiooa!l cooperation can also seem t-o be a barrier ro ambitious action when 

43 negotiation :is tmpped in ,relati\i""e-gai:as calcmus where states are sieebJ!lg to game the regime or gain 
4-4- leverage o\rer one anothet (Purdon 201 7). Moreover, the politics of self-interest can lead 11he least 
45 common domimtor logic where ambition is lourered to accommodate participation of the le-Mt 
46 ambitious: smtes (Faliknec 2016a). 



.::,ecoua uroer uran, vuaprer 1 U-\..A., ~o w \.Jill 

1 Scholars suggest that international collaboration wooo best ti,hen the agreement is self-reinforcing with 
2 incentives for on1tual gains and joint action (Keohane and Victor 2016). However, the sbucture of the 
3 climate cha1Jeuge makes such an arrangement bard to achieve. The negotiation of Paris Agreement was 
4 done in the context of serious questions about how best to structure interuational climate cooperation 
5 to achieve better results given the limited progress made under Kyoto in terms of emission reduction 
6 (Bodansky 2016a; Okereke aud Coventry 2016; Scaveniu., aud Ra)ner 2018). Tue centrnl component 
7 of the Paris Agreement is a pledge and review system of Nationally Determined Contributions (NOC) 
8 which seeks to combine top-dot;n centrnlised elements (e.g. procedural obligations to prepare and 
9 comonuUcate successive NDCs. compliance ·with intematiooal transpareucy requirements) and bottom-

10 up voluntary NDCs, the Paiis Agreement as having a hybrid structure (Chau et al. 2018). This new 
11 agreement is design..i to side-step the fractious bai·gaining which characterised international climate 
12 oooperation (Marcu 2017). However, the e.'<lent to ti,ilich this new arrangement will drive awbitiou., 
13 climate policy in the long ,un rem.1ins to be seen (Chapter 14). 

14 Outside the UNFCCC ruanyotherplatfonns and metrics forcompa,ingmitigatiou eff011s have emerged 
15 (Aldy 2015). Coumries way assess others' eff011s in detem1ining their actions through several platfonu.,, 

16 such as Climate Change Cooperation Index (C3-I), Climate Change Perf01mance Index (CCPI) 
17 'Climate Laws, Institutions aud Meas1a·es Index' (CI..IMI) (Beruauer and Bohmelt 2013). International 

18 oooperative initiatives bet\veen and among nou-state (e.g., bU'liuess, investors, civil society) and 
19 subnational (e.g., city, state) actors have also been emerging, taking the fo11ns of public-private 
20 par1llerships, private sector governance initiatives, NGO transnational initiatives, aud subnational 
21 transnational initiatives (Bulkeley and Schroeder 2012; Roellsema et al. 2018). Literature is ruosUy 
22 positive abo1d. the role of these transnational initiatives in stives in facilitating climate action across 
23 scales although son,e strong voices of criticism and caution about their accountability and effectiveness 
24 remain (Chau et al. 2016; Roger et al. 2017; Michaelowa and Michaelowa 2017; Widetberg aud 

25 Pattberg2017)(chaptei· 14). 

26 

27 1.6 Four _<lnalytical Framework5 

28 1.6.1 Introduction 

29 Climate change is unprecedented in its scope (sectors, actors and couutries), depth (major 
30 transformations) and timescales (over generations). As such, it creates unique cha1Jeuges for analysis. 
31 It has been called "the greatest rua,ket fuilw-e in history" (Stein 2007a); the Perfect Moral Sto,m 
32 (Gardiner 2006) and a "super ,vicked problem" (Lazarus 2008; Levin et al. 2012) - one which appears 

33 difficult to solve through the traditional tools and assumptions of social organisaticm and anal)~is. This 
34 wide colllelrt. for anal)~is flows directly fram the p,-eviou., sections: the risks, uncertainties, and the 
35 breadth of scenarios (1.3); the location of cliruate mitigation in the wide,· oontext of su.,tainable 

36 development (I .4); aud the diverse aud soruetirues oonilicting drivers of einissious and policy (1.5). 

37 In its chapter devoted to decision-making nmder uncertainty, the IPCC Fifth Assessment •.x1ended 
38 p,-eviou., IPCC repor1s "in four ways".• This section summarises insights from subsequent 

39 developments in key analytic framewooo and tools. We organise these partly as reflected in the quotes 
40 above- broadly econoruic, ethical aud system coruple."<ity perspectives- noting relationship ,vith the 

FOOTNOTE 4 AR5 Chapter 2: By "'expanding climate-re.lated decisions to other levels of decision making" 
[Figure 2.2]; in "moving beyond ptiwarily rational-economic" appraisal by "reviewing the. psye:hological and 
beb.nriowal literahu:e on pe.rcep6ons and responsies to risk and uneet1ainty''; by «eonside1ing the pros and cons of 
a!temative. methodologies and decision aids from the pointofview of practitioners;" and by '"expanding the scope 

of the challenges associated with developing risk management strategies". 
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] "three types of effects" noted in SRl. 5 as rele·itam to asses.mg feas.ibitity of implementation, namelry 
2 systmn'ic~ span.al and dish:i'butianal, and ~!flamic, effects. 

3 Specifically·, \¥e review ackrances in agg,a.egated ecotwmk framework:s to el.·alluate system-.ievel choices; 
4 dislributtanal and ethic.al perspectives to r.eflect disag_gregated cone-ems related to bmb. stages of 
5 development and d'i.stributiomtl c~ and traP'Lsiiio"ti 4Ynam'ic fi.'all:le'l.lforks which focus on the 
6 p1ocesres and actors imrollved in major technologic-..ru. and social tcransitions. We find that tbe-cS>e, need to 
1 be complemented! by a fourfh, which shine_s: more light on the psychological and political factors which 

8 have impeded progres._s: to date. \Ve ,emphasise that all these jhunewot:ks are relevant, and to get.her they 
9 point to the nmltipie perspectives and actions :reqmred .inhe positive drive.rs summarised in our previous 

10 section are to outwei§h the ban.ie:rs and overcome the canstmints:. 

u 

12 1.6.2 Aggr,egated app1"0adile-S: rost-Lbenefitt, ,r,ost-efffftirw,·,e:oess and dJ1u1mk ,efficiency 

13 1.6.1.1 Ewd11an1ig global patlm·a_l ·s n.nde1' rmcertafo{l., 

14 Economic perspectives have coalesced atuWid two main approaches: cost-benefit= stri\.ing to balance 
15 mmetised costs and benefits of mitigation (Nordh.mls 2008)~ and cost-effectil.-em.ess= onu1mis1ng 
16 mitigation costcS gi\ren a d.imate target. !\.'.!any ni.dies reviewed in Ob.apter 3 analyse the long-te1m. 
17 mitigation goal .in the Paris Agreement, which \c\fas infonned by scientific asse.s~1llellt of 'a\.'"Oiding 
18 dangermlo'!. antlm:~pogenic interference' (UNFCOC ]992). Both approaches recognise that :resonrees are 
19 limited_, and climate change competes witb other priorities in govetn:ment policymaking. Fo:r at least 
20 ]0-15 years: afte:r the first computed global cost-benefit estimate (NordhJu15 1992), the dominant( 
2] cone-fusions from these dilferent app:ro:1che:s seemed to yield veiy different reoomm.endation3,. ,~th c.o.st-
22 benefit studies suggesting lenient mitigatio1JJ compared to the climate t.11:gets typically recom:mended 
23 fro:m scientific risk asses~ (\\i'eyant 20]7). Ch.rer ilie past 10-D years, literatme has made 

24- important strides to~'m"ds reconciling ilieJ.e h~'O approaches, both m the analytic methods and the 
25 ooncmsions arising. 

26 Druua.ges a.nd' risks Iu:001porating impacts which may be extremely se\rere but a:re uncettain (lmo1.w as 
27 "fat tails", e.g. \\i'eitzrn:m (2009, 20] ])), swengtbens the economic case for ambitious acti~ to mmid 
28 rirJ...~ of extreme diimte unpacts {Ackemwl et at 2010; F~,et al 2013; Dietz and Stem2015). 
29 The salience of ri.m has also been amplified by inr,pro\.-ed unde:rstandi:ng of climate copping points' 
30 (Lontz.el:: et al. 2015~ Lenton et al. 2019b). 

31 One re"\.iiei.¥ considered 011he best estimate of the optimal l[near-t~ cru:bon tax still ranges from a few 
32 tens to a few hmidreds of dollars pee ton of carbon (fol 2018)."' Similarly= a new generation of Cost 
33 Benef1ts ana1ym based on projections of aomal obse-n·ed drunages result in mitigation effort that are 
34 very nmch in line \c\f:tth the targets cmrently discussed! in the Paris Agreement (Glanemmm et al 2020; 
35 Han1sel et al. 2020). 

36 Di'scomrti1mg. The mle of time-4.scounti:ng, in '!.\fetghting futme dim.ate change impacrn: against today's 
31 oosm of mitigating emissions, has been long recognised (Weimmn ]994, 2001; NordhallJS 200-7; 
38 Dru.:gupta 2008; Stem 2007a). Its importance is l!lllderlined in analytical Integrated Ass~mem l\ifodels 
39 {IMYls) {Golooo\.~ et al. 2014; \.-an def" Ploeg and Rezai 2019; 'Van den Bijg;aart et al. 2016). Economic 
40 litemtu1.1te suggests applying risk-free= public, and long-te.tm inte-Fest mes ll'>rhen e\raiuating climate 
41 cl.i.ange {\Veitzman 2001; Das,gupta 2008; Arrow et al 2013; Groom and Hepbu111 2017). &pet1 
42 elicira:tions indicate values amood 2-3% {Th:-upp et al.2018), lo\.\rer tfom w many of the ml.dies reviewed 
43 w earlier IPOC Assessments= lience increasing the i,i-eight acco:rded to the futut.1te. The U.S. Intemgenc-y 
44 Working Group on the Social Cost of CM.bon used 3% as: its central vahie (IA WG 2016; Li and Piz.el" 
45 2018; Adlei-e1 al. 201 7) 
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] HJ,·,brid cost-benefit opproa.d•es that extend the objectil.-e of 'tlhe optimisation beyond trnditional 
2 '\JYelfare, a.ddwg some fonn oftemperatme targets M> WI (I.Jar, .. -adoi: et at 2015; Held 2019) represent .a 
3 step .in bridging the gap between the two approaches and reswt in proposed stratecgies: !1.ml-C'h more m 
4 tine with those coniing from the cost-eifectn·eneS!3 litemtuce. Approaching from the QPPOSite side, cost-
5 ,eff ectrvene$...S: studie-cS furi;.,e looked into i.ncorpornting benefits from m.roided dimate damage-£ (Dronet et 

6 al 2020 1
), to :impro,re 11:he assessment of net costs. 

7 Overall the combination of imprmred damage functions ,vi11h the 1wider oonsensl!JS on lo,v drn:oum rates 
8 (a3 weU as knii;;rer mitigation costs due to .innoi.mtion) has increasmgiy yielded "'optu11ar results from 
9 benefit-cost studie-.s: m line 1.¥ith the nwge established in the Paris Agreement (see Cross-\Vorking-Grmrp 

lQi Box ] in Ch.apt.er 3). 

l] hm.~fficieot implementation would:raise mitigation costs (Homma et al 2019); conversely, co.:benefits 
l2 - most extensivelly estimated for air-quality, valued .at a fei.,r te,:113 of USD!tC0:2 across s!ixteen studies 
l 3 (Kadssoo el al 2020) - womd futther skengthen the oondusion. 

l4 1.\i'hereas many of these factors affectprimarilly cost-beuefit evab.J.atio:o,. discountingal:so deteoniu~ fue 
l5 oosl-effecti.ve trajectory: Ei:nolP£hng ,et al. (20]9) find 1111:rt, for a !P>rnaming boo.get of l0OOGtCO2, 
l 6 reducing 11he diocount mte from 5% t.o 2% woul!d more lian d.ooole C1!11R'nt efforts, limit 'overshoot', 
l 7 and greatlly reduoe a late rush to negative emission.-s .. 

l 8 Dishibut.:011 offorpact:s. The empirical c-hmate economic impacts l!iiteramre generally :indicates a rnbu.§t 
l 9 heterogeneity in the disl:1:ibution of climate dmlages at the lllltionallly aggregated and sub.national le11~e] 
W (lvloore et al 2017; Ricke et al. 2018; Carlet.on et at 2020). A 'global damage fi.mction' necessaril~r 
~] implies aggregating impad's acros-3 people and 001W.tries \vi'tlh ddf erent lev-els of income, and over 
n generations, a proce_,ss ,~cih obocjnres 11he strategic consi.dernrions that drive dimate policy rnralrinp; 
B (K.oohane and Oppenheimer 2016). Economics ac-knoivledges there ~ no single, objectively-defined 
~4 S1!1Ch ~social we]fare function' (IPCC 1995, 2015), underlining the relevance of eqmty (na--r section) 
~5 and global negotiations to determille col!lecti"i;.,e objecti\o·es. 

~6 bueg~·tded Anessmem _\fodel.s. lAJi.if.s we the·pi--unary too] for e\.'filiuating the implications .and metrics 
n of such aggregate ,economic reasoning. They broadly divide into 'stylized aggregate bene·:fit-cost 
~8 models', and more oompleK, ~detailed process' IAJ.-fs (\Veyant 2017) mirroring the two approaches 
~9 presented above; see Appendi.~ C for derails. f armei- ,et_ a] (2015) highlighted 11he importance of 
rn 1m.certawty= aggregation, and realistic damage firmctions, on i,rhich ,~ignifkant progress has been made 
) ] as abo1,re, along iv.iii technological change considered below. lA1\,b: and other ivhole-system models 
n IlDSdy assume optimisat<ion, wruoh makes it :hardtorepre:sient cost-effectiive efficiency options buUhey 
)3 may better reflect associated 'rebound' at system re\rel (Sal!llldlers 202]). 

)4 Cooi-benefil ~ utilise damage :functions to deri:r.re a social cost of CO2 emissions' (SCC - fue 
~5 additional cost to rociety of a pt!11lre of OOi emimom:. This metric accmmts for the extemai damages 
>6 for e'!i.raluabng m-emitti:ng and 1111.itigation i:n'!i.restments. Obvious Limitations ru:ise from the dillirnlties 
~ 7 WI as~sing an obj ecfi,ve, globraJ!l.y-acceptable single estimate of c-limate change damages as disnlssed 
)8 above; (Pezz.ey 2018) ai-gues; 11hat aweement on this can ne\o~er be expected. 

)9 Cakufating oost-effecti\te trajectories to1i•,;raros given goals lypic-aJ!l.y use_s mo.re det,ailed process IAl\.1:9:, 
m ,,'1licJh calculate the 'c.oot of c-.mbon·' trnjec-toiy tna.t womd be m:Jroeiated with a gi¥en climate t:arget. 
l] Trnn.'idated. to .a ':shadow price , thi9: (like the SCC) aloo offers a benchnwk to assess the cost-
l2 ,effectivene-s.3 of itnrestments, as used by some govemme.nts and comprulie.3 (] .62.4). 

B Care is fetll!W'ed to clarify i.,rmt is optimised (Dietz and Ventuaos 20]9). Very long-run cost-benefit 
W canies the ohaJ!l.enges noted. Optmriflllg a path towards .a g!Ven temperature goal by ,a fixed date ( e.g. 
l5 2100) gi¥es time-mcomistent results baddooded to large, last-minute mvestm.em in negative emission 
l6 technologies. ~Cost-effective' optmlisati.ons generate ress initial effort than equivalent cost-benefit 



:"jecona ureter lJr.1ttt Lnapt:er] ll'U ... ; }\.Ko 'Wbill 

] mxlels (Gol!lier et al. 2019; Dietz and Veom;ms 2019) as thEy do not incorporate beo.efits of reducing 

2 unpacm earlier. 

3 1.6.l'.2 Dynamic effide,uJ' 

4 cmncient path\-vays • are affeoted by· inertia and innoi.-'Rtion. Inertia implies amplifying action on long-
5 lived .investments and .i.nfrastnJ.Cmre that could o'tihen\ue lock io emissi.ons for many decades (Vogt-
6 Sohilb et at 2018; Ba.lm,iin et al. 2020). To the extent that early action :induces low cm:bon imlm,11.tion, 
7 i.t <m.u.ltiplies' 'tihe optimal effort (for given damage assumptions), bec-31.lSe i.t facihtates subseq;ae.nt 
8 cheaper abatement\. For example,, a 'learning-by-doing' arudy.sis coo.dudes that ie~ly depioyrrrnt of 

9 expensive PV was of net global economic benefit, due to mduced umovatioo (Newbery (2018). 

l O Research thl.J.5 mcreas-.mgly e:;mphasises 'tihe need to tw.derstand ch.mate trnnsfotmation i.n terms of 

l] dynamic, mher than static, efficiency (Gillingham and Stock 20] 8). llis me.am tabng acOOWit of 
l 2 i.nerti.a, leanmg and ,,ariom additional source£ of 'pali-'depeudence ~. Including induced innoi.-'Rtion in 
l 3 stylised ~ can radically change th-e· omfook (Acemoglu et al. 2012, 2016), albeit wifu limitations 

l4 (Pottier et al. 2014); mmy wore detailed-process IIL\-fs no,v do (as revie\.vedin Yang et al. (2018) and 
l 5 Gnlhb et at (2020)) 

l6 These dynamic effeots typicallyjusafy greaterup-fromeffott (Kalbililet al. 20]2; Bertram.et al. 2015) 
l 7 including accelerated international diflhsi.011 (SohnJlte-s: et al. 2018), and strengthen optimal imtw effort 
l8 in benefit-con models (Giubb et al 2020, Balchl.in et al 2020). J..fe:rcm-e et al. (2019) ilh~tnrte that 

l 9 different :repreoontations of imlovation and financial markets to gethet· can explain why estimated 
m unpacm of mitigation on GDP can differ "-rel)_,. widelly (potentially e"'ii'en in s:igµ), between different model 

~] types (Ohapter 15). 

r.2 1. 6.13 E.co11omic Inslrmue11ts - pricing CO2 mul ot/1er greeuh·o11se gas emissions 

~3 St.em'5 (200To) referenoe to climate chmge as •~0ie gt-eatest market failure in rustoryT> highlights that 

~4 damages: mflicted by climate d1m1ge are not properly costed io our ,economic decision-making. 

~5 Economic perspectit,es emphasise the v.al'ue ofremm.·.ing fmsil-:fuel SIJbsidies= and pricing eml.'?,;.51.0n.s to 
~6 ~mtemalise' io eo:m.omic deei.frion-mahng the ~extemal' damage"' imposed by GHG emissions. 

n Economics generally sees carbon pricing ( on ptinciple which extends to o'tiher gase:s:) as the :most cost-
~8 effective ivayto reduce emissi.ons, gi\i-en certain assumptions. Ste1n(20 1l:5) identifies six ma.fleet :failimes 
~9 whicb oompl:ie..ate 'tihis logic= but: along will ml&l economists, insists 'tihat it remains impo11m:rt to 
;,o effective policy. J Taking acconnt of the v,;ide 1r111ce11amti.es noted and oo:mbinin.g approa.cheJ., the High 
l,] Le\i-el Commi£Sion on carbon priciag (Stem and Stigldz 2017) e5tirnated an appropriate n1nge as 

l-2 USD40-80ft00i in 2020, rising steadily fuel'eafter. Tue benefits from indl!Jred. innovation may also 
B affect carbon pricing design (Cason and de Vries 2019). In economic lieo1y, negotiations 0111 a common 
1.4 carbon price (o:r other common pol!icies) may hm,-e benefi:ts (less :51!1bject to <free riding') than a focus 
i5 on negotiatrng natio'.lll11 ·targets 1CCmmton et al 20]7a). 

~6 Because carbon pricing creates winners and losers, it must abo contend with distnbl!Jlioml effects 

l-7 ( domestic and international) and political vi.ability (Klenett et al 20 ]8~ Ptii:m et at 2017), though 
~8 (R.eo.nkamp 2019) :ood.s rich incumbents w-ere often most ,meal io il.wng arguments .aoo1!Jt impacts on 
l-9 the poor. A major !l.--e·1.iiew (1\,1.aestre-.Andres et at 2019) finds persistent chstrilmtional oonceim_, which 

m may be addressed by combining redim:ibutioo of re\.·emrres i,ritb suppott for loiv c.ru-bo:n innovation. The 
~] re.ahties of poliiti.ca] eoonomy m"li.ie to date !l.:u:mted the-:implemen'tation of carbon pricing, leading some 

~2 social scientists to ask 'Can v,te price carbon?' (Rabe 2018). The e¥idenoe ofslovily growrng adoption 
B (Q/orld Bank 2019b) is "yel!/", b1!Jt only slowly over time: a nuJy of66 implemented e.rubon pricwg 

FOOTNOTE 5 Beyond GHG externalities: these ~t :railw:es are; m.!:d~quate R&D; :fa:il.ures in risk/capitd 
mcarkets; netin·ork ,effects creati:m.g coordmart:io:n :railures; wider i:mfo:rmation fuilures; aitd co -'ben.ent:s. 
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l pollic.ies .shour importam 1effeds of regional cl'IJStering, im.ematioml. process~ and. seizing political 
2 v..mdo\l!S of oppom:wity (Skovgaard et al 2019 1

). 

3 Camon pricing oonrept.s C".an. be important outside of tlie traditional mad::et ftax or miding'1 
4 applications:_ A ~ socrial cost of caroon' c--m be mied to e1i1'allll:lte goi;remment and. regm.arory decisions,, to 

:5 oompensate for i:nadequate caroon price.s in a.c1iDa1 llllU!tets, and by oomp:mies to freiloot the extema1 
6 damage of 11beir emissions and sfora.te.g:ic rub of filtm-e c--amon oomro!ls (Zhou and Wien 2020). An 
1 agreed 'social vallue of mitigatio:lll. actwities' oomd fonn a basic index: fo1 nndenvriling rub in low 
8 carbon. investments intematiomatlly (Ghecsi et al~ in rel.~ew). In practice~ a aide rnnge of policy 
91 w.s1irtm:tems are used (Chapter 13). 

10 

11 1.6.3 Ethlr al appr,o,arbe.s 

12 Ollimate change has been descnoed as 'The Pecfeot 1\ilornl Stoon" (Gardiner 2011) oombming three 
13 ~,. Its global dtmensi.oo:, in a wodd. of scnrereign states which. have owy- fiagmemary 
14 ~onsibility and cmrtcrol, makes it "'diffioult to gene.t"ale 1lhe moml oorwde:ration and necess:nypolitical 
1 :5 v.u['. Its impacts. m;e intergenerational but fidure generations hatre no voice in oontemporai:y affairs, 
16 the usual mechanism fur addressing chs1riloutio:oa.Jl imj11.mioes:: 'The furore whispers, v..iiile the p;erent 
17 shouts.' He daims these cliallenges - rogethe.£ V4'1Jth llie intrinsic inequity of we:tl'tlhy big emitters 
18 impacfirng pm.1icul!arly poorer wclims - are llen exaca:baled. by as yet inadequate theoreticaJJ 
191 perspectives to 'al/fowmoralsemifurity-, oompamo~ tranmatio:nalandmms~et-atiorud care, an.doll.er 
20 fu11I1S of ethi.c.ail conrem. to rise to llie surface and prolt-ide guidanoe fm meaningful and effeoti.1.-e o1limm:e 
21 action.' 

22 !.6.J.1 EtJ1frs ami! -,"lffne.s 

23 A large body of litemmre examines llie critical! rnie of 1,-rames, 1ethics~ attitudes, and behaviours as 
24 fotmdafiorud :lhmies for 1mderntanding and as.sessing dimate at'.:Jtioo:, s11sraina.bre dei;•elopment and 
2:5 sociefal mmsfOJDl!ltion (IBCC 1.ram (1015) Chapter 3)_ Most of dus work is offered as a oounttt poim 
26 or cri.tiqne to mainstream lirter.m.1Tie~.s focus ou safe-gtlfilding. of economic. grourlih of nati.o.ms,, 
27 cmpomtions and il.uhvidlJlaJls (Castree 2017; Gwmer 2011). The.se per:spectit•es hi§lilight llie dominance 
28 of eoonomic l!Jtiilituianismt m western philosophic-.al thought as a key driver foc nosustrunable 
291 oons1.111nption and gfoba[ 1en1,yonmenfal change (Hoeing et al 2015; Popescu 2016). 

30 Entrenching atterative values Iibat promote deep decaroonisation,, e:m.'ll'o:nmenta[ oonsef\iatioo. and 
3 l prot:eotion across all levels of society is \.iewed as f01W.dationail c.o:mponent of d.imate resiliem and 
32 SJ.11Staimble development and fm achieving human rights, and a safe climate v.ro.dd (Jolly et al. 2015; 
33 E"~ 20]5; Pope.sou2016; Taoora et al. 2019}. \Vhi[e acbiowledgingthe role ofpohcy~ technology, 
34 and fimmce, some scholars point ou.1 1lhat ':ma:nagerialist' app-oacJhes that emphasiise ~teclmical 
3:5 governance' and. fail to chall1enge the deeper \i-ru.l!le8. 1bat wideipin. societies v..ill. not secure llie deey 
36 ohang~ required to aJ,rert dangerous climate change and oiler enwomnenml d1rulenges (Hartz.ell-
37 Nichols 2014; Groves et al. 20116). 

38 Sever.al aulho£s stress fhe cenflrality of a commitment ro social jn.mice, particmady regarding fhe 
391 din:ibution of i-espo11S1lrilities, ri§b.15, and nmmaJ obligaboos bem·een nations in GRrigatmg sociefal 
40 uansfomllltions 1(Pattersou et aL 2018; Gav.·el and Kiuhliclre 2011'; Leooh et al 2018). Some so:hollars. 
4] Sl!lggest &rt cun-ent appi-oaohes, lo climate adcion fail to match what is requwed by science because liey 
42 tend to ciromm,~ent constrraims on hmnan behaiviom, espec,ialily conslraims on economic :interest aml 
43 activity. The a:Uetlllltive ofle:n proposed. are gmre1:nanre :modefa lliat are oent1'ed. ou enviromnenW 
44 wnits, planetvy bowidaries and "the moi-a[ impet-ati11.-re to prioritise llie poor in 1eart:h systems governance 
4S {CarleyandKo:nisky2020; K.amwanet al 2020). \Vi'hregards to globaJ dimate diplomacy> it has been 
46 suggested that a key reqnirement fO£ stronger aotion lies .in finding V4-ays to moderate the economic. 
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inter~ts of states which tend to be monger than general interests fur mgent cllimate action (Bain 201 7). 

One concrete !idea is to renew empfums ell! 1rust and solidarity a<J foundations for global co-operation 
on climate change (Jolly et a.I.. 2015). 

Research focused on the national! lerirel has f 01iad. that a se:a:.se of short-temi interest among stakeholders 
conild block tihm1~t re:flectioll! and dehbe1ati.on needed for climate :mitigation and adapta.ti.oo. p1 aoomng 
{Harl'DJtmo 2016; Hem.ck 20 118; Sussmm et al. 20] 6; Schlosberg et al. 201 7). It has been argued that 
proper management of self-perceptions guided by \.:irtuous ethics and liruues is nece~mry to, create 

sitoationally appropriate mitigation and adaptation policy 1~gi:me at both national and .international lel.rel 
(Hemi.dc 2018). It :has been noted that .w.ch1.riduals, c01mmm1ties and commies that hmre strong altmisnc 
concem about clrimate change impact 011 flu.tu.re generatiorn; tend to be more proactiively ,enga~ in 
di.mate :mitigatioll! and adaptioll!. S:imilru:ly, literamre suggests that s,e]f-:transcendent values :&l!IC.h as 
Wlivernalism and benevolence, and moderation are po3iti:\.-ely related to pro-environmental bebmii.om'B 
{Hmvell and .Allen 20]7; Jom:.oon and Nilsson. 2014; Katz..JGetro et al. 2015; Braito et al 20]7). 

A:nolier strong theru.e in ethical per:specti¥es to cli:mate gove1nance is the perceived need for a greater 

recognition of interdepeu.dence indooing the intimate :fTelationship bemreen m11nw1s and lie non­
human world (Hanni-" 2015~ HoweU and Allen 20]7; Gupta and Rache:da 2018), which u; argued as 

offering an organising pimciple for endm:"ing f.1israioabl1e tt·.m.-sfonnation. A key policy implication of 
tms is mo,1.;ing a~·ay from vahring nature only in marl:et and monetary terms to stmnglly mco1po:rating 

existential. and non-material 1value of nature in na.tnral rerom:ce accol!lllting (Neuteleers and En~len 
2015; Himes..JCo111.elff. et al. 20]8; Shackleton et al. 2017).There has been increasing attention on 1,,,rays 
t.o design cw.n.ate -policy fi:-ame,,.,rorks to pro.nme the ;reoonciliation of ecological v:irme 1.vithits emphasis 
on the collective, and individual. freedom~ and pernonal autonomy (KasperbmJer 2016; Nash et al. 2017; 

Xiang et at 2019). In such a ftamewod:; nnderation, :fairness, and stewardship are all under::.tood and 
promoted as directly contributing to tl!le good life. Sncb approaches are deemed vital to counteract -the 
tendency to free rii.de-and t.o achieve the much-needed be.ha1fii.omal :restraints required to tackJe the threat 

of climate change. 

Some ltiiteramre suggests that attention to emotions especially with :fTegards to cl.i.ma1e communication 

conild help societies: and individuals act .in v;ra.JJJ -that foOl.18 less on monetru.y gain and morre ou dimate 
and envir:onmental sustainability (Bryd: and Ellis 20]6; Chapman et al., 2017; Nabi et a]., 20]8; 

Zummo et al 2020 ). 

3] 1.16.,J.l Eq1,izy, jnst tranri:tion, and rq,r·es.e1mtati.on: inter,natioual public choice across time and 
space 32 

33 Climate change :raise,s important equity issues, which underline concepts of 'just ·•nuJSition' (Har]an et 

34 al 2015; Klinsky et al. 2017; Kemp-Benedict 20]8). Equity_perspective,s highlight three asymmetries 

35 relevant for dimate change (Okereke 20]7; Okereke and Coventcry 20]6) (see aloo 1.5.6 a.bo"'i.-e). The 

36 asymmetry itJ con1ribi1tton highlighn. different contributions to climate change both in hidor.ic-.ru. and 
37 cunent teans, and applly both within and bet:\..\feeu. stat-es as well as ben,reell! generations (Caney 201r6; 

38 Heyward and Ro§Br 2016). Asymm~iry in impacb higbli§ht the fact that the damages will be borne 
39 ~proportionately across collJll.tries, regions, cOWlll.Umties, individua.1s and gen.dee; w.o1'eover, it is: often 
40 those trurt have oontrib11Jted the least that st.,nd to bear the greatest impact of climate change (Shi et al 
4] 201r6; IPOC 20] 5). A.synmietry in capacity highlights differences: of power beh~--een groups and nations 

42 to panicipate in climate decision and governance. 

43 If attention is not paid to consideration of equity, efforts designed to tackle climate change may end up 
44l exacerbating mequities: among cmlID)11J01tie-cS and betureen c.onnhies (Heffron and McC.auJ.Ley 20] 8). The 

45 i.mplica.trion is that to be 11.J..Stamable in tihe fong n~ mitiga.frion strategy should ruu.e a central place for 

46 considerati.oll! of justice. Some critical scholar. MJ.gge.st that mjuMic:e follol\lIDg from climate impacts 
4 7 and climate policie.cS is asymptotic of a more fitw.d.·nuental strnctwm :injustice that characterise social 



] reJations. On this 1,;iiew, the s.tarting :Point for tackling dimate change is to addreM the deepet:" inequities 

2 v.ithin societies (Routledge et aL 2018). 

3 Avoiding adverse distribmional consequaIDes of :miti~iion policies u.udetpins emphasis upon the need 
4 for a 'ju.§t transition' (see subsection 4.5 in Chapter 4, and subsection 1.6.5 befov,;•)-A just transition cm 
5 be defined as a transition from a m.gh-carbon economy to a low-e.arbon ,ec.ononl)"' which is oonsidered 
6 snfiicientl~• equitable for the affected .wru.\.iichws, workers, comnnwities, sectors, regions and OOl!Ultries 
7 eweU and 1-fullwney 2013; Jasanoff 2018)- Th.us, the aim is to ensure that nobody is left befand in 
8. the tram;ition and se\.-era] studie.cS are condiocted on national l1e-\l·els i(Sovaoool 2013~ So,mc.ool et al 
9 2019). Different policy instl1!llllellts can be used to make the ~itio111 to a lmv-earbon eoonomy, 'but 

10 the cJhoice of policy· insb:l!lllle:Ilt to mitigate greenhouse gas emissions may give different distributional 
1] conseqn.ences ~fillar et al. 2017; IPOC 20]5)- · 1easures to reduce the regrecSsiv:iJty of camon pries 
12 ool!IJld include red:i.mibuting the tax rer..enue to fa.vom of low-income gronps, rump swn redisttibutcion 
13 of tax re-r,,;ennes or differentiated carnon taxes 1(1vfetca]f2009; Klenert and J..fartaud.1 20116; Sti~tz 2019}. 

14 °Q.i'bile just ttam-ition often has a national foCl!IS in -the literatme, a just transition ak-0 req;D·es tillll: the 
15 ~1ies 'bem-een rich and poor OOU1lt:ties do not wcreare_ Climate change and climate policies 
16 affect conntries and people differently, ll'>riili the poor likely to be impacted more (section l.5.6). Ajl!lst 
17 transition 1.-vill therefore 'be a t:ran,~tioo where these distributiona] affects will be redl!lced_ The choice of 

18 W:1.dedying ethical as~1unptions when defining lhrelfare, will give very different outcomes when it comes 
19 to mitigahon {i\:nthoff and T ol 20] 0). lntematiom!l dimate finance in which rich comrtri.es finance 
20 mitigatio111 and adaptation m poor countries is: also impottmt for t-edur.ing the M}~trie,3 between rich 
2] and poor co11nt1ies (].5.4 and chapter 15). 

22 Tosl!le in intergenerational eqmty are conceined ,villi the di.-fflilmtion befu..veeu -the pITesent and fonu--e 
23 genera.ti.on. One i.mport.ant aspect: i.s disooW:1.twg as mentioned in 1.6.2. l _ Another approach to this 
24 debate bas been to srudy the burdens on each generati.on that fol!1ow ftom the transition to low-c-.ru:bon 
25. economie.s, :in particular the possibility that no generation has: to reduce their 1.-,rell!being from cliwate 
26 mitigatio111, :see {IPOC 20]5 Chapter J)_ If di.mate mitigation is: beneficial to file world fi:om an 
27 intergeneratio:n.al perspe,ctir.re, all generations should in principle be able to benefit from thicS by sharing 
28. this welfare benefit 

29 '.Ilms, it showd be possible to deMgu mitigation policies that can benefit an generations_ Suggestions 

30 ba"·e been made in the htera.tme 0111 ho\!'.f to do this such as a c.bange today :from real capital iffve5tmenttS 
3] to inr.;estmen.ts; .in natural capitru! :so that £nture generation.~ will inhe111 less real cmpital b1!lt a better 
32 env-uonment~ or fuwicwg mitigation effm.15 today using gove.mmenta] debt redeemed by fumre 
33 generations, see for instance (Broome 2012; Heijdra et al 2006;Krup and Rezai 2014~ Hoel et al 2019). 
34 Note however th.at fhis approach r,,,i.ola.tes the '·pollint:erpays principle' as the pre5e11t generation does not 
35 take the bm-dlen of mitigatio111. 

36 One mong implication of the diso1.J£Sion i.<J the importance of policies to drive trrans.iti.o:as - like tiho.se 
3 7 associated with deep dec-~tiou - .integrating c-Oll'Hdemtion of di51ribution and jl!IStice, hence 'jtm 
38 transitions' is part of a larger framework of transitio111 and transfoonation. 

39 

40 1.6.4 Analytic fr.amew,orks of transition and n·.ansfmmarion 

4] Trus report uses the term tm.nstff o" as the process, and transformation as the outcome or obj ectir,,,-e, of 
42 large-se.ale changes in technological, economic and social syi:.tems. Typically, ne-w technoiogi.es, ideas 
43 and MS.ociated ~ems initially grmv slowly in absoime temis;, but :may "then 'take-off' in a p~1Se of 
44 exponentifil gr.ow1lh as they ,emerge from a position of niche into mrunstream ddmsi.on, as indicated by 
45. the 'S--cani-e' growth iu Figure 1.8. Ther;e dynamies arise from intei-relatioosbips hem-een. innm.m.tion 
46 (m technologies, cootpaoies and other orgamsations), markets, iufulstructure and institmiom= at( 
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I multiple levels (Geels et al. 2017; Kramer 2018). Cousequeutly, multiple disciplinaty perspectives are 
2 needed (Twuheim et al. 2015; Geels et al. 2016; Hof et al. 2019). 

3 In addition to dynamic economic perspectives (6.2.2), dedicated theories of technological crausitious 
4 and social science perspectives emphasise the different actors in socio-economic systems. These 
5 highlight different processes that teud to dominate at different scales, across three main levels, with 
6 the most general terminology as micro, meso and macro (Rotmaus et al. 2001) (Figure 1.8). 
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lhtn 1t 1c:nolffllltrc pa:,e The htent,rn t,-p«tly iciel'l.rly thrtc mt1n kYds (me10. meso rod ffl!lcro) vwtil dfll!l'tnt c:tio~c:tcobe. l~loll.oo,i c,n be a~111ttd 
by x,le~UOl(li:,'i.C:~ti~tll .c: ,t.ese _.,~tnt lt,eh, Thf nldcllt lts•~"lshed weio-t~~ tf.Bh'lf'I (tflc:b t,) •tSi:s(Mlj,or (~nee WII M~ dun h.wt to 
vn6eiio ,.m. d'I- b,, prtHlt-5 l,o-n tht c:the-rt- Wk hc:ll11btnc l"'d,i~ t- to •dallt II th'# a,. to th-Nf ....tthl1 tile c,,,wth ol flN,' ~-. 

Figure 1.8 Transition dynamics: lenb, policies and processes 

In contrast to standard economic perspec.tives with metrics of margiual or smooth change (e.g, 
cla~tit..:ilir::s), llaw.itiou iliit:"Vtir::s ell4'ha~i:se (he uvu-liueatity vf tl.u.c.ilivu }JlVC~, which eAJJlaill fot 
example persistent tendencies to underestimate the e."POOential pace of change now being observed in 
renewable energy (2, 6) aud emerging in mobility (10). 

A dominant theoretical framework has emerged as the ~Multi-Level Perspective• or MLP (Geels 2002; 
Grin et al. 20 I 0). A common feature across theories is that transitious often strut with niche alternatives 
(Grin et al. 2010; Kohler et. al. 2019), which under some conditious cau then break through to wider 
diffusion Sustainability requires pwposeful actions at. the different levels to foster the gro\v1h of 
sustainable technologies aud practices. 

Such trausitiou frameworks explain how aud why large-scale change in socio-technical systems is 
difficult, involving a co-evolutionary process between technologies, market demand, policy and culture 
at. the different levels. This requires au inlerdisciplinaty approach aud aualysis that addresses the nou­
linear dynamics, social, economic aud environmental aspects of crausitious to sustainability (Kohler et 
al. 2018; Che,p et al. 2018). 

Le,•els, actors and decisi.on-malnug domaius. Socio--teclw.ical (ST) systems change is a co­
evolutiouary process between three main levels. In the middle (meso-level) is the established 'SI 
regime', aualysed as a set. of interrelated sub-systems: scientific, engineering, market, policy aud 
culture. At the micro level is au ecosystem of varied niche alteinatives. Overlaying the ST regime 
stiuctures is a macro 'landscape' level. Each level can involve different ac.tors and decision­
characteristics. 
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1 With some clear parallels, recent decades have seen btoadeuing of ecor.omic perspectives and theories. 
2 Gn1bb et al (2014, 2015) classify these into three • domains of economic decision-making', which they 
3 associate with different branches of economic theo1y, respectively (1) behavioural and organisational; 
4 (2) neoclassical and welfare, and (3) evolutiona,y and institutional. These are presented not as 
5 altematives but rather descriptions of processes which occur at diffe1eut social and temporal scales. 
6 including to actors in climate tinance and applied by (Hall et al 2017) 1D studying 'adaptive finance' in 
7 t.hP. TJK f'JP.r.t.rit'.ity trnn~ifinn 

8 These interrelated 3-level perspectives help to clarify the agents and processes of trausfo,mative 
9 changes. There are significant differences (notably, the latter sugges1s govemments as actors at the 

IO macro/strategic level, which in the MLP is typically seen as a broader e.,ogenous 'landscape'). But both 
11 point to understanding the characteristics of different actors in society, namely 
12 individuals/collllllunities; larger co,porate organisations (public or private); and (mainly) public 
13 authorities. at different levels. 

14 Cowpleme.utary frameworks aud me.flrods. Related transition frameworks include Strategic Niche 
15 ,\lanagemenf (Rip and Kemp 1998; Geels and Raven 2006), and Transition .Management (Rotmans et 
16 al. 2001; Loorbach 2010) which applies MLP to practical application for governance and policy, 
17 discussed fwther in chapter 16.4. Socio-ecological systems (SES) analysis, developed from natural 
18 resources modelling, aims to model interlinked dynamics of social and ecological systems. 
19 (Christensen et al. 201 I; Fletcher and Hilbert 2007; Haber! et al. 2016) - as complex, co-evolutionaiy 
20 adaptive processes in which macroscale patterns emerge from micro drivers of hum.au behaviour, with 
21 variables and their interaction explicit. The technical transitions literature however has limited 
22 interactions with the developoental literature (Mealy and Hepburn 2020). 

23 Regime stability a1td resista11ce to cl,a1tge. Stable ST regimes imply that basic rules and regulato,y 
24 stiuctures are laiot1,-n and reliable as a basis for decision-making by the principal economic actors 

25 (whether public or private). This provides foundations for the 'econClllically rational' tools of cost-
26 benefit analysis, risk-retnm assessment, and cost and perfonnauce preferences of consumers, to 

27 dominate the behaviow· of markets. The ST regime is a mature system and tends to resist change, 
28 because it has strong lock-in !o its technologies and practices through established institutions, mature 
29 production systems, a supporting social culture and existing market structures. Radical innovations 
30 which do not fit these structu:es struggle, even if they provide potentially a more suitable alternative. 
3 I Therefore, suppo,t for the nclie alternatives is a vital aspect of policy and governance to support 
32 transitions to sustainability (Grin et al. 2010). 

33 Forces for cl,auge. There are continual interac.tiou.s be.tween landscape., re.gime and niches. Cousumer 
34 preferences evolve. and growing inequities arising from the accu.Jlllllation of capital and power of 
35 incumbents can breed dissen1, as will extemal damages which are uot reflected in market prices. Iu 
36 addition to bottom-up innovations, niches c.an bre.ak through if exterual landscape developme.nts 'ere.ate 
37 pressures on the re.gime. that lead to cracks, tensions and windows of opportunity' (Geels 201 O; Rotmans 
38 et al. 2001); an example is scientific knowledge about climate chaug• putting sustained pressure on 
39 cun-eut regimes of energypro:luction and cousumption (Kuz.emko et al (2016)). 

40 Social fl'a11sformafi.01t. There is always a social dimension to such transitions, which are part of a 
41 complete trausfo,mation. Key elements of social transformation include capacity to trausfo,m (F olke et 
42 al. 2010), pbooin~. and inteniiscipliuru:ity (Woiwode 2013). The Sec.o.nd \Vodd War dem.omtJ·ated the 
43 extent to which crises can U1Cttivate (sometimes positive) change across complex social and technical 
44 S)-Sterus, e.g. as blockades forced transformative modernisation of the UK's agricultural system, which 
45 then doubled its productivity over 15 years (Roberts and Geels 2019b). Feola (2015) distinguished 
46 transformational adaptation (reactive) from societal transformation (proactive). The fo1me,· seeks to 
4 7 find wa;-s of responding to the growing scale of the impacts of climate change, whilst the latter seeks 
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] ways in which societie.i; can reorient 1hemse-lh.res (indnd!wg their va]ues and naans= see pre1;.riol!JS :section) 

2 in a sustcainable direction (Chapter 5). 

3 :Fr1certm'.n1)· ,md poli,C)'• Transitions can only he effect.ivel~f gm...-enied by addc£essing the plurahty of 

4 ador.s:, processes and intere5t£ (Kohler et at 2019)_ Different policies c-an m:fiuence actor at ddl'erent 

5 levels, the foundations for "ithree pillars of policy" (Figure 2_8; Grnbb et a12014). One chall~ae ii; to 

6, balance support of existing socio-technical systems 'l.\rith strategic ioi;rest:mem and mstitution:d 
7 deveJopm~nt of the emerging mchf ( re.g_ the maintenance of energy provision and energy security 11vith 
8 tb~ de"\;~eLopment of :renre,.vables) . .Anothe:r is to n:wiage decline of industrie..s '""1IJCh as coal in po'l.\rer 

9 generation. 

l Qi ln tegnrb.'0~1.: risks, tippi11g poi11ts and oppot1u 11.1'tier. Tramition theories tend to come from \rel}"' 

l ] dd'fe1-ent disciplines and approaches comp,ared to eitiher economics m ot!het· socia] sciences, witih less 
l2 qu.anti.ficatcio1ll fOf' policy evaluation_ Given inherent nnceimintie-s:, there are obviom ris:b (e_g_ Ahc and 

l 3 Sarev.ri~ 2016). Business change n:wiagement principle could be rele\!-rant to '""l!IJlport pooitiTi.re social 
l 4 change (Stephan ,et at 20] 6). For p otiry evaluation, transitions can be \!ie,,.ved as processes in which 

l5 dynamic effic!iency· (1_6.22) dominates: o'!i.rer static allocati'!i.re efficiency= partioulady in the cont.en of 
l61 potenti:d ~-positive imenrention points' (Fanner et al 2019). This may make an e\,alluat!ion fram.~work 

l 7 of mks and opporrntiities more app,ropriate than 1ra.ditiomtl cost-benefit (N1erc1.ire et at ii.n re'!i,,i.ew). and 

l8 (drawing on lessons from :r;-enewables and ,elec-tric vehicles), create fomdations for sector-based 
l9 international 'positive sum COQPeration' i1ll dimate llllitigatio111 (Shatpe aodLento1112020)-

!Qi l.(L5 Psychology and poUd.rs of dilangirng cmuse 

~,] Despite tw-ee dee :ides of :scientific warning:; of e"il~ef'-great.er clarity and urgency, glo ba.l emissions were 

~2 ,srill riflllg to 2018. Part of the :reason can be ascribed to ,rarions factor.s which create 'c-.arbon lock-i:u • 

~3 (Umuh 2000); an int~!iplinary review by Seto et al (20] 16) identifies a doz.en main components 

~4 organised into three ·types as snn1suu·ued in Table l _] . W.hibt eaob of the tbree analytic fram.e~•ocks 
! 5 above s!heds some light on these, tJhis section f ocu._se-.s: on additiOllffl. psychologicaii and 

~6, :instcimti.onal/pol\i.tic.al dimensions_ 

~7 Tabfe :il..l Smnm.-uy of rthne types of cairhou. lork-in and fueir key ch,n·acte:1.~ties 

Lock-int}lJe Key characteristics 

Behavioural - Lock-in throl!lgh iinrltirvichml decision making (e_g .. , p.sychologi.caJJ processe-.s) 
- Single, caloulmed choioes become a long string ofnon-c.,-tlculated md :se1f-remforcing 
habits 
- l..ock-in through ,_socia1! stn.tcb.ue (e.g., !ll.O:ons and soc:ia] processes) 
-Intemrm~bab~ts is difficult bmJ>ossible (e.~- fumilv size, thermostat settine:) 

Institutional - P'owerlhJI economic.., :socia1!, and political actors seek to re.iinf oroe status qno that :fa"·o1rrs 
the-ir interests 
-lnstihdions u-e designed to stabilise and lock .in 
- Bene.fioial. and intended outcome fOT :some aero rs 
- Not random c~ bm imenti.o.nal choice (e.g_, support for reaewable ,energy in 
1Gernmrv) 

Iinfhstrnc'b.intl - T eebnologicail and economic forces le.ad to inertia 
and - Long lead ti.nE-s~, large inveslments, sunk costs, long-lived effects 
teclmological - Jnitia] choices account for private blllt oot social costs md benents 

- Random, unintenholli-tl e"·aus affect :fin.a] outcomes (e~g., Q\\1ER.TY) 
~ 8 Somoe: Seto et al (20] 6) 

!9 



Psrl'liological t111d beluniicmnil. d11n_e11 'jjor1.s 

2 Fmst,ra.tfon wi1!1b inadeq11.mte pro~ on. mitigaition motivate-..s attention to llie psychologica] ~famts of 
3 ow-rationality' 1(Bf}'Ck and Elis (2(H6). pJ642). }\R5 emphasised that decision processes often.mclude 

4 both delllberntive fcalculate fue oost.s a!lld benefits') and imuibve tbiukiog, the fatter utilising emotion-
s and rule-based responses tliat are conditioned by pecs.o:rud past e."q'erienae, social oo:nte-Xt,. and cuJmcaJ 
6 factorn ( e.g. (Kahnemm 2003J. ud liat laypa"SOns tend to judge mks differentily tlmn experts - for 
7 exam.pie, 'inmitive' :reactions ai;e o:fteo. ch.uactei'ised by biases to status q[UO and aversion to ·perceirt•ed 

8 rim and am.big11ity (Kahneman and l'vergky 2018). 

91 Many of these :feature.s of hu.tDaa reasoning create 'psyohological dimmce" from. climate change 

10 i(Sp,enreetal. 20l2; Ma.rsbalrl 2014). These can impede adequatepersonml!Tesponses, in addition to llie 
1 l collecti1.re nature of the problem, where such prolr>lems (as with COVID-19) can take lie fomi of 
12 •unbio\.vn kno~"Il8• (Sai;ewdz 2020)-

13 Behavioural! biases and :mfillj other faoto:r.s c.an aw he..ip explain uihy cost-effective energy 1efficieucy 
14- measu-res otr othe.c mitigation t.ecim1ologie..s a11e not taken up as fast or as v.ride:ly as the benefi.15· mi~l 

1 :5 mggest: "People procrastinate; att.ention wrutdetr:S. Peripheral facsto:rs Sl!lhconscions[y influence 
16 pe:roeptions and decisions _ .. we often :resist actions with dear fo:og-teon benefits if il:hey ar1e mi pleasant 
17 in fue short 1mn." Allcott and Mulainathan {1010~ p. 1204). Modelling by· Safm:zynska (2018) shows 
18 how behaviow-ail factors. chang~ :responses to caroon pricing :relative to other .i.ustnimems. A key 
191 perspective is 'to 1esche"r ~eit!heir/or" bew.•een economic and belmvionral fumieworks:,, as the greatest 
20 effects often invohre combining behavionral! dimensions 1(e.g. nomis, social. :influence netwook:s, 
2] conv,enie:o.re and quality asfll-rance) v.ritit fma:nciru. inoentive..s and mfurmation (Stea.u et al 20 ]0). 

22 Randomised, controlled field o:iails in a represemative popufation are increasingly lllSed to prediot the 
23 effects ofhehal.1-ionral! intervenbons (Le\<'itt and List 2008; J..kR.ae and Meeks 2016; Gillan 2011). 

24 l.16.S .. 2 S,tu:io-ptilJti,C'al and iiimtutio.n al appt-etu·ti es 

25 Pohtfoal and institutional d:;-namics shape d.imate clrange :responses, in imp ortaa.t ways, not least becalllSe 

26 in.cl!llllbem actors have ftrequemly 'blocked climate policy ( 1.5. 5). h:tstimtcionail pa-speotirt•es emphasise 
11 that 1h_eu:· abil.:itj,. to do illis: - as ll!"ell as the ability of o1!1hern to fosttt lovl carbon rran.s:iJtions - are struofit1red 
28 by specific .in.stiimtio:nal. forms across c.ownries (Lamb and lilio.~ 2020). N amonal w..mmtions fun."e 

29 v .. ri.dely been de,reloped to promote u-aditionall.y fossil-fl!Jel based sectors like 1eleot,ricdy and 011!8SpOrt as 
3 0 l:rey to nabona] 1ec.onomic development, comributmg to caroon loc,k-in (Seto et at 2016)_ 

3 l The influence of interest groups on poticy-n1:drua33 varies across comifries. Comparative political 
32 economy approac!he--.s: distinguish different pattei:11S of state-economy relations, showing that, as a 
3 3 ge:nerallisation, countries where mite.rests. are closely coordinated by grn:rennnents (' coordinated mafket 
3 4 economies'), have been able to generate mmsfonnatirve chmige more th.am those wb:el!ie a more am1S-

3 5 lemgJ~ e,;,ren combat~1.re relati011Ship between int.e:rest groups and gmremm-ents f llibeniil. mad..'"e1t 

36 economies') (Lacliapelle and Parter30n 20B; fi..leckllmg 2018; Cetkm:ric a!lld. Buzog~my 20116.; Zou et at 
31 2016). cDevelop:me.otail states:' often have the cap.a.city for strnng intervent~on but ;any low-carbon 

3 8 int:enrentions may be ovetr"Whelmed by very :rapid rates of economic gro~"'th. 

3 9i The ability to generate sucoessfu[ climaite :policy is also affected by specific .im.stitutional feaRllies. These 
40 in.cll&de re1.~ets and types of demoel'acy (Po\<·:itkina 2018), electoral! systems~ or lffi•els of institutional 

41 centrallisation (federnl 'tl'S unitary stat.es, p.residentiail vs pardiam.entarysygtems) (Lachapelle a!lld Paternon 
42 2013; Steurec ud Clar 20] 8; Chdow 20 ].9)-Countrie-..s thal have oonstmded an o,irecuohimg arcbitectwe 

43 of climat.e gmremance .institutions (e.g. cross-depa:rbnent and. mu[hlei;;re-] cooniination, and. semi-
44 autonomous ch.mate agencies), are more able to develop strategic app.roaohe-..s 'to dim.ate gm;remanoe 

45 needed to fost.er transfommmi;re ~ue (Dubash, forthcoming). 



l A key fe.ahUie of .such instirutions: is !liow they respond to sociru mm .. ·ement and NGO action: NGO access 
2 to policy proces_ses enabl~s new ideas to be adopted., bm too close an NGO-gmremment refatcioa stifles 
3 inno~ration and 1ransformaitit•e action (Dryzek et ail 2003). NGO cmnp.aigns on fine.king (Nei.rille et al 

4 2019) oi di1'restment 1(1i,-langat et aL 2018) have helped the adoption of new i~ for example <stranded 
:S assets'~ in :poJky areaas (Ptggot 20 l. S; Newell et al 2J)20; Paterson 2.020). Attempts to treat climate 

6 change as 'post-political' result io. pom policy responses (S~-yogedcmw 2010). Some institutional 
1 inno~ra1ions have more dim(:ody targeted enhanced. pub-he debberation. and participati~ notably ID 

8 citizens,' climate assemblies (Howarlh et al. 2020) mid in the ii.se of legal instcimtions to litigate a;ga:inri 
91 tihose opposing climate a.cbon (Pee] and Osofksy 2020). This literature s!liow.s: iliat transfonnative 

10 pathv,tay.s am pMSible v.riitihln a vm-iety of mstimtional! settmgs,, althongh .institutional .um ovation will be 

l l necess;ny ei.retJV-'llere, to pmme zero carlrnn transitions:. 

12 The pw:-sutd of fow caroon transitions therefore 1e.otails oonslnu:ting co,a1dions that can S1.IStam pohcy 

13 momentum. rn,~ei-tim.e. Policy stability is cr.i.ticm. to 1enabling long-term investmen1s in decaibooisation 
14 (Rietig and Laing 2017; Rooellbfoom et at 2018). Policy design. c.au enabie coalitions to fotm that 
1 :S generate pohcy feedback enabling further policy development to accelerate decaibonisation (Roberts et 

16 a.l 2018). 

1'7 To do iliis, policy de.sigu needs t.o generate concentrated benefits to coautcion members so iliat iliey 

18 actively support ilie policyT ~·Ii.liar 1et al 2020; Bernstein a.nd Hnffmaum 2018; Medding 2019). I''olicy 
19' design may ailso provoke coalitions to oppose dima.te po hey, as ID fihe FT programme .in Ontario (Stokes 

20 2013) m the gilets jaunes protests a;ga:inri cari)oa t.axatioa m France (Be:ny and Lal!l,rent 2019). 
2 l Appropriate policy design for cooliition-butldmg will be differem at different stages of ire mmsltioa 
22 process (I'dedding 1et al 2017; Bi-eet-z et al 2018). 

2:3 Coaliti.ions may also be sustained by m,rerarchmg frnrninigsc,. especially to .involve actors (e.g_ NGOs) for 
14 'Qfilom fhe benefits of climate policy are not narrowly 1eoon.omic.. \Vhlle .a jl!JSt tl:ransitions frame can be 

15 "iewed hough ethical lenses (see 1.6.32), rt can ai1so be understood in terms of ooalition.-butlding. It 
26 eirnpbasise.s lie importance oflo~T carbon tra:nsitions as ones that spread the economic beuefits broadly, 

21 ~mough 'green jobs', and lie fiedistrihutive .Pohcie.s embedded in them both nationally and. globally, 
28 most notalDi:l (Healy and Barry 2017; \Viol1er 2010). 

29' 1.6.6 Integrating F1"'ame,vo11c.lii, co-benefits and. ',Just Transitions' 

3 0 In combination., these fram.ewoi::k.s: offer v.rays. to und.er:mmd. ilie m.ulitipte perspectives, processes and 

3 l challenges .immhred in aocelernting mitigation alongside wider sust.ainable delfe[opmeut. No one 
3 2 framev,md: is adeql!late to such a. broad-ranging goal, nm are smgle tools. Holistic analysis needs to 
3 3 bridge modeUing~ qualimtive tmnsition theories illuminated. by c.ase smdies, and pi-acbce-basied action 
3 4. :re.se.arcb (Geels 1et al 2016). Effective policy needs ·ro build omundecstandings \¥hi ch combine 1economic 
3 :S efficiency, ethics and equity, the dynamics. a.nd processes of Parge-sc.afe transiti.ions, and. fhe mie of 
3 6 psycho fogy a.nd politics. 

31 These amfytcic framewodc.s also point to uenas of potentiail syne1:gies a.nd ttrnde-offs (when broadly 
38 bi<Crv.!U)~ and oppmmnities and tisks (when Duc.ea:fainties are great,ei-), associated v..·itih. mitigatiofll. This, 
3 91 offers theoretical foimdatict11s: fm-mitigation strategies which can also generate co-benefits"' by focumg 
40 on options for which fue posili.ves outweigh the nega.tiv,es, m can be made to lm:-ough. smart. pohc.y. 

41 One fader that emerges across se\-rerai of ~he-se frameworks is the rel1evanoe of disagg:rreg:ated 
42 perspectives: tilie diverse conditions and. distrilDutional consequenoe.s: within and between c--0ru:r.tries; the 
43 namm resistanc.e from inc,umben1s (including empioymmt concet'DS) ID e.xisting systems; and die 
44. 1111dedying psychological and :pohti.icall obsitacites to maj01r transformations. 

45 This moti1'rates di.srow-ses on both a;voiding stranded assets aind enabling 'just u-ansitionst (section 

46 1.6.2-3; boxes TS-8 a.nd TS-9 1). As not~ mfficienfi equirq.T is not only an etbrical issue but an enabler of 



] deeper ambition for accelerated mitigabon (Hoegh-Guldberg et aL 2019; 1Ginsky and Winkler 2018; 
2 Urpelainen and \ an de Graaf 2018)_ The Literanwe .suggests that the pe1"ce,ption of faim.e1.s wfiuenees 
3 the effectiveness of coop€t·ati\.-e action (\Vin.kl.er et al. 2018), and this can apply to affected indi"·iduab:, 

4l workers, coummnitie.s, seotors, regioWJ andl comtries (Newell and l'v1u.:h,aney 2013; Jasanoff2018)_ A 
5 just transitions framing can also ,enable coalitions 'li'i.ilrich integrate low carbon t,rru:15formations with 

6 concern.!?. for climate adaptation (Patten;:ou et at 2018). All this exp]ariw. the emet·gence of 'jl!ISt transition 
7 Comimissions • in several of the more ambitious developed countries and complex social packages for 

8 coal ph:1se--011t in Europe (ChapteI" 4 section 4.:5), as well as i:eference to the concept in the Paris 
9 .it\.greew.ent and its emphasis in the Ialanoa dialogue and Silesia. declara1ion (] .2_2J. 

10 Whilst the broad ooncepttS of JlJJSt Transition have roots going back decade, its specific realisation fin 

1 ] context of dim.ate change is of course complex: chapter ( 4-. 5) identmes at least eight distinct elements 
12 pi:op osed in the lite-ra.n1re. ei.-ren before considei:ing the international dimensions_ 

13 

14 ]. 7 l\1ulti-LeYel Go,,e1·uance 

15 Previo1!JS sections ha\,,e highlighted the complex :interconnection between climate :mitigation and the 

16 mnhiple factors that can both facilitate ambitious dim.ate action and ihe diversity of analytic.al frames 
17 for intetpretmg the chaUenge, consn:ucting and assessri.ng response options_ An. overriding impression 

18 is that achie:,rm.g the transition to a low c ilfhon, climate resilient and suI.rai.nable ,...,.,orld 11.'eq"I1lires 
19 purJJOSeiinl and largely coordinated plarm1,~ng and decisions at mmy scales of go,:emance :including 
20 mllmicipal, sub.rurti.onal, national and! global le\.·els:. This implies a illeed for multi-le\.·el go\;emance of 
2] climate change to manage the complex economic, ethic.aJ, social and political .syste:ms required to 
22 addr,e-~ d.imate change_ (Hooghe and Marks 2001; Betsill arnd Bulkeley 2006; A.ml!mdsen et al. 2010; 

23 Fuhr et al 20] 8). 

24 l.7.1 C0nt"1ept of multi.-le\·1el go,-,ernainre 

25 1vfu1ti-level go·vefDB!llce i:efers to ·die dispersion of governance across multiple le\o·els of jmisdiction and! 

26 decision-making (Hoo~e and · •larks 2003), i.n.dooing, re-gion:11. illational and local, M well as tran.J;-
27 regional and trnn.s-llil.tional le\re-ls_ The conoept emphasises that modern gm.re:mm.ce gene1rally oonmts 
28 of, and is more flexible wh~n there are, \iertical Imkages of gm;emance processes at dmerent leveh:. 

29 Choices an.di decisions made in geveral other a.spec-ts of life often have implications fur di.mate change 
3 0 (Cole 2015; Jordan e1 al 20l 8a)_ 

3 ] The concept of goivema.nce iffioompasses the ability to plan and create the organisations needed (Gu.ney 
3 2 2011) ro achiel.re a desired goat It aloo iUumi.nates that proc,e,.sses: inv·olved in making and implementing 

3 3 decisions on climate change is no longer the excfusi\;e preserve of gove1"u.meut actors but rather m\•ohre 
3 4l .a i:ange of non-nation state acttOfli .s-111.ch a.ii: cities, bnsi.nesses, ami civil .rociety orga:nisations (AR5 
35 Chapter ]3, 13.3.l arnd 13.5.2; Backstrand et al. 2017; Jordan et al 2Qil8b). 

3 6 }\.bhoughi domestic arnd international climate go""e'rilliillce-lb.ave made so.me progress, di.mate cbange 
37 presents strains upon nmlit.ilateral cooperation, to an e1,,.1'ent. r.eflecting rue 'globalisation p:ara.dox' 

38 (Rodrik 201 ]), an cinelnctable ten.Eion' behvee-n national ~rf~terminatiou (sovereignty), democracy. 
3 9 and the econo:mi.c benefits of globali1ation.. • With climate change. the trndewoff is not omy against the 
40 collective economic benefits of globalisation, but also the planet.ruy ruks arising front resi.sfance to 

4] effeclive, co-operati\,e goveruance~ In this sense, governance- is ~ as ... steering mecJhanis:111S" by 
42 ~"hich actors and institutions seek to shape action and outcomes (Ding\'verth and Pattberg 2006)_ Good 

43 and effecti\·e governance arnd strong :institutiona] ammgement,s: are key to the sl!ICcess of the Pari~ 
44 Agr~ment and the 2030 1 Agenda for Sustainable Development (Gomez-Echeverri 20] 8)_ 
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At the i.nternatio:wd level, :implementation of the Paris Agreement i.s proceeding :in parallel with oiher 

acti\;iti,es in iucreasingly diverse land_ocape of fo osely cooniinated inst:ih.iti.011£, oomtimting ":regime 
complex" (Keohane and Victor 20] 1), and nev.r cooperative efforts demonstrate an e\iolution in the 

wiling a.unilio111ty given to actors at different lei.re-] of gove:inance (Chan et al 20] 8}. 

At national and subnational levels= cl.iti:uate change policies and actions rare mte:nvoveu with and 

embedded in the context ofn.mcb broade:r .social!, economic and·pohtical goal:;. The govemance:reqnired 

to address climate change have to mni-igate the political,. economic, etbicaL and transi.tional dyn.:miics 

pe:rspecb,recS outlined in this section 1.5 (Iaoolmta et al. 2018). 

Th.ere a:re some :key fact-OrS as drivers or 0011$1irrunts of m1.1tti-le¥el governance. 

Tbe first is polli,f:r dyoaJlll)cs. C!l:imate go\iemance :is driven :mai:nfy by power relations, ope:ratmg at: 
global= rurtiona.1 and toe.al context Lacking of supranational aiu.tho:rit:y to coordinate :r~onses ac:ro.ss 
.sovereign states, effective global n1iles and inMitutions to govem climate change are more likely t,o 

emerge when those national interests can sufficiently align i,rid1 the global wtere-:st: (Vic-f'o:r 201 ] ). 
Ftu1!hermo:re-, widespread cooperation would only be expected li\ilen the addd.ion.al! (short tean) costs 

implied by ft1U cooperation are small, othen,rise :finding Jhe temptation to cfree ride' on the actions of 
others to be fatal (Barrett 1994). 

EconomistiS llil.v,e explored many .Slol1utions: to such 'free-tiding' and othe:r coo:rdination p:roblems (F:imJs 
2008), indndiog the poteu1lia1 fo:r joint d.imate--SD benefits (e.g. reduced 8!i:r polh1tion) to moti\,ate 
mongeJ" action ( e.g. Finns and Riibbel.ke 201 ] ). Anoth-e:r strand considers the 1!JSe of trn.de m.e:Bm:es t,o 

encourage pru.iic:ipation (No:rdhaus 20115)_ Howe"rer rem.liatory measures could also ma.Ike -nihis unstable, 
urespective of oiher-considerations (Barrett and Dannenberg 2016). A focus: on short-term national self .. 

interest potentiallly :l!llake the approach ,e11,re_n more- limited u it empo'lilte:rs national lobbies. 

If self ~interest .is -nihe only -nihing that dfi\.~es: state behaviour, combined wi-nih the traditional conception of 

climate change as entailing significant mitigation burdens for a lon:g-temi., c-oUe<::ti\re, benefit (a "global 

public good")= the prospects fo:r effec1ive co opemtion t,o wive the p:roblem. seem slim (Barnett and. 
Dannenberg 2014 ). eveiiheless: there a:re dear be,nefits from :strengthened coope·:ration, including the 

synergies: 11vith more sustainable de\,elopment (e-.g. :tv.1ainali et al. 20]8; Hoghton 2009). 

A second! ikey factor tis tbe ffm:di~- and role ,of in<; titu.rions. The mte-res.tiS of .states:, businesses and 

other actors a:re poive:rful motivations for (in)ac1io11, bu1 :w the meantime, i.nstimtions: at intematio113.l 
and national levels have the ability to mediate and s1!JStain cooperation based on equity and fa.if 11!1-le.s 

and outcomes. The challlenge i.-~ hmiv to engender high quality and equitable- participation from an 
stakeliolders mostly necessary to ensn,1-e broad-bned and effective- outcomes. 

Equity has ilivay been ai multi-faceted principle Jhat needs t,o be applied io a dynamic cODJte~t in climate 

governance (Kiin.sl"Y and Wi:nlder 2018). The discussion of mitigation tends to bring a focus on 
'""equitable burden sharing""' witih various metric:s including :respoirnb.ility, capacity, ihe right to 

developm-em and m.easm:es of eqnalliy (Hobne et a]. 2014 ), but equity deoote.3 have also widened to 

indude distributional aspects of impacts, adaptation, and suppo1t mec.hani:ffll3 SlilC.h as: finance and 

technology. 

The tbi:1'<1 fado1· iis id!eas aJong llith experimentation. C!limate charnge govem.mce is projected as 
self-co:nscio1.1.dy tran'Sform1i!tion at unprecedented s:oa.1:e and speed, seeking process in,mllv:in.g a context 

of ideas and. e:x.peruneuta.tion acrosJi: scales of al!lithorit:y, jmisdiction and. scales (Hilden et: at 20l 7.; 
Laakoo et al 2 01 7; Gordon 20] 8; \ian der Heijden 20] 8; Kil;.;-imaa et al. 2017). Through. multiple la:rgelly 

micoo:rdinated searche..s for change and development in teclmologies, economies, '"!tal'l!Je and behaviour 
at omltiple places, it entails significant: inno\.Tation in goveinance. The focus should be the llV3)'.S how to 

foste:r tran.nitions: .in rene~cn.r food. tr!ln~o:rt o:r 01he:r sv.stems (Bet1kh.om et al 2010- Hoffi»anu 201] · ~-' , .. -r .J :I , 



] Bulkeley et al. 2015; Bem:stein and Hoffmann '2018) and how to govern at a it"ange of scales (local to 
2 global) and types of location (fuctorie , schools, streets, etc). Such experiments represent a significant 
3 new :source of inuo,m.tion and capability-form.at,ion_, linlred to global lkno~iedge and technology floiv: , 

4 which could il:"eshape emergent so-cio-tecbru.cal regimes and so ooutr:ibnite to altetnati.-i.;e de"!i.,elopment 
5 pathways (Bemhout et at 201 O; Roberts: et al. 2018; Tw-nheim and Kivimaa 20] 8; Lo & Castrui. Broto, 

6 2019). 

7 1. 7 .3 Inno,,·anon in llulti-le,-e-I gol·ernanre 

8 Even before tihe Paris Agreement, climate change gmtemance iha.d e\io]ved into a complex pofycenttic 

9 .stroc1nce that spam: from the global to :nationru. and .sub-national levels, :rellyi:ng on both formal and 
10 :mfomw. illmvorks and policy channels (BullGeley et at 20]4; Jo:rdan et al 2015). Increased mulb-le\,el 
1 ] participation of subnational actors, along with a diversity of othe:r acto:rs contributed to an e:x.tremely 

12 polarised disemsion and policy biockage rather than enabling policy :mnovation (Fisher and Leife1d 
13 2019). Investigating the distribution of hard and soft _power re.sou.mes, capacities and power :rela.tioll5 

14 wi~hin and across differem jurisdictional levels: ellilbles systematic l!Jll.derntanding tihe mle of power- :in 
15 di.mate governance (M:arql!Jaf"dt 201 7). 

16 On one hand, S'I.J.Ch fragmented goverruwoe land__ocape may lead to coordination and legitimacy gaps 
17 n,,den:nia1og th.e :regime (Nasiritousi and Backst:rand 20]9). On the othe:r hand, given di-,..ide,d authority 
18 m world politics, di··'ilerse national pI"ef erences and pe11.m.~\i"'"e S1Mpicion of free riding, i.t should be sought 

19 how to i.nc:rem.entall~r deepen cooperation in a pollycentric gfolw system rather d1a.n seeking a single, 
2.0 mtegrated gmremanoe (Keohane and\ idor 20] 6). 

2 ] Rayner et al. (20] 9) e:mp:b.Mise that i11plem.enting the Paris Agfieement ,~ll require different governance 
2 2 st11actm:es, beyond the mtilblateral system, adapted to sectoral needs. They :find that ,vhilst the po-i..,rer 
23 sector a!lld mtem.ational transport ruwe plau.mle .intem.ationail gove1na:nce, for othe:r key se.otors: 

2.4l mtematcioual governance is ,,reak or non-existent. Howe\"'"e:r, given the embedding of fomJ energy illOt 
25 only :in pmdl!ICtion b11t i.n consumption and ilim d.ady ti:fe (Pate:rs.on 2007:; BullGeley et al. 2016.; Szem.an 
2.6 and Pet,roculimres Research G:roup), m1!1Ch ofilie resistance to clin:1ate policy is not necessarily only by 
2. 7 mcmnbent irnmstriecS: but from threats to established habits and p:racticecS taking accowrt of geography 

2.8 and domestic. politics: etc. tChand.rameke:raD 2016). Gove1'1lallce helps to align 8!D.d moder.rte the 
2.9 mterests of actors as 'li'i.""ell as to shift per~tions, indluding the !llegative, buiden-sharwg murative-.s tihat 
3 0 often accompany diocmsiou ahom climate action es--pecially :in. mtemati.onal negotiations. Roberts e1 al. 
3 ] (20] 8) identify tlu,ee roles fO£ integrating govefna!llc.ie with political economy and. transition dynamics: 
32 ' ] ) the role of coahtions in .supporting and hindering acceleration; 2) the :role of feedbacks, through 

3 3 which p olicli.es may shape actor preferences which,, i.n torn., create :stronger policies; and 3) the :role of 
34 broader co:nteJ!..7"J, (pol.itical econo:mies, in~ti.tutions, culmra] notm."l., and tecbru.cal system'S) in creating 

3 5 more ( o:r less) fuvourabie conditions for deliberate acc:elerati.on.' These app:roaches go ·well beyond "the 
3 6 norm.ail focus of governance analy.si.s on public authorities 8!D.d oompmlies md may sen,e to engage the 
3 7 wider public and international neh\rorks in imagining lo-i..v carbon societies ( e.g. Levy and Spice:r, 2013; 

38 :tv.Iilkoreit, 2017; Nikoleris"' Stripple 8!D.d Tenngart~ 2017; \Vap,ner and Elver, 2017; Sones;son et al"' 2019; 
39 Fatem.i., Ok.1rere= Diko, & Kita, 20 120). 

40 

4] 1.8 Conclusions 

42 Globa] cond!li.tions have changed s7!1bstantiallly since the IPCCs Fifth Assessment w 201-4. Toe Paris 
43 Agreement and. the SDGs: provided a new mte:mational context, but global mtergovemment,al 
441 cooperation has: been under intense c-trescS. Growing direct impacts of climate change are unambigum1S 

45 and movement!/J in society - in countries and transnational organisations at many levels - have grmro.. 
46 Global emissi.oll'J gro""'11h had. slowed Im.it not stopped up to 201 &119. albeit with more di\rerfJe !lllltioual 
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1 tre.uds. Growing numbers of countries have. adopted 'ue.t zero' emission goals, but. 'nationally declared 
2 contributions' to 2030 are inconsistent with the agreed Paris goals. Au unfolding technology revolution 
3 is OL.'lkiug signitkaut contributions in some countries, but. as yet. its global impac.t is limited. 

4 Global climate. change. C"'1 only be tackled within, and if integrated with, the wider contex1 of 
5 sustainable. development, and relate.d social goals iududing equity concems. Countries and their 
6 pcpulations have ru.,uy couflic.ting prio11ties. Developing countries in particular have. multiple urgent 
7 ne.eds associated with earlie.r stages of sustainable developme.ut as re.flecte.d in the non-climate SDGs. 
8 Developed countries are. amongst the most. unsustainable in terms of ove.rall c.onswnptiou. but also face 
9 social constraints particularly arising from distributional impacts of dim.ate policies. 

10 Multiple. frameworks of analytic. assessment, adapted to the realities of climate change. mitigation, are 

11 therefore. required. We identified four main groups .. Aggregate economic frameworks - including 
12 e.uvirolllllental costs or goals, aud with due atte.ution to implied behavioural, distributional and dynamic 
13 assumptiou.s - cau provide insights about trade-offs, cost-e.ffec.tiveness and policies for delivering 
14 agreed goals. Ethical fhuneworks are equally essential to infonn both international and domestic 
15 discourse and decisions, including relating to inte.niational (and intergene.rational) responsibilities, 
16 related financial systems, and domestic pclicy design in all countries. Explicit frameworks for analysing 
17 transition and transfonnation acrnss multiple sectors need to draw on both socio-technical transition 
18 literattu·es, and those. on social transfo,matiou. Finally, literatures on psychology, behaviour and 
19 political sciences c.au illuminate obstacles that have impe.de.d progress to date, and suggest ways to 
20 ove.rcome them. 

21 No single analytical framework, or single discipline., on its own can offer a compre.bensive assessment. 
22 of climate. change mitigation. Together they point to the re.lev-ance of growing literatures and discourses 
23 on 'just transitions•, and the role of govelll.ance at multiple. levels. Ultimately all these fi:ameworks are 
24 ne.eded to inform the decisiou,s required to de.epen and broaden the scattere.d e.lemeuts of progress to 
25 date., and hence ac.c.e.lerate progress towards agre.ed goals and urultiple. dimensions of dim.ate mitigation 
26 in the context of sustainable development. 

27 1.9 Kno,vledge gaps 

28 Despite. huge expansion in the. lite,·ature (Callaghan e.t al. 2020), knowledge gaps reru.-.in. ~!odeling 
29 gaps include analysis biinging toge.ther detailed physical and economic. climatic impacts, whilst 
30 improving representation of transition dynamics and fuwicial and distributional conside.ratioas. 
31 Interdisciplinary tools remain limited, aud unc,ertainties re.main concerning the role of new 
32 technological sets, iutematioual instmme.nts, policy and politic.al evaluation as well as tong-tenn 
33 impac.ts oftheCOVID-19 pandemic Tinuuons Robe,ts et al. (2020) suggest 'four agendas' for research 
34 on the relationship of mitigation and wide.r well-being, based on e.mpirics of couubies in qualitatively 
35 different. situations. 

36 Policy evaluation and international coope.ration pose knowledge gaps, for example, in the interac.tiollS 
37 between international agre.ements and toe.al level instnuueuts, constih.1eucies and 
38 implementation. Liternh1te ou the. potential for supply side agreeme.nt, in which producers agree to 
39 restrict the supply of fossil fuels (e.g., Asheiru et al. (2019), is limited but gaining increasing academic 
40 attention. 

41 Natt,re is under pressure both at laud and at sea as demonstrated by declining biodiversity. Climate 

42 pclicies could increase the pressure on land and oceans (see SRCCL and SROCC); however, with plans 
43 for a major biodiveISity summit, there has been insufficie.ut atte.utiou to re.latiollSbips betwe.e.u 
44 biodive.rsit.y and climate agre.emeuts, and associated policies pas1icularly in the. light of 'nah.tre based 
45 solutions'; agriculh1te-related options remain under-researched. 



] The relative rnles of :shoi:1-tetm mitigation policies andl long-tem1 iuvestments, .mduding gmrermnent 

2 and :firumcial decision-making tools, !l:"emai:ns inadequate.Py explot"ed. Strategic mvestmem.s: may include 

3 m city planning, publlic mm~ort, EV charging nen.vow, CCS etc. Understanding how international 

4 lreaties can increase incentives: to make soch !investments :is all the more sa!lient in 'th.e aftermath of 

5 COVID-] 9, on which research is necessaril~r young lrnt rnpidly ~o-r.ving. F.mall~r, the economic, 

6 mstimtiona[ and political strntegies to dose the gap between ND Cs, acmru implementations, and 

7 mitigation goals and needs-a gap supposed to be ill.1lf:00Wed by the UNFCCC Global Stocktake-reqn.m-e 

8 mnch. fu.rthef-!l:"esearch. 

9, 1.10 

10 Tlilis Sixtb ~.\ssessment Rep-ort covers Miligation m five main par1'£ (Figure ] ), namely: introdootion and 
1 ] frn.m.ewrnks; emission trends, scenarios and pafmvay.s; :s:ector.s; iwtitmiooal dim-emiom .mchr1ding 

12 na'tional and international policy, financial Mid te.cbrnologie-al mitigatio1.ll drive-3; and oom:::l'usions. 

13 Chapters 2-5 cover tilie big pie-till.re trends drivers and proj ectioru. at national and global levels. (2) 

14 analy.secS emission trends and d1ivers to date. (J) pre--&-nttS. the resu1ts of long-tetm global. s:-cenarios, 
15 induding the projected econ.01Ui.cs and other cJharacteris'tics of mitigation through to bahuicing of 

16 001.J.:rce.s and slliks through the second half tihis cenmcy-2 Mid ti!he implications fur global temperatme 
17 change and risb. ( 4) explmes 1he hort.et'-term prnspects: including NDCs, and the pm.sibilitie.s for 
18 accelernting mitigation out to 2050 in the context of snstmaable de·'irelopment at the natio~ regional 

191 and international scales. (5), a new chapter for IPCC Assessments, foC'U.sies 1!1p0Il tihe role of servicecS 
20 and derived demand for energy a.nd land l!ISe, and the social dimensions. 

2] Chaplet'$ 6-12 examine sectoral conttibution.s and possibilities for mitigation_ (6) swnmam:ises 
22 characteristic.sand trends in ti!he energy s,e,ctor, specific.allysupp1ly, incmd.i.ng ti!he remarkable change-3 .in 

23 tih-e oost of some :key technologies :mice i\R5; (7) examines tihe roles of AFOLU, drawing upon and 
24 1!1pdating tihe recent Special Report, inclu.dmg 'the potential tensions beuveen th.e multiple u,res offatid; 
25 (8) p:rege,nts a holistic view of the trends and pres;snres of mban systems~ as botih. a challenge and an 

26 oppormmty for :11wJtigatiom. for the fu·.st tune :m AR.s; Chapters 9 and ] 0 then examine ID.VO secto.rs which 

2 7 e1.lltwine with, but go ive-n beyond, mb:m sy.&tems: bnildings (9) indl!ldiug construction materi.als and 

28 zero earl., on lm.ilding,5; and tt·ansport (l 0), indfuding 5hipp.mg and aviation and a wider look at mobility 
29 1 as a general senic-e; ( l l) explores the cOOJtrilmtion of industry, including S1!1ppiy chain dei.-elopments:, 
3 0 r;e-3ource effi.cii.ency/circu.lar ec-0nomy, Mid 1he Cl'O:SS-sy.z,;rem implications of decarbouisation for 

3 ] indust!tial systems; :finaU~r, in this .se.ction, (12) takes a croo.s-secto.rru. per.spective and explores options 
32 which ar,e rnhe_renitlly more cross-0.rtting, like the interactions of biomass energy, food and land, Mid 

3 3 aspects of miti:ga.lion not co'vered !in the sector chapters !including carrbon dioxide f.'emo·1i.rat 

34 Four cha_pters then look at cross--cutb.ng issues :in implementation and gove1nance of mingation. (]3) 
35 explorecS :nation.a[ and .sub-national policiecS and institutions, bringing together lessons of policie-.s: 
3 6 extllWlled in the sectoral chapters, as weU as insight from .sei'Vioe and demand-side perspecb-\l~es: (5), 

3 7 and compares g,;,-i;,remmce appmach.e3 m.chiding llliegrated MIMysis of sectoral and cross-:SlECtornl 
3 8 goverllillice- and capaci.ty-building, and the role and relationships of sub-national aotorn. (] 4) then 
3 91 considers the mles and! statuJ3: of .international cooperation,, including international in.stitm.ions,, sectoral 

40 agreem~uts and umltipie fom1s: of international partnerships, andl the e1hics: and governance c:ballenges 
4] of Solar Ra.diation fvfodification. (15) exp fores investment and financ1e in mitigation and adaptatio:11, 

42 indudim.g crmeoJ tcrends, the wvestment needs fot' deep dec.arboni.sation, and th.e com.plemeutruy :irole-s 
43 of public and private :finance. This incfude-_s: climate-related investment opportnmties Mid ri:5:kB (e.g. 
44 'mantled assettS '), linkages ben,:een fimnce and wll-estments in adaptation and mitigation; and the 

45 :impact ofCOVID-]9_ A new cha_pter on innovation (116) looks at teclu:tology develo_pme.nt, accelerated 
46 deployment and global. diffusion as :systemic issues that !hold poten'lial for 1ra.ns:fonnati'l.re changes, and 
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1 tihe challenges of managing sucb changes at nm]tiple levels indnding the role of intem.abomtl 
2 cooperation. 

3 Fmall~r, (17) seeks to bring together the tm-eads oftihe report, :in term_. of Accelerating the transition in 
4 tihe context of sustai.:nable development, .inclnding pracbcal patihli'.f3}~ for joint r,esponses to cli.ma.te 
5 cJhange and st1stainable der.relopment ebaillenge-..s. Tms include m.aj or 11:"e-gional perspectii,res~ miti:gabon-

6 adaptation interlmkages, an.di enabling condition~ .including the roles of teclrn.o1ogy~ finance an.di 
7 cooperation for .sustainable d!e,relopmeut. 

8 Fil.'e,quently asked questions 

9 FAQ I.I ,"libat h climate ,du:mge mirigarion'? 

0 Cl.i.ma.te change mitiga.bon i.:nvoh,-es implem.e:ntation of actions or activitieJJ: that limit e:missio:ns of 

] greenhouse gases from entering the atm.o~here and'or reduce le\l""els: of existing greenhouse gases from 
2 tihe atmospherre_ Toe aetions: that infann. mitigation vary from implementcation of ne'l.-\f and improved 
3 re:nev,.rable energy tecbno1o gies to enhancing energy efikieney to addresmg consumer prncbces and 

4l beha"t~onr. :rvtitigation also :inclll.lde.s actions that facilitate re-mova] of gases from the atmosphere by 
5 greenhouse sinks_ The ultimate goal of :mitigation is to pre-vent antihrnpogenic gr,eenhou.,se• gas emrisMO:D.S 
6 to :inte1'.fe:re wiih the climate system., in tbnm :r,educing the rate of climate change_ I:n the context of 
7 mitiga1ion, a:range ofsoun::es of,em:imons (such as land-use d1ange) are addrec5_5e,d_ Effectcivemitigation 

8 Sli!l:"a.tegies require an understanding of mechanisms ihil.t u11derp,in release of emisMon.S. 

9 FAQ l.l ",-bat humao acthitiie~ ,eaose G1·eenhou'S,'.ie Gas 1(GHG) e:miiss!ions'? 

.0 i\nthropogenic GHGs such M carbon dioxide (CO2), methane (Cff4), mtr.ous oxide (N?O), and 
,] fluorinated gases (e_g .. hydrofluorocaroons, perllnoroc..ubons, SDilphm hexafluoride) are released from 
:2 111iarious s.onrces, CO makes the largest contribution to global GHG emission~; :fluorinated gases (F-
3 gases:) contribme a few ?e1'" cent in CO? equivalents. Ho'l.-vever, F-gas:es hm,-e eJrtifemel!y long atw.o.s-pheri.c 
.4 lifetimes, some extending to teu.s of'thou.s:ands ofyear.s .. They have also grown at: the fast.est rate for any 
.5 GHG ( 440'¼, ( chapter 2)) and now conttibme a fe1i1i;r per cent m CO:2 equivalents. 

:6 The largest sonrce of CO? is combl!JStion of fossil fuels: in en~·gy 0011\l·ersion systems like boiler ID 

:7 elect:tie power p]ants, engines in aircraft and automobiles,, and m cooking and heating within home:. and 

.8 bume:s~. \Vhile most GHGs come from fossil fuel combustion,, about one quaner comes from larndl-

.9 related acti\l·ities like agticulture (mainl~r CH a:nd N20) and defooestation (m.ainl~r 002), with additciorutl 

0 emissions from fussi] fine] production (mainJJy CH4), industrial prncesses (ma.i.:nly 00~, N O a:nd F-
] gasecS), and municipal waste and wastewater (mamly CH..) (2) __ In addition to 1hese enm.siom, black 

2 carbon - a:n aerosol that is, f 01r example, emitted dnr.ing incomplete combustion of fossil fine ls -
3 contributes to l-vaaning of the Emth' s atmosphere_ 

4 FAQ 1.3 \\"bat do 'nie,t z,ero emissions" aiud gmilar terms mieao io relarion to holding global 
5 tempf'ratu1·e inc1"ea~e belm,,-a gh-en lie,-el'? 

6 For tihe 1ong-lived GHGs, lil.'"e 00~, :iO, a:nd .some industri.al gases (of ,,.hi.ch C°'2 dominates 
7 anitmo-pogenic global wamiing), atmospheric concentrations and hence global warming wiU continue 
8 to :increase as long as erniss!Lons exceed llhe processes of re.mo val Achievm.g a gi"t,en long-term 
9 tempsra.tnre goal thus reqnire.s (:in the langu.age of the Pans Agreement) a 'balance hetv.!een 
-0 ,mtmopoge.n:ic emissions by so1:1roes: and removals by :sinks of greenhou~ gases_' This relates broadly 
-] to concepts of 'net zero emn$ions' and • c..arbon ( o:t" d.imate) neutrality' terms which are defined more 
-2 precis.,elfy in the IPCC Glos..5ary (All!nex A in this report)_ 
-3 

-4 
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