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About the Institute for Governance & Sustainable Development

IGSD’s mission is to promote fast climate mitigation to slow near-term warming and self-
propagating climate feedbacks, avoid or at least delay catastrophic climate and societal tipping
points, and limit global temperatures to 1.5 °C—or at least keep this temperature guardrail in sight
and limit overshoot.

IGSD’s research confirms that decarbonization alone is insufficient to slow near-term warming to
keep us below 1.5 °C or even the more dangerous 2 °C guardrail and that the fastest and most
effective strategy is to combine the marathon to zero out carbon dioxide (CO2) emissions from
decarbonizing the energy system with the sprint to rapidly cut non-CO: super climate pollutants
and protect carbon sinks. The super climate pollutants include four short-lived climate pollutants
(SLCPs)—methane (CHa), hydrofluorocarbons (HFCs), black carbon soot, and tropospheric ozone
(Os)—as well as the longer-lived nitrous oxide (N20).

Combining the fast mitigation sprint with the decarbonization marathon also helps address the
ethical issues of intra-generational equity by giving societies urgently needed time to adapt to
unavoidable changes and build resilience. The latest science suggests that the window for
exceeding the 1.5 °C guardrail could close as soon as the early 2030s, making this the decisive
decade for fast action to slow warming.

The fastest way to reduce near-term warming in the next decade or two is to cut SLCPs. Because
they only last in the atmosphere from days to 15 years, reducing them will prevent 90 percent of
their predicted warming within a decade. Strategies targeting SLCP reductions can avoid four
times more warming at 2050 than targeting CO: alone. Reducing HFCs can avoid nearly 0.1 °C of
warming by 2050 and up to 0.5 °C by the end of the century. The initial HFC phasedown schedule
in the Kigali Amendment to the Montreal Protocol will capture about 90 percent of this. Parallel
efforts to enhance the energy efficiency of air conditioners and other cooling appliances during the
HFC phasedown can double the climate benefits at 2050. Cutting methane emissions can avoid
nearly 0.3 °C by the 2040s, with the potential for significant avoided warming from emerging
technologies to remove atmospheric methane faster than the natural cycle.

Combining the fast mitigation sprint with the decarbonization marathon would reduce the rate of
global warming by half from 2030 to 2050, slow the rate of warming a decade or two earlier than
decarbonization alone, and make it possible for the world to keep the 1.5 °C guardrail in sight and
reduce overshoot. It would also reduce the rate of Arctic warming by two-thirds. This would help
slow self-amplifying climate feedbacks in the Arctic, and thus avoid or at least delay the cluster of
projected tipping points beyond 1.5 °C. Reducing climate risks and staying within the limits to
adaptation are critical to building resilience.

IGSD approaches to fast mitigation includes science, technology, law and policy, and climate
finance. IGSD works at the global, regional, national, and subnational levels.
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GLOSSARIO )
Siglas"

ARG O sexto ciclo de avaliagdo do IPCC consiste em um relatorio de avaliagdo de quatro
partes (AR6 — sigla do inglés Assessment Report) com trés relatorios de grupos de
trabalho e um relatdrio de sintese (SYR — sigla do inglés Synthesis Report), além de
varios relatérios especiais (SRs — sigla do inglés Special Reports). O ARG é a avaliagdo
mais recente publicada pelo IPCC sobre a ciéncia, os impactos e as estratégias de
mitigacdo das mudangas climaticas.

AR6 SR1.5 Relatorio Especial sobre o Aquecimento Global de 1,5°C elaborado por autores dos trés
grupos de trabalho do Sexto Ciclo de Avaliacdo do IPCC sobre os impactos do
aquecimento global de 1,5 graus Celsius em relacdo aos niveis pré-industriais e 0s
cenarios de emissdo de gases de efeito estufa globais relacionados, no contexto do
fortalecimento da resposta global a ameaca das mudancas climaticas, do
desenvolvimento sustentavel e dos esforcos para erradicar a pobreza (publicado em
outubro de 2018).

A primeira versao preliminar foi submetida a revisao por especialistas entre 31 de julho
e 24 de setembro de 2017; a segunda versdo preliminar foi submetida a revisdo por
especialistas e governos entre 8 de janeiro e 25 de fevereiro de 2018; e a versdo final
foi submetida a revisdo final entre 4 de junho e 29 de julho de 2018. O prazo para
submissdo de literatura cientifica foi 1° de novembro de 2017.

ARG6 SRCCL  Relatério Especial sobre Mudancas Climaticas e Terra (sigla do inglés Special Report
on Climate Change and Land — SRCCL) elaborado por autores dos trés grupos de
trabalno do Sexto Ciclo de Avaliagdo do IPCC sobre mudangas climéticas,
desertificacdo, degradacdo da terra, gestdo sustentavel da terra, seguranga alimentar e
fluxos de gases de efeito estufa em ecossistemas terrestres (publicado em agosto de
2019).

A primeira versdo preliminar foi submetida a revisdo por especialistas entre 11 de junho
e 5 de agosto de 2018; a segunda versdo preliminar foi submetida a revisdo por
especialistas e governos entre 19 de novembro de 2018 e 14 de janeiro de 2019; e a
versdo final foi submetida a revisao final entre 29 de abril e 19 de junho de 2019. O
prazo para submissdo de literatura cientifica foi 28 de outubro de 2018.

AR6 SROCC Relatorio Especial sobre o Oceano e a Criosfera em um Clima em Mudanga (sigla do
inglés Special Report on the Ocean and Cryosphere in a Changing Climate — SROCC)
elaborado por autores dos trés grupos de trabalho do Sexto Ciclo de Avalia¢do do IPCC
sobre como o oceano e a criosfera mudaram e como se espera que mudem com o
aquecimento global continuo, os riscos e as oportunidades que essas mudangas trazem
para 0s ecossistemas e as pessoas, e as op¢des de mitigacdo, adaptacdo e governanga
para reduzir os riscos futuros (publicado em setembro de 2019).

A primeira versdo preliminar foi submetida a reviséo por especialistas entre 4 de maio
e 29 de junho de 2018; a segunda versdo preliminar foi submetida a revisdo por
especialistas e governos entre 16 de novembro de 2018 e 11 de janeiro de 2019; e a
versao final foi submetida a revisao final entre 14 de junho e 9 de agosto de 2019. O
prazo para submissao de literatura cientifica foi 15 de outubro de 2018.

AR6 SYR Relatdrio Sintese (sigla do inglés Synthesis Report — SYR) da Sexta Avaliagdo do IPCC
(publicado em marco de 2023). O painel do IPCC aprovou o esbog¢o preliminar durante

i N:T. Nesta secdo e ao longo do texto a maioria das siglas foi mantida em seu original em inglés, indicando o termo
completo em inglés que Ihe da origem. Excecdes sdo GEE e Corte IDH.
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sua 522 sessdo, entre 24 e 28 de fevereiro de 2020. Esse relatério passou por um extenso
processo de revisdo e negociagcdo com governos e organizagfes observadoras.

Contribuicdo do Grupo de Trabalho I (sigla do inglés Working Group | — WG1) para o
Sexto Relatério de Avaliacdo do IPCC sobre a base da ciéncia fisica (publicado em
agosto de 2021).

A primeira versao preliminar foi submetida a revisao por especialistas entre 29 de abril
e 23 de junho de 2019; a segunda versdo preliminar foi submetida a revisdo por
especialistas e governos entre 2 de marco e 5 de junho de 2021; e a versdo final foi
submetida a revisao final entre 4 de maio e 20 de junho de 2021. O prazo para submissédo
de literatura cientifica foi 31 de janeiro de 2021.

Contribuicdo do Grupo de Trabalho Il (sigla do inglés Working Group Il - WG2) para
0 Sexto Relatério de Avaliacdo do IPCC sobre impactos, adaptacdo e vulnerabilidade
(publicado em fevereiro de 2022).

A primeira versdo preliminar foi submetida a revisdo por especialistas entre 18 de
outubro e 13 de dezembro de 2019; a segunda versao preliminar foi submetida a revisao
por especialistas e governos entre 4 de dezembro de 2020 e 29 de janeiro de 2021; e a
versdo final foi submetida a revisao final entre 1° de outubro e 26 de novembro de 2021.
O prazo para submissdo de literatura cientifica foi 1° de novembro de 2020.

Contribuicdo do Grupo de Trabalho I11 (sigla do inglés Working Group 1l - WG3) para
0 Sexto Relatério de Avaliacdo do IPCC sobre estratégias de mitigacdo e seus
potenciais (publicado em abril de 2022).

A primeira versdo preliminar foi submetida a revisdo por especialistas entre 13 de
janeiro e 8 de marco de 2020; a segunda versao preliminar foi submetida a revisao por
especialistas e governos entre 18 de janeiro e 14 de marco de 2021; e a versdo final foi
submetida a revisao final entre 29 de novembro de 2021 e 30 de janeiro de 2022. O
prazo para submissao de literatura cientifica foi 14 de dezembro de 2020.

Metano

Dioxido de carbono

Gas de Efeito Estufa

Potencial de aquecimento global (sigla do inglés Global warming potential)
Hidrofluorcarbonos

Corte Interamericana de Direitos Humanos

Painel Intergovernamental sobre Mudanca do Clima (sigla do inglés Intergovernmental
Panel on Climate Change)

América Latina e Caribe (sigla do inglés Latin America and the Caribbean)

Uso da terra, mudanca no uso da terra e florestas (sigla do inglés Land use, land use
change, and forestry)

Oxido nitroso
Ozobnio troposférico

Reducdo de Emissbes por Desmatamento e Degradacdo florestal em paises em
desenvolvimento
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Termos

O consenso cientifico é de que limitar o aumento da temperatura global a um
maximo de 1,5°C acima dos niveis pré-industriais € a Unica maneira de evitar os
impactos mais graves das mudancas climaticas, desacelerar ciclos de feedback
gue se autoperpetuam e evitar ou, pelo menos, retardar pontos de inflexdo
irreversiveis. Para manter o limite de 1,5°C de aumento de temperatura dentro
do alcance, é necessario cortar poluentes incluindo CO; e gases de efeito estufa
que ndo o CO-, além de proteger sumidouros de carbono existentes.

A pratica de plantar novas florestas em terras que antes ndo eram florestadas.

Ver emissdes liquidas zero. Pode se referir a emissdes de CO; liquidas zero ou
de GEE liquidas zero, o que as vezes é chamado de neutralidade climatica. A
neutralidade de carbono ndo diminui a taxa de aquecimento no curto prazo, a
menos que inclua uma redugéo substancial de metano.

Qualquer coisa que absorva mais diéxido de carbono do que emite (ou seja,
remove e armazena didxido de carbono da atmosfera). Exemplos de sumidouros
naturais de carbono incluem oceanos, florestas, turfeiras, manguezais, pradarias
de ervas marinhas, florestas de algas, pantanos salgados e pantanos.

Qualquer coisa que libere mais didxido de carbono do que absorve. Exemplos de
fontes de carbono incluem emissdes associadas a extragdo e combustdo de
combustiveis fosseis e ao desmatamento.

Qualquer coisa que libere mais metano do que absorve. Em um periodo de 20
anos, 0 metano é mais de 80 vezes mais forte para o aquecimento do planeta do
gue o CO.. Portanto, as fontes de metano tém um forte impacto sobre a
temperatura do planeta no curto prazo. Exemplos de fontes de metano sdo a
liberacdo de gds em campos de petrdleo e vazamentos em gasodutos, a
decomposicdo de residuos orgénicos em condi¢Ges de baixo oxigénio e a
fermentacdo entérica do gado.

O IPCC foi criado em 1988 pela Organizacdo Meteorolégica Mundial (OMM) e
pelo Programa das Nagdes Unidas para o Meio Ambiente (PNUMA), e endossado
por uma Resolucdo da Assembleia Geral da ONU em 1988. O IPCC prepara uma
andlise abrangente e recomendagdes com relacéo ao estado do conhecimento da
ciéncia das mudancas climaticas e ao impacto social e econémico das mudangas
climéticas. Desde sua criacdo, o IPCC preparou seis Relatérios de Avaliagdo. Os
autores e revisores do IPCC séo voluntarios selecionados de acordo com um
processo estabelecido. Atualmente, o IPCC tem 195 membros. Os relatérios
passam por processos de revisdo interativos com comentarios e revisfes antes da
publicagdo final. O Sumario para Tomadores de Decisdo é negociado pelos
governos antes da publicacdo. E importante observar que, devido ao processo
estabelecido, os relatérios do IPCC néo refletem a ciéncia mais atual. Todos os
relatorios do IPCC passam por dois estagios de revisdo. Uma primeira versao
preliminar é revisada por especialistas. Apos a reviséo dos especialistas, os autores
desenvolvem uma segunda versao preliminar com base nos comentarios recebidos.
Em seguida, essa minuta é submetida a uma segunda revisdo por governos e
especialistas. Os autores preparam uma Versdo Final com base nos comentarios
recebidos durante a segunda revisdo. A Versao Final é distribuida aos governos no
momento da revisdo final do Sumario para Formuladores de Politicas. Observe que
0 prazo final para submissdo de publicagdes é geralmente um més antes da revisao
da segunda versao preliminar, que geralmente ocorre pelo menos um ano antes da



https://www.ipcc.ch/site/assets/uploads/2019/02/UNGA43-53.pdf
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publicagdo da Versdo Final. No momento da publicacéo, a analise esta pelo menos
um ano desatualizada. No caso do Relatério Sintese, que integra as principais
descobertas dos trés relatérios dos Grupos de Trabalho, a anélise esta varios anos
desatualizada, uma vez que nao reflete novos dados cientificos desde a publicagdo
dos relatorios dos Grupos de Trabalho.

Carbono armazenado em sistemas naturais que “sdo vulneraveis a liberacao pela
atividade humana e, se perdido, ndo podera ser restaurado até 2050”.

Os impactos lineares aumentam aproximadamente na mesma proporcao que o
aumento no aguecimento, ou seja, eles escalam com o aquecimento: um pouco
mais de aquecimento causa um pouco mais de impacto.

Os impactos ndo lineares sdo diferentes: um pouco mais de aquecimento pode
desencadear feedbacks que se autoamplificam desproporcionais ao aquecimento
extra e também podem empurrar 0s sistemas climaticos regionais ou globais para
pontos de inflexdo que resultam em uma mudanca de estado. Essas mudancas
podem ocorrer de forma abrupta e podem ser irreversiveis, como cair em um
penhasco. Observe que, para alguns pontos de inflexdo que sdo acionados em
uma temperatura especifica, os impactos podem ocorrer ao longo de décadas e
até séculos. Por exemplo, quando o aquecimento exceder 1,6°C por varios anos,
a camada de gelo da Groenlandia sera comprometida com um derretimento
irreversivel. Se toda a Groenlandia derretesse, ela contribuiria com 5 a 7 metros
de elevacéo do nivel do mar ao longo de séculos ou milénios. Os impactos ndo
lineares, como os pontos de inflexdo, geralmente ndo séo bem representados nos
modelos climéaticos nem nos modelos econdmicos usados para avaliar 0s riscos
das mudancas climaticas. A taxa de aceleragdo do aquecimento pode desencadear
0s pontos de inflex&o antes do esperado.

As emissoes liquidas zero sdo alcangadas quando as emissdes antropogénicas de
gases de efeito estufa sdo equilibradas por remocdes durante um periodo
especifico. Quando varios gases estdo envolvidos, a quantificagdo depende da
métrica climatica usada (como o potencial de aquecimento global, o potencial de
mudanca da temperatura global) e do periodo de tempo especificado. Por outro
lado, “emissdes zero” significa nenhuma emissdo de GEE, sem a remocgao
compensatdria de didxido de carbono ou GEE. Diferentemente das emissdes
liquidas zero, que exigem apenas que todas as emiss@es antropogénicas emitidas
sejam equilibradas pela remocéo de uma quantidade igual de gases de efeito
estufa antropogénicos da atmosfera, as emissdes zero exigem que nenhum gas de
efeito estufa antropogénico seja emitido.

O aquecimento global que ultrapassa temporariamente 1,5°C em relagdo aos
niveis pré-industriais. Com a ultrapassagem (overshoot), alguns impactos podem
se tornar irreversiveis, mesmo que o aquecimento global seja reduzido.

O IPCC ARG define o0 aquecimento global como a temperatura média global nos
10 anos anteriores em comparagdo com as condig@es pré-industriais (1,20°C para
2014-2023?), enquanto o SR1.5 definiu o0 aquecimento global “como a média de
um periodo de 30 anos centrado no ano atual, supondo que a taxa recente de
aquecimento continue” .

A temperatura global anual, em oposi¢do & média de 10 ou 30 anos, tem “mais
probabilidade do que ndo” de exceder 1,5°C por pelo menos um ano entre 2023
e 2027, de acordo com o Met Office do Reino Unido.*

O Acordo de Paris é um tratado internacional sobre mudancas climaticas adotado
por 196 Estados Partes na Conferéncia das Nagdes Unidas sobre Mudancas


https://unfccc.int/process-and-meetings/the-paris-agreement
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Climaticas (COP21) em Paris, Franca, em 12 de dezembro de 2015. Ele entrou
em vigor em 4 de novembro de 2016. Seu objetivo ¢ manter “o aumento da
temperatura média global bem abaixo de 2°C em relagdo aos niveis pré-
industriais” e envidar esforgos “para limitar esse aumento da temperatura a 1,5°C
em relacdo aos niveis pré-industriais”. Isso € feito principalmente permitindo que
as partes definam suas préprias “contribui¢des nacionalmente determinadas”
para a mitigacdo climatica.

A prética de permitir o crescimento continuo da floresta, preservando florestas
maduras e permitindo que as florestas se regenerem sem intervencdo humana
para atingir seu potencial ecoldgico total de sequestro maximo de carbono.
Estratégias de restauracdo florestal incluem a prevencédo da extracdo de madeira
e 0 gerenciamento ativo da floresta.

A prética de repovoar uma floresta existente por meio do plantio de novos
espécimes.

Também chamados de “feedbacks positivos” ou “feedbacks de autorreforgo”,
eles descrevem condicGes em que os resultados (outputs) de um sistema séo
devolvidos como entradas (inputs) amplificadas em uma relacdo circular de
causa e efeito. No contexto climatico, os feedbacks que se autoperpetuam causam
um aquecimento adicional além do aquecimento inicial (por exemplo, a perda de
gelo marinho no Artico reduz a refletividade, o que, por sua vez, aumenta o
aguecimento, o que faz com gue mais gelo marinho derreta), criando um ciclo
em que o planeta se aquece cada vez mais.

Os SLCPs séo poluentes que ndo sdo CO- e tém uma vida Gtil relativamente curta
na atmosfera, mas sdo mais potentes do que o CO, no aquecimento do planeta.
Os SLCPs incluem o metano, um potente gas de efeito estufa; o ozdnio
troposférico, um gas de efeito estufa e poluente secundario formado pela
interacdo da luz solar com 6xidos de nitrogénio, compostos organicos volateis e
metano; hidrofluorcarbonos, potentes gases de efeito estufa que ndo destroem
a camada de ozOnio, substitutos dos clorofluorcarbonos e
hidroclorofluorcarbonos; e o carbono negro, que ndo é um gas de efeito estufa,
mas um poderoso aerossol e poluente atmosférico que agquece o clima. O 6xido
nitroso € um superpoluente, mas ndo tem vida curta.

Um limite critico além do qual um sistema se reorganiza, geralmente de forma
abrupta e/ou irreversivel. Ver também “impactos lineares vs. ndo lineares”.

A Convencao-Quadro das Nagbes Unidas sobre Mudanca do Clima é uma
convengdo de 198 Estados formada em 1992 como uma estrutura para a
cooperacdo internacional no enfrentamento da ameaca global da mudanca do
clima por meio de medidas de mitigacdo e adaptacdo. O Acordo de Paris foi
negociado e implementado sob sua égide. O Art. 2 da UNFCCC afirma que “O
objetivo final ... é o de alcancar, em conformidade com as disposi¢des pertinentes
desta Convencao, a estabilizacio das concentracGes de gases de efeito estufa na
atmosfera num nivel que impeca uma interferéncia antropica perigosa no sistema
climatico. Esse nivel devera ser alcangado num prazo suficiente que permita aos
ecossistemas adaptarem-se naturalmente a mudanga do clima que assegure que a
producdo de alimentos ndo seja ameacada e que permita ao desenvolvimento
econdmico prosseguir de maneira sustentivel.”



https://unfccc.int/

I. SUMARIO

As mudancas climéticas representam uma ameaca existencial para a humanidade. A natureza
interligada das mudangas climéticas e dos direitos humanos se torna evidente a medida que
testemunhamos seus efeitos adversos em varias dimensdes da vida humana. Para enfrentar a
emergéncia climatica, precisamos desacelerar a taxa de aquecimento 0 maximo possivel e o mais
rapido possivel. Somente uma estratégia dupla para reduzir os superpoluentes climaticos que néo
sejam o dioxido de carbono e o dioxido de carbono (CO2) poderd manter as temperaturas globais
dentro de limites seguros e proteger os direitos humanos das geracdes atuais e futuras.

A emergéncia climatica € um desafio de temperatura, pontos de inflexao e tempo.

Temperatura. A temperatura da Terra esta alta demais com o aquecimento atual de 1,2°C em
relacdo aos niveis pré-industriais. Os impactos lineares ja estdo impondo danos tremendos que
violam os direitos humanos; e os ciclos de feedback que se autoperpetuam — fazendo com que a
Terra aqueca a si mesma — logo empurrardo o planeta para além de uma série de pontos de inflexdo
que impdem impactos ndo lineares abruptos que sao irreversiveis, catastroficos e causarao violacdes
macicas dos direitos humanos. O aumento da temperatura é impulsionado pelo aumento das
emissdes de dioxido de carbono e das emissdes de superpoluentes climaticos que ndo sao o dioxido
de carbono, especialmente o metano; pela reducdo das emissdes de poluentes atmosféricos
reflexivos; pela destruicdo de florestas e sumidouros de carbono; e pela perda da capacidade
reflexiva da neve e do gelo do Atrtico.

Pontos de inflex@o. Os pontos de inflexdo estao logo a frente e causarao impactos irreversiveis e
potencialmente catastroficos. O estudo da historia do planeta revela que os sistemas climaticos
regionais e globais podem mudar de estado, as vezes de forma abrupta. Uma avaliacdo recente
concluiu que exceder 1,5 °C aumenta a probabilidade de se desencadear ou se comprometer com
seis pontos de inflexdo climatica que se autoperpetuam.®

A forma néo linear com que essas mudancas ocorrem dificulta sua representacdo nos modelos
climaticos. Algumas mudancas abruptas no sistema sdo projetadas nos modelos climaticos, com
um grupo de seis mudancas abruptas entre 1°C e 1,5°C de aquecimento e outras onze entre 1,5°C
e 2°C,” conforme confirmado por dois Relatdrios Especiais do IPCC.2 O objetivo do Acordo de
Paris ¢ manter “o aumento da temperatura média global bem abaixo de 2°C em relacao aos niveis
pré-industriais” e envidar esforg¢os “para limitar esse aumento da temperatura a 1,5°C em relacdo
aos niveis pré-industriais”.

Tempo. Sem uma acao rapida para desacelerar o aquecimento, é provavel que ultrapassemos a
barreira de 1,5°C até o final desta década.? A urgéncia da crise climatica é evidente, uma vez que
a janela de oportunidade para evitar violagdes macicas e abruptas dos direitos humanos esta
diminuindo para o final desta década.

Diminuir a taxa de aguecimento no curto prazo é fundamental e requer a¢des imediatas e focadas.
O corte de superpoluentes climéaticos pode evitar quase quatro vezes mais aquecimento até 2050
do que as estratégias que visam apenas ao CO2. Pode também reduzir pela metade a taxa de
aquecimento em comparagdo com um cendrio de referéncia de mitigacdo climatica limitada e
quando se leva em conta a reducdo de particulas refletivas que mascaram o aquecimento como



resultado de estratégias de descarbonizacdo que eliminam gradualmente o uso de combustiveis
fosseis.X? Segundo estudos anteriores, podemos evitar até 0,6°C de aquecimento até 2050 (sem
levar em conta o desmascaramento) e manter a barreira de 1,5°C ao nosso alcance com
ultrapassagem limitada, mas apenas com a reducdo dos superpoluentes climaticos que ndo sejam
CO2 — metano (CHa), hidrofluorcarbonos (HFCs), 0z6nio troposférico (Oz) e aerossois de carbono
negro. Para fins de comparacdo, uma descarbonizagdo agressiva que atinja emissdes liquidas zero
de CO: até 2050 poderia evitar cerca de 0,2°C até 2050, sem levar em conta o desmascaramento
resultante da reducéo dos sulfatos co-emitidos com a queima de combustiveis fésseis.

Existem solucdes disponiveis para as Américas enfrentarem a emergéncia climatica que ajudardo
amanter o limite de 1,5°C de aumento de temperatura dentro do alcance, limitaréo a ultrapassagem
(overshoot) ao menor tempo possivel e mostrardo a outros paises fora da regido o que eles devem
fazer para proteger o clima. A¢Oes especificas por setor para mitigar os superpoluentes climaticos,
proteger as florestas e outros sumidouros e descarbonizar o sistema energético devem ser
implementadas rapidamente e em escala.

As mudancas climaticas sdo um problema de evolucdo répida que nao pode ser resolvido com
solucdes lentas. Como afirmou o Dr. Mario Molina, ganhador do Prémio Nobel, “[a] rapidez deve
se tornar a principal medida de todas as estratégias de mitigacao climatica: uma rapida reducao do
aquecimento global antes que ele leve a novos feedbacks e pontos de inflexdo das mudangas
climaticas que se reforcam por si mesmos; uma rapida implantacdo de acfes e tecnologias de
mitigagdo; ¢ a obtengdo de escala para tudo isso de forma rapida. E que fique claro: por “répida”,
queremos dizer medidas — inclusive regulatorias — que possam se iniciar dentro de dois a trés anos,
ser implementadas substancialmente em cinco a dez anos e produzir uma resposta climatica dentro
da préxima década ou duas.”2

I1. A EMERGENCIA CLIMATICA GLOBAL
A. Temperatura, Pontos de Inflexdo e Tempo

A emergéncia climatica diz respeito a temperatura, aos pontos de inflexdo e ao tempo. A Terra ja
esta quente demais com os atuais 1,2°C de aquecimento observado em relacdo aos niveis pré-
industriais,®> com impactos lineares atualmente impondo danos tremendos; e ha muito pouco
tempo antes que os ciclos de feedback que se autoperpetuam — que fazem com que a Terra aqueca
a si mesma — empurrem o planeta para além de uma série de pontos de inflexdo que impdem
impactos nado lineares abruptos que sao irreversiveis e catastréficos. O clima da Terra empurrara
milhGes e, eventualmente, bilhdes de pessoas para fora do corredor da vida no qual a civilizacao
evoluiu.* O Secretario Geral da ONU classificou a emergéncia climatica como uma ameaca
existencial para a humanidade.

As evidéncias cientificas mostram que ja estamos em um estado de emergéncia planetaria, em que
tanto o risco quanto a urgéncia da emergéncia sdo agudos.® Os atuais impactos climaticos a 1,2°C
de aquecimento sdo, em grande parte, impactos lineares que pioram proporcionalmente com o
aquecimento, mas com surpresas regionais “ndo lineares” emergindo.t’ Elas incluem extremos
climaticos mais frequentes e mais severos® como ondas de calor recordes,*? secas,? incéndios,?
chuvas,? e inundacoes.2


https://thebulletin.org/2019/11/how-climate-related-tipping-points-can-trigger-mass-migration-and-social-chaos/

A 1,2°C, ja estamos na faixa de temperatura em que podemos estar desencadeando pontos de
inflexdo ndo lineares, abruptos e potencialmente irreversiveis. Ultrapassar 1,5°C aumenta o risco
de desencadear um conjunto de seis?* a 112> pontos de inflexdo climatica que se autoperpetuam,
previstos entre 1,5°C e 2°C, incluindo a perda da camada de gelo da Groenlandia e da camada de
gelo da Antartica Ocidental.2° Juntas, as camadas de gelo da Groenlandia e da Antartica Ocidental
poderiam prender em 10 metros 0 aumento do nivel do mar nos préximos seculos, se os limites de
inflexdo que se aproximam forem ultrapassados.2’

H& evidéncias cientificas de que a camada de gelo da Groenlandia j& estd se aproximando de um
ponto de inflexdo, o que sugere um “derretimento substancialmente maior em um futuro
proximo.”28 O derretimento da camada de gelo da Groenlandia ja é o maior contribuinte individual
para a taxa de elevacdo do nivel do mar global.22 Quando toda a Groenlandia derreter, ela devera
contribuir com 5 a 7 metros de elevacéo do nivel do mar.22 Embora a perda completa da camada de
gelo da Groenlandia possa levar milénios, a taxa de derretimento futuro e, portanto, a taxa de
elevacdo do nivel do mar, depende “fortemente da magnitude e da duracdo da ultrapassagem
(overshoot) da temperatura.”! Na extremidade oposta do planeta, o aquecimento significativo das
aguas oceanicas ao redor da Antartica Ocidental ficara preso a 1,5°C de aquecimento e
provavelmente acelerara o colapso da camada de gelo.22

Além disso, os ciclos de feedback que se autoperpetuam estdo acelerando ainda mais o
aquecimento. A perda da neve e do gelo reflexivos do Artico, que estdo sendo substituidos por
oceano e terra mais escuros, que absorvem em vez de refletir a radiacdo solar que chega, estdo
contribuindo para a “amplificacdo do Artico”, na qual o Artico estd aquecendo quatro vezes mais
do que a média global, acelerando ainda mais o aquecimento global.22 O Artico poderéa ficar sem
gelo marinho em setembro dentro de 10 a 15 anos.* No caso extremo de perda de todo o gelo
marinho do Artico durante os meses de luz solar, o que poderia acontecer ja em meados do século, 35
isso adicionara o equivalente a 25 anos de emissdes climaticas atuais.®® A perda de neve e gelo
terrestres pode dobrar esse nimero.2’ Uma “mudanca de regime” semelhante pode estar em curso
na Antartica,* considerando o recorde de baixas extensoes de gelo marinho observado nos Gltimos
trés anos (2022 a 2024).

Outro ciclo de feedback é a destruicdo da floresta amazonica, que estd mudando de um
“sumidouro” que retira o diéxido de carbono da atmosfera e o armazena com seguranga em sua
biomassa e solo, para uma “fonte” de emissdes de dioxido de carbono quando as arvores sdo
cortadas ou queimadas.?? Existe o risco de que, quando 20 a 25% da Amazonia for destruida, a
floresta entrard em uma espiral de morte e se transformara em uma savana, com impactos
devastadores na regido e no mundo.: Se todo o carbono armazenado na Amaz6nia fosse liberado,
o planeta poderia aquecer mais 0,25°C.4

B. O Orcamento de Carbono

Outra forma de analisar o desafio climatico é considerar o orcamento de carbono que os cientistas
calculam que ainda resta antes de ultrapassarmos a barreira de 1,5°C. A atualizacdo mais recente
que integra os dados do AR6 reduziu o orgamento de carbono para 250 bilhdes de toneladas de
COz para uma chance de 50:50 de manter o aquecimento em 1,5°C, a partir do inicio de 2023, e
pressupde que entre 2020 e 2050 as emissdes de metano sejam reduzidas pela metade, as emissfes
de 6xido nitroso sejam reduzidas em 25% e as emissdes de sulfato sejam reduzidas em 77%.4 O



descumprimento das redugdes de metano e Oxido nitroso reduziria o orgamento de carbono
restante. A incluséo de reducdes de sulfato que se espera que ocorram juntamente com a reducéo
do uso de combustiveis fosseis ¢ responsavel por um “desmascaramento”. Embora esse orcamento
inclua alguns feedbacks de carbono-climatica,** feedbacks pouco restritos e ndo lineares*
(incluindo emissdes de permafrost devido a modelos de processo limitados) e pontos de inflex&o
ndo sdo contabilizados diretamente, apesar de podem ser considerados com base na escolha da
probabilidade de atingir a temperatura-alvo (com uma porcentagem maior de protecéo contra esses
riscos).46

Nos niveis atuais de emissdo, esse orcamento de aproximadamente 250 GtCO: se esgotaria em
meados de 2029.%” De acordo com o Carbon Brief, para um pais com alto nivel de emissdes, como
0 Reino Unido, sua participa¢do no orgcamento de carbono se esgotaria em dois anos.

C. A Ameaca Existencial do Futuro de 1,5°C a 2°C

Se ultrapassada a barreira do 1,5°C, prevé-se que muitos impactos climaticos se tornardo nao
lineares, abruptos, irreversiveis e catastréficos.*® A superacéo dos pontos de inflexdo desencadeara
ciclos de feedback que se autoperpetuam, com o risco de um estado climatico de ‘“‘sauna”
(“hothouse” climate state), em que bilhdes de pessoas vivem em locais que se tornam quentes
demais para a habitagdo humana.®> O “estado climatico de sauna” se assemelha a “estados
planetarios que foram vistos pela tltima vez ha varios milhdes de anos” e tornaria grande parte do
globo indspito para os seres humanos e muitas espécies.2? A barreira de 1,5°C tem como objetivo
manter o aquecimento em um “corredor seguro e justo” de vida para garantir um sistema climatico
estavel e reduzir a exposicdo a riscos.>> A Earth Commission (Comisséo da Terra), uma equipe
global de cientistas, comecou a quantificar esses limites seguros e justos do sistema terrestre, que
incluem limitar o aquecimento a 1,5°C para permanecer dentro dos limites seguros e evitar pontos
de inflexdo climatica.>2 O IPCC confirmou a importancia crucial de manter o limite de temperatura
em 1,5 °C e estimou que, de acordo com as tendéncias atuais, esse limite de temperatura seria
ultrapassado no inicio da década de 2030.22 No entanto, com a continuidade de emissdes climéticas
recordes, prevé-se que a taxa de aquecimento aumente de 0,2°C por década para 0,25-0,32°C por
década nos proximos 25 anos.>* Nesse caso, as temperaturas “atingirdo 1,5°C na década de 2020
e 2°C antes de 2050.7%°

A janela para uma mitigacéo eficaz para permanecer abaixo de 1,5°C, retardar feedbacks que se
autoperpetuam e evitar ou, pelo menos, atrasar pontos de inflexdo irreversiveis esta diminuindo
rapidamente para o final desta década.>®

Entre 1,5°C e 2°C, prevé-se o desencadeamento de um conjunto de seis®’ a 11°8 pontos de inflexédo
ou mudancas abruptas, incluindo a perda de gelo marinho no veréo do Artico, a perda das camadas
de gelo da Antartica Ocidental e da Groenlandia, mudancas no ecossistema da floresta boreal,
liberacdo de carbono do permafrost e perda de recifes de corais. Os niveis atuais de aquecimento
japodem ser suficientes para derrubar as camadas de gelo da Groenlandia e da Antéartica Ocidental,
os recifes de coral e causar o degelo abrupto do permafrost regional.2> Com 2°C de aquecimento,
os riscos de desencadear pontos de inflexdo “relativamente grandes, abruptos e as vezes
irreversiveis” tornam-se altos, de acordo com o 6° Relatorio de Avaliagdo do IPCC (AR6).2 E
possivel que existam outros pontos de inflexdo ainda ndo descobertos, pois os modelos atuais séo



limitados e muitas vezes omitem processos, como os relacionados ao degelo do permafrost e outros
feedbacks biogeoquimicos.®:

Além disso, as interacdes do tipo domind entre esses pontos de inflexdo sdo projetadas de modo a
reduzir os limites e aumentar o risco de desencadear uma cascata global de pontos de inflex&o
(Figura 11-1).%%2 Por exemplo, os destinos das camadas de gelo da Groenlandia e da Antartica
Ocidental estdo ligados: o colapso de uma das camadas de gelo pode provocar o colapso da outra®
e também pode desencadear um colapso da Circulagdo meridional de capotamento do Atlantico
(AMOC - sigla do inglés Atlantic meridional overturning circulation),% um ramo da circulagéo
ocednica global. A adicdo de agua doce proveniente do derretimento das camadas de gelo na
Groenlandia e na Antartica Ocidental altera a mecanica da circulagdo oceanica,®® o que poderia
forcar a ja enfraquecida® AMOC a colapsar.5” Dado o papel da AMOC na circulagéo de &gua,
calor e nutrientes que sustentam a vida no Atlantico,®® um colapso total resultaria em impactos
catastréficos,® em velocidades além da capacidade de adaptacéo das sociedades.’®

Em resumo, o conjunto de pontos de inflexdo interativos apresenta riscos extremos para 0s
sistemas humanos, incluindo os riscos de desestabilizagéo financeira e social e maior potencial de
conflito e migragdes em massa, com consequéncias graves e irreversiveis para os direitos
humanos.”

Figura I1-1. Pontos de inflex&o climatica
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I11. ENFRENTANDO A EMERGENCIA CLIMATICA

O enfrentamento bem-sucedido da emergéncia climatica agora exige que os Estados escolham e
implementem solugdes rapidas de mitigacdo que proporcionem o0 maximo de aquecimento evitado
para impedir que se ultrapasse 0 1,5°C;’2 diminuam os feedbacks que se autoperpetuam e evitem
pontos de inflexdo que piorem os impactos climaticos;”® e protejam as pessoas e 0s ecossistemas
mais vulneraveis’® contra o calor, a seca, as inundacBes e outros extremos que se agravardo
drasticamente a cada incremento de aquecimento adicional.”

A. A Maratona: A Descarbonizacdo é Fundamental, Mas Ndo Pode Desacelerar o
Aquecimento em Curto Prazo nem Evitar Impactos Abruptos N&o Lineares

A descarbonizacdo do sistema energético e o alcance de emissdes liquidas zero sdo fundamentais
para estabilizar o clima e manter as temperaturas abaixo de 1,5°C até o final deste seculo. No
entanto, mesmo que todas as emissdes de CO2 fossem reduzidas a zero hoje, o planeta nao
retornaria aos niveis pré-industriais. 1sso porque uma porcentagem significativa de CO2 permanece
na atmosfera por séculos,’® e o aquecimento de curto prazo poderia ser acelerado devido ao
desmascaramento do aquecimento a medida que os aerossdis de sulfato sdo reduzidos — a menos
que seja acompanhado por reducdes fortes e sustentadas de superpoluentes climaticos.

O ARG do IPCC e estudos mais recentes confirmam que a reducdo das emissdes de combustiveis
fosseis — a principal fonte de CO2 — por meio da descarbonizacdo do sistema de energia,
isoladamente, na verdade acelera o aquecimento na préxima década.”” A queima de combustiveis
fésseis emite ndo apenas CO2, mas também aerossois de sulfato, que atuam para resfriar o clima.
Esses sulfatos de resfriamento caem rapidamente da atmosfera quando o uso de combustivel fossil
é interrompido, enquanto grande parte do CO2 dura muito mais tempo, 0 que leva a um
aquecimento relativamente maior na primeira ou na segunda década.’®

A maratona para descarbonizar em longo prazo é essencial para a estabilidade do sistema climaético,
mas o sprint para reduzir os superpoluentes deve ocorrer imediatamente para reduzir a probabilidade
de ultrapassar 1,5°C,” evitar violagdes dos direitos humanos decorrentes dos piores impactos
climaticos, e criar resiliéncia.

B. O Sprint: A Reducéo dos Superpoluentes Climaticos e a Implementacéo de Solucdes
Baseadas na Natureza Podem Reduzir Rapidamente o Aquecimento a Curto Prazo

O corte de superpoluentes climéaticos pode evitar quase quatro vezes mais aquecimento até 2050
do que as estratégias que visam apenas ao CO2, em comparagdo com um cendrio de referéncia com
mitigacdo climatica limitada e considerando a reducdo de particulas refletivas que mascaram o
aquecimento que resulta de estratégias de descarbonizacdo que eliminam gradualmente o uso de
combustiveis fosseis.2® Segundo estudos anteriores, cortes rapidos nos poluentes climaticos de vida
curta (SLCPs — sigla do inglés short-lived climate pollutants), ou superpoluentes climaticos,
poderiam evitar um aquecimento de até 0,6°C até 2050 e de até 1,2°C até 2100.2! Isso reduziria o
aquecimento projetado no Artico em dois tercos, a taxa de aquecimento global pela metade e
evitaria ou, pelo menos, atrasaria feedbacks que se autoperpetuam e pontos de inflexédo



irreversiveis.®2 O progresso na reducéo do crescimento das emissdes de HFCs por meio da Emenda
de Kigali ao Protocolo de Montreal, acordada em 2016, significa que estamos no caminho certo
para atingir cerca de 0,1°C do aquecimento evitado até 2050. As solucbes que reduzem os SLCPs
também reduzem o desperdicio de alimentos, o desperdicio de energia e a poluicéo do ar.

De acordo com o IPCC, os SLCPs sao responsaveis por cerca de metade do aquecimento global
atual, contribuindo para o aumento do nivel do mar e para eventos climaticos mais frequentes e
extremos, além de prejudicar a saide humana, a seguranca alimentar e a biodiversidade.

Os SLCPs sdo metano (CHa4), carbono negro (fuligem), ozonio troposférico (Os, “smog”) e
hidrofluorcarbonos (HFCs, ou gases refrigerantes).> Esses SLCPs sdo dezenas a milhares de vezes
mais potentes do que o CO2 no aquecimento do planeta, mas tém vida curta, ou seja, permanecem
na atmosfera por apenas alguns dias a alguns anos, enquanto o CO2 pode permanecer por centenas
de anos. A reducdo desses poluentes proporciona beneficios quase imediatos para as mudancas
climaticas e a saude humana.

Outras estratégias de mitigacdo répida para ajudar a atingir as metas climaticas de curto e longo
prazo incluem a protecao e a expansao de “sumidouros de carbono” baseados na natureza, que sao
elementos naturais, como oceanos ou florestas, que absorvem e armazenam carbono da
atmosfera.2® Essas solucOes baseadas na natureza também proporcionam muitos beneficios
adicionais para as pessoas e 0s ecossistemas,®” como melhorar o armazenamento de 4gua, fornecer
alimentos e meios de subsisténcia, e melhorar a qualidade do ar.

IV. As CAUSAS HUMANAS DAS MUDANCAS CLIMATICAS
A. Causas Globais das Mudangas Climéticas

Dos atuais 1,2°C de aquecimento desde os niveis pré-industriais,2® as emissdes de CO2 e outros
gases de efeito estufa (GEEsS) provenientes de atividades humanas s&o responsaveis por
aproximadamente 1,14°C.22 As emissdes globais de GEE continuam a aumentar, com a média
anual de emissdes de GEE atingindo os registros mais altos da Gltima década.?® As emissoes
continuas levaram as concentragdes atmosféricas de GEEs a novos recordes todos 0s anos,
incluindo as de COz, de CH4, e de N20.%



Figura IV-1. Principais fontes de emissdes globais de GEE
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As principais fontes de emissdes globais de GEE s&o do setor de energia (34%), indlstria (24%), agricultura,
silvicultura e uso da terra (AFOLU - sigla do inglés agriculture, forestry, and land use) (22%), transporte
(15%) e edificios (6%). Fonte: Dhakal S., Minx J. C., Toth F. L., Abdel-Aziz A., Figueroa Meza M. J.,
Hubacek K., Jonckheere I. G. C., Kim Y.-G., Nemet G. F., Pachauri S., Tan X. C., & Wiedmann T. (2022)
Chapter 2: Emissions Trends and Drivers, in CLIMATE CHANGE 2022: MITIGATION OF CLIMATE CHANGE,
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change, Shukla P. R., et al. (eds.).

Com relacdo aos superpoluentes climaticos, 50 a 65% das emissGes globais de metano sdo
provenientes de fontes antropogénicas em trés principais setores: producédo de energia (35%),%
agricultura (40%),% e residuos (20%),%* com a queima de biomassa e biocombustiveis figurando
como fontes adicionais.®

Os HFCs aumentaram globalmente em 18% de 2016 a 2020.% Mais de 75% das emissdes totais
de HFC sd@o provenientes de aparelhos de ar-condicionado estacionario e refrigeradores
industriais/comerciais.

O carbono negro ndo é um gés de efeito estufa, mas um poderoso aerossol de aquecimento
climéatico que é um componente do material particulado fino (especificamente, MP25) que entra
na atmosfera por meio da combustdo incompleta de combustiveis fdsseis, bem como de
biocombustiveis e biomassa.?® Seu impacto no aquecimento global é até 1.500 vezes maior do que
0 do CO2 por unidade de massa.®? A quantificacdo do carbono negro é desafiadora devido as
observacdes limitadas em escala global 2%

O ozobnio troposférico ndo é emitido diretamente, mas € um produto de reacdes atmosféricas com
poluentes precursores, principalmente metano e outros compostos organicos volateis e 6xidos de
nitrogénio. Os niveis globais de 0z6nio troposférico aumentaram em menos de 40% desde a era
pré-industrial até 2005, impulsionados pelo aumento dos poluentes precursores.tt Além de
contribuir para o aquecimento, ele é responsavel por milhdes de mortes prematuras, % bilhdes de
ddlares em perdas de safras anualmentei®® enfraquecimento de sumidouros de carbono.%

B. Causas das Mudancas Climaticas nas Américas

Desde 1990, a Ameérica Latina e o Caribe (LAC —sigla do inglés Latin America and the Caribbean)
contribuiram com 11% do crescimento das emissGes globais de GEE® e, em 2019, a LAC


https://www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6_WGIII_Chapter02.pdf
https://www.ipcc.ch/report/ar6/wg3/

contribuiu com apenas 8,1% das emissdes globais de GEE.1% O setor de energia é responsavel por
43% das emissfes na LAC, o que esta abaixo da média mundial de 74%; enquanto a agricultura,
0 uso da terra e a silvicultura combinados séo responsaveis por 45% das emissdes, em comparacao
com a média mundial de 14%.1%” O setor de uso da terra também desempenha um papel
fundamental nas emissdes de GEE da regido. O desmatamento, impulsionado principalmente pela
expanséo agricola, é uma das principais fontes.2% Além disso, o setor industrial contribui para as
emissdes da regido, principalmente por meio da producéo de cimento, aco e produtos quimicos.1%®

Figura IV-2. Principais fontes de emissdes de GEE na LAC
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As principais fontes de emissdes de GEE na LAC sdo agricultura (26%), mudanca no uso da terra e
silvicultura (21%), transporte (15%), eletricidade (13%), residuos e constru¢do (12%), e o restante das
emissdes é proveniente de outras atividades, como processos industriais e emissdes furtivas (13%). Fonte:
World Bank Group (2022) A ROADMAP FOR CLIMATE ACTION IN LATIN AMERICA AND THE CARIBBEAN 2021-
2025, 3 (Figure 2).

Figura 1V-3. Principais fontes de emissdes de GEE no Canada
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As principais fontes de emissdes de GEE no Canada sdo petrdleo e gas (28%), transporte (22%), edificios
(13%), industria pesada (11%), agricultura (10%) e eletricidade (7,7%), sendo o restante das emissdes
proveniente da gestao de residuos e outras atividades (7%). Fonte: Environment and Climate Change Canada
(2020) CANADA’S NATIONAL REPORT ON BLACK CARBON AND METHANE CANADA’S THIRD BIENNIAL
REPORT TO THE ARCTIC COUNCIL, Figure ES-6.



https://reliefweb.int/report/world/roadmap-climate-action-latin-america-and-caribbean-2021-2025
https://reliefweb.int/report/world/roadmap-climate-action-latin-america-and-caribbean-2021-2025
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https://publications.gc.ca/collections/collection_2021/eccc/En11-18-2021-eng.pdf

Figura IVV-4. Principais fontes de emissGes de GEE no Estados Unidos da América (EUA)
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As principais fontes de emissdes de GEE nos EUA sdo transporte (28%), producédo de eletricidade (25%),
indastria (23%), atividades comerciais e residenciais (13%) e agricultura (10%). Fonte: United States
Environmental Protection Agency (28 April 2023) Sources of Greenhouse Gas Emissions.

Historicamente, os Estados Unidos da América (EUA) e o Canadéa contribuiram significativamente
mais com as emissOes de GEE e tém uma responsabilidade muito maior pela emergéncia climética.
Os EUA foram o pais que mais contribuiu para o aquecimento global e sdo responsaveis por 20%
das emissoes globais historicas de CO2 entre 1850 e 2021.11° Em 2021, os EUA contribuiram com
11% das emissGes mundiais de GEE (equivalente a parcela de emissdes combinadas da Unido
Europeia e da Russia).2XL Atualmente, os EUA também séo o segundo maior emissor de GEE do
mundo.t2 O Canada é responsavel por 2,6% das emissdes histéricas de CO2 entre 1850 e 2021.113
Em 2021, o Canada contribuiu com 1,56% das emissGes globais de GEE .11

Dos paises das Américas, os outros principais emissores histéricos incluem o Brasil (4° maior,
5%).1> Grande parte da contribuicdo histérica do Brasil para o aquecimento é atribuida ao
desmatamento no final do seculo XIX e no século XX por colonos, e menos as emissdes oriundas
de combustiveis fosseis.118

Em relagdo as emissdes cumulativas de CO2 nas Américas entre 1990 e 2020, os EUA contribuiram
com a maior parcela dos paises das Américas (60%), seguidos pelo Brasil (14%), Canada (8,3%),
Meéxico (4,8%) e Venezuela (2,9%).Lf

Em relacdo as emissdes de metano, a América do Norte contribuiu com 11,9% das emissdes
globais de metano em 2022, sendo o setor de energia a maior fonte de emissoes.28 As Américas
Central e do Sul contribuiram com 10,8% das emissdes globais de metano em 2022, com o setor
agricola sendo a maior fonte de emissdes.t® Nas Américas, os principais emissores de metano em
2022 foram os EUA (39,42%), o Brasil (24,72%), o México (0,07%), a Argentina (0,07%) e o
Canada (0,06%).22° Em relacdo as emissOes cumulativas de metano nas Américas entre 1990 e
2020, os EUA contribuiram com a maior parcela (36%), seguidos pelo Brasil (21%), Venezuela
(12%), México (6,8%), Argentina (6,6%) e Canada (4,7%).12
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C. Visao Geral dos Superpoluentes Climaticos por Setor

Os setores que sao fontes de emissbes de CO2 também séo fontes de superpoluentes climaticos nas
Américas. A agricultura, o transporte e a refrigeracdo doméstica e comercial produzem as maiores
emissdes de metano, carbono negro, material particulado (MP) e HFCs na LAC, nos EUA e no
Canada.’22 Como os superpoluentes climaticos também sdo poluentes atmosféricos, reduzi-los
representa uma oportunidade de abordar questdes de saude publica, seguranca alimentar e mudancas
climaticas. Por exemplo, a mitigacdo das emissdes de superpoluentes pode reduzir o aquecimento
na LAC em 0,9°C até 2050.222 Também pode reduzir a mortalidade prematura na LAC causada pelo
MP2;5 em pelo menos 26% ao ano e evitar a perda de 3 a 4 milhdes de toneladas alimentos por ano.24
As soluces para reduzir os superpoluentes climaticos estao definidas na Seccéo VI.

i. Energia

O setor de energia, por meio da producdo de combustiveis fosseis, é a terceira maior fonte de
emissdes de metano na regido da América Latina e do Caribe, sendo responsavel por cerca de 18%
do total de emissdes de metano em 2019.12> O metano é emitido quando é ventilado e queimado
de forma incompleta durante sua producéo e quando vaza de tubulagOes e contéineres durante seu
armazenamento e transporte. A producdo de gas natural da LAC representou cerca de 5% da
producdo mundial total em 2020, com Argentina, México, Trinidad e Tobago, Brasil, Venezuela
e Coldémbia respondendo pela maior parte da producdo em 2021.22° Estudos recentes mostraram
que as emissdes de metano da producdo de petroleo e gas no México sdo duas vezes maiores do
que as estimadas no inventario de GEE do pais, devido a ventilacdo do gas associado nos locais
dos pocos e aos vazamentos das instalaces de armazenamento e transporte.2

As emissOes de metano do setor de petroleo e gas podem ser reduzidas em quase 75% com
economias totais, considerando os precos médios do gas natural de 2017 a 2021.128 Mesmo que 0
valor do gés capturado ndo seja levado em conta, a maioria das medidas de reducéo disponiveis
poderia ser implementada ao custo de US$ 15/tCO2e.122 Alguns exemplos de medidas de mitigagdo
econdmicas incluem a implementacdo de programas de detecgdo e reparo de vazamentos, a
instalacdo de unidades de recuperagdo de vapor e a substituicho de equipamentos com
vazamentos.13

Nos EUA, o setor de energia é responsavel por 56% das emissdes de metano.’3X Um estudo
realizado pelo Environmental Defense Fund constatou que as emissdes de metano nos EUA de
2012 a 2018 foram 60% maiores do que as emissdes relatadas pela Agéncia de Prote¢cdo Ambiental
dos EUA (EPA).122 Isso se deve ao fato de a EPA ter subestimado as emissGes de metano de
atividades anormais, como a ventilagdo.23 No Canada, o setor de energia foi responséavel por 58%
das emissdes de metano.13

ii. Transporte

A combustdo de combustiveis fosseis no transporte € uma fonte significativa de emissdes de
carbono negro na LAC.13 Na Ultima década, a regido teve uma das taxas de motorizacdo mais
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altas do mundo, chegando a 201 veiculos por 1.000 habitantes em média em 2015, enguanto
enfrentava uma queda na qualidade e na produtividade dos sistemas de transporte publico.:26
Atualmente, o setor de transportes é responsavel pelo maior consumo de energia na regido da LAC
e é quase totalmente dependente de combustiveis fosseis.22” México, Argentina, Brasil e Venezuela
representam as maiores emissdes de carbono negro do setor de transportes.t

O setor de transporte nos EUA é responsavel por cerca de 52% das emissdes nacionais de carbono
negro, e os motores a diesel contribuem com cerca de 90% das emissdes de carbono negro do
transporte.222 O transporte e 0s equipamentos méveis sdo, de longe, a maior fonte de carbono negro
no Canada, respondendo por 56% do total de emissdes em 2021. Os motores a diesel contribuem
com cerca de 45% do total de emissdes.14

iii. Agricultura

O setor agricola € uma importante fonte de superpoluentes climaticos na LAC. E a maior fonte de
emissdes de metano da regido, respondendo por 61% em 2019,4L com a pecuéria e o cultivo de
arroz respondendo por mais da metade das emissGes setoriais de metano. Somente na América
Latina, o subsetor da pecuéria é responsavel por 70% das emissdes de metano da agricultura.'42

Nos EUA e no Canada, a agricultura desempenha um papel menos significativo, mas ainda assim
importante, nas emissdes de metano. Nos EUA, a agricultura representa 27% das emissdes de
metano?®2 e, no Canada, também representa 27% das emissoes de metano.144

A queima de biomassa foi implementada em toda a LAC como uma alternativa ao tratamento de
residuos, em que os residuos agricolas e florestais sdo queimados para produzir eletricidade.*> A
queima de biomassa produz carbono negro e deteriora a qualidade do ar na regi&o.1%6 O carbono
negro da queima de biomassa na América do Sul foi rastreado até a Peninsula Antartica e 0 Oceano
Antartico.X4” Em muitos paises, a bioenergia com potencial para captura e armazenamento de
carbono (BECCS - sigla do inglés bioenergy with the potential for carbon capture and storage) é
classificada como carbono neutro, porque se argumenta que as emissdes de didxido de carbono
sdo compensadas pelo replantio de arvores para substituir os sumidouros de carbono que estdo
sendo cortados e queimados, com emissdes imediatas de dioxido de carbono. No entanto, a BECCS
ndo é neutra em termos de carbono por vérias décadas, se € que o sera, ja que as emissdes de
carbono do corte e da queima de arvores ndo serdo compensadas por décadas ou séculos.#® A
bioenergia em larga escala também reduzira a biodiversidade,*? prejudicara a salide humana,*>°
ameacara o abastecimento de agua e alimentos,>! e perpetuara a injustica ambiental 252

iv. Residuos

O setor de residuos e a segunda maior fonte de emisses de metano na América Latina e no Caribe,
respondendo por 20% das emissdes da regido.2> O metano é produzido quando os residuos
organicos em aterros sanitarios sao decompostos por bactérias produtoras de metano. O Banco
Interamericano de Desenvolvimento estima que a regido produzird 296 milhdes de toneladas de
residuos sélidos municipais até 2030, dos quais mais da metade devera ser organica.*> 56% dos
paises da regido descartam seus residuos em aterros sanitarios com implementagédo limitada de
sistemas de captura de biogas e 40% em locais de descarte inadequados.
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Os residuos sdo responsaveis por 17% das emissdes de metano nos EUA® e 18% das emissoes
de metano no Canada.r>® Os aterros sanitarios de residuos sélidos urbanos (RSU) sdo a terceira
maior fonte de emissdes de metano relacionadas ao homem nos EUA, respondendo por
aproximadamente 14,3% dessas emissdes em 2021. As emissOes de metano dos aterros de RSU
em 2021 foram aproximadamente equivalentes as emissdes de GEE de quase 23,1 milhdes de
veiculos de passageiros movidos a gasolina dirigidos por um ano ou as emissdes de CO2 do uso de
energia de quase 13,1 milhdes de residéncias por um ano.’

v. Refrigeracao

Os HFCs sdo alternativas as substancias que destroem a camada de o0zonio e sdo usados
principalmente para refrigeracdo de refrigeradores e aparelhos de ar condicionado.8
Diferentemente de outras substancias controladas pelo Protocolo de Montreal, os HFCs néo
destroem a camada de 0z6nio, mas sdo GEEs que sdo milhares de vezes mais potentes do que o
CO:2 na contribuicdo para o aquecimento global .12

Na LAC, 80% das emissdes de HFCs sdo provenientes da Argentina, do Brasil e do México.1%? As
emissdes de HFC na regido sdo compostas principalmente de HFC-134a e HFC-152.26L A medida
que as temperaturas comegam a subir, a demanda por refrigeracdo também aumenta. 48,8 milhGes
de pessoas na LAC correm um alto risco de ndo ter acesso a refrigeracdo sustentavel.l%2 Os
moradores urbanos empobrecidos correm o0 maior risco, tendo um aumento de 500.000 pessoas entre
2020 e 2021.1%3 Além disso, com uma populagdo crescente e 0 aumento da renda e dos padrdes de
vida, espera-se que a regido aumente seu estoque de aparelhos de ar condicionado em seis vezes até
2050.1%4 Esse aumento projetado na necessidade e na demanda podera ndo apenas aumentar as
emissdes potenciais de HFCs, mas o aumento dos estoques de ar-condicionado e de outros
equipamentos de refrigeracdo também podera sobrecarregar as redes de energia.%

O Banco Interamericano de Desenvolvimento estima que a intensidade energética (a quantidade
de energia consumida por unidade do PIB) na LAC diminuiu 0,8%, em comparagdo com uma
reducdo média mundial de 2,1% ao ano.%® Os padrdes minimos de desempenho energético para
refrigeracdo estdo 30% atrasados em relagéo aos principais fabricantes e precisariam aumentar em
67% para atender aos padrbes estabelecidos pelo Programa das Nagdes Unidas para o Meio
Ambiente.2®’ Melhorar a eficiéncia energética em iluminacdo, refrigeracdo, aparelhos de ar
condicionado e motores poderia economizar 20% do consumo de eletricidade na regido.%®

Os EUA, juntamente com a Unido Europeia, respondem por 80% das emissdes de HCFCs dos
paises do Anexo 1, e o Canadd, juntamente com a Austrélia, a Russia e o Japéo, respondem pelos
20% restantes dos paises do Anexo 1.1 O HCFC mais comum em uso atualmente nos EUA é o
HCFC-22 ou R-22, um refrigerante ainda usado em aparelhos de ar condicionado e equipamentos
de refrigeracéo existentes.*’°

D. Contribuicdo do Desmatamento e do Uso da Terra para as Mudancas Climaticas

As florestas e outras formas de vegetacdo sdo partes essenciais do ciclo do carbono, pois servem
como “sumidouros de carbono” para absorver o CO2 da atmosfera e armazena-lo ao longo do
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tempo. A degradacgéo das florestas e de outros sumidouros de carbono, portanto, contribui para o
aquecimento global ao diminuir a quantidade de carbono armazenado no sumidouro de carbono .22
O desmatamento combinado com o aquecimento global traz o risco de provocar feedbacks que se
autoperpetuam e de ultrapassar pontos de inflex&o.’2

A perda de florestas e de outros sumidouros de carbono contribui para 0 aquecimento, privando a
atmosfera de um sumidouro de carbono e contribuindo para a liberacéo de carbono do solo e da
decomposicdo. O desmatamento combinado com o aquecimento global traz o risco de aumentar
os feedbacks que se autoperpetuam e de ultrapassar os pontos de inflex&o de ecossistemas, como
a perda da Amazonia.r”® Interromper a destruicdo de nossas florestas e outros sumidouros de
carbono, como mangues e ervas marinhas, para que continuem a armazenar carbono e néo se
transformem em fontes de CO3, pode proporcionar uma rapida mitigagéo e, a0 mesmo tempo,
proteger a biodiversidade.1’

De acordo com as tendéncias atuais de aquecimento, o sumidouro de carbono terrestre global, que
atualmente atenua cerca de 30% das emissbes de carbono e evitou 0,4°C de aquecimento desde
1900,2” podera ser reduzido pela metade ja em 2040, pois 0 aumento das temperaturas reduz a
fotossintese e acelera a respiracdo,’’® o processo biolégico de producdo de energia que produz
dioxido de carbono e &gua como subprodutos.

Estima-se que os ecossistemas da Terra contenham 139 bilhdes de toneladas métricas de “carbono
irrecuperavel”, definido como o carbono armazenado em sistemas naturais que “sao vulneraveis a
liberacdo pela atividade humana e, se perdidos, ndo poderdo ser restaurados até 2050.”1C As
maiores concentracdes de carbono irrecuperavel estdo na Amazonia, com reservas adicionais em
todo o mundo em florestas boreais, manguezais e turfeiras..’® As atividades humanas, como
desmatamento, queimadas, expansao agricola, bem como os impactos climaticos associados, como
secas, inundacgdes e mudancas na precipitagdo, ameagam esses estoques de carbono.

O desmatamento macico em toda a LAC, causado pela expansdo da agricultura, crescimento das
cidades, extracdo de madeira e outras atividades humanas, esgota as florestas e outros sumidouros
de carbono terrestres, como zonas umidas, manguezais, pradarias e outros ecossistemas. A
interrupcao da destruicéo das florestas e de outros sumidouros naturais de carbono na regido, como
mangues e ervas marinhas, para que continuem a armazenar carbono e ndo se transformem em
fontes de carbono, pode proporcionar uma rapida mitigagdo e também proteger a biodiversidade.2”®
Se todo o carbono (equivalente a 10 anos de emissdes humanas) armazenado na Amazénia fosse
liberado, o planeta poderia aquecer 0,3°C.18 Além disso, a destruicdo desses ecossistemas naturais
por meio do desmatamento e das praticas de uso da terra afeta um amplo espectro de direitos,
explicado mais adiante.

O feedback entre as mudancas climaticas e as mudancas no uso da terra, incluindo o
desmatamento, deverd ameacar a Amazonia e sua eficacia como sumidouro de carbono — somente
na ultima década, o sul da Amazénia tornou-se uma fonte liquida de carbono, em grande parte
devido as mudangas climéticas e ao desmatamento.28 Entre 1991 e 2022, o aumento médio da
temperatura na LAC aumentou em cerca de 0,2°C por década (em compara¢do com cerca de 0,1°C
por década entre 1961 e 1990).182
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A floresta amazénica ja esta dentro dos limites de seu ponto de inflexdo estimado, de 20 a 40% de
perda total, 8 com 20% completamente destruidos e outros 6% irreparaveis na auséncia de
intervencdo humana.® O desmatamento continuo e a secagem da vegetacdo e dos solos na
Amazonia em cendrios de alta emissdo podem resultar em uma perda de até 50% da cobertura
florestal até 2050.18> Além disso, mudancas no ciclo global da dgua podem estar levando a
Amazobnia a um ponto critico.2® A combinacdo de condi¢des mais secas, desmatamento e
aquecimento vem reduzindo a resisténcia da floresta amazonica desde 2000, aumentando o risco
de morte (dieback), o ponto em que a floresta tropical se transformara em savana.’®’ Com o
aumento do desmatamento, inclusive devido a incéndios, maiores distarbios e temperaturas mais
altas, existe um ponto a partir do qual seria dificil restabelecer a floresta amazonica,®® com
medicGes recentes sugerindo que a area sudeste da Amazoénia ja mudou para uma fonte liquida de
carbono a medida que a mortalidade das arvores aumenta e a fotossintese diminui.t82 Em 2023, a
Bacia do Rio Amazonas (83% da qual ¢ floresta tropical) entrou no que tem sido chamado de “a
mais extrema” seca no registro historico, marcada pelos niveis mais baixos em pelo menos 120
anos em muitos dos afluentes dos rios.22 As secas prejudicam a resisténcia da floresta e podem
provocar um ponto de inflexdo.t2

Os EUA e o Canada também tém uma cobertura florestal significativa. Quase um ter¢o dos EUA
é coberto por florestas. As florestas dos EUA foram um sumidouro liquido de carbono em 2021,
sequestrando 794 MMT de equivalentes de CO2 (ou 216 MMT de carbono) naquele ano.X%2 Isso
representou uma compensacao de 13% nas emissdes de GEE. No entanto, essas florestas correm
o0 risco de um aumento na taxa de incéndios florestais, com estudos atribuindo o aumento dos
incéndios florestais no oeste dos EUA ao aquecimento global causado pelo homem.1%

O Canada é o pais com a terceira maior area florestal do mundo.?* Apesar disso, as florestas ndo
tém atuado como um sumidouro de carbono no Canada desde 2001, sendo que as florestas
gerenciadas do Canada foram um contribuinte liquido de aproximadamente 78 megatoneladas de
emissdes somente em 2016.2%° As emissdes resultam de praticas de exploracdo madeireira, como
0 corte raso de florestas antigas e a queima de madeira, bem como do impacto crescente das
mudancas climaticas, incluindo surtos de besouros do pinheiro e incéndios florestais.1%

E. Contribuicéo da Destruicdo dos Sumidouros Oceanicos para as Mudancas Climaticas

Os sumidouros de carbono oceédnicos séo areas do oceano que absorvem e armazenam dioxido de
carbono da atmosfera como parte do ciclo natural do carbono. Assim como as florestas, a absorcao
de dioxido de carbono pelo oceano atenua os impactos das mudangas climéticas ao reduzir a
quantidade de dioxido de carbono na atmosfera. De acordo com a Administragdo Nacional
Oceanica e Atmosférica dos EUA (NOAA), o oceano absorve cerca de 30% do CO2 que é liberado
na atmosfera. Como resultado do aumento das emissfes globais de CO2, a acidez do oceano
aumentou em aproximadamente 30%, a agua do mar aqueceu 0,88°C e a Circulagdo Meridional
de Capotamento do Atlantico diminuiu em aproximadamente 15%.%” Sem o oceano, a Terra seria
36°C mais quente.%

Além de serem importantes sumidouros de carbono, cerca de 3 bilhdes de pessoas dependem dos

ecossistemas marinhos do mundo para sua seguranca alimentar, economia e cultura.X®®> Na LAC,
0 oceano desempenha um papel fundamental na absor¢do e no armazenamento de didxido de
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carbono. O Caribe tem extensos recifes de coral, leitos de ervas marinhas e manguezais, que sao
altamente eficazes no armazenamento de carbono. A protecéo e a restauracéo desses ecossistemas
podem ajudar a aumentar 0 armazenamento de carbono no oceano da regido.

Na Ameérica do Sul, o rio Amazonas desempenha um papel significativo no armazenamento de
carbono no oceano da regido, pois traz grandes quantidades de carbono organico para o oceano
por meio do escoamento.2?Y No entanto, o desmatamento e a mudanca no uso da terra na bacia
amazonica (descritos acima) representam um risco para esse potencial de armazenamento de
carbono.?l Na sub-regido da América Central, embora manguezais oferecam um potencial
significativo de armazenamento de carbono, pois altamente eficazes no sequestro de carbono, eles
estdo ameacados pelo desmatamento, pelo desenvolvimento costeiro e pela aquicultura. De modo
geral, as oportunidades de armazenamento de carbono nos oceanos da LAC sdo significativas, mas
também ha riscos que precisam ser abordados para que esse potencial seja totalmente aproveitado.

Nos EUA, estima-se que os habitats costeiros de carbono azul sequestrem 4,8 milhdes de toneladas
métricas de CO2 anualmente.2%2 Os EUA anunciou em 2021 a conservacdo de 30% de suas terras
e aguas até 2030 (por meio de sua iniciativa 30x30).22 Nos EUA, vérios estados estdo
incorporando ecossistemas de carbono azul em seus inventarios de GEE, colaborando com a
NOAA por meio da criacdo de areas marinhas e costeiras protegidas, incluindo as Reservas
Nacionais de Pesquisa Estuarina e os Santuarios Marinhos Nacionais. Em 2019, a NOAA
incorporou o carbono azul costeiro no Inventéario de Gases de Efeito Estufa dos EUA da EPA e,
em 2020, os EUA se tornaram o primeiro pais do mundo a adicionar carbono azul de ervas
marinhas costeiras, manguezais e pantanos salgados ao seu inventario nacional de gases de efeito
estufa.2%

Da mesma forma, os ecossistemas costeiros do Canada (o pais com o litoral mais extenso do
mundo), incluindo o oceano, pantanos salgados, pradarias de ervas marinhas, florestas de algas e
sedimentos marinhos macios, sdo sumidouros criticos de carbono.2%

A pesca excessiva representa uma das maiores ameagas a salde dos oceanos. A pesca excessiva
ameaca a resiliéncia dos ecossistemas marinhos, os efeitos das mudangas climaticas nas aguas
ocednicas e 0 aguecimento adicional comprometem a capacidade de repovoamento dos organismos
marinhos.2% Por exemplo, os filhotes de solha dos mares do norte (Limanda ferruginea) da Nova
Inglaterra e na costa do Meio Atlantico dos EUA precisam de “piscinas frias” para sobreviver, mas
a taxa de aquecimento das aguas do nordeste dos EUA esta entre as mais altas do mundo.2%” Apesar
de algum sucesso no repovoamento de certos estoques de peixes, nos EUA, sabe-se que 48
estoques estdo em situacdo de sobrepesca, 0 que significa que o tamanho da populacéo é baixo o
suficiente para colocar em risco a capacidade do estoque de sustentar seu rendimento maximo
sustentavel 2%

V. IMPACTOS CLIMATICOS NAS AMERICAS
Com o atual aguecimento de 1,2°C, a LAC ja esta experimentando grandes eventos relacionados
ao clima que estdo impactando direta e indiretamente os direitos humanos protegidos pelo sistema

interamericano. O aquecimento adicional multiplicara e ampliara essas violagGes de direitos. Se o
aquecimento global for além de 1,5°C, esses impactos aumentardo significativamente em escala e
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gravidade. Entretanto, os impactos climaticos terdo consequéncias diferenciadas em toda a regido
com base em inimeros fatores geograficos, econdémicos, culturais e politicos. As necessidades de
adaptacdo de muitos individuos e grupos serdo menores abaixo do limite de 1,5°C.2%° Estratégias
que abordam os impactos das mudancas climéticas sem focar adequadamente nos fatores sociais e
econdmicos de vulnerabilidade que permitem que os impactos das mudangas climaticas violem e
erodam de forma desigual e injusta os direitos de determinadas pessoas e comunidades colocam
seriamente em risco muitos dos direitos fundamentais do sistema interamericano. Os esforgos de
mitigagdo e adaptagdo climatica precisam levar em conta as necessidades desses grupos para evitar
violacdes de direitos humanos e garantir uma transicao justa, equitativa e sustentavel.
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Tabela 1. Sumario dos Impactos Climaticos™

Exposicdo ao

urbanas??

Impactos Impactos Atuais Impactos Futuros Projetados
Global 39.503.684 milhdes de mortes em 3,4 milhdes de mortes por ano até o
Infecgdes e 2019%° final do século 2
mortes LAC 16,52 milhdes de casos de dengue Aumento de 260% na dengue até a
resultantes de entre 2010-2019%%2 metade do século
doengas 642.602 casos de doencas
relacionadas | EUA e |transmitidas por mosquitos, 9.900 casos de doenga de Lyme por
ao clima Canada |carrapatos e pulgas entre 2004 e 2016|ano até o final do século (Canada)?'®
(EUA)Z4
. I Aumento de 100% a 1000% na taxa de
Global Mais ?f; 5 milhdes por ano (2000- excesso de mortalidade devido ao calor
2019)=* 4 fi ; 217
extremo até o final do seculo =+
LAC 200.055 pessoas anualmente (2000-
Mortes 2019)*°
decorrentes Prevé-se que a mortalidade relacionada
de ao calor mais do que dobre até a
temperaturas década de 2050 e triplique até a década
extremas EUA e de 2080 em relagdo aos niveis atuais
Canada nas principais cidades canadenses %
7.300 mortes adicionais até a década de
2030 e 16.000 até a década de 2050
(EUA)ZZO
Gl 0,7 bilhdo de pessoas expos}as a0 1,28 bilh&o de pessoas até o final do
obal |calor extremo somente em areas

século?®

16.64 milhdes de pessoas-dia/ano de

Aumento de 5 a 10 vezes nos dias

calor extremo| LAC 273 extremamente quentes até a metade do
198322016 século (América do Sul)?
EUA e |3,18 milhdes de pessoas-dia/ano de {107 milhGes de pessoas até a metade do
Canada [1983 a 2016%* século (EUA)*°
Horas de Global 2%32%?;32‘7’ s de horas de trabalho 362-1091 bilhdes de horas 22
;ﬁg?égi LAC US$ 22 biIh6e§ em perda de renda
devido a0 em 2021 (América do Sul)?*®
EUAe o
calor extremo . 1,8 bilhdo de horas (EUA)ZC
Canada
14% do aumento geral da mortalidade
relacionada ao ozénio até o final do
Exposicdoa | . |7.28 bilhGes de pessoas expostas ao século?*?
poluicdo do MP 2,521
ar 6,6 milhdes de mortes por poluicéo do
ar até 20502
LAC |500 milhdes de pessoas 2

i Opserve que a extensdo desses impactos futuros projetados variara de acordo com a escala do aumento da
temperatura global, o grau de adaptacdo dos Estados &s mudancas climéticas e qualquer escalada potencial adicional
da emergéncia climatica causada pelo cruzamento de pontos de inflexdo importantes ou outros acontecimentos.
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Impactos Impactos Atuais Impactos Futuros Projetados
Mais de 103 milhdes de pessoas

FUAe expostas a polui¢do por 0zénio

Canada (EUA)ZS

Global [23,7 milhGes de pessoas em 2021%¢ |1,2 bilhdo de pessoas até 205023’

Deslocamento| LAC 10,6 milhdes de pessoas até 20502

1,7 milhdo de pessoas em 2021

N0 — 525 1(LAC, EUA e Canad4)®®®
Canada
Global 10% até 2050, 25% até 2100%*°
Reducéo de 19% nas plantacdes de
3 feijdo até 2050, reducdo de 17,2% nas
?eer?dui(r;r?gnrgg LAC plantag&es de milho até 2050%*
da safra Queda de 30% no rendimento geral das
plantacdes até 2050 (Caribe)*2
EUAe Reducéo de 7% no milho e 9% na soja
Canada até meados do século (EUA)*2
Global
LAC US$ 100 bilhdes anuais até 2050%*

Danos diretos
causados por
desastres EUAe
climaticos | Canada

US$ 1,1 trilhdo (2013-2022)
(EUA)2

US$ 14,5 trilndes em 50 anos (EUA)*/
US$ 18 bilhdes (2010-2019)
(Canada)**

Global 65% do PIB até o final do século 248
LAC |1,7% do PIB anualmente 24° 16% do PIB até o final do século %
Perda do PIB EUA 6 2,5% do PIB até 2050 e 1-4% do PIB
c . 10,8% do PIB em 2021 (Canada)®!  |anualmente até o final do século
anada (EUA)?

A. Sumario dos Impactos na América Latina e no Caribe

Em toda a regido da LAC, os impactos climéticos ja estdo causando inseguranca alimentar e
hidrica, migracdo e deslocamento, interrup¢do dos meios de subsisténcia, problemas significativos
de saude fisica e mental e graves perdas econdémicas.

De acordo com o relatério regional AR6 do IPCC para a regido da LAC, as mudancas climaticas
provavelmente converterdo os riscos existentes na regido em riscos-chave graves. Os principais
riscos incluem:

=

Risco de inseguranca alimentar devido a secas;

Risco para pessoas e infraestrutura devido a inundagdes e deslizamentos de terra;

3. Risco de inseguranca hidrica devido ao declinio da cobertura de neve, a reducdo das
geleiras e a variabilidade das chuvas;

4. Risco de aumento de epidemias, especialmente de doencas transmitidas por vetores;

Riscos em cascata que sobrecarregam os sistemas de servicos publicos;

Risco de mudancas de grande escala e alteracGes de bioma na Amazonia;

N

o o
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7. Riscos para ecossistemas de recifes de coral; e
8. Riscos para os sistemas socioecoldgicos costeiros devido ao aumento do nivel do mar
(SLR —sigla do inglés sea level rise), tempestades e erosdo costeira.2>2

Um aquecimento superior a 1,5°C terd impactos devastadores em toda a LAC, especialmente nas
areas e comunidades mais vulneraveis. Por exemplo, um aumento de 1,5°C, por si s6, aumentaria
a populacdo afetada por enchentes na Colémbia, no Brasil e na Argentina em 100-200%, no
Equador em 300% e no Peru em 400%.2%

Espera-se que 0 aquecimento acima de 1,5°C tenha impactos significativos nas ilhas do Caribe, e
sd0 necessarias acdes urgentes para mitigar esses impactos e apoiar os esforcos de resiliéncia e
adaptacdo da regido.22> Com o aumento das temperaturas globais, a expansdo térmica e o
derretimento de geleiras e camadas de gelo levardo ao aumento do nivel do mar. Isso tera impactos
significativos nas ilhas baixas do Caribe, que j& estdo sofrendo inundagdes e erosdo devido ao
aumento do nivel do mar.2® O aumento da elevacdo do nivel do mar provavelmente também
exacerbara as ondas de tempestades e as inundac6es costeiras. As mudancas climaticas também
aumentardo a intensidade e a frequéncia de eventos climéaticos extremos, como furacdes,
tempestades tropicais e enchentes.2> Além disso, espera-se que as temperaturas mais altas levem
ao aumento das taxas de evaporacdo, o que pode agravar os problemas de inseguranca hidrica e
alimentar no Caribe.22 Muitas ilhas da regido ja enfrentam escassez de agua, e isso pode piorar
com um clima mais quente.?2? O Caribe ja é propenso a esses eventos, e eles se tornardo mais
graves em um clima mais quente, causando mais danos a infraestrutura e a propriedade, além de
perda de vidas.

Os impactos da mudanca no uso da terra, especialmente o desmatamento, os incéndios e outros
impactos das mudancas climaticas tém impactos diretos sobre a sade humana, os ecossistemas, a
seguranca alimentar, os meios de subsisténcia e os sumidouros de carbono na regido.2Y
Especificamente, os impactos projetados na LAC incluem o aumento da inseguranca alimentar
devido as secas; 0 aumento da inseguranca hidrica devido ao derretimento da neve e do gelo das
geleiras (por exemplo, no alto dos Andes) e a variabilidade das chuvas; o risco de inundacdes e
deslizamentos de terra para pessoas e infraestrutura; o risco para a saude devido ao aumento de
doencas transmitidas por vetores; riscos fisicos e culturais significativos para a Amazonia; e 0 risco
para 0s sistemas costeiros devido ao aumento do nivel do mar e a erosdo costeira, entre outros
impactos projetados.25:

Entre 2000-2019, a LAC foi a segunda regido mais propensa a desastres no mundo, com 152
milhGes de pessoas afetadas por 1.205 desastres, incluindo inundacGes, tempestades, terremotos,
secas, deslizamentos de terra, incéndios florestais e calor extremo.2%2 Os estudos de atribuicdo
agora podem vincular as mudancas climéticas a eventos climaticos extremos especificos e aos
danos que eles causam.2%2 Esse conjunto cada vez maior de evidéncias cientificas e histéricas sobre
a atribuicdo climaética fortalece a base juridica para a reparacao de danos.

De acordo com 0 AR6 WG1, "[€é] virtualmente certo que os extremos de calor (incluindo as ondas
de calor) se tornaram mais frequentes e mais intensos na maioria das regides terrestres desde a
década de 1950... com alta confian¢a de que as mudancas climéticas induzidas pelo homem séo o
principal fator dessas mudangas™.2% Em cenérios de alta emissdo, periodos de uma semana com
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temperaturas recordes sdo de duas a sete vezes mais provaveis em 2021-2050 e de trés a 21 vezes
mais provaveis em 2051-2080, em compara¢do com as Ultimas trés décadas — eventos que seriam
quase impossiveis na auséncia de aquecimento antropogénico.2%> Além disso, a intensidade dos
incéndios noturnos aumentou globalmente em 7,2% nas Ultimas duas décadas devido ao aumento
das temperaturas, causando incéndios mais intensos, mais duradouros e maiores.2%

Alguns impactos na regido sdo de particular importancia para a compreensao de como os direitos
humanos séo afetados pelo desencadeamento das mudancas climéticas na regido e sdo abordados
mais adiante.

B. Sumario dos Impactos nos EUA e Canada

Os EUA e o Canada também estdo sofrendo impactos draméticos em decorréncia das mudancas
climaticas. Esses impactos estdo afetando desproporcionalmente os membros vulneréaveis das
sociedades de cada pais, em especial os das comunidades indigenas costeiras. Embora ambos os
paises tenham acesso a mais recursos para a mitigacdo e a adaptacdo climaticas do que a regido da
LAC, o impacto econdmico das mudancas climaticas esta e continuard esgotando
significativamente os recursos de duas das maiores economias do mundo. Os impactos das
mudancas climaticas nos EUA e no Canada ilustram que mesmo 0s paises do norte global ndo
podem escapar dos efeitos das mudancas climaticas sobre os direitos humanos.

De acordo com o relatério regional AR6 do IPCC sobre a América do Norte, “sem limitar o
aquecimento a 1,5°C, espera-se que 0s principais riscos para a América do Norte se intensifiquem
rapidamente até a metade do século (alta confianca). Esses riscos resultardo em mudancas
irreversiveis nos ecossistemas, danos crescentes a infraestrutura e as moradias, estresse nos setores
econdmicos, interrupgdo dos meios de subsisténcia e problemas de saide fisica e mental, no lazer
e na seguranca. A implementacao imediata, ampla e coordenada de medidas de adaptacéo voltadas
para a reducéo de riscos e com foco na equidade tem o maior potencial para manter e melhorar a
qualidade de vida dos norte-americanos, garantir meios de subsisténcia sustentaveis e proteger a
biodiversidade de longo prazo e a produtividade ecolégica e econdmica da América do Norte.”257

O calor extremo e os furacdes ja causaram um alto indice de fatalidades nos EUA e no Canada,
além de custar bilhdes de ddlares em danos. Os impactos do furacdo Irma e do furacdo Maria foram
particularmente devastadores, com milhares de fatalidades ocorrendo somente no territorio dos
EUA de Porto Rico.2%¢ A medida que a taxa e a escala dos desastres climéaticos aumentam, também
aumentam 0s recursos econdmicos necessarios para mitigar e se adaptar a esses desastres. As
perdas econdmicas induzidas pelas mudancas climaticas podem custar a economia dos EUA US$
14,5 trilhdes nos préximos 50 anos.2% Isso, por sua vez, dificulta a capacidade dos EUA e do
Canadé de usar seu maior poder econémico como uma forca para promover a cooperacgdo climatica
global.

Os EUA e 0 Canada também estdo sofrendo com 0 aumento de enchentes, secas e perda de geleiras,

0 que esté prejudicando a vida e a subsisténcia das comunidades costeiras, além de destruir casas
e importantes sitios culturais indigenas.
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Embora os EUA e o Canadd sejam nagles ricas, ainda h& areas de pobreza e privagdo,
principalmente em comunidades pesqueiras de subsisténcia.2’? A erosdo costeira, a acidificacdo
dos oceanos e 0 aumento de eventos climaticos extremos prejudicam a capacidade dessas
comunidades de exercer seus direitos individuais, sociais, econdémicos e culturais. Os danos as
economias dos EUA e do Canada também sdo desproporcionais em relacdo as comunidades de
baixa renda, levando a um aumento da desigualdade e a perda de oportunidades sociais e
econdmicas.2’*

O relatorio AR6 do IPCC prevé que os principais riscos na América do Norte deverdo se
intensificar rapidamente até a metade do século. Isso inclui um aumento nos riscos climaticos,
como incéndios florestais e ondas de calor, um aumento nos riscos a salde, incluindo doencas
transmitidas por vetores, danos a capacidade de producdo de alimentos da regido e impactos
crescentes das mudancas climaticas nos ecossistemas marinhos, de dgua doce e terrestres.22 O
governo dos EUA poderd gastar entre US$ 25 e 128 bilhdes adicionais por ano em apenas seis
tipos de despesas federais: alivio de desastres costeiros, seguro contra inundagdes, seguro de
colheitas, seguro de salde, supressdo de incéndios florestais e inundacdes em instalacdes federais,
até o final do século.2®

C. Impactos Econémicos e na Saude das Mudancas Climaticas

O Relatério de Perspectivas Econdémicas Mundiais de 2022 do Fundo Monetério Internacional
pede que os formuladores de politicas estabelecam politicas climaticas confidveis e irreversiveis e
afirma que os custos da transi¢ao seriam “ofuscados pelos inimeros custos de longo prazo da
inacdo.”2

No entanto, ao avaliar os impactos econdmicos das mudangas climaticas, é importante destacar as
limitacbes dos atuais modelos financeiros climéaticos. Os modelos climéaticos ndo retratam com
precisdo o futuro ou suas implicagdes financeiras.2’>

A avaliacdo mais recente dos modelos financeiros climaticos revela que os modelos ndo incluem
pontos de inflex&o, ciclos de feedback, aumento do nivel do mar, estresse térmico, interrupcdes no
fornecimento de alimentos, efeitos em cascata ou custos de adaptacdo.2’® O comunicado de
imprensa de avaliacdo afirma que “[isso] limita seriamente a utilidade dos modelos para lideres
empresariais e formuladores de politicas, que podem acreditar de forma razoavel que esses
modelos capturam efetivamente os niveis de risco, sem saber que muitos dos impactos climaticos
mais graves nao foram considerados.”?”’ As informacGes a seguir devem ser consideradas,
entendendo que essas projecdes sdo implausivelmente conservadoras se ultrapassarmos 1,5°C.

Perda do PIB. A Cambridge Econometrics quantificou um impacto negativo de 65% no PIB
global em um cenario de business-as-usual (BAU) com aquecimento de 4°C até 2100. Os autores
afirmaram que “[e]ssas grandes estimativas de danos provavelmente subestimam as perdas reais,
ja que nosso método se baseia na relagdo observada entre temperatura e producéo econdmica, e
nos concentramos apenas nos impactos do aquecimento gradual sobre a produtividade. Elas ndo
levam em conta os pontos de inflexdo ou outras mudancas sem precedentes no sistema
climético.”2®
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Os eventos extremos relacionados ao clima ja custaram porcentagens de dois digitos do PIB em
alguns casos.2” Nas classificacdes dos impactos de eventos climaticos extremos de 2000 a 2019
em termos de perdas econdémicas como uma parcela do PIB, oito dos 20 principais paises estdo no
Caribe.20 Entre 1970 e 2021, os desastres relacionados ao clima, ao tempo e a dgua custaram aos
paises das Américas US$ 2 trilhdes.28L Até 2050, os danos causados pelas mudangas climaticas
poderdo custar US$ 100 bilhdes por ano a regido da LAC.282

Pobreza, Inseguranca Alimentar e Hidrica. Os choques climéaticos reduzem a renda dos 40%
mais pobres em mais do que o dobro da média da populacdo na LAC e podem levar cerca de 2,4 a
5,8 milhdes de pessoas da regido a pobreza extrema até 2030.22 Prevé-se que as plantacdes no
Caribe cairdo até 30% até 2050.224 Rendimentos mais baixos teriam consequéncias negativas em
varias areas, como o crescimento da producdo e do investimento na agricultura, o setor externo, a
reducdo da pobreza e a seguranca alimentar. Ha evidéncias também de um aumento atual e futuro
na escassez de 4gua, aumentando ainda mais a pobreza na regido.%®

A inacdo climatica continua levara a uma perda de 900.000 oportunidades de emprego todos os
anos nos EUA nos préximos 50 anos devido a danos climaticos.285 No Canada, as familias de baixa
renda poderéo sofrer perdas de renda de 12% caso as temperaturas globais aumentem em 2°C. 2/

Secas prolongadas, mudangas na precipitagédo e mudancas no uso da terra agravam a inseguranga
alimentar na LAC, e o aumento dos precos dos alimentos e os fatores socioecondmicos podem
dificultar o acesso a dietas saudaveis na regido.22® Na América do Sul, que abrange 66% da
populacdo da LAC,2 168,7 milhdes de pessoas sofrem de inseguranca alimentar moderada ou
grave.2%? Esse nimero sé aumentara a medida que as mudancas climaticas exercerem mais pressao
sobre os sistemas alimentares,?* o que ressalta a necessidade de reduzir o aguecimento no curto
prazo para reduzir os impactos das mudancas climéticas sobre a seguranca alimentar na LAC.

O aumento do nivel do mar desencadeia a intrusdo de dgua salgada que pode impedir 0 acesso a
dgua potavel segura e representa uma das maiores ameacas aos sistemas de agua doce.??2 No
Caribe, a demanda por agua ja esta excedendo a oferta, o que é ainda mais exacerbado pela seca
severa, agravada pelo aquecimento global.2® Apesar do aumento das observagdes de chuvas,
alguns lugares na LAC ainda experimentam inseguranca hidrica — entre 2014 e 2016, o Brasil
passou por uma crise hidrica, quando o principal reservatorio de agua de Sao Paulo atingiu apenas
5% de sua capacidade de 1,3 bilhdo de m3.2

Saude e Acesso a Assisténcia Médica. Os impactos das mudancas climaticas estdo se acelerando e
afetando desproporcionalmente a satde das populac@es vulneraveis na LAC.A falta de acdo imediata
para reduzir o aquecimento custa vidas: de todas as mortes relacionadas ao calor, entre 20%
(Argentina) e 77% (Equador) podem ser atribuidas as mudangas climéaticas causadas pelo homem na
LAC.22 As mudangas no ambiente também aumentam a probabilidade de doencas infecciosas, como
a dengue.2%5 Entre 2000-2009 e 2010-2019, os casos de dengue quase triplicaram (6,78 milhdes para
16,52 milhdes) na LAC.22” A poluicdo do ar exacerbou as taxas de hospitalizacdo e morte por
COVID-19 na LAC.2%® As condicOes precarias de saneamento em paises de baixa renda podem
exacerbar os riscos a saude e resultar em mais mortes na regido, se ndo houver mais agdes climaticas,
ambientais e econémicas, 0 que ressalta a necessidade de agir imediatamente para reduzir o
aquecimento no curto prazo.2®
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D. As Implicagdes da Vulnerabilidade na LAC

Os grupos vulneraveis na LAC sofrem um impacto desproporcional das mudancas climaticas,
conforme detalhado abaixo. As implicacbes da vulnerabilidade aos impactos climaticos ja
representam ameacas aos direitos humanos e desafiam uma transigéo justa em termos de mitigacao
e de adaptacao.

Povos Indigenas. Os povos indigenas da América Latina sdo particularmente vulneraveis aos
impactos das mudancas climéaticas devido a sua dependéncia de recursos naturais para sua
subsisténcia e suas profundas conexdes culturais com a terra. De acordo com o Banco Mundial,
24% da populacdo indigena da regido vive em extrema pobreza (2,7 vezes mais do que 0s ndo
indigenas) e sdo afetados de forma desproporcional pelas mudancas climaticas.2% As mudancas
climaticas ameacam a cultura, a subsisténcia e a seguranca das comunidades indigenas.2® O
aumento do nivel do mar, a perda de biodiversidade e outros impactos das mudancas climaticas
agravam ainda mais a perda de idiomas indigenas.2%?

Os povos indigenas na LAC ja estdo mais propensos a enfrentar maior pobreza, menos emprego e
acesso limitado a educacéo, aos servicos de saude e aos processos de tomada de decisdo.2% Isso é
ainda mais exacerbado pelos impactos das mudancas climaticas que agravam essas
vulnerabilidades e imp&em vulnerabilidades adicionais devido a dependéncia das comunidades
indigenas do ambiente natural para sua sobrevivéncia cultural e fisica.2® Muitas comunidades
indigenas na LAC também sédo forcadas a viver em areas propensas a riscos climaticos, como
litorais baixos e planicies de inundacdo.®® No entanto, os povos indigenas, apesar de
representarem apenas 5% da populacdo global, protegem 80% da biodiversidade do planeta
(especialmente as mulheres).3%

Mulheres e Minorias de Género. Os impactos climaticos afetam desproporcionalmente as
mulheres e as minorias de género na LAC. Na LAC, as mulheres experimentam niveis mais altos
de inseguranca alimentar e pobreza em comparagdo com os homens.2%Z As mulheres e as minorias
de género também tém mais dificuldade para migrar na América do Sul devido a falta de redes
sociais que estdo mais disponiveis para os homens e, portanto, € mais provavel que permanecam
em areas que sofrem os impactos das mudancas climaticas.2® As desigualdades existentes
baseadas no género, combinadas com a degradagdo ambiental, também exacerbam a violéncia de
género, como a violéncia doméstica, o casamento forgcado, o trafico de pessoas, a prostituicdo
forcada e os crimes de 6dio.2%

Criancas e Jovens. Criancas e jovens enfrentam impactos desproporcionais sobre a salde
causados por um mundo que esta se aquecendo rapidamente. Por exemplo, a polui¢cdo do ar tem
um impacto desproporcional sobre os jovens, com 98% das criancas em paises de baixa e média
renda respirando ar poluido,®® matando uma em cada dez criancas ou prejudicando
permanentemente o desenvolvimento infantil.2X Na regido da LAC, 105 milhdes de criancas ja
estdo expostas a poluicdo do ar.22 Se o planeta atingir 2,4°C de aquecimento em 2050, em
comparagdo com 1,7°C, 370 milhdes de criangas a mais serdo expostas a ondas de calor de longa
duracdo.2t3
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Idosos. Os adultos mais velhos (65 anos ou mais) sdo desproporcionalmente vulneraveis aos
impactos na salde associados as mudancas climaticas e aos extremos climaticos.2X4 Os idosos séo
particularmente vulneraveis a exposicao ao calor, e as mudancas climéticas deverdo aumentar o
risco de exposi¢do ao calor. Na LAC, as mudancas climéticas j& estdo aumentando a exposicéo
dos idosos ao calor.2> De 2012 a 2021, em média, os adultos acima de 65 anos foram expostos a
mais 12,3 milhdes de dias-pessoa de ondas de calor por ano, em comparagdo com a linha de base
de 1995 a 2005.26 Em quase todos os paises da América do Sul, o nimero de mortes relacionadas
ao calor tem aumentado continuamente entre pessoas com mais de 65 anos desde o0 ano 2000.3%/
O numero de mortes relacionadas ao calor aumentou em 160%, em meédia, no periodo de 2017 a
2021, em comparacdo com o periodo de 2000 a 2004.28 Os idosos também sdo vulneraveis as
mudancas climéaticas porque sdo particularmente vulneraveis a doencas, qualidade do ar, fumaca
de incéndios florestais, ondas de calor e outros problemas associados causados pela emergéncia
climatica.®®

Comunidades Pobres e Economicamente Marginalizadas. Os impactos climaticos agravam
fatores desencadeantes subjacentes que prejudicam a economia e sdo sentidos de forma
desproporcional pelas comunidades empobrecidas. Todos os anos, de 150.000 a 2,1 milhGes de
pessoas vivenciam pobreza extrema devido a desastres naturais na LAC — até 2030, esse nimero
pode aumentar para 5,8 milhdes de pessoas por ano, principalmente devido aos impactos das
mudancas climéticas relacionados a sa(de.®2 Para aqueles que vivem em &reas mais
empobrecidas, ha uma probabilidade maior de enfrentamento de impactos climaticos debilitantes,
exacerbados por condicdes de vida ruins, falta de recursos e servicos publicos e instalacdes
poluidoras préximas.22 A desigualdade na regido também se interrelaciona com a pobreza,
tornando as comunidades pobres altamente vulneraveis aos impactos das mudancas climéticas. O
acesso limitado a recursos devido a desigualdade socioecondmica estrutural dificulta muito o
acesso das comunidades pobres as opcoes de adaptagdo.32?

Migracéo, Deslocamento e Refugiados Climaticos. Os eventos climéticos extremos induzidos
pelo aquecimento global amplificam os fatores sociais, econémicos e ambientais que induzem a
migracdo em massa e 0 deslocamento da popula¢do. H& uma tendéncia de aumento da migracao
climética interna na América Latina, na Africa Subsaariana e no Sul da Asia, com o potencial de
ultrapassar mais de 143 milhdes de migrantes até 2050.222 No México e na América Central, 0s
migrantes climaticos internos podem dobrar entre 2020 e 2050.22* Em um cenéario mais favoravel
ao clima, que atenda ao limite de temperatura de 1,5°C do Acordo de Paris, um cenario que ainda
é possivel com cortes imediatos e profundos nos superpoluentes climaticos, conforme descrito na
Secdo VI, haveria até 87% menos migrantes climéaticos na América Latina em compara¢do com
um cenario de “business as usual”.3%

As mudancas climaticas estdo induzindo deslocamentos transfronteirigos em massa nas Américas.
Por exemplo, em 2017, os furacdes Irma e Maria levaram as Bahamas e a ilha de Barbuda, em
Antigua e Barbuda, a implementar evacuac6es obrigatorias em toda a ilha e fizeram com que mais
de 135.000 porto-riquenhos migrassem para os EUA.2% H& uma escassez de acordos regionais
sobre como abordar e evitar o deslocamento nas Américas, incluindo protocolos para gerenciar o
deslocamento tanto de desastres de inicio rapido, como furacdes, quanto de efeitos climaticos de
inicio mais lento que tornam inabitaveis as &reas de assentamento atuais, como assentamentos em
litorais em erosdo no Caribe.2%!
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Os refugiados climaticos enfrentam em muitos paises ainda mais discriminacdo quando buscam
asilo.228 Isso é agravado pelo fato de os governos néo identificarem ou categorizarem as pessoas
deslocadas pelo clima, dificultando o acesso dos refugiados climaticos a protecéo e a migragéo.32
Reconhecer e garantir protecfes para os refugiados climaticos como uma classe distinta e
vulneravel de cidaddos é fundamental para garantir a justica climatica.

Além de gerar maior migracdo e refugiados climaticos, os impactos das mudancas climéticas
podem afetar desproporcionalmente os atuais refugiados e pessoas deslocadas.®? Por exemplo,
cerca de 2,5 milhdes de venezuelanos migraram para a Colémbia e outros 2 milhdes para o Chile,
Equador e Peru,23 e enfrentam vulnerabilidades adicionais, como dificuldades econdmicas,
exploracéo sexual, recrutamento por grupos armados ou gangues de rua, intimidacéo, falta de boas
oportunidades de emprego, acesso limitado a assisténcia médica e xenofobia.332

Defensores do Clima e do Meio Ambiente. Os ativistas climaticos e ambientais tém maior
probabilidade de enfrentar violéncia e criminalizacdo por seu ativismo. Desde 2012, a Global
Witness constatou que pelo menos 1.700 defensores de territorios e do meio ambiente foram
mortos protegendo suas terras e recursos.23 No Brasil, 85% desses assassinatos aconteceram na
Amazonia, intensificando-se apds a eleicdo do ex-presidente Bolsonaro. Os principais fatores
desses ataques sdo a desigualdade fundiaria, o conflito violento pela terra, a corrup¢do dos
grileiros, a reducdo da protecdo civica e uma cultura de impunidade corporativa que permite que
0 poder corporativo, apoiado por politicas governamentais, perpetue a crise climatica e de
biodiversidade e mate defensores ambientais.®** Os ativistas climaticos e ambientais também sdo
criminalizados ao serem acusados de coercdo, invasdo de propriedade e outros delitos para
justificar a agdo policial, ou sobrecarregados com processos “SLAPP”"™ movidos por agentes
corporativos poderosos para dissuadir o ativismo.22

VI. SOLUCOES NAS AMERICAS PARA ENFRENTAR A EMERGENCIA CLIMATICA

Para enfrentar a emergéncia climatica de forma répida e eficaz nas Américas, serdo necessarias
respostas coordenadas em nivel regional, nacional e subnacional. As solu¢des sdo multifacetadas
e exigem a mitigacdo de superpoluentes climaticos, a descarbonizacéo e a protecdo e restauracdo
de sumidouros de carbono simultaneamente para manter o planeta abaixo do limite de temperatura
segura de 1,5°C. Além disso, a alocacéo de recursos para garantir a mitigacéo, a adaptacao e a
construcao de resiliéncia em larga escala é fundamental, pois a falta de financiamento e a fraca
capacidade de implementacdo representam sérios obstaculos na regido e agravam os impactos
sobre as comunidades e 0s ecossistemas.23 Uma combinagéo de agdes criticas que mitiguem os
superpoluentes climaticos, descarbonizem e protejam os sumidouros de carbono € a Unica maneira
de impedir violagdes de direitos futuras e em andamento.

A. Acbes Especificas por Setor para Mitigacdo Imediata e Substancial dos
Superpoluentes Climaticos e Descarbonizagdo na LAC

v Os processos SLAPP, ou processos estratégicos contra a participacdo plblica (em inglés strategic lawsuits against
public participation — SLAPP), sdo queixas civis destinadas a intimidar e silenciar pessoas ou organizagdes que se
manifestam sobre questBes publicas. Veja, de forma geral, SLAPP suit (fonte em inglés).
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Os Estados devem implementar solugdes em toda a economia que visem setores altamente
poluentes, como energia, transporte e residuos. A adogao dessas a¢es de mitigacdo comprovadas,
com capacitacdo adequada e coordenacéo regional, oferece oportunidades e beneficios adicionais
para a regido, inclusive melhorias de curto prazo na qualidade de vida da populagéo, criacdo de
empregos e desenvolvimento sustentavel aprimorado .2’

Box 1. Principais Acdes de Mitigacdo de SLCP para LAC

Incorporar praticas recomendadas ou atualizacdo das melhores tecnologias disponiveis em
processos industriais, como a reducao da queima de gés no setor de petréleo e gas;

Buscar o maximo de ambic¢do para implementar todos 0s compromissos assumidos nos
tratados atmosféricos, como garantir a reducdo gradual total ou acelerada dos
hidrofluorcarbonos (HFCs) e, ao mesmo tempo, incorporar 0 maximo de medidas de
eficiéncia energética no setor de refrigeracdo;

Incorporar de medidas em programas de infraestrutura de larga escala de autoridades
publicas, como no setor de residuos, tais como a captura e 0 uso de emissdes de metano de
aterros sanitarios;

Implementar solucbes sustentaveis e de baixa emisséo para reduzir as emissdes de carbono
negro, como o fornecimento de opcOes alternativas de transporte ndo motorizado e 0
gerenciamento de frete no setor de transportes;

Mudar praticas, algumas das quais estdo incorporadas em tradi¢des culturais, econdmicas
e sociais, de cozinhar e aquecer alimentos domésticos, agricultura e indUstrias artesanais; e
Implementar solugdes climaticas “naturais”, como a restauracdo florestal, a melhoria do
gerenciamento da terra e a conservacdo de florestas, areas Umidas, pradarias de ervas
marinhas e outros sumidouros naturais.

Energia

Agricultura
Garantir a implantagéo das melhores .

Melhorar e mudar as praticas agricolas,

tecnologias disponiveis para impedir
vazamentos e proibir a ventilagédo no
setor de petroleo e gas;338

Evitar o desperdicio de energia
capturando o metano em vez de
queima-lo;

Desinvestir em combustiveis fosseis;
Acelerar a transicdo para a energia
renovavel, investindo em fontes
renovaveis; e

Pesquisar dados sobre energia edlica
offshore e aproveitamento da energia
de ondas.

por exemplo, implementando
diferentes estratégias de pastagem e
criacdo e alimentacdo para rebanhos;
Foram encontradas varias solucdes
econémicas para reduzir a producao de
emissdes de N20, incluindo o uso de
novas tecnologias em processos
agricolas;**% e

Parar com as queimadas na agricultura.

Residuos

Melhorar o tratamento de residuos
solidos e aguas residuais;34

Reduzir o desperdicio de alimentos,
evitar que os residuos organicos sejam
depositados em aterros sanitarios e
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melhorar o gerenciamento de aterros
sanitarios;* e

Desenvolver infraestrutura para cadeias
de frio sustentaveis para reduzir os
residuos organicos encaminhados para
aterros sanitarios.

Transporte

Introduzir rapidamente padrdes
rigorosos de emiss@es para veiculos
novos e eliminar veiculos com alto
nivel de emissdo com implementacao
total (full enforcement); e

Promover e mover para a eletrificacdo
do transporte.

Eliminar o gas em novas construgdes e
eliminar gradualmente fogdes a gas
com vazamento;342

Mudar para energia limpa para
eletrificacdo e aquecimento, incluindo
incentivos para promover a instalacéo
de painéis solares e tecnologias de
armazenamento de baterias;

Mudar para equipamentos de
cozimento limpos para reduzir o
carbono negro;34

Mudar para um método de
aquecimento limpo para reduzir o
metano e o carbono negro;4
Substituir ou modernizar a tecnologia

de resfriamento usada na refrigeracéo e
Edificios aparelhos de ar condicionado;3*° e
e Melhorar a eficiéncia energética de o Atualizar ou adotar padrdes minimos
varios setores, incluindo edificios e de desempenho energético para
infraestrutura, por meio de reformas e equipamentos de refrigeracéo e
uso de tecnologia de eficiéncia fortalecer as leis contra a importagéo
energética em novas infraestruturas; de equipamentos de refrigeracdo que
ndo estejam em conformidade com os
padrBes dos paises exportadores.

B. AcOes Especificas por Setor para Mitigacdo Imediata e Substancial dos
Superpoluentes Climaticos e Descarbonizacéo nos Estados Unidos e no Canadéa

Como paises de alta renda e contribuintes desproporcionalmente altos para as emissdes atuais e
historicas de GEE, o Canada e os Estados Unidos devem tomar medidas urgentes para combater a
crise climatica. A variedade de poluentes (SLCPs, 6xido nitroso e dioxido de carbono) e de setores
poluentes exige a implementagao simultanea de varias solugdes. Os Estados Unidos e o Canada
tém a capacidade de liderar o desenvolvimento de novas tecnologias para aumentar a eficiéncia
energética, aumentar a tecnologia de captura de carbono e garantir uma transi¢cdo justa. O
enfrentamento da emergéncia climatica no Canada e nos EUA exige a¢des urgentes em diversos
setores, incluindo o setor privado e todos os niveis de governo.

Os EUA e o0 Canada devem se concentrar no desenvolvimento de tecnologias para fazer a transicdo
para um futuro de carbono zero e, a0 mesmo tempo, visar 0s principais setores poluentes, como
energia, transporte, residuos e agricultura. Essas a¢fes de mitigacdo oferecem oportunidades para
que os EUA e o Canada despontem como lideres em desenvolvimento sustentavel, criem empregos
e garantam uma transigéo justa.
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Box 2. Principais Agdes de Mitigacao de SLCP para os EUA e o Canada

Explorar o potencial de desenvolvimento de tecnologias necessarias, como hidrogénio
limpo, energia renovavel e estratégias de captura de carbono;

Alterar os incentivos financeiros, inclusive removendo subsidios a combustiveis fosselis,
desinvestindo fundos publicos em combustiveis fosseis e incentivando o desenvolvimento

de tecnologias mais sustentaveis;

Incorporar as melhores praticas ou atualizagdo das melhores tecnologias disponiveis nos
processos industriais, especialmente no setor de energia;

Reequipar a infraestrutura, os edificios e a tecnologia para reduzir as emissoes € melhorar
a eficiéncia energética em todos os setores;

Explorar solugdes climaticas naturais por meio da pratica do gerenciamento sustentavel da

terra e da prote¢ao de sumidouros de carbono;

Gerenciar emissodes provenientes de residuos e da agricultura; e
Eliminar brechas nos relatérios obrigatorios de emissdes.

Energia

Remover os subsidios para os
combustiveis fosseis e desinvestir os
fundos publicos de combustiveis
fosseis;

Eliminar brechas nos relatorios
obrigatorios de emissdes, inclusive
para emissdes de eventos de partida,
desligamento e mau funcionamento de
grandes produtores de energia;

Limitar as emissdes de metano no setor
de petroleo e gas, inclusive por meio da
introdu¢ao de regulamentagdes que
limitem as emissoes de ventilacao e
vazamentos;3

Apoiar o desenvolvimento de energia
renovavel, por exemplo, diversificando
as cadeias de suprimentos, explorando
o potencial de pequenos reatores
modulares e apoiando inovagdes em
combustiveis biogénicos e de baixo
carbono;3¥/

Expandir o fornecimento de hidrogénio
azul e verde, apoiar o crescimento de
biocombustiveis e combustiveis de
aviagdo sustentdveis e investir em
hidrogénio limpo, criando demanda por
hidrogénio de baixo carbono e

desenvolvendo tecnologias de uso final
a base de hidrogénio;3*8

Regulamentar os aparelhos de queima
de madeira para abordar a questdo das
emissdes de carbono negro;34?
Substituir as fontes de gés natural por
fontes de energia com zero de carbono,
especialmente nos setores de energia,
manufatura, quimico e de
construcdo;® e

Expandir as energias renovaveis
investindo na cadeia de suprimentos de
renovaveis, expandindo a rede,
garantindo o acesso a terrenos
adequados para a implantacgao de

renovaveis e instalando renovaveis.32L

Tecnologia de Emissoes Negativas

Explorar solugdes baseadas na
natureza, restaurando habitats,
protegendo sumidouros de carbono e
adotando praticas indigenas e outras
praticas sustentaveis de gestdo da
terra;322

Apoiar o desenvolvimento de novas
tecnologias de captura, utilizacdo e
armazenamento de carbono (CCUS —
sigla do inglés carbon capture,

utilization, and storage).*>2 Isso inclui
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o aprimoramento da captura bioldgica
de carbono com armazenamento
geologico, incluindo bioenergia com
captura e armazenamento de carbono
(BECCS sigla do inglés bioenergy with
the potential for carbon capture and
storage) e fertilizagdo oceanica,®* e
aprimorando e investindo em
tecnologias ndo biologicas, incluindo o
aumento do desgaste das rochas e a
captura direta do ar;2
Estabelecer centros de captura de
carbono em locais importantes, como a
Costa do Golfo e o Centro-Oeste;320 e
Explorar opgdes para remover o
metano da atmosfera, inclusive por
meio de oxidagdo quimica catalitica,
aumento de sumidouros atmosféricos e
remoc¢ao microbiana por
metanotroficos. !

Edificios e infraestrutura

Adotar restri¢des a exportagao de
equipamentos de refrigeracdo abaixo
dos padroes de eficiéncia energética e
exigir obrigacdes do Protocolo de
Montreal do pais exportador;

Investir na melhoria da eficiéncia
energética em varios setores, incluindo
edificios e infraestrutura, por meio de
reformas e do desenvolvimento de
novas tecnologias;>%

Reduzir emissoes de instalacoes e
infraestrutura existentes, inclusive por
meio de modernizagao, eletrificagdo e
captura de carbono;2*?

Implementar codigos de construcao
para reduzir a intensidade das emissdes
da infraestrutura comercial e
residencial, incluindo aquecimento,
refrigeracdo e uso de eletricidade; e
Introduzir padrdes de compras
publicas, exigindo que o governo
adquira apenas bens ¢ servigos com
emissdo zero em categorias para as

quais isso seja possivel .29

Transporte

Implementar padrdes mais rigidos de
emissdes de veiculos, como a exigéncia
de filtros de particulas de diesel;
Promover a eletrificagdao no transporte,
fornecendo apoio e investimento em
infraestrutura, inclusive atualizando as
redes de eletricidade para suportar
carros elétricos, investindo em 6nibus
elétricos e sistemas ferrovidrios, %! e
investindo em veiculos elétricos;%%2 e
Abordar as emissdes de carbono negro
provenientes do transporte, apoiando
uma rotagdo mais rapida dos veiculos a

diesel 262

Agricultura

Desenvolver solugdes para reduzir as
emissdes de N20 dos processos
agricolas, como agricultura de
precisdo, inibidores de nitrogénio e
bactérias que promovem o crescimento
de plantas;2%*

Investir na melhoria da eficiéncia
energética no setor agricola;% e

Tomar medidas para reduzir o consumo
de produtos de origem animal,
incluindo o investimento em proteinas
alternativas, a promocao de dietas com
baixo teor de carne e 0 acesso a
alternativas de origem vegetal (plant-
based).2%

Residuos

Mitigar as emissdes de metano de
fontes agricolas, como a fermentagao
entérica;3%’

Incentivar o desvio de residuos
organicos dos aterros sanitarios;
Mitigar as emissdes de metano dos
aterros sanitarios de residuos solidos
municipais, inclusive por meio da
adocdo de regulamentos que exijam
controles de metano nos aterros
sanitarios.2%?

.368 e
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C. Protecdo e Restauracdo de Sumidouros de Carbono nas Ameéricas

Para salvar os sumidouros de carbono terrestre nas Américas, € necessaria uma estratégia multifacetada de
protecdo das florestas na regido, impedindo o desmatamento e restaurando os sumidouros por meio de medidas
de restauracéo florestal.2’®

Box 3. Principais Acdes para Proteger e Restaurar os Sumidouros de
Carbono nas Américas

e Estabelecer direitos a terra para comunidades indigenas e locais;
Implementar medidas de zoneamento para reduzir a invasao de terras
urbanizadas;

Estabelecer areas protegidas e promover a protegdo e restauragao florestal;
Proteger areas imidas ameacadas;

Preservar as turfeiras existentes e restaurar as turfeiras degradadas;
Restaurar os ecossistemas costeiros de “carbono azul”; e

Proibir a bioenergia.

Os esforgos para proteger os sumidouros de carbono terrestres devem comegar com o0 reconhecimento dos
direitos territoriais indigenas e a incorporacgdo de estratégias de gestdo de terras indigenas, como silvopastagem
e agricultura regenerativa.2’t As solucdes das comunidades indigenas e locais poderiam ajudar a restaurar uma
parte significativa desse potencial de armazenamento de carbono, ja que as comunidades indigenas e locais
administram pelo menos 22% do carbono florestal global, consistindo em &reas que abrigam 80% da
biodiversidade do planeta.2’? Somente na Amazonia, as florestas gerenciadas por povos indigenas
sequestraram 340 milhdes de toneladas métricas de carbono anualmente entre 2001 e 2021.272 Pesquisas
demonstraram que o estabelecimento de direitos a terra para comunidades indigenas e locais tende a reduzir
as taxas de desmatamento e as emissdes de carbono, enquanto as taxas de desmatamento sdo mais altas em
areas onde esse direito ndo é garantido.24

Por exemplo, entre 2000 e 2012, o desmatamento na Amazonia brasileira ocorreu apenas em 0,6% das terras
protegidas por comunidades indigenas, em comparagdo com 7,0% em terras ndo indigenas.2”> Além disso,
devido ao manejo da terra e as praticas de defesa ambiental, as florestas na Amazdnia brasileira administradas
por comunidades indigenas contém 36% mais carbono por hectare do que as terras ndo indigenas na Amazonia
brasileira.2 Somente na Amazonia brasileira, as terras indigenas e as areas protegidas pelo governo poderiam
evitar 27,2 milhdes de hectares de desmatamento até 2050, economizando 12 bilhGes de toneladas de CO: (o
que equivale a cerca de trés anos de emissdes de CO2 de todos os paises da América Latina e do Caribe).2”

Além disso, medidas para proteger os sumidouros oceanicos incluem a restauragdo dos ecossistemas costeiros
de “carbono azul”.2’® Na Ultima década, os ecossistemas oceanicos e terrestres sequestraram 52% das emissoes
antropogénicas de COz; no entanto, esse dado pode ndo levar em conta outros ecossistemas costeiros.2® Por
exemplo, 0s manguezais sequestram carbono em uma taxa dez vezes maior do que as florestas tropicais
anualmente.2® A reducdo das taxas de desmatamento de manguezais poderia sequestrar até 55-61% mais
carbono.2 Portanto, proteger os sumidouros costeiros, terrestres e oceanicos existentes é fundamental para a
rapida mitigacéo.
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O Painel de Alto Nivel para uma Economia Sustentavel do Oceano, um grupo multilateral composto por
representantes de 14 paises oceanicos, estima que, até 2050, as opc¢des de mitigacdo climatica e
armazenamento de carbono baseadas no oceano poderiam representar 21% das reducfes de emissoes
necessarias para limitar o aquecimento global a 1,5°C.282 Isso equivale a mais do que todas as emissdes globais
atuais de termelétricas a carvdo em todo o mundo.

Outra estratégia para preservar os sumidouros € a implantacdo do REDD+, ou seja, a reducdo das emissdes
por desmatamento e degradacdo florestal nos paises em desenvolvimento. Os projetos de REDD+ podem
incluir o gerenciamento sustentavel de florestas tropicais e a conservagdo e o aumento dos estoques de carbono
florestal, 28 e ja resultaram em uma reducéo de 11 bilhdes de toneladas de emissdes de CO2 em 14 paises até
2022.2384 Os paises podem obter pagamentos baseados em resultados de uma variedade de fontes, incluindo
pUblicas e privadas, bilaterais e multilaterais, entre outras.®> Essas fontes incluem o Fundo Verde para o
Clima, o Governo da Noruega, o Governo da Alemanha, o Programa REM Col6mbia — Vision Amazonia e a
Iniciativa Florestal da Africa Central .28

Salvaguardas comuns prévias a implantacdo de um projeto de REDD+ incluem o consentimento prévio, livre
e informado das comunidades que residem dentro ou perto do projeto-alvo, o reconhecimento dos direitos a
terra e aos recursos e a consulta de boa-fé entre os Estados e as comunidades dependentes da floresta.%¢” Isso
porque o0s projetos de REDD+ podem interferir no acesso das comunidades (geralmente Povos Indigenas e
comunidades locais) as florestas e aos recursos florestais,*®® deslocar comunidades,®° exacerbar conflitos
fundiarios,®% e, em Ultima instancia, comercializar uma floresta como um projeto de reducdo de emissdes, em
vez de utilizar outros beneficios desse recurso natural .2t A Declaracdo das Nacdes Unidas sobre os Direitos
dos Povos Indigenas enfatiza a importancia dos papéis dos povos indigenas no manejo florestal e observa que
as salvaguardas de REDD+ exigem “a participagdo plena e efetiva dos ... povos indigenas e comunidades
locais”, o que implica ainda mais a necessidade de consentimento prévio, livre e informado nos projetos de
REDD+.3%

D. A mitigacdo Eficaz de CO:2 e de Superpoluentes Climaticos é Essencial para Possibilitar que a
LAC Tenha Tempo de se Adaptar, Criar Resiliéncia e Proteger Direitos

A implementacdo dessas a¢bes de mitigacdo ajudara a evitar os piores impactos das mudancas climaticas e,
ao mesmo tempo, dara aos Estados 0 tempo e 0s recursos materiais para projetar e implementar acdes de
adaptacdo equitativas, justas e sustentaveis para ajudar as pessoas e as comunidades a enfrentar os impactos
inevitaveis.
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ANEXO A: Detalhamento dos Impactos nas Américas
A. Mudancas no Clima e Eventos Climéaticos Extremos

Ondas de calor. Na auséncia de a¢Oes rapidas, a frequéncia e intensidade de eventos de intensas ondas
de calor provavelmente continuardo a aumentar em paises da Ameérica Latina e Caribe (ALC),
especialmente em lugares mais préximos da linha do Equador. Em 2021 e 2022, varios paises da ALC
reportaram quebra de recordes de altas temperaturas.®® Entre 2016-2020, varios paises observaram um
aumento no nimero médio de dias de duracdo de ondas de calor (em compara¢do com 1986-2005),
incluindo 9,3 dias na Colémbia, 11,2 dias em Honduras, e 15,2 dias no Suriname.2% O World Weather
Attribution, uma iniciativa lancada em conjunto com cientistas climéaticos para explicar como o0s
eventos climéaticos recentes se intensificaram devido as mudancgas climéticas confirmou que as
mudancas climéaticas aumentaram em 60 vezes a probabilidade de temperaturas de calor recorde no
inicio da estacdo na Argentina e no Paraguai, causando aumento nas quedas de energia, em incéndios
florestais, mortes relacionadas ao calor e queda nas colheitas e na produtividade do trabalho.2% Essas
ondas de calor aumentaram os incéndios florestais na Argentina e no Paraguai em 283% e 258% no
inicio de 2022.2% O relatério confirma ainda que a frequéncia e intensidade das ondas de calor
semelhantes sé aumentardo com o0 aumento do aquecimento global.2?Z A melhor e mais rapida maneira
de reduzir a taxa de aquecimento no curto prazo é reduzir as emissdes de super poluentes climaticos,
conforme discutido na Secdo Il acima.

Nos U.S.A., as ondas de calor estdo ocorrendo com maior frequéncia do que costumavam ocorrer nas
grandes cidades. A frequéncia vem aumentando continuamente, de uma média de duas ondas de calor
por ano durante a década de 1960 para seis por ano durante as décadas de 2010 e 2020.2% No Canada,
em 2021, o calor extremo matou quase 600 pessoas em British Columbia e houve um aumento
significativo nos incéndios florestais.2* Em 2021, a regido Noroeste do Pacifico, abrangendo os estados
americanos de Oregon e Washington e as provincias canadenses de British Columbia e Alberta, viveu
uma onda de calor recorde. Os impactos deste evento foram catastroficos, incluindo centenas de mortes
atribuiveis em todo o Noroeste do Pacifico, mortalidades em massa da vida marinha, reducdo da
producéo agricola, inundagdes de rios devido ao derretimento rapida de neve e geleiras e um aumento
significativo de incéndios florestais — este ultimo contribuindo para deslizamentos de terra nos meses
seguintes.2%

De acordo com AR6 WGI, ¢ virtualmente certo que extremos de calor (incluindo ondas de calor)
tornaram-se mais frequentes e mais intensos na maioria das regides terrestres desde a década de 1950....
com alto nivel de certeza de que as mudancas climaticas induzidas pelo homem séo o principal motor
dessas mudancas.”*%t Os impactos atuais das mudancas climéticas ja tornaram as ondas de calor
extremas na regido da ALC 60% provaveis, se as temperaturas globais aumentarem em 2°C as ondas
de calor na regido se tornardo quatro vezes mais severas— —essa severidade seria impossivel sem o
aguecimento Antropoceno.“%2 Além disso, as temperaturas extremas ja aumentaram o risco de incéndios
florestais para niveis de risco extremos que duram em média de 7 a 10 dias a mais.*%® O calor extremo
ameaca vidas, a saude, a seguranca hidrica e a seguranca alimentar.

FuracGes e ciclones. Em 2021, a ALC sofreu um nimero acima da média de ciclones tropicais que
causaram cerca de US$ 80 bilhdes em danos a pessoas e infraestrutura.“®* Este foi o sexto ano
consecutivo em que a temporada de furacdes no Atlantico ficou acima da média.2®> O aumento da
intensidade e frequéncia de eventos climaticos extremos provocam deslocamentos na regido, com Peru,
Colémbia e Guatemala experimentando os maiores deslocamentos médios causados por furacdes
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extremos.“% Esses eventos climaticos enfatizam a necessidade de enfrentar as mudancas climéticas da
forma mais rapida e eficaz possivel.

Nos EUA, em 2021, houve 20 desastres climéaticos na casa de bilhdo de délares. O custo total desses
eventos foi de US$ 145 bilhdes, tornando este o terceiro ano mais caro ja registrado, atras de 2017 e
2005. 2021 foi o sétimo ano consecutivo em que 10 ou mais eventos de desastres com custo acima do
bilhdo de ddlares ocorreram nos EUA.4%Z Em 2017, o Furacdo Maria causou o apagdo mais longo da
historia dos EUA e causou 2.975 mortes no territério americano de Porto Rico.%® O Furacdo Irma,
também em 2017, levou a destruicdo de 25% dos edificios em Florida Keys e 65% foram
significativamente danificados.?%®> No Canadé, Furacdo Fiona (mais tarde rebaixado para Tempestade
Fiona) causou danos generalizados & infraestrutura e levou a US$ 660 milhdes apenas em danos
segurados.?!% S6 o aumento da frequéncia de furacGes pode elevar os gastos dos EUA em resposta a
desastres costeiros entre US$ 22 bilhdes e US$ 94 bilhdes anuais até o final do século.4:

Precipitacdo. Projeta-se que a precipitacdo média mude significativamente, aumentando no noroeste
da América do Sul e sudeste da América do Sul, e diminuindo no nordeste da América do Sul e sudoeste
da América do Sul.#2 O aumento das chuvas provoca inundagdes e deslizamentos de terra, afetando
milhares de pessoas e causando mais danos. No entanto, a diminuigéo das chuvas afeta o abastecimento
de 4gua e reduz a produtividade e a renda agricola.%:2 S6 em 2019, as inundag@es causaram a maioria
dos 1,5 milhdo de deslocamentos forcados nas Américas.*4 O Banco Mundial estima que, sem uma
acdo coordenada, até 2050, mais de 17 milhGes de pessoas na América Latina e no Caribe poderdo ser
forcadas a se mudar para escapar dos efeitos da evolugéo lenta das mudancas climaticas.%:> Os riscos
de crises hidricas adicionais decorrentes do aumento ou diminui¢do da precipitacdo evidenciam a
necessidade de uma acdo climatica rpida. Em 2022, o México Central e Oriental teve precipitagdo de
40% a 60% abaixo dos niveis normais, enquanto o Noroeste do México ficou 40% acima do normal.4%6

Nos EUA, durante todo o periodo de 1910 a 2020, a parte do pais que passou por eventos extremos de
precipitacdo em um Unico dia aumentou a uma taxa de cerca de meio ponto percentual por década.*’
No Canada, Dois dias de intensa precipitacdo em British Columbia em 2021 levaram a perda de pelo
menos cinco vidas, isolaram totalmente a cidade de Vancouver do restante do Canada por estrada e
ferrovia e tornaram este o desastre natural mais caro da histéria da provincia.*8

Secas. A frequéncia e a intensidade das secas aumentaram na ALC, resultando em 3,5 milhdes de
pessoas precisando de assisténcia humanitaria apenas na regido do Corredor Seco da Ameérica
Central.#22 O Corredor Seco entrou em seu quinto ano consecutivo de seca em 2019 e os eventos devem
aumentar em 12-30% a duragdo, em 17-42% a intensidade e em 21-42% a frequéncia até o final do
século.*22 Em 2022, 30% do México enfrentou seca de moderada a extrema, e 68% de Porto Rico de
seca moderada a severa.“?L Até maio de 2022, mais da metade (56%) do México enfrentou seca de
moderada a excepcional.#22 Na Amaz0nia, a seca extrema causou um aumento nos eventos de incéndio,
aumentando a converséo de floresta tropical em savana.“22 Em 2022, o Chile entrou no 14° ano de sua
mega-seca, a seca mais longa e severa do pais em mais de mil anos.#?* A energia hidrelétrica é
atualmente responsavel por 50% da eletricidade na América Latina, além disso, a &gua é um insumo
fundamental para outras formas de geracdo de energia.®2> A escassez de dgua provavelmente levara a
desligamentos elétricos principalmente em areas urbanas, como visto ja quando, em meio a uma seca,
a Venezuela ndo pode operar a Barragem de Guri, 0 segundo maior centro hidrelétrico do mundo.#2%
No altimo ano, a Argentina — um dos maiores exportadores globais de soja e milho — vem passando
pela pior seca em mais de 60 anos, impactando sua producéo agricola e agravando sua inflagéo e crise
econdmica.*2’ O impacto da seca nas balancas de pagamentos do pais é um exemplo do que a regido
pode esperar da conexdo entre eventos climaticos extremos e economia. Perdas semelhantes ja foram
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sentidas no Brasil e no Paraguai, que tiveram perda de até 70% na producdo de soja e de 43% na
producdo de milho; a perda causada pela seca de um ano no Uruguai custou ao setor agricola e pecuéario
US$ 56 milhdes.*2 O aumento da frequéncia e intensidade das secas indica a urgéncia da necessidade
de uma acgéo climatica intensiva.

Nos EUA, o aumento do calor e a redugdo da neve pelo efeito das mudancas climéaticas amplificaram
as secas hidroldgicas recentes (severa escassez de agua) na California, na Bacia do Rio Colorado e no
Rio Grande. Na Califdrnia, as temperaturas mais altas intensificaram a seca de 2011-2016, que havia
sido iniciada por anos de baixa precipitagdo, causando escassez de &gua para ecossistemas, cidades,
fazendas e geracdo de energia.?22 No Canada, as mudancas climaticas contribuiram para uma seca
extrema em British Columbia em 2015, fora do comum em termos de severidade, extensdo e impactos.
Em Alberta, as mesmas condigbes de seca levaram o governo a declarar a Provincia uma Area de
Desastre Agricola.*3® As implicacdes dessas secas tém impactos de longo alcance a luz da influéncia
descomunal dos EUA e Canada na economia global.

B. Oceanos e Regibes Costeiras

A AL é particularmente vulneravel aos impactos das mudancas climéticas devido a sua dependéncia
dos ecossistemas costeiros para alimentagcdo e meios de subsisténcia. O aumento do nivel do mar, a
acidificacdo dos oceanos e eventos climaticos extremos estdo causando danos a infraestrutura costeira,
deslocamento de comunidades e perda de biodiversidade.

Elevacdo do Nivel do Mar. Nas Gltimas trés décadas, o nivel do mar aumentou a uma taxa mais alta
do que o nivel global no Atlantico Sul e continuara a subir nos oceanos que cercam a regido. O nivel
do mar aumentou 2,21 mm por ano ao longo das costas do Pacifico da América do Sul, 3,23 mm por
ano ao longo das costas do Atlantico Norte tropical, América Central e sul do Caribe, 3,60 mm por ano
ao longo das costas no Atlantico Norte subtropical e no Golfo do México, e 3,66 mm por ano ao longo
das costas do Atlantico Sul-americano.“3! (Em comparagéo, o aumento médio global do nivel do mar
entre 1993-2022 foi, em média, de 3,4 mm por ano.#32) O aumento do nivel do mar causara novos
eventos de inundacdes costeiras em areas baixas e erosdo costeira. Nas ilhas baixas do Caribe e nas
cidades costeiras, o aumento do nivel do mar representa varios riscos, incluindo aos meios de
subsisténcia, a agricultura, a aquicultura e as economias em geral. Esses riscos destacam a necessidade
de uma acdo climatica decisiva, rapida e eficaz.

Os EUA e o Canada também sdo vulneraveis aos impactos das mudancas climaticas nas suas regides
costeiras. Comunidades pesqueiras de subsisténcia, como as do Alasca, estdo em risco devido as
consequéncias nutricionais, de infraestrutura, econdmicas e de salde para a lingua, a educagéo e as
préprias comunidades, ja que as areas costeiras continuam a ser afetadas. Ha mais de um trilhdo de
délares em imoveis ao longo da costa dos EUA, todos em risco de danos e degradacgdo.*3® No Canada,
as comunidades costeiras da regido norte, muitas das quais sdo indigenas, passaram por algumas das
mudancas climéaticas mais rapidas em nivel global, e as mudancas previstas para a regido continuarao
a ser significativas.*3

Acidificacdo dos oceanos. As emissdes de GEE e as temperaturas aquecidas associadas também estdo
alterando a quimica dos oceanos, aumentando a acidez da agua do mar, com impactos devastadores na
vida marinha na regido ALC. Em todo o Caribe, e em aguas mais frias do Pacifico até a Patagonia, a
acidificacdo dos oceanos estd afetando a capacidade de organismos, como mariscos e corais, de
construir conchas e esqueletos, o que prejudicard gravemente a seguranca alimentar e 0s meios de
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subsisténcia regionais. Esses efeitos sdo exacerbados pela pesca predatdria, poluicdo, aguecimento dos
oceanos e reducdo dos niveis de oxigénio. A regido depende fortemente do mar para alimentos e meios
de subsisténcia e, sem reducgdes significativas nas emissdes, as consequéncias serdo catastroficas. O
aumento das temperaturas, a acidificacdo dos oceanos e outros impactos das mudancas climaticas estdo
levando a degradacéo dos recifes de coral no Caribe.

Nos EUA, a acidificagdo dos oceanos também representa uma grave ameaca a biodiversidade de areas
ecologicamente sensiveis, como a costa do Alasca.*3> No Canada, as aguas costeiras frias do pais podem
ser particularmente propensas a acidificagdo devido a ocorréncia natural de aguas sub saturadas em
profundidades rasas (costa do Pacifico), ou grande entrada de &gua doce (costa do Artico).%% No
Nordeste do Oceano Pacifico, por exemplo, o horizonte de saturacdo é naturalmente raso — a apenas
100 metros abaixo da superficie. Os cientistas esperam que a profundidade de saturacdo se torne mais
rasa a medida que as concentracdes globais de CO2 atmosférico aumentam no proximo século,
colocando os organismos préximos a superficie em risco pela acidificacdo dos oceanos.%3’

Recifes de Coral. Os recifes de coral fornecem servigos ecossistémicos criticos, incluindo protecéo
contra tempestades e ondas, e apoio a pesca e ao turismo. Sua perda terd impactos econémicos e
ecoldgicos significativos nas Américas em geral. Mesmo que 0 aquecimento global seja limitado a um
aumento de 1,5°C, 70-90% dos recifes de coral de 4gua quente morrerdo; esse niUmero aumenta para
quase, quando néo o total, de mortes a medida que as temperaturas sobem para 2°C.%% A cobertura
viva dos corais caribenhos construtores de recifes diminuiu mais de 80% nos Gltimos 50 anos.3® Uma
vez que os recifes de coral suportam 25% da vida marinha do nosso oceano, a morte em massa dos
recifes de coral resultara em inseguranca alimentar para a maior parte do mundo, especialmente para
as populacdes costeiras.*49

Os recifes de coral também servem como um abafador natural para as costas contra ondas, tempestades,
inundacdes e eroséo, fornecendo, apenas nos EUA, protecdo para milhdes de pessoas que vivem em
areas costeiras e que sofrerdo impactos mais severos sem a protecdo dos recifes de coral.#4: Estima-se
que 1 bilhdo de pessoas em todo o mundo se beneficiem dos servicos ecossistémicos fornecidos pelos
recifes de coral, incluindo alimentos, protecéo costeira e renda do turismo e da pesca.?2 Além da
protecdo e da seguranca alimentar, os recifes de coral proporcionam um grande beneficio econémico
por meio do turismo, que em alguns casos no Caribe representa um terco do PIB chegando a até 80%
nas Maldivas.**3 A perda de recifes de coral resultara em perdas econdmicas de até US$ 375 bilhdes
anuais como resultado da perda de turismo e destruicdo por inundacfes e outros eventos de
tempestade. 44

Degradacao Costeira. A erosdo costeira € um dos principais impactos das mudancas climaticas nas
areas costeiras da regido da ALC. O aumento do nivel do mar e o aumento da frequéncia e intensidade
das tempestades estdo causando a perda de praias, falésias e areas Umidas costeiras.**> A erosao das
costas estd ameacando a infraestrutura, como casas, estradas e portos, e também esté afetando os meios
de subsisténcia das comunidades locais que dependem do turismo e da pesca. Uma combinacdo de
fatores naturais e humanos causa a erosdo das costas. Os fatores naturais incluem a acdo das ondas, as
mares e as correntes, enquanto os fatores humanos incluem o desenvolvimento costeiro, a mineragdo
de areia e 0 desmatamento. A erosao costeira tem impactos econdémicos e sociais significativos. Reduz
o valor das propriedades costeiras, afeta a receita do turismo e leva ao deslocamento de comunidades.
A perda de &reas Umidas costeiras, como florestas e manguezais, também reduz a protecdo que elas
fornecem contra tempestades e inundagdes.#*® Muitas medidas, incluindo a mitigacdo de GEE, o
financiamento de infraestruturas de adaptacdo e a protecdo de manguezais e zonas humidas, reduziriam
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significativamente os impactos e protegeriam as comunidades costeiras. 4/
C. Geleiras e Montanhas

Perda de gelo. O nivel global do mar esta subindo em ritmo acelerado devido ao derretimento das
geleiras e do gelo devido ao aquecimento antropogénico.#8 Entre 1992-1999 e 2010-2019, a taxa de
perda de geleiras e cobertura de gelo aumentou em quatro vezes e, em conjunto com a perda de massa
das geleiras, foi 0 que mais contribuiu para o aumento do nivel do mar entre 2006 e 2018,%*° ameacando
900 milhdes de pessoas que vivem em areas costeiras baixas — uma em cada dez pessoas na Terra.>°
Desde a década de 1980, as geleiras nos Andes diminuiram de 30% a 50% em geral, com o sudeste dos
Andes experimentando a maior perda de massa glacial em todo o mundo.® A diminuicdo do
abastecimento de agua devido ao recuo das geleiras resultard em impactos socioeconémicos negativos,
como o impacto na producédo de frutas na Argentina.>2 Na América do Sul, os campos de gelo na
Patagbnia sdo os maiores corpos de gelo fora da Antartida no Hemisfério Sul e estdo perdendo volume
rapidamente, provocando inundagdes e mudando os ecossistemas fluviais.*>2 Os fatores ndo climaticos
estdo exacerbando a vulnerabilidade da exposi¢do das comunidades costeiras baixas ao aumento do
nivel do mar e a eventos extremos relativos ao nivel do mar.4

Cortes rapidos nas emissdes sdo criticos para evitar maiores perda na capa de gelo e, como discutido
na Secéo Il acima, reduzir as emissdes de super poluentes climaticos € a melhor e mais rapida maneira
de reduzir a taxa de aquecimento no curto prazo — cortes rapidos podem reduzir a taxa de aumento do
nivel do mar em 18% até 2050.4>°
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ANEXO B: MUDANCAS CLIMATICAS EM NUMEROS: EMISSOES, IMPACTOS, SOLUCOES E
BENEFICIOS

A. A necessidade de uma acao rapida sobre os superpoluentes climéaticos

Figura 1. Trajetdria de temperatura em direcdo ao rompimento do patamar de 1,5°C
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Fonte: Xu Y., Ramanathan V., & Victor D. (2018) Global warming will happen faster than we think,
Comment, NATURE 564(7734): 30-32.

Figura 2. O conceito de superacao climatica
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Fonte: Climate Overshoot Commission (2023) REDUCING THE RISKS OF CLIMATE OVERSHOOQOT, 27.
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Figura 3. Consequéncias na temperatura pelo atraso na do SLCP

O QUE E NECESSARIO PARA EVITAR O AQUECIMENTO CATASTROFICO

Aquecimento global acima de 2°C levard a danos irreversiveis. A Unica
maneira de evitar superar esse patamar é com a redugdo dristica de todos

os poluentes climdticos até 2030.
L Continuar igual
:
i

AQUECIMENTO GLOBAL EVITADO ATE 2050
Apenas agdes
coz

Apenas acdes
CH4+BC

Carbono negro (BC)

Hidro-fluor-carbonetos (HFC2)

Didxido de Carbono (CO2)

Agdes
CO2 + SCLPs

» Acordo de
15 Paris

Reduzir SCLFS traz beneficios muito maks fortes no curto prazo, jd a
redugdo de CO2 traz beneficios significativos em mak prazos mais longos.

Fonte: Climate & Clean Air Coalition, What are short-lived climate pollutants?, SLCP Infographics (visitada
pela Gltima vez 8 Setembro 2023).

B. Pontos de inflexao climatica

Figura 4. Pontos criticos de inflexdo climatica
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Fonte: Lenton T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J. (2019)
Climate tipping points—too risky to bet against, Comment, NATURE, 575(7784): 592-595.
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Figura 5. Faixa de aquecimento global para ativar pontos de inflexéao
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Fonte: Carrington D. (2022) World on brink of five ‘disastrous’ climate tipping points, study finds, THE
GUARDIAN.

Figura 6. Entendendo os pontos de inflexdo
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Fonte: Rockstrém J. (2023) Tipping Points and Feedback Loops, in THE CLIMATE BOOK: THE FACTS
AND THE SOLUTIONS, Thunberg G. (ed.), 36.
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Figura 7. Patamares de temperatura causando pontos de inflexao
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Fonte: Armstrong McKay D. 1., Staal A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer
I., Cornell S. E., Rockstrém J., & Lenton T. M. (2022) Exceeding 1.5 °C global warming could trigger
multiple climate tipping points, SCIENCE 377(6611): 1-10, Figura 2.

C. Fontes de Emissdes de Gases de Efeito Estufa

Figura 8. Emissdes de Gases de Efeito Estufa por Setor, ALC vs. Planeta
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Fonte: Vigna L. & Friedrich J. (8 May 2023) 9 Charts Explain Per Capita Greenhouse Gas Emissions by Country, World
Resources Institute Insights.
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Figura 9. Visdo Geral dos Poluentes Climaticos de Curta Duracao
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Fonte: Climate & Clean Air Coalition, What are short-lived climate pollutants?, SLCP Infographics (visitada
pela ultima vez 8 Setembro 2023).

Figura 10. Fontes de Emissdes de Metano, ALC
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Fonte: Climate & Clean Air Coalition (2018) Integrated Assessment of Short-Lived Climate Pollutants in Latin
America and the Caribbean.

Paraguay
0.798 Mt

Uruguay
0.916 Mt

Argentina
A:t.‘lut

42


https://www.ccacoalition.org/content/media-resources
https://www.ccacoalition.org/resources/integrated-assessment-short-lived-climate-pollutants-latin-america-and-caribbean
https://www.ccacoalition.org/resources/integrated-assessment-short-lived-climate-pollutants-latin-america-and-caribbean
https://www.ccacoalition.org/resources/integrated-assessment-short-lived-climate-pollutants-latin-america-and-caribbean

Figura 11. Fontes de Emissdes de Carbono Negro, ALC

siarread BC sector
27Kkt share in
LAC (2010)

R —

Central Amerkca

Black ‘
.

Venezusia

22 kt

508 kt
Ecuador (total)

12kt

@ s Fe
- 24

® cedclwdim

@ nanay
[ Chite
24 kt

Fonte: Climate & Clean Air Coalition (2018) Integrated Assessment of Short-Lived Climate Pollutants in Latin
America and the Caribbean.

D. Exemplos de Medidas de Mitigacao de Super Poluentes Climéticos

Figura 12. Medidas de mitigacdo do metano e potenciais redugdes
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Fonte: Climate & Clean Air Coalition (2018) Integrated Assessment of Short-Lived Climate Pollutants in Latin
America and the Caribbean.
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Figura 13. Medidas de Carbono Negro e Reducdes Potenciais
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Fonte: Climate & Clean Air Coalition (2018) Integrated Assessment of Short-Lived Climate Pollutants in Latin

America and the Caribbean.

E. Exemplos de Medidas de Mitigacdo de Super Poluentes Climaticos

Figura 14. Beneficios anuais da mitigacédo de SLCP até 2030
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Fonte: United States Agency for International Development (2022) Short-Lived Climate Pollutants &
USAID’s Climate Strategy: Achieving Fast Mitigation.
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Figura 15. Empregos Potenciais Criados através da Transicdo Energética, 2020-2030 (mil
empregos criados)
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Fonte: United Nations Economic Commission for Latin America and the Caribbean & International Labour
Organization (2018) EMPLOYMENT SITUATION IN LATIN AMERICA AND THE CARIBBEAN:
ENVIRONMENTAL SUSTAINABILITY AND EMPLOYMENT IN LATIN AMERICA AND THE
CARIBBEAN, N° 19 LC/TS.2018/85.

F. Riscos e Vulnerabilidades Climéaticas na ALC

Figura 16. Desastres relacionados ao tempo, clima e agua na ALC
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Desastres relacionados ao clima e dgua na América Latina e Caribe em 2022.
Valores ntimericos para alguns dos desastres ocorridos pode estar faltando em
funcdo da falta de disponibilidade de dados. Fonte: CRED EM-DAT

Fonte: World Meteorological Organization (2023) Climate change vicious cycle spirals in Latin America and
the Caribbean.
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Figura 17. Impactos climaticos observados e projetados para as Américas Central e do Sul
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Fuente: Castellanos E., et al. (2022) Chapter 12: Central and South America, in CLIMATE CHANGE 2022:
IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., et al. (eds.).
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Figura 18. Riscos observados e projetados nas Américas Central e do Sul, niveis atuais
vs. Aumento de 2-4°C
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Figure 12.6 | Observed trends (WGI AR6 Tables 11.13, 11.14, 11.15) (Seneviratne et al., 2021) and summary of confidence in direction of projected change in climatic
impact drivers, representing their aggregate characteristic changes for mid-century for RCP4.5, SSP3-44 4.5 and SRES A1B scenarios, or above within each AR6 region, approximately
corresponding (for CIDs that are independent of SLR) to global warming levels between 2°C and 2.4°C (WGI AR6 Table 12.6) (Ranasinghe et al.,, 2021).

Fuente: Castellanos E., et al. (2022) Chapter 12: Central and South America, in CLIMATE CHANGE 2022:
IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., et al. (eds.).
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Figura 19. Vulnerabilidades na ALC por Setor
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Figure 12.7 | Sectoral distribution of vulnerability levels to climate change for sub-regions. The vulnerability levels are based on studies that include: (a) databases with
climate-change vulnerability indexes by country and sector, (b) studies that apply climate-change vulnerability indexes by sector at the local, national, regional or global scale, and (c)
studies that define some vulnerability level based on the authors’ expert judgment.

Panel (a) shows the vulnerability and confidence levels for each sub-region.

Panel (b) indicates the references used and the level of vulnerability by sub-region. The numbers within the table indicate the reference used for the assessment in the following
order: (1) Aitken et al. (2016); (2) Anderson et al. (2018b); (3) Bariales-Seguel et al. (2018); (4) Bouroncle et al. (2017); (5) CAF (2014); (6) Carrdo et al. (2016); (7) Donatti et al. (2019);
(8) Equiguren-Velepucha et al. (2016); (9) FAO (2020a); (10) FAO (2020b); (11) FAO (2021a); (12) FAO (2021b); (13) FAO (2021c); (14) FAO et al. (2021); (15) FAO and ECLAC (2020);
(16) Ferreira Filho and Moraes (2015); (17) Filho et al. (2016); (18) Fuentes-Castillo et al. (2020); (19) FSIN and Global Network Against Food Crisis (2021); (20) Global Health Security
Index (2019); (21) Godber and Wall (2014); (22) Handisyde et al. (2017); (23) Hannah et al. (2017); (24) Immerzeel et al. (2020); (25) Inform Risk Index (2021); (26) Koutroulis et al.
(2019); (27) Krishnamurthy et al. (2014); (28) Lapola et al. (2019a); (29) Li et al. (2018); (30) Lin et al. (2020); (31) Mansur et al. (2016); (32) Martins et al. (2017); (33) Menezes et al
(2018); (34) Nagy et al. (2018);35) ND-Gain (2020); (36) Northey et al. (2017); (37) Olivares et al. (2015); (38) Pacifici et al. (2015); (39) Qin et al. (2020); (40) Romeo et al. (2020); (41)
Liu and Chen (2021); (42) Silva et al. (2019b); (43) Soto Winckler and Del Castillo Pantoja (2019); (44) Soto et al. (2019); (45) Tomby and Zhang (2019); (46) Venegas-Gonzalez et al.
(2018b); (47) Yeni and Alpas (2017); (48) Marengo et al. (2017); (49) Bedran-Martins et al. (2018); (50) Confalonieri et al. (2014a). Detailed methodology can be found in SM12.2.

Fuente: Castellanos E., et al. (2022) Chapter 12: Central and South America, in CLIMATE CHANGE 2022:
IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., et al. (eds.).
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Figura 20. Riscos climaticos nas Américas Central e do Sul para aumento de temperatura
acima de 2°C
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Figure 12.11 | Synthesis of key risks for the CSA region. The base map indicates the mean temperature change between the SSP2 4.5 scenario using CMIP6 model
projections for 2081-2100 and a baseline period of 1986-2005 (WGI AR6 Atlas, Gutiérrez et al., 2021).

Fuente: Castellanos E., et al. (2022) Chapter 12: Central and South America, in CLIMATE CHANGE 2022:
IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group Il to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., et al. (eds.).
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G. Adaptacdo as Mudancas Climaticas em NUmeros

Figura 21. Limites da Adaptagdo Climética
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Fonte: 10 New Insights from Climate Science (2022) Questioning the myth of endless adaptation.

Figura 22. Limites para a adaptacédo climética
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Fonte: Mechler R., et. al. (2020) Loss and Damage and limits to adaptation: recent IPCC insights and
implications for climate science and policy, SUSTAIN. SCI. 15: 1245-1251, 1249.
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Custos econdmicos das mudangas climarticas

Figura 23. Custos da Falta de Acao vs. Beneficios da Adaptacdo
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Fonte: European Environment Agency (2023) Assessing the costs and benefits of climate change adaptation.

Figura 24. Ligacéao entre os investimentos em adaptacao e os custos econdmicos das
alteracgdes climaticas
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Fonte: European Environment Agency (2023) Assessing the costs and benefits of climate change adaptation.
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Figura 25. Os Trés Pilares da Resiliéncia
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Fonte: Ramanathan V. & von Braun J. (eds.), Resilience of People and Ecosystems under
Climate Stress, Proceedings of a Conference Held at Casina Pio 1V, Vatican City, 13-14 July
2022, Libreria Editrice Vaticana: Vatican City.

H. Videos
Explicacgdes sobre os pontos de inflex&o e os riscos catastroficos para o sistema climatico

e How 16 Tipping Points Could Push Our Entire Planet Into Crisis | World Economic
Forum

e Climate Tipping Points by Tim Lenton | YouTube

e How Close Are We to a Climate Change Tipping Point? | YouTube

Os limites da adaptacéo

e "We're coming closer to limits of adaptation" Climate researcher Johan Rockstrém |
YouTube

Explicacdo das causas das mudangas climaticas: poluentes CO2 e outros que nédo
CO2 e importancia dos sumidouros de carbono

e Project Drawdown presents the Drawdown Roadmap: The Science Behind the
Roadmap | YouTube

e The Benefits of Reducing Short-lived Climate Pollutants | Drew Shindell, Climate &
Clean Air Coalition | Youtube

e Climate Resilience: Why, When and How? | Professor V. Ramanathan | The
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acidification) the time and/or scenario dimensions remain critical, and a simple and robust relationship with global
warming level cannot be established (high confidence)... The response of biogeochemical cycles to anthropogenic
perturbations can be abrupt at regional scales and irreversible on decadal to century time scales (high confidence). The
probability of crossing uncertain regional thresholds increases with climate change (high confidence). It is very
unlikely that gas clathrates (mostly methane) in deeper terrestrial permafrost and subsea clathrates will lead to a
detectable departure from the emissions trajectory during this century. Possible abrupt changes and tipping points in
biogeochemical cycles lead to additional uncertainty in 21st century atmospheric GHG concentrations, but future
anthropogenic emissions remain the dominant uncertainty (high confidence). There is potential for abrupt water cycle
changes in some high-emission scenarios, but there is no overall consistency regarding the magnitude and timing of
such changes. Positive land surface feedbacks, including vegetation, dust, and snow, can contribute to abrupt changes
in aridity, but there is only low confidence that such changes will occur during the 21st century. Continued Amazon
deforestation, combined with a warming climate, raises the probability that this ecosystem will cross a tipping point
into a dry state during the 21st century (low confidence).”); and Lee J.-Y., Marotzke J., Bala G., Cao L., Corti S.,
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CHANGE 2021: THE PHYSICAL SCIENCE BAsIS, Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 4-96 (Table 4.10 lists 15 components
of the Earth system susceptible to tipping points).

8 See Hoegh-Guldberg O., et al. (2018) Chapter 3: Impacts of 1.5°C of Global Warming on Natural and Human
Systems, in GLOBAL WARMING OF 1.5 °C, Special Report of the Intergovernmental Panel on Climate Change, Masson-
Delmotte V., et al. (eds.), 262 (“Tipping points refer to critical thresholds in a system that, when exceeded, can lead
to a significant change in the state of the system, often with an understanding that the change is irreversible. An
understanding of the sensitivities of tipping points in the physical climate system, as well as in ecosystems and human
systems, is essential for understanding the risks associated with different degrees of global warming. This subsection
reviews tipping points across these three areas within the context of the different sensitivities to 1.5°C versus 2°C of
global warming. Sensitivities to less ambitious global temperature goals are also briefly reviewed. Moreover, an
analysis is provided of how integrated risks across physical, natural and human systems may accumulate to lead to the
exceedance of thresholds for particular systems. The emphasis in this section is on the identification of regional tipping
points and their sensitivity to 1.5°C and 2°C of global warming, whereas tipping points in the global climate system,
referred to as large-scale singular events, were already discussed in Section 3.5.2. A summary of regional tipping
points is provided in Table 3.7.”); and Abram N., et al. (2019) Chapter 1: Framing and Context of the Report, in THE
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Trusel et al., 2018). Such thresholds often act as tipping points, as they are associated with rapid and abrupt changes
even when the underlying forcing changes gradually (Figure 1.1a, 1.1c). Tipping elements include, for example, the
collapse of the ocean’s large-scale overturning circulation in the Atlantic (Section 6.7), or the collapse of the West
Antarctic Ice Sheet though a process called marine ice sheet instability (Cross-Chapter Box 8 in Chapter 3; Lenton, et
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al. 2008). Potential ocean and cryosphere tipping elements form part of the scientific case for efforts to limit climate
warming to well below 2°C (IPCC, 2018).”).

9Hansen J. E., Sato M., Simons L., Nazarenko L. S., Sangha I., Kharecha P., Zachos J. C., von Schuckmann K., Loeb
N. G., Osman M. B., Jin Q., Tselioudis G., Jeong E., Lacis A., Ruedy R., Russell G., Cao J., & Li J. (2023) Global
warming in the pipeline, OXF. OPEN CLIM. CHANGE 3(1): 1-33, 21 (“With current policies, we expect climate forcing
for a few decades post-2010 to increase 0.5-0.6 W/m? per decade and produce global warming of at least +0.27°C per
decade. In that case, global warming will reach 1.5°C in the 2020s and 2°C before 2050 (Fig. 24). Such acceleration
is dangerous in a climate system that is already far out of equilibrium and dominated by multiple amplifying
feedbacks.” ... Figure 25 caption reads “Edges of the predicted post-2010 accelerated warming rate (see text) are 0.36
and 0.27°C per decade.”). See also Xu Y., Ramanathan V., & Victor D. G. (2018) Global warming will happen faster
than we think, Comment, NATURE 564(7734): 30—-32, 30-31 (“But the latest IPCC special report underplays another
alarming fact: global warming is accelerating. Three trends—rising emissions, declining air pollution and natural
climate cycles—will combine over the next 20 years to make climate change faster and more furious than anticipated.
In our view, there’s a good chance that we could breach the 1.5 °C level by 2030, not by 2040 as projected in the
special report (see ‘Accelerated warming’). The climate-modelling community has not grappled enough with the rapid
changes that policymakers care most about, preferring to focus on longer-term trends and equilibria.”). See also
Climate & Clean Air Coalition (2014) TiME TO ACT TO REDUCE SHORT-LIVED CLIMATE POLLUTANTS, 25 (Figure:
SLCP Climate Benefits, Avoided global warming [showing that the avoided global warming from rapid
implementation of SLCP mitigation measures is 0.6°C by 2050]). Since the Xu, Ramanathan, and Victor Comment
was published, the IPCC has updated its estimate for when 1.5 °C will be exceeded: see Arias P. A., et al. (2021)
Technical Summary, in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BAsIS, Contribution of Working Group | to
the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.),
TS-9 (“Timing of crossing 1.5°C global warming: Slightly different approaches are used in SR1.5 and in this Report.
SR1.5 assessed a likely range of 2030 to 2052 for reaching a global warming level of 1.5°C (for a 30-year period),
assuming a continued, constant rate of warming. In AR6, combining the larger estimate of global warming to date and
the assessed climate response to all considered scenarios, the central estimate of crossing 1.5°C of global warming
(for a 20-year period) occurs in the early 2030s, ten years earlier than the midpoint of the likely range assessed in the
SR1.5, assuming no major volcanic eruption. (TS.1.3, Cross-Section Box TS.1)”).

10 Dreyfus G. B., Xu Y., Shindell D. T., Zaelke D., & Ramanathan V. (2022) Mitigating climate disruption in time: A
self-consistent approach for avoiding both near-term and long-term global warming, PROC. NAT’L. ACAD. Scl.
119(22): 1-8, 1, 5, 6 (“Aggressive decarbonization to achieve net-zero CO, emissions in the 2050s (as in the decarb-
only scenario) results in weakly accelerated net warming compared to the reference case, with a positive warming up
to 0.03 °C in the mid-2030s, and no net avoided warming until the mid-2040s due to the reduction in co-emitted
cooling aerosols (Figure 3a). By 2050, decarbonization measures result in very limited net avoided warming (0.07°C),
consistent with Shindell and Smith, but rise to a likely detectable 0.25°C by 2060 and a major benefit of 1.4°C by
2100 (Table S5). In contrast, pairing decarbonization with mitigation measures targeting CHa4, BC, HFC, and N2O (not
an SLCP due to its longer lifetime) independent from decarbonization are essential to slowing the rate of warming by
the 2030s to under 0.3°C per decade (Table 1, Figure 3b), similar to the 0.2°C to 0.25°C per decade warming prior to
2020. Recent studies suggest that rate of warming rather than level of warming controls likelihood of record-shattering
extreme weather events. By 2050, the net avoided warming from the targeted non-CO, measures is 0.26°C, almost 4
times larger than the net benefit of decarbonization alone (0.07°C) (Table S5).”; “These non-CO; targeted measures
when combined with decarbonization can provide net cooling by 2030 and reduce the rate of warming from 2030 to
2050 by about 50%, roughly half of which comes from methane, significantly larger than decarbonization alone over
this time frame.”; “Moreover, decarbonization alone increases the warming rate in the near term (Table 1). Notably,
the warming rate in the decarbonization scenario would not drop below the current rate of warming until the 2040s
(Fig. 3B). Pairing decarbonization with measures targeting SLCP slows the rate of warming a decade or two earlier
than decarbonization alone.”).

1 Xu Y. & Ramanathan V. (2017) Well below 2 °C: Mitigation strategies for avoiding dangerous to catastrophic
climate changes, PRoc. NAT’L. AcAD. Sci. 114(39): 10315-10323, 10321 (“The SP [super pollutant] lever targets
SLCPs. Reducing SLCP emissions thins the SP blanket within few decades, given the shorter lifetimes of SLCPs
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(weeks for BC to about 15 years for HFCs). The mitigation potential of the SP lever with a maximum deployment of
current technologies ... is about 0.6 °C by 2050 and 1.2 °C by 2100 (SI Appendix, Fig. S5B and Table S1).”). See
also Szopa S., Naik V., Adhikary B., Artaxo P., Berntsen T., Collins W. D., Fuzzi S., Gallardo L., Kiendler-Scharr
A., Klimont Z., Liao H., Unger N., & Zanis P. (2021) Chapter 6: Short-lived climate forcers, in CLIMATE CHANGE
2021: THE PHYSICAL SCIENCE BAsIS, Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 821 (“Across the SSPs, the collective
reduction of CHa, ozone precursors and HFCs can make a difference of global mean surface air temperature of 0.2
with a very likely range of [0.1-0.4] °C in 2040 and 0.8 with a very likely range of [0.5-1.3] °C at the end of the 21st
century (comparing SSP3-7.0 and SSP1-1.9), which is substantial in the context of the Paris Agreement. Sustained
methane mitigation, wherever it occurs, stands out as an option that combines near- and long-term gains on surface
temperature (high confidence) and leads to air quality benefits by reducing surface ozone levels globally (high
confidence).”); and Dreyfus G. B., Xu Y., Shindell D. T., Zaelke D., & Ramanathan V. (2022) Mitigating climate
disruption in time: A self-consistent approach for avoiding both near-term and long-term global warming, PROC.
NAT’L. ACAD. ScI. 119(22): 1-8, 5 (“Aggressive decarbonization to achieve net-zero CO, emissions in the 2050s (as
in the decarb-only scenario) results in weakly accelerated net warming compared to the reference case, with a positive
warming up to 0.03 °C in the mid-2030s, and no net avoided warming until the mid-2040s due to the reduction in co-
emitted cooling aerosols (Figure 3a). By 2050, decarbonization measures result in very limited net avoided warming
(0.07°C), consistent with Shindell and Smith, but rise to a likely detectable 0.25°C by 2060 and a major benefit of
1.4°C by 2100 (Table S5).”).

12 Molina M., Ramanathan V., & Zaelke D. (2 April 2020) Best path to net zero: Cut short-lived super-pollutants,
BULLETIN OF THE ATOMIC SCIENTISTS (“Speed must become the key measure of all climate mitigation strategies: a
speedy reduction of global warming before it leads to further, self-reinforcing climate change feedbacks and tipping
points; a speedy deployment of mitigation actions and technologies; and getting this all up to scale in a speedy manner.
And let us be clear: By “speed,” we mean measures—including regulatory ones—that can begin within two-to-three
years, be substantially implemented in five-to-10 years, and produce a climate response within the next decade or
two.”). See also Molina M., Zaelke D., Sarma K. M., Andersen S. O., Ramanathan V., & Kaniaru D. (2009) Reducing
abrupt climate change risk using the Montreal Protocol and other regulatory actions to complement cuts in CO,
emissions, Proc. Nat’l. Acad. Sci. 106(49): 20616-20621, 20616 (“Current emissions of anthropogenic greenhouse
gases (GHGs) have already committed the planet to an increase in average surface temperature by the end of the
century that may be above the critical threshold for tipping elements of the climate system into abrupt change with
potentially irreversible and unmanageable consequences. This would mean that the climate system is close to entering
if not already within the zone of “dangerous anthropogenic interference” (DAI). Scientific and policy literature refers
to the need for “early,” “urgent,” “rapid,” and “fast-action” mitigation to help avoid DAI and abrupt climate changes.
We define “fast-action” to include regulatory measures that can begin within 2—3 years, be substantially implemented
in 5-10 years, and produce a climate response within decades. We discuss strategies for short-lived non-CO, GHGs
and particles, where existing agreements can be used to accomplish mitigation objectives. Policy makers can amend
the Montreal Protocol to phase down the production and consumption of hydrofluorocarbons (HFCs) with high global
warming potential. Other fast-action strategies can reduce emissions of black carbon particles and precursor gases that
lead to ozone formation in the lower atmosphere, and increase biosequestration, including through biochar. These and
other fast-action strategies may reduce the risk of abrupt climate change in the next few decades by complementing
cuts in CO; emissions.”).

2 <

13 World Meteorological Organization (2024) STATE OF THE GLOBAL CLIMATE 2023, 3 (“The ten-year average 2014—
2023 global temperature is 1.20+0.12°C above the 1850-1900 average, the warmest 10-year period on record.”). See
also Met Office, Indicators of Global Warming (last visited 13 March 2024) (“Despite differences between them,
there is a clear consensus among indicators centred on 2022 (Table 1) that the current magnitude of surface warming
is approximately 1.2°C to 1.3°C and substantially higher than suggested by the average temperature over the last 10
or 20 years of approximately 1.1°C and 1.0°C, respectively.”). See Copernicus Climate Services (9 January 2023)
2022 was a year of climate extremes, with record high temperatures and rising concentrations of greenhouse gases
(last visited 11 June 2023) (“2022 was the 5th warmest year — however, the 4th-8th warmest years are very close
together. The last eight years have been the eight warmest on record. The annual average temperature was 0.3°C above
the reference period of 1991-2020, which equates to approximately 1.2°C higher than the period 1850-1900.
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Atmospheric carbon dioxide concentrations increased by approximately 2.1 ppm, similar to the rates of recent years.
Methane concentrations in the atmosphere increased by close to 12 ppb, higher than average, but below the last two
years’ record highs. La Nifia conditions persisted during much of the year, for the third year in a row”); National
Aeronautics and Space Administration (12 January 2023) NASA Says 2022 Fifth Warmest Year on Record, Warming
Trend Continues; and National Oceanic and Atmospheric Administration (12 January 2022) 2022 was world’s 6th-
warmest year on record.

14 Rockstrom J., et al. (2021) Identifying a Safe and Just Corridor for People and the Planet, EARTH’S FUTURE 9(4):
1-7, 1 (“Human development depends on safeguarding the stability of the planet (Steffen et al., 2018; Xu et al., 2020).
Current human activities, especially of high consuming wealthy societies, are threatening the stability of Earth's life
support systems and its capacity to support our future well-being in the Anthropocene (Steffen, Broadgate,
etal., 2015). Simultaneously, key human development needs remain, including attaining the UN Sustainable
Development Goals for all by 2030, and ensuring continued human well-being for a world population of possibly 10
billion people in 2050. Addressing these challenges requires a full integration of people's lives and the planet's
stability.”).

15 Guterres A. (15 May 2018) Remarks at Austrian World Summit, United Nations, Speeches (“Climate change is,
quite simply, an existential threat for most life on the planet — including, and especially, the life of humankind.”).

16 | enton T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J. (2019)
Climate tipping points—too risky to bet against, Comment, NATURE, 575(7784): 592-595, 594 (“In our view, the
clearest emergency would be if we were approaching a global cascade of tipping points that led to a new, less habitable,
‘hothouse’ climate state'’. Interactions could happen through ocean and atmospheric circulation or through feedbacks
that increase greenhouse-gas levels and global temperature. Alternatively, strong cloud feedbacks could cause a global
tipping point!213 We argue that cascading effects might be common. Research last year'* analysed 30 types of regime
shift spanning physical climate and ecological systems, from collapse of the West Antarctic ice sheet to a switch from
rainforest to savanna. This indicated that exceeding tipping points in one system can increase the risk of crossing them
in others. Such links were found for 45% of possible interactions®“. In our view, examples are starting to be observed.
... If damaging tipping cascades can occur and a global tipping point cannot be ruled out, then this is an existential
threat to civilization. No amount of economic cost—benefit analysis is going to help us. We need to change our
approach to the climate problem. ... In our view, the evidence from tipping points alone suggests that we are in a state
of planetary emergency: both the risk and urgency of the situation are acute....”). See also Armstrong McKay D. I.,
Staal A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer 1., Cornell S. E., Rockstrém J., & Lenton
T. M. (2022) Exceeding 1.5°C global warming could trigger multiple climate tipping points, SCIENCE 377(6611): 1
10, 7 (“Current warming is ~1.1°C above preindustrial and even with rapid emission cuts warming will reach ~1.5°C
by the 2030s (23). We cannot rule out that WAIS and GrlS tipping points have already been passed (see above) and
several other tipping elements have minimum threshold values within the 1.1 to 1.5°C range. Our best estimate
thresholds for GrIS, WAIS, REEF, and abrupt permafrost thaw (PFAT) are ~1.5°C although WAIS and GrlIS collapse
may still be avoidable if GMST returns below 1.5°C within an uncertain overshoot time (likely decades) (94).”).

17 Dennis B. & Dance S. (31 July 2023) It’s not just hot. Climate anomalies are emerging around the globe, THE
WASHINGTON POST (“But some events were so abnormal that they sent a wave of consternation through the scientific
community. Antarctic sea ice is at a historically low level for this time of year, according to federal data. Sea surface
temperatures across the North Atlantic have been “off the charts,” Europe’s Copernicus Climate Change Service
reported, noting that the figures set records for this time of year “by a very large margin.” Water temperatures off the
coast of South Florida rose to unfathomable levels in recent days, leading scientists to fear for the fate of the only
living coral barrier reef in the continental United States.y “On the one hand, we knew these things were going to
happen. These have been the predictions for a long time,” said Claudia Tebaldi, a scientist at the Pacific Northwest
National Laboratory. § And yet, she said, “this year, in particular, has seemed so extreme. ... The size of the anomalies
is surprising.” § For years, climate scientists have detailed again and again the many impacts that are likely as the
world grows steadily hotter, such as more intense storms, more torrential rainfall, fast-rising seas and melting ice caps.
1 But they also have been unequivocal that with more warming comes the possibility of unforeseen consequences —
of rapid changes, irreversible collapses and other feedback loops.{ More than a decade ago, a study from the National
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Academies of Sciences, Engineering and Medicine found that while many aspects of climate change and its effects
“are expected to be approximately linear and gradual,” that won’t always be the case. 9§ “It is clear that the risk of
surprises can be expected to increase with the duration and magnitude of the warming,” the authors wrote. § That
reality seems to be playing out.”).

18 Xu Y. & Ramanathan V. (2017) Well below 2 °C: Mitigation strategies for avoiding dangerous to catastrophic
climate changes, PROC. NAT’L. ACAD. Scl. 114(39): 10319-10323, 10320 (“Box 2. Risk Categorization of Climate
Change to Society. ... [A] 2 °C warming would double the land area subject to deadly heat and expose 48% of the
population. A 4 °C warming by 2100 would subject 47% of the land area and almost 74% of the world population to
deadly heat, which could pose existential risks to humans and mammals alike unless massive adaptation measures are
implemented, such as providing air conditioning to the entire population or a massive relocation of most of the
population to safer climates. ... This bottom 3 billion population comprises mostly subsistent farmers, whose
livelihood will be severely impacted, if not destroyed, with a one- to five-year megadrought, heat waves, or heavy
floods; for those among the bottom 3 billion of the world’s population who are living in coastal areas, a 1- to 2-m rise
in sea level (likely with a warming in excess of 3 °C) poses existential threat if they do not relocate or migrate. It has
been estimated that several hundred million people would be subject to famine with warming in excess of 4 °C (54).
However, there has essentially been no discussion on warming beyond 5 °C. Climate change-induced species
extinction is one major concern with warming of such large magnitudes (>5 °C). The current rate of loss of species is
~1,000-fold the historical rate, due largely to habitat destruction. At this rate, about 25% of species are in danger of
extinction in the coming decades (56). Global warming of 6 °C or more (accompanied by increase in ocean acidity
due to increased CO,) can act as a major force multiplier and expose as much as 90% of species to the dangers of
extinction (57). The bodily harms combined with climate change-forced species destruction, biodiversity loss, and
threats to water and food security, as summarized recently (58), motivated us to categorize warming beyond 5 °C as
unknown??, implying the possibility of existential threats.”). See also Xu C., Kohler T. A., Lenton T. M., Svenning
J.-C., & Scheffer M. (2020) Future of the human climate niche, PROC. NAT’L. ACAD. ScI. 117(21): 11350-11355,
11350 (“Here, we demonstrate that for millennia, human populations have resided in the same narrow part of the
climatic envelope available on the globe, characterized by a major mode around ~11 °C to 15 °C mean annual
temperature (MAT). ...We show that in a business-as-usual climate change scenario, the geographical position of this
temperature niche is projected to shift more over the coming 50 y than it has moved since 6000 BP. ... Specifically,
3.5 billion people will be exposed to MAT >29.0 °C, a situation found in the present climate only in 0.8% of the global
land surface, mostly concentrated in the Sahara, but in 2070 projected to cover 19% of the global land (Fig. 3). ... For
instance, accounting for population growth projected in the SSP3 scenario, each degree of temperature rise above the
current baseline roughly corresponds to one billion humans left outside the temperature niche, absent migration (SI
Appendix, Fig. S14).”); Watts N., et al. (2021) The 2020 report of The Lancet Countdown on health and climate
change: responding to converging crises, THE LANCET 397(10269): 129-170, 129 (“Vulnerable populations were
exposed to an additional 475 million heatwave events globally in 2019, which was, in turn, reflected in excess
morbidity and mortality (indicator 1.1.2). During the past 20 years, there has been a 53.7% increase in heat-related
mortality in people older than 65 years, reaching a total of 296 000 deaths in 2018 (indicator 1.1.3). The high cost in
terms of human lives and suffering is associated with effects on economic output, with 302 billion h of potential labour
capacity lost in 2019 (indicator 1.1.4). India and Indonesia were among the worst affected countries, seeing losses of
potential labour capacity equivalent to 4-6% of their annual gross domestic product (indicator 4.1.3).”).

19 Zachariah M., Philip S., Pinto 1., Vahlberg M., Singh R., Otto F., Barnes C., & Kimutai J. (2023) Extreme heat in
North America, Europe and China in July 2023 made much more likely by climate change (“In line with what has
been expected from past climate projections and IPCC reports these events are not rare anymore today. North America,
Europe and China have experienced heatwaves increasingly frequently over the last years as a result of warming
caused by human activities, hence the current heat waves are not rare in today's climate with an event like the currently
expected approximately once every 15 years in the US/Mexico region, once every 10 years in Southern Europe, and
once in 5 years for China. @ Without human induced climate change these heat events would however have been
extremely rare. In China it would have been about a 1 in 250 year event while maximum heat like in July 2023 would
have been virtually impossible to occur in the US/Mexico region and Southern Europe if humans had not warmed the
planet by burning fossil fuels.”). Note also the record-breaking June 2021 heatwave in the Pacific Northwest (U.S.
and Canada) would have been virtually impossible absent human-caused climate change and would have been much
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less detrimental to human health. See Philip S. Y., et al. (2021) Rapid attribution analysis of the extraordinary
heatwave on the Pacific Coast of the US and Canada, WORLD WEATHER ATTRIBUTION, 2 (“Also, this heatwave was
about 2°C hotter than it would have been if it had occurred at the beginning of the industrial revolution (when global
mean temperatures were 1.2°C cooler than today.”); and Newburger E. (1 July 2021) Historic heat wave linked to
hundreds of deaths in Pacific Northwest and Canada, CNBC (“Dr. Jennifer Vines, Multnomah County’s health
officer, said the preliminary cause of death was hyperthermia, an abnormally high body temperature resulting from an
inability of the body to deal with heat. Many of the dead were found alone and without air conditioning.... “While it
is too early to say with certainty how many of these deaths are heat related, it is believed likely that the significant
increase in deaths reported is attributable to the extreme weather B.C. has experienced,” Lapointe said in a
statement.”). In Western Europe, global warming made the 2019 heatwaves up to 100 times more likely. See Vautard
R., et al. (2020) Human contribution to the record-breaking June and July 2019 heatwaves in Western Europe,
ENVIRON. RES. LETT. 15(9): 094077, 1-9, 5 (“For the France average, the heatwave was an event with a return period
estimated to be 134 years. As for the June case, except for HadGEM-3A, which has a hot and dry bias, the changes in
intensity are systematically underestimated, as they range from 1.1 °C (CNRM-CM6.1) to 1.6 °C (EC-EARTH). By
combining information from models and observations, we conclude that the probability of such an event to occur for
France has increased by a factor of at least 10 (see the synthesis in figure 3). This factor is very uncertain and could
be two orders of magnitude higher. The change in intensity of an equally probable heatwave is between 1.5 degrees
and 3 degrees. We found similar numerical results for Lille, with however an estimate of change in intensity higher in
the observations, and models predict trend estimates that are consistently lower than observation trends, a fact that
needs further investigation beyond the scope of this attribution study. We conclude for these cases that such an event
would have had an extremely small probability to occur (less than about once every 1000 years) without climate
change in France. Climate change had therefore a major influence to explain such temperatures, making them about
100 times more likely (at least a factor of ten).”).

20 pahl K. A., Abatzoglou J. T., Phillips C. A., Ortiz-Partida J. P., Licker R., Merner L. D., & Ekwurzel B. (2023)
Quantifying the contribution of major carbon producers to increases in vapor pressure deficit and burned area in
western US and southwestern Canadian forests, ENVIRON. RES. LETT. 18(6): 064011, 1-11, 2 (“Vapor pressure deficit
(VPD)—a measure of atmospheric water demand defined as the difference between the amount of water vapor in the
air and the amount of water vapor that air would hold at saturation—has emerged as a key metric linking climate
change and burned area (BA) due to its role in regulating ecosystem water dynamics (Grossiord et al 2020, Clarke et
al 2022). Through the lens of regional wildfire risk, rising VPD ultimately translates to a greater likelihood that fuels
will ignite and carry fire across a landscape. More than two-thirds of the observed summertime increase in VPD in
the western US has been attributed to anthropogenic warming (Zhuang et al 2021). In turn, the increase in summertime
VPD has driven increases in fuel aridity in the region, resulting in nearly a doubling of BA in western US forests
during 1984-2015 (Abatzoglou and Williams 2016). Regionally, there is a strong and established interannual
relationship between VPD and BA across forested subregions of the western US and southwestern Canada
(Abatzoglou et al 2018, Williams et al 2019, Whitman et al 2022). In flammability-limited ecosystems like forests,
area burned is exponentially related to VPD (Juang et al 2022).”).

2L Night-time fire intensity has increased globally in the last two decades due to rising temperatures, causing more
intense, longer-lasting, and larger fires. See Balch J. K., Abatzoglou J. T., Joseph M. B., Koontz M. J., Mahood A. L.,
McGlinchy J., Cattau M. E., & Williams A. P. (2022) Warming weakens the night-time barrier to global fire, NATURE
602: 442-448, 442 (“Night-time provides a critical window for slowing or extinguishing fires owing to the lower
temperature and the lower vapour pressure deficit (VPD). However, fire danger is most often assessed based on
daytime conditions12, capturing what promotes fire spread rather than what impedes fire. Although it is well
appreciated that changing daytime weather conditions are exacerbating fire, potential changes in night-time
conditions—and their associated role as fire reducers—are less understood. Here we show that night-time fire intensity
has increased, which is linked to hotter and drier nights. Our findings are based on global satellite observations of
daytime and night-time fire detections and corresponding hourly climate data, from which we determine landcover-
specific thresholds of VPD (VPDy), below which fire detections are very rare (less than 95 per cent modelled chance).
Globally, daily minimum VPD increased by 25 per cent from 1979 to 2020. Across burnable lands, the annual number
of flammable night-time hours—when VPD exceeds VPD+—increased by 110 hours, allowing five additional nights
when flammability never ceases. Across nearly one-fifth of burnable lands, flammable nights increased by at least one
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week across this period. Globally, night fires have become 7.2 per cent more intense from 2003 to 2020, measured via
a satellite record. These results reinforce the lack of night-time relief that wildfire suppression teams have experienced
in recent years. We expect that continued night-time warming owing to anthropogenic climate change will promote
more intense, longer-lasting and larger fires.”); discussed in Dickie G. (19 July 2022) Steamy nights in European
heatwave worsen health and fire risks — experts, REUTERS.

22 The eastern coast of South Africa saw extreme flooding in 2022, which affected 40,000 people and caused US $1.57
billion in property damage. A recent study shows that the probability of such extreme rainfall in the region has doubled
due to human-induced climate change. See Pinto 1., et al. (2022) Climate change exacerbated rainfall causing
devastating flooding in Eastern South Africa, WORLD WEATHER ATTRIBUTION: 1-21, 2 (“40,000 people were
impacted by the rainfall and subsequent floods- 435 deaths were reported from the affected areas, 55 injured and 54
people missing (Government of South Africa, 2022a). At least 13,500 houses were damaged or destroyed - among
these, over 4,000 homes in informal settlements in eThekwini Metropolitan Municipality were destroyed, leaving
6278 people homeless and 7245 people in shelters (Ibid.). 630 schools were affected in the KZN province in the
impacted areas, and 124 schools damaged, thus impacting around 270,000 students (Government of South Africa,
2022b). Critical infrastructure such as bridges and roads were also severely damaged, including two major highways
(IFRC, 2022), and the mobile phone infrastructure of KwaZulu-Natal saw 400 towers impacted due to power outages
and flooded fibre conduiting (Tech Central, 2022). In addition, large parts of Durban were left without electricity and
water for days due to damage to water treatment and power plant stations (IFRC, 2022). The overall property damage
is estimated around 17 billion rand/US$1.57 billion (IOL, 2022a).”; “...the probability of an event such as the rainfall
that resulted in this disaster has approximately doubled due to human-induced climate change. The intensity of the
current event has increased by 4-8%.”).

2 For example, the catastrophic flooding that inundated a third of Pakistan in 2022 was very likely made more severe
by climate change, increasing rainfall, glacier melt, and extending a La Nifia event in the Pacific for a rare third year.
See Clarke B., Otto F., & Harrington L. (5 September 2022) Pakistan floods: What role did climate change play?,
THE CONVERSATION (“Clues as to the role of climate change can also come from aspects that contributed to this
disaster. There are three main factors. | First, extreme rainfall. A warmer atmosphere holds more moisture. For every
degree the atmosphere warms it can hold about 6%-7% more moisture, which often results in more rain falling during
the most extreme events (south Asia has warmed around 0.7°C since 1900). Had this event happened in a world where
carbon dioxide concentrations were instead at pre-industrial levels, the rains probably would have been less intense.
1 Second, the monsoon itself, which is highly complex and variable. It forms in south Asia in the summer, when air
over land warms faster than air over the sea, which creates a flow of air onto the land. The winds bring great volumes
of moisture that precipitate into deluges when they meet higher ground, especially the Himalayas. § Unusual monsoon
rains over Pakistan have some predictability. They occur when multiple phenomena coincide, including a La Nifia
event in the Pacific and large meanders in the high-altitude jet stream, as was the case in both 2010 and this year. |
There is emerging evidence that this confluence of factors may occur more regularly as the climate changes. If such
trends continue, then flooding in Pakistan and other simultaneous extremes across the northern Hemisphere will
happen more often in the future. { Pakistan also experienced extended and brutal heatwaves in May and June this year,
which were amplified by climate change. This heat amplified the monsoonal “thermal low"—a low-pressure system
created by hot air rising rapidly—which greatly enhanced the flow of moisture-laden air onto southern Pakistan.
Third, Pakistan has more than 7,000 glaciers in its northern mountainous regions. As these glaciers melt, their waters
contribute to the flooding. This melting is driven to a large degree by climate change and is especially prominent this
year as a result of the heatwave.”); Otto F. E. L., Zachariah M., Saced F., Siddiqi A., & Shahzad K. (2022) Climate
change likely increased extreme monsoon rainfall, flooding highly vulnerable communities in Pakistan, WORLD
WEATHER ATTRIBUTION, 3 (“However, for the 5-day rainfall extreme, the majority of models and observations we
have analysed show that intense rainfall has become heavier as Pakistan has warmed. Some of these models suggest
climate change could have increased the rainfall intensity up to 50% for the 5-day event definition.”); and Trenberth
K. (15 September 2022) 2022 s supercharged summer of climate extremes: How global warming and La Niiia fueled
disasters on top of disasters, THE CONVERSATION.

2 These six tipping points, shown in Figure Error! Main Document Only., are the Greenland ice sheet, West Antarctic
ice sheet, low-latitude (warm water) coral reefs, abrupt permafrost thaw, abrupt loss of Barents Sea winter ice, and
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collapse of the subpolar gyre (SPG) overturning circulation in the Labrador Sea. See Armstrong McKay D. I., Staal
A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer 1., Cornell S. E., Rockstrom J., & Lenton T. M.
(2022) Exceeding 1.5°C global warming could trigger multiple climate tipping points, SCIENCE 377(6611): 1-10, 7
(““Current warming is ~1.1°C above preindustrial and even with rapid emission cuts warming will reach ~1.5°C by the
2030s (23). We cannot rule out that WAIS [West Antarctic Ice Sheet] and GrlIS [Greenland Ice Sheet] tipping points
have already been passed (see above) and several other tipping elements have minimum threshold values within the
1.1 to 1.5°C range. Our best estimate thresholds for GrlS, WAIS, REEF [low-latitude coral reefs], and North Atlantic
subpolar gyre / Labrador-lIrminger Sea convection abrupt permafrost thaw (PFAT) are ~1.5°C although WAIS and
GrlS collapse may still be avoidable if GMST [Global Mean Surface Temperature] returns below 1.5°C within an
uncertain overshoot time (likely decades) (94). ... The chance of triggering CTPs [Climate tipping points] is already
non-negligible and will grow even with stringent climate mitigation (SSP1-1.9 in Fig. 2, B and C). Nevertheless,
achieving the Paris Agreement’s aim to pursue efforts to limit warming to 1.5°C would clearly be safer than keeping
global warming below 2°C (90) (Fig. 2). Going from 1.5 to 2°C increases the likelihood of committing to WAIS and
GrlS collapse near complete warm-water coral die-off, and abrupt permafrost thaw; further, the best estimate threshold
for LABC [North Atlantic subpolar gyre / Labrador-Irminger Sea convection] collapse is crossed. The likelihood of
triggering AMOC [Atlantic Meridional Overturning Circulation] collapse, Boreal forest shifts, and extra-polar glacier
loss becomes non-negligible at >1.5°C and glacier loss becomes likely by ~2°C. A cluster of abrupt shifts occur in
ESM [Earth System Models] at 1.5 to 2°C (19). Although not tipping elements, ASSI [Arctic Summer Sea Ice] loss
could become regular by 2°C, gradual permafrost thaw would likely become widespread beyond 1.5°C, and land
carbon sink weakening would become significant by 2°C.”).

25 Here we distinguish between abrupt shifts, as in Drijfhout et al. (2015), and the more restrictive definition of “core
climate tipping points” defined by Armstrong McKay et al. (2022) as “when change in part of the climate system
becomes (i) selfperpetuating beyond (ii) a warming threshold as a result of asymmetry in the relevant feedbacks,
leading to (iii) substantial and widespread Earth system impacts.” For description of the eleven abrupt shifts, see
Drijfhout S., Bathiany S., Beaulieu C., Brovkin V., Claussen M., Huntingford C., Scheffer M., Sgubin G., &
Swingedouw D. (2015) Catalogue of abrupt shifts in Intergovernmental Panel on Climate Change climate models,
PROC. NAT’L. ACAD. Scl. 112(43): E5777-E5786, E5777, E5784 (“Abrupt transitions of regional climate in response
to the gradual rise in atmospheric greenhouse gas concentrations are notoriously difficult to foresee. However, such
events could be particularly challenging in view of the capacity required for society and ecosystems to adapt to them.
We present, to our knowledge, the first systematic screening of the massive climate model ensemble informing the
recent Intergovernmental Panel on Climate Change report, and reveal evidence of 37 forced regional abrupt changes
in the ocean, sea ice, snow cover, permafrost, and terrestrial biosphere that arise after a certain global temperature
increase. Eighteen out of 37 events occur for global warming levels of less than 2°, a threshold sometimes presented
as a safe limit.”; 11 abrupt shifts are shown between 1.0-1.5°C in “Fig. 4. Abrupt shifts as a function of global
temperature increase. Shown are the number of abrupt climate changes occurring in the CMIP5 database for different
intervals of warming relative to the preindustrial climate.”).

2 Armstrong McKay D. 1., Staal A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer I., Cornell S.
E., Rockstrom J., & Lenton T. M. (2022) Exceeding 1.5°C global warming could trigger multiple climate tipping
points, SCIENCE 377(6611): 1-10, 7 (“Current warming is ~1.1°C above preindustrial and even with rapid emission
cuts warming will reach ~1.5°C by the 2030s (23). We cannot rule out that WAIS [West Antarctic Ice Sheet] and GrIS
[Greenland Ice Sheet] tipping points have already been passed (see above) and several other tipping elements have
minimum threshold values within the 1.1 to 1.5°C range. Our best estimate thresholds for GrIS, WAIS, REEF [low-
latitude coral reefs], and North Atlantic subpolar gyre / Labrador-lIrminger Sea convection abrupt permafrost thaw
(PFAT) are ~1.5°C although WAIS and GrlS collapse may still be avoidable if GMST [Global Mean Surface
Temperature] returns below 1.5°C within an uncertain overshoot time (likely decades) (94). ... The chance of
triggering CTPs [Climate tipping points] is already non-negligible and will grow even with stringent climate
mitigation (SSP1-1.9 in Fig. 2, B and C). Nevertheless, achieving the Paris Agreement’s aim to pursue efforts to limit
warming to 1.5°C would clearly be safer than keeping global warming below 2°C (90) (Fig. 2). Going from 1.5 to 2°C
increases the likelihood of committing to WAIS and GrlS collapse near complete warm-water coral die-off, and abrupt
permafrost thaw; further, the best estimate threshold for LABC [North Atlantic subpolar gyre / Labrador-Irminger Sea
convection] collapse is crossed. The likelihood of triggering AMOC [Atlantic Meridional Overturning Circulation]
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collapse, Boreal forest shifts, and extra-polar glacier loss becomes non-negligible at >1.5°C and glacier loss becomes
likely by ~2°C. A cluster of abrupt shifts occur in ESM [Earth System Models] at 1.5 to 2°C (19). Although not tipping
elements, ASSI [Arctic Summer Sea Ice] loss could become regular by 2°C, gradual permafrost thaw would likely
become widespread beyond 1.5°C, and land carbon sink weakening would become significant by 2°C.”).

27 Armstrong McKay D. I. & Loriani S. (eds.) (2023) Section 1: Earth systems tipping points, in GLOBAL TIPPING
POINTS REPORT 2023, Lenton T. M., et al. (eds.), 9, 12 (“With about 1.2°C of global warming compared to pre-
industrial levels, we are getting dangerously close to the temperature thresholds of some major tipping points for the
ice sheets of Greenland and West Antarctica. Crossing these would lock in unavoidable long-term global sea level rise
of up to 10 metres.”; “Table 1.2.1: Summary of evidence for tipping dynamics, key drivers and biophysical impacts
in each system considered in this chapter” [see column on biophysical impacts for Greenland and West Antarctic ice
sheets].). For higher estimates of sea-level rise based on Earth’s past climate, see International Cryosphere Climate
Initiative (2023) STATE OF THE CRYOSPHERE REPORT 2023 — TWO DEGREES IS TOO HIGH, 12 (“Because of the
existence of these thresholds, when temperatures reached 2°C above pre-industrial in the Earth’s past, sea levels
peaked at around 12—-20 meters higher than present-day levels. During the height of the Pliocene 3 million years ago,
when CO2 levels were comparable to today and temperatures stabilized at 2-3°C higher than pre-industrial, sea levels
may have peaked at around 20 meters higher than today’s.19,20,26,40 Such extensive sea level rise would be
catastrophic for today’s coastal communities — yet we are currently on track for even higher temperature peaks than
those that drove these past sea level rises.”).

28 Boers N. & Rypdal M. (2021) Critical slowing down suggests that the western Greenland Ice Sheet is close to a
tipping point, Proc. Nat’l. Acad. Sci. 118(21): 1-7, 1 (“A crucial nonlinear mechanism for the existence of this tipping
point is the positive melt-elevation feedback: Melting reduces ice sheet height, exposing the ice sheet surface to
warmer temperatures, which further accelerates melting. We reveal early-warning signals for a forthcoming critical
transition from ice-core-derived height reconstructions and infer that the western Greenland Ice Sheet has been losing
stability in response to rising temperatures. We show that the melt-elevation feedback is likely to be responsible for
the observed destabilization. Our results suggest substantially enhanced melting in the near future.”).

2 King M. D., Howat I. M., Candela S. G., Noh M. J., Jeong S., Noél B. P. Y., van den Broeke M. R., Wouters B., &
Negrete A. (2020) Dynamic ice loss from the Greenland Ice Sheet driven by sustained glacier retreat, Comm. Earth
& Env’t.: 1-7, 1 (“The Greenland Ice Sheet is losing mass at accelerated rates in the 21st century, making it the largest
single contributor to rising sea levels. Faster flow of outlet glaciers has substantially contributed to this loss, with the
cause of speedup, and potential for future change, uncertain.”).

30 Fox-Kemper B., et al. (2021) Chapter 9: Ocean, Cryosphere and Sea Level Change, in Climate Change 2021: The
Physical Science Basis, Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change, Masson-Delmotte V., et al.(eds.), 1308-1309, 1302 (“[T]he main uncertainty related to
high-end sea-level rise is “when" rather than “if” it arises: the upper limit of 1.02 m of likely sea-level range by 2100
for the SSP 5-8.5 scenario will be exceeded in any future warming scenario on time scales of centuries to millennia
(high confidence), but it is uncertain how quickly the long-term committed sea level will be reached (Section 9.6.3.5).
Hence, global-mean sea level might rise well above the likely range before 2100, which is reflected by assessments of
ice-sheet contributions based on structured expert judgment (Bamber et al., 2019) leading to a 95th percentile of
projected future sea-level rise as high as 2.3 m in 2100 (Section 9.6.3.3)... High-end sea-level rise can therefore occur
if one or two processes related to ice-sheet collapse in Antarctica result in an additional sea-level rise at the maximum
of their plausible ranges (Sections 9.4.2.5, 9.6.3.3; Table 9.7) or if several of the processes described in this box result
in individual contributions to additional sea-level rise at moderate levels. In both cases, global-mean sea-level rise by
2100 would be substantially higher than the assessed likely range, as indicated by the projections including low
confidence processes reaching in 2100 as high as 1.6 m at the 83rd percentile and 2.3 m at the 95th percentile (Section
9.6.3.3).”; “While ice-sheet processes in whose projection there is low confidence have little influence up to 2100 on
projections under SSP1-1.9 and SSP1-2.6 (Table 9.9), this is not the case under higher emissions scenarios, where
they could lead to GMSL rise well above the likely range. In particular, under SSP5-8.5, low confidence processes
could lead to a total GMSL rise of 0.6-1.6 m over this time period (17th-83rd percentile range of p-box including SEJ-
and MIClI-based projections), with 5th-95th percentile projections extending to 0.5-2.3 m (low confidence).”). See
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also Wang S., Foster A., Lenz E. A., Kessler J. D., Stroeve J. C., Anderson L. O., Turetsky M., Betts R., Zou S, Liu
W., Boos W. R., & Hausfather Z. (2023) Mechanisms and Impacts of Earth System Tipping Elements, Rev. Geophys.
61: 1-81, 19-20 (“As mentioned above, reduction of the GIS will likely require a millennium. Yet the weakening of
ice shelf buttressing directly accelerates ice flow and discharge independent of MISI and MICI processes, with
immediate implications for observed rates of sea-level rise. Consequently, under our current best understanding,
Greenland and Antarctic ice-sheet collapse cannot be considered an abrupt or fast phenomenon in which most sea
level impacts manifest within decades. Nevertheless, ice-sheet losses may contribute to regional sea level rise under
RCP8.5 and worst-case scenarios that reaches 1-2 m for many cities globally by 2100, seriously threatening existing
communities and infrastructure (Trisos et al., 2022). Over longer timescales, sustained high rates of global sea-level
rise (>1 cm/yr by 2200, with further acceleration to up to a couple centimeters per year beyond) may broadly strain
coastal adaptation efforts (Oppenheimer et al., 2019). At the same time, models indicate that strong climate mitigation
may avert significant fractions of potential sea-level rise and prevent ice-sheet collapse across large regions. In several
modeling studies the RCP2.6 scenario prevents collapse of the WAIS (Bulthuis et al., 2019; DeConto & Pollard, 2016)
and may reduce the Antarctic contribution to global sea level rise by 2100 to 13 cm (Edwards et al., 2021).... Although
significant uncertainties remain regarding the precise temperature thresholds that could trigger ice-sheet collapse,
research to date suggests that aggressive climate mitigation could limit risks from ice-sheet instabilities (Table 4).”).\

3L Robinson A., Calov R., & Ganopolski A. (2012) Multistability and critical thresholds of the Greenland ice sheet,
NAT. CLIM. CHANGE 2(6): 429-432, 429 (“Recent studies have focused on the short-term contribution of the
Greenland ice sheet to sea-level rise, yet little is known about its long-term stability. The present best estimate of the
threshold in global temperature rise leading to complete melting of the ice sheet is 3.1 °C (1.9-5.1 °C, 95% confidence
interval) above the preindustrial climate, determined as the temperature for which the modelled surface mass balance
of the present-day ice sheet turns negative. Here, using a fully coupled model, we show that this criterion
systematically overestimates the temperature threshold and that the Greenland ice sheet is more sensitive to long-term
climate change than previously thought. We estimate that the warming threshold leading to a monostable, essentially
ice-free state is in the range of 0.8-3.2 °C, with a best estimate of 1.6 °C. By testing the ice sheet’s ability to regrow
after partial mass loss, we find that at least one intermediate equilibrium state is possible, though for sufficiently high
initial temperature anomalies, total loss of the ice sheet becomes irreversible. Crossing the threshold alone does not
imply rapid melting (for temperatures near the threshold, complete melting takes tens of millennia). However, the
timescale of melt depends strongly on the magnitude and duration of the temperature overshoot above this critical
threshold.”). See also Bochow N., Poltronieri A., Robinson A., Montoya M., Rypdal M., & Boers N. (2023)
Overshooting the critical threshold for the Greenland ice sheet, NATURE 622(7983): 528-536, 528, 530 (“Our results
show that the maximum GMT and the time span of overshooting given GMT targets are critical in determining GrIS
stability. We find a threshold GMT between 1.7 °C and 2.3 °C above preindustrial levels for an abrupt ice-sheet loss.
GrlS loss can be substantially mitigated, even for maximum GMTSs of 6 °C or more above preindustrial levels, if the
GMT s subsequently reduced to less than 1.5 °C above preindustrial levels within a few centuries. However, our
results also show that even temporarily overshooting the temperature threshold, without a transition to a new ice-sheet
state, still leads to a peak in SLR of up to several metres.”; “A reduction in temperature from ad 2100 to ad 2200 leads
to a mitigation of the ice loss, depending on the convergence temperature reached (Fig. 2). Regardless of the peak
temperature in ad 2100, a convergence temperature increase of 1.5 °C GMT above preindustrial (ATJJA = 1.3 °C) by
ad 2200 or lower leads to a stable ice sheet, with the equivalent of less than 1 m long-term SLR contribution in
simulations with both models (Fig. 2a,b).”).

32 Armstrong McKay D. I. & Loriani S. (eds.) (2023) Section 1: Earth systems tipping points, in GLOBAL TIPPING
PoINTS REPORT 2023, Lenton T. M., et al. (eds.), 17 (“Substantial ocean warming and ice shelf basal melting is
committed in the Amundsen Sea over the 21st Century, which will likely accelerate the retreat of several key WAIS
outlet glaciers including the Thwaites and Pine Island glaciers (Naughten et al. 2023).”), discussing Naughten K. A.,
Holland P. R., & De Rydt J. (2023) Unavoidable future increase in West Antarctic ice-shelf melting over the twenty-
first century, NAT. CLiM. CHANG. 13(11): 1222-1228, 1223-1224 (“Future warming and melting are markedly
stronger than historical trends, with ensemble mean future warming trends ranging from 0.8 to 1.4 °C per century
(Extended Data Table 1) compared with the historical mean of 0.25 °C per century. Even under the most ambitious
mitigation scenario, Paris 1.5 °C, the Amundsen Sea warms three times faster than in the twentieth century. ... The
Paris 1.5 °C, Paris 2 °C and RCP 4.5 trends are all statistically indistinguishable, assessed in any combination, for
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both warming and melting. Only RCP 8.5, the most extreme scenario, is distinct from the others. This result suggests
that climate mitigation has limited power to prevent ocean warming which controls sea-level rise from the WAIS and
that internal climate variability presents a larger source of uncertainty than future greenhouse gas emissions. ...
Therefore, while mitigation of the worst-case climate change scenario still has the potential to reduce Amundsen Sea
warming, it will probably not make a difference for several decades. By this time, the impact on some glacier basins
of the WAIS could be irreversible, even if ocean temperatures then returned to present-day values.”). See also Kloenne
U., Nauels A., Pearson P., DeConto R. M., Findlay H. S., Hugelius G., Robinson A., Rogelj J., Schuur E. A. G.,
Stroeve J., & Schleussner C.-F. (2023) Only halving emissions by 2030 can minimize risks of crossing cryosphere
thresholds, NAT. CLIM. CHANG. 13(1): 9-11, 10 (“The IPCC assesses that ... [flor Antarctica, there is large uncertainty
around potential instabilities, which could trigger significant losses. The threshold for instability of the West Antarctic
Ice Sheet (WAIS) might be between 1.5-2°C. Only parts would be lost below 2°C, with complete or near-complete
loss at 2-3°C peak warming. Above 3°C the WAIS will be completely and the East Antarctic Wilkes Subglacial Basin
substantially or completely lost over multiple millennia. Large losses from East Antarctica could occur above 5°C.”).

33 Rantanen M., Karpechko A. Y., Lipponen A., Nordling K., Hyvarinen O., Ruosteenoja K., Vihma T. & Laaksonen
A. (2022) The Arctic has warmed nearly four times faster than the globe since 1979, COMMUN. EARTH ENVIRON.
3(168): 1-10, 3 (“During 1979-2021, major portions of the Arctic Ocean were warming at least four times as fast as
the global average (Fig. 1c). The most extreme AA values occur in the sea areas near Novaya Zemlya, which were
locally warming up to seven times as fast as the global average. These high warming rates are consistent with recent
research*, and evidently, the primary reason for such a high amplification ratio is the reduction of cold-season ice
cover, which has been most pronounced in the Barents Sea***°. Furthermore, it has been found that changes in
atmospheric circulation have amplified the warming in this area*®*’. In general, there are no regions within the Arctic
Circle where AA*® is smaller than two, apart from the northern North Atlantic.”); discussed in Budryk Z. (11 August
2022) Arctic warming up to four times as fast as global average: study, THE HiLL; and Fountain H. (11 August 2022)
Arctic Warming Is Happening Faster Than Described, Analysis Shows, THE NEW YORK TIMES. See also Jacobs P.,
Lenssen N. J. L., Schmidt G. A., & Rohde R. A. (2021) The Arctic Is Now Warming Four Times As Fast As the Rest
of the Globe, Presentation at the American Geophysical Union Fall Meeting, A13E-02 (“We demonstrate the Arctic
is likely warming over 4 times faster than the rest of the world, some 3-4 times the global average, with higher rates
found both for more recent intervals as well as more accurate latitudinal boundaries. These results stand in contrast to
the widely-held conventional wisdom — prevalent across scientific and lay publications alike — that the Arctic is
"only" warming around twice as fast as the global mean.”); discussed in VVoosen P. (14 December 2021) The Arctic is
warming four times faster than the rest of the world, ScIENCE; and Chylek P., Folland C., Klett J. D., Wang M.,
Hengartner N., Lesins G., & Dubey M. K. (2022) Annual Mean Arctic Amplification 1970-2020: Observed and
Simulated by CMIP6 Climate Models, GEOPHYS. RES. LETT. 49(13): 1-8, 1 (“While the annual mean Arctic
Amplification (AA) index varied between two and three during the 1970-2000 period, it reached values exceeding
four during the first two decades of the 21st century. The AA did not change in a continuous fashion but rather in two
sharp increases around 1986 and 1999. During those steps the mean global surface air temperature trend remained
almost constant, while the Arctic trend increased. Although the “best” CMIP6 models reproduce the increasing trend
of the AA in 1980s they do not capture the sharply increasing trend of the AA after 1999 including its rapid step-like
increase. We propose that the first sharp AA increase around 1986 is due to external forcing, while the second step
close to 1999 is due to internal climate variability, which models cannot reproduce in the observed time.... Annual
mean Arctic Amplification (AA) within the period 1970-2020 changed in steep steps around 1986 and 1999. It reached
values over 4.0...”); discussed in Los Alamos National Laboratory (5 July 2022) Arctic temperatures are increasing
four times faster than global warming, PHYS.ORG.

3 Kim Y.-H., Min S.-K,, Gillett N. P., Notz D., & Malinina E. (2023) Observationally-constrained projections of an
ice-free Arctic even under a low emission scenario, NAT. COMMUN. 14: 3139, 5 (“Based on the GHG+ scaling factors,
we produce observationally-constrained future changes in Arctic SIA under four SSP scenarios. Results indicate that
the first sea ice-free September will occur as early as the 2030s—2050s irrespective of emission scenarios. Extended
occurrences of an ice-free Arctic in the early summer months are projected later in the century under higher emissions
scenarios.”). See also Bonan D. B., Schneider T., Eisenman I., & Wills R. C. J. (2021) Constraining the Date of a
Seasonally Ice-Free Arctic Using a Simple Model, GEOPHYS. RES. LETT. 48(18): 1-12, 1 (“Under a high-emissions
scenario, an ice-free Arctic will likely (>66% probability) occur between 2036 and 2056 in September and between
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2050 and 2068 from July to October. Under a medium-emissions scenario, the “likely” date occurs between 2040 and
2062 in September and much later in the 21st century from July to October.”); Docquier D. & Koenigk T. (2021)
Observation-based selection of climate models projects Arctic ice-free summers around 2035, COMMUN. EARTH
ENVIRON. 2(144): 1-8, 4, 6 (“In the high-emission scenario, five out of six selection criteria that include ocean heat
transport provide a first ice-free Arctic in September before 2040 (range of multi-model means: 2032-2039), more
than 20 years before the date of ice-free Arctic for the multi-model mean without model selection (i.e. 2061)”; “This
model selection reveals that sea-ice area and volume reach lower values at the end of this century compared to the
multi-model mean without selection. This arises both from a more rapid reduction in these quantities through this
century and from a lower present-day sea-ice area. Using such a model selection, the timing of an almost ice-free
Arctic in summer is advanced by up to 29 years in the high-emission scenario, i.e. it could occur as early as around
2035.”); Peng G., Matthews J. L., Wang M., Vose R., & Sun L. (2020) What Do Global Climate Models Tell Us about
Future Arctic Sea Ice Coverage Changes?, CLIMATE 8(15): 1-24, 17 (“Excluding the values later than 2100, the
averaged projected [first ice-free Arctic summer year (FIASY)] value for RCP4.5 was 2054 with a spread of 74 years;
for RCP8.5, the averaged FIASY was 2042 with a spread of 42 years. ...which put the mean FIASY at 2037. The
RCP8.5 projections tended to push FIASY earlier, except for those of the MICRO-ESM and MICRO-ESM-CHEM
models. Those two models also tended to project earlier Arctic ice-free dates and longer durations.”); and Overland J.
E. & Wang M. (2013) When will the summer Arctic be nearly sea ice free?, GEOPHYS. RES. LETT. 40(10): 2097-2101,
2097 (“Three recent approaches to predictions in the scientific literature are as follows: (1) extrapolation of sea ice
volume data, (2) assuming several more rapid loss events such as 2007 and 2012, and (3) climate model projections.
Time horizons for a nearly sea ice-free summer for these three approaches are roughly 2020 or earlier, 2030 + 10
years, and 2040 or later. Loss estimates from models are based on a subset of the most rapid ensemble members. ...
Observations and citations support the conclusion that most global climate model results in the CMIP5 archive are too
conservative in their sea ice projections. Recent data and expert opinion should be considered in addition to model
results to advance the very likely timing for future sea ice loss to the first half of the 21st century, with a possibility
of major loss within a decade or two.”). However, findings of ice-free September Arctic sea ice may be too early by a
decade if models are not properly accounting for larger changes in atmospheric circulation, according to Topél D. &
Ding Q. (2023) Atmospheric circulation-constrained model sensitivity recalibrates Arctic climate projections, NAT.
CLIM. CHANG. 1-9, 5 (“To showcase our point, we use the abovementioned method to constrain the timing of the first
sea-ice-free September in the SMILEs and CMIP6 models. The cumulative probability density functions (CDFs)
corresponding to the time of emergence of the first seasonally sea-ice-free Arctic52°3 (below 1 million km? in
September) in the raw and the calibrated SIE time series in the model ensembles show prospects of a 9—11-year delay
of the ‘likely’ (in IPCC®* terms) probability (P > 0.66) of a September ice-free Arctic, such that an ice-free summer
before 2050 is ‘as likely as not’ (in IPCC terms 0.33 < P < 0.66) (Fig. 5c; Methods). This result is in contrast to
estimates from previous studies that project ice-free September as early as mid-century®3. Our results are also at odds
with a recent study, where the authors used Arctic temperatures as an emergent constraint on ice-free projections in
CMIP6 (ref. 40).”).

35 Bonan D. B., Schneider T., Eisenman I., & Wills R. C. J. (2021) Constraining the Date of a Seasonally Ice-Free
Arctic Using a Simple Model, GEOPHYS. RES. LETT. 48(18): 1-12, 1 (“Under a high-emissions scenario, an ice-free
Acrctic will likely (>66% probability) occur between 2036 and 2056 in September and between 2050 and 2068 from
July to October. Under a medium-emissions scenario, the “likely” date occurs between 2040 and 2062 in September
and much later in the 21st century from July to October.”). However, findings of ice-free September Arctic sea ice
may be too early by a decade if models are not properly accounting for larger changes in atmospheric circulation,
according to Topal D. & Ding Q. (2023) Atmospheric circulation-constrained model sensitivity recalibrates Arctic
climate projections, NAT. CLIM. CHANG. 1-9, 5 (“To showcase our point, we use the abovementioned method to
constrain the timing of the first sea-ice-free September in the SMILEs and CMIP6 models. The cumulative probability
density functions (CDFs) corresponding to the time of emergence of the first seasonally sea-ice-free Arctic52°3 (below
1 million km? in September) in the raw and the calibrated SIE time series in the model ensembles show prospects of
a 9-11-year delay of the ‘likely’ (in IPCC> terms) probability (P > 0.66) of a September ice-free Arctic, such that an
ice-free summer before 2050 is “as likely as not’ (in IPCC terms 0.33 <P < 0.66) (Fig. 5¢; Methods). This result is in
contrast to estimates from previous studies that project ice-free September as early as mid-century®3. Our results are
also at odds with a recent study, where the authors used Arctic temperatures as an emergent constraint on ice-free
projections in CMIP6 (ref. 40).”).
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3 pistone K., Eisenman I., & Ramanathan V. (2019) Radiative Heating of an Ice-Free Arctic Ocean, GEOPHYS. RES.
LETT. 46(13): 74747480, 7477 (“This heating of 0.71 W/m? is approximately equivalent to the direct radiative effect
of emitting one trillion tons of CO; into the atmosphere (see calculation in Appendix A). As of 2016, an estimated 2.4
trillion tons of CO; have been emitted since the preindustrial period due to both fossil fuel combustion (1.54 trillion
tons) and land use changes (0.82 trillion tons), with an additional 40 billion tons of CO, per year emitted from these
sources during 2007-2016 (Le Quéré et al., 2018). Thus, the additional warming due to the complete loss of Arctic
sea ice would be equivalent to 25 years of global CO; emissions at the current rate.”). See also Institute for Governance
& Sustainable Development (2019) Plain Language Summary of Pistone K., et al.

37 Wadhams P. (2017) A FAREWELL TO ICE: A REPORT FROM THE ARCTIC, Oxford University Press, 107108 (“Warm
air over an ice-free Arctic also causes the snowline to retreat. ... This of the same magnitude as the sea ice negative
anomaly during the same period, and the change in albedo is roughly the same between snow-covered land and snow-
free tundra as it is between sea ice and open water. Nobody has yet published the calculations for tundra as Pistone
and her colleagues did for sea ice, but the similarity of the magnitudes means that snowline retreat and sea ice retreat
are each adding about the same amount to global warming.”).

3 National Snow & Ice Data Center, The Sun sets on the Arctic melt season (last visited 21 November 2023) (“On
September 10, 2023, Antarctic extent reached an annual maximum of 16.96 million square kilometers (6.55 million
square miles). This year’s maximum was 1.03 million square kilometers (398,000 square miles) below the previous
record low set in 1986. There is growing evidence that the Antarctic sea ice system has entered a new regime, featuring
a much stronger influence of warm ocean waters limiting ice growth (Figure 5b).”). See also Hobbs W., Spence P.,
Meyer A., Schroeter S., Fraser A. D., Reid P., Tian T. R., Wang Z., Liniger G., Doddridge E. W., & Boyd P. W.
(2024) Observational Evidence for a Regime Shift in Summer Antarctic Sea Ice, J. CLIM. 37(7): 2263-2275,2272 (“In
the last 15 years, summer Antarctic sea ice variability has been significantly greater than the earlier satellite record.
This increased variance is tied to a marked increase in month-to-month sea ice autocorrelation. These changes, along
with changes in the spatial variance of Antarctic sea ice shown by Schroeter et al. (2023), are all consistent with
theoretical precursors of a transition to a new sea ice state.”); and Gilbert E. (29 January 2024) Why 2023 was such
an exceptional year for Antarctic sea ice, CARBON BRIEF (“Although current sea ice extent is no longer the lowest on
record, conditions are still well below the 1981-2010 average, and this situation may well persist into the 2024 melt
season. So, while it is too early to say conclusively that the recent sea-ice lows are the beginning of a regime shift in
Antarctic sea ice, it seems inevitable that it will eventually decline in response to human-caused climate change.”).

39 National Snow & Ice Data Center (4 March 2024) Leaping toward spring (“Antarctic sea ice extent appears to have
reached its seasonal minimum, ending up as tied with 2022 for second lowest in the satellite data record, just above
2023. Thus, the last three years are the three lowest in the 46-year record and the first three years that reached an
extent below 2.0 million square kilometers (772,000 square miles). Having three such years in a row is unusual.”).

40 Gatti L. V., et al. (2021) Amazonia as a carbon source linked to deforestation and climate change, NATURE
595(7867): 388-393, 388 (“Southeastern Amazonia, in particular, acts as a net carbon source (total carbon flux minus
fire emissions) to the atmosphere. Over the past 40 years, eastern Amazonia has been subjected to more deforestation,
warming and moisture stress than the western part, especially during the dry season... the intensification of the dry
season and an increase in deforestation seem to promote ecosystem stress, increase in fire occurrence, and higher
carbon emissions in the eastern Amazon. This is in line with recent studies that indicate an increase in tree mortality
and a reduction in photosynthesis as a result of climatic changes across Amazonia.”). See also Brienen R. J. W, et al.
(2015) Long-term decline of the Amazon carbon sink, NATURE 519(7543): 344-348, 344 (“While this analysis
confirms that Amazon forests have acted as a long-term net biomass sink, we find a long-term decreasing trend of
carbon accumulation. Rates of net increase in above-ground biomass declined by one-third during the past decade
compared to the 1990s. This is a consequence of growth rate increases levelling off recently, while biomass mortality
persistently increased throughout, leading to a shortening of carbon residence times.”).

4 Lovejoy T. E. & Nobre C. (2018) dmazon’s Tipping Point, SCI. ADV. 4(2): eaat2340, 1 (“We believe that negative
synergies between deforestation, climate change, and widespread use of fire indicate a tipping point for the Amazon
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system to flip to nonforest ecosystems in eastern, southern and central Amazonia at 20-25% deforestation.”). See also
Hoegh-Guldberg O., et al. (2018) Chapter 3: Impacts of 1.5 °C of Global Warming on Natural and Human Systems,
in GLoBAL WARMING OF 1.5 °C, Special Report of the Intergovernmental Panel on Climate Change, Masson-
Delmotte V., et al. (eds.), 3-263 (“Global warming of 3°C is projected to reduce the extent of tropical rainforest in
Central America, with biomass being reduced by about 40%, which can lead to a large replacement of rainforest by
savanna and grassland (Lyra et al., 2017). Overall, modelling studies (Huntingford et al., 2013; Nobre et al., 2016)
and observational constraints (Cox et al., 2013) suggest that pronounced rainforest dieback may only be triggered at
3°C—4°C (medium confidence), although pronounced biomass losses may occur at 1.5°C— 2°C of global warming.”);
and Lenton T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J. (2019)
Climate tipping points—too risky to bet against, Comment, NATURE 575: 592-595, 593 (“Estimates of where an
Amazon tipping point could lie range from 40% deforestation to just 30% forest-cover loss. About 17% has been lost
since 1970. The rate of deforestation varies with changes in policy. Finding the tipping point requires models that
include deforestation and climate change as interacting drivers, and that incorporate fire and climate feedbacks as
interacting tipping mechanisms across scales.”).

42 Scientists Elena Shevliakova and Stephen Pacala presented their preliminary analysis at a Princeton conference on
safequarding the Amazon: see Makhijani P. (23 October 2019) 4 world without the Amazon? Safeguarding the Earth’s
largest rainforest is focus of Princeton conference, PRINCETON UNIVERSITY (“Building on the earlier work of Brazilian
climate scientists such as Carlos Nobre, who spoke at the conference, Shevliakova and Pacala modeled the climate
impacts by 2050 of deforesting the whole of the Amazon and replacing it with pasture. If the Amazon disappears
altogether, even in the scenario in which the world is able to slash its carbon emissions, average temperatures
worldwide would rise 0.25°C beyond the expected increase, the scientists noted. “We will be less likely to reach Paris
Agreement goals, including climate change stabilization under 1.5°C,” Shevliakova said. In the Amazonian region,
the model indicated that by completely eliminating the forest, the region would get up to 4.5°C hotter, making it
practically uninhabitable. The effect on rainfall would be equally catastrophic: on average, it would rain 25% less in
Brazil. As Shevliakova stated, “It’s a bad story any way you look at it.”””’). See also Cuadros A. (4 January 2023) Has
the Amazon Reached Its ‘Tipping Point’?, THE NEW YORK TIMES (“For all the slashing and burning of recent years,
the ecosystem still stores about 120 billion tons of carbon in its trunks, branches, vines and soil — the equivalent of
about ten years of human emissions. If all of that carbon is released, it could warm the planet by as much as 0.3 degrees
Celsius. According to the Princeton ecologist Stephen Pacala, this alone would probably make the Paris Agreement
— the international accord to limit warming since preindustrial times to 2 degrees — “impossible to achieve.” Which,
in turn, may mean that other climate tipping points are breached around the world. As the British scientist Tim Lenton
put it to me, “The Amazon feeds back to everything.”); and Armstrong McKay D. I. & Loriani S. (eds.) (2023) Section
1: Earth systems tipping points, in GLOBAL TIPPING POINTS REPORT 2023, Lenton T. M., et al. (eds.), 41 (“An Amazon
tipping point would have global impacts from possibly large losses of carbon to the atmosphere. The best estimates
suggest that a large-scale collapse of 40 per cent of the forest before the end of this century could lead to emissions of
~30 GtC and an additional global warming of ~0.1°C (Armstrong McKay et al., 2022).”).

43 Forster P. M., et al. (2023) Indicators of Global Climate Change 2022: annual update of large-scale indicators of
the state of the climate system and human influence, EARTH SYST. Sci. DATA 15(6): 2295-2327, 2313, 2312-2313
(Table 7 gives remaining carbon budget for a 50% likelihood to limit global warming to 1.5°C of 250 GtCO, (values
rounded to closes 50 GtCO,); “The GCB updates have previously started from the AR6 WGI estimate and subtracted
the latest estimates of historical CO, emissions. The RCB estimates presented here consider the same updates in
historical CO; emissions from the GCB as well as the latest available quantification of human-induced warming to
date and a reassessment of non-CO, warming contributions. ... RCB estimates consider projected reductions in non-
CO; emissions that are aligned with a global transition to net zero CO, emissions. These estimates assume median
reductions in non-CO; emissions between 2020—-2050 of CH4 (50 %), N2O (25 %) and SO; (77 %). If these non-CO;
greenhouse gas emission reductions are not achieved, the RCB will be smaller (see Supplement, Sect. S8). Note that
the 50 % RCB is expected to be exhausted a few years before the 1.5 °C global warming level is reached due to the
way it factors future warming from non-CO; emissions into its estimate.”). Compare with Friedlingstein P., et al.
(2022) Global Carbon Budget 2022, EARTH SYST. Scl. DATA 14(11): 4811-4900, 4814 (“The remaining carbon
budget for a 50 % likelihood to limit global warming to 1.5, 1.7, and 2 =C has, respectively, reduced to 105 GtC (380
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GtCOy), 200 GtC (730 GtCOy), and 335 GtC (1230 GtCOy) from the beginning of 2023, equivalent to 9, 18, and 30
years, assuming 2022 emissions levels.”).

4 Forster P. M., et al. (2023) Indicators of Global Climate Change 2022: annual update of large-scale indicators of
the state of the climate system and human influence, EARTH SyST. Scl. DATA 15(6): 2295-2327, 2312 (“The RCB is
estimated by application of the WGI AR6 method described in Rogelj et al. (2019), which involves the combination
of the assessment of five factors: (i) the most recent decade of human-induced warming, (ii) the transient climate
response to cumulative emissions of CO; (TCRE), (iii) the zero emissions commitment (ZEC), (iv) the temperature
contribution of non-CO; emissions and (v) an adjustment term for Earth system feedbacks that are otherwise not
captured through the other factors. AR6 WGI reassessed all five terms (Canadell et al., 2021). The incorporation of
factor (v) was further considered by Lamboll and Rogelj (2022).”).

4 Canadell J. G., et al. (2021) Chapter 5: Global Carbon and other Biogeochemical Cycles and Feedbacks, in
CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BAsIS, Contribution of Working Group | to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 5-739 (“The
applicability of the linear feedback framework (Section 5.4.5.5) suggests that large-scale biogeochemical feedbacks
are approximately linear in the forcing from changes in CO, and climate. Nevertheless, regionally the biosphere is

known to be capable of producing abrupt changes or even ‘tipping points’ (Higgins and Scheiter, 2012; Lasslop et al.,
2016).”).

4 Canadell J. G., et al. (2021) Chapter 5: Global Carbon and other Biogeochemical Cycles and Feedbacks, in
CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BAsIS, Contribution of Working Group | to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 5-67 (“There is low
confidence in the estimate of the non-CO; biogeochemical feedbacks, due to the large range in the estimates of a for
some individual feedbacks (Figure 5.29c), which can be attributed to the diversity in how models account for these
feedbacks, limited process-level understanding, and the existence of known feedbacks for which there is not sufficient
evidence to assess the feedback strength.”). See also Chen D., Rojas M., Samset B. H., Cobb K., Diongue Niang A.,
Edwards P., Emori S., Faria S. H., Hawkins E., Hope P., Huybrechts P., Meinshausen M., Mustafa S. K., Plattner G.-
K., & Tréguier A.-M. (2021) Chapter 1: Framing, Context and Methods, in CLIMATE CHANGE 2021: THE PHYSICAL
SCIENCE BAsis, Contribution of Working Group 1 to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change, Masson-Delmotte V., et al. (eds.), 202 (“Such paleoclimate evidence has even fuelled concerns that
anthropogenic GHGs could tip the global climate into a permanent hot state (Steffen et al., 2018). However, there is
no evidence of such non-linear responses at the global scale in climate projections for the next century, which indicate
a near-linear dependence of global temperature on cumulative GHG emissions (Section 1.3.5, Chapter 5, Section 5.5
and Chapter 7, Section 7.4.3.1). At the regional scale, abrupt changes and tipping points, such as Amazon forest
dieback and permafrost collapse, have occurred in projections with Earth System Models (Drijfhout et al., 2015;
Bathiany et al., 2020; Chapter 4, Section 4.7.3). In such simulations, tipping points occur in narrow regions of
parameter space (e.g., CO, concentration or temperature increase), and for specific climate background states. This
makes them difficult to predict using ESMs relying on parmeterizations of known processes. In some cases, it is
possible to detect forthcoming tipping points through time-series analysis that identifies increased sensitivity to
perturbations as the tipping point is approached (e.g., ‘critical slowing-down’, Scheffer et al., 2012).”); Bathiany S.,
Hidding J., & Scheffer M. (2020) Edge Detection Reveals Abrupt and Extreme Climate Events, J. CLIM. 33(15): 6399—
6421, 6416 (“Despite their societal relevance, our knowledge about the risks of future abrupt climate shifts is far from
robust. Several important aspects are highly uncertain: future greenhouse gas emissions (scenario uncertainty), the
current climate state (initial condition uncertainty), the question whether and how to model specific processes
(structural uncertainty), and what values one should choose for parameters appearing in the equations (parametric
uncertainty). Such uncertainties can be explored using ensemble simulations. For example, by running many
simulations with different combinations of parameter values a perturbed-physics ensemble can address how parameter
uncertainty affects the occurrence of extreme events (Clark et al. 2006). This strategy can be particularly beneficial
for studying abrupt events as well since abrupt shifts are associated with region-specific processes, whereas models
are usually calibrated to produce a realistic global mean climate at the expense of regional realism (Mauritsen et al.
2012; McNeall et al. 2016). The currently available model configurations are therefore neither reliable nor sufficient
to assess the risk of abrupt shifts (Drijfhout et al. 2015). It is hence very plausible that yet-undiscovered tipping points

69


https://essd.copernicus.org/articles/15/2295/2023/
https://essd.copernicus.org/articles/15/2295/2023/
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter05.pdf
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter05.pdf
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Chapter01.pdf
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://journals.ametsoc.org/view/journals/clim/33/15/JCLI-D-19-0449.1.xml

can occur in climate models.”); Mclntyre M. E. (2023) Climate tipping points: A personal view, PHYSICS TODAY
76(3), 4449, 4546 (‘“Nearly all the climate system’s real complexity is outside the scope of any model, whether it’s
a global climate model that aims to represent the climate system as a whole or a model that only simulates the carbon
cycle, ice flow, or another subsystem.... Changes taking only a few years are almost instantaneous from a climate-
system perspective. They’re a warning to take seriously the possibility of tipping points in the dynamics of the real
climate system.® The warning is needed because some modelers have argued that tipping points are less probable for
the real climate system than for the simplified, low-order climate models studied by dynamic-systems researchers.?
Other researchers, however, have suggested that such a tipping point may be reached sometime in the next few decades
or even sooner.®” Some of its mechanisms resemble those of the Dansgaard—Oeschger warmings and would suddenly
accelerate the rate of disappearance of Arctic sea ice. As far as | am aware, no such tipping points have shown up in
the behavior of the biggest and most sophisticated climate models. The suggested tipping-point behavior depends on
fine details that are not well resolved in the models, including details of the sea ice and the layering of the upper ocean.
Also of concern are increases in the frequency and intensity of destructive weather extremes. Such increases have
already been observed in recent years. Climate scientists are asking how much further the increases will go and
precisely how they will develop. That question is, of course, bound up with the question of tipping points. A failure
to simulate many of the extremes themselves, especially extremes of surface storminess, must count as another
limitation of the climate models. The reasons are related to the resolution constraints of climate models.”); Spratt D.
(19 April 2023) Faster than forecast, climate impacts trigger tipping points in the Earth system, BULLETIN OF THE
ATOMIC SCIENTISTS (“While observed warming has been close to climate model projections, the impacts have in many
instances been faster and even more extreme than the models forecasted. William Ripple and his co-
researchers show that many positive feedbacks are not fully accounted for in climate models.... In September 2022,
Stockholm University’s David Armstrong McKay and his colleagues concluded that even global warming of 1-degree
Celsius risks triggering some tipping points, just one data point in an alarming mountain of research on tipping points
presented in the last year and a half.... Speaking in 2018, Steffen said that the dominant linear, deterministic framework
for assessing climate change is flawed, especially at higher levels of temperature rise. Model projections that don’t
include these feedback and cascading processes “become less useful at higher temperature levels... or, as my co-
author John Schellnhuber says, we are making a big mistake when we think we can ‘park’ the Earth System at any
given temperature rise — say 2°C — and expect it to stay there.”); and Spratt D. & Dunlop I. (2017) What lies beneath?
The scientific understatement of climate risks, 21 (“As discussed above, climate models are not yet good at dealing
with tipping points. This is partly due to the nature of tipping points, where a particular and complex confluence of
factors abruptly change a climate system characteristic and drive it to a different state. To model this, all the
contributing factors and their forces have to be well identified, as well as their particular interactions, plus the
interactions between tipping points. Researchers say that “complex, nonlinear systems typically shift between
alternative states in an abrupt, rather than a smooth manner, which is a challenge that climate models have not yet
been able to adequately meet.”).

47 Forster P., Rosen D., Lamboll R., & Rogelj J. (11 November 2022) Guest post: What the tiny remaining 1.5C carbon
budget means for climate policy, CARBON BRIEF (“The latest estimates from the Global Carbon Project (GCP) show
that total worldwide CO2 emissions in 2022 have reached near-record levels. The GCP’s estimates put the remaining
carbon budget for 1.5C — specifically, the amount of CO2 that can still be emitted for a 50% chance of staying below
1.5C of warming — at 380bn tonnes of CO2 (GtCO2). At the current rate of emissions, this budget would be blown in
just nine years. While that is a disconcertingly short amount of time, the budget for 1.5C may actually be even tighter.
Combining the latest insights from the Intergovernmental Panel on Climate Change (IPCC) with the GCP’s data, we
estimate that the remaining 1.5C carbon budget could be just 260GtCO2 — around 120GtCO2 smaller. If emissions
continued at current levels, this budget would run out in around six and half years.”).

48 Armstrong McKay D. 1., Staal A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer 1., Cornell S.
E., Rockstrom J., & Lenton T. M. (2022) Exceeding 1.5°C global warming could trigger multiple climate tipping
points, SCIENCE 377(6611): 1-10, 7 (“Current warming is ~1.1°C above preindustrial and even with rapid emission
cuts warming will reach ~1.5°C by the 2030s (23). We cannot rule out that WAIS [West Antarctic Ice Sheet] and GrlIS
[Greenland Ice Sheet] tipping points have already been passed (see above) and several other tipping elements have
minimum threshold values within the 1.1 to 1.5°C range. Our best estimate thresholds for GrIS, WAIS, REEF [low-
latitude coral reefs], and North Atlantic subpolar gyre / Labrador-lIrminger Sea convection abrupt permafrost thaw
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(PFAT) are ~1.5°C although WAIS and GrlS collapse may still be avoidable if GMST [Global Mean Surface
Temperature] returns below 1.5°C within an uncertain overshoot time (likely decades) (94). ... The chance of
triggering CTPs [Climate tipping points] is already non-negligible and will grow even with stringent climate
mitigation (SSP1-1.9 in Fig. 2, B and C). Nevertheless, achieving the Paris Agreement’s aim to pursue efforts to limit
warming to 1.5°C would clearly be safer than keeping global warming below 2°C (90) (Fig. 2). Going from 1.5 to 2°C
increases the likelihood of committing to WAIS and GrIS collapse near complete warm-water coral die-off, and abrupt
permafrost thaw; further, the best estimate threshold for LABC [North Atlantic subpolar gyre / Labrador-Irminger Sea
convection] collapse is crossed. The likelihood of triggering AMOC [Atlantic Meridional Overturning Circulation]
collapse, Boreal forest shifts, and extra-polar glacier loss becomes non-negligible at >1.5°C and glacier loss becomes
likely by ~2°C. A cluster of abrupt shifts occur in ESM [Earth System Models] at 1.5 to 2°C (19). Although not tipping
elements, ASSI [Arctic Summer Sea Ice] loss could become regular by 2°C, gradual permafrost thaw would likely
become widespread beyond 1.5°C, and land carbon sink weakening would become significant by 2°C.”).

49 Lenton T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J. (2019)
Climate tipping points—too risky to bet against, Comment, NATURE 575(7784): 592-595, 592 (“Models suggest that
the Greenland ice sheet could be doomed at 1.5 °C of warming3, which could happen as soon as 2030. ... The world’s
remaining emissions budget for a 50:50 chance of staying within 1.5 °C of warming is only about 500 gigatonnes (Gt)
of CO,. Permafrost emissions could take an estimated 20% (100 Gt CO>) off this budget, and that’s without including
methane from deep permafrost or undersea hydrates. If forests are close to tipping points, Amazon dieback could
release another 90 Gt CO; and boreal forests a further 110 Gt CO,. With global total CO; emissions still at more than
40 Gt per year, the remaining budget could be all but erased already. ...We argue that the intervention time left to
prevent tipping could already have shrunk towards zero, whereas the reaction time to achieve net zero emissions is 30
years at best. Hence we might already have lost control of whether tipping happens. A saving grace is that the rate at
which damage accumulates from tipping — and hence the risk posed — could still be under our control to some
extent.”). See also Ripple W. J., Wolf C., Newsome T. M., Gregg J. W., Lenton T. M., Palomo 1., Eikelboom J. A. J.,
Law B. E., Hug S., Duffy P. B., & Rockstrém J. (2021) World Scientists’ Warning of a Climate Emergency 2021,
BIOSCIENCE: biab079, 1-5, 1 (“There is also mounting evidence that we are nearing or have already crossed tipping
points associated with critical parts of the Earth system, including the West Antarctic and Greenland ice sheets, warm-
water coral reefs, and the Amazon rainforest.”).

0 Steffen W., et al. (2018) Trajectories of the Earth System in the Anthropocene, PROC. NAT’L. ACAD. Sci. 115(33):
8252-8259, 8253, 8256 (“Earth System dynamics can be described, studied, and understood in terms of trajectories
between alternate states separated by thresholds that are controlled by nonlinear processes, interactions, and feedbacks.
Based on this framework, we argue that social and technological trends and decisions occurring over the next decade
or two could significantly influence the trajectory of the Earth System for tens to hundreds of thousands of years and
potentially lead to conditions that resemble planetary states that were last seen several millions of years ago, conditions
that would be inhospitable to current human societies and to many other contemporary species.... Hothouse Earth is
likely to be uncontrollable and dangerous to many, particularly if we transition into it in only a century or two, and it
poses severe risks for health, economies, political stability (12, 39, 49, 50) (especially for the most climate vulnerable),
and ultimately, the habitability of the planet for humans.”).

51 Rockstrom J., et al. (2021) Identifying a Safe and Just Corridor for People and the Planet, EARTH’S FUTURE 9(4):
1-7, 2 (“Critical to achieving a full integration of ‘safe’ and ‘just’ is to scientifically assess a safe and just corridor for
human development on Earth (Figure 1), which we define as follows: Safe Earth system targets are those where
biophysical stability of the Earth system is maintained and enhanced over time, thereby safeguarding its functions and
ability to support humans and all other living organisms. Just Earth system targets are those where nature's benefits,
risks, and related responsibilities are eg-uitably shared among all human beings in the world. A safe and just corridor
for people and the planet is where safe and just Earth system target ranges overlap. This corridor bounds pathways of
future human development that are both safe and just over time. This safe and just corridor will provide high-level
“outcome” goals and the context for companies, cities, governments, and other actors who want to take action by
operationalizing scientifically guided sustainability in their ventures (Andersen et al., 2020). Safe and just also implies
that the Earth's natural resources, such as budgets for carbon, nutrients, water, and land, are finite (defined by safety)
and have to be shared between people and with nature.”). See also Méller T., Hogner A., Schleussner C.-F., Bien S.,
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Kitzmann N., Lamboll R., Rogelj J., Donges J., Rockstrom J., & Wunderling N. (2023) Achieving net zero greenhouse
gas emissions critical to limit climate tipping risks, NATURE PORTFOLIO (preprint), 1-29, 12 (“Our study reveals that
under a pathway following current climate policies, tipping risks until 2300 are high (median 45 %) and increase even
further in the long-term (median 76 %). Pledged NDCs under the UNFCCC in 2020 fail to adhere to the Paris
Agreement LTTG, and are insufficient to constrain tipping risks (median 30 % until 2300). Overshoots with peak
temperatures above 1.8 °C lead to very steep tipping risk gradients of more than 5 % per 0.1 °C time-averaged
temperature increase during the overshoot above 1.5 °C. This confirms the importance of reaching at least NZGHG
emissions in the second half of the 21st century and returning GMT to below 1.5 °C by 2100.”).

52 Earth Commission (31 May 2023) A just world on a safe planet: First study quantifying Earth System Boundaries
live (“Safe: 1.5°C to avoid high likelihood of multiple climate tipping points. NOT YET BREACHED; Just: 1°C to
avoid high exposure to significant harm from climate change. BREACHED AT 1.2°C; Safe and Just: 1°C ”);
discussing Rockstrom J., et al. (2023) Safe and just Earth system boundaries, NATURE 619: 102-111.

%3 Arias P. A., et al. (2021) Technical Summary, in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BASIS,
Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Masson-Delmotte V., et al. (eds.), TS-9 (“Timing of crossing 1.5°C global warming: Slightly different approaches are
used in SR1.5 and in this Report. SR1.5 assessed a likely range of 2030 to 2052 for reaching a global warming level
of 1.5°C (for a 30-year period), assuming a continued, constant rate of warming. In ARG, combining the larger estimate
of global warming to date and the assessed climate response to all considered scenarios, the central estimate of crossing
1.5°C of global warming (for a 20-year period) occurs in the early 2030s, ten years earlier than the midpoint of the
likely range assessed in the SR1.5, assuming no major volcanic eruption. (TS.1.3, Cross-Section Box TS.1)”).

5 Xu Y., Ramanathan V., & Victor D. G. (2018) Global warming will happen faster than we think, NATURE
564(7734): 30-32, 31 (“In 2017, industrial carbon dioxide emissions are estimated to have reached about 37
gigatonnes?. This puts them on track with the highest emissions trajectory the IPCC has modelled so far. This dark
news means that the next 25 years are poised to warm at a rate of 0.25-0.32 °C per decade®. That is faster than the
0.2 °C per decade that we have experienced since the 2000s, and which the IPCC used in its special report.”). See also
Hansen J. E., Sato M., Simons L., Nazarenko L. S., Sangha I., Kharecha P., Zachos J. C., von Schuckmann K., Loeb
N. G., Osman M. B., Jin Q., Tselioudis G., Jeong E., Lacis A., Ruedy R., Russell G., Cao J., & Li J. (2023) Global
warming in the pipeline, OXF. OPEN CLIM. CHANGE 3(1): 1-33, 21 (“With current policies, we expect climate forcing
for a few decades post-2010 to increase 0.5-0.6 W/m? per decade and produce global warming of at least +0.27°C per
decade. In that case, global warming will reach 1.5°C in the 2020s and 2°C before 2050 (Fig. 24). Such acceleration
is dangerous in a climate system that is already far out of equilibrium and dominated by multiple amplifying
feedbacks.” ... Figure 25 caption reads “Edges of the predicted post-2010 accelerated warming rate (see text) are 0.36
and 0.27°C per decade.”); and Ritchie P. D. L., Alkhayuon H., Cox P. M., & Wieczorek S. (2023) Rate-induced
tipping in natural and human systems, EARTH SysT. DYNAM. 14(3): 669683, 669670 (“Large and abrupt changes
in the state of an open system may occur when the external forcing exceeds some critical level (Scheffer, 2010; Lenton,
2011; Kuehn, 2011). The points in time, or in the level of forcing, at which such changes occur are commonly referred
to as bifurcationinduced tipping points (Ashwin et al., 2012). They have been identified in many domains, including
ecosystems (Scheffer et al., 1993, 2001, 2009; Siteur et al., 2014; Dakos et al., 2019; Pierini and Ghil, 2021) and the
human brain (Rinzel and Ermentrout, 1998; Moehlis, 2008; Screen and Simmonds, 2010; Mitry et al., 2013; Maturana
et al., 2020), and are of particular concern under anthropogenic climate change (Lenton et al., 2008; Ashwin and von
der Heydt, 2020; Arias et al., 2021; Ritchie et al., 2021; Boers and Rypdal, 2021; Boulton et al., 2022). Furthermore,
it has recently been recognised that critical levels can be exceeded temporarily without causing tipping (van der Bolt
et al., 2018; Ritchie et al., 2019; Alkhayuon et al., 2019; O’Keeffe and Wieczorek, 2020). This occurs when the time
of exceedance is short compared to the inherent timescale of the system (O’Keeffe and Wieczorek, 2020; Ritchie et
al., 2021; Alkhayuon et al., 2023). However, there is another, less obvious potential consequence of changes in
external forcing. When an external forcing changes faster than some critical rate rather than necessarily by a large
amount, this can lead to rate-induced tipping points (Stocker and Schmittner, 1997; Luke and Cox, 2011; Wieczorek
et al., 2011; Ashwin et al., 2012; Ritchie and Sieber, 2016; Siteur et al., 2016; Suchithra et al., 2020; Arumugam et
al., 2020; Pierini and Ghil, 2021; Wieczorek et al., 2023; Longo et al., 2021; Kuehn and Longo, 2022; Kaur and
Sharathi Dutta, 2022; Hill etal., 2022; Arnscheidt and Rothman, 2022). In contrast to bifurcationinduced tipping, rate-
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induced tipping occurs due to fastenough changes in external forcing and usually does not exceed any critical levels
as a result of external forcing. Such tipping points are much less widely known and yet are arguably even more relevant
to contemporary issues such as climate change (Lohmann and Ditlevsen, 2021; Clarke et al., 2021; O’Sullivan et al.,
2022), ecosystem collapse (Scheffer et al., 2008; Vanselow et al., 2019; van der Bolt and van Nes, 2021; Neijnens et
al., 2021; Vanselow et al., 2022), and the resilience of human systems (Witthaut et al., 2021).”).

% Hansen J. E., Sato M., Simons L., Nazarenko L. S., Sangha I., Kharecha P., Zachos J. C., von Schuckmann K., Loeb
N. G., Osman M. B., Jin Q., Tselioudis G., Jeong E., Lacis A., Ruedy R., Russell G., Cao J., & Li J. (2023) Global
warming in the pipeline, OXF. OPEN CLIM. CHANGE 3(1): 1-33, 21 (“With current policies, we expect climate forcing
for a few decades post-2010 to increase 0.5-0.6 W/m? per decade and produce global warming of at least +0.27°C per
decade. In that case, global warming will reach 1.5°C in the 2020s and 2°C before 2050 (Fig. 24). Such acceleration
is dangerous in a climate system that is already far out of equilibrium and dominated by multiple amplifying
feedbacks.” ... Figure 25 caption reads “Edges of the predicted post-2010 accelerated warming rate (see text) are 0.36
and 0.27°C per decade.”).

% Xu Y., Ramanathan V., & Victor D. G. (2018) Global warming will happen faster than we think, Comment, NATURE
564(7734): 30-32, 30-31 (“But the latest IPCC special report underplays another alarming fact: global warming is
accelerating. Three trends—rising emissions, declining air pollution and natural climate cycles—will combine over
the next 20 years to make climate change faster and more furious than anticipated. In our view, there’s a good chance
that we could breach the 1.5 °C level by 2030, not by 2040 as projected in the special report (see ‘Accelerated
warming’). The climate-modelling community has not grappled enough with the rapid changes that policymakers care
most about, preferring to focus on longer-term trends and equilibria.”). Since Xu, Ramanathan, and Victor Comment
was published, the IPCC has updated its estimate for when 1.5 °C will be exceeded: see Arias P. A., et al. (2021)
Technical Summary, in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BAsIs, Contribution of Working Group | to
the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.),
TS-9 (“Timing of crossing 1.5°C global warming: Slightly different approaches are used in SR1.5 and in this Report.
SR1.5 assessed a likely range of 2030 to 2052 for reaching a global warming level of 1.5°C (for a 30-year period),
assuming a continued, constant rate of warming. In AR6, combining the larger estimate of global warming to date and
the assessed climate response to all considered scenarios, the central estimate of crossing 1.5°C of global warming
(for a 20-year period) occurs in the early 2030s, ten years earlier than the midpoint of the likely range assessed in the
SR1.5, assuming no major volcanic eruption. (TS.1.3, Cross-Section Box TS.1)”).

>’ These six tipping points, shown in Figure Error! Main Document Only., are the Greenland ice sheet, West Antarctic
ice sheet, low-latitude (warm water) coral reefs, abrupt permafrost thaw, abrupt loss of Barents Sea winter ice, and
collapse of the subpolar gyre (SPG) overturning circulation in the Labrador Sea. See Armstrong McKay D. I., Staal
A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer I., Cornell S. E., Rockstrém J., & Lenton T. M.
(2022) Exceeding 1.5°C global warming could trigger multiple climate tipping points, SCIENCE 377(6611): 1-10, 7
(“Going from 1.5 to 2°C increases the likelihood of committing to WAIS and GrIS collapse near complete warm-
water coral die-off, and abrupt permafrost thaw; further, the best estimate threshold for LABC collapse is crossed.
The likelihood of triggering AMOC collapse, Boreal forest shifts, and extra-polar glacier loss becomes non-negligible
at >1.5°C and glacier loss becomes likely by ~2°C.A cluster of abrupt shifts occur in ESMs at 1.5 to 2°C (19). Although
not tipping elements, ASSI loss could become regular by 2°C, gradual permafrost thaw would likely become
widespread beyond 1.5°C, and land carbon sink weakening would become significant by 2°C.”).

8 Here we distinguish between abrupt shifts, as in Drijfhout et al. (2015), and the more restrictive definition of “core
climate tipping points” defined by Armstrong McKay et al. (2022) as “when change in part of the climate system
becomes (i) selfperpetuating beyond (ii) a warming threshold as a result of asymmetry in the relevant feedbacks,
leading to (iii) substantial and widespread Earth system impacts.” For description of the eleven abrupt shifts, see
Drijthout S., Bathiany S., Beaulieu C., Brovkin V., Claussen M., Huntingford C., Scheffer M., Sgubin G., &
Swingedouw D. (2015) Catalogue of abrupt shifts in Intergovernmental Panel on Climate Change climate models,
PrROC. NAT’L. ACAD. Scl. 112(43): E5777-E5786, E5777, E5784 (“Abrupt transitions of regional climate in response
to the gradual rise in atmospheric greenhouse gas concentrations are notoriously difficult to foresee. However, such
events could be particularly challenging in view of the capacity required for society and ecosystems to adapt to them.
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We present, to our knowledge, the first systematic screening of the massive climate model ensemble informing the
recent Intergovernmental Panel on Climate Change report, and reveal evidence of 37 forced regional abrupt changes
in the ocean, sea ice, snow cover, permafrost, and terrestrial biosphere that arise after a certain global temperature
increase. Eighteen out of 37 events occur for global warming levels of less than 2°, a threshold sometimes presented
as a safe limit.”; 11 abrupt shifts are shown between 1.0-1.5°C in “Fig. 4. Abrupt shifts as a function of global
temperature increase. Shown are the number of abrupt climate changes occurring in the CMIP5 database for different
intervals of warming relative to the preindustrial climate.”). See also Wang S., Foster A., Lenz E. A., Kessler J. D.,
Stroeve J. C., Anderson L. O., Turetsky M., Betts R., Zou S., Liu W., Boos W. R., & Hausfather Z. (2023) Mechanisms
and Impacts of Earth System Tipping Elements, REvV. GEOPHYS. 61(e2021RG000757): 1-81, 48 (“Earth system
elements that this review indicates are at higher risk of crossing critical thresholds or undergoing substantial changes
in response to warming this century under moderate (RCP4.5) emissions scenarios include loss of Arctic summer sea
ice, loss of portions of the GIS, loss of portions of the West Antarctic Ice-sheet, Amazon rainforest dieback, boreal
forest ecosystem shifts, some permafrost carbon release, and coral reef loss (Figure 14). In contrast, methane release
from marine methane hydrates and strato-cumulus cloud deck evaporation will likely require longer timescales and
higher emissions forcing in order to occur at large scales, while disruptions of tropical monsoons may be contingent
on large shifts in other Earth system components and are unlikely to occur as a direct response to changes in aerosol
forcing or land cover (see Section 2.6). Critical thresholds for weakening of the AMOC remain unclear and a transition
of this system to a different state may not occur this century (see Section 2.1). While the GIS and WAIS may transgress
critical thresholds this century (see Section 2.3), timescales of ice loss may require many centuries to millennia to run
to completion (Bakker et al., 2016; Clark et al., 2016; Golledge et al., 2015; Huybrechts & De Wolde, 1999).”); Lenton
T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J. (2019) Climate
tipping points—too risky to bet against, Comment, NATURE 575(7784): 592595, 593 (“A further key impetus to limit
warming to 1.5 °C is that other tipping points could be triggered at low levels of global warming. The latest IPCC
models projected a cluster of abrupt shifts between 1.5 °C and 2 °C, several of which involve sea ice. This ice is
already shrinking rapidly in the Arctic....”); Arias P. A., etal. (2021) Technical Summary, in CLIMATE CHANGE 2021:
THE PHYSICAL SCIENCE BAsIs, Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), TS-71-TS-72 (“It is likely that under
stabilization of global warming at 1.5°C, 2.0°C, or 3.0°C relative to 1850-1900, the AMOC will continue to weaken
for several decades by about 15%, 20% and 30% of its strength and then recover to pre-decline values over several
centuries (medium confidence). At sustained warming levels between 2°C and 3°C, there is limited evidence that the
Greenland and West Antarctic Ice Sheets will be lost almost completely and irreversibly over multiple millennia; both
the probability of their complete loss and the rate of mass loss increases with higher surface temperatures (high
confidence). At sustained warming levels between 3°C and 5°C, near-complete loss of the Greenland Ice Sheet and
complete loss of the West Antarctic Ice Sheet is projected to occur irreversibly over multiple millennia (medium
confidence); with substantial parts or all of Wilkes Subglacial Basin in East Antarctica lost over multiple millennia
(low confidence). Early-warning signals of accelerated sea-level-rise from Antarctica, could possibly be observed
within the next few decades. For other hazards (e.qg., ice sheet behaviour, glacier mass loss and global mean sea level
change, coastal floods, coastal erosion, air pollution, and ocean acidification) the time and/or scenario dimensions
remain critical, and a simple and robust relationship with global warming level cannot be established (high
confidence)... The response of biogeochemical cycles to anthropogenic perturbations can be abrupt at regional scales
and irreversible on decadal to century time scales (high confidence). The probability of crossing uncertain regional
thresholds increases with climate change (high confidence). It is very unlikely that gas clathrates (mostly methane) in
deeper terrestrial permafrost and subsea clathrates will lead to a detectable departure from the emissions trajectory
during this century. Possible abrupt changes and tipping points in biogeochemical cycles lead to additional uncertainty
in 21st century atmospheric GHG concentrations, but future anthropogenic emissions remain the dominant uncertainty
(high confidence). There is potential for abrupt water cycle changes in some high-emission scenarios, but there is no
overall consistency regarding the magnitude and timing of such changes. Positive land surface feedbacks, including
vegetation, dust, and snow, can contribute to abrupt changes in aridity, but there is only low confidence that such
changes will occur during the 21st century. Continued Amazon deforestation, combined with a warming climate,
raises the probability that this ecosystem will cross a tipping point into a dry state during the 21st century (low
confidence).”); and Lee J.-Y., Marotzke J., Bala G., Cao L., Corti S., Dunne J. P., Engelbrecht F., Fischer E., Fyfe J.
C., Jones C., Maycock A., Mutemi J., Ndiaye O., Panickal S., & T. Zhou (2021) Chapter 4: Future Global Climate:
Scenario-Based Projections and Near-Term Information, in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BASIS,
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Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Masson-Delmotte V., et al. (eds.), 4-96 (Table 4.10 lists 15 components of the Earth system susceptible to tipping
points).

59 Lenton T. M., et al. (eds.) (2023) Summary Report, in GLOBAL TIPPING POINTS REPORT 2023, 13 (“Already, at
today’s 1.2°C global warming, tipping of warm-water coral reefs is likely and we cannot rule out that four other
systems may pass tipping points: the ice sheets of Greenland and West Antarctica, the North Atlantics Subpolar Gyre
circulation, and parts of the permafrost subject to abrupt thaw.”). See also Armstrong McKay D. I., Staal A., Abrams
J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer I., Cornell S. E., Rockstrém J., & Lenton T. M. (2022)
Exceeding 1.5°C global warming could trigger multiple climate tipping points, SCIENCE 377(6611): 1-10, 7 (“Current
warming is ~1.1°C above preindustrial and even with rapid emission cuts warming will reach ~1.5°C by the 2030s
(23). We cannot rule out that WAIS [West Antarctic ice sheet] and GrIS [Greenland ice sheet] tipping points have
already been passed (see above) and several other tipping elements have minimum threshold values within the 1.1 to
1.5°C range. Our best estimate thresholds for GrlS, WAIS, REEF, and abrupt permafrost thaw (PFAT) are ~1.5°C
although WAIS and GrlS collapse may still be avoidable if GMST [global mean surface temperature] returns below
1.5°C within an uncertain overshoot time (likely decades) (94). Setting aside achievability (and recognizing internal
climate variability of ~+0.1°C), this suggests that ~1°C is a level of global warming that minimizes the likelihood of
crossing CTPs [climate tipping points].”).

8 Intergovernmental Panel on Climate Change (2023) AR6 SYNTHESIS REPORT: CLIMATE CHANGE 2023, Contribution
of Working Groups I, 1l and 111 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Arias P., Bustamante M., Elgizouli I., Flato G., Howden M., Méndez C., Pereira J., Pichs-Madruga R., Rose S. K.,
Saheb Y., Sanchez R., Urge-Vorsatz D., Xiao C., & Yassaa N. (eds.), 36 (“At 2°C of global warming, overall risk
levels associated with the unequal distribution of impacts (RFC3), global aggregate impacts (RFC4) and large-scale
singular events (RFC5) would be transitioning to high (medium confidence), those associated with extreme weather
events (RFC2) would be transitioning to very high (medium confidence), and those associated with unique and
threatened systems (RFC1) would be very high (high confidence) (Figure 3.3, panel a). With about 2°C warming,
climate-related changes in food availability and diet quality are estimated to increase nutrition-related diseases and
the number of undernourished people, affecting tens (under low vulnerability and low warming) to hundreds of
millions of people (under high vulnerability and high warming), particularly among low-income households in low-
and middle-income countries in sub-Saharan Africa, South Asia and Central America (high confidence). For example,
snowmelt water availability for irrigation is projected to decline in some snowmelt dependent river basins by up to
20% (medium confidence). Climate change risks to cities, settlements and key infrastructure will rise sharply in the
mid- and long-term with further global warming, especially in places already exposed to high temperatures, along
coastlines, or with high vulnerabilities (high confidence).”; “RFC5: Large-scale singular events: relatively large,
abrupt and sometimes irreversible changes in systems caused by global warming, such as ice sheet instability or
thermohaline circulation slowing.”).

51 Drijfhout S., Bathiany S., Beaulieu C., Brovkin V., Claussen M., Huntingford C., Scheffer M., Sgubin G., &
Swingedouw D. (2015) Catalogue of abrupt shifts in Intergovernmental Panel on Climate Change climate models,
PrROC. NAT’L. ACAD. ScI. 112(43): E5777-E5786, E5784 (“Permafrost carbon release (51) and methane hydrates
release (52) were not expected in CMIP5 simulations, because of missing biogeochemical components in those models
capable of simulating such changes.”). See also Bathiany S., Hidding J., & Scheffer M. (2020) Edge Detection Reveals
Abrupt and Extreme Climate Events, J. CLIM. 33(15): 6399-6421, 6416 (“Despite their societal relevance, our
knowledge about the risks of future abrupt climate shifts is far from robust. Several important aspects are highly
uncertain: future greenhouse gas emissions (scenario uncertainty), the current climate state (initial condition
uncertainty), the question whether and how to model specific processes (structural uncertainty), and what values one
should choose for parameters appearing in the equations (parametric uncertainty). Such uncertainties can be explored
using ensemble simulations. For example, by running many simulations with different combinations of parameter
values a perturbed-physics ensemble can address how parameter uncertainty affects the occurrence of extreme events
(Clark et al. 2006). This strategy can be particularly beneficial for studying abrupt events as well since abrupt shifts
are associated with region-specific processes, whereas models are usually calibrated to produce a realistic global mean
climate at the expense of regional realism (Mauritsen et al. 2012; McNeall et al. 2016). The currently available model

75


https://global-tipping-points.org/summary-report/narrative-summary/
https://global-tipping-points.org/
http://www.science.org/doi/10.1126/science.abn7950
https://report.ipcc.ch/ar6syr/pdf/IPCC_AR6_SYR_LongerReport.pdf
http://www.pnas.org/content/112/43/E5777.abstract
https://journals.ametsoc.org/view/journals/clim/33/15/JCLI-D-19-0449.1.xml
https://journals.ametsoc.org/view/journals/clim/33/15/JCLI-D-19-0449.1.xml

configurations are therefore neither reliable nor sufficient to assess the risk of abrupt shifts (Drijfhout et al. 2015). It
is hence very plausible that yet-undiscovered tipping points can occur in climate models.”); Canadell J. G., et al.
(2021) Chapter 5: Global Carbon and other Biogeochemical Cycles and Feedbacks, in CLIMATE CHANGE 2021: THE
PHYSICAL SCIENCE BAsis, Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 5-78 (“There is low confidence in the estimate of the
non-CO; biogeochemical feedbacks, due to the large range in the estimates of a for some individual feedbacks (Figure
5.29¢), which can be attributed to the diversity in how models account for these feedbacks, limited process-level
understanding, and the existence of known feedbacks for which there is not sufficient evidence to assess the feedback
strength.”); and Permafrost Pathways, Course of Action: Mitigation Policy, Woodwell Climate Research Center (last
visited 14 February 2023) (“Depending on how hot we let it get, carbon emissions from Arctic permafrost thaw are
expected to be in the range of 30 to more than 150 billion tons of carbon (110 to more than 550 Gt CO5) this century,
with upper estimates on par with the cumulative emissions from the entire United States at its current rate. To put it
another way, permafrost thaw emissions could use up between 25 and 40 percent of the remaining carbon budget that
would be necessary to cap warming at the internationally agreed-upon 2 degrees Celsius global temperature threshold
established in the Paris Agreement.... Despite the enormity of this problem, gaps in permafrost carbon monitoring and
modeling are resulting in permafrost being left out of global climate policies, rendering our emissions targets
fundamentally inaccurate. World leaders are in a race against time to reduce emissions and prevent Earth's temperature
from reaching dangerous levels. The problem is, without including current and projected emissions from permafrost,
this race will be impossible to finish.... 82% [o]f IPCC models do not include carbon emissions from permafrost
thaw.”).

62 | enton T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J. (2019)
Climate tipping points—too risky to bet against, Comment, NATURE 575(7784): 592-595, 594 (“In our view, the
clearest emergency would be if we were approaching a global cascade of tipping points that led to a new, less habitable,
‘hothouse’ climate state’. Interactions could happen through ocean and atmospheric circulation or through feedbacks
that increase greenhouse-gas levels and global temperature.”). See also Wunderling N., Donges J. F., Kurths J., &
Winkelmann R. (2021) Interacting tipping elements increase risk of climate domino effects under global warming,
EARTH SYST.DYN. 12(2): 601-619, 614 (“In this study, we show that this risk increases significantly when considering
interactions between these climate tipping elements and that these interactions tend to have an overall destabilising
effect. Altogether, with the exception of the Greenland Ice Sheet, interactions effectively push the critical threshold
temperatures to lower warming levels, thereby reducing the overall stability of the climate system. The domino-like
interactions also foster cascading, non-linear responses. Under these circumstances, our model indicates that cascades
are predominantly initiated by the polar ice sheets and mediated by the AMOC. Therefore, our results also imply that
the negative feedback loop connecting the Greenland Ice Sheet and the AMOC might not be able to stabilise the
climate system as a whole.”); Klose A. K., Wunderling N., Winkelmann R., & Donges J. F. (2021) What do we mean,
‘tipping cascade’?, ENVIRON. RES. LETT. 16(12): 125011, 1-12, 1 (“Here we illustrate how different patterns of
multiple tipping dynamics emerge from a very simple coupling of two previously studied idealized tipping elements.
In particular, we distinguish between a two phase cascade, a domino cascade and a joint cascade. A mitigation of an
unfolding two phase cascade may be possible and common early warning indicators are sensitive to upcoming critical
transitions to a certain degree. In contrast, a domino cascade may hardly be stopped once initiated and critical slowing
down-based indicators fail to indicate tipping of the following element. These different potentials for intervention and
anticipation across the distinct patterns of multiple tipping dynamics should be seen as a call to be more precise in
future analyses of cascading dynamics arising from tipping element interactions in the Earth system.”); Rocha J. C.,
Peterson G., Bodin O., & Levin S. (2018) Cascading regime shifts within and across scales, SCIENCE 362(6421):
1379-1383, 1383 (“A key lesson from our study is that regime shifts can be interconnected. Regime shifts should not
be studied in isolation under the assumption that they are independent systems. Methods and data collection need to
be further developed to account for the possibility of cascading effects. Our finding that ~45% of regime shift
couplings can have structural dependence suggests that current approaches to environmental management and
governance underestimate the likelihood of cascading effects.”); and Intergovernmental Panel on Climate Change
(2023) AR6 SYNTHESIS REPORT: CLIMATE CHANGE 2023, Contribution of Working Groups I, 1l and 111 to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Arias P., Bustamante M., Elgizouli I., Flato
G., Howden M., Méndez C., Pereira J., Pichs-Madruga R., Rose S. K., Saheb Y., Sanchez R., Urge-Vorsatz D., Xiao
C., & Yassaa N. (eds.), 16 (“Human influence has likely increased the chance of compound extreme events since the
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1950s. Concurrent and repeated climate hazards have occurred in all regions, increasing impacts and risks to health,
ecosystems, infrastructure, livelihoods and food (high confidence). Compound extreme events include increases in the
frequency of concurrent heatwaves and droughts (high confidence); fire weather in some regions (medium confidence);
and compound flooding in some locations (medium confidence). Multiple risks interact, generating new sources of
vulnerability to climate hazards, and compounding overall risk (high confidence). Compound climate hazards can
overwhelm adaptive capacity and substantially increase damage (high confidence).”).

8 Armstrong McKay D. I. & Loriani S. (eds.) (2023) Section 1: Earth systems tipping points, in GLOBAL TIPPING
POINTS REPORT 2023, Lenton T. M., et al. (eds.), 101 (“Direct interactions between Greenland and West Antarctic ice
sheets via sea level[:] It is known that an increase in sea level has an overall destabilizing influence on marine-based
sectors of ice sheets, possibly triggering or enhancing the retreat of their grounding line (Schoof, 2007; Weertman,
1974). In the case of ice sheet collapse, the induced sea level rise would vary locally depending on gravitational effects
(with sea level falling near the former ice sheet as less water is attracted towards it), rotational effects, and mantle
deformation (Kopp et al., 2010; Mitrovica et al., 2009). Overall, sea level rise is expected to negatively impact both
the GrIS and WAIS, but more strongly the latter, where most of the bedrock lies well below sea level (Gomez et al.,
2020).”).

& Armstrong McKay D. I. & Loriani S. (eds.) (2023) Section 1: Earth systems tipping points, in GLOBAL TIPPING
POINTS REPORT 2023, Lenton T. M., et al. (eds.), 100 (“The AMOC, Greenland Ice Sheet (GrIS), and West Antarctic
Ice Sheet (WAIS) are key tipping systems and are threatened by increasing CO, emissions and temperatures
(Armstrong McKay et al., 2022; Portner et al., 2019). Moreover, GrIS, AMOC, and WAIS interact on very different
timescales, ranging from decades to multiple centuries. While some of those links might be stabilising, others are
destabilizing and would allow for the possibility of large-scale cascading events.”). See also Rosser J., Winkelmann
R., & Wunderling N. (2024) Cryosphere tipping elements decisive for tipping risks and cascading effects in the Earth
system, NATURE PORTFOLIO (preprint), 1-35, 14 (“We initially focus on the GIS as it is consistently one of the most
important elements in both the Sobol variance analysis (see Figs. 1 and 2) and the leave one out analysis (see Fig. 3),
giving the biggest decrease in mean number of elements tipped when removed from the 1.5°C scenario. At 1.5°C, the
impact of totally removing the GIS is a reduction of 56% in the mean number of elements tipped in the system, but it
also has significant impacts in the qualitative behaviour of the system. As the GIS has a low tipping point (between
0.8-3.0'C) and strong links to other tipping elements (AMOC, WAIS), it is a key initiator of cascades at low global
warming levels. So, when it is removed, the amount of tipping events and cascading effects that we record in the other
elements is greatly reduced. Although these are the only elements with direct links to the GIS, there are cascading
impacts through these links onto the entire system, so the outcome of removing the GIS is a significant reduction in
tipping for every investigated element. ... AMOC behaves very differently to the GIS in the model, acting as a
mediator of cascades and also as a stabiliser on the GIS in the cases where the AMOC tips due to its strong stabilising
link to the GIS. This makes its impact much more nuanced than the GIS as seen in Figure 4. When the AMOC is
removed entirely at 1.5'C, the mean number of elements tipped is reduced by 22%, much less than the 56% when the
GIS term was removed. This is because the total removal of the AMOC tipping (and the subsequent loss of Amazon
and ENSO tipping, which are only disintegrating at this temperature due to AMOC forcing) is mostly compensated
by increases in the tipping of the GIS and WAIIS, as the GIS is no longer stabilised by the AMOC and is more likely
to tip and influence the WAIS. Therefore, removing an element can have both a quantitative impact on the amount of
tipping in a system but also a large qualitative impact on the locations of tipping and the behaviour of different
elements. This suggests that if elements are missing from an analysis or a climate model, even the broad behaviour of
climate elements may be incorrectly modelled, and the relative importance of elements and regions of the climate
system may be misjudged.”); and Klose A. K., Donges J. F., Feudel U., & Winkelmann R. (2023) Rate-induced tipping
cascades arising from interactions between the Greenland Ice Sheet and the Atlantic Meridional Overturning
Circulation, EARTH Sys. DYNAM. (preprint): 1-25, 13, 15 (“Decreasing the surface mass balance emulating a warming
climate beyond its effective threshold a@qqgc (corresponding to a strong surface mass balance decrease) does not allow
for a GIS stabilization (Fig. 4(a) and (b)). Instead, for an AMOC residing sufficiently close to its hosing threshold, a
GIS deglaciation and tipping of the AMOC to the off’-state is observed.”; “A limited decrease of the surface mass
balance may allow for a GIS stabilization by the negative temperature feedback. ... Accordingly, the occurrence of
qualitatively distinct tipping dynamics and outcomes vary with the ice sheet melting time scales. This implies that safe
pathways for the evolution of tipping element drivers preventing cascading tipping and their boundary to dangerous
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pathways involving cascades are controlled by rates of changes of the responsible control parameters in addition to
their magnitude.”).

% Golledge N. R., Keller E. D., Gomez N., Naughten K. A., Bernales J., Trusel L. D., & Edwards T. L. (2019) Globall
environmental consequences of twenty-first-century ice-sheet melt, NATURE 566(7742): 65-72, 66 (“We introduce
annual transient freshwater fluxes from our simulated ice sheets into the climate simulations from 2000-2100 CE
under RCP 4.5 and 8.5 conditions. Time-evolving fluxes are calculated by assuming all mass changes in the ice sheet
result in a net flux of freshwater to the proximal ocean, which by 2100 CE reach maxima of approximately 0.042 and
0.015 Sv for Antarctica and Greenland respectively for RCP 4.5, and 0.160 and 0.018 Sv for Antarctica and Greenland
respectively under RCP 8.5.”); 68-69 (“In our experiments a gradual slowing in the first half of the century steepens
after 2050, leading to a reduction in AMOC strength of 3 to 4 Sv (approximately 15%) over 50 years. This occurs
purely as a consequence of the imposed meltwater fluxes and so would presumably add to any weakening from future
climate forcing. The lower (counter-clockwise) cell of the AMOC is weaker and responds more slowly, with changes
in this instance being forced primarily by Antarctic meltwater (Figure 5b). Since current climate models are thought
to overestimate the stability of the AMOC, it is possible that future ice-sheet meltwater fluxes may play an even more
important role than we predict here.”). See also Li Q., England M. H., Hogg A. M., Rintoul S. R., & Morrison A. K.
(2023) Abyssal ocean overturning slowdown and warming driven by Antarctic meltwater, NATURE 615(7954): 841
847, 845, 847 (“The strength of the AABW overturning cell and the AMOC is projected to decrease by 42% (10.0 Sv)
and 19% (2.8 Sv) by 2050, respectively. Meltwater forcing drives virtually all of the reduction in overturning in the
AABW cell (Fig. 3d,e), with seawater ageing along the pathway of AABW outflow (Extended Data Fig. 11). The
projected decline of AMOC results in reduced northward ocean heat transport, leading to a cooling trend in the abyssal
Atlantic Ocean (Fig. 2). In contrast, the projected decline of AABW drives a warming trend across the abyssal
Southern Ocean (Fig. 2), reminiscent in structure to recently observed bottom water trend.”; “We have shown that
projected increases in Antarctic ice melt are set to drive a substantial slowdown of the lower cell of the global
overturning circulation over the coming decades, resulting in large and widespread warming of deep waters and
reduced ventilation of the abyssal ocean. In particular, a net slowdown of the abyssal ocean overturning circulation of
just over 40% is projected to occur by 2050. These changes in the lower cell would profoundly alter the ocean
overturning of heat, fresh water, oxygen, carbon and nutrients, with impacts felt throughout the global ocean for
centuries to come.”).

% Smeed D. A., Josey S. A., Beaulieu C., Johns W. E., Moat B. I., Frajka-Williams E., Rayner D., Meinen C. S.,
Baringer M. O., Bryden H. L., & McCarthy G. D. (2018) The North Atlantic Ocean Is in a State of Reduced
Overturning, GEOPHYS. RES. LETT. 45(3): 1527-1533, 1527 (“Using data from an array of instruments that span the
Atlantic at 26°N, we show that the AMOC has been in a state of reduced overturning since 2008 as compared to 2004—
2008. This change of AMOC state is concurrent with other changes in the North Atlantic such as a northward shift
and broadening of the Gulf Stream and altered patterns of heat content and sea surface temperature. These changes
resemble the response to a declining AMOC predicted by coupled climate models.”). See also Caesar L., Rahmstorf
S., Robinson A., Feulner G., & Saba V. (2018) Observed fingerprint of a weakening Atlantic Ocean overturning
circulation, NATURE 556(7700): 191196, 195 (“We calibrated the observed AMOC decline to be 3 = 1 Sv (around
15%) since the mid-twentieth century, and reconstructed the evolution of the AMOC for the period 1870-2016. For
recent decades, our reconstruction of the AMOC evolution agrees with the results of several earlier studies using
different methods, suggesting that our AMOC index can also reproduce interdecadal variations. Our findings show
that in recent years the AMOC appears to have reached a new record low, consistent with the record-low annual SST
in the subpolar Atlantic (since observations began in 1880) reported by the National Oceanic and Atmospheric
Administration for 2015.”); and Fox-Kemper B., et al. (2021) Chapter 9: Ocean, Cryosphere and Sea Level Change,
in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE BAsIs, Contribution of Working Group | to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 1239 (“Projected
AMOC decline by 2100 ranges from 24 [4 to 46] % in SSP1-2.6 to 39 [17-55] % in SSP5-8.5 (medium confidence)
(Section 4.3.2.3). Note that these ranges are based on ensemble means of individual models, largely smoothing out
internal variability. If single realizations are considered, the ranges become wider, especially by lowering the low end
of the range (Section 4.3.2.3). In summary, it is very likely that AMOC will decline in the 21st century, but there is
low confidence in the model’s projected timing and magnitude.”).
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57 van Westen R. M., Kliphuis M., & Dijkstra H. A. (2024) Physics-based early warning signal shows that AMOC is
on tipping course, Sci. Abv. 10(6): 1-11, 1-2 (“This result differs substantially from earlier model simulations with
GCMs that have used extremely large freshwater forcing [e.g., 1 Sv per year over 50°N to 70°N (20)] or large initial
salinity perturbations (21). The AMOC collapse in these simulations is a direct response to the very strong forcing,
whereas in our model simulations, which are more akin to the simulations in Earth System Models of Intermediate
Complexity (17, 18), the collapse is primarily a response due to internal feedbacks. ... Also, on the basis of the change
in the AMOC per forcing change (here about 8-Sv AMOC change due to a forcing change of 0.03 Sv), it is clear that
we found an AMOC tipping event (6) in the CESM simulation, which is the first one found in a complex GCM.”).
See also PROC. NAT’L. ACAD. Scl. 118(9): 1-6, 1, 4 (“Here we show that rate-induced transitions are indeed a concern
for the climate system, by demonstrating explicitly the existence of a rate-induced collapse of the AMOC in a three-
dimensional model of the global thermohaline circulation with time-dependent freshwater forcing.... From Fig. 3A it
is clear that there is no well-defined critical rate separating tipping from tracking realizations. For T > 150 y all
realizations track. For 50 y < T < 150 y there is a mixed pattern with some realizations tipping, some tracking, and
others visiting the edge state. While for T < 50 y most realizations tip, this is still not guaranteed, since we find a
realization for T = 10 y that evolves toward the edge state. Nevertheless, the probability of tipping increases with the
rate, comparable to systems with added noise (28).”).

58 National Oceanic and Atmospheric Administration, National Ocean Service (20 January 2023) What is the Atlantic
Meridional Overturning Circulation (AMOC)? (“The ocean’s water is constantly circulated by currents. Tidal currents
occur close to shore and are influenced by the sun and moon. Surface currents are influenced by the wind. However,
other, much slower currents that occur from the surface to the seafloor are driven by changes in the saltiness and ocean
temperature, a process called thermohaline circulation. These currents are carried in a large "global conveyor belt,"
which includes the AMOC. AMOC stands for Atlantic Meridional Overturning Circulation. The AMOC circulates
water from north to south and back in a long cycle within the Atlantic Ocean. This circulation brings warmth to various
parts of the globe and also carries nutrients necessary to sustain ocean life.”).

% Qrihuela-Pinto B., England M. H., & Taschetto A. S. (2022) Interbasin and interhemispheric impacts of a collapsed
Atlantic Overturning Circulation, NAT. CLIM. CHANG. 12(6): 558-565, 558 (“We find that an AMOC collapse drives
a complex rearrangement of the global atmospheric circulation that affects all latitudes, from the tropics to the polar
circulation of both hemispheres. We find that changes in the tropical Pacific involve a robust intensification of the
Walker circulation, a weakening of the subtropical highs in the Southern Hemisphere and an intensification of the
Amundsen Sea Low over west Antarctica.”). See also Intergovernmental Panel on Climate Change (2023) AR6
SYNTHESIS REPORT: CLIMATE CHANGE 2023, Contribution of Working Groups 1, Il and 111 to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change, Arias P., Bustamante M., Elgizouli 1., Flato G., Howden
M., Méndez C., Pereira J., Pichs-Madruga R., Rose S. K., Saheb Y., Sanchez R., Urge-Vorsatz D., Xiao C., & Yassaa
N. (eds.), 43 (“The Atlantic Meridional Overturning Circulation is very likely to weaken over the 21st century for all
considered scenarios (high confidence), however an abrupt collapse is not expected before 2100 (medium confidence).
If such a low probability event were to occur, it would very likely cause abrupt shifts in regional weather patterns and
water cycle, such as a southward shift in the tropical rain belt, and large impacts on ecosystems and human activities.”);
and Wang S., Foster A, Lenz E. A, Kessler J. D., Stroeve J. C., Anderson L. O., Turetsky M., Betts R., Zou S., Liu
W., Boos W. R., & Hausfather Z. (2023) Mechanisms and Impacts of Earth System Tipping Elements, REV. GEOPHYS.
61: 1-81, 5, 32-33 (“A slowdown or shutdown of the AMOC system would significantly affect regional and global
climate patterns (L. C. Jackson et al., 2015; W. Liu et al., 2020). Paleoclimate evidence and numerical simulations
have identified AMOC transitions and/or latitudi-nal shift of deep-water formation sites as potential drivers of multiple
large, rapid shifts in past climate, including fast or abrupt changes occurring on timescales as short as a few decades
(Alley et al., 2001; Bozbiyik et al., 2011; Brovkin et al., 2021; Clark et al., 2001; Ganopolski & Rahmstorf, 2001;
Rahmstorf, 2002). The impacts of past AMOC shifts affected climate globally, significantly altering tropical rainfall
patterns and causing heat redis-tribution between the northern and southern hemispheres (S. Li & Liu, 2022; Masson-
Delmotte et al., 2013). Changes to the overturning circulation could also affect the ocean's strength as a heat and
carbon sink (X. Chen & Tung, 2018; Fontela et al., 2016; Nielsen et al., 2019; Romanou et al., 2017) and heat
redistribution (S. Li & Liu, 2022; W. Liu & Fedorov, 2019; X. Ma et al., 2020). ... In Heinrich events, for example,
large discharges of fresh ice from the Laurentide ice sheet into the North Atlantic are hypothesized to have been
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associated with slowing of the AMOC and cooling of the entire north-ern hemisphere, resulting in a shift of tropical
precipitation maxima southward to dry and weaken the West African and South Asian summer monsoons while
enhancing South American monsoon precipitation (Chiang & Bitz, 2005; Deplazes et al., 2013; Schneider et al., 2014;
X. Wang et al., 2004). In these sorts of scenarios, monsoons may be responding predictably and even linearly to the
abrupt forcing of extratropical climate; synchronous changes in insolation may “pace” or “trigger” these changes
(Cheng et al., 2016), but the nonlinear response may originate in midlatitude ocean-atmosphere dynamics. Such
scenarios bear important lessons for the possible response of monsoons to abrupt changes in the Greenland or Antarctic
ice sheets or the Atlantic Meridional Overturning Circulation.”).

0 Milkoreit M. (ed.) (2023) Section 3: Governance of Earth system tipping points, in GLOBAL TIPPING POINTS REPORT
2023, Lenton T. M., et al. (eds.), 33 (Table 3.3.1 shows “Impacts of ESTPs [Earth system tipping points].” For AMOC,
these are: “Regional sea level changes (fall in convection region & North European Shelf seas, rise further south).
Shift in jet stream and storm tracks affecting weather patterns in Europe, potential increase in extreme weather events,
e.g. cold winters in Europe, south-ward hurricanes shift. Partial & temporary counteraction of global warming.
Southward shift in ITCZ leading to drying in the Sahel and Southern Asia; Some models project drying in parts of the
Amazon. Summer monsoon weakening and shifts in Africa and Asia. Up to 10°C cooling in North Atlantic and 3°C
cooling in Northern Europe / Eastern Canada, warming amplification in Southern Hemisphere. Drastic shifts in many
ecosystems on land and in the sea around the world, e.g. Amazon drying. Affects dust aerosols via monsoon disruption
in those regions; ocean circulation changes can affect pollutant pathways. Shifted temperatures/precipitation &weather
patterns/extremes no longer matching infrastructure tolerance ranges. Threat to food security because of impacts on
marine life (reduction of plankton), changes in precipitation severely impacting agriculture (particularly wheat and
maize) & food security (particularly in Europe). Warming amplification in Southern Hemisphere accelerating
Antarctic Ice Sheet melt and coral bleaching, Amazon drying; monsoon (African and Asian) shifts accelerated.
Conflicts over food and water, displacement from uninhabitable areas, anomie, financial crises, etc.”). See also van
Westen R. M., Kliphuis M., & Dijkstra H. A. (2024) Physics-based early warning signal shows that AMOC is on
tipping course, Sci. Abv. 10(6): 1-11, 3 (“The Amazon rainforest also shows a drastic change in their precipitation
patterns due to ITCZ shifts, and the dry season becomes the wet season and vice versa. These AMOC-induced
precipitation changes could severely disrupt the ecosystem of the Amazon rainforest (7, 24, 25) and potentially lead
to cascading tipping (26-28). ... The European climate is greatly affected (Fig. 3A) under the AMOC collapse. Note
that the corresponding changes occur within a relatively short period (model years 1750 to 1850) and under a very
small change in surface freshwater forcing. The yearly averaged atmospheric surface temperature trend exceeds 1°C
per decade over a broad region in northwestern Europe, and for several European cities, temperatures are found to
drop by 5° to 15°C (Fig. 3C). The trends are even more notable when considering particular months (Fig. 3B). As an
example, February temperatures for Bergen (Norway) will drop by about 3.5°C per decade (Fig. 3D).”).

L Kemp L., Xu C., Depledge J., Ebi K. L., Gibbins G., Kohler T. A., Rockstrom J., Scheffer M., Schellnhuber H. J.,
Steffen W., & Lenton T. M. (2022) Climate Endgame: Exploring catastrophic climate change scenarios, PROC.
NAT’L. ACAD. SclI. 119(34): 1-9, 3 (“Third, climate change could exacerbate vulnerabilities and cause multiple,
indirect stresses (such as economic damage, loss of land, and water and food insecurity) that coalesce into system-
wide synchronous failures. This is the path of systemic risk. Global crises tend to occur through such reinforcing
“synchronous failures” that spread across countries and systems, as with the 2007—2008 global financial crisis (44). It
is plausible that a sudden shift in climate could trigger systems failures that unravel societies across the globe. The
potential of systemic climate risk is marked: The most vulnerable states and communities will continue to be the
hardest hit in a warming world, exacerbating inequities. Fig. 1 shows how projected population density intersects with
extreme >29 °C mean annual temperature (MAT) (such temperatures are currently restricted to only 0.8% of Earth’s
land surface area). Using the medium-high scenario of emissions and population growth (SSP3-7.0 emissions, and
SSP3 population growth), by 2070, around 2 billion people are expected to live in these extremely hot areas. Currently,
only 30 million people live in hot places, primarily in the Sahara Desert and Gulf Coast (43). Extreme temperatures
combined with high humidity can negatively affect outdoor worker productivity and yields of major cereal crops.
These deadly heat conditions could significantly affect populated areas in South and southwest Asia(47). Fig. 2 takes
a political lens on extreme heat, overlapping SSP3-7.0 or SSP5-8.5 projections of >29 °C MAT circa 2070, with the
Fragile States Index (a measurement of the instability of states). There is a striking overlap between currently
vulnerable states and future areas of extreme warming. If current political fragility does not improve significantly in
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the coming decades, then a belt of instability with potentially serious ramifications could occur.”). See also Stern N.,
Stiglitz J., & Taylor C. (2022) The economics of immense risk, urgent action and radical change: towards new
approaches to the economics of climate change, J. ECON. METHODOL. 29(3): 181-216, 181 (“Moreover, at the core of
the standard IAM methodology is an analysis of intertemporal trade-offs; how much the current generation should
sacrifice in order for future generations to be spared the devastation of climate change. Rising to the climate challenges
does indeed involve deep normative questions, including how different generations’ welfare is to be compared and
the rights of future generations. But the world has been much more focused than the IAMs on a different set of issues,
the risks of catastrophic consequences. These potentially catastrophic risks are in large measure assumed away in the
IAMS.”).

2Molina M., Zaelke D., Sarma K. M., Andersen S. O., Ramanathan V., & Kaniaru D. (2009) Reducing abrupt climate
change risk using the Montreal Protocol and other regulatory actions to complement cuts in CO» emissions, PROC.
NAT’L. ACAD. Scl. 106(49): 20616-20621, 20616 (“Current emissions of anthropogenic greenhouse gases (GHGs)
have already committed the planet to an increase in average surface temperature by the end of the century that may be
above the critical threshold for tipping elements of the climate system into abrupt change with potentially irreversible
and unmanageable consequences. This would mean that the climate system is close to entering if not already within
the zone of “dangerous anthropogenic interference” (DAI). Scientific and policy literature refers to the need for
“early,” “urgent,” “rapid,” and “fast-action” mitigation to help avoid DAI and abrupt climate changes. We define
“fast-action” to include regulatory measures that can begin within 2-3 years, be substantially implemented in 5-10
years, and produce a climate response within decades. We discuss strategies for short-lived non-CO, GHGs and
particles, where existing agreements can be used to accomplish mitigation objectives. Policy makers can amend the
Montreal Protocol to phase down the production and consumption of hydrofluorocarbons (HFCs) with high global
warming potential. Other fast-action strategies can reduce emissions of black carbon particles and precursor gases that
lead to ozone formation in the lower atmosphere, and increase biosequestration, including through biochar. These and
other fast-action strategies may reduce the risk of abrupt climate change in the next few decades by complementing
cuts in CO; emissions.”). See also Molina M., Ramanathan V. & Zaelke D. (2020) Best path to net zero: Cut short-
lived climate pollutants, BULLETIN OF THE ATOMIC SCIENTISTS (“And let us be clear: By “speed,” we mean measures—
including regulatory ones—that can begin within two-to-three years, be substantially implemented in five-to-10 years,
and produce a climate response within the next decade or two.”).

ERINT3

3 Armstrong McKay D. 1., Staal A., Abrams J. F., Winkelmann R., Sakschewski B., Loriani S., Fetzer I., Cornell S.
E., Rockstrom J., & Lenton T. M. (2022) Exceeding 1.5°C global warming could trigger multiple climate tipping
points, SCIENCE 377(6611): eabn7950, 1-10, 7 (“The chance of triggering CTPs is already non-negligible and will
grow even with stringent climate mitigation (SSP1-1.9 in Fig. 2, B and C). Nevertheless, achieving the Paris
Agreement’s aim to pursue efforts to limit warming to 1.5°C would clearly be safer than keeping global warming
below 2°C (90) (Fig. 2). Going from 1.5 to 2°C increases the likelihood of committing to WAIS and GrlIS collapse
near complete warm-water coral die-off, and abrupt permafrost thaw; further, the best estimate threshold for LABC
collapse is crossed. The likelihood of triggering AMOC collapse, Boreal forest shifts, and extra-polar glacier loss
becomes non-negligible at >1.5°C and glacier loss becomes likely by ~2°C. A cluster of abrupt shifts occur in ESMs
at 1.5 to 2°C (19). Although not tipping elements, ASSI loss could become regular by 2°C, gradual permafrost thaw
would likely become widespread beyond 1.5°C, and land carbon sink weakening would become significant by 2°C.”).
See also Lenton T. M., Rockstrom J., Gaffney O., Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J.
(2019) Climate tipping points—too risky to bet against, Comment, NATURE 575(7784): 592-595, 594 (“In our view,
the clearest emergency would be if we were approaching a global cascade of tipping points that led to a new, less
habitable, ‘hothouse’ climate state!!. Interactions could happen through ocean and atmospheric circulation or through
feedbacks that increase greenhouse-gas levels and global temperature. Alternatively, strong cloud feedbacks could
cause a global tipping point!213,We argue that cascading effects might be common. Research last year* analysed 30
types of regime shift spanning physical climate and ecological systems, from collapse of the West Antarctic ice sheet
to a switch from rainforest to savanna. This indicated that exceeding tipping points in one system can increase the risk
of crossing them in others. Such links were found for 45% of possible interactions®“. In our view, examples are starting
to be observed. ... If damaging tipping cascades can occur and a global tipping point cannot be ruled out, then this is
an existential threat to civilization. No amount of economic cost-benefit analysis is going to help us. We need to
change our approach to the climate problem. ... In our view, the evidence from tipping points alone suggests that we
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are in a state of planetary emergency: both the risk and urgency of the situation are acute....”); Steffen W., et al. (2018)
Trajectories of the Earth System in the Anthropocene, PROC. NAT’L. ACAD. Scli. 115(33): 82528259, 8254 (“This
analysis implies that, even if the Paris Accord target of a 1.5 °C to 2.0 °C rise in temperature is met, we cannot exclude
the risk that a cascade of feedbacks could push the Earth System irreversibly onto a “Hothouse Earth” pathway. The
challenge that humanity faces is to create a “Stabilized Earth” pathway that steers the Earth System away from its
current trajectory toward the threshold beyond which is Hothouse Earth (Fig. 2). The human-created Stabilized Earth
pathway leads to a basin of attraction that is not likely to exist in the Earth System’s stability landscape without human
stewardship to create and maintain it. Creating such a pathway and basin of attraction requires a fundamental change
in the role of humans on the planet. This stewardship role requires deliberate and sustained action to become an
integral, adaptive part of Earth System dynamics, creating feedbacks that keep the system on a Stabilized Earth
pathway (Alternative Stabilized Earth Pathway).”); and Intergovernmental Panel on Climate Change (2023) AR6
SYNTHESIS REPORT: CLIMATE CHANGE 2023, Contribution of Working Groups I, 11 and 111 to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change, Arias P., Bustamante M., Elgizouli 1., Flato G., Howden
M., Méndez C., Pereira J., Pichs-Madruga R., Rose S. K., Saheb Y., Sanchez R., Urge-Vorsatz D., Xiao C., & Yassaa
N. (eds.), 36, 42 (“In terrestrial ecosystems, 3—14% of the tens of thousands of species assessed will likely face a very
high risk of extinction at a GWL of 1.5°C. Coral reefs are projected to decline by a further 70-90% at 1.5°C of global
warming (high confidence). At this GWL, many low-elevation and small glaciers around the world would lose most
of their mass or disappear within decades to centuries (high confidence). Regions at disproportionately higher risk
include Arctic ecosystems, dryland regions, small island development states and Least Developed Countries (high
confidence).”; “The likelihood of abrupt and irreversible changes and their impacts increase with higher global
warming levels (high confidence). As warming levels increase, so do the risks of species extinction or irreversible loss
of biodiversity in ecosystems such as forests (medium confidence), coral reefs (very high confidence) and in Arctic
regions (high confidence). Risks associated with large-scale singular events or tipping points, such as ice sheet
instability or ecosystem loss from tropical forests, transition to high risk between 1.5°C—-2.5°C (medium confidence)
and to very high risk between 2.5°C-4°C (low confidence). The response of biogeochemical cycles to anthropogenic
perturbations can be abrupt at regional scales and irreversible on decadal to century time scales (high confidence). The
probability of crossing uncertain regional thresholds increases with further warming (high confidence).”).

4 Xu Y. & Ramanathan V. (2017) Well below 2 °C: Mitigation strategies for avoiding dangerous to catastrophic
climate changes, PROC. NAT’L. ACAD. Scl. 114(39): 10319-10323, 10320 (“Box 2. Risk Categorization of Climate
Change to Society. ... [A] 2 °C warming would double the land area subject to deadly heat and expose 48% of the
population. A 4 °C warming by 2100 would subject 47% of the land area and almost 74% of the world population to
deadly heat, which could pose existential risks to humans and mammals alike unless massive adaptation measures are
implemented, such as providing air conditioning to the entire population or a massive relocation of most of the
population to safer climates. ... This bottom 3 billion population comprises mostly subsistent farmers, whose
livelihood will be severely impacted, if not destroyed, with a one- to five-year megadrought, heat waves, or heavy
floods; for those among the bottom 3 billion of the world’s population who are living in coastal areas, a 1- t0 2-m rise
in sea level (likely with a warming in excess of 3 °C) poses existential threat if they do not relocate or migrate. It has
been estimated that several hundred million people would be subject to famine with warming in excess of 4 °C (54).
However, there has essentially been no discussion on warming beyond 5 °C. Climate change-induced species
extinction is one major concern with warming of such large magnitudes (>5 °C). The current rate of loss of species is
~1,000-fold the historical rate, due largely to habitat destruction. At this rate, about 25% of species are in danger of
extinction in the coming decades (56). Global warming of 6 °C or more (accompanied by increase in ocean acidity
due to increased CO,) can act as a major force multiplier and expose as much as 90% of species to the dangers of
extinction (57). The bodily harms combined with climate change-forced species destruction, biodiversity loss, and
threats to water and food security, as summarized recently (58), motivated us to categorize warming beyond 5 °C as
unknown??, implying the possibility of existential threats.”). See also Xu C., Kohler T. A., Lenton T. M., Svenning
J.-C., & Scheffer M. (2020) Future of the human climate niche, PROC. NAT’L. ACAD. Scl. 117(21): 11350-11355,
11350 (“Here, we demonstrate that for millennia, human populations have resided in the same narrow part of the
climatic envelope available on the globe, characterized by a major mode around ~11 °C to 15 °C mean annual
temperature (MAT). ...We show that in a business-as-usual climate change scenario, the geographical position of this
temperature niche is projected to shift more over the coming 50 y than it has moved since 6000 BP. ... Specifically,
3.5 billion people will be exposed to MAT >29.0 °C, a situation found in the present climate only in 0.8% of the global
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land surface, mostly concentrated in the Sahara, but in 2070 projected to cover 19% of the global land (Fig. 3). ... For
instance, accounting for population growth projected in the SSP3 scenario, each degree of temperature rise above the
current baseline roughly corresponds to one billion humans left outside the temperature niche, absent migration (SI
Appendix, Fig. S14).”); Watts N., et al. (2021) The 2020 report of The Lancet Countdown on health and climate
change: responding to converging crises, THE LANCET 397(10269): 129-170, 129 (“Vulnerable populations were
exposed to an additional 475 million heatwave events globally in 2019, which was, in turn, reflected in excess
morbidity and mortality (indicator 1.1.2). During the past 20 years, there has been a 53.7% increase in heat-related
mortality in people older than 65 years, reaching a total of 296 000 deaths in 2018 (indicator 1.1.3). The high cost in
terms of human lives and suffering is associated with effects on economic output, with 302 billion h of potential labour
capacity lost in 2019 (indicator 1.1.4). India and Indonesia were among the worst affected countries, seeing losses of
potential labour capacity equivalent to 4—-6% of their annual gross domestic product (indicator 4.1.3).”); Atwoli L., et
al. (2021) Call for emergency action to limit global temperature increases, restore biodiversity, and protect health,
THE LANCET 398(10304): 939-941, 939 (“Harms disproportionately affect the most vulnerable, including children,
older populations, ethnic minorities, poorer communities, and those with underlying health problems.”);
Intergovernmental Panel on Climate Change (2023) AR6 SYNTHESIS REPORT: CLIMATE CHANGE 2023, Contribution
of Working Groups I, 1l and 111 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Arias P., Bustamante M., Elgizouli I., Flato G., Howden M., Méndez C., Pereira J., Pichs-Madruga R., Rose S. K.,
Saheb Y., Sanchez R., Urge-Vorsatz D., Xiao C., & Yassaa N. (eds.), 36 (“In terrestrial ecosystems, 3—14% of the
tens of thousands of species assessed will likely face a very high risk of extinction at a GWL of 1.5°C. Coral reefs are
projected to decline by a further 70-90% at 1.5°C of global warming (high confidence). At this GWL, many low-
elevation and small glaciers around the world would lose most of their mass or disappear within decades to centuries
(high confidence). Regions at disproportionately higher risk include Arctic ecosystems, dryland regions, small island
development states and Least Developed Countries (high confidence).”); and Berwyn B. (14 February 2023) Sea Level
Rise Could Drive 1 in 10 People from Their Homes, with Dangerous Implications for International Peace, UN
Secretary General Warns, INSIDE CLIMATE NEWS.

5 Intergovernmental Panel on Climate Change (2021) Summary for Policymakers, in CLIMATE CHANGE 2021: THE
PHYSICAL SCIENCE BAsIS, Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change, Masson-Delmotte V., et al. (eds.), SPM-19 (“With every additional increment of global
warming, changes in extremes continue to become larger. For example, every additional 0.5°C of global warming
causes clearly discernible increases in the intensity and frequency of hot extremes, including heatwaves (very likely),
and heavy precipitation (high confidence), as well as agricultural and ecological droughts in some regions (high
confidence). Discernible changes in intensity and frequency of meteorological droughts, with more regions showing
increases than decreases, are seen in some regions for every additional 0.5°C of global warming (medium confidence).
Increases in frequency and intensity of hydrological droughts become larger with increasing global warming in some
regions (medium confidence). There will be an increasing occurrence of some extreme events unprecedented in the
observational record with additional global warming, even at 1.5°C of global warming. Projected percentage changes
in frequency are higher for rarer events (high confidence).”). See also Fischer E. M., Sippel S., & Knutti R. (2021)
Increasing probability of record-shattering climate extremes, NAT. CLIM. CHANGE 11: 689-695, 689 (“Here, we show
models project not only more intense extremes but also events that break previous records by much larger margins.
These record-shattering extremes, nearly impossible in the absence of warming, are likely to occur in the coming
decades. We demonstrate that their probability of occurrence depends on warming rate, rather than global warming
level, and is thus pathway-dependent. In high-emission scenarios, week-long heat extremes that break records by three
or more standard deviations are two to seven times more probable in 2021-2050 and three to 21 times more probable
in 2051-2080, compared to the last three decades.”).

8 Archer D., Eby M., Brovkin V., Ridgwell A., Cao L., Mikolajewicz U., Caldeira K., Matsumoto K., Munhoven G.,
Montenegro A., & Tokos K. (2009) Atmospheric Lifetime of Fossil Fuel Carbon Dioxide, ANNU. REV. EARTH PLANET.
Scl. 37(1): 1-25, 19-20 (“The models presented here present a broadly coherent picture of the fate of fossil fuel CO»
released to the atmosphere. Equilibration with the ocean will absorb most of it on a time scale of 2-20 centuries. Even
if this equilibration were allowed to run to completion, a substantial fraction of the CO2, 20-40%, would remain in the
atmosphere awaiting slower chemical reactions with CaCO3; and igneous rocks. The remaining CO; is abundant
enough to continue to have a substantial impact of climate for thousands of years. The changes in climate amplify
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themselves somewhat by driving CO; out of the warmer ocean.... Nowhere in these model results or in the published
literature is there any reason to conclude that the effects of CO; release will be substantially confined to just a few
centuries. In contrast, generally accepted modern understanding of the global carbon cycle indicates that climate
effects of CO; releases to the atmosphere will persist for tens, if not hundreds, of thousands of years into the future.”).

T Intergovernmental Panel on Climate Change (2022) Summary for Policymakers, in CLIMATE CHANGE 2022:
MITIGATION OF CLIMATE CHANGE, Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, Shukla P. R., Skea J., Slade R., Al Khourdajie A., van Diemen R.,
McCollum D., Pathak M., Some S., Vyas P., Fradera R., Belkacemi M., Hasija A., Lisboa G., Luz S., & Malley J.
(eds.), SPM-31 (“In modelled global low emission pathways, the projected reduction of cooling and warming aerosol
emissions over time leads to net warming in the near- to mid-term. In these mitigation pathways, the projected
reductions of cooling aerosols are mostly due to reduced fossil fuel combustion that was not equipped with effective
air pollution controls.”). See also Szopa S., Naik V., Adhikary B., Artaxo P., Berntsen T., Collins W. D., Fuzzi S.,
Gallardo L., Kiendler-Scharr A., Klimont Z., Liao H., Unger N., & Zanis P. (2021) Chapter 6: Short-lived climate
forcers, in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE Basis, Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 6-8
(“Additional CH4 and BC mitigation would contribute to offsetting the additional warming associated with SO»
reductions that would accompany decarbonization (high confidence).”).

8 Intergovernmental Panel on Climate Change (2022) Summary for Policymakers, in CLIMATE CHANGE 2022:
MITIGATION OF CLIMATE CHANGE, Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, Shukla P. R., Skea J., Slade R., Al Khourdajie A., van Diemen R.,
McCollum D., Pathak M., Some S., Vyas P., Fradera R., Belkacemi M., Hasija A., Lisbhoa G., Luz S., & Malley J.
(eds.), SPM-31 (“In modelled global low emission pathways, the projected reduction of cooling and warming aerosol
emissions over time leads to net warming in the near- to mid-term. In these mitigation pathways, the projected
reductions of cooling aerosols are mostly due to reduced fossil fuel combustion that was not equipped with effective
air pollution controls.”). See also Szopa S., Naik V., Adhikary B., Artaxo P., Berntsen T., Collins W. D., Fuzzi S.,
Gallardo L., Kiendler-Scharr A., Klimont Z., Liao H., Unger N., & Zanis P. (2021) Chapter 6: Short-lived climate
forcers, in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE Basis, Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 6-8
(“Additional CH4 and BC mitigation would contribute to offsetting the additional warming associated with SO,
reductions that would accompany decarbonization (high confidence).”); Ramanathan V. & Feng Y. (2008) On
avoiding dangerous anthropogenic interference with the climate system: Formidable challenges ahead, PROC. NAT’L.
AcCAD. Scl. 105(38): 14245-14250, 14248 (“‘Switching from coal to ‘‘cleaner’” natural gas will reduce CO, emission
and thus would be effective in minimizing future increases in the committed warming. However, because it also
reduces air pollution and thus the ABC [Atmospheric Brown Cloud] masking effect, it may speed up the approach to
the committed warming of 2.4°C (1.4-4.3°C).”); United Nations Environment Programme & World Meteorological
Organization (2011) INTEGRATED ASSESSMENT OF BLACK CARBON AND TROPOSPHERIC OZONE, 254 (“Evaluating
global mean temperature change, it was found that the targeted measures to reduce emissions of methane and BC
could greatly reduce warming rates over the next few decades (Figure 6.1; Box 6.1). When all measures are fully
implemented, warming during the 2030s relative to the presentwould be only half as much as in the reference scenario.
In contrast, even a fairly aggressive strategy to reduce CO, emissions, as for the CO»-measures scenario, does little to
mitigate warming until after the next 20-30 years (Box 6.2). In fact, sulfur dioxide (SO,) is co-emitted with CO; in
some of the most highly emitting activities, coal burning in large-scale combustion such as in power plants, for
example, that are obvious targets for reduced usage under a CO-emissions mitigation strategy. Hence such strategies
can lead to additional near-term warming (Figure 6.1), in a well-known temporary effect (e.g. Raes and Seinfeld,
2009), although most of the nearterm warming is driven by CO; emissions in the past. The CO,-measures scenario
clearly leads to long-term benefits however, with a dramatically lower warming rate at 2070 under that scenario than
under the scenario with only CH4 and BC measures (see Figure 6.1 and timescales in Box 6.2). Hence the near-term
measures clearly cannot be substituted for measures to reduce emissions of long-lived GHGs. The near-term measures
largely target different source sectors for emissions than the CO, measures, so that the emissions reductions of the
short-lived pollutants are almost identical regardless of whether the CO, measures are implemented or not, as shown
in Chapter 5. The near-term measures and the CO, measures also impact climate change over different timescales
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owing to the different lifetimes of these substances. In essence, the near-term CH4 and BC measures are effectively
uncoupled from CO, measures examined here.”); and Wanser K., Wong A., Karspeck A., & Esguerra N. (2023) NEAR-
TERM CLIMATE RISK AND INTERVENTION: A ROADMAP FOR RESEARCH, U.S. RESEARCH INVESTMENT, AND INTERNATIONAL
SCIENTIFIC COOPERATION, SilverLining, 12 (“Particles (i.e., aerosols) in the atmosphere generally increase the total
amount of sunlight reflected to space by scattering incoming sunlight. Anthropogenic activities produce both GHGs
and other particulate matter; while GHGs warm climate, aerosols have a cooling effect both by directly scattering
sunlight (i.e., the aerosol direct effect) and indirectly as the aerosols interact with clouds, increasing their brightness
and/or their duration (i.e., the cloud—aerosol effect) ... The potential global cooling effect of all anthropogenic aerosols
is estimated at 0.5-1.1°C (see Figure 6). Thus, these effects are potentially very large while also serving as a large
source of uncertainty, making reducing these uncertainties among the highest priorities for climate research,
particularly in the context of assessing near-term climate risk. Particles from emissions produced by human activities
are also associated with significant adverse health and environmental effects. Actions are ongoing around the world
to substantially reduce them, including recent regulation to substantially reduce sulfate emissions from ships. As the
world reduces these particulate emissions, the loss of this cooling “shield” could lead to rapid substantial warming.”).

% Intergovernmental Panel on Climate Change (2022) Summary for Policymakers, in CLIMATE CHANGE 2022:
MITIGATION OF CLIMATE CHANGE, Contribution of Working Group Il to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, Shukla P. R., Skea J., Slade R., Al Khourdajie A., van Diemen R.,
McCollum D., Pathak M., Some S., Vyas P., Fradera R., Belkacemi M., Hasija A., Lisboa G., Luz S., & Malley J.
(eds.), SPM-30-SPM-31 (“Deep GHG emissions reductions by 2030 and 2040, particularly reductions of methane
emissions, lower peak warming, reduce the likelihood of overshooting warming limits and lead to less reliance on net
negative CO; emissions that reverse warming in the latter half of the century... Future non-CO, warming depends on
reductions in non-CO, GHG, aerosol and their precursor, and ozone precursor emissions. In modelled global low
emission pathways, the projected reduction of cooling and warming aerosol emissions over time leads to net warming
in the near- to mid-term. In these mitigation pathways, the projected reductions of cooling aerosols are mostly due to
reduced fossil fuel combustion that was not equipped with effective air pollution controls. Non-CO, GHG emissions
at the time of net zero CO; are projected to be of similar magnitude in modelled pathways that limit warming to 2°C
(>67%) or lower. These non-CO, GHG emissions are about 8 [5-11] GtCO.-eq per year, with the largest fraction from
CHj4 (60% [55-80%]), followed by N2O (30% [20-35%]) and F-gases (3% [2—20%]). [FOOTNOTE 52] Due to the
short lifetime of CH, in the atmosphere, projected deep reduction of CH4 emissions up until the time of net zero CO,
in modelled mitigation pathways effectively reduces peak global warming. (high confidence) {3.3, AR6 WG | SPM
D1.7}7).

8 Dreyfus G. B., Xu Y., Shindell D. T., Zaelke D., & Ramanathan V. (2022) Mitigating climate disruption in time: A
self-consistent approach for avoiding both near-term and long-term global warming, PROC. NAT’L. ACAD. Scl.
119(22): 1-8, 5 (““‘Aggressive decarbonization to achieve net-zero CO, emissions in the 2050s (as in the decarb-only
scenario) results in weakly accelerated net warming compared to the reference case, with a positive warming up to
0.03 °C in the mid-2030s, and no net avoided warming until the mid-2040s due to the reduction in co-emitted cooling
aerosols (Figure 3a). By 2050, decarbonization measures result in very limited net avoided warming (0.07°C),
consistent with Shindell and Smith, but rise to a likely detectable 0.25°C by 2060 and a major benefit of 1.4°C by
2100 (Table S5). In contrast, pairing decarbonization with mitigation measures targeting CHa, BC, HFC, and N2O (not
an SLCP due to its longer lifetime) independent from decarbonization are essential to slowing the rate of warming by
the 2030s to under 0.3°C per decade (Table 1, Figure 3b), similar to the 0.2°C to 0.25°C per decade warming prior to
2020. Recent studies suggest that rate of warming rather than level of warming controls likelihood of record-shattering
extreme weather events. By 2050, the net avoided warming from the targeted non-CO, measures is 0.26°C, almost 4
times larger than the net benefit of decarbonization alone (0.07°C) (Table S5).”).

81 Xu Y. & Ramanathan V. (2017) Well below 2 °C: Mitigation strategies for avoiding dangerous to catastrophic
climate changes, PRoc. NAT’L. AcAD. Sci. 114(39): 10315-10323, 10321 (“The SP [super pollutant] lever targets
SLCPs. Reducing SLCP emissions thins the SP blanket within few decades, given the shorter lifetimes of SLCPs
(weeks for BC to about 15 years for HFCs). The mitigation potential of the SP lever with a maximum deployment of
current technologies ... is about 0.6 °C by 2050 and 1.2 °C by 2100 (SI Appendix, Fig. S5B and Table S1).”). See
also Szopa S., Naik V., Adhikary B., Artaxo P., Berntsen T., Collins W. D., Fuzzi S., Gallardo L., Kiendler-Scharr

85


https://mcusercontent.com/effa7b2192dde9046ae5e5444/files/a0044c66-13d7-7109-c7f1-614554333266/Near_Term_Climate_Risk_Report.pdf
https://mcusercontent.com/effa7b2192dde9046ae5e5444/files/a0044c66-13d7-7109-c7f1-614554333266/Near_Term_Climate_Risk_Report.pdf
https://mcusercontent.com/effa7b2192dde9046ae5e5444/files/a0044c66-13d7-7109-c7f1-614554333266/Near_Term_Climate_Risk_Report.pdf
https://mcusercontent.com/effa7b2192dde9046ae5e5444/files/a0044c66-13d7-7109-c7f1-614554333266/Near_Term_Climate_Risk_Report.pdf
https://report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_SummaryForPolicymakers.pdf
https://www.ipcc.ch/report/ar6/wg3/
https://www.ipcc.ch/report/ar6/wg3/
https://www.pnas.org/doi/10.1073/pnas.2123536119
https://www.pnas.org/doi/10.1073/pnas.2123536119
http://www.pnas.org/content/114/39/10315
http://www.pnas.org/content/114/39/10315

A., Klimont Z., Liao H., Unger N., & Zanis P. (2021) Chapter 6: Short-lived climate forcers, in CLIMATE CHANGE
2021: THE PHYSICAL SCIENCE BAsis, Contribution of Working Group | to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change, Masson-Delmotte V., et al. (eds.), 821 (“Across the SSPs, the collective
reduction of CHa, ozone precursors and HFCs can make a difference of global mean surface air temperature of 0.2
with a very likely range of [0.1-0.4] °C in 2040 and 0.8 with a very likely range of [0.5-1.3] °C at the end of the 21st
century (comparing SSP3-7.0 and SSP1-1.9), which is substantial in the context of the Paris Agreement. Sustained
methane mitigation, wherever it occurs, stands out as an option that combines near- and long-term gains on surface
temperature (high confidence) and leads to air quality benefits by reducing surface ozone levels globally (high
confidence).”).

82 Shindell D., et al. (2012) Simultaneously Mitigating Near-Term Climate Change and Improving Human Health and
Food Security, SCIENCE 335(6065): 183-189, 183-185 (“The global mean response to the CH4 plus BC measures was
—0.54 £ 0.05°C in the climate model. ...Roughly half the forcing is relatively evenly distributed (from the CH4
measures). The other half is highly inhomogeneous, especially the strong BC forcing, which is greatest over bright
desert and snow or ice surfaces. Those areas often exhibit the largest warming mitigation, making the regional
temperature response to aerosols and ozone quite distinct from the more homogeneous response to well-mixed
greenhouse gases.... BC albedo and direct forcings are large in the Himalayas, where there is an especially pronounced
response in the Karakoram, and in the Arctic, where the measures reduce projected warming over the next three
decades by approximately two thirds and where regional temperature response patterns correspond fairly closely to
albedo forcing (for example, they are larger over the Canadian archipelago than the interior and larger over Russia
than Scandinavia or the North Atlantic).”). See also United Nations Environment Programme & World Meteorological
Organization (2011) INTEGRATED ASSESSMENT OF BLACK CARBON AND TROPOSPHERIC OZzONE, 254, 262
(“Evaluating global mean temperature change, it was found that the targeted measures to reduce emissions of methane
and BC could greatly reduce warming rates over the next few decades (Figure 6.1; Box 6.1). When all measures are
fully implemented, warming during the 2030s relative to the present would be only half as much as in the reference
scenario. In contrast, even a fairly aggressive strategy to reduce CO, emissions, as for the CO2-measures scenario,
does little to mitigate warming until after the next 20-30 years (Box 6.2).”; “Large impacts of the measures examined
here were also seen for the Arctic despite the minimal amount of emissions currently taking place there. This occurs
due to the high sensitivity of the Arctic both to pollutants that are transported there from remote sources and to radiative
forcing that takes place in areas of the northern hemisphere outside the Arctic. The 16 measures examined here,
including the measures on pellet stoves and coal briquettes, reduce warming in the Arctic by 0.7 °C (range 0.2 to 1.3
°C) at 2040. This is a large portion of the 1.1 °C (range 0.7 to 1.7 °C) warming projected under the reference scenario
for the Arctic, and hence implementation of the measures would be virtually certain to substantially slow, but not halt,
the pace of Arctic climate change.”).

8 potential for mitigation from landfills (29-36 million metric tons CH4 in 2030) and energy sector (circa 29-57
million metric tons CH4 in 2030 from oil and gas; 12-25 MtCH4 from coal). See United Nations Environment
Programme & Climate & Clean Air Coalition (2021) Summary for Policymakers, in GLOBAL METHANE ASSESSMENT:
BENEFITS AND COSTS OF MITIGATING METHANE EMISSIONS, 6, 10. (“Oil, gas and coal: the fossil fuel sector has the
greatest potential for targeted mitigation by 2030. Readily available targeted measures could reduce emissions from
the oil and gas sector by 29-57 Mt/yr and from the coal sector by 12-25 Mt/yr. Up to 80 per cent of oil and gas
measures and up to 98 per cent of coal measures could be implemented at negative or low cost; “Waste: existing
targeted measures could reduce methane emissions from the waste sector by 29-36 Mt/yr by 2030). Cutting black
carbon and tropospheric ozone (which methane is a precursor of) can reduce air pollution levels and save up to 2.4
million lives every year and increase annual crop production by more than 50 million tons. See United Nations
Environment Programme & World Meteorological Organization (2011) INTEGRATED ASSESSMENT OF BLACK
CARBON AND TROPOSPHERIC OZONE, 193,201 (“Implementing all measures could avoid 2.4 million premature deaths
(within a range of 0.7—4.6 million) associated with reductions in PM. s, associated with 5.3-37.4 million years of life
lost (YLL), based on the 2030 population.”; “Total global production gains of all crops ranges between 30 and 140
million tonnes (model mean: 52 million tonnes). The annual economic gains for all four crops in all regions ranges
between US$4billion and US$33 billion, of which US$2-28 billion in Asia.”).
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8 Shindell D. (14 June 2023) Wildfire smoke and dirty air are also climate change problems: Solutions for a world
on fire, MODERN SCIENCES (“Black carbon — the tiny particles in the air from wildfires and also from vehicles — along
with methane, hydrofluorocarbons and tropospheric ozone, are known as short-lived climate pollutants. They account
for around half of today’s global warming, contributing to rising sea levels and more frequent and extreme climatic
events, including the devastating wildfires we’re increasingly seeing across the world. In addition, these pollutants
have disastrous impacts on human health, food supplies and biodiversity.”).

8 Dreyfus G. B., Xu Y., Shindell D. T., Zaelke D., & Ramanathan V. (2022) Mitigating climate disruption in time: A
self-consistent approach for avoiding both near-term and long-term global warming, PROC. NAT’L. ACAD. Scl.
119(22): 2123536119, 1-8, 1 (“We find that mitigation measures that target only decarbonization are essential for
strong long-term cooling but can result in weak near-term warming (due to unmasking the cooling effect of co-emitted
aerosols) and lead to temperatures exceeding 2°C before 2050. In contrast, pairing decarbonization with additional
mitigation measures targeting short-lived climate pollutants (SLCPs) and N0, slows the rate of warming a decade or
two earlier than decarbonization alone and avoids the 2°C threshold altogether. These non-CO, targeted measures
when combined with decarbonization can provide net cooling by 2030, reduce the rate of warming from 2030 to 2050
by about 50%, roughly half of which comes from methane, significantly larger than decarbonization alone over this
timeframe.”)

86 Goldstein A., Noon M. L., Ledezma J. C., Roehrdanz P. R., Raghav S., McGreevey M., Stone C., Shrestha S.,
Golden Kroner R., Hole D., & Turner W. (2021) IRRECOVERABLE CARBON: THE PLACES WE MUST PROTECT TO AVERT
CLIMATE CATASTROPHE, Conservation International, 7 (““Irrecoverable carbon’ refers to the vast stores of carbon in
nature that are vulnerable to release from human activity and, if lost, could not be restored by 2050 — when the world
must reach net-zero emissions to avoid the worst impacts of climate change... There are high concentrations of
irrecoverable carbon in the Amazon (31.5 Gt), the Congo Basin (8.1 Gt), and New Guinea (7.3 Gt). Other important
irrecoverable carbon reserves are located in the Pacific Northwest of North America, the Valdivian forests of Chile,
the mangroves and swamp forests of Guyana, the peatlands of Northern Scotland, Niger Delta’s mangroves,
Cambodia’s Tonle Sap Lake, the Scandinavian and Siberian boreal forests, and the eucalyptus forest of Southeast
Australia, among others.”). See also Griscom B. W., et al. (2017) Natural climate solutions, PROC. NAT’L. ACAD. Scl.
114(44): 11645-11650, 11645 (“Better stewardship of land is needed to achieve the Paris Climate Agreement goal of
holding warming to below 2 °C; however, confusion persists about the specific set of land stewardship options
available and their mitigation potential. To address this, we identify and quantify “natural climate solutions” (NCS):
20 conservation, restoration, and improved land management actions that increase carbon storage and/or avoid
greenhouse gas emissions across global forests, wetlands, grasslands, and agricultural lands. We find that the
maximum potential of NCS—when constrained by food security, fiber security, and biodiversity conservation—is
23.8 petagrams of CO; equivalent (PgCO2e) y* (95% CI 20.3-37.4). This is >30% higher than prior estimates, which
did not include the full range of options and safeguards considered here. About half of this maximum (11.3 PgCO.e
y 1) represents cost-effective climate mitigation, assuming the social cost of CO; pollution is >100 USD MgCO.e ™ by
2030. Natural climate solutions can provide 37% of cost-effective CO mitigation needed through 2030 for a >66%
chance of holding warming to below 2 °C. One-third of this cost-effective NCS mitigation can be delivered at or below
10 USD MgCO; L. Most NCS actions—if effectively implemented—also offer water filtration, flood buffering, soil
health, biodiversity habitat, and enhanced climate resilience. Work remains to better constrain uncertainty of NCS
mitigation estimates. Nevertheless, existing knowledge reported here provides a robust basis for immediate global
action to improve ecosystem stewardship as a major solution to climate change.”); Goldstein A., et al. (2020)
Protecting irrecoverable carbon in Earth’s ecosystems, NAT. CLIM. CHANGE 10(4): 287-295; and Noon M. L.,
Goldstein A., Ledezma J. C., Roehrdanz P. R., Cook-Patton S. C., Spawn-Lee S. A., Wright T. M., Gonzalez-Roglich
M., Hole D. G., Rockstrom J., & Turner W. R. (2021) Mapping the irrecoverable carbon in Earth’s ecosystems, NAT.
SUSTAIN. 5: 37-46.

87 Griscom B. W., et al. (2017) Natural climate solutions, PROC. NAT’L. ACAD. Scl. 114(44): 11645-11650, 11645
(“Better stewardship of land is needed to achieve the Paris Climate Agreement goal of holding warming to below
2 °C; however, confusion persists about the specific set of land stewardship options available and their mitigation
potential. To address this, we identify and quantify “natural climate solutions” (NCS): 20 conservation, restoration,
and improved land management actions that increase carbon storage and/or avoid greenhouse gas emissions across
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global forests, wetlands, grasslands, and agricultural lands. We find that the maximum potential of NCS—when
constrained by food security, fiber security, and biodiversity conservation—is 23.8 petagrams of CO; equivalent
(PgCO2e) y! (95% CI 20.3-37.4). This is >30% higher than prior estimates, which did not include the full range of
options and safeguards considered here. About half of this maximum (11.3 PgCOze y') represents cost-effective
climate mitigation, assuming the social cost of CO; pollution is >100 USD MgCO.e ! by 2030. Natural climate
solutions can provide 37% of cost-effective CO, mitigation needed through 2030 for a >66% chance of holding
warming to below 2 °C. One-third of this cost-effective NCS mitigation can be delivered at or below 10 USD
MgCO;!. Most NCS actions—if effectively implemented—also offer water filtration, flood buffering, soil health,
biodiversity habitat, and enhanced climate resilience. Work remains to better constrain uncertainty of NCS mitigation
estimates. Nevertheless, existing knowledge reported here provides a robust basis for immediate global action to
improve ecosystem stewardship as a major solution to climate change.”). See also Moomaw W. R., Masino S. A., &
Faison E. K. (2019) Intact Forests in the Unites States: Proforestation Mitigates Climate Change and Serves the
Greatest Good, Perspective, FRONT. FOR. GLOB. CHANGE 2(27): 1-10, 1 (“Climate change and loss of biodiversity
are widely recognized as the foremost environmental challenges of our time. Forests annually sequester large
quantities of atmospheric carbon dioxide (CO;), and store carbon above and below ground for long periods of time.
Intact forests—Iargely free from human intervention except primarily for trails and hazard removals—are the most
carbon-dense and biodiverse terrestrial ecosystems, with additional benefits to society and the economy. ... The recent
1.5 Degree Warming Report by the Intergovernmental Panel on Climate Change identifies reforestation and
afforestation as important strategies to increase negative emissions, but they face significant challenges: afforestation
requires an enormous amount of additional land, and neither strategy can remove sufficient carbon by growing young
trees during the critical next decade(s). In contrast, growing existing forests intact to their ecological potential—
termed proforestation—is a more effective, immediate, and low-cost approach that could be mobilized across suitable
forests of all types. Proforestation serves the greatest public good by maximizing co-benefits such as nature-based
biological carbon sequestration and unparalleled ecosystem services such as biodiversity enhancement, water and air
quality, flood and erosion control, public health benefits, low impact recreation, and scenic beauty.”); and World
Wildlife Fund (2020) LiIVING PLANET REPORT 2020 — BENDING THE CURVE OF BIODIVERSITY LOsS, Almond R. E. A,,
Grooten M., & Petersen T. (eds.), 6 (“The global Living Planet Index continues to decline. It shows an average 68%
decrease in population sizes of mammals, birds, amphibians, reptiles and fish between 1970 and 2016. ... It matters
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table S5), again assuming 25% of the biomass is harvested by thinning. Because production and combustion of wood
generate more CO2 than coal, the first impact of bioenergy use is an increase in atmospheric CO2. Regrowth gradually
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AND LAND: AN IPCC SPECIAL REPORT ON CLIMATE CHANGE, DESERTIFICATION, LAND DEGRADATION, SUSTAINABLE LAND
MANAGEMENT, FOOD SECURITY, AND GREENHOUSE GAS FLUXES IN TERRESTRIAL ECOSYSTEMS, Shukla P. R., et al. (eds.),
27 (“Impacts on adaptation, desertification, land degradation and food security are maximum potential impacts,
assuming carbon dioxide removal by BECCS at a scale of 11.3 GtCO2 yr-1 in 2050, and noting that bioenergy without
CCS can also achieve emissions reductions of up to several GtCO2 yr-1 when it is a low carbon energy source {2.6.1;
6.3.1}. Studies linking bioenergy to food security estimate an increase in the population at risk of hunger to up to 150
million people at this level of implementation {6.3.5}. The red hatched cells for desertification and land degradation
indicate that while up to 15 million km2 of additional land is required in 2100 in 2°C scenarios which will increase
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pressure for desertification and land degradation, the actual area affected by this additional pressure is not easily
quantified {6.3.3; 6.3.4}.”).

152 Bioenergy facilities have been linked with environmental injustice, specifically the wood pellet industry in the U.S.
See Purifoy D. (5 October 2020) How Europe’s Wood Pellet Appetite Worsens Environmental Racism in the South,
SOUTHERLY (“From Northampton County to Alabama’s Black Belt, residents and activists say companies such as
Enviva exploit mostly communities of color with promises to build up busted local economies with a "green energy"
industry. Instead, communities hosting wood pellet facilities are not only further burdened by pollution and other local
dangers, they are also entangled in yet another climate damaging trend — the destruction of biodiverse hardwood
forests and the rise of monoculture tree plantations to produce energy that appears to pose climate threats similar to
coal.”); Popkin G. (21 April 2021) There’s a Booming Business in America’s Forests. Some Aren’t Happy About It.,
THE NEW YORK TIMES (“Richie Harding, a pastor in Northampton County, took a dimmer view. He said he was
incensed that Enviva had plopped its mill amid established neighborhoods. “Northampton County has a lot of land,”
he said. “Why would you put it in the backyard of these people?” Pellet mills, which can emit volatile organic
compounds and other hazardous air pollutants, are 50 percent more likely to be located near “environmental justice-
designated” communities, defined as counties with above-average poverty levels and a population that’s at least 25
percent nonwhite, according to an analysis by the Dogwood Alliance, an environmental nonprofit based in Asheville.
In November, the Mississippi Department of Environmental Quality fined Drax, the power company, $2.5 million for
air-quality violations at mills it operates there.”); Koester S. & Davis S. (2018) Siting of Wood Pellet Production in
Environmental Justice Communities in the Southeastern United States, ENVIRON. JUSTICE 11(2): 64-70, 70 (“By
defining EJ communities as communities with high levels of poverty and large nonwhite populations, we showed that
they are roughly 50% more likely than non-EJ communities to have a biomass pellet facility located in their
community. In addition, North and South Carolina had wood pellet production facilities located exclusively in EJ
communities. A contemporary instance of a biomass wood pellet production facility being placed in an EJ community
is illustrated by our example of Richmond County, North Carolina, showing that residents' right to EJ is being denied.
This research details the continued pattern of energy projects and development being sited in areas where communities
are economically, politically, and socially marginalized.”); Grunald M. (26 March 2021) The ‘Green Energy’ That
Might Be Ruining the Planet, POLITICO MAGAZINE (“U.S. pellet mills have often been located in predominantly
minority communities, which has added an environmental justice angle to the politics of biomass. A local activist
named Belinda Joyner, who is Black, once confronted a Black state regulator about Enviva’s expansion of the
Northampton mill. Joyner told the regulator his agency was ignoring a minority community’s complaints about truck
traffic and dust and a debarker that rattled at night as if someone had left a quarter in the dryer. The regulator said he
was sympathetic, but as long as Enviva complied with air quality laws, he had no choice but to issue the permit.”);
and Anderson P. & Powell K. (2018) Dirty Deception: How the Wood Biomass Industry Skirts the Clean Air Act,
Environmental Integrity Project, 4-5 (“[Environmental Integrity Project’s] survey reveals that these facilities emit
dangerous amounts of air pollution, and further finds that state agencies consistently fall well short of their duty to
ensure that these facilities control their pollution to the levels required by law, frequently due to misleading
information supplied by the industry. As a result, many large pellet mills have been allowed to emit air pollution,
especially volatile organic compounds (VOCs) and hazardous air pollutants at levels well above legal limits for years
at a time.”).

153 Climate Watch, US Greenhouse Gas Emissions (last visited 27 June 2023).

154 Piamonte C., Correal M., & Rihm A. (21 November 2022) If we talk about climate change, we MUST talk about
waste, Inter-American Development Bank (“In Latin America and the Caribbean (LAC), waste production continues
to grow. Projections indicate that the region will produce 296 million tons of municipal solid waste by 2030, of which
52% is expected to be organic. Currently, LAC countries dispose of 56% of their waste in sanitary landfills — most of
them without biogas capture systems —and 40% in inadequate disposal sites, while less than 4% of waste is valorized.
This context not only increases the challenges for waste management in the region, but also poses a threat to methane
mitigation.”),

15 Climate Watch, US Greenhouse Gas Emissions (last visited 27 June 2023).
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156 Climate Watch, US Greenhouse Gas Emissions (last visited 27 June 2023).

157 United States Environmental Protection Agency (21 April 2023) Basic Information about Landfill Gas, Landfill
Methane Outreach Program (“Municipal solid waste (MSW) landfills are the third-largest source of human-related
methane emissions in the United States, accounting for approximately 14.3 percent of these emissions in 2021. The
methane emissions from MSW landfills in 2021 were approximately equivalent to the greenhouse gas (GHG)
emissions from nearly 23.1 million gasoline-powered passenger vehicles driven for one year or the CO; emissions
from nearly 13.1 million homes’ energy use for one year. At the same time, methane emissions from MSW landfills
represent a lost opportunity to capture and use a significant energy resource.”).

158 Flerlage H., Velders G. J. M., & de Boer J. (2021) A review of bottom-up and top-down emission estimates of
hydrofluorocarbons (HECs) in different parts of the world, CHEMOS. 283(131208): 1-16, 1 (“Hydrofluorocarbons
(HFCs) are widespread alternatives for the ozone-depleting substances (ODSs) chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs). They are used today in a variety of applications, mainly as refrigerants for cooling
and air conditioning or as foam-blowing agents (Montzka et al., 2018).”).

159 Flerlage H., Velders G. J. M., & de Boer J. (2021) A review of bottom-up and top-down emission estimates of
hydrofluorocarbons (HFCs) in different parts of the world, CHEMOS. 283(131208): 1-16, 2 (“HFCs do not deplete the
ozone layer like chlorine- or bromine- containing analogues do (Ravishankara et al., 1994). Recent findings show an
indirect depletion potential due to radiative forcing increasing tropospheric and stratospheric temperatures, which
alters atmospheric circulation and accelerates the catalytic ozone destruction cycle (Hurwitz et al., 2015). While this
effect has limited impact, HFCs being halocarbons, are potent greenhouse gases (Ramanathan, 1975). Global warming
potentials (GWPs) express the effect of a substance on global warming relative to CO2, based on the mass of the
substance emitted. HFCs have GWPs of up to several thousands and thus significantly contribute to global radiative
forcing (Montzka et al., 2015).”).

160 Flerlage H., Velders G. J. M., & de Boer J. (2021) A review of bottom-up and top-down emission estimates of
hydrofluorocarbons (HECs) in different parts of the world, CHEMOS. 283(131208): 1-16, 12 (“In Latin America and
the Caribbean, 80% of HFC emissions are emitted by Argentina, Brazil and Mexico (CCAP and UNEP, 2016).”).

181 Flerlage H., Velders G. J. M., & de Boer J. (2021) A review of bottom-up and top-down emission estimates of
hydrofluorocarbons (HFCs) in different parts of the world, CHEMOS. 283(131208): 1-16, 12 (“Emissions of HFC-
134a according to government reports to the UNFCCC reached 3.9 Gg yrl in 2015, while HFC-152a were reported to
be 0 Gg yrl in 2007-2015 (Minist erio Da Ci“encia, Tecnologia E Inovag™ao, 2017).”).

162 gystainable Energy for All (2021) Chilling Prospects: Tracking Sustainable Cooling for All, 19 (“In Latin America
and the Caribbean, the number of those at highest risk in six countries high-impact countries for access to sustainable
cooling grew slightly from 47.6 million people in 2020, to 48.8 million people in 2021. ).

163 Sustainable Energy for All (2021) Chilling Prospects: Tracking Sustainable Cooling for All, 19 (“Of those at
highest risk, the vast majority are the urban poor, which increased by 500,000 people compared to the previous year.
Within the region, the most significant growth in the urban poor category was observed in Brazil (299,000 people)
and Bolivia (55,000 people).”).

164 Bayer E. (18 February 2021) Consumers can transform Latin America’s power systems: Here's how,
INTERNATIONAL ENERGY AGENCY (“By 2050, two-thirds of the world’s households could have an AC unit. This
means that AC stocks in Latin America and the Caribbean could increase more than sixfold, putting a strain on
transmission and local distribution grids. However, more energy efficient ACs could reduce the additional electricity
system load, and the remaining load could be cycled to help avoid grid strain during peak hours.”).

165 International Energy Agency (2018) THE FUTURE OF COOLING: OPPORTUNITIES FOR ENERGY EFFICIENT AIR
CONDITIONING; discussed in Bayer, E. (18 February 2021) Consumers can transform Latin America’s power systems.:
Here’s how, INTERNATIONAL ENERGY AGENCY (“By 2050, two-thirds of the world’s households could have an AC
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unit. This means that AC stocks in Latin America and the Caribbean could increase more than sixfold, putting a strain
on transmission and local distribution grids.”).

166 Yepez A. & Urteaga J.A. (20 April 2023) Latin America and the Caribbean can mitigate climate change by tapping
into its enerqy efficiency potential, Inter-American Development Bank (“The region’s energy intensity, which means
the amount of energy consumed per unit of gross domestic product, decreased at an average annual rate of 0.8% from
2010 to 2018. Worldwide, energy intensity decreased at a rate of 2.1% per year, making Latin America and the
Caribbean the region with the least improvement in this indicator.”).

167 Porras F., Walter A., Soriano G., & Ramirez A.D. (2023) On the adoption of stricter energy efficiency standards
for residential air conditioners: Case study Guayaquil, Ecuador, HELIYON 9(3): €13893, 1-17, 3 (“The average MEPS
(continuous line) for LATAM countries shown in Table 1 is approximately 30% below the average MEPS in the main
manufacturing regions. The UNEP Model Regulations are voluntary guidelines for governments in developing
countries considering a regulatory framework that requires new room air conditioners to be clean and efficient,
following a sustainable pathway [12]. Fig. 1 also shows the current gap between LATAM MEPS and the UNEP Model
Regulations (dashed line). The comparison indicates that LATAM MEPS should be increased by 67% to meet UNEP
guidelines.”).

168 yepez A. & Urteaga J.A. (20 April 2023) Latin America and the Caribbean can mitigate climate change by tapping
into its energy efficiency potential, Inter-American Development Bank (“According to Inter-American Development
Bank estimates, the region has the potential to save at least 20% of its energy consumption just by using more efficient
lighting, refrigeration and air conditioning equipment, and motors and compressors. These steps would mitigate
approximately 470 MtCOgze, based on an estimated emission factor for the region of 0.34 TCO2/MWh.”).

189 Flerlage H., Velders G. J. M., & de Boer J. (2021) A review of bottom-up and top-down emission estimates of
hydrofluorocarbons (HECs) in different parts of the world, CHEMOS. 283(131208): 1-16, 10 (“The global distribution
of HFC emissions is quite inhomogeneous. Canada, Japan, Australia, and Russia account for about 20% of HFC
emissions reported from Annex I countries, while the majority (about 80%) stem from the US and the EU”).

110 United States Environmental Protection Agency (30 May 2023) Phaseout of Ozone-Depleting Substances (ODS)
("In the United States, ozone-depleting substances (ODS) are regulated as class | or class Il controlled substances.
Class I substances, such as chlorofluorocarbons (CFCs) and halons, have a higher ozone depletion potential and have
been phased out in the U.S.; with a few exceptions, this means no one can produce or import class | substances. Class
Il substances are all hydrochlorofluorocarbons (HCFCs, which are transitional substitutes for many class | substances.
New production and import of most HCFCs were phased out as of 2020. The most common HCFC in use today is
HCFC-22 or R-22, a refrigerant still used in existing air conditioners and refrigeration equipment.").

171 Baccini A., Walker W., Carvalho L., Farina M., Sulla-Menashe D., & Houghton R. A. (2017) Tropical forests are
a net carbon source based on aboveground measurements of gain and loss, SCIENCE 358(6360): 230234, 2—-3 (“Our
analysis reveals that degradation and disturbance account for 70, 81, and 46% of carbon losses, respectively, across
tropical America, Africa, and Asia. For the tropics as a whole, D/D accounts for ~69% of total carbon losses. Although
this percentage is higher than previous estimates (22, 23), D/D are scale-dependent phenomena that can only be
measured and interpreted relative to the resolution of the sample grid (i.e., 21.4 ha in this study; fig. S7).”).

172) ovejoy T. E. & Nobre C. (2018) Amazon’s Tipping Point, SCI. ADV. 4(2): eaat2340, 1 (“We believe that negative
synergies between deforestation, climate change, and widespread use of fire indicate a tipping point for the Amazon
system to flip to nonforest ecosystems in eastern, southern and central Amazonia at 20—25% deforestation.”). See also
Wang S., Foster A., Lenz E. A., Kessler J. D., Stroeve J. C., Anderson L. O., Turetsky M., Betts R., Zou S., Liu W.,
Boos W. R., & Hausfather Z. (2023) Mechanisms and Impacts of Earth System Tipping Elements, REV. GEOPHYS.
61(e2021RG000757): 1-81, 28 (“Ultimately, current research cannot eliminate the possibility that changes across the
boreal zone due to a warming climate could act as a net positive climate feedback, thanks to the potential for permafrost
thaw and wildfires to liberate the soil carbon that makes up the majority of stored carbon across this ecosystem.
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Consequently, boreal forest dieback and shifts represent one of the more potentially immediate and significant climate
system tipping elements (Table 7).”).

13 _ovejoy T. E. & Nobre C. (2018) Amazon’s Tipping Point, SCI. ADV. 4(2): eaat2340, 1 (“We believe that negative
synergies between deforestation, climate change, and widespread use of fire indicate a tipping point for the Amazon
system to flip to nonforest ecosystems in eastern, southern and central Amazonia at 20—25% deforestation.”). See also
Wang S., Foster A., Lenz E. A., Kessler J. D., Stroeve J. C., Anderson L. O., Turetsky M., Betts R., Zou S., Liu W.,
Boos W. R., & Hausfather Z. (2023) Mechanisms and Impacts of Earth System Tipping Elements, REV. GEOPHYS.
61(e2021RG000757): 1-81, 28 (“Ultimately, current research cannot eliminate the possibility that changes across the
boreal zone due to a warming climate could act as a net positive climate feedback, thanks to the potential for permafrost
thaw and wildfires to liberate the soil carbon that makes up the majority of stored carbon across this ecosystem.
Consequently, boreal forest dieback and shifts represent one of the more potentially immediate and significant climate
system tipping elements (Table 7).”).

174 Griscom B. W., et al. (2017) Natural climate solutions, PROC. NAT’L. ACAD. Scl. 114(44): 11645-11650, 11645
(“Better stewardship of land is needed to achieve the Paris Climate Agreement goal of holding warming to below
2 °C; however, confusion persists about the specific set of land stewardship options available and their mitigation
potential. To address this, we identify and quantify “natural climate solutions” (NCS): 20 conservation, restoration,
and improved land management actions that increase carbon storage and/or avoid greenhouse gas emissions across
global forests, wetlands, grasslands, and agricultural lands. We find that the maximum potential of NCS—when
constrained by food security, fiber security, and biodiversity conservation—is 23.8 petagrams of CO; equivalent
(PgCO2e) y! (95% CI 20.3-37.4). This is >30% higher than prior estimates, which did not include the full range of
options and safeguards considered here. About half of this maximum (11.3 PgCOze y!) represents cost-effective
climate mitigation, assuming the social cost of CO; pollution is >100 USD MgCO.e™' by 2030. Natural climate
solutions can provide 37% of cost-effective CO, mitigation needed through 2030 for a >66% chance of holding
warming to below 2 °C. One-third of this cost-effective NCS mitigation can be delivered at or below 10 USD
MgCO; . Most NCS actions—if effectively implemented—also offer water filtration, flood buffering, soil health,
biodiversity habitat, and enhanced climate resilience. Work remains to better constrain uncertainty of NCS mitigation
estimates. Nevertheless, existing knowledge reported here provides a robust basis for immediate global action to
improve ecosystem stewardship as a major solution to climate change.”). See also Moomaw W. R., Masino S. A., &
Faison E. K. (2019) Intact Forests in the Unites States: Proforestation Mitigates Climate Change and Serves the
Greatest Good, Perspective, FRONT. FOR. GLOB. CHANGE 2(27): 1-10, 1 (“Climate change and loss of biodiversity
are widely recognized as the foremost environmental challenges of our time. Forests annually sequester large
quantities of atmospheric carbon dioxide (CO>), and store carbon above and below ground for long periods of time.
Intact forests—Iargely free from human intervention except primarily for trails and hazard removals—are the most
carbon-dense and biodiverse terrestrial ecosystems, with additional benefits to society and the economy. ... The recent
1.5 Degree Warming Report by the Intergovernmental Panel on Climate Change identifies reforestation and
afforestation as important strategies to increase negative emissions, but they face significant challenges: afforestation
requires an enormous amount of additional land, and neither strategy can remove sufficient carbon by growing young
trees during the critical next decade(s). In contrast, growing existing forests intact to their ecological potential—
termed proforestation—is a more effective, immediate, and low-cost approach that could be mobilized across suitable
forests of all types. Proforestation serves the greatest public good by maximizing co-benefits such as nature-based
biological carbon sequestration and unparalleled ecosystem services such as biodiversity enhancement, water and air
quality, flood and erosion control, public health benefits, low impact recreation, and scenic beauty.”); and World
Wildlife Fund (2020) LiVING PLANET REPORT 2020 — BENDING THE CURVE OF BIODIVERSITY LOSS, Almond R. E. A.,
Grooten M., & Petersen T. (eds.), 6 (“The global Living Planet Index continues to decline. It shows an average 68%
decrease in population sizes of mammals, birds, amphibians, reptiles and fish between 1970 and 2016. ... It matters
because biodiversity is fundamental to human life on Earth, and the evidence is unequivocal — it is being destroyed by
us at a rate unprecedented in history. Since the industrial revolution, human activities have increasingly destroyed and
degraded forests, grasslands, wetlands and other important ecosystems, threatening human well-being. Seventy-five
per cent of the Earth’s ice-free land surface has already been significantly altered, most of the oceans are polluted, and
more than 85% of the area of wetlands has been lost.”).
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15 Rockstrom J., Beringer T., Hole D., Griscom B., Mascia M. B., Folke C., & Creutzig F. (2021) We Need Biosphere
Stewardship That Protects Carbon Sinks and Builds Resilience, PROC. NAT’L. ACAD. ScI. 118(38): e2115218115, 1-
8,2 (“Using the reduced complexity climate model MAGICC6 ("Model for the Assessment of Greenhouse Gas
Induced Climate Change Version 6™), we examined changes in global mean temperature up till now and in the future
under the RCP2.6 emission scenario—the only emission pathway that aligns with the Paris agreement—»but assumed
that ecosystems on land had stopped absorbing CO, from 1900 onwards. In such a world, global temperatures would
have risen much faster (Fig. 1C, red line). In fact, we would have already crossed the 1.5 °C threshold, demonstrating
that terrestrial ecosystems have reduced warming by at least 0.4 °C since 1900.”).

176 puffy K. A., Schwalm C. R., Arcus V. L., Koch G. W., Liang L. L., & Schipper L. A. (2021) How close are we to
the temperature tipping point of the terrestrial biosphere?, Sci. Abv. 7(3): eaayl052, 1-8, 1 (“The temperature
dependence of global photosynthesis and respiration determine land carbon sink strength. While the land sink currently
mitigates ~30% of anthropogenic carbon emissions, it is unclear whether this ecosystem service will persist and, more
specifically, what hard temperature limits, if any, regulate carbon uptake. Here, we use the largest continuous carbon
flux monitoring network to construct the first observationally derived temperature response curves for global land
carbon uptake. We show that the mean temperature of the warmest quarter (3-month period) passed the thermal
maximum for photosynthesis during the past decade. At higher temperatures, respiration rates continue to rise in
contrast to sharply declining rates of photosynthesis. Under business-as-usual emissions, this divergence elicits a near
halving of the land sink strength by as early as 2040.”). See also Hubau W., et al. (2020) Asynchronous carbon sink
saturation in African and Amazonian tropical forests, NATURE 579: 80-87, 85 (“In summary, our results indicate that
although intact tropical forests remain major stores of carbon and are key centres of biodiversityll, their ability to
sequester additional carbon in trees is waning. In the 1990s intact tropical forests removed 17% of anthropogenic CO;
emissions. This declined to an estimated 6% in the 2010s, because the pan-tropical weighted average per unit area
sink strength declined by 33%, forest area decreased by 19% and anthropogenic CO2 emissions increased by 46%.
Although tropical forests are more immediately threatened by deforestation46 and degradation47, and the future
carbon balance will also depend on secondary forest dynamics48 and forest restoration plans49, our analyses show
that they are also affected by atmospheric chemistry and climatic changes. Given that the intact tropical forest carbon
sink is set to end sooner than even the most pessimistic climate driven vegetation models predict4,5, our analyses
suggest that climate change impacts in the tropics may become more severe than predicted. Furthermore, the carbon
balance of intact tropical forests will only stabilize once CO. concentrations and the climate stabilizes.”); and
Intergovernmental Panel on Climate Change (2021) Summary for Policymakers, in CLIMATE CHANGE 2021: THE
PHYSICAL SCIENCE Basis, Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change, Masson-Delmotte V., et al. (eds.), SPM-26 (“Based on model projections, under the
intermediate scenario that stabilizes atmospheric CO, concentrations this century (SSP2-4.5), the rates of CO, taken
up by the land and oceans are projected to decrease in the second half of the 21st century (high confidence). Under
the very low and low GHG emissions scenarios (SSP1-1.9, SSP1-2.6), where CO; concentrations peak and decline
during the 21% century, land and oceans begin to take up less carbon in response to declining atmospheric CO,
concentrations (high confidence) and turn into a weak net source by 2100 under SSP1-1.9 (medium confidence). It is
very unlikely that the combined global land and ocean sink will turn into a source by 2100 under scenarios without
net negative emissions32 (SSP2-4.5, SSP3-7.0, SSP5-8.5)... Additional ecosystem responses to warming not yet fully
included in climate models, such as CO; and CH. fluxes from wetlands, permafrost thaw and wildfires, would further
increase concentrations of these gases in the atmosphere (high confidence).”).

17 Goldstein A., Noon M. L., Ledezma J. C., Roehrdanz P. R., Raghav S., McGreevey M., Stone C., Shrestha S.,
Golden Kroner R., Hole D., & Turner W. (2021) IRRECOVERABLE CARBON: THE PLACES WE MUST PROTECT TO AVERT
CLIMATE CATASTROPHE, Conservation International, 7 (“‘Irrecoverable carbon’ refers to the vast stores of carbon in
nature that are vulnerable to release from human activity and, if lost, could not be restored by 2050 — when the world
must reach net-zero emissions to avoid the worst impacts of climate change. ... There are high concentrations of
irrecoverable carbon in the Amazon (31.5 Gt), the Congo Basin (8.1 Gt), and New Guinea (7.3 Gt). Other important
irrecoverable carbon reserves are located in the Pacific Northwest of North America, the Valdivian forests of Chile,
the mangroves and swamp forests of Guyana, the peatlands of Northern Scotland, Niger Delta’s mangroves,
Cambodia’s Tonle Sap Lake, the Scandinavian and Siberian boreal forests, and the eucalyptus forest of Southeast
Australia, among others.”). See also Goldstein A., et al. (2020) Protecting irrecoverable carbon in Earth’s ecosystems,

102


https://www.pnas.org/doi/epdf/10.1073/pnas.2115218118
https://www.pnas.org/doi/epdf/10.1073/pnas.2115218118
https://advances.sciencemag.org/content/7/3/eaay1052
https://advances.sciencemag.org/content/7/3/eaay1052
https://doi.org/10.1038/s41586-020-2035-0
https://doi.org/10.1038/s41586-020-2035-0
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/wg1/
https://www.conservation.org/docs/default-source/publication-pdfs/irrecoverable-carbon-report.pdf?sfvrsn=16207fea_2
https://www.conservation.org/docs/default-source/publication-pdfs/irrecoverable-carbon-report.pdf?sfvrsn=16207fea_2
http://www.nature.com/articles/s41558-020-0738-8

NAT. CLIM. CHANGE 10(4): 287-295; and Noon M. L., Goldstein A., Ledezma J. C., Roehrdanz P. R., Cook-Patton
S. C.,, Spawn-Lee S. A., Wright T. M., Gonzalez-Roglich M., Hole D. G., Rockstrém J., & Turner W. R. (2021)
Mapping the irrecoverable carbon in Earth’s ecosystems, NAT. SUSTAIN. 5: 37—46.

178 Goldstein A., Noon M. L., Ledezma J. C., Roehrdanz P. R., Raghav S., McGreevey M., Stone C., Shrestha S.,
Golden Kroner R., Hole D., & Turner W. (2021) IRRECOVERABLE CARBON: THE PLACES WE MUST PROTECT TO AVERT
CLIMATE CATASTROPHE, Conservation International, 7 (“‘Irrecoverable carbon’ refers to the vast stores of carbon in
nature that are vulnerable to release from human activity and, if lost, could not be restored by 2050 — when the world
must reach net-zero emissions to avoid the worst impacts of climate change... There are high concentrations of
irrecoverable carbon in the Amazon (31.5 Gt), the Congo Basin (8.1 Gt), and New Guinea (7.3 Gt). Other important
irrecoverable carbon reserves are located in the Pacific Northwest of North America, the Valdivian forests of Chile,
the mangroves and swamp forests of Guyana, the peatlands of Northern Scotland, Niger Delta’s mangroves,
Cambodia’s Tonle Sap Lake, the Scandinavian and Siberian boreal forests, and the eucalyptus forest of Southeast
Australia, among others.”). See also Goldstein A., et al. (2020) Protecting irrecoverable carbon in Earth’s ecosystems,
NAT. CLIM. CHANGE 10(4): 287-295; and Noon M. L., Goldstein A., Ledezma J. C., Roehrdanz P. R., Cook-Patton
S. C.,, Spawn-Lee S. A., Wright T. M., Gonzalez-Roglich M., Hole D. G., Rockstrém J., & Turner W. R. (2021)
Mapping the irrecoverable carbon in Earth’s ecosystems, NAT. SUSTAIN. 5: 37-46.

179 Griscom B. W., et al. (2017) Natural climate solutions, PROC. NAT’L. ACAD. ScI. 114(44): 11645-11650, 11645
(“Better stewardship of land is needed to achieve the Paris Climate Agreement goal of holding warming to below
2 °C; however, confusion persists about the specific set of land stewardship options available and their mitigation
potential. To address this, we identify and quantify “natural climate solutions” (NCS): 20 conservation, restoration,
and improved land management actions that increase carbon storage and/or avoid greenhouse gas emissions across
global forests, wetlands, grasslands, and agricultural lands. We find that the maximum potential of NCS—when
constrained by food security, fiber security, and biodiversity conservation—is 23.8 petagrams of CO; equivalent
(PgCO2e) y* (95% CI 20.3-37.4). This is >30% higher than prior estimates, which did not include the full range of
options and safeguards considered here. About half of this maximum (11.3 PgCO.e y ') represents cost-effective
climate mitigation, assuming the social cost of CO; pollution is >100 USD MgCO.e* by 2030. Natural climate
solutions can provide 37% of cost-effective CO, mitigation needed through 2030 for a >66% chance of holding
warming to below 2 °C. One-third of this cost-effective NCS mitigation can be delivered at or below 10 USD
MgCO; 1. Most NCS actions—if effectively implemented—also offer water filtration, flood buffering, soil health,
biodiversity habitat, and enhanced climate resilience. Work remains to better constrain uncertainty of NCS mitigation
estimates. Nevertheless, existing knowledge reported here provides a robust basis for immediate global action to
improve ecosystem stewardship as a major solution to climate change.”). See also Moomaw W. R., Masino S. A., &
Faison E. K. (2019) Intact Forests in the Unites States: Proforestation Mitigates Climate Change and Serves the
Greatest Good, Perspective, FRONT. FOR. GLOB. CHANGE 2(27): 1-10, 1 (“Climate change and loss of biodiversity
are widely recognized as the foremost environmental challenges of our time. Forests annually sequester large
quantities of atmospheric carbon dioxide (CO2), and store carbon above and below ground for long periods of time.
Intact forests—Iargely free from human intervention except primarily for trails and hazard removals—are the most
carbon-dense and biodiverse terrestrial ecosystems, with additional benefits to society and the economy. ... The recent
1.5 Degree Warming Report by the Intergovernmental Panel on Climate Change identifies reforestation and
afforestation as important strategies to increase negative emissions, but they face significant challenges: afforestation
requires an enormous amount of additional land, and neither strategy can remove sufficient carbon by growing young
trees during the critical next decade(s). In contrast, growing existing forests intact to their ecological potential—
termed proforestation—is a more effective, immediate, and low-cost approach that could be mobilized across suitable
forests of all types. Proforestation serves the greatest public good by maximizing co-benefits such as nature-based
biological carbon sequestration and unparalleled ecosystem services such as biodiversity enhancement, water and air
quality, flood and erosion control, public health benefits, low impact recreation, and scenic beauty.”); and World
Wildlife Fund (2020) Living Planet Report 2020 — Bending the curve of biodiversity loss, Almond R. E. A., Grooten
M., & Petersen T. (eds.), 5 (“The global Living Planet Index continues to decline. It shows an average 68% decrease
in population sizes of mammals, birds, amphibians, reptiles and fish between 1970 and 2016. ... It matters because
biodiversity is fundamental to human life on Earth, and the evidence is unequivocal — it is being destroyed by us at a
rate unprecedented in history. Since the industrial revolution, human activities have increasingly destroyed and
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degraded forests, grasslands, wetlands and other important ecosystems, threatening human well-being. Seventy-five
per cent of the Earth’s ice-free land surface has already been significantly altered, most of the oceans are polluted, and
more than 85% of the area of wetlands has been lost.”).

180 Cuadros A. (4 January 2023) Has the Amazon Reached Its ‘Tipping Point’?, THE NEW YORK TIMES (“For all the
slashing and burning of recent years, the ecosystem still stores about 120 billion tons of carbon in its trunks, branches,
vines and soil — the equivalent of about ten years of human emissions. If all of that carbon is released, it could warm
the planet by as much as 0.3 degrees Celsius. According to the Princeton ecologist Stephen Pacala, this alone would
probably make the Paris Agreement — the international accord to limit warming since preindustrial times to 2 degrees
— “impossible to achieve.” Which, in turn, may mean that other climate tipping points are breached around the world.
As the British scientist Tim Lenton put it to me, “The Amazon feeds back to everything.”).

181 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1693 (“The positive feedback between climate change and land use change, particularly
deforestation, is projected to increase the threat to the Amazon forest, resulting in the increase of fire
occurrence, forest degradation (high confidence) and long-term loss of forest structure (medium confidence).
The combined effect of both impacts will lead to a long-term decrease in carbon stocks in forest biomass,
compromising Amazonia’s role as a carbon sink, largely conditioned on the forest’s responses to elevated atmospheric
CO; (medium confidence). The southern portion of the Amazon has become a net carbon source to the atmosphere in
the past decade (high confidence).”). See also Gatti L. V., et al. (2021) Amazonia as a carbon source linked to
deforestation and climate change, NATURE 595: 388-393, 389, 390 (“Vertically averaged AVP values, which are
proportional to surface flux, suggest that ALF-SE [southeastern Amazon] has the largest CO, emission to the
atmosphere, followed by SAN-NE [northeastern Amazon]. By contrast, AVP values for the western sites RBA-SWC
[southwestern-central Amazon] and TAB_TEF-NWC [northwestern-central Amazonia] indicate near-neutral C
balance or C sinks.”; “Over the nine years studied (2010-2018), the FCnge value for ALF-SE [southeastern Amazon]
indicates that it is a steadily increasing source [of carbon], at a rate of 0.036 +0.015g C m2d* yr?* (Pearson’s
correlation, r = 0.68, P = 0.045) (Extended Data Fig. 5a).”).

182 World Meteorological Organization (2023) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2022,
No. 1322, 7 (“The 2022 mean temperature in LAC was between the 12th and 21st highest on record, depending on
the data set used, close to the 1991-2020 average (-0.06 °C to 0.10 °C) and 0.55 °C [0.46 °C to 0.70 °C] above the
1961-1990 average (Table 1). The annual mean temperature anomalies relative to 19912020 across the LAC region
are shown in Figure 3 and Table 1 (see details regarding the data sets in the Data sets and methods section). Warming
was less pronounced in the region in 2022 compared to 2021, and especially when compared to 2020 (which was one
of the three warmest years on record). The 19912022 period shows the highest warmest trend (about 0.2 °C or higher
per decade) since 1900 in the LAC region (compared with the previous 30-year periods of 1900-1930, 1931-1960,
1961-1990).”).

183 ) ovejoy T. E. & Nobre C. (2018) Amazon’s Tipping Point, SCI. ADV. 4(2): eaat2340, 1 (“We believe that negative
synergies between deforestation, climate change, and widespread use of fire indicate a tipping point for the Amazon
system to flip to nonforest ecosystems in eastern, southern and central Amazonia at 20-25% deforestation.”). See also
Hoegh-Guldberg O., et al. (2018) Chapter 3: Impacts of 1.5 °C of Global Warming on Natural and Human Systems,
in GLoBAL WARMING OF 1.5 °C, Special Report of the Intergovernmental Panel on Climate Change, Masson-
Delmotte V., et al. (eds.), 3-263 (“Global warming of 3°C is projected to reduce the extent of tropical rainforest in
Central America, with biomass being reduced by about 40%, which can lead to a large replacement of rainforest by
savanna and grassland (Lyra et al., 2017). Overall, modelling studies (Huntingford et al., 2013; Nobre et al., 2016)
and observational constraints (Cox et al., 2013) suggest that pronounced rainforest dieback may only be triggered at
3°C—4°C (medium confidence), although pronounced biomass losses may occur at 1.5°C— 2°C of global warming.”).
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184 Taylor L. (5 September 2022) The Amazon rainforest has already reached a crucial tipping point, NEw SCIENTIST
(“Marlene Quintanilla at the Amazon Geo-Referenced Socio-Environmental Information Network (RAISG) and her
colleagues, working in partnership with various groups, including the Coordinator of Indigenous Organizations of the
Amazon River Basin, used forest coverage data to map how much of the Amazon was lost between 1985 and 2020
and also looked at forest density, rainfall patterns and carbon storage. ...The report finds that 33 per cent of the
Amazon remains pristine and 41 per cent of areas have low degradation and could restore themselves. But 26 per cent
of areas have been found to have gone too far to restore themselves: 20 per cent is lost entirely and 6 per cent is highly
degraded and would need human support to be restored.”). See also Lenton T. M., Rockstrom J., Gaffney O.,
Rahmstorf S., Richardson K., Steffen W., & Schellnhuber H. J. (2019) Climate tipping points—too risky to bet against,
Comment, NATURE, 575: 592-595, 593 (“Estimates of where an Amazon tipping point could lie range from 40%
deforestation to just 30% forest-cover loss. About 17% has been lost since 1970. The rate of deforestation varies with
changes in policy. Finding the tipping point requires models that include deforestation and climate change as
interacting drivers, and that incorporate fire and climate feedbacks as interacting tipping mechanisms across scales.”).

185 Douville H., et al. (2021) Chapter 8: Water Cycle Changes, in CLIMATE CHANGE 2021: THE PHYSICAL SCIENCE
BAsis, Contribution of Working Group 1 to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change, Masson-Delmotte V., et al. (eds.), 8-112 (“Both deforestation and drying are projected to increase by 2100,
resulting in a worst-case scenario of up to a 50% loss in forest cover by 2050 (Soares-Filho et al., 2006; Boisier et al.,
2015; Steege et 50 al., 2015; Gomes et al., 2019).”).

186 \Wang-Erlandsson L., et al. (2022) A planetary boundary for green water, NAT. REV. EARTH ENVIRON. 3: 380-392,
380 (“Green water — terrestrial precipitation, evaporation and soil moisture — is fundamental to Earth system
dynamics and is now extensively perturbed by human pressures at continental to planetary scales. However, green
water lacks explicit consideration in the existing planetary boundaries framework that demarcates a global safe
operating space for humanity. In this Perspective, we propose a green water planetary boundary and estimate its current
status. The green water planetary boundary can be represented by the percentage of ice-free land area on which root-
zone soil moisture deviates from Holocene variability for any month of the year. Provisional estimates of departures
from Holocene-like conditions, alongside evidence of widespread deterioration in Earth system functioning, indicate
that the green water planetary boundary is already transgressed. Moving forward, research needs to address and
account for the role of root-zone soil moisture for Earth system resilience in view of ecohydrological, hydroclimatic
and sociohydrological interactions.”); discussed in Stockhom Resilience Center (26 April 2022) Freshwater boundary
exceeds safe limits (“Now researchers have explored the water boundary in more detail. The authors argue that
previous assessments did not sufficiently capture the role of green water and particularly soil moisture for ensuring
the resilience of the biosphere, for securing land carbon sinks, and for regulating atmospheric circulation. “The
Amazon rainforest depends on soil moisture for its survival. But there is evidence that parts of the Amazon are drying
out. The forest is losing soil moisture as a result of climate change and deforestation,” says Arne Tobian, second author
and PhD candidate at the Stockholm Resilience Centre and Potsdam Institute for Climate Impact Research. “These
changes are potentially pushing the Amazon closer to a tipping point where large parts could switch from rainforest
to savannah-like states,” he adds.”).

187 Boulton C. A., Lenton T. M., & Boers N. (2022) Pronounced loss of Amazon rainforest resilience since the early
2000s, NAT. CLIM. CHANG. 12(3): 27178, 277 (“Other factors, including rising atmospheric temperatures in response
to anthropogenic greenhouse gas emissions, may additionally have negative effects on Amazon resilience (and are
contributing to the warming of northern tropical Atlantic SSTs; Fig. 6a). Furthermore, the rapid change in climate is
triggering ecological changes but ecosystems are having difficulties in keeping pace. In particular, the replacement of
drought-sensitive tree species by drought-resistant ones is happening slower than changes in (hydro)meteorological
conditions50, potentially reducing forest resilience further. In summary, we have revealed empirical evidence that the
Amazon rainforest has been losing resilience since the early 2000s, risking dieback with profound implications for
biodiversity, carbon storage and climate change at a global scale. We further provided empirical evidence suggesting
that overall drier conditions, culminating in three severe drought events, combined with pronounced increases in
human land-use activity in the Amazon, probably played a crucial role in the observed resilience loss. The amplified
loss of Amazon resilience in areas closer to human land use suggests that reducing deforestation will not just protect
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the parts of the forest that are directly threatened but also benefit Amazon rainforest resilience over much larger spatial
scales.”).

18 | enton T. M., Held H., Kriegler E., Hall J. W., Lucht W., Rahmstorf S., & Schellnhuber H. J. (2008) Tipping
elements in the Earth’s climate system, PROC. NAT’L. ACAD. Scl. 105(6): 1786-1793, 1790 (“A large fraction of
precipitation in the Amazon basin is recycled, and, therefore, simulations of Amazon deforestation typically generate
20-30% reductions in precipitation (78), lengthening of the dry season, and increases in summer temperatures (79)
that would make it difficult for the forest to reestablish, and suggest the system may exhibit bistability.”). See also
Staal A., Fetzer I., Wang-Erlandsson L., Bosmans J. H. C., Dekker S. C., van Nes E. H., Rockstrém J., & Tuinenburg
0. A. (2020) Hystersis of tropical forests in the 21% century, NAT. COMMUN. 11(4978): 1-8, 5 (“Whether the Amazon
in particular is an important global ‘tipping element’ in the Earth system is a question of great scientific and societal
interest®%37. Despite our incomplete understanding of Amazon tipping, it is generally considered to be true that the
forest’s role in the hydrological cycle is so large that deforestation and/or climate change may trigger a tipping point
2.36-38 More recently, the possibility of fire-induced tipping has also been suggested >8. Although fire occurs at a local
scale, a considerable portion of the Amazon would be susceptible to this kind of tipping; by accounting for the feed-
backs at both local and regional scales, it becomes more likely that the Amazon is a tipping element. Although under
the current climate a majority of the Amazon forest still appears resilient to disturbance (also see ref. 39), we show
that this resilience may deteriorate as a result of redistributions of rainfall due to global climate change.”).

189 Gatti L. V., et al. (2021) Amazonia as a carbon source linked to deforestation and climate change, NATURE
595(7867): 388-393, 388 (“Southeastern Amazonia, in particular, acts as a net carbon source (total carbon flux minus
fire emissions) to the atmosphere. Over the past 40 years, eastern Amazonia has been subjected to more deforestation,
warming and moisture stress than the western part, especially during the dry season... the intensification of the dry
season and an increase in deforestation seem to promote ecosystem stress, increase in fire occurrence, and higher
carbon emissions in the eastern Amazon. This is in line with recent studies that indicate an increase in tree mortality
and a reduction in photosynthesis as a result of climatic changes across Amazonia.”). See also Brienen R. J. W., et al.
(2015) Long-term decline of the Amazon carbon sink, NATURE 519(7543): 344-348, 344 (“While this analysis
confirms that Amazon forests have acted as a long-term net biomass sink, we find a long-term decreasing trend of
carbon accumulation. Rates of net increase in above-ground biomass declined by one-third during the past decade
compared to the 1990s. This is a consequence of growth rate increases levelling off recently, while biomass mortality
persistently increased throughout, leading to a shortening of carbon residence times.”).

190 Clarke B., Barnes C., Rodrigues R., Zachariah M., Stewart S., Raju E., Baumgart N., Heinrich D., Libonati R.,
Santos D., Albuquerque R., Muniz Alves L., & Otto F. (2024) Climate change, not EI Nifio, main driver of exceptional
drought in highly vulnerable Amazon River Basin, World Weather Attribution, 3—4 (“Since June 2023, the Amazon
River Basin (ARB) has received significantly below average rainfall. Initially, the northern half of the basin was most
affected by this, but from September the entire basin has experienced a significant moisture deficit. ... As of January
2024, large parts of the ARB are in a state of exceptional meteorological, agricultural and ecological drought (WMO,
2016). ... The drought has caused the lowest water levels in 120 years, when measurements began, in many of the
tributaries in the Amazon River (nature, 2023).”); 4-5 (“The ARB is extremely large, making up more than a third of
the South American continent by land area, stretching from the high Andes in Peru and Colombia down to low-lying
coastal regions of eastern Brazil, and is largely a tropical climate. Rainforest covers approximately 83% of the basin,
and spatial variability of rainfall over the region is partly determined by feedbacks between the land surface and
atmosphere (Paredes-Trejo et al., 2021).”); 34 (“The 2023 Amazon drought is frequently cited as the most extreme on
the historical record.”).

191 Clarke B., Barnes C., Rodrigues R., Zachariah M., Stewart S., Raju E., Baumgart N., Heinrich D., Libonati R.,
Santos D., Albuquerque R., Muniz Alves L., & Otto F. (2024) Climate change, not EI Nifio, main driver of exceptional
drought in highly vulnerable Amazon River Basin, World Weather Attribution, 4-5 (“Finally, while the rate of
deforestation has decreased in the past year, multiple years of heightened deforestation previously have resulted in a
less resilient and drier land surface (Rodrigues, 2023). Moreover, droughts in the northwestern Amazon such as this
can be especially devastating to the forest and potentially accelerate a tipping point because the forest there is less
resilient to rainfall variability than that in the eastern Amazon, which experiences more variability (Ciemer et al.,
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2019; Hirota et al., 2021).”). See also Armstrong McKay D. I. & Loriani S. (eds.) (2023) Section 1: Earth systems
tipping points, in GLOBAL TIPPING POINTS REPORT 2023, Lenton T. M., et al. (eds.), 41 (“Recent CMIP6 models
indicate that localised shifts in peripheral parts of the Amazon forest system are more likely than a large-scale tipping
event (IPCC AR6 WG1 Chb, 2021; Parry et al., 2022). However, the latter cannot be ruled out (Hirota et al., 2021)
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across the workforce are projected to be lost due to unsuitable working conditions (95% confidence interval of 1.2-
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25 American Lung Association Ozone Pollution Trends (last visited 7 August 2023) (“Exposure to unhealthy levels
of ozone air pollution makes breathing difficult for more Americans all across the country than any other single
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from Prager et al. (2020) are as follows: by 2050, the simple average across all countries is -19.0 percent for bean, -
17.2 percent for maize, -1.8 percent for rice, +14.2 percent for soybean, and -4.8 percent for wheat. These yield impacts
are implemented as productivity shocks in IEEM and introduced linearly between 2021 and 2050 (see Figure 3.1).
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in the LAC countries modeled (see Figure 3.2).”).
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(ECLAC/MINURVI/UN-HABITAT, 2016). It is therefore relevant that, in different climate scenarios, yields of
cassava, banana, sweet potato and tomato plantations are predicted to fall by between 1% and 30% by 2050, with rice
crop yields ranging from a 3% decrease to a 2% increase. Lower yields would have negative consequences in a number
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last two decades (CELAC, SRE, and Global Center on Adaptation 2021). An analysis of the impact of extreme weather
events in the past two decades shows that eight Caribbean nations figure among the top twenty globally in losses as a
percentage of GDP, and five in terms of deaths per capita.1”).
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increase in precipitation (relative to the 1961-1990 reference levels) have lowered the level of Canadian real GDP in
2021 by 0.8 per cent”).

252 Office of Management and Budget (2022) Chapter 3. Long-Term Budget Outlook, in ANALYTICAL PERSPECTIVES:
BUDGET OF THE U.S. GOVERNMENT FISCAL YEAR 2024, 33 (“In analysis by the Network for Greening the Financial
System (NGFS) suggests that U.S. GDP will be nearly 2.5 percent lower by the middle of the century under current
policies relative to a no-further-warming counterfactual, with losses accelerating in the second half of the century.”).

23 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1698, 1700 (“The main climate impact drivers like extreme heat, drought, relative SLR [sea level
rise], coastal flooding, erosion, marine heatwaves, ocean aridity (high confidence) and aridity, drought and wildfires
will increase by midcentury (medium confidence) (Figure 12.6, WGI AR6 Table 12.6, Ranasinghe et al., 2021).”;
“Warming and drier conditions are projected through the reduction of total annual precipitation, extreme precipitation
and consecutive wet days and an increase in consecutive dry days (Chou et al., 2014). Heatwaves will increase in
frequency and severity in places close to the equator like Colombia (Guo et al., 2018; Feron et al., 2019), with a
decrease but strong wetting in coastal areas, pluvial and river flood and mean wind increase (Mora et al., 2014).
Models project a very likely 2°C GWL [global warming level] increase in the intensity and frequency of hot extremes
and decrease in the intensity and frequency of cold extremes. Nevertheless, models project inconsistent changes in the
region for extreme precipitation (low confidence) (Figure 12.6; WGI AR6 Table 12.14) (Ranasinghe et al., 2021). The
main climate impact drivers in the region, like extreme heat, mean precipitation and coastal and oceanic drivers, will
increase and snow, ice and permafrost will decrease with high confidence (WGI AR6 Table 12.6) (Ranasinghe et al.,
2021).).
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Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1692-1693 (“Extreme precipitation events, which result in floods, landslides and droughts, are
projected to intensify in magnitude and frequency due to climate change (medium confidence). Floods and landslides
pose a risk to life and infrastructure; a 1.5°C increase would result in an increase of 100-200% in the population
affected by floods in Colombia, Brazil and Argentina, 300% in Ecuador and 400% in Peru (medium confidence).”).

255 Mycoo M., Wairiu M., Campbell D., Duvat V., Golbuu Y., Maharaj S., Nalau J., Nunn P., Pinnegar J., & Warrick
0. (2022) Chapter 15: Small Islands, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY,
Contribution of Working Group 11 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Portner H.-O., Roberts D. C., Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S.,
Loschke S., Moller V., Okem A., & Rama B. (eds.), 2050, 2052 (“Compared to larger landmasses, many climate
change-driven impacts and risks are amplified for small islands. This is due largely to their boundedness (surrounded
by ocean), their comparatively small land areas, and often their remoteness from more populated parts of the world,
which restricts the global connectivity of islands. This is true on all types of islands (Figure 15.2). 15.3.1 Synthesis of
Observed and Projected Changes in the Physical Basis There is increased evidence of warming in the small islands,
particularly in the latter half of the 20th century (high confidence). The diversity of metrics and timescales used across
studies makes it impossible to provide explicit comparisons; however, Table 15.1 provides a summary of observed
changes. Some phenomena have no demonstrable trends in a region because of limited observed data, these include
TC frequency in the northeastern Pacific and Indian oceans (Walsh et al., 2016); other phenomena are too variable to
detect an overarching trend, including rainfall in regions where inter-annual and decadal variabilities such as the El
Nifio-Southern Oscillation, North Atlantic Oscillation, Pacific Decadal Variability, Atlantic Multidecadal Variability
are dominant (Jones et al., 2015; McGree et al., 2019). There are also marked regional variations in the rates of SLR
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(Merrifield and Maltrud, 2011; Palanisamy et al., 2012; Esteban et al., 2019) and relative SLR (RSLR; that is,
incorporating land movement). VVarious factors, including interannual and decadal sea level variations associated with
low-frequency modulation of ENSO and the Pacific Decadal Oscillation (PDO) and vertical land motion contribute
to both relative sea level variations and related uncertainties. Increased distantsource swell height from extra-tropical
cyclones (ETCs) also contributes to ESLs (Mentaschi et al., 2017; Vitousek et al., 2017). Together, these stressors
increase ESLs and their impacts, including coastal erosion and marine flooding and their impacts on both ecosystems
and ecosystem services and human activities (Section 15.3.3.1 and Table 15.3). Like observed impacts, projected
impacts include some high confidence assessments, which are distributed across a diversity of models, timescales and
metrics. Generalised trends, and specific projections when available, are provided in Table 15.2. However, actual
values and spatial distribution of precipitation changes remain uncertain as they are strongly model dependent (Paeth
etal., 2017). Furthermore, the current capabilities of climate models, to adequately represent variability in climate
drivers including ENSO, and the topography of small islands limit confidence in these future changes (Cai et al.,
2015a; Harter et al., 2015; Guilyardi et al., 2016).”; Table 15.1).
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Contribution of Working Group 11 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Portner H.-O., Roberts D. C., Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S.,
Loschke S., Moller V., Okem A., & Rama B. (eds.), 2045 (“A sense of urgency is prevalent among small islands in
the combating of climate change and in adherence to the Paris Agreement to limit global warming to 1.5°C above pre-
industrial levels. Small islands are increasingly affected by increases in temperature, the growing impacts of tropical
cyclones (TCs), storm surges, droughts, changing precipitation patterns, sea level rise (SLR), coral bleaching and
invasive species, all of which are already detectable across both natural and human systems (very high confidencel

)
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Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Portner H.-0., Roberts D. C., Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S.,
Loschke S., Moller V., Okem A., & Rama B. (eds.), 2050, 2052 (“Most of the research that has been conducted on
exposure and vulnerability from climate change demonstrates that factors including those that are geopolitical and
political, environmental, socioeconomic and cultural together conspire to increase exposure and vulnerability of small
islands (Box 15.1; Betzold, 2015; McCubbin et al., 2015; Duvat et al., 2017b; Otto et al., 2017; Weir et al., 2017,
Taupo et al., 2018; Barclay et al., 2019; Hay et al., 2019a; Ratter et al., 2019; Salmon et al., 2019; Bordner et al., 2020;
Douglass and Cooper, 2020; Duvat et al., 2020a). Additional pressures on coastal and marine environments, including
overexploitation of natural resources, may further exacerbate possible impacts in the future (Bell et al., 2013; Pinnegar
etal., 2019; Siegel et al., 2019). ... Furthermore, these factors exacerbate climate change-induced problems such as
coastal flooding and erosion faced by small islands. These impacts continue to worsen, putting small islands at
increasingly higher risk to the impacts of climate change (Box 15.1). There are multiple stressors that affect the
vulnerability of small islands to climate change (McNamara et al., 2019).”).

258 Mycoo M., Wairiu M., Campbell D., Duvat V., Golbuu Y., Maharaj S., Nalau J., Nunn P., Pinnegar J., & Warrick
O. (2022) Chapter 15: Small Islands, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY,
Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Portner H.-0., Roberts D. C., Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S.,
Loschke S., Moller V., Okem A., & Rama B. (eds.), 2099 (“Agriculture and fisheries are heavily influenced by climate,
which means a change in occurrence of TCs, air temperature, ocean temperature and/or rainfall can have considerable
impacts on the production and availability of crops and seafood and therefore the health and welfare of island
inhabitants. Projected impacts of climate change on agriculture and fisheries in some cases will enhance productivity,
but in many cases could undermine food production, greatly exacerbating food insecurity challenges for human
populations in small islands. Small islands mostly depend on rain-fed agriculture, which is likely to be affected in
various ways by climate change, including loss of agricultural land through floods and droughts, and contamination
of freshwater and soil through salt-water intrusion, warming temperatures leading to stresses of crops, and extreme
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events such as cyclones. In some islands, crops that have been traditionally part of people’s diet can no longer be
cultivated due to such changes. For example, severe rainfall during planting seasons can damage seedlings, reduce
growth and provide conditions that promote plant pests and diseases. Changes in the frequency and severity of TCs
or droughts will pose challenges for many islands. For example, more pronounced dry seasons, warmer temperatures
and greater evaporation could cause plant stress reducing productivity and harvests. The impacts of drought may
hinder insects and animals from pollinating crops, trees and other vegetative food sources on tropical islands. For
instance, many agroforestry crops are completely dependent on insect pollination, and it is, therefore, important to
monitor and recognise how climate change is affecting the number and productivity of these insects. Coastal agroforest
systems in small islands are important to national food security but rely on biodiversity (e.g., insects for pollination
services). Biodiversity loss from traditional agroecosystems has been identified as one of the most serious threats to
food and livelihood security in islands. Ecosystem-based adaptation practices and diversification of crop varieties are
possible solutions.”).

29 Mycoo M., Wairiu M., Campbell D., Duvat V., Golbuu Y., Maharaj S., Nalau J., Nunn P., Pinnegar J., & Warrick
0. (2022) Chapter 15: Small Islands, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY,
Contribution of Working Group 11 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Portner H.-O., Roberts D. C., Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S.,
Loschke S., Mdller V., Okem A., & Rama B. (eds.), 2046 (“Reef island and coastal area habitability in small islands
is expected to decrease because of increased temperature, extreme sea levels and degradation of buffering ecosystems,
which will increase human exposure to sea-related hazards (high confidence). Climate and non-climate drivers of
reduced habitability are context specific. On small islands, coastal land loss attributable to higher sea level, increased
extreme precipitation and wave impacts and increased aridity have contributed to food and water insecurities that are
likely to become more acute in many places (high confidence). In the Caribbean, additional warming by 0.2°-1.0°C,
could lead to a predominantly drier region (5-15% less rain than present day), a greater occurrence of droughts along
with associated impacts on agricultural production and yield in the region. Crop suitability modelling on several
commercially important crops grown in Jamaica found that even an increase of less than +1.5°C could result in a
reduction in the range of crops that farmers may grow. Most Pacific Island Countries could experience > 50% declines
in maximum fish catch potential by 2100 relative to 19802000 under both an RCP2.6 and RCP8.5 scenario {15.3.4.3,
15.3.4.4}.).

260 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A.,
& Rama B. (eds.), 1691 (“Central and South America (CSA) are highly exposed, vulnerable and strongly
impacted by climate change, a situation amplified by inequality, poverty, population growth and high
population density, land use change particularly deforestation with the consequent biodiversity loss, soil
degradation, and high dependence of national and local economies on natural resources for the production of
commodities (high confidence?). Profound economic, ethnic and social inequalities are exacerbated by climate
change. High levels of widespread poverty, weak water governance, unequal access to safe water and sanitation
services and lack of infrastructure and financing reduce adaptation capacity, increasing and creating new population
vulnerabilities (high confidence).... The scientific evidence since the IPCC’s Fifth Assessment Report (AR5)
increased the confidence in the synergy among fire, land use change, particularly deforestation, and climate
change, directly impacting human health, ecosystem functioning, forest structure, food security and the
livelihoods of resource-dependent communities (medium confidence). Regional increases in temperature, aridity
and drought increased the frequency and intensity of fire. On average, people in the region were more exposed to high
fire danger between 1 and 26 additional days depending on the sub-region for the years 2017-2020 compared to 2001
2004 (high confidence).”).

21 Castellanos E., Lemos M. F., Astigarraga L., Chacon N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
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Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A.,
& Rama B. (eds.), 1722-1723 (Table 12.6).

262 United Nations Office for the Coordination of Humanitarian Affairs (2020) NATURAL DISASTERS IN LATIN
AMERICA AND THE CARIBBEAN, 2000-2019, 2 (“Latin America and the Caribbean (LAC) is the second most disaster-
prone region in the world 152 million affected by 1,205 disasters (2000-2019)*”).

23 Herring S., Hoell A., Christidis N., & Stott P. (2023) EXPLAINING EXTREME EVENTS FROM A CLIMATE
PERSPECTIVE, American Meteorological Society.

24 Intergovernmental Panel on Climate Change (2021) Summary for Policymakers, in CLIMATE CHANGE 2021: THE
PHYSICAL SCIENCE BAsIS, Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change, Masson-Delmotte V., et al. (eds.), SPM-10 (“It is virtually certain that hot extremes
(including heatwaves) have become more frequent and more intense across most land regions since the 1950s, while
cold extremes (including cold waves) have become less frequent and less severe, with high confidence that human-
induced climate change is the main driver[14] of these changes. Some recent hot extremes observed over the past
decade would have been extremely unlikely to occur without human influence on the climate system. Marine
heatwaves have approximately doubled in frequency since the 1980s (high confidence), and human influence has very
likely contributed to most of them since at least 2006.”). See also Kotz M., Wenz L., & Levermann A. (2021) Footprint
of greenhouse forcing in daily temperature variability, PROC. NAT’L. ACAD. ScI. 118(32): €2103294118, 1-8, 1
(“Assessing historical changes to daily temperature variability in comparison with those from state-of-the-art climate
models, we show that variability has changed with distinct global patterns over the past 65 years, changes which are
attributable to rising concentrations of greenhouse gases. If these rises continue, temperature variability is projected
to increase by up to 100% at low latitudes and decrease by 40% at northern high latitudes by the end of the century.”).

25 Fischer E. M., Sippel S., & Knutti R. (2021) Increasing probability of record-shattering climate extremes, NAT.
CLIM. CHANGE 11: 689-685, 689 (“Here, we show models project not only more intense extremes but also events that
break previous records by much larger margins. These record-shattering extremes, nearly impossible in the absence
of warming, are likely to occur in the coming decades. We demonstrate that their probability of occurrence depends
on warming rate, rather than global warming level, and is thus pathway-dependent. In high-emission scenarios, week-
long heat extremes that break records by three or more standard deviations are two to seven times more probable in
2021-2050 and three to 21 times more probable in 2051-2080, compared to the last three decades. In 20512080,
such events are estimated to occur about every 6-37 years somewhere in the northern midlatitudes.”).

266 Balch J. K., Abatzoglou J. T., Joseph M. B., Koontz M. J., Mahood A. L., McGlinchy J., Cattau M. E., & Williams
A. P. (2022) Warming weakens the night-time barrier to global fire, NATURE 602: 442448, 442 (‘“Night-time provides
a critical window for slowing or extinguishing fires owing to the lower temperature and the lower vapour pressure
deficit (VPD). However, fire danger is most often assessed based on daytime conditions1 2, capturing what promotes
fire spread rather than what impedes fire. Although it is well appreciated that changing daytime weather conditions
are exacerbating fire, potential changes in night-time conditions—and their associated role as fire reducers—are less
understood. Here we show that night-time fire intensity has increased, which is linked to hotter and drier nights. Our
findings are based on global satellite observations of daytime and night-time fire detections and corresponding hourly
climate data, from which we determine landcover-specific thresholds of VPD (VPDy), below which fire detections are
very rare (less than 95 per cent modelled chance). Globally, daily minimum VPD increased by 25 per cent from 1979
to 2020. Across burnable lands, the annual number of flammable night-time hours—when VPD exceeds VPD—
increased by 110 hours, allowing five additional nights when flammability never ceases. Across nearly one-fifth of
burnable lands, flammable nights increased by at least one week across this period. Globally, night fires have become
7.2 per cent more intense from 2003 to 2020, measured via a satellite record. These results reinforce the lack of night-
time relief that wildfire suppression teams have experienced in recent years. We expect that continued night-time
warming owing to anthropogenic climate change will promote more intense, longer-lasting and larger fires.”);
discussed in Dickie G. (19 July 2022) Steamy nights in European heatwave worsen health and fire risks — experts,
REUTERS.
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27 Hicke J. A., Lucatello S., Mortsch L. D., Dawson J., Dominguez Aguilar M., Enquist C. A. F., Gilmore E. A,,
Gutzler D. S., Harper S., Holsman K., Jewett E. B., Kohler T. A., & Miller K. (2022) Chapter 14: North America, in
CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group 11 to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., Roberts D. C., Tignor M.,
Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A., & Rama B.
(eds.), 1931 (“ Without limiting warming to 1.5°C, key risks to North America are expected to intensify rapidly by
mid-century (high confidence). These risks will result in irreversible changes to ecosystems, mounting damages to
infrastructure and housing, stress on economic sectors, disruption of livelihoods, and issues with mental and physical
health, leisure and safety. Immediate, widespread and coordinated implementation of adaptation measures aimed at
reducing risks and focused on equity have the greatest potential to maintain and improve the quality of life for North
Americans, ensure sustainable livelihoods and protect the long-term biodiversity, and ecological and economic
productivity, in North America (high confidence). Enhanced sharing of resources and tools for adaptation across
economic, social, cultural and national entities enables more effective short- and long-term responses to climate
change. {14.2, 14.4, 14.5, 14.6, 14.7”).

28 George Washington University (2018) ASCERTAINMENT OF THE ESTIMATED EXCESS MORTALITY FROM
HURRICANE MARIA IN PUERTO RIcO, Milken Institute School of Public Health, 9 (“Results from the preferred
statistical model, shown below, estimate that excess mortality due to Hurricane Maria using the displacement scenario
is estimated at 1,271 excess deaths in September and October (95% CI: 1,154-1,383), 2,098 excess deaths from
September to December (95% CI: 1,872-2,315), and, 2,975 (95% CI: 2,658-3,290) excess deaths for the total study
period of September 2017 through February 2018.”).

269 Deloitte (2022) TURNING POINT: A NEW ECONOMIC CLIMATE IN THE UNITED STATES, 6 (“If global average warming
reaches around 3°C by century’s end, Deloitte’s analysis indicates that economic damages would grow and compound,
affecting every industry and region in the country. Failing to take sufficient action could result in economic losses to
the US economy of $14.5 trillion (in present-value terms11) over the next 50 years. In this climate-damaged future,
the economy would lose nearly 4% of GDP12—$1.5 trillion in 2070 alone.”).

270 National Oceanic and Atmospheric Administration Fisheries (19 August 2021) Social Indicators for Coastal
Communities (Table: Environmental Justice in Commercial Fishing Communities).

271 See Jina A. (2021) Climate Change and the U.S. Economic Future, U.S. Energy & Climate Roadmap: Policy
Insight, Energy Policy Institute of Chicago, 17 (“The aggregate picture masks substantial local differences in these
impacts. Figure 6 shows damages at the county level as a proportion of that county’s income level in 2080-2099 under
a high emissions scenario. As expected, the colder, more northerly parts of the United States have much lower damages
than the rest of the country. In southern, coastal states, meanwhile, there is an overall high negative impact, as they
experience higher temperatures and exposure to enhanced coastal damages from storms and sea level rise. ... The
pattern of damages in Figure 6 also reveals another potential impact of climate change: an increase in inequality across
the country. Figure 7 ranks counties by income level, and then plots damages in groups that gather together income
deciles from poorest to wealthiest. The pattern of damages is strongly correlated with income levels, and the poorest
counties su"er the largest damages. Indeed, the poorest third of counties are projected to experience damages of
between 2 and 20 percent of county income under a high emissions scenario. This aspect of climate impacts in the
United States has the potential to substantially widen the income gap between rich and poor parts of the country,
saddling those areas that may already have fewer resources to adapt with larger damages.”); and Sawyer D., Ness R.,
Lee C., & Miller S. (2022) DAMAGE CONTROL: REDUCING THE COSTS OF CLIMATE IMPACTS IN CANADA, Canadian
Climate Institute, 60—61 (“Low-income households will see the largest reductions in real household income. While
high-income households lose more income in absolute terms, the share of real income lost by low-income households
is higher. By mid-century, the lowest-income households are projected to face income losses, relative to the refence
case, of 5.8 per cent under high-emissions and 4.8 per cent under the low-emissions scenario (Figure 11). This
compares to losses of 4 per cent and 3.2 per cent for the highest-income households in the same period. By the end of
the century, the impacts on real household income cut deep into affordability. Low-income households face real
income cuts on average of 23 per cent in the high-emissions scenario, and 12 per cent under low-emissions. Even the
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median group faces significant income losses of 9 to 19 per cent under low- and high-emissions scenarios,
respectively.9 The disproportionate losses for low-income households are driven by lower baseline levels of income,
resulting in the same dollar amount of lost income comprising a higher share of total income lost compared to high-
income households. As well, there is a higher share of income coming from low-income employment in the service
sector that is impacted heavily by damages to infrastructure and supply chain disruptions. Finally, the lower-income
groups tend to spend more of their income on transportation services and housing, both of which are highly climate-
sensitive. Other equity-deserving groups, such as Indigenous people, racialized people, recent immigrants, and
women, are disproportionately represented in low-income groups (Statistics Canada 2021; Statistics Canada 2022).10
Therefore, climate change impacts risk exacerbating inequality across multiple dimensions.”).

212 Hicke J. A., Lucatello S., Mortsch L. D., Dawson J., Dominguez Aguilar M., Enquist C. A. F., Gilmore E. A,
Gutzler D. S., Harper S., Holsman K., Jewett E. B., Kohler T. A., & Miller K. (2022) Chapter 14: North America, in
CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group 11 to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C., Tignor M.,
Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A., & Rama B.
(eds.), 1932 (“Climate hazards are projected to intensify further across North America (very high confidence).
Heatwaves over land and in the ocean, as well as wildfire activity, will intensify; subarctic snowpack, glacial mass
and sea ice will decline (virtually certain); and sea level rise will increase at geographically differential rates (virtually
certain). Humidity-enhanced heat stress, aridification and extreme precipitation events that lead to severe flooding,
erosion, debris flows and ultimately loss of ecosystem function, life and property are projected to intensify (high
confidence). {14.2}”).

273 United States Office of Management and Budget (2022) FEDERAL BUDGET EXPOSURE TO CLIMATE RISKS, 277
(“The Office of Management and Budget (OMB) assessments found that the Federal Government could spend between
an additional $25 billion to $128 billion annually due to just six climate-related financial risks included in this report—
disaster relief, flood insurance, crop insurance, healthcare expenditures, wildland fire suppression spending, and flood
risk at Federal facilities — and considering only a limited scope of total potential damages to those programs. Table
21-1 summarizes quantified annual estimated expenditures of these assessed programs (in 20203) in projected ranges
to mid- and late-century. Many other risks to the Federal budget are apparent but have not yet been quantified, such
as the risks to national security, changes to ecosystems, and infrastructure expenditures which can each have wide-
ranging and diffuse effects to the budget”).

274 International Monetary Fund (2022) WORLD ECONOMIC OUTLOOK: COUNTERING THE COST-OF-LIVING CRISIS, 71
(“Decades of procrastination have transformed what could have been a smooth transition to a more carbon-neutral
society into what will likely be a more challenging one. By the end of the decade, the global economy needs to emit
25 percent less greenhouse gases than in 2022 to have a fighting chance to reach the goals set in Paris in 2015 and
avert catastrophic climate disruptions. Because the energy transition needed to accomplish this has to be rapid, it is
bound to involve some costs in the next few years. While there is little consensus on the expected near-term
macroeconomic consequences of climate change policies, this chapter’s central message is that if the right measures
are implemented immediately and phased in gradually over the next eight years, the costs will remain manageable and
are dwarfed by the innumerable long-term costs of inaction. Different assumptions regarding the speed at which
electricity generation can transition toward low-carbon technologies put these costs somewnhere between 0.15 and 0.25
percentage point of GDP growth and an additional 0.1 to 0.4 percentage point of inflation a year with respect to the
baseline, if budget-neutral policies are assumed. To avoid amplifying these costs, it is important that both climate and
monetary policies be credible. Stop-and-go policies and further procrastinating on the grounds that “now is not the
time” will only exacerbate the toll.”).

25 Tryst S., Joshi S., Lenton T., & Oliver J. (2023) THE EMPEROR’S NEW CLIMATE SCENARIOS: LIMITATIONS AND
ASSUMPTIONS OF COMMONLY USED CLIMATE-CHANGE SCENARIOS IN FINANCIAL SERVICES, Institute and Faculty of
Actuaries & University of Exeter, 3 (“Dr Sarah Ivory University of Edinburgh There is a problem with the current
climate-scenario modelling which means it does not accurately depict the future we know is coming, or the financial
implications of this. Climate scenario users in financial services have two pathways forward. To spend all of your time
understanding why existing models are wrong and tweaking them is equivalent to rearranging deck chairs on the
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Titanic. To build new models which get political buy-in on climate action is equivalent to launching the life boats. It
still won’t save all of us, but it’s the best option we have.”).

276 Trust S., Joshi S., Lenton T., & Oliver J. (2023) THE EMPEROR’S NEW CLIMATE SCENARIOS: LIMITATIONS AND
ASSUMPTIONS OF COMMONLY USED CLIMATE-CHANGE SCENARIOS IN FINANCIAL SERVICES, Institute and Faculty of
Actuaries & University of Exeter, 6 (“There is a disconnect between climate science and the economic models that
underpin financial services climate-scenario modelling, where model parsimony has cost us real-world efficacy. Real-
world impacts of climate change, such as the impact of tipping points (both positive and negative, transition and
physical-risk related), sea-level rise and involuntary mass migration, are largely excluded from the damage functions
of public reference climate-change economic models. Some models implausibly show the hot-house world to be
economically positive, whereas others estimate a 65% GDP loss or a 50-60% downside to existing financial assets if
climate change is not mitigated, stating these are likely to be conservative estimates.”).

217 Morrison A. (3 July 2023) Climate scenario models in financial services significantly underestimate climate risk,
UNIVERSITY OF EXETER (“This severely limits the usefulness of the models to business leaders and policy makers,
who may reasonably believe these models effectively capture risk levels, unaware that many of the most severe climate
impacts have not been considered.”); discussing Trust S., Joshi S., Lenton T., & Oliver J. (2023) THE EMPEROR’S
NEw CLIMATE SCENARIOS: LIMITATIONS AND ASSUMPTIONS OF COMMONLY USED CLIMATE-CHANGE SCENARIOS IN
FINANCIAL SERVICES, Institute and Faculty of Actuaries & University of Exeter.

28 Kémiives Z. (24 August 2021) IPCC report: the macroeconomic impacts of climate action and inaction,
CAMBRIDGE ECONOMETRICS (“These large damage estimates are still likely to understate the true losses, since our
method is based on the observed relationship between temperature and economic output, and we focus only on the
impacts of gradual warming on productivity. They do not account for tipping points or other unprecedented changes
in the climate system. Given the high uncertainty around increasing climate sensitivity in the future and carbon-cycle
feedbacks it is near impossible to get accurate estimates. Natural factors are not the only uncertainty to account for.
Escalating climate impacts could bring disruption of value chains, trade, and geopolitical crises as well.”).

2% World Meteorological Organization (22 May 2023) Economic costs of weather-related disasters soars but early
warnings save lives, Press Release 22052023 (“Over sixty percent of economic losses due to weather-, climate- and
water-related disasters were reported for developed economies. However, the economic losses were equivalent to less
than 0.1% of the gross domestic product (GDP) in respective economies in more than four fifths of these disasters. No
disasters were reported with economic losses greater than 3.5% of the respective GDPs. In Least Developed Countries,
7% of disasters for which economic losses were reported had an impact equivalent to more than 5% of the respective
GDPs, with several disasters causing economic losses up to nearly 30%. In Small Island Developing States, 20% of
disasters with reported economic losses led to an impact equivalent to more than 5% of the respective GDPs, with
some disasters causing economic losses above 100%.”); discussing World Meteorological Organization (2023) ATLAS
OF MORTALITY AND ECONOMIC LOSSES FROM WEATHER, CLIMATE AND WATER-RELATED HAZARDS.

280 \World Bank Group (2022) A Roadmap for Climate Action in Latin America and the Caribbean 2021 - 2025, 1 (“In
rankings of the impacts of extreme weather events from 2000 to 2019, five Caribbean nations figure among the top
20 globally in terms of fatalities per capita, while in terms of economic losses as a share of GDP eight of the top 20
countries are in the Caribbean”).

281 World Meteorological Organization (22 May 2023) Economic costs of weather-related disasters soars but early
warnings save lives, Press Release 22052023 (“North America, Central America and Caribbean: A reported 2 107
weather-, climate- and water-related resulted in 77 454 deaths and US$ 2.0 trillion in economic losses.”); discussing
World Meteorological Organization (2023) ATLAS OF MORTALITY AND ECONOMIC LOSSES FROM WEATHER, CLIMATE
AND WATER-RELATED HAZARDS.

282 \/ergara W., Rios A. R., Paliza L. M. G., Gutman P., Isbell P., Suding P. H., & Samaniego J. (2013) The climate
and development challenge for Latin America and the Caribbean: options for climate-resilient, low-carbon
development, Inter-American Development Bank, 14 (“Based on recent analysis and new estimates, the projected
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yearly economic damages in LAC caused by some of the major physical impacts associated with this likely rise of 2°
C over pre industrial levels are estimated to gradually increase and reach approximately $100 billion annually by 2050
or approximately 2.2 percent of 2010 gross domestic product (GDP, $4.6 trillion)”).

283 \World Bank Group (2022) A ROADMAP FOR CLIMATE ACTION IN LATIN AMERICA AND THE CARIBBEAN 2021-2025,
1 (“In Latin America and the Caribbean (LAC) the rapidly changing climate is increasing the frequency and intensity
of extreme weather-related events. The year 2020 saw the most catastrophic fire season over the Pantanal region and
a record number of storms during the Atlantic cyclone season. Eta and lota, two category 4 hurricanes, affected more
than 8 million people in Central America, causing tens of billions of dollars in damage. In Honduras, annual average
losses due to climate-related shocks are estimated at 2.3 percent of gross domestic product (GDP). In rankings of the
impacts of extreme weather events from 2000 to 2019, five Caribbean nations figure among the top 20 globally in
terms of fatalities per capita, while in terms of economic losses as a share of GDP eight of the top 20 countries are in
the Caribbean.1 Extreme precipitation events, which result in floods and landslides, are projected to intensify in
magnitude and frequency due to climate change, with a 1.50 C increase in mean global temperature projected to result
in an increase of up to 200 percent in the population affected by floods in Colombia, Brazil, and Argentina; 300 percent
in Ecuador; and 400 percent in Peru.2 Climate shocks reduce the income of the poorest 40 percent by more than double
the average of the LAC population and could push an estimated 2.4-5.8 million people in the region into extreme
poverty by 2030.3”).

284 Barcena A., Samaniego J., Wilson P., & Alatorre J. E. (2020) THE CLIMATE EMERGENCY IN LATIN AMERICA AND
THE CARIBBEAN: THE PATH AHEAD — RESIGNATION OR ACTION?, Economic Commission for Latin American and the
Caribbean, 122 (“The Caribbean relies heavily on economic activities such as tourism and agriculture, which are
particularly sensitive to climatic conditions (ECLAC, 2010). Agriculture generates a large number of jobs, and the
rural population continues to constitute a substantial percentage of the total population (ECLAC/MINURVI/UN-
HABITAT, 2016). It is therefore relevant that, in different climate scenarios, yields of cassava, banana, sweet potato
and tomato plantations are predicted to fall by between 1% and 30% by 2050, with rice crop yields ranging from a 3%
decrease to a 2% increase. Lower yields would have negative consequences in a number of areas, such as growth in
output and investment in agriculture, the external sector, poverty reduction and food security (Clarke and others, 2013;
ECLAC, 2015a).”).

285 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A.,
& Rama B. (eds.), 1732 (“In several regions of CSA, water scarcity is a serious challenge to local livelihoods and
economic activities. Regions that are (seasonally) dry, partly with large populations and increasing water demand,
exhibit particularly significant water stress. These include the Dry Corridor in CA, coastal areas of Peru (SWS) and
northern Chile (SWS), the Bolivian-Peruvian Altiplano (NWS, SAM), the Dry Andes of Central Chile (SWS),
Western Argentina and Chaco in northwestern Paraguay (SES) and Sertdo in northeastern Brazil (NES) (high
confidence) (Kummu et al., 2016; Mekonnen and Hoekstra, 2016; Schoolmeester et al., 2018). In NWS and SWS,
downstream areas are increasingly affected by decreasing and unreliable river runoff due to rapid glacier shrinkage
(high confidence) (Table SM12.6; Carey et al., 2014; Drenkhan et al., 2015; Buytaert et al., 2017). Many regions in
CSA rely heavily on hydroelectric energy, and as a result of rising energy demand, hydropower capacity is constantly
being extended (Schoolmeester et al., 2018). Worldwide, SA features the second-fastest growth rate, with about 5.2
GW additional annual capacity installed in 2019 (IHA, 2020). This development requires additional water storage
options, which entail the construction of large dams and reservoirs with important social-ecological implications.
River fragmentation and corresponding loss of habitat connectivity due to dam constructions have been described for,
for example, the NSA, SAM, NES and SES (high confidence) (Grill et al., 2015; Anderson et al., 2018a), with
important implications for freshwater biota, such as fish migration (medium confidence) (Pelicice et al., 2015; Herrera-
R et al., 2020). Furthermore, examples in, for instance, NWS (Carey et al., 2012; Duarte-Abadia et al., 2015; Hommes
and Boelens, 2018) and SWS (Mufioz et al., 2019b) showcase unresolved water-related conflicts between local
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villagers, peasant communities, hydropower operators and governmental institutions in a context of distrust and lack
of water governance (high confidence)”).

286 Deloitte (2022) TURNING POINT: ANEW ECONOMIC CLIMATE IN THE UNITED STATES, 17 (“The losses to the US would
rapidly increase and compound as temperatures continue to rise. The US economy would be smaller and less
productive, and there would be fewer job opportunities. Over the next 50 years, nearly 900,000 job opportunities
would disappear on average, every year, due to climate damages. In 2070 alone, insufficient climate action would
result in more than 2 million fewer jobs across the US.”).

287 Sawyer D., Ness R., Lee C., & Miller S. (2022) DAMAGE CONTROL: REDUCING THE COSTS OF CLIMATE IMPACTS IN
CANADA, Canadian Climate Institute, 60 (“Low-income households will see the largest reductions in real household
income. While high-income households lose more income in absolute terms, the share of real income lost by low-in-
come households is higher. By mid-century, the lowest-income households are projected to face income losses,
relative to the refence case, of 5.8 per cent under high-emissions and 4.8 per cent under the low-emissions scenario
(Figure 11). This compares to losses of 4 per cent and 3.2 per cent for the highest-income in the same period. By the
end of the century, the impacts on real household income cut deep into affordability. Low-income households face
real income cuts on average of 23 per cent in the high-emissions scenario, and 12 per cent under low-emissions. Even
the median group faces significant income losses of 9 to 19 percent”).

288 See generally Food and Agriculture Organization of the United Nations, International Fund for Agricultural
Development, Pan American Health Organization, United Nations International Children’s Emergency Fund, &
World Food Programme (2023) REGIONAL OVERVIEW OF FOOD SECURITY AND NUTRITION — LATIN AMERICA AND
THE CARIBBEAN 2022: TOWARDS IMPROVING AFFORDABILITY OF HEALTHY DIETS.

289 Hartinger S. M., et al. (2023) The 2022 South America report of The Lancet Countdown on health and climate
change: trust the science. Now that we know, we must act, LANCET REG. HEALTH AM. 20(100470): 1-35, 6 (“The
region hosts most of the LAC population (66%) and of roughly 6% of the global population.”).

2% Hartinger S. M., et al. (2023) The 2022 South America report of The Lancet Countdown on health and climate
change: trust the science. Now that we know, we must act, LANCET REG. HEALTH AM. 20(100470): 1-35, 2 (“Of
particular concern in SA, where 168.7 million people are affected by moderate or severe food insecurity, climate
change will put additional pressure on food systems. The changing environmental conditions, including more intense
and lengthy droughts, extreme weather events, higher temperatures, and increased atmospheric CO; concentrations,
affect the growth, yield, and nutritional content of several crops, including four staple crops (wheat, rice, maize, and
soybean). In 2021, the duration of the growth season of these four crops followed a downward trend, exposing potential
threats to crop yields. The average duration of the growing season for spring wheat, winter wheat, maize, soybean,
and rice had decreased by 2.5%, 2.2%, 1.6%, 1.3% and 0.4%, respectively, compared to a 1981-2010 baseline
(indicator 1.4). These impacts threaten the livelihoods of people depending on the agricultural sector and, ultimately,
pose an acute menace to food security in the region.”).

21 Hartinger S. M., et al. (2023) The 2022 South America report of The Lancet Countdown on health and climate
change: trust the science. Now that we know, we must act, LANCET REG. HEALTH AM. 20(100470): 1-35, 2 (“Of
particular concern in SA, where 168.7 million people are affected by moderate or severe food insecurity, climate
change will put additional pressure on food systems. The changing environmental conditions, including more intense
and lengthy droughts, extreme weather events, higher temperatures, and increased atmospheric CO; concentrations,
affect the growth, yield, and nutritional content of several crops, including four staple crops (wheat, rice, maize, and
soybean). In 2021, the duration of the growth season of these four crops followed a downward trend, exposing potential
threats to crop yields. The average duration of the growing season for spring wheat, winter wheat, maize, soybean,
and rice had decreased by 2.5%, 2.2%, 1.6%, 1.3% and 0.4%, respectively, compared to a 1981-2010 baseline
(indicator 1.4). These impacts threaten the livelihoods of people depending on the agricultural sector and, ultimately,
pose an acute menace to food security in the region.”).
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292 Mycoo M., Wairiu M., Campbell D., Duvat V., Golbuu Y., Maharaj S., Nalau J., Nunn P., Pinnegar J., & Warrick
0. (2022) Chapter 15: Small Islands, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY,
Contribution of Working Group 11 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Pértner H.-O., Roberts D. C., Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S.,
Loschke S., Méller V., Okem A., & Rama B. (eds.), 2058-2060 (“SLR undermines the long-term persistence of
freshwater-dependent ecosystems on islands (Goodman et al., 2012) and is one of the greatest threats to the goods and
services these environments provide (Box 16.1; Mitsch and Hernandez, 2013). Hoegh-Guldberg et al. (2019) posit
that as sea level rises, managing the risk of salinisation of freshwater resources will become increasingly important.
On Roi-Namur, Marshall Islands, Storlazzi et al. (2018) found that the availability of freshwater is impacted by the
compounding effect of SLR and coastal flooding. In other Pacific atolls, Terry and Chui (2012) showed that freshwater
resources could be significantly affected by a 0.40-m SLR. Similar impacts are anticipated for some Caribbean
countries (Stennett-Brown et al., 2017). Such changes in SLR could increase salinity in estuarine and aquifer water,
affecting ground and surface water resources for drinking and irrigation water (Mycoo, 2018a) across the region (high
confidence). SLR also affects groundwater quality (Bailey et al., 2016), salinity (Gingerich et al., 2017) and water-
table height (Masterson et al., 2014).”).

293 Mycoo M., Wairiu M., Campbell D., Duvat V., Golbuu Y., Maharaj S., Nalau J., Nunn P., Pinnegar J., & Warrick
0. (2022) Chapter 15: Small Islands, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY,
Contribution of Working Group 11 to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,
Pértner H.-O., Roberts D. C., Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S.,
Loschke S., Moéller V., Okem A., & Rama B. (eds.), 2065 (“Climate change impacts on freshwater systems frequently
exacerbate existing pressure, especially in locations already experiencing water scarcity (Section 15.3.3.2 and Cross-
Chapter Box INTERREG in Chapter 16; Schewe et al., 2014; Holding et al., 2016; Karnauskas et al., 2016), making
water security a key risk (KR4 in Figure 15.5) in small islands. Small islands are usually environments where demand
for resources related to socioeconomic factors such as population growth, urbanisation and tourism already place
increasing pressure on limited freshwater resources. In many small islands, water demand already exceeds supply. For
example, in the Caribbean, Barbados is utilising close to 100% of its available water resources and St. Lucia has a
water supply deficit of approximately 35% (Cashman, 2014).... The Caribbean and Pacific regions have historically
been affected by severe droughts (Peters, 2015; FAO, 2016; Barkey and Bailey, 2017; Paeniu et al., 2017; Trotman
etal., 2017; Anshuka et al., 2018) with significant physical impacts and negative socioeconomic outcomes. Water
quality is affected by drought as well as water availability. The El Nifio related 2015-1016 drought in VVanuatu led to
reliance on small amounts of contaminated water left at the bottom of household tanks (lese et al., 2021a). The highest
land disturbance percentages have coincided with major droughts in Cuba (de Beurs et al., 2019). Drought has been
shown to have an impact on rainwater harvesting in the Pacific (Quigley et al., 2016) and Caribbean (Aladenola et al.,
2016), especially in rural areas where connections to centralised public water supply have been difficult. Increasing
trends in drought are apparent in the Caribbean (Herrera and Ault, 2017) although trends in the western Pacific are
not statistically significant (McGree et al., 2016).”).

2% Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A.,
& Rama B. (eds.), 1712 (“Despite the observed increase in rainfall in the region, between 2014 and 2016 Brazil
endured a water crisis that affected the population and economy of major capital cities in the SES region (Blunden
and Arndt, 2014; Nobre et al., 2016a). Extremely long dry spells have become more frequent in southeastern Brazil,
affecting 40 million people and the economies in cities such as Rio de Janeiro, Sdo Paulo and Belo Horizonte, which
are the industrial centres of the country (medium confidence: medium evidence, medium agreement) (PBMC, 2014;
Nobre et al., 2016a; Cunningham et al., 2017; Marengo et al., 2017, 2020b; Lima and Magafia Rueda, 2018).”). See
also Nobre C. A,, et al. (2016) Some Characteristics and Impacts of the Drought and Water Crisis in Southeastern
Brazil during 2014 and 2015, J. WATER RES. PROTECT. 8(2): 562-262, 259 (“Mean discharge in the summer (Nov-
Mar) of 2014 was 17.9 m%/s and in 2015 it was 24.0 m®/s, far below the average summer discharge, 59.8 m®/s (70.0%
and 60%, respectively), for the period 1930-2013. The 1953/54 rainfall deficit prompted construction of the Cantareira
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Reservoir system [19] . After this, longer-term planning by regional governments has fallen short, and many residents
are already enduring sporadic water cutoffs, some lasting for many days. The Cantareira reservoir system reached
critical conditions in early 2015. Storage levels were only 5% of its 1.3 billion m® capacity in January 2015 and 15%
at the end of the rainy season in March 2015.”).

2% Vicedo-Cabrera A. M., et al. (2021) The burden of heat-related mortality attributable to recent human-induced
climate change, NAT. CLIM. CHANG. 11: 492-500, Supplementary Materials (Supplementary Table 4).

2% Hartinger S. M., et al. (2023) The 2022 South America report of The Lancet Countdown on health and climate
change: trust the science. Now that we know, we must act, LANCET REG. HEALTH AM. 20(100470): 1-35, 2 (“The
changing environmental conditions are also affecting the geographical distribution of infectious diseases. The region
is endemic for dengue, which is responsible for a high burden of disease and frequent epidemic cycles across the
region. The climate suitability for dengue transmission reached its highest level in recent years, with an increase of
35.3% in 2012-2021 compared to the 1951-1960 baseline (indicator 1.3). Estimated fitness for dengue transmission
between 1951 and 2021 increased over time in all countries where the mosquito is found (except Argentina and
Suriname). Adding to climate-related pressures, urbanisation, and mobility in countries such as Brazil and Peru have
increased dengue spread to higher latitudes and less populated areas. Climate change can also lead to viral sharing
among previously geographically isolated wildlife species, leading to cross-species transmission and disease
emergence. Compounding the increase in dengue risk posed by climate changes, temperate Southern Cone countries
are highly vulnerable to severe dengue outcomes, mainly driven by rapid urbanisation. Argentina and Uruguay
experienced increased vulnerability between 1990 and 2019 (indicator 2.3).”).

297 Yglesias-Gonzalez M., Palmeiro-Silva Y., Sergeeva M., Cortés S., Hurtado-Epstein A., Buss D. F., Hartinger S.
M., & Red de Clima y Salud de América Latina y el Caribe (2022) Code Red for Health response in Latin America
and the Caribbean: Enhancing peoples' health through climate action, LANCET REG. HEALTH AMm. 11(100248): 1-8,
3 (“Dengue cases have almost tripled from 2000-2009 (6.78 million) to 2010-2019 (16.52 million) and the largest
record of cases occurred in 2019.”); citing Pan American Health Organization & World Health Organization, Dengue,
PLISA Health Information for the Americas (last visited 24 May 2023).

2% Kephart J. L., Avila-Palencia 1., Bilal U., Gouveia N., Caiaffa W. T., & Diez Roux A. V. (2021) COVID-19
Ambient Air Pollution, and Environmental Health Inequities in Latin American Cities, J. URBAN HEALTH. 98(3): 428-
432, 428 (“High levels of air pollution in many Latin American cities in the past may have primed many residents for
more severe infection and mortality from COVID-19 by contributing to the development of chronic diseases. Many
of the chronic diseases associated with long-term, cumulative exposure to air pollution appear to be correlated with a
higher vulnerability to severe COVID-19 outcomes, including hospitalization, need for critical care, and death [* 2].
A recent study in the USA reported that a long-term increase of only 1 pg/m® PM; s was associated with an 8% increase
in COVID-19 death rate [°]. In addition to cumulative exposures, it is plausible that short-term air pollution exposures
interact with SARS-CoV-2 infection itself [*], possibly via their effects on inflammation-related processes. However,
the effect of immediate changes in air pollution on COVID-19-related mortality is yet to be tested.”).

2% Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1722 (Table 12.6).

300 World Bank (2015) INDIGENOUS LATIN AMERICA IN THE TWENTY-FIRST CENTURY: THE FIRST DECADE, 9 (“The
number of indigenous persons living in poverty has fallen, but the gap separating them from other Latin Americans
has either remained stagnant or widened. Poverty, in fact, afflicts 43 percent of the indigenous population in the
region—more than twice the proportion of non-indigenous people—while 24 percent of all indigenous people live in
extreme poverty, 2.7 times more than the proportion of non-indigenous people.”).
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301 United Nations Department of Economic and Social Affairs — Indigenous Peoples, Climate Change (last visited 11
July 2023) (“Indigenous peoples are among the first to face the direct consequences of climate change, due to their
dependence upon, and close relationship, with the environment and its resources. Climate change exacerbates the
difficulties already faced by indigenous communities including political and economic marginalization, loss of land
and resources, human rights violations, discrimination and unemployment. ... Climate change poses threats and
dangers to the survival of indigenous communities worldwide, even though indigenous peoples contribute the least to
greenhouse emissions. In fact, indigenous peoples are vital to, and active in, the many ecosystems that inhabit their
lands and territories and may therefore help enhance the resilience of these ecosystems. In addition, indigenous peoples
interpret and react to the impacts of climate change in creative ways, drawing on traditional knowledge and other
technologies to find solutions which may help society at large to cope with impending changes.”). See also Human
Rights Council (30 April 2012) Expert Mechanism on the Rights of Indigenous Peoples: Study on the role of languages
and culture in the promotion and protection of the rights and identity of indigenous peoples, United Nations General
Assembly, Fifth session, A/HRC/EMRIP/2012/3, 16 (“As the Independent Expert in the field of cultural rights has
noted, protecting cultures can be challenging “especially in societies where people feel that their cultural heritage is
under threat, due in particular to the dynamism or dominance of other cultures, globalization and development
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there are several regional integration processes that have developed agreements that either allow for free movement
based on supranational forms of ‘citizenship’ of the pertinent entity (i.e. erasing national boundaries between member
States) or allow for favourable migration treatment between member States. They may offer a legal basis for
international movement by persons affected by a disaster. Nonetheless, given their close ties to national laws and
policies in the pertinent blocs, they will be addressed further in relation to each of the regions in turn.96”).

328 See for example Campa A. (21 May 2022) Climate Migrants Lack a Clear Path to Asylum in the US, INSIDE
CLIMATE NEWS; and Limoges B. (24 April 2021) ‘I'm trapped here’: Haitian asylum seekers languish in Mexico, AL
JAZEERA.

329 Gemenne F., Zickgraf C., Hut E., & Castillo Betancourt T. (2021) Forced displacement related to the impacts of
climate change and disasters, Reference Paper for the 70th Anniversary of the 1951 Refugee Convention, Prepared
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for the United Nations High Commissioner for Refugees, 5 (“Throughout the 1990s, public debates were dominated
by an alarmist narrative claiming that the world should prepare for millions of ‘climate refugees’ in the coming decade.
This narrative geared policy debates in two directions. First, the regular use of the expression ‘climate refugees’ led
many experts or organisations to point out that the term was a misnomer because the 1951 Geneva Convention made
no mention of environmental phenomena as a basis for international protection needs. This absence of an explicit
reference to environmental factors in existing legal instruments3 prompted many initiatives to create an international
legal status for ‘climate refugees’: resolutions were voted in parliaments, expert groups were set up, and lawyers
debated whether this new status should be created through a new convention or an amendment to the Geneva
Convention (Gemenne 2015). For many activists, politicians and civil society organisations, this lack of international
status was the key reason why policies were blind to the environmental drivers of human mobility, and therefore the
first priority. It soon appeared that such a status in international law was not just a political no-go area, but also a
response that would not meet the needs of the displaced, as most were internally displaced and therefore ineligible to
an international status (McAdam 2011). In spite of this, an international status for ‘climate refugees’ continues to be
a key demand of many prominent activists, parliamentarians and civil society organisations, such as the Parliamentary
Assembly of the Council of Europe, who insist this would be the most appropriate way to protect the displaced. Others,
however, argue that persons who are suddenly displaced due to climate or disasters qualify for international protection
and that there is no need for a new category (UNHCR 2018)”).

330 United Nations High Commissioner for Refugees (2022) Climate Change, Displacement and Human Rights, 1
(“The climate crisis is already amplifying vulnerability and driving displacement, which impacts a broad array of
human rights, including the rights to education, adequate standard of living and health of those displaced. Highly
climate vulnerable countries host 40% of refugees and are home to 70% of people internally displaced by conflict or
violence. While these populations are often highly exposed and vulnerable to climate-related shocks, they have fewer
resources and support to adapt to an increasingly hostile environment. This raises concerns about the right to equality
and non-discrimination. At the same time, human mobility can protect people and their human rights. This may be
through well-prepared and timely emergency evacuations, assisting communities to plan for relocation to safer
settlement areas as a measure of last resort, or facilitating safe, orderly and regular migration through regular pathways
to prevent displacement from occurring. The freedom and capacity to move is part of upholding human rights and can
contribute to climate change adaptation. Extreme weather, which is becoming more frequent and intense with climate
change, greatly impacts displaced persons. Recent floods in Sudan were some of the worst observed in decades.
Alganaa refugee camp in Sudan’s White Nile State was submerged by flood waters in November 2021, leaving 35,000
South Sudanese refugees in need of urgent assistance.”). See also United States White House (2021) REPORT ON THE
IMPACT OF CLIMATE CHANGE ON MIGRATION, 7 (“Extreme weather events9 and conflict are the top two drivers of
forced displacement globally, together responsible for the annual movement of nearly 30 million people from their
homes.10 There is a strong correlation between countries and regions most vulnerable to climate change and those
that are fragile and/or experiencing conflict or violence. Climate-related impacts may further stress vulnerable
communities, increasing the risk of conflict and displacement in the absence of effective prevention efforts, and vice
versa. Climate-related impacts also pose an increased risk to marginalized communities displaced by conflict related
to the impacts of climate change. This risk is more acute in regions with weak governance and dispute resolution
infrastructure, and in growing peri-urban areas where many migrants are heading. Climate change can cause or
exacerbate resource scarcity, which may drive conflict directly as well as induce migration of populations in vulnerable
situations attempting to secure safety or livelihoods elsewhere.11 Moreover, changes to biodiversity have strong
intersections with climate change that also can affect migration, and threaten food and economic security.12 The
subsequent movement of large numbers of people, by force or by choice, brings new groups into contact with one
another, potentially shifting power balances, causing further resource scarcity, or igniting tensions between previously
separated groups. 13 Where climate-related migrations occur within or near population centers, or in locations
important for political or economic stability, such as within many nations’ coastal zones, the destabilizing forces
associated with climate change may result in outsized affects overall.”).

3L Alvarez J. A., Arena M., Brousseau A., Farugee H., Corugedo E. W. F., Guajardo J., Peraza G., & Yepez J. (2022)
Regional Spillovers from the Venezuelan Crisis: Migration Flows and Their Impact on Latin America and the
Caribbean, International Monetary Fund Departmental Papers, 4 (“The destination and composition of Venezuela’s
migrant flows changed as the crisis intensified. Most migrants have settled in other Latin American countries, while
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some have migrated to other regions, mainly to the United States and Spain. Colombia has received the largest number
of migrants, totaling 2.5 million or about 5 percent of the Colombian population in August 2022.14 Chile, Ecuador,
and Peru have also received sizable flows, with the combined number of migrants exceeding 2 million (more than 3
percent of the local population on average).”).

332 See International Crisis Group (2022) HARD TIMES IN A SAFE HAVEN: PROTECTING VENEZUELAN MIGRANTS IN
CoLOMBIA, Latin America Report No. 94.

333 Global Witness (2022) DECADE OF DEFIANCE: TEN YEARS OF REPORTING LAND AND ENVIRONMENTAL ACTIVISM
WORLDWIDE, 16 (“Global Witness started reporting on the killings of Land and Environmental Defenders in 2012.31
Since then, 1733 defenders have been killed trying to protect their land and resources: that’s an average of one defender
killed approximately every two days over ten years.”).

334 Global Witness (2022) DECADE OF DEFIANCE: TEN YEARS OF REPORTING LAND AND ENVIRONMENTAL ACTIVISM
WORLDWIDE, 23-26 (“In Brazil, where 342 defenders have been killed over the last decade, the Gini index (the most
widely used indicator of inequality) of land ownership distribution is 0.73, placing Brazil among the countries with
the greatest land inequality in the world. Research has shown that inequality is greater in the states with highest
agricultural commodity production, such as in Mato Grosso, Mato Grosso do Sul, Bahia and in the MATOPIBA region
(which comprises the Cerrado biome areas of the states of Maranhdo, Tocantins, Piaui and Bahia). Attacks against
defenders are also high in these states according to Global Witness data. For example, in Mato Grosso, nine farm
workers were tortured and killed in 2017 by hired assassins in an area of illegal deforestation.59 The same study also
points out that 10% of the largest properties occupy 73% of the agricultural area of Brazil. In all Brazilian states, the
10% of the largest properties own more than 50% of the area. In six states and MATOPIBA, the 10% of the largest
properties own more than 70% of the area.60 44 of the 342 defenders killed in Brazil over the last decade were
protesting against agribusiness. Colombia has the highest concentration of landholdings in Latin America, with the
largest 1% of landholdings concentrated over 81% of land, leaving only 19% of land distributed among the remaining
99% of farms.61”).

335 Glazebrook T. & Opoku E. (2018) Defending the Defenders: Environmental Protectors, Climate Change and
Human Rights, ETHICS ENVIRON. 23(2): 83-109.

336 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A.,
& Rama B. (eds.), 1693 (“The most widely reported obstacle to adaptation in terrestrial, freshwater, ocean and
coastal ecosystems is financing (high confidence). There is also a significant gap in identifying limits to adaptation
and weak institutional capacity for implementation. This hinders the development of comprehensive adaptation
programmes, even under adequate funding.”).

337 Climate & Clean Air Coalition & United Nations Environment Programme (2018) INTEGRATED ASSESSMENT OF
SHORT-LIVED CLIMATE POLLUTANTS IN LATIN AMERICA AND THE CARIBBEAN.

338 Clean Air Task Force, Oil and Gas Mitigation Program (last visited_13 June 2023) (“Venting is even more harmful
than flaring, since methane warms the climate so powerfully, and VOC and toxic pollutants are released unabated.
Venting of this gas should be prohibited in all cases as an absolutely unnecessary source of harmful air pollution. There
are numerous lowcost (and usually profitable) ways to utilize natural gas from oil wells. Flaring should be a last resort:
only in the most extreme cases should oil producers be allowed to flare gas, and it should be strictly a temporary
measure. Rules prohibiting venting of natural gas can easily reduce emissions by 95%.”).

339 These include precision framing using variable rate technology and nitrogen inhibitors to suppress microbial
activity that produces N2O: Balafoutis A., Beck B., Fountas S., Vangeyte J., van der Wal T., Soto |., Gébmez-Barbero
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M., Barnes A., & Eory V. (2017) Precision Agriculture Technologies Positively Contributing to GHG Emissions
Mitigation, Farm Productivity and Economics, SUSTAINABILITY 9(8): 1339, 1-28, 9 (“Tekin (2010) estimated that
VRNA can increase wheat production between 1% and 10% offering savings in nitrogen fertilisation between 4% and
37%.”).

340 Hyglund-lsaksson L., Gémez-Sanabria A., Klimont Z., Rafaj P., & Schopp W. (2020) Technical potentials and
costs for reducing global anthropogenic methane emissions in the 2050 timeframe—results from the GAINS model,
ENVIRON. RES. COMM. 2(2): 1-21, 16-17 (“An additional almost 10 percent of baseline emissions in 2050 could be
removed at a marginal cost below 20 €/t CO2eq by implementing proper waste and wastewater handling in China,
India and the rest of South-East Asia. This would likely come with considerable co-benefits in the form of reduced air
and water pollution.”).

341 United States Climate Alliance (2018) FRom SLCP CHALLENGE TO ACTION: A ROADMAP FOR REDUCING SHORT-
LIVED CLIMATE POLLUTANTS TO MEET THE GOALS OF THE PARIS AGREEMENT, 15 (“Significant opportunities for
reducing methane emissions from landfills and capturing value can be seized by reducing food loss and waste,
diverting organic waste to beneficial uses, and improving landfill management. These and other actions collectively
could reduce methane emissions from waste by an estimated 40-50 percent by 2030 (Appendix A). Such efforts could
add value in our states by reducing emissions of volatile organic compounds and toxic air contaminants from landfills,
recovering healthy food for human consumption in food insecure communities, supporting healthy soils and
agriculture, generating clean energy and displacing fossil fuel consumption, and providing economic opportunities
across these diverse sectors. Many of these benefits will accrue in low-income and disadvantaged communities.”). See
also Geyik O., Hadjikakou M., & Bryan B. A. (2022) Climate-friendly and nutrition-sensitive interventions can close
the global dietary nutrient gap while reducing GHG emissions, Nat. Food. 4: 61-73, 61 (‘“Here, we estimate the non-
CO2 greenhouse gas emissions resulting from closing the world’s dietary nutrient gap—that between country-level
nutrient supply and population requirements—for energy, protein, iron, zinc, vitamin A, vitamin B12 and folate under
five climate-friendly intervention scenarios in 2030. We show that improving crop and livestock productivity and
halving food loss and waste can close the nutrient gap with up to 42% lower emissions (3.03 Gt CO2eq yr—1) compared
with business-as-usual supply patterns with a persistent nutrient gap (5.48 Gt CO2eq yr—1).”).

342 In the U.S. alone, natural gas stoves emit 28.1 Gg of methane a year, among other climate pollutants that are
hazardous to the environment and human health: see Lebel E. D., Finnegan C. J., Ouyang Z., & Jackson R. B. (2022)
Methane and NO, Emissions from Natural Gas Stoves, Cooktops, and Ovens in Residential Homes, ENVIRON. SclI.
TECHNOL. 56(4): 2529-2539, 2529 (“Natural gas stoves in >40 million U.S. residences release methane (CHs)—a
potent greenhouse gas—through post-meter leaks and incomplete combustion. We quantified methane released in 53
homes during all phases of stove use: steady-state-off (appliance not in use), steady-state-on (during combustion), and
transitory periods of ignition and extinguishment. We estimated that natural gas stoves emit 0.8-1.3% of the gas they
use as unburned methane and that total U.S. stove emissions are 28.1 [95% confidence interval: 18.5, 41.2] Gg
CH, year*. More than three-quarters of methane emissions we measured originated during steady-state-off. Using a
20-year timeframe for methane, annual methane emissions from all gas stoves in U.S. homes have a climate impact
comparable to the annual carbon dioxide emissions of 500 000 cars. In addition to methane emissions, co-emitted
health-damaging air pollutants such as nitrogen oxides (NOy) are released into home air and can trigger respiratory
diseases. In 32 homes, we measured NOy (NO and NO,) emissions and found them to be linearly related to the amount
of natural gas burned (r? = 0.76; p « 0.01). Emissions averaged 21.7 [20.5, 22.9] ng NOy J™%, comprised of 7.8 [7.1,
8.4] ng NO, J'tand 14.0 [12.8, 15.1] ng NO J%. Our data suggest that families who don’t use their range hoods or
who have poor ventilation can surpass the 1-h national standard of NO, (100 ppb) within a few minutes of stove usage,
particularly in smaller kitchens.”).

343 Climate & Clean Air Coalition & United Nations Environment Programme (2018) INTEGRATED ASSESSMENT OF
SHORT-LIVED CLIMATE POLLUTANTS IN LATIN AMERICA AND THE CARIBBEAN, 111 (Table 3.2).

34 Climate & Clean Air Coalition & United Nations Environment Programme (2018) INTEGRATED ASSESSMENT OF
SHORT-LIVED CLIMATE POLLUTANTS IN LATIN AMERICA AND THE CARIBBEAN, 111 (Table 3.2).
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345 Climate & Clean Air Coalition & United Nations Environment Programme (2018) INTEGRATED ASSESSMENT OF
SHORT-LIVED CLIMATE POLLUTANTS IN LATIN AMERICA AND THE CARIBBEAN, 111 (Table 3.2).

346 Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “New regulations that limit methane emissions from fugitive sources—Ilike the drilling, extraction, and
transportation process—will be applied in the near term to the oil and gas sector.). See also Clune R., Corb L., Glazener
W., Henderson K., Pinner D., Walter D. (May 2022), NAVIGATING AMERICA’S NET-ZERO FRONTIER: A GUIDE FOR
BUSINESS LEADERS, 3 (“To reach net zero, our analysis shows that at least 60 percent of the natural gas that’s now
being used would need to be replaced by zero-carbon energy sources, primarily in the power, manufacturing,
chemicals, and buildings sectors. And methane emissions from venting and from fugitive leaks in oil and gas
production would need to be curbed by nearly 80 percent by 2030.”).

347 Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “Just 7 percent of our energy is supplied by non-hydro renewables. Diversifying supply chains for materials
vital to renewable infrastructure could increase the usage of renewables. Biogenic, low-carbon fuel innovations could
be used in transport sectors where electricity isn’t viable”; “Model for a net-zero future in Canada” Figure); (“Small
modular reactors are promising for powering remote communities and off-grid industrial projects. At scale, however,
modular reactors are currently unproven. Deploying them could involve lower initial capital costs compared with their
large-reactor counterparts.”).

348 Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “As an alternative fuel, hydrogen is plentiful, non-toxic, efficient, and safe. Clean hydrogen could boost the
resilience of Canada’s energy sector through various applications in the industrial sector, transportation, and buildings.
New technologies can be scaled to create fresh market demand for low-carbon hydrogen, and to decarbonize those
sectors that cannot yet be fully electrified. Support for hydrogen end-use technologies could provide resource-based
provinces the opportunity to lead the transition to a low-carbon future.”).

349 Environment and Climate Change Canada (2017) STRATEGY ON SHORT-LIVED CLIMATE POLLUTANTS — 2017, 7-9
(Figure 1; “Regulatory measures to address wood-burning appliances are limited at both federal and
provincial/territorial levels. Some provinces regulate the sale of new wood-burning appliances, while some
municipalities have by-laws relating to residential wood combustion, including emission standards, bans on certain
types of appliances, or restrictions on the use of wood-burning appliances during smog days. Measures to address
emissions from existing sources are limited to wood stove change-out programs or rebates for certain new appliances
in some provinces and territories.”).

350 Clune R., Corb L., Glazener W., Henderson K., Pinner D., & Walter D. (2022) NAVIGATING AMERICA’S NET-ZERO
FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey Sustainability, 3 (“To reach net zero, our analysis shows that
at least 60 percent of the natural gas that’s now being used would need to be replaced by zero-carbon energy sources,
primarily in the power, manufacturing, chemicals, and buildings sectors. And methane emissions from venting and
from fugitive leaks in oil and gas production would need to be curbed by nearly 80 percent by 2030.”).

3L Clune R., Corb L., Glazener W., Henderson K., Pinner D., & Walter D. (2022) NAVIGATING AMERICA’S NET-ZERO
FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey Sustainability, 6-7 (Renewable power. In a net-zero scenario,
the country’s energy system would be reconfigured. Indeed, the United States has set a target to create a “carbon-
pollution-free power sector by 2035.”5 Energy consumption would shift away from fossil fuels, which provide 90
percent of primary energy today, and toward renewables, which would produce just over 75 percent of primary energy
in 2050. This shift would result in more than 35 percent of the emissions reduction that is needed in 2025 and more
than onequarter of the reduction in 2030. To expand the use of renewable power, the United States would install 40
gigawatts per year of renewable capacity in 2025. By 2030, the installation rate for renewables would reach 100
gigawatts per year, three times what it is now, as utilities tap the best solar resources from Texas to California and
wind resources in the Midwest. Utilities would also build out power grids and modernize them with flexibility
resources including storage and dispatchable low-carbon power (for example, gas power plants with carbon capture,
utilization, and storage) to prevent interruptions in electricity supply. Makers of renewable-electricity and storage
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equipment would expand production capacity to meet this demand, supporting $300 billion of capital investment per
year by 2025.”). See also Tai H., Samandari H., Pacthod D., Polymeneas E., Bolano A., Prat M. P., & Lodesani F.
(2022) THE ENERGY TRANSITION: A REGION-BY-REGION AGENDA FOR NEAR-TERM ACTION, 48 (“However, the
current trajectory is not at the pace and scale the global pathway requires to limit warming to 1.5°C. There are six
high-priority measures that could be taken to help the United States embark on a more orderly energy transition. . .
Securing access to adequate land with high load factors for the deployment of renewables.”).

352 Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “Loss of carbon contained in soils and terrestrial systems—primarily due to land-use change— perpetuates
the accumulation of carbon in the atmosphere at the same time as it limits the inherent ability of ecosystems to
withdraw that same carbon when necessary. Decisive action in the short term can restore lost and degraded habitats,
as well as protect the longevity of ecological functions and ecosystem services. With a commitment to long-term
funding, protected areas can be properly stewarded. Indigenous knowledge and practices in sustainable land and
resource management can also be applied to achieve a net-zero future. There is much to be learnt from Indigenous
practices in sustainable resource management; from traditions that dictate taking from the land only what’s needed,
and only what nature can replace.”). See also Robertson G. P., Hamilton S. K., Paustian K., & Smith P. (2022) Land-
based Climate Solutions for the United States, GLOB. CHANGE BIOL. 28: 49124919, 4913 (“Efforts to curb emissions
of CO2 and other greenhouse gases (GHGs) have fallen well short of those needed to meet the international goal of
limiting warming to 1.5 or even 2°C by the end of the century (IPCC, 2018). Consequently, we now face an urgent
need for negative emissions technologies (NETSs) capable of removing GHGs from the atmosphere. NETs fall into
three broad categories (Field & Mach, 2017): improved ecosystem stewardship or nature-based solutions, whereby
more carbon is stored in ecosystems via practices like reforestation and afforestation, conservation agriculture, and
wetland restoration; biological carbon capture with geologic storage as in bioenergy with carbon capture and storage
(BECCS) and ocean fertilization; and non-biological technologies such as enhanced rock weathering and direct air
capture. Several NETS, including conservation agriculture and bioenergy, can also contribute to GHG avoidance by
substituting renewable inputs for fossil fuel use.”); and Fargione J. E., et al. (2018) Natural Climate Solutions for the
United States, Sci. ADv. 4(11): 1-14, 1 (“Natural climate solutions (NCS), a portfolio of discrete land stewardship
options, are the most mature approaches available for carbon conservation and uptake compared to nascent carbon
capture technologies and could complement increases in zero-carbon energy production and energy efficiency to
achieve needed climate change mitigation.”).

32 Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “CCUS is the process of capturing carbon dioxide emissions at sources like power plants, cement-production
facilities, manufacturing operations, and oil sands, and either reusing or storing it so it will not enter the atmosphere.
With five large-scale commercial projects now in operation, Canada has the second-largest CCUS capacity in the
world. Most CCUS technologies, however, are still in the early stages of development. They would benefit from scaled
demonstration and continued innovation to refine the technology and manage costs.”).

354 Robertson G. P., Hamilton S. K., Paustian K., & Smith P. (2022) Land-based Climate Solutions for the United
States, GLOB. CHANGE BIOL. 28: 4912-4919, 4913 (“Efforts to curb emissions of CO2 and other greenhouse gases
(GHGs) have fallen well short of those needed to meet the international goal of limiting warming to 1.5 or even 2°C
by the end of the century (IPCC, 2018). Consequently, we now face an urgent need for negative emissions technologies
(NETS) capable of removing GHGs from the atmosphere. NETSs fall into three broad categories (Field & Mach, 2017):
improved ecosystem stewardship or nature-based solutions, whereby more carbon is stored in ecosystems via practices
like reforestation and afforestation, conservation agriculture, and wetland restoration; biological carbon capture with
geologic storage as in bioenergy with carbon capture and storage (BECCS) and ocean fertilization; and non-biological
technologies such as enhanced rock weathering and direct air capture. Several NETSs, including conservation
agriculture and bioenergy, can also contribute to GHG avoidance by substituting renewable inputs for fossil fuel use.”).

3% Robertson G. P., Hamilton S. K., Paustian K., & Smith P. (2022) Land-based Climate Solutions for the United
States, GLOB. CHANGE BIOL. 28: 4912-4919, 4913 (“Efforts to curb emissions of CO2 and other greenhouse gases
(GHGs) have fallen well short of those needed to meet the international goal of limiting warming to 1.5 or even 2°C
by the end of the century (IPCC, 2018). Consequently, we now face an urgent need for negative emissions technologies
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(NETS) capable of removing GHGs from the atmosphere. NETSs fall into three broad categories (Field & Mach, 2017):
improved ecosystem stewardship or nature-based solutions, whereby more carbon is stored in ecosystems via practices
like reforestation and afforestation, conservation agriculture, and wetland restoration; biological carbon capture with
geologic storage as in bioenergy with carbon capture and storage (BECCS) and ocean fertilization; and non-biological
technologies such as enhanced rock weathering and direct air capture. Several NETS, including conservation
agriculture and bioenergy, can also contribute to GHG avoidance by substituting renewable inputs for fossil fuel use.”).
See also Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; (“An area in which Canada is an emerging world leader, clean DAC is contingent on the scale and progress
of advancements in this technology. Since DAC consumes energy, its economic and environmental viability depends
its proximity to renewable energy sources.”).

3% Clune R., Corb L., Glazener W., Henderson K., Pinner D., & Walter D. (2022) NAVIGATING AMERICA’S NET-ZERO
FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey Sustainability, 6 (Exhibit 4).

357 Nisbet-Jones P. B. R., Fernandez J. M., Fisher R. E., France J. L., Lowry D., Waltham D. A., Woolley Maisch C.
A., & Nisbet E. G. (2021) Is the destruction or removal of atmospheric methane a worthwhile option?, PHILOS. TRANS.
R. Soc. A 380(2215): 1-12, 5 (“Methane is relatively difficult to oxidize compared to other hydrocarbons. The major
destruction options include (i) thermal-catalytic oxidation, which is typically with metal catalysts; (ii) photocatalytic
oxidation; (iii) biological uptake by aerobic methanotrophic bacteria or their bio-engineered methane-oxidising
enzymes and (iv) removal by uptake on zeolites or porous polymers, with the added benefit of not emitting CO2
waste.”). See also Ming T., Li W., Yuan Q., Davies P., de Richter R., Peng C., Deng Q., Yuan Y., Caillol S., & Zhou
N. (2022) Perspectives on removal of atmospheric methane, ADv. ApPpL. ENER. 5(100086): 1-9, 1 (“This article
reviews proposed methods for atmospheric methane removal at a climatically significant scale. These methods include
enhancement of natural hydroxyl and chlorine sinks, photocatalysis in solar updraft towers, zeolite catalyst in direct
air capture devices, and methanotrophic bacteria.”).

358 Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “Canada must invest more in technologies that improve energy efficiencies for transportation, buildings,
industrial, and agricultural and forestry operations. Near-term investment in sustainable retrofits for buildings and
homes will be needed to improve that resilience to climate events. Policies to incentivize both residential and
commercial retrofits can be accelerated and expanded to encourage the widespread adoption of technology that
improves energy efficiencies in buildings.”; “Canada must invest more in technologies that improve energy
efficiencies for transportation, buildings, industrial, and agricultural and forestry operations. Policies to incentivize
both eco-friendly retrofits can be expanded to accelerate the adoption of technology that improves energy efficiencies
in buildings.”). See also Clune R., Corb L., Glazener W., Henderson K., Pinner D., & Walter D. (2022) NAVIGATING
AMERICA’S NET-ZERO FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey Sustainability, 2 (“Reducing
emissions from existing facilities and infrastructure is a major part of the decarbonization agenda. Much of the
necessary reduction can come from retrofitting emissions-intensive assets, such as chemical, manufacturing, and
power plants, through electrification, the use of low-emissions energy sources (such as hydrogen and biofuels), and
carbon capture.”).

39 Clune R., Corb L., Glazener W., Henderson K., Pinner D., & Walter D. (2022) NAVIGATING AMERICA’S NET-ZERO
FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey Sustainability, 2 (“Reducing emissions from existing
facilities and infrastructure is a major part of the decarbonization agenda. Much of the necessary reduction can come
from retrofitting emissions-intensive assets, such as chemical, manufacturing, and power plants, through
electrification, the use of low-emissions energy sources (such as hydrogen and biofuels), and carbon capture.”).

360 Clune R., Corb L., Glazener W., Henderson K., Pinner D., & Walter D. (2022) NAVIGATING AMERICA’S NET-ZERO
FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey Sustainability, 10 (“As mentioned earlier, hundreds of US-
based companies have set net-zero targets for themselves. Many of these targets apply to the emissions from not only
their own operations but also their suppliers and the use of their products. Similarly, the White House issued an
executive order in December 2021, calling for the federal government to buy zeroemissions goods and services in
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categories ranging from electricity to vehicles to building materials. Commitments such as these could put pressure
on businesses to decarbonize, even if they themselves have not yet set emissions targets (Exhibit 7).”).

3L Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “Turning electricity into a major source of power will require more infrastructure support and investment,
like expanding and modernizing electricity grids to make widespread electric vehicle use affordable. Increased
investments in electric buses and rail could encourage cleaner-energy transit systems.”).

362 Clune R., Corb L., Glazener W., Henderson K., Pinner D., & Walter D. (2022) NAVIGATING AMERICA’S NET-ZERO
FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey Sustainability, 5-6, 12 (“Some changes will be possible only
if other entities also make changes; for example, mass uptake of electric vehicles depends significantly on the utility
sector expanding grid capacity to support charging networks. In these cases, companies may find it helpful to join
other organizations in addressing shared needs, such as the need for industrial-scale networks in hydrogen production
and distribution.”).

363 Environment and Climate Change Canada (2017) STRATEGY ON SHORT-LIVED CLIMATE POLLUTANTS — 2017, 8
(“Based on an assessment of current measures related to black carbon emissions, key mitigation gaps for black carbon
include existing on- and off-road mobile diesel sources, stationary diesel engines and wood-burning appliances. In the
case of on- and off- road mobile diesel sources, current federal regulatory measures focus on fuels as well as new
vehicles and engines. These have and will continue to result in black carbon emission reductions as fleets turn over.
However, due to the long lifetimes of diesel vehicles, turnover of the in-use fleet is slow, and fleets are still dominated
by engines pre-dating the most recent emissions standards. Although some provinces and territories have implemented
measures focusing on existing vehicles, on- and off- road diesel vehicles and engines continue to be Canada’s largest
source of black carbon emissions.”).

364 Balafoutis A., Beck B., Fountas S., Vangeyte J., van der Wal T., Soto I., Gomez-Barbero M., Barnes A., & Eory
V. (2017) Precision Agriculture Technologies Positively Contributing to GHG Emissions Mitigation, Farm
Productivity and Economics, SUSTAINABILITY 9(8): 1339, 1-28, 9 (“Tekin (2010) estimated that VRNA can increase
wheat production between 1% and 10% offering savings in nitrogen fertilisation between 4% and 37%.”). See also
Butler A. H., Daniel J. S., Portmann R. W., Ravishankara A. R., Young P. J., Fahey D. W., & Rosenlof K. H. (2016)
Diverse policy implications for future ozone and surface UV in a changing climate, ENv. RES. LETT. 11(6): 064017,
1-7, 4 (“A key point is that if the world were to achieve reductions of CO2 and CH4 concentrations to RCP 2.6 levels,
N20 mitigation would become important to avoid exacerbation of both climate change and ozone layer depletion.”).

365 Deloitte, How Canada can decarbonize by 2050 (last visited 28 June 2023) (“Model for a net-zero future in
Canada”; “Canada must invest more in technologies that improve energy efficiencies for transportation, buildings,
industrial, and agricultural and forestry operations.”). See also Clune R., Corb L., Glazener W., Henderson K., Pinner
D., & Walter D. (2022) NAVIGATING AMERICA’S NET-ZERO FRONTIER: A GUIDE FOR BUSINESS LEADERS, McKinsey
Sustainability, 6 (Exhibit 4).

366 pérez-Dominguez 1., del Prado A., Mittenzwei K., Hristov J., Frank S., Tabeau A., Witzke P., Havlik P., van Meijl
H., Lynch J., Stehfest E., Pardo G., Barreiro-Hurle J., Koopman J. F. L., & Sanz-Sanchez M. J. (2021) Short- and
Long-term Warming Effects of Methane May Affect the Cost-effectiveness of Mitigation Policies and Benefits of L ow-
meat Diets, NAT. FooD 2: 970-980, 970 (“Methane’s short atmospheric life has important implications for the design
of global climate change mitigation policies in agriculture. Three different agricultural economic models are used to
explore how short- and long-term warming effects of methane can affect the cost-effectiveness of mitigation policies
and dietary transitions. Results show that the choice of a particular metric for methane’s warming potential is key to
determine optimal mitigation options, with metrics based on shorter-term impacts leading to greater overall emission
reduction. Also, the promotion of low-meat diets is more effective at reducing greenhouse gas emissions compared to
carbon pricing when mitigation policies are based on metrics that reflect methane’s long-term behaviour. A
combination of stringent mitigation measures and dietary changes could achieve substantial emission reduction levels,
helping reverse the contribution of agriculture to global warming.”).
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367 Environment and Climate Change Canada (2017) STRATEGY ON SHORT-LIVED CLIMATE POLLUTANTS — 2017, 10
(“Forthcoming federal, provincial and territorial measures under development to address oil and gas sources will
address the largest mitigation gap for this SLCP. The key remaining mitigation gaps for methane are for municipal
solid waste landfills and agriculture sources (enteric fermentation in particular).”).

368 Lin J., Khanna N., Liu X., Wang W., Gordon J., & Dai F. (2022) Opportunities to Tackle Short-lived Climate
Pollutants and Other Greenhouse Gases for China, ScI. TOTAL ENVIRON. 842(156842): 1-17, 11 (“Outside of the
energy sector, the United States has also seen some federal and state action in reducing methane emissions from
landfills. In 2010, the California Air Resources Board adopted a rule requiring methane controls on all landfills with
>450 tons of waste in place, restricting flares, and requiring ongoing monitoring and reporting mandates for all
landfills (California Air Resources Board, 2021a). California's 2015 SLCP Bill (SB-1383) also included quantitative
goals for diverting organic waste from landfills to reduce methane emissions (California Senate, 2016b).”).

39 1 in J., Khanna N., Liu X., Wang W., Gordon J., & Dai F. (2022) Opportunities to Tackle Short-lived Climate
Pollutants and Other Greenhouse Gases for China, SCI. TOTAL ENVIRON. 842 (156842): 1-17, 11 (“Outside of the
energy sector, the United States has also seen some federal and state action in reducing methane emissions from
landfills. In 2010, the California Air Resources Board adopted a rule requiring methane controls on all landfills with
>450 tons of waste in place, restricting flares, and requiring ongoing monitoring and reporting mandates for all
landfills (California Air Resources Board, 2021a).”).

370 Moomaw W. R., Masino S. A., & Faison E. K. (2019) Intact Forests in the United States: Proforestation Mitigates
Climate Change and Serves the Greatest Good, FRONT. FOR. GLOB. CHANGE 2(27): 1-10, 1 (“The recent 1.5 Degree
Warming Report by the Intergovernmental Panel on Climate Change identifies reforestation and afforestation as
important strategies to increase negative emissions, but they face significant challenges: afforestation requires an
enormous amount of additional land, and neither strategy can remove sufficient carbon by growing young trees during
the critical next decade(s). In contrast, growing existing forests intact to their ecological potential—termed
proforestation—is a more effective, immediate, and low-cost approach that could be mobilized across suitable forests
of all types. Proforestation serves the greatest public good by maximizing co-benefits such as nature-based biological
carbon sequestration and unparalleled ecosystem services such as biodiversity enhancement, water and air quality,
flood and erosion control, public health benefits, low impact recreation, and scenic beauty.”).

371 penniman L. (2021) Black Gold, in ALL WE CAN SAVE: TRUTH, COURAGE, AND SOLUTIONS FOR THE CLIMATE
CRrisis, Johnson A. E. & Wilkinson K. K. (eds.), One World, 305 (“Our ancestral practices are bolstered by Western
science and listed among the most substantive solutions to global warming, per Project Drawdown’s analysis....”).

372 Sobrevilla C. (2008) THE ROLE OF INDIGENOUS PEOPLE IN BIODIVERSITY CONSERVATION: THE NATURAL BUT OFTEN
FORGOTTEN PARTNERS, World Bank, xii (“Traditional Indigenous Territories encompass up to 22 percent of the world’s
land surface and they coincide with areas that hold 80 percent of the planet’s biodiversity. Also, the greatest diversity
of indigenous groups coincides with the world’s largest tropical forest wilderness areas in the Americas (including
Amazon), Africa, and Asia, and 11 percent of world forest lands are legally owned by Indigenous Peoples and
communities. This convergence of biodiversity-significant areas and indigenous territories presents an enormous
opportunity to expand efforts to conserve biodiversity beyond parks, which tend to benefit from most of the funding
for biodiversity conservation”). See also United Nations Department of Economic and Social Affairs (2021) STATE
OF THE WORLD’S INDIGENOUS PEOPLES: RIGHTS TO LANDS, TERRITORIES AND RESOURCES, ST/ESA/375, 163
(“According to a World Bank report, traditional indigenous territories constitute up to 22 per cent of the world’s land
surface.540 A recent report maintains that indigenous peoples and local communities customarily claim and manage
more than 50 per cent of the world’s land but legally own just 10 per cent, which means that at least 40 per cent of the
world’s land — around 5 billion hectares — remains unprotected and vulnerable to commercial pressures, including
land-grabbing by powerful entities such as Governments and corporations, as well as environmental destruction.”).

373 \/eit P., Gibbs D., & Reytar K. (6 January 2023) Indigenous Forests Are Some of the Amazon’s Last Carbon Sinks,
WORLD RESOURCES INSTITUTE (“Our analysis of carbon emissions and removals finds that Indigenous forests in all
nine Amazonian countries were net carbon sinks between 2001 and 2021, collectively emitting an average of 120
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million tonnes of COe per year and removing 460 million tonnes CO./year, making them a net sink of 340 million
tonnes of COqefyear.* However, the relative magnitudes of emissions and removals — known as carbon fluxes —
varied greatly between countries.”).

374 Stevens C., Winterbottom R., Springer J., & Raytar K. (2014) SECURING RIGHTS, COMBATING CLIMATE CHANGE,
World Resources Institute & Rights and Resources Initiative, 10 (“There is strong evidence that strengthening
community forest rights is associated with healthy forests. For example, a recent study measured carbon in 30
community forests over three to four years, covering Guinea Bissau, India, Mali, Nepal, Papua New Guinea, Senegal,
and Tanzania. The 30 community forests showed an overall average increase in forest carbon storage of 4.9 tonnes
per hectare per year.16 In three forests, total carbon stock decreased due to illegal clear-cutting for cropland by non-
community members.17 A separate analysis of 80 forests in 10 countries across Latin America, East Africa, and South
Asia found that community forest management is associated with high levels of carbon storage.18”). See also Rights
and Resources Initiative (2015) WHO OWNSs THE WORLD’S LAND? A GLOBAL BASELINE OF FORMALLY RECOGNIZED
INDIGENOUS AND COMMUNITY LAND RIGHTS, 22 (“The success of policies to mitigate climate change and promote
forest restoration also hinge on secure community tenure. Comparative global research has found that legal forest
rights for Indigenous Peoples and local communities and government protection of those rights tend to lower
deforestation and carbon emissions, whereas deforestation rates tend to be higher where communities’ land rights are
not secure.192”); and United Nations Department of Economic and Social Affairs (2021) STATE OF THE WORLD’S
INDIGENOUS PEOPLES: RIGHTS TO LANDS, TERRITORIES AND RESOURCES, ST/ESA/375, 27 (“Recognizing indigenous
rights to lands, territories and resources can contribute to political stability, economic growth and sustainable
development at the broader global level. Acknowledgement of such rights carries environmental benefits. It has been
noted that recognizing the rights of indigenous peoples to lands, territories and resources promotes the protection of
ecosystems, waterways, biological diversity, and the general maintenance of natural resources.92 Respect for such
rights can actually contribute to the reduction of carbon emissions from deforestation. Studies point to lower
deforestation in forests that are inhabited by indigenous peoples and in which their relevant rights are recognized.93
Evidence of the relationship between indigenous peoples and their lands, territories and resources suggests that
acknowledgement of and respect for indigenous rights in this regard would likely be conducive to promoting the
Sustainable Development Goals.94”).

375 Stevens C., Winterbottom R., Springer J., & Raytar K. (2014) SECURING RIGHTS, COMBATING CLIMATE CHANGE,
World Resources Institute & Rights and Resources Initiative, 27 (“These findings are supported by a WRI
deforestation analysis for the Brazilian Amazon. From 2000 to 2012, forest loss was only 0.6 percent inside Indigenous
Lands compared with 7.0 percent outside. (See Figure 4.) Figure 5 shows a section of the Brazilian Amazon under
intense deforestation pressure. Forest loss between 2000 and 2012 is clustered close to, but rarely inside, the borders
of Indigenous Lands.”).

376 Stevens C., Winterbottom R., Springer J., & Raytar K. (2014) SECURING RIGHTS, COMBATING CLIMATE CHANGE,
World Resources Institute & Rights and Resources Initiative, 29 (“The Brazilian government generally protects
Indigenous Peoples’ forest rights, but Indigenous Peoples often forcefully defend their own forest by expelling
loggers, ranchers, and other intruders.67 Indigenous Lands are the only areas of the Amazon with roads cutting across
them that have not succumbed to deforestation.68 The roads do not always go around Indigenous Lands, but the
deforestation does. As a result, community forests in the Brazilian Amazon tend to be relatively carbon-rich,
containing 36 percent more carbon per hectare than areas of the Brazilian Amazon outside Indigenous Lands (see
Figure 4).69 WRI analysis of deforestation and carbon stock found that 27 times more CO2 emissions were produced
outside Indigenous Lands than inside from 2000 to 2012. Forest cover loss of 22.5 million hectares in the Brazilian
Amazon outside Indigenous Lands resulted in 8.7 billion tonnes of CO2 emitted during those years. In the same period,
311 million tonnes of CO2 emissions were produced from deforestation of about 677,000 hectares of forest on
Indigenous Lands.”).

377 Stevens C., Winterbottom R., Springer J., & Raytar K. (2014) SECURING RIGHTS, COMBATING CLIMATE CHANGE,
World Resources Institute & Rights and Resources Initiative, 29 (“Brazil’s Indigenous Lands therefore play a
significant role in keeping CO2 emissions from the atmosphere. One estimate suggests that Indigenous Lands and
government-protected areas in the Brazilian Amazon could prevent 27.2 million hectares of deforestation by 2050, an
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area slightly larger than the United Kingdom. If the carbon in this large forest area were emitted as CO2 , it would
amount to approximately 12 billion tonnes of CO2 70—the equivalent of about three years’ worth of CO2 emissions
from all Latin American and Caribbean countries.71”).

378 Intergovernmental Panel on Climate Change (2019) Summary for Policymakers, in THE OCEAN AND CRYOSPHERE
IN A CHANGING CLIMATE, Special Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., et al.
(eds.), SPM-30 (“Restoration of vegetated coastal ecosystems, such as mangroves, tidal marshes and seagrass
meadows (coastal ‘blue carbon’ ecosystems), could provide climate change mitigation through increased carbon
uptake and storage of around 0.5% of current global emissions annually (medium confidence). Improved protection
and management can reduce carbon emissions from these ecosystems.”).

379 Spares M. O., Bezerra L. E. A., Copertino M., Lopes B. D., de Souza Barros K. V., Rocha-Barreira C. A., Maia R.
C., Beloto N., & Cotovicz Jr. L. C. (2022) Blue Carbon Ecosystems in Brazil: Overview and an Urgent Call for
Conservation and Restoration, FRONT. MAR. Scl. 9: 1-16, 1 (“While terrestrial ecosystems have been the focus of
nature-based solutions, the role of coastal and marine ecosystems remains unaccounted for in several national emission
inventories and not included in the National Determined Contributions (NDC) (Duarte, 2017). Over the last decade,
ocean and terrestrial ecosystems have sequestered approximately 52% of anthropogenic CO, emissions, with average
rates of approximately 2.5 + 0.6 and 3.4 + 0.9 GtC year ™!, respectively (Friendlingstein et al., 2019). However, some
processes and ecosystems, such as coastal areas, are not fully accounted for in the global carbon budget. The CO that
is captured from the atmosphere and sequestered in coastal and marine environments, mostly vegetated ecosystems
such as mangroves, salt marshes, and seagrass meadows, is collectively known as blue carbon (BC) and consists of
both organic and inorganic forms (Nellemann et al., 2009).”).

380 National Oceanic and Atmospheric Administration, Coastal Blue Carbon (last visited 15 June 2023) (“Current
studies suggest that mangroves and coastal wetlands annually sequester carbon at a rate ten times greater than mature
tropical forests. They also store three to five times more carbon per equivalent area than tropical forests. Most coastal
blue carbon is stored in the soil, not in above-ground plant materials as with tropical forests.”).

381 Chatting M., Al-Maslamani 1., Walton M., Skov M. W., Kennedy H., Husrevoglu Y. S., & Le Vay L. (2022) Future
Mangrove Carbon Storage Under Climate Change and Deforestation, FRONT. MAR. Scli. 9: 1-14, 7 (“Our projections
showed that, globally, increases in total C stocks (biomass + soil) induced by climate change would exceed emissions
from mangrove deforestation between 2012 and 2095 (Table 3). Under a “business as usual” climate scenario these
net gains represent an increase of 7.05 + 7.89% (SSP245) or 7.71 + 9.47% under a high-end scenario (SSP585) of
present day global total C stocks. Total global losses from mangrove deforestation from 2012 to 2095 (Table 1) were
estimated to be 61.4 + 10.1% (SSP245) or 55.6 £ 9.1% (SSP585) of the potential gains in C stocks due to climate
change. In contrast, CSR were forecast to decline by 2.60 + 3.57% under scenario SSP245 and by 6.44 + 3.63% under
scenario SSP585 (Table 1).”).

382 The Economist Group (8 November 2021) Checking in on ocean-based climate solutions, ECONOMIST IMPACT, 5—
6 (“The potential of the ocean for accelerating decarbonisation, however, merits increased priority in the global
climate-change discourse. The High-Level Panel for a Sustainable Ocean Economy (HLP), a multilateral group
comprising representatives from 14 oceanic countries, estimates that by 2050 ocean-based climate mitigation and
carbon storage options could make up 21% of the emissions reductions needed to limit global warming to 1.5°C.7 Put
differently, this equates to more than all current global emissions from coal-fired power plants worldwide.”).

383 United Nations Framework Convention on Climate Change, What is REDD+ (last visited 18 July 2023) (““REDD’
stands for ‘Reducing emissions from deforestation and forest degradation in developing countries. The ‘+’ stands for
additional forest-related activities that protect the climate, namely sustainable management of forests and the
conservation and enhancement of forest carbon stocks.”).

384 United Nations Framework Convention on Climate Change, What is REDD+ (last visited 18 July 2023) (“The

REDD+ Success Story... The UN Climate Change secretariat has been undertaking REDD+ technical assessments
for 10 years. In total, 60 developing countries have reported REDD+ activities to the UN Climate Change secretariat.
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As a result of REDD+ activities, 14 of these countries reported a reduction of almost 11 billion tons of carbon dioxide,
almost twice the amount of net greenhouse gas emissions from the United States in 2021, and are now eligible to seek
results-based finance.”).

385 United Nations-REDD Programme, REDD+ MRV and results-based payments (last visited 18 July 2023) (“In this
context, the COP affirmed that the progression of developing country Parties towards results-based actions occurs in
the context of the provision of adequate and predictable support for all phases of REDD+ implementation. The COP
also reaffirmed that results-based finance provided to developing country Parties for the full implementation of
REDD+ may come from a variety of sources, public and private, bilateral and multilateral, including alternative
sources.”).

386 United Nations-REDD Programme, Lima REDD+ Information Hub (last visited 18 July 2023) (See table column
title “Entity paying for results” to review groups that are financing results of REDD+ projects).

387 United Nations-REDD Programme (2013) GUIDELINES ON FREE, PRIOR AND INFORMED CONSENT, Food and
Agriculture Organization, United Nations Development Programme, & United Nations Environment Program, 11
(“Consistent with international law, States are required to recognize and carry out their duties and obligations to give
effect to the requirement of FPIC as applicable to indigenous peoples; and recognizing the right of forest-dependent
communities to effectively participate in the governance of their nations, at a minimum States are required to consult
forest-dependent communities in good faith regarding matters that affect them with a view to agreement. Appreciating
that international law, jurisprudence and State practice is still in its infancy with respect to expressly recognizing and
requiring an affirmative obligation to secure FPIC from all forest-dependent communities, a blanket application of
FPIC is not required for all forest-dependent communities... States should evaluate the circumstances and nature of
the forest-dependent community in question, on a case by case basis, through among others a rights-based analysis,
and secure FPIC from communities that share common characteristics with indigenous peoples and whose underlying
substantive rights are significantly implicated.”).

388 Barletti J. P. S., Vigil N. H., & Larson A. M. (2023) Safeguards at a glance: Are voluntary standards supporting
community land, resource and carbon rights?, Center for International Forestry Research & International Center for
Research in Agroforestry, 2 (“Critics and grassroots sceptics (e.g. the ‘No rights, no REDD’ movement) centred on
two key issues: the potential restrictions in communities’ access to forests and forest resources — including potential
land grabbing associated with REDD+ as a new source of income — and the attribution of carbon rights that would
allow for the commercialization of emission reductions (Corbera et al. 2011; Patel et al. 2013).”).

389 Barletti J. P. S., Vigil N. H., & Larson A. M. (2023) Safequards at a glance: Are voluntary standards supporting
community land, resource and carbon rights?, Center for International Forestry Research & International Center for
Research in Agroforestry, 4 (“Physical and/or economic displacement is to be “avoided” rather than prohibited and,
in most cases, displacements are only considered as such if they involve formally recognized communities. Most
standards require compensation or restitution for resettlement that improves or at least restores livelihood levels,
although not all require consultations with the affected groups to inform or guide these processes, which, for IPs,
infringes upon UNDRIP-recognized rights to self-determination.”).

3% Barletti J. P. S., Vigil N. H., & Larson A. M. (2023) Safeguards at a glance: Are voluntary standards supporting
community land, resource and carbon rights?, Center for International Forestry Research & International Center for
Research in Agroforestry, 4 (“Scheba and Rakotonarivo (2016) report REDD+-related land-use conflicts in Tanzania
as part of the wider REDD+ effort. Raftopoulos (2016) reports on one REDD+ project that led to the enclosure of
common forests, sparking conflicts between and within villages over land ownership and access; this followed an
announcement that community compensation would depend on the area of forest protected (see Ngendakumana et al.
(2013) for a similar case in Cameroon). In this context, Beymer-Farris et al. (2012) reveal how punitive conservation
efforts have been supported by a discourse that portrays Indigenous Peoples as recent migrants that destroy forests,
reflecting a complex and contested history regarding both indigeneity and migration.”). See also Bezner Kerr R.,
Hasegawa T., Lasco R., Bhatt I., Deryng D., Farrell A., Gurney-Smith H., Ju H., LIuch-Cota S., Meza F., Nelson G.,
Neufeldt H., & Thornton P. (2022) Chapter 5: Food, Fibre, and Other Ecosystem Products, in CLIMATE CHANGE
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2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group 1 to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C., Tignor M., Poloczanska E. S.,
Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A., & Rama B. (eds.), 5-757 (Table
5.8 Challenges and solutions for REDD+).

391 Barletti J. P. S., Vigil N. H., & Larson A. M. (2023) Safequards at a glance: Are voluntary standards supporting
community land, resource and carbon rights?, Center for International Forestry Research & International Center for
Research in Agroforestry, 2 (“Critics and grassroots sceptics (e.g. the ‘No rights, no REDD’ movement) centred on
two key issues: the potential restrictions in communities” access to forests and forest resources — including potential
land grabbing associated with REDD+ as a new source of income — and the attribution of carbon rights that would
allow for the commercialization of emission reductions (Corbera et al. 2011; Patel et al. 2013).”).

392 Barletti J. P. S., Vigil N. H., & Larson A. M. (2023) Safeguards at a glance: Are voluntary standards supporting
community land, resource and carbon rights?, Center for International Forestry Research & International Center for
Research in Agroforestry, 1 (“Despite mention of the UN Declaration on the Rights of Indigenous Peoples (UNDRIP)
in UNFCCC decisions regarding REDD+, including the Cancun safeguards, initiatives have not placed importance on
the wide scope of rights it recognizes; if respect for UNDRIP were more central — with specific requirements and
indicators to monitor progress — standards could catalyse a rights-responsive transformation in climate actions.”). See
also United Nations-REDD Programme (2013) GUIDELINES ON FREE, PRIOR AND INFORMED CONSENT, Food and
Agriculture Organization, United Nations Development Programme, & United Nations Environment Program, 15
(“Further, in the context of REDD+, although the term ‘FPIC’ is not expressly referred to in the Cancun Agreements
or in the Appendix on REDD+ safeguards, FPIC is addressed indirectly because the text ‘note[s]’ that the General
Assembly has adopted UNDRIP (which itself sets out the principle of FPIC). Securing FPIC is a means to meet the
Cancun Agreements’ requirement of countries to promote and support ‘respect for the knowledge and rights of
indigenous peoples and members of local communities’ and to ensure ‘the full and effective participation of relevant
stakeholders, inter alia, indigenous peoples and local communities.’”).

393 See World Meteorological Organization (2023) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN
2022, No. 1322, 16 (“A large area centred around the central-northern part of Argentina, southern Bolivia, central
Chile, and most of Paraguay and Uruguay experienced record-breaking temperatures during two consecutive
heatwaves in late November and early December 2022. In Chile, forest fires caused significant damage to the flora
and fauna after the burning of the Chilean Palm, a species native to the Valparaiso region.58 In the Bolivian Amazon,
during the heatwave from 25 to 30 November, the city of Cobija recorded 37.7 °C on 28 November (the mean monthly
maximum is 30.8 °C).59”); and World Meteorological Organization (2022) STATE OF THE CLIMATE IN LATIN
AMERICA AND THE CARIBBEAN 2021, No. 1295, 20 (“Heatwaves were reported in many parts of the LAC region. In
Argentina, several locations recorded 6-8 days in a row with heatwave conditions. An all-time temperature record
was set in Cipolletti (43.8 °C) and Maquinchao (38.9 °C) on 22 January.%® In west-central Brazil, in August 2021,
exceptionally high temperatures were reported®® over several days. For example, in Cuiabd, in the state of Mato
Grosso, maximum temperatures reached 41 °C on 24 and 25 August (about 7 °C above normal), accompanied by
critically low humidity levels, mainly in the central regions (relative humidity of approximately 8%-11%). On 21
September, Aragargas/Goias reached 43.0 °C, the highest value for September at this station (the previous highest
value was 41.5 °C on 14 September 2019). In Chile, up to 18 heatwave episodes during the year affected different
regions of the country.>” Some of them were very intense, including those that affected the Santiago region from 11
to 13 April (with a maximum temperature of 31.4 °C), and Valdivia from 2 to 5 February (37.3 °C) and then from 7
to 10 February (35.1 °C). On 27 February, Puerto Williams, Chile (considered the southern-most town in the world),
registered its highest temperature on record, since 1961, of 26.1 °C (the previous record being 26.0 °C on 22 December
1984).%8 In Paraguay, a heatwave occurred from 18 to 20 September, with temperatures reaching 38.2 °C in Pedro
Juan Caballero. In Peru, on 13 April, Jepelacio (northern Amazonia) reached 34.2 °C (the previous highest temperature
was 33.6 °C on 23 November 2016).”).

3% Castellanos E., Lemos M. F., Astigarraga L., Chacon N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
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Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A.,
& Rama B. (eds.), 1708 (Table 12.2).

3% World Weather Attribution (21 December 2022) Climate change made record breaking early season heat in
Argentina and Paraguay about 60 times more likely (“The 2022 heatwave has led to large-scale power outages,
wildfires and, in combination with the ongoing drought, poor harvests. It is estimated to have led to an increase in
heat-related deaths, with the impacts unequally distributed across In different cities and municipalities across South
America, people living in some areas — often poorer neighbourhoods — experience higher temperatures than others, as
they lack green space, adequate thermal insulation from heat, electricity, shade, and water which can be lifelines during
heatwaves.... We find that human-caused climate change made the event about 60 times more Alternatively, a
heatwave with a similar probability would be about 1.4°C less hot in a world that had not been warmed by human
activities.”); discussing Rivera J. A., et al. (2022) CLIMATE CHANGE MADE RECORD BREAKING EARLY SEASON HEAT IN
ARGENTINA AND PARAGUAY ABOUT 60 TIMES MORE LIKELY, World Weather Attribution.

3% World Meteorological Organization (2023) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2022,
No. 1322, 17 (“The prolonged dry conditions associated with high temperatures led to record wildfires in January and
February in Argentina and Paraguay. There was an increase of 283% and 258%, respectively, in the number of hotspots
detected when compared to the 2001-2021 average.61 From January to March 2022, wildfire emissions were the
highest in the last 20 years in Paraguay and northern Argentina.”).

397 World Weather Attribution (21 December 2022) Climate change made record breaking early season heat in
Argentina and Paraguay about 60 times more likely (“With future global warming, heatwaves like this will become
even more common and hotter. If global mean temperatures rise an additional 8°C, to a total warming of 2°C, a
heatwave as hot as this one would be about 4 times more likely than it is now, while a heatwave that happens
approximately once in 20 years would be 0.7-1.2°C hotter than this one.”); discussing Rivera J. A., et al. (2022)
CLIMATE CHANGE MADE RECORD BREAKING EARLY SEASON HEAT IN ARGENTINA AND PARAGUAY ABOUT 60 TIMES
MORE LIKELY, World Weather Attribution.

3% United States Environmental Protection Agency (1 August 2022) Climate Change Indicators: Heat Waves (Figure
1).

399 Government of Canada (24 January 2022) Extreme heat events: Overview (“Many places in Canada face extreme
heat events, often called "heat waves." These events involve high temperatures and high humidity. A changing climate
can mean longer and more intense heat events that can be dangerous for your health. Heat events frequently cause
death. Heat wave tragedies have killed more than: ... 595 people in British Columbia (2021)...”)

400 \White R. H., et al. (2023) The unprecedented Pacific Northwest heatwave of June 2021, NAT. COMMUN. 14(727):
1-20, 1 (“In late June 2021 a heatwave of unprecedented magnitude impacted the Pacific Northwest region of Canada
and the United States. Many locations broke all time maximum temperature records by more than 5 °C, and the
Canadian national temperature record was broken by 4.6 °C, with a new record temperature of 49.6 °C. Here, we
provide a comprehensive summary of this event and its impacts. Upstream diabatic heating played a key role in the
magnitude of this anomaly. Weather forecasts provided advanced notice of the event, while sub-seasonal forecasts
showed an increased likelihood of a heat extreme with lead times of 10-20 days. The impacts of this event were
catastrophic, including hundreds of attributable deaths across the Pacific Northwest, mass mortalities of marine life,
reduced crop and fruit yields, river flooding from rapid snow and glacier melt, and a substantial increase in wildfires—
the latter contributing to landslides in the months following. These impacts provide examples we can learn from and
a vivid depiction of how climate change can be so devastating.”).

0L Intergovernmental Panel on Climate Change (2021) Summary for Policymakers, in CLIMATE CHANGE 2021: THE
PHYSICAL SCIENCE BAsIs, Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change, Masson-Delmotte V., et al. (eds.), SPM-10 (“It is virtually certain that hot extremes
(including heatwaves) have become more frequent and more intense across most land regions since the 1950s, while
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cold extremes (including cold waves) have become less frequent and less severe, with high confidence that human-
induced climate change is the main driver[14] of these changes. Some recent hot extremes observed over the past
decade would have been extremely unlikely to occur without human influence on the climate system. Marine
heatwaves have approximately doubled in frequency since the 1980s (high confidence), and human influence has very
likely contributed to most of them since at least 2006.”). See also Kotz M., Wenz L., & Levermann A. (2021) Footprint
of greenhouse forcing in daily temperature variability, PROC. NAT’L. ACAD. ScI. 118(32): 1-8, 1 (“Assessing
historical changes to daily temperature variability in comparison with those from state-of-the-art climate models, we
show that variability has changed with distinct global patterns over the past 65 years, changes which are attributable
to rising concentrations of greenhouse gases. If these rises continue, temperature variability is projected to increase
by up to 100% at low latitudes and decrease by 40% at northern high latitudes by the end of the century.”).

402 World Weather Attribution (21 December 2022) Climate change made record breaking early season heat in
Argentina and Paraguay about 60 times more likely (“The 2022 heatwave has led to large-scale power outages,
wildfires and, in combination with the ongoing drought, poor harvests. It is estimated to have led to an increase in
heat-related deaths, with the impacts unequally distributed across In different cities and municipalities across South
America, people living in some areas — often poorer neighbourhoods — experience higher temperatures than others, as
they lack green space, adequate thermal insulation from heat, electricity, shade, and water which can be lifelines during
heatwaves.... We find that human-caused climate change made the event about 60 times more Alternatively, a
heatwave with a similar probability would be about 1.4°C less hot in a world that had not been warmed by human
activities.”); discussing Rivera J. A., et al. (2022) CLIMATE CHANGE MADE RECORD BREAKING EARLY SEASON HEAT IN
ARGENTINA AND PARAGUAY ABOUT 60 TIMES MORE LIKELY, World Weather Attribution.

403 Hartinger S. M., et al. (2023) The 2022 South America report of The Lancet Countdown on health and climate
change: trust the science. Now that we know, we must act, LANCET REG. HEALTH AM. 20(100470): 1-35, 20
(“Population exposure to wildfire danger has increased in the past decade driven by the high temperatures and
increased incidence of drought in many areas, making wildfire occurrence and spread more likely, and hampering
control efforts. This is particularly relevant in SA, which faces a dangerous interplay between intentional human-made
wildfires -more closely linked to land use changes and deforestation, as in the Amazon, the Pantanal, and El Chaco -
as well as climate-driven ones, such as the 2022's wildfire in Argentina, and Paraguay. Regionally, the population
exposure to very high or extremely high wildfire danger in SA has increased in nine of out 12 countries, with a regional
average increase of seven more days in 2018-2021 compared to the baseline. However, the number of exposure days
across countries vary, Uruguay, Paraguay saw an increase of 3-4 exposure days, vs Argentina and Chile 1420 days
of exposure (indicator 1.2)”).

404 \World Meteorological Organization (2022) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2021,
No. 1295, 14 (“The 2021 Atlantic hurricane season was very active, with 21 named storms — well above the 1981—
2010 average of 14 — including seven hurricanes, of which four were major hurricanes. With about US$ 80 billion in
damage (much of which occurred in the United States of America, associated with Hurricane Ida), it was also one of
the costliest seasons. It was the sixth consecutive above-normal Atlantic hurricane season and the seventh consecutive
year with a named storm forming before the official start to the season on 1 June (Tropical Storm Ana formed on 22
May). On 30 June, Tropical Storm Elsa (later Hurricane Elsa) became the earliest fifth named storm on record.
Hurricane Elsa would become the first hurricane of the season on 2 July, and affected several territories in the
Caribbean, including Barbados, Saint Lucia, Saint Vincent and the Grenadines, Martinique, the Dominican Republic,
Haiti, Jamaica, the Cayman Islands and Cuba, before moving into Florida/United States.?®”).

405 World Meteorological Organization (2022) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2021,
No. 1295, 14 (“The 2021 Atlantic hurricane season was very active, with 21 named storms — well above the 1981
2010 average of 14 — including seven hurricanes, of which four were major hurricanes. With about US$ 80 billion in
damage (much of which occurred in the United States of America, associated with Hurricane Ida), it was also one of
the costliest seasons. It was the sixth consecutive above-normal Atlantic hurricane season and the seventh consecutive
year with a named storm forming before the official start to the season on 1 June (Tropical Storm Ana formed on 22
May). On 30 June, Tropical Storm Elsa (later Hurricane Elsa) became the earliest fifth named storm on record.
Hurricane Elsa would become the first hurricane of the season on 2 July, and affected several territories in the
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Caribbean, including Barbados, Saint Lucia, Saint Vincent and the Grenadines, Martinique, the Dominican Republic,
Haiti, Jamaica, the Cayman Islands and Cuba, before moving into Florida/United States.?6”).

406 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Pértner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Léschke S., Méller V., Okem A.,
& Rama B. (eds.), 1751 (“The most common climatic drivers include tropical storms and hurricanes, heavy rains,
floods and droughts. Positive climatic conditions also can facilitate migration. Peru, Colombia and Guatemala are
among the countries with the largest average displacements caused by hydro-meteorological causes; Brazil had
295,000 people displaced because of disasters in 2019.... Hurricanes have been seen as positive triggers for
international migration in CA. The highlands of Peru see different patterns, including daily circular migration to
combine the scarce income from agricultural production with urban income, rather than abandoning farm land.”
(citations omitted)).

407 Smith A. B. (24 January 2022) 2021 U.S. billion-dollar weather and climate disasters in historical context, Beyond
the Data, CLIMATE.GOV (“In broader context, the total cost of U.S. billion-dollar disasters over the last 5 years (2017-
2021) is $742.1 billion, with a 5-year annual cost average of $148.4 billion, both of which are new records and nearly
triple the 42-year inflation adjusted annual average cost. The U.S. billion-dollar disaster damage costs over the last
10-years (2012-2021) were also historically large: at least $1.0 trillion from 142 separate billion-dollar events. It is
concerning that 2021 was another year in a series of years where we had a high frequency, a high cost, and large
diversity of extreme events that affect people's lives and livelihoods—concerning because it hints that the extremely
high activity of recent years is becoming the new normal. 2021 (red line) marks the seventh consecutive year (2015-
21) in which 10 or more separate billion-dollar disaster events have impacted the U.S. The 1980-2021 annual average
(black line) is 7.4 events (CPl-adjusted); the annual average for the most recent 5 years (2017-2021) is 17.2 events
(CPI-adjusted).”).

408 George Washington University (2018) ASCERTAINMENT OF THE ESTIMATED EXCESS MORTALITY FROM
HURRICANE MARIA IN PUERTO RICO, Milken Institute School of Public Health, 9 (“Results from the preferred
statistical model, shown below, estimate that excess mortality due to Hurricane Maria using the displacement scenario
is estimated at 1,271 excess deaths in September and October (95% CI: 1,154-1,383), 2,098 excess deaths from
September to December (95% CI: 1,872-2,315), and, 2,975 (95% CI: 2,658-3,290) excess deaths for the total study
period of September 2017 through February 2018.”). See also Rodriguez-Madera S. L., Varas-Diaz N., Padilla M.,
Grove K., Rivera-Bustelo K., Ramos J., Contreras-Ramirez V., Rivera-Rodriguez S., Vargas-Molina R., & Santini J.
(2021) The impact of Hurricane Maria on Puerto Rico’s health system: post-disaster perceptions and experiences of
health care providers and administrators, GLOB. HEALTH RES. POLICY 6(44): 2 (“The published literature addressing
the efects of Hurricane Maria on the Island has exposed the severe vulnerabilities of its health care system [15-19],
including lethal gaps in access to medication by patients with chronic diseases (e.g., renal disease, diabetes, respiratory
diseases) [11, 20-24] and the interruption of life-sustaining treatments (e.g., dialysis, chemotherapy) [3, 15, 16]. In
fact, these failures were partly responsible for the more than 3000 deaths ascribed to the natural disaster [25].”).

499 Cangialosi J. P., Latto A. S., & Berg R. (2021) Tropical Cyclone Report: Hurricane Irma, National Oceanic and
Atmospheric Administration National Hurricane Center, 16 (“Estimates from FEMA indicate that 25% of buildings
were destroyed, 65% were significantly damaged, and 90% of houses sustained some damage. Approximately 75%
of the residents in the Keys evacuated before Irma.”).

410 Insurance Bureau of Canada (19 October 2022) Hurricane Fiona causes $660 million in insured damage
(“Hurricane Fiona is estimated to have caused $660 million in insured damage, according to initial estimates from
Catastrophe Indices and Quantification Inc. (CatlQ).”).

411 United States Office of Management and Budget (2022) FEDERAL BUDGET EXPOSURE TO CLIMATE RISKS, 280
(“Based on methodology modifications to update results from CBO (2016),37,38 OMB estimates that annual Federal
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spending increases on coastal disaster response spending are projected to range from $4-$32 billion (2020 USD)
annually,39 with a mean of $15 billion, in 2050.40 By 2075 these annual increases due to projected hurricane
frequency reach $22-$94 billion (2020$), with a mean increase of $50 billion. The method for developing these
estimates takes into consideration the increased frequency of hurricanes impacting U.S. coastal areas as well as growth
in coastal development and real GDP.”).

412 \World Meteorological Organization (2022) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2021,
No. 1295, 10-11 (“Rainfall in central Mexico was around 40%—-60% above normal, while north-west Mexico and
Baja California recorded rainfall around 20% below normal (Figure 4a). In the north Atlantic coast and over the
Yucatan peninsula, Guatemala and El Salvador, rainfall anomalies ranged from 50% below normal to 20% above
normal (Figure 4b). Below normal rainfall was recorded in Belize and Nicaragua, while Costa Rica and much of
Panama recorded above-normal rainfall. In the Caribbean region, below-normal rainfall was recorded in Cuba, the
Dominican Republic and the small Caribbean islands (Figure 4c). For example, in much of Guadeloupe, annual rainfall
was 10%-50% below normal. In South America (Figure 4d), rainfall anomalies of between 20% and 60% below
normal were recorded over the central and southern regions of Chile, and 30% to 50% below normal over the south-
western Andes of Peru. Below-normal rainfall was dominant over the Parand—La Plata Basin in south-eastern Brazil,
northern Argentina, Paraguay and Uruguay, suggesting a late onset and weak South American Monsoon. Below-
normal rainfall conditions dominated the semiarid region of north-east Brazil and the Caribbean coast of the Bolivarian
Republic of Venezuela. Conversely, the western side of Colombia, central Amazonia, French Guyana, Suriname and
Guyana recorded above-normal rainfall for the year. Some of the observed rainfall patterns were in line with the
typical rainfall patterns associated with La Nifa conditions.”).

413 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1708 (“Observed precipitation reduction in the Cerrado region impacted main water supply
reservoirs for important cities in the Brazilian central region, leading to a water crisis in 2016/2017 (Government of
Brazil, 2020) and affecting hydropower energy generation (Ribeiro Neto et al., 2016).”).

414 Internal Displacement Monitoring Centre (2020) 2020 GLOBAL REPORT ON INTERNAL DISPLACEMENT, 52 (“Floods
triggered the majority of the 1.5 million disaster displacements recorded in the Americas in 2019, as rivers burst their
banks and forced whole communities to flee (see Figure 16). Wildfires also displaced significant numbers of people
in the US and Mexico, and burned large tracts of Amazon rainforest in Brazil and Bolivia. Indigenous communities
may well have been displaced by the Amazon fires, but information was hard to come by.”).

415 World Bank Group (2022) A ROADMAP FOR CLIMATE ACTION IN LATIN AMERICA AND THE CARIBBEAN 2021-2025,
2 (“Without concerted climate action, by 2050 over 17 million people in LAC could be forced to move to escape slow
onset climate impacts,10 swelling migration to cities and potentially increasing urban population growth by up to 10
percent. This would increase the load on basic services in the poorest urban neighborhoods most exposed to flooding,
landslides and other climate impacts that are becoming increasingly frequent and severe. At the same time, endemic
and emerging climate-sensitive infectious diseases are projected to increase over the coming decades through the
expanded distribution of vectors.”).

416 World Meteorological Organization (2023) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2022,
No. 1322, 9 (“Rainfall in central and eastern Mexico was around 40%-60% below normal, while in north-west Mexico
and the Yucatan Peninsula, rainfall was 40% above normal (Figure 6a). Baja California recorded precipitation that
was around 20% below normal in the extreme south, and around 10% to 20% above normal in the rest of the region.
In most of Central America, except for some locations in Guatemala, precipitation was between 10% and 40% above
normal”).
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47 United States Environmental Protection Agency (2021) Climate Change Indicators: Heavy Precipitation, 6 (“EPA
has determined that the time series in Figure 1 has an increasing trend of approximately 0.5 percentage points per
decade (p < 0.001) and the time series in Figure 2 has an increasing trend of approximately 0.2 percentage points per
decade (p = 0.007). Both of these trends were calculated by ordinary least-squares regression, which is a common
statistical technique for identifying a first-order trend, and both trends are statistically significant to a 95-percent
confidence level.”).

418 Gillett N. P., Cannon A. J., Malinina E., Schnorbus M., Anslow F., Sun Q., Kirchmeier-Young M., Zwiers F.,
Seiler C., Zhang X., Flato G., Wan H., Li G., & Castellan A. (2022) Human influence on the 2021 British Columbia
floods, WEATHER CLIM. EXTREM. 36(100441): 1-13, 1 (‘A strong atmospheric river made landfall in southwestern
British Columbia, Canada on November 14th, 2021, bringing two days of intense precipitation to the region. The
resulting floods and landslides led to the loss of at least five lives, cut Vancouver off entirely from the rest of Canada
by road and rail, and made this the costliest natural disaster in the province's history. Here we show that when
characterised in terms of storm-averaged water vapour transport, the variable typically used to characterise the
intensity of atmospheric rivers, westerly atmospheric river events of this magnitude are approximately one in ten year
events in the current climate of this region, and that such events have been made at least 60% more likely by the effects
of human-induced climate change. Characterised in terms of the associated two-day precipitation, the event is
substantially more extreme, approximately a one in fifty to one in a hundred year event, and the probability of events
at least this large has been increased by a best estimate of 45% by human-induced climate change. The effects of this
precipitation on streamflow were exacerbated by already wet conditions preceding the event, and by rising
temperatures during the event that led to significant snowmelt, which led to streamflow maxima exceeding estimated
one in a hundred year events in several basins in the region. Based on a large ensemble of simulations with a
hydrological model which integrates the effects of multiple climatic drivers, we find that the probability of such
extreme streamflow events in October to December has been increased by human-induced climate change by a best
estimate of 120-330%. Together these results demonstrate the substantial human influence on this compound extreme
event, and help motivate efforts to increase resiliency in the face of more frequent events of this kind in the future.”).

419 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1698 (“Of the 47 million Central Americans in 2015, 40% lived in rural areas, with Belize being
the least urbanised (54% rural) and Costa Rica the most (21% rural); 10.5 million lived in the Dry Corridor region, an
area recently exposed to severe droughts that have resulted in 3.5 million people in need of humanitarian assistance.”)
(citations omitted). See also Food and Agriculture Organization of the United Nations (2016) Dry Corridor Central
America: Situation Report, 1 (“The Dry Corridor in Central America, in particular Guatemala, Honduras and El
Salvador, is experiencing one of the worst droughts of the last ten years with over 3.5 million in need of humanitarian
assistance.”).

420 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1699 (“In 2019, the region [Dry Corridor in South America] entered its fifth consecutive drought
year, with 1.4 million people in need of food aid. Seasonal-scale droughts are projected to lengthen by 12-30%,
intensify by 17-42% and increase in frequency by 21-42% in RCP4.5 and RCP8.5 scenarios by the end of the
century.”) (citations omitted).

421 \World Meteorological Organization (2023) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2022,
No. 1322, 15, 16 (“Drought affected several countries in the LAC region during 2022. In Central America, Costa Rica
reported unusually dry conditions, mainly along the southern Caribbean coast (with associated meteorological drought
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conditions).42 In Mexico, the north-east states of Nuevo Ledn and Tamaulipas were the most affected by drought in
2022. According to the Drought Monitor,43 around 30% of Mexico experienced moderate to extreme drought during
the whole of 2022, which is in agreement with the Integrated Drought Index (IDI) maps presented in Figure 9. By
May 2022, about 56 % of Mexico was affected by moderate to exceptional drought.”; “Drought affected Puerto Rico,
and by mid-June, 68% of the territory was experiencing a moderate to severe drought; this was the largest area of
drought for the island in the 23-year US Drought Monitor (USDM) record.”).

422 \World Meteorological Organization (2023) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2022,
No. 1322, 15 (“In Mexico, the north-east states of Nuevo Le6n and Tamaulipas were the most affected by drought in
2022. According to the Drought Monitor,43 around 30% of Mexico experienced moderate to extreme drought during
the whole of 2022, which is in agreement with the Integrated Drought Index (IDI) maps presented in Figure 9. By
May 2022, about 56 % of Mexico was affected by moderate to exceptional drought.”).

423 Castellanos E., Lemos M. F., Astigarraga L., Chacén N., Cuvi N., Huggel C., Miranda L., Moncassim Vale M.,
Ometto J. P., Peri P. L., Postigo J. C., Ramajo L., Roco L., & Rusticucci M. (2022) Chapter 12: Central and South
America, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION, AND VULNERABILITY, Contribution of Working Group
Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts D. C.,
Tignor M., Poloczanska E. S., Mintenbeck K., Alegria A., Craig M., Langsdorf S., Loschke S., Méller V., Okem A.,
& Rama B. (eds.), 1704, 1706 (“Exposure of the Brazilian Amazon to severe to extreme drought has increased from
8% in 2004/2005 to 16% in 2009/2010 and 16% in 2015/2016 (Anderson et al., 2018b); a similar trend is reported in
other regions (Table 12.3). During the extreme drought of 2015/2016 in the Amazonian forests, 10% or more of the
area showed negative anomalies of the minimum cumulative water deficit (Anderson et al., 2018b). This extreme
drought also caused an increase in the occurrence and spread of fires in the basin (medium confidence: medium
evidence, high agreement) (Arag.o et al., 2018; Lima et al., 2018; Silva Junior et al., 2019; Bilbao et al., 2020).
Exposure to anomalous fires in ecosystems such as savannahs, which are more fire-prone, increases the exposure and
vulnerability of adjacent forest ecosystems not adapted to fire, such as seasonally flooded forests (Bilbao et al., 2020;
Flores and Holmgren, 2021).”; “Droughts in 2009/2010 and 2015/2016 increased tree mortality rate in Amazon forests
(Doughty et al., 2015; Feldpausch et al., 2016; Anderson et al., 2018b), while productivity showed no consistent
change; some authors reported a drop in productivity (Feldpausch et al., 2016), while others found no significant
changes (Brienen et al., 2015; Doughty et al., 2015). Nevertheless, the combined effect of increasing tree mortality
with variations in growth results in a long-term decrease in C stocks in forest biomass, compromising the role of these
forests as a C sink (high confidence) (Brienen et al., 2015; Rammig, 2020; Sullivan et al., 2020) (Figure 12.9). Under
the RCP8.5 scenario for 2070, drought will increase the conversion of rainforest to savannah (medium confidence:
medium evidence, high agreement) (Anadén et al., 2014; Olivares et al., 2015; Sampaio et al., 2019). The
transformation of rainforest into savannah will bring forth biodiversity loss and alterations in ecosystem functions and
services (medium confidence: medium evidence, high agreement) (Anad.n et al., 2014; Olivares et al., 2015; Sampaio
etal., 2019). In the Amazon basin, the synergistic effects of deforestation, fire, expansion of the agricultural frontier,
infrastructure development, extractive activities, climate change and extreme events may exacerbate the risk of
savannisation (medium confidence: medium evidence, high agreement) (Nobre et al., 2016b; Bebbington et al., 2019;
Sampaio et al., 2019; Rammig, 2020).”).

424 \World Meteorological Organization (2023) STATE OF THE CLIMATE IN LATIN AMERICA AND THE CARIBBEAN 2022,
No. 1322, 15-16 (“Drought also affected the west coast of subtropical South America, including Chile, where the last
year with above average rainfall was 2006.51 The year 2022 was the fourth-driest year on record for Chile, which is
experiencing a 14-year-long megadrought, the region’s longest and most severe drought in more than 1 000 years.”).

425 Desbureaux S. & Rodella A. S. (2019) DROUGHT IN THE CITY: THE ECONOMIC IMPACT OF WATER SCARCITY IN LATIN
AMERICAN METROPOLITAN AREAS, WORLD DEv. 114: 13-27, 18-19 (“Generating electricity is highly water intensive
(Fthenakis & Kim, 2010) and several examples over the last years have highlighted the threat water scarcity can
represent for electricity provision in the region.” When excessive rainfall is followed by floods or landslides, large wet
shocks might also cause an increase in power outages because of the damages on infrastructures. We use enterprise
surveys to explore the link between droughts and the occurrence of water outages for firms.”).
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426 Desbureaux S. & Rodella A. S. (2019) Drought in the City: The Economic Impact Of Water Scarcity In Latin
American Metropolitan Areas, WORLD DEvV. 114: 13-27, 25 (“There are several reasons to expect such a negative
impact of droughts on cities’ economies. Hydropower still generates more than 50 percent of electricity in Latin
America (Al-mulali, Fereidouni, & Lee, 2014). Generally speaking, water is one of the principal inputs to generate
electricity, even beyond hydropower.2 Consequently, water scarcity can lead to electric shutdowns as was recently
seen in India or in Brazil.2 Using Enterprise Surveys for 22 Latin American and Caribbean Countries, we highlight
that droughts significantly increase power outages for firms.”) See also O’Malley I. (13 March 2023) Scientists
Confirm Global Floods and Droughts Worsened by Climate Change, PBS (“Water stress is expected to significantly
affect poor, disenfranchised communities as well as ecosystems that have been underfunded and exploited.For
example, the United Nations has said that Somalia is experiencing its longest and most severe drought, an event that
has caused the deaths of millions of livestock and widespread hunger. Venezuela, a country that has faced years of
political and economic crises, resorted to nationwide power cuts during April 2016 as a result of the drought conditions
affecting water levels of the Guri Dam.”).

421 Gillespie P. & Gilbert J. (12 April 2023) Argentina’s Epic Drought Is Pushing Economic Crisis to New Extremes,
BLOOMBERG; and Sigal L. & Raszewski E. (9 March 2023) Argentina's 'unprecedented" drought pummels farmers
and economy, REUTERS.

428 Souza Gomes M., Fonseca de Albuguerque Cavalcanti I., & Muller G. V. (2021) 2019/2020 Drought Impacts on
South America and Atmospheric and Oceanic Influences, WEATHER CLIM. EXTREMES 34(100404): 1-13, 2-3
(“Soybean was the most affected crop in Rio Grande do Sul, with yield losses above 70% in some areas and from 57
to 40% in other areas compared to previous year's yields. Maize losses were the greatest in the state of Santa Catarina,
reaching 43% in some localities, and 15% in the state of Parana, compared to previous year's yields.”; “Loss caused
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mean in the South Atlantic and the subtropical North Atlantic, and at a lower rate than the global mean in the eastern
Pacific over the last three decades.14 Sea-level rise threatens a large portion of the Latin American and Caribbean
population who live in coastal areas by contaminating freshwater aquifers, eroding shorelines, inundating low-lying
areas, and increasing the risks of storm surges.15 High-precision satellite altimetry data covering the period from
January 1993 to June 2022 indicate that during this period, the rates of sea-level change on the Atlantic side of South
America were higher than those on the Pacific side (Figure 8 (right) and Table 2).16 In the South American Pacific
region, the rate of change was 2.21 mm + 0.1 mm per year, and along the west coast of Mexico and Central America,
it was 1.92 mm + 0.1 mm per year, both lower than the global average of 3.37 mm + 0.32 mm per year during this
period. The sea level on the Pacific side of South America is highly influenced by ENSO, and smaller increases are
observed during La Nifia. Along the Atlantic coast of South America, south of the equator, the rate of change from
January 1993 to June 2022, 3.66 mm + 0.1 mm per year, was higher than the global average. A comparable rate was
also observed in the subtropical North Atlantic and the Gulf of Mexico (3.60 mm + 0.1 mm per year). In the tropical
North Atlantic, around Central America and the southern Caribbean, the rate was 3.23 mm + 0.1 mm per year during
this period (Figure 8 (left) and Table 2).”).
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and 2). The effects of the coastal risks posed by a changing climate already are and will continue to be experienced in
both intersecting and distinct ways, and coastal areas are already beginning to take actions to address and ameliorate
these risks (Figure 8.2).”).
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anywhere globally, and projected future climate changes for the region will continue to be significant (Larsen and
Anisimov 2014). Many communities have a high sensitivity to climate change as they are situated on lowlying coasts,
they have infrastructure built on permafrost, they have economies strongly linked to natural resources, they have a
high dependence on land-based harvesting activities, and they experience socio-economic disadvantages (AMAP
2011; Arctic Council 2013; Lemmen et al. 2008; Mason and Agan 2015). In light of the risks posed by climate change,
adaptation is emerging as an important component of climate policy in northern Canada, and encompasses a variety
of strategies, actions, and behaviors that make households, communities, and economic sectors more resilient to
climate change (J.D. Ford et al., in press; Labbé et al. 2017).”).
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(eds.), 38 (“Given the inherent vulnerability of the Arctic’s simple food web, OA introduces a significant addition- al
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436 Fisheries and Oceans Canada Centre of Expertise on the State of the Oceans (2012) CANADA’S STATE OF THE
OCEANS REPORT, 2012, 10 (“Canada’s cold coastal waters may be particularly prone to acidification due to the natural
occurrence of undersaturated waters at shallow depths (Pacific coast), or large freshwater input (Arctic coast).
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Freshwater input from runoff and ice melt reduces the ocean’s capacity to buffer against changes in pH. Runoff may
also contain organic matter from land which can also increase acidification.”)
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OCEANS REPORT, 2012, 11 (* In summer along the west coast of Canada, acidic water from depths of 100 to 200
metres upwells onto the continental shelf and into the ocean surface layer. This upwelling water is acidic due to a high
concentration of dissolved inorganic carbon. However, the exposure of the continental shelf to this water is expected
to be intermittent since the uptake of CO2 by phytoplankton and outgassing of CO2 to the atmosphere remove the
excess dissolved inorganic carbon. Nonetheless the combination of undersaturated water at relatively shallow depths
and winds that favour upwelling make the British Columbia shelf particularly vulnerable. Over the last century, the
depth below which the aragonitic shells of saturation depth or horizon (2 ) — has become shallower by, typically, a

30-50 metres. In the Northeast Pacific Ocean, the saturation horizon is naturally shallow — as little as 100 metres below
the surface. Scientists expect the saturation depth to become shallower as global atmospheric CO2 concentrations
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global warming, with losses being even greater at 2°C of global warming (high confidence). The risks of declining
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seagrass and other wetland ecosystems), loss of fisheries productivity (at low latitudes), and changes to ocean
chemistry (e.g., acidification, hypoxia and dead zones) are projected to be substantially lower when global warming
is limited to 1.5°C (high confidence). {3.4.4, Box 3.4}”)
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billion people worldwide benefit from the many ecosystem services coral reefs provide including food, coastal
protection, and income from tourism and fisheries. Healthy coral reefs provide: Habitat, feeding, spawning, and
nursery grounds for over 1 million aquatic species, including commercially harvested fish species. Food for people
living near coral reefs, especially on small islands. Recreation and tourism opportunities, such as fishing, scuba diving,
and snorkeling, which contribute billions of dollars to local economies. Protection of coastal infrastructure and
prevention of loss of life from storms, tsunamis, floods, and erosion. Sources of new medicines that can be used to
treat diseases and other health problems. All of the services provided by coral reefs translate into tremendous economic
worth. By one estimate, the total net benefit per year of the world’s coral reefs is $29.8 billion. Tourism and recreation
account for $9.6 billion of this amount, coastal protection for $9.0 billion, fisheries for $5.7 billion, and biodiversity,
representing the dependence of many different marine species on the reef structure, for $5.5 billion (Cesar, Burke and
Pet-Soede, 2003).”).
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connection with glacier dynamics (Isla et al., 2010). Between 41° and 56° South latitude, the absolute glacier area loss
was 5450 km2 (19%) in the last approximately 150 years, with an annual area reduction increase of 0.25% yr—1 for
the period 2005- 2016 (Meier et al., 2018). The small glaciers in the northern part of the Northern Patagonian Ice
Field had over all periods the highest rates of 0.92% a—1. In this sub-region, increased melting of ice is leading to
changes in the structure and functioning of river ecosystems and in freshwater inputs to coastal marine ecosystems
(medium confidence: low evidence, high agreement) (Aguayo et al., 2019). In addition, in the case of coastal areas,
the importance of tides and rising sea levels in the behaviour of river floods has been demonstrated (Jal.n- Rojas et
al., 2018).”).

44 Oppenheimer M., Glavovic B. C., Hinkel J., van de Wal R., Magnan A. K., Abd-Elgawad A., Cai R., Cifuentes-
Jara M., DeConto R. M., Ghosh T., Hay J., Isla F., Marzeion B., Meyssignac B., & Sebesvari Z. (2019) Chapter 4:
Sea Level Rise and Implications for Low-Lying Islands, Coasts and Communities, in THE OCEAN AND CRYOSPHERE
IN A CHANGING CLIMATE, Special Report of the Intergovernmental Panel on Climate Change, Portner H.-O., Roberts
D. C., Masson-Delmotte V., Zhai P., Tignor M., Poloczanska E., Mintenbeck K., Alegria A., Nicolai M., Okem A.,
Petzold J., Rama B., & Weyer N. M. (eds.), 323 (“Non-climatic anthropogenic drivers, including recent and historical
demographic and settlement trends and anthropogenic subsidence, have played an important role in increasing low-
lying coastal communities’ exposure and vulnerability to SLR and extreme sea level (ESL) events (very high
confidence). In coastal deltas, for example, these drivers have altered freshwater and sediment availability (high
confidence). In low-lying coastal areas more broadly, human-induced changes can be rapid and modify coastlines
over short periods of time, outpacing the effects of SLR (high confidence). Adaptation can be undertaken in the short-
to medium-term by targeting local drivers of exposure and vulnerability, notwithstanding uncertainty about local SLR
impacts in coming decades and beyond (high confidence). {4.2.2.4, 4.3.1, 4.3.2.2, 4.3.2.3} Coastal ecosystems are
already impacted by the combination of SLR, other climate-related ocean changes, and adverse effects from human
activities on ocean and land (high confidence). Attributing such impacts to SLR, however, remains challenging due
to the influence of other climate-related and non-climatic drivers such as infrastructure development and human-
induced habitat degradation (high confidence). Coastal ecosystems, including saltmarshes, mangroves, vegetated
dunes and sandy beaches, can build vertically and expand laterally in response to SLR, though this capacity varies
across sites (high confidence). These ecosystems provide important services that include coastal protection and habitat
for diverse biota. However, as a consequence of human actions that fragment wetland habitats and restrict landward
migration, coastal ecosystems progressively lose their ability to adapt to climate-induced changes and provide
ecosystem services, including acting as protective barriers (high confidence). {4.3.2.3}”).

45 Hu A., Xu Y., Tebaldi C., Washington W. M., & Ramanathan V. (2013) Mitigation of short-lived climate pollutants
slows sea-level rise, NAT. CLIM. CHANGE 3: 730734, 732 (“In comparison with the BAU case, mitigation of SLCPs
can reduce the SLRfull rate by about 18% (from 1.1 cm yr-1 to about 0.9 cm yr-1), and the SLRther rate by about
48% (from 0.29 cm yr-1to 0.15 cm yr-1), with negligible effect from CO2 reduction before 2050. By 2100, however,
CO2 mitigation can reduce the SLRfull rate by about 24% (from 2.1 to 1.6 cm yr—1), and the SLRther rateisteby about
25% (from 0.4 to 0.3 cm yr-1). The SLCP mitigation would contribute about 24% of the SLRfull rate reduction, and
54% of the SLRther rate at 2100. With mitigation of both SLCPs and CO2, the projected SLR rate is reduced by close
to 50% for SLRfull, and 67% for SLRther by 2100.”).
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