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Executive Summary

The impacts of climate change are increasing in magnitudadwide. The global burden of climate change imzac
already spans deaths, disease, the loss of livelihoods, damage to property and infrastructure, other economic losses, and
the loss of biodiversity. Every tonne edrbon dioxideadded to the atmosphere today compounds these impacts. Unless
drastic action is taken to eliminate net emissions of greenhouse gases from human activity and remove historical emissions
from the atmosphere, the impacts of climate change will persist fotuges. Sme of its consequences, such as-fmeel

rise or glacier retreat will become more severe over time, even if human emissions ceased tGQitagte change is a

global crisis, though one whose impacts will be felt unequally around the worldiheéthreatest harm typically affecting

communities in the Global South, vulnerable individuals in society, and future generations.

The impacts of climate changeanifestthrough changing likelihood and intensitie$ extreme weather events, such as
floods, heatwaves, droughts and storms, and slonset changes, such as deael rise and glacial retreat. Even though

the impacts of greenhousgas emissions arise via the complex intermediary processes of the atmosphere, developments
in climate science now allv causal links to be drawn between drivers of climate chdhgeemissionsand their impacts

This report summarises the latest scientéiddence that spans the causal chain from emissions of greenhouse gases as a

result of human activities, through to the consequences that affect societies.

Despite global understanding of the impacts of climate change and the humanitarian crises thatcwillin coming
decades in the absence of rapid reductions in greenh@aseemissions, deforestation ratesand therefore emissions

NiKS . NIXTAEtALY 'YIT 2y KI@S AYyONBIaSR adzomadlydAl ffiod, RdzNA
deforestation in the Brazilian Amazon had falléecreasedsubstantially fromits peak in the early 2000s, and then
stabilised over the decade from 20@®18. However, thrapid increase in deforestatissince 201%as resulted in a major

uptick in enissions of greenhouse gasiesm the Brazilian Amazomvhich will have global humanitarian consequences.

This report provides a scientific evaluation of the consequences of the greenlgassemissions that result from the

acceleration of deforestation andnd-use change that can be attributed to the government of President Jair Bolsonaro.
ES.1. Greenhousegyas emissions attributable to the Bolsonaro administration

Responsible for 19% of global Missionssincel959 deforestation is the second largest cobtrtor to climate change

after the burning of fossil fuels (sectidn3.1). Moreover, if the goals of the Paris Agreement on climate change are to be

met, and global warming limited to 1.5 °C above-prdustrial levels, deforestatiorelated emissions must fall rapidly.
According to the Intergovernmental Panel on Climate CBa@ga 6 Lt / / 0 { LISOALFf wSLR2 NI 2y C
A0SYINR2a FT2N) Syraarzy NBRdzOGA2ya GKIG YSSO GKS tI-NRa !
related emissions by 2030. Any increases in deforestation consequenfigrigise the goals of the Paris Agreement

(sectionl1.3.2.

It is in this context that the Bolsonaro administration has overseen a systematic wagkefiegal protections against
deforestation, and their enforcement, and actively encouraged increasing industrial incursion into the Amazon region
(section 1.4.1). Since Jair Bolsonaro took office on 1 January 2019, deforestation rates have risen sharply. In 2019,
deforestation rates were higher than at any point in the previous decade, and 34% above the 2018 deforestation rate. In
2020, deforestatiorin the Brazilian Amazon accelerated further, to 44% above the 2018 level. Interim data indicates that

deforestation rates have increased even further in 2021.



In the Brazilian Amazon, deforestation rates had remained relatively stable over the decad20d&®018 and prior to

the Bolsonaro administration, previous governments had pledged to cut rates to substantially lower levels. We therefore
make the conservative estimate that in the absence of the Bolsonaro government, deforestation would haveazbatin

the average rate for 2002018, and attribute surplus deforestation above this level to the Bolsonaro administr8ésed

on these approximations3,985 km of Amazon deforestation is attributed to the Bolsonaro administraien year, for

2019 and 202(Q the years for which deforestation data is already availableestimatethe likely deforestation in the
Amazonthat will be attributable to the Bolsonaro administration in 2021 and 2022, we developed three scenarios that
capture the plausible rage of deforestation rates over the remainder of tharrent. 2 f 82yl N2 | RYAYyAaidN
RSTF2NBadl A2y a0SyINAR2 GKIG K2t R& RST2NBadGrdAzy NI GiSa |
increase in deforestation rate observbdtween 20194 nHn AY HAHM YR HAHHT YR | WKAZ
deforestationrates explodeijncreasinglinearly to reach, in 2022, the peak levels observed in 200 figure3; section

1.4.2.

Based on ourestimates ofattributable deforestation, we then assedhe carbon dioxide and methane emissions
attributable to the Bolsonaro administration by considering three emissions sources: (1) reductions in carbon
sequestration due to deforestation; (2) carbon dioxide emissions released through burning of defdeesde@nd (3)
methane emissions released by replacing forested land with cattle. Across the 4 years of the Bolsonaro administration
(20192022) the combined contribution made by these three emissions souragiisalent to1,700 MtCQin the low
deforestation scenario, rising to 1,900 Mte@nd 3,400 MtC®in the medium and high deforestation scenarios,
respectively (all values given to the nearest 100 Mtd@blel). In addition to the emissions occurring over 22,

the loss of forest carbon sequestration and ongoing emissions from cattle will result in a further 6 &m@®@d annually

even after the end of the Bolsonaro administration, unlesferestation takes place and cattle rearing ceases. The values
given above relate only to the emissions from Amazon deforestation that are attributable to the Bolsonaro administration

(sectionl.5).

The increase in deforestatierelated emissions during the Bolsonaro administration al@estimated toaccount for
approximately 1% of global greenhouse gas emissgath yeay or roughly the same abe total emissions of the UK.
Based on a recent estimate of the global heglited deaths expected over the next 80 years due to each tonne of
emissions produced today, over 180,000 excess -helated deaths will occur globally before 2100 due to the
deforestationrelated emissions caused by the Bolsonaro administratéwen if global emissions are cut substantially
(section1.6). This estimate acemts only for a subset of the climatelated harm caused by these emissions kut
indicative of the magnitude of humanitarian consequences of the deforestation of the Brazilian Aemzoresult of

global climate change
ES.2. Attributed impacts of climate chnge

¢KS fraSaid raasSaayvySyid 2F GKS LYGSNH2OSNYYSyidlt tlFySt 2,
has warmed the atmosphere OS| y I 3 \Rrtuallyl aff 6bServed global wamg is due to human emissions of
greenhouse gases and aerosols. This global warming has driven the retreat of glaciers, rising sea levels, and increasing
frequencies and intensities of mamxtreme eventssome ofwhich are occurring with intensities unpredented in the
observational record. Nevertheless, it remains the case that not all clinedédéed harms occur due to climate change. In

recent years, growing numbers of scientific studies have evaluated the role of climate change in a range of exdresne ev



around the world, demonstrating the substantial role played by climate change in many of these evetiisrafare the

gravity of climate change impacts experienced around the world. While we cannot provide a complete summary of the
impacts of clima¢ change that have occurred to date, since the role of climate change has only been assessed for a subset
of climaterelated impacts, the examples that we provide indicate the severity of global clireétted harms occurring

due to deforestatiorrelated emissions. In section 2 of the report, we summarise this evidence base.

The key climate change impacts assessed in our report are those related to heat (2ettipmeavyrainfall and flooding
(section2.1.2), drought (sectior2.1.3, wildfires (sectior2.1.4), tropical cyclones (sectidhl.5), sealevel rise (sectiol.?2),

glacial retreat (sectio.3), and the mental healitimpacts of climateelated disasters (sectio®.4).
ES.3. Projected impacts of climate change

The impacts of climate change will continue to worsercaming years, and the extent to which this is the case is
determined by the rate at which global greenhougs emissions are reduced. In section 3 of the report, we summarise
projections of future climate change impacts at different levels of future wagmiimiting the rise in global temperatures

to 1.5 °C above primdustrial levels will result in less severe impacts than those that will occur if rapitbogtsenhouse

gas emissions are not madeurther, the impacts of climate change will increaspamentially with subsequent warming
beyond 1.5 °CWe summarise the projected impacts of climate change on extreme heat (s&fdb), extremerainfall

and flooding (sectio.2.2), drought (sectior.2.3, wildfire (sectiorB8.2.4), tropical cyclones (sectidh2.5), sealevel rise

and other marine impacts such as coral bleaching and marine heatwaves (s&&jipand glacial retreat and mass loss

(section3.4).
ES.4. Impacts of climate change in Brdzind Latin America

Substantial climate change impacts are already occurring in Brazil and the wider Latin American region. These impacts are
projected to worsen over coming decades if emissions continue unabated. In section 4, we focus on the impacts of climate
change in Bral (sectiord.1) and the wider Latin America region (sect#g). In addition to the impacts of climate change,

the deforestation of the Amazon directly affects the local temperatures and rainfall. Increasing forest fires, occurring as
part of the process of clearing forest for agricultural deyenent, or due to the increasingly dry and hot conditions in

Amazonia, due to climate change, also cause substantial local health impacts through dangerous air pollution.

Throughout Latin America, climate change alters rainfall patterns, increases tvedgmee of extreme heat (secti@n2.1),
compromises the availability of freshwater due to declining glacial water towers and seasonal snowpaelAirdés
(sectiond.2.2) = GKNBI iSya a2vyYS 2F GKS 62NIRQa Y2al 0A2RAQOSNAS
and ultimately cases species extinctions (sectiér2.3, and causes a range of coastal impacts due tdeses rise, ocean
warming and acidification, and the decline of fisheries (secli@h). Thesampacts compromise food security (section
4.2.5 and human health (sectich?2.6).

The impacts noted above amtiscussed in detathroughoutthe main sections of the report are largely those that can be
linked confidently to climate change amloduce negative humanitarian consequence®wever, here are also risks of
further impacts associated with abrupt changes to the Amazon region, known as the Amazon tipping point. This tipping
point describes a possible shift of the Amazon rainforest to savanna or seasonally dry forest. Whikelitheod of
reaching this tipping point is considered to be low in coming decades, continued climate change and deforestation of the

Amazon increase the likelihood of such an eventuality. Were a tipping point in the Amazon to be crossed, the transition

7



away from ranforest would lead to a substantial release of stored carbon, amplifying climate change, and a drying of the

surrounding region, threatening agriculture, hydropower generation, and biodiversity (set8pn
ES.5. Climate change as a stress multiplier for conflict and population displacement

In addition to the direct impacts of climate change, greenhogesg emissions also increase the risks associatedswitic

political instability that may lead to conflict or refugee flows. In particular, growing water stress in regions thatiage dry

as a result of climate change drives food and financial insecurity, and may increase political instability. Siree there
broad range of factors that contribute to the risk of armed conflict or population displacement, no one crisis of the type i
likely to be linked exclusively to climate change. Nevertheless, by creating the conditions in which such events are more
likely to occur, the United States Department of Defen3de WorldBank and other researchefshave concluded that

climate change will contribute to increases in the risk of food insecurity, armed conflict and higher rates of internal

displacement over the twentjirst century.
ES.6. Linking impacts to individual emitters of greenhouse gases

The ovewhelming findings of climate research demonstrate that climate change is already causing substantial harm to
communities around the world, and that these harms will increase over coming decades if greemfasusmissions
continue unabated. The scale oéfdrestationrelated emissions is substantial and their contribution to the harms of
climate change can be demonstrated. These harms include increases in dedtih®spitalisationérom extreme heat,
increasing ranges of vecttworne diseases, and strongand more frequent storms; food insecurity due to crop failure
resulting from extreme weather events; loss of property and cultural practices, due to extreme weather events-and sea
level rise; and increasing the risk of conditions that foment politicstiadnility, migration, and war. The gravity of the

impacts associated with the recent acceleration of Amazon deforestation in Brazil should not be in dispute.

In section6 of the main report, we explain that not only are these impacts occurring on the global scale, as a result of all
greenhouseagas emissions, but that it is possible to link the emissions of individual entities, such as countriesaniesmp

G2 GKS AYLIOGa 2F OtAYF({S OKIy3ISo tlad &dddzRASa KILGS &K
temperature risé€’, observed and projected sealevel rise, ocean acidificati®nand specific heatwavés These studies

have demonstrated that even relatively small emissions of greesbogases can cause substantial impacts. As a
consequence, there is robust evidence from the existing literature that the increase in deforegtaided emissions

under the Bolsonaro administration is already causing, and, over coming decades andesentilficontinue to cause a

global burden of harm.



Glossary

All definitions are taken from the Glossary in Annex VII of the Contribution of Working Group | to the Intergovernmental
thySt 2y JfAYFGS [ KI yH 8ress othervlisé ated. 4 8 SaaYSy d wS LR NI

Anthropogenic Resulting from or produced by humantiaties.
Attribution The process of evaluating the contributions of multiple causal factors to a change or event.
Carbon budget The maximum amount of cumulative net global anthropog&fiemissions that would result

in limiting global warming to a gimdevel with a given probability, taking into account the effect
of other contributions to climate change (n€2Q greenhouse gases and aerosols). In this
report, the carbon budget describes the remaining@missions, from the present day,

allowable if ¢pbal temperature rise is to be limited to a specified level.

Carbon dioxide (C£) A byproduct of burning fossil fuels, burning biomass and of land use changes, it is the principal

anthropogenic greenhouse gas that contributes to climate change.

Carbonsequestration ~ The process of storing carbon in a carbon pool, for instance through the uptake of carbon

dioxide from the atmospherby forests.
Carbon sink Any procesgsactivity, or mechanism that removes a greenhouse gas from the atmosphere.

CQequivalent CO2¢ The amount of carbon dioxide emission that would have an equivalent effect on a measure of
climate change, such as glolmakan temperatures, over a specified time horizon, as an emitted

amount of another greenhouse gas.

Climate extreme A weather or climate variable above (or below) a threshold value near the upper (or lower) ends
of the range of observed values of the variable. Extreme climate events occur when a pattern

of extreme weather persists for a period of time.

Climate projectian Simulated response of the climate system to a scenario of future emissions or concentrations
of greenhouse gases and aerosols and changes in land use, generally derived using climate

models. Climate projections depend on future changes in emissions.

Drought An exceptionaperiod of water shortage for existing ecosystems and the human population,
due to low rainfall, high temperature, and/or windgriculturaldrought describes a period with
abnormally low soil moisturghat impinges on crop productionMeteorological drought

describes a period with abnormal precipitation deficit.

Greenhouse gase§sHGsEaseous constituents of the atmosphere, both natural and anthropogenic, that have properties
that cause the greenhouse effedhcreases in the conceation of greenhouse gases leads to
a reduction in energy emitted to space from the atmosphere, and therefore warwfirige

earth surface temperature.



Hazard

Heat stress

IBAMA

Impacts

IPCC

INPE

Legal Amazon

Paris Agreement

Vulnerability

The potential occurrence of a natural or huminaluced physical event or trend that magiuse
loss of life, injury or other health impacts, as well as damage and loss to property,

infrastructure, livelihoods, service provision, ecosystems and environmental resources.

A range of conditions, for instance in humans and other teriglsbr aquatic organisms when

the body absorbs excess heat during overexposure to high air or water temperatures or thermal
radiation.Heat stress in mammals, including humans, and birds, is exacerbated by a detrimental
combination of ambient heat, highumidity, and low wind speeds, causing regulation of body

temperature to fail

The Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis (Brazilian
Institute of the Environment and Renewable Natural Resources) is an agency oattikaBr

Ministry of the Environment that supports protections against deforestation of the Amazon

The consequences of realised risks on natural and human systems, where risks result from the
interactions of climateaelated hazards, exposure, andIrerability. Impacts generally refer to
effects on lives, livelihoods, health and wellbeing, ecosystems and species, economic, social and

culturalassets services, and infrastructure. Impacts may also be referred to as consequences.

The Intergovernrantal Panel on Climate Change is the United Nations body for assessing the

science related to climate change.

The Instituto Nacional de Pesquisas Espaciais (National Institute for Space Research) is a
research unit of the Brazilian Ministry of Scienceechnology and Innovationsnd the

authoritative source of data on deforestation in Brazil.

TheAmazbnia Legabntains the nine states of the Amazon baaivd includes all of the Brazilian

Amazon biome37% of the Cerrado biome, and 40% of the Pantanal biéme

A legally binding international treaty on climate change adopted in December 2015. The key
temperature goal of the Agreemer to limit global warming to well below 2 °C, gréferably

to 1.5 °C, above primdustrial level&®. 190 stateqincluding Brazi))plus the EU, have ratified or
acceded to the Agreementollectively responsible for over 95% of global greenhouse gas

emissions.

The propensity opredisposition to be adversely affected. Vulnerability encompasses a variety
of concepts and elements including sensitivity or susceptibility to harm and lack of capacity to

cope and adapt.
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Report structure

Section 1 assesses the greenhogss emissions that can be attributed to the increase in deforestation i@tesrved

under the Bolsonaro administration. We present data on changes in deforestation rates before and during the Bolsonaro
administration and estimate the greenhougas emissins attributable to the Bolsonaro administration. Thesaissions

result from three kegources: (1) burning of deforested land; (2) the conversion of forest land to agricultural uses, including

methane emissions from increases cattle farming; and (3)ceduwarbon uptake by forests due to deforestation.

In sections 2 and 3, evlink deforestatiorrelated emissions to thglobalobserved(section2) andprojected (sectiorB)
impacts of climate change, including impacts from extreme weather events, such as heatwaves, droughts andetorms,
level rise, and glacial retreat. Section 2 of the report provides an overview of the humanitarian impacts that have been
shown to have resulted from human influence on the clim&ection 3 summarises the stavé-the-art knowledge of the

projected fuure impacts of climate change on human societies.

The impacts assessed in sections 2 and 3 occur globally and indicate the gravity of gregasoeisgssions in causing
worldwide humanitarian consequences. In section 4, we focus on attributed §hewn to already be occurring) and
projected (future) impactén Brazil andacross the South American regidn.section4.3, we summarise the evidencef
the existence of a tipping point in AmaZanin which climate change and deforestation would lead to a lagge shift in
the ecosystemaccompanied by a substantial release in stored carbon, amplifying global wahméegtion 5, we explain
how climate changeamplifies the risks oftomplex socigolitical impacts, such asonflict and migration through

producing conditions that induce political instability, financial and nutritional inseguaityresource scarcity

Finally, in sectio®, we explain how links can be made betweadividual sources of greenhouggs emissions, such as
deforestation,andthe climate change impacts that occur as a redMeésummarise the literature linking the emissions of
individual erities, such as countries and corporations, to observed and projected cliotetege impactsand indicate

the magnitude of climatehange impacts attributable to global deforestation.
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1 Attribution of greenhousegas emissions to the Bolsonaro administi@n

1.1 Introduction

Deforestation is the second largest humiduced contributor to climate change, after burning of fossil fifelSoupled

with the changes in land use that often accompany deforestation, such as the replacement of forest land with cattle
ranches, forest loss contributes substantially to global carbon dioxide and methane emissions: tireéwbouse gases

with the greatest contributions to humaimduced climate change. The resulting increase in concentrations of greenhouse
gases in the atmosphere raises global temperatures and leads to a wide range of impacts affecting human societies,
induding sedevel rise, more damaging and frequent extreme weather events, glacial retreat, climatic shifts affecting crop
yields, and acidification of the oceans, damaging coral réef6.S RS a (G NHzOG A2y 2F GKS 1 YFT 2y (
biggest mtural mechanisms for removing carbon dioxide from the atmosphgrepardises efforts to mitigate climate

change Pathways aligned with the goals of the Paris Agreement typically require rapid and immediate reductiehs in
emissions fronagriculture, forestry and other land u$eConsequently, increases in deforestatitirectly contravene the

globally agreed objectives of the Paris Agreement

Humancaused greenhousgas emissions have already elevated glahahn temperatures to 1.2 °C above grelustrial

leveld® (Figurel)® and climate change is already causing acute impacts around the world (Section 2). Continued emissions
of greenhouse gases will amplify these impacts. In Section 8xplain the state of knowledge on how the global impacts

of climate change increase at warming of 1.5 °C and beyond. Limiting global warming to 1.5 °C instead of 2 °C substantially
reduces its global impacts. For instance, 420 million fewer people woulieheently exposed to extreme heatwavés

In light of the increased impacts projected to ocander greater levels of global warming, the Paris Agreement enshrines

the political ambition of all countries to limit warming to 1.5'®CThe humanitaria consequences of failing to limit
warming to 1.5 °C underline the importance of meeting this target. These consequences are discussed in more detail in

sections 24.

*We note thatthe Intergovernmental Panel on Climate Change found thegtreragehumaninduced increase in global temperatures
was 1.1 °C above pirdustrial levels in 2012020.By 2021, humainduced warming had reached 1.2 °C aboveiptaistrial levels,
according to the Global Warming Index, which uses the samernps@&wed methods as the IPC&hd so this is the value we use for
this report.

“As of February 2021, 190 states and the EU, collectively contributing 97% of global greenhouse gas emissions have ratified or
acceded to the Paris Agreement. Segps://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII
d&chapter=27&clang=_en#1
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Global Warming Index (aggregate observations) - updated to Dec 2020
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Figurel: The humaninduced (orange) and natural (blue) contributions to observed (black) temperature changes 18502020.The

estimated human and natural contributions are calculated as describe#lausteinet al. 2017,

1.2 Deforestation: the global picture

Forest loss includes deforestation, the complete removal of trees to convert forest lardjficulture, mining, or urban

development, and forest degradation, which describes the thinning of canopy without conversion to an alternative land

use. Between 2002015, 27% of global forest loss was due to deforestation. However, in tropical redefosgstation

is the key driver of forest loss, accounting forBB% in the tropical forests of Latin America, ane/886 in Southeast Asia,

depending on the method used to estimate deforestation dri¥2r85% of global deforestation occurs in tropical forests,

of which one thirdis in Brazit'. Tropical deforestation is driven primarily by the expansion of land for agricultural uses.

41% of tropicatleforestation, including 72% in Brazékes placdo create pastureland for cattle farming. Indeed, such is

the extent of deforestation in Brazil that 24% of tropical deforestation worldwide is due to the expansion of Brazilen cattl

farming aloné.

1.3 Global deforestation and climate change

Tropical forests hold approximately otigird as much carbon as is contained in the atmospfei@onsequentlytropical

forests are a important store of carbon, and theiteforestation has the potential to contribute substantiallydiimate

change¢ KS | YI T2y O2y il Aya

carbon sink.

p ¥z

27T

i K 33 anil 2sNder&@eia goBaNgigriigant y 3
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1.3.1  The contribution of deforestation to climate change

CNRLIAOFE FT2NBadaQ STFFSOG 2y G KSn thdr seYfuesir&ionfoficartios dicRideMrany S R
the atmosphere and the release of carbon dioxide and other greenhouse gases through land use, logging and forest
degradation, and secondary forest regrowtintact and recovering tropical forestsequester subsintial amounts of

carbon dioxideglobally However,rapid deforestation intropical and extraropical regions means that the emissions
associated with deforestation and forest degradation approximately counterbalantmredt carbon sequestratianThis

is the case for global tropical fore&tsind all global forest. The contribution of deforestation to climate change includes

(1) direct emissions from deforestation (and forest degradation), (2) emissions associated with land use introduced
following deforesation, such as cattle farming, and (3) reduced carbon sequestration as a result of deforestation reducing

the size of carbon sinks.

5ST2NBadGlriGAz2y NBRddzOSa (GKS lFoAfAde 2F GKS ¢g2NIRQa FT2NBa
dioxide concentrations, and therefore global temperatures, ri&obally, 19% of G@missions between 1959 and 2019

were caused by led-use change, including deforestat®@nThe majority of carbon emissions to the atmosphere resulting

from changes in land cover is duettopical deforestation, with smaller contributions from land degradatfofiropical
deforestation was responsible for emissions of 2@5 GtC yt (= 10.63 GtC&yr?) over the period 199@007, patially
compensated by forest regrowth of 14#8).5 GtC yt. This gives a net source of 138C yt* (4.77 GtC@yr?) from tropical

land-use chang&. This was larger than the emissions of the &bich stood at 3.16 GtG@ 20168, Over 20162014, the

net emissions from tropical deforestation fell to 2.6 G20

In addition to its global impacts on the climate, Amazon deforestation hes iabluced increases in fif@sand local
reductions in rainfaland increases in temperatur@ection 4) When regional defastation exceeds around half of land

cover, substantial decreases in rainfall occur, compromising the largely rainfed agricultural systems3af Brazil
1.3.2 Deforestation and climate change mitigation

To achieve the Paris Agreement goal of limiting global warming to well below 2 °C abemdystial levels, and ideally
to 1.5°C, substantially reducing deforestation rates is essential. Scientific modelling of eméshiction pathways that
meet the goals of the Paris Agreement prioritises reducing deforestation as one of the first steps in cutting emissions.

There are no scarios in which deforestation rates remain high and the goals of the Paris Agreement are achieved.

¢CKS Lt/ / Qa NBOSydG {LISOAFt wSLE2NI 2y Df2otf 2| Mdisngad 2 7F
levels requires emissions from agriautt, forestry and other land use to fall rapidly, with &missions reaching zero by
2050 at the latest. Most scenarios that meet the Paris goals require all fkeded emissions to beliminated by 2038.

After 2050, in these scenarios, agricultuf@estry and other land use becomes a net carbon sink, absorbing more carbon
than it emits.This underlines the damaging consequences of the recent acceleration of deforestation under the Bolsonaro
administration. The need to prioritise reducing defordgia-related emissions is opposed by these increases in

deforestation, jeopardising global efforts to mitigate climate change.
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1.4 TheBolsonaro administration contribution to deforestation
1.4.1 How has the Bolsonaro administration caused increaseséfiorestation and forest degradation?

Since the Bolsonaro Government entered office on 1 January 2B&9enforcement of legal protections against
deforestationhave been albut eliminatedand politicalrhetoric has undermined efforts to moderate defotagon. In
response, deforestation rates have accelerated, including2®o increase idulySeptember2019, compared to the rate

in the same monthof the preceding yedt.

In the Brazilian Amam, key drivers of deforestation include expanding cattle grazing and soy plantations. Prior to the
Bolsonaro government, deforestation of the Brazilian Amazon had declined substaffigllye2), including a 9% drop

in the annually deforested area betwedine peak deforestation rate i8004 and 20B%, Key drivers of this reduction in
deforestation included state and federal government actions to establish new protected areas, initiate law enforcement
campaigns, and impose credit restrictions on landowners who contribute to illegal deforestation. ddiEses brought

the annual deforested area dhe Brazilian Amazon to 5,000 Krim 201215. This rate was the lowest for decades and

down from an average of 189,000 km over 1996201¢*® Ly HnamMc I LINA2NJ 2 WIFANI . 2faz
pledges to further educe deforestatiorin support of theinntended Nationally Determined Contribution to achieving the

goals of the Paris Agreement, including eradicating illegal deforestatithe Amazorby 2033°. Meeting the goals of the

Paris Agreement requiragearterm and rapid cuts idleforestation, both legal and illegal.
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Figure2: Annually deforested area in the Legal Amazon of Brazil, 19880. Data from the PRODES deforestation dataset compiled

by INPES.

Since the election of Jair Bolsonaro, deforestation of Ameazon has increased substantially. Bolsonaro has stated his
desire to weaken environmental licensing and remove licensing authority from IBAMA, the federal environment agency,
and has removed the IBAMA superintendents of 21/27 Brazilian statptacing many of them with inexperienced
miitaryd L. ! a! Qa8 SyF2NOSYSyid OlF LI oAfAdASa KI@FS 0SSy SISy
where it will carry out inspections for illegal deforestation. Furtt?9.8% ofBraziliandeforesttion occurringin 2020

showed signs of beinijiegal but only 2% had any action taken by IBARIAdowever,there is a trend inBAMA not

punishing deforestation offender, facilitaing deforestation with impunity

¢CKS 3I20SNYyYSyd KFa adlrdiSR GKFG I IANROdz G§dzZNB ' yR YAYAy3 3
on indigenous lands. Further, tiBrazilian Forestry Service, which oversees deforestation in piaatkthrough the Rural

Environmental Registrywas movedfrom the Environment Ministryto the Agriculture Ministry and the department
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addressing climate change abolished. In addition to the direct impacts of policy changes and reductions in their
enforcemg/ i = @I yRIfAAY yR FdGFO1a 2y AYRAISy2dzA YR Sy dAiNRy

rhetoric, leading to seizing of indigenous lands and repelling of environmental insp€ctors

Weak legal frameworks for protecting land and the environment have been shown to result instaigeforest
destructior?®. The absence of action against illegal logging by the Brazilian government has strengthened and emboldened
the criminal networks driving illegal deforestation, accelerating the rate of forest destruckive reduction of Amazonian
protection has continued in Brazil in 2021, with a series of new bills that would legalisgripining and loosen controls

on new deforestation projects on public lands propo¥edne bill, kown as P12633 would facilitate the obtaining of

titles to, and provide amnesties to illegal occupants of, public rainforest9and

Further to the increases in deforestation that have taken place under the Bolsonaro administration to date, Brazil has
submitted an updated Nationally Determined Contribution (NDC) to the Paris Agreement that weakens its emission
reduction targets for 2025 and 2030 by increasing the base year emissions against which emissions cuts are calculated. As
I NBadzZ G 2F (KS&aS | O02dzyiAy3d OKIy3aSazr . NITAftQa wnon SYA
Paris Agreement in 2@1® . NJ T Af Qa dzLJRIF GSR b5/ Ffa2 NBY2@Sa it Oz2Y
restoration and supporting native forest management. As a result of the undermining of (already insufficient) climate
targets,one widely usestimate place Bt 1 Zerhisians trajectory in line with warming of up4SC if other countries

YIRS AAYAfI N STFF2NIia G2 NBRdAzOS (I KSMN MNHidhESRY & WRTY T @GN 2y R ar
Climate Action Tracker, an independestientific analysis of national greenhougas emission pledges in the context of

the Paris Agreemefit
1.4.2 Evidence of changes in deforestation and land dedgtion

Following the start of the tenure of the government of Jair Bolsonaro, a step change in deforestation rates in the Amazon
200dzNNBR yR RST2NBadGldAaz2y NriaSa KI@S airAyO0S O2yidAydzs$SR i
Change, which includes a commitment to an 80% reduction in Amazonian deforestation bya2@2@st a baseline of the

mean rate over 199@005%. This isquivalent to a maximum extent of deforestation of 3,925°kBetween August 2019

and July 2020, 10,851 Krof rainforest were deforested, a rate 7% higher than the previous year (10,129 &nu the

highest level since 2088(Figure3). The 2019 and 2020 deforestation extents represented 34% and 44% increases on
2018, respedtvely*? and were 26 and 28 times higher than the maximum rates stipulated by the 2009 National Policy.
Further, the 2019 and 2020 deforestation rates were 3,620 and 4,350akve theaveragedeforestation rates over
20092018.Ly GKS OFf SYyRIFENJ @Sl NJ HnwuAaZ 2 13%mork thandn 2602 Altboagh a $mall & 4 |
rise in deforestation levels was seen prior to the election of Jair Bolsonaro, the increase in deforested area sinck 2019 sti

repreents a major change in deforestation rates, as showrigure3, below.

The trend of increasing deforestation appears to be continuing, and potentaliglerating in 2021. In May 2021,
deforestation of 1,180 kAwas recorded in the Legal Amazon, with rates 41% higher than in May 2020, according to the
DETER database of the Instituto Nacional de Pesquisas Esyiiid®. The more accurate annual (Augustiuly)

deforestation assessment, PROD&SBically assesses the deforested area as 1.54 times higher than SETERalso

“The DETER and PRODES databases are both produced by INREH{uttreNacional de Pesquisas Espaciais. PRODES providas ann
deforestation data and is considered to be the official dataset and most reliable for scientific use, and have been as&es98&6
accurate. We therefore primarily use PRODES data for our deforestation calculations as the most robust and reputedlef
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note that the PRODES deforestatidata are likely to be conservative as they exclude loss of secondary fofaststs
regrown on abandoned agricultural laf¥dg in their calculations. The increase in defordista under the Bolsonaro
administration is clear for the Legal Amazdfig(ire 3). While our analyses of the deforestatierelated emissions
attributable to the Bolsonaro administration in sectidn5, below, focus on the Legal Amazadinis likely that increased
deforestation rates have also occurreéd regions outside of the Legal Amazon since 2019, and therefore that our
assessment is conservative.

Annual deforestation rate, 2009-2020 (Legal Amazon)
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Figure 3: Annual deforestation in the legal Amazon of Brazir§nge bars). The mean deforestation rate during th8olsonaro
administration, to date @reenline) is compared tdhe counterfactual deforestationrate: a continuation of the mean deforestation

rate for the previous decade (2002018,blue line). The period of the Bolsonaro administration is shaded in matgeThree future
deforestation scenarios are included: a continuation of the 2019/20 deforestation rate (black dashed line), a continuatitimeof
deforestationrate increase observed over 2018/ n Mk HA 62N} y3S RIE8KSR fAYBNEZ2OYRY | 6 WKE
deforestation rate doubles by 2022 to the rates observed in 2@804 Data from PRODES

Fire pays a central role in deforestation, including in the conversion of previously forested land to pasture for cattle
farming. The expansion of cattle farming is the leading driver of illegal land seizure on Reserves and Indigenous territories
in the Brazilin Amazon. Between 198814, 63% of the area deforested was converted to pasture for éaftfland in

recent years this has risen to over 7398 The process of converting tropical rainforest to pasture typically involves cutting

down existing treesindlighting fires to remove vedation, before planting grass and introducing catfle

deforestation data for Brazil. DETER is a monthly alert system for deforestation that uses lower resolution sensorsraraffisatea

by data limitations due to cloud cover than the annual PRODES dataset. Since PRODES data is not ydoavaitpase 202Quly

2021, we use the loweresolution DETER data to facilitate an indicative comparison between deforestation rates in 2020/21, with the
previous year, but do not rely on DETER for our quantitative assessment. For more information oBSPR@DETERSee
http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/prodes
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In August2019, incidence of forest fires in tiBrazilianAmazon was double theé 2 y (iakefage of the previous decatie

and there were three times more fires in August 2019 thargust2018*. Fires in the Amazon typically include (1) fires
involved in clearing of primary forest, with vegetation felled, left to dry, and then burned, (2) agricultural processes
including burning of weeds by cattle ranchers, and as part of ffailow systems by smallholders, traditional and
Indigenous peoples, and (3) fires affecting standing foféstghile drought can lead to increased fire in the Amazon, peer
reviewed research has shown that the devastating 2019 fires in theliBreAmazon were driven by deforestatiSrand

not by weather conditions such as droudft’ Indeed, 2019 saw greater forest loss than the extreme El Nifio drought year
of 2015, indicating the role afjovernment policy changes on top of the effect of any contributing climatic faétdrs

2020, fires in the Amazon were even more imte than 201%. The encroachment of deforestatiadriven fires onto non

deforested land further increases emissions associated with deforestation.

Nevertheless, not all aboveground biass loss is the result of deforestatideven though Amazonian forests are relatively
resilient to drought due to their deep root systenseme tree mortality and degradation is attributable to climaetated
factors. Loss of aboveground biomass has kaaibuted to direct humarnduced deforestation, selective logging, forest

fragmentation and associated edge effects, forest fiteand mortality from climatic disturbances.

Globally, forest degradation, whiaktescribes all mechanisms that do not result in deforestabahthat result in forest
loss is the largest driver of foreselated carbon emissions, contributing 73% to the loss of aboveground biom#ss in
Brazilian Amazorin 20102019, with deforesttion contributing the other 2798, Forest area coverage is affected only by
deforestation and afforestation, whereas aboveground biesianay also be altered by forest degradation. In 2019, gross
forest area loss totalled 3.9 x 40a, as compared with 3.0 x @i@a in 2015, including both deforested and degraded t&nd
(Figure3). While deforestation, rather than forest degradation, dominates forest losses iBtaglian Amazon, forest
degradation is also a substantial contributor to forestated carbon emissiod% In sectionl.5, we focusprimarily on
carbon emissions from Amazonian deforestation alone due to greater uncertainty in calculating emissions associated with
forest degradation. Our calculations therefore represent a conservative estimate of overalleskefiionrelated
emissions attributable to the Bolsonaro administratidstimates of theportions of overallaboveground biomass loss
attributable to deforestation and forest degradation vawith ratios of deforestation:degradatioranging from 1:2.#to

5:1%2,
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Figure4: Annual forestarea loss (orange) and gain (green) in the Brazilian Amazon @@4i02019. The area of forest loss was

greatest in 2019, with no compensation by forest area gain in that y8ar
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1.5 Calculating emissionassociated with deforestation.

Deforestationrelated emissions occur over two timescales. Firstly, at the time of deforestation, burning of biineaiss

the primary method by which forest land is cleatddand the introduction of cattle result in immediate greenhougas
emissions. Subsequently, over the ensuing decades, continuing methane emissions from cattle and an ongoing deficit in
carbon sequestration from deforested land increases the contribution madesfoyrektation to climate change. Here we
estimate the contribution made by the Bolsonaro government to deforestat@ated emissionsas the excess in
estimated deforestatiorrelated emissions above the average rate over 20028 We also present three snarios of
OKIy3dSa Ay RST2NBadGldiAaAz2y NriSa Ay GKS [S3IrHf | ¥p0RRd 20S!
low deforestation scenario, in which deforestation rates are held at 2020 levels in 2021 and 2022, a medium deforestation
scerario, where deforestation rates increase yearyear in line with the increase observed between 22020, and a

high deforestation scenario, in which deforestation accelerates linearly to double the 2020 rate by 2022, reaching similar
levels to the Amazodeforestation rate observed in 2002/e note that early indications of deforestation in 2020f2dm

the DETER datasstiggest thatleforestation rates are likely to be most in keeping with the low or medium scenarios. The
high scenario is provided tmdicate the increase in emissions that would occur if substantial and rapid increases

deforestationwere to happenbeyond the already high levels of the first two years of the Bolsonaro administration.

We use these three scenarios to assess the pideisange of deforestatiomelated emissions from the Legal Amazon over
the full duration of the Bolsonaro administration. The deforested area in each of these three scenarios is sRigunein
3. We also assess the lotgym emissions commitment incurred due to deforestation and laise change during the
Bolsonaro administration. These results are presented in fullallel and Figure5, below. In section4.5.1, 1.5.2 and
1.5.3 all emissions data is the estimated emissions attributableh#® Bolsonaroadministration and not the total

emissions associated with Amazon deforestation.
1.5.1 Reduced carbon sequestration due Amazon deforestation

¢KS 1YIT2y Ada 2yS 2F (KS 62NIRQ& ftI NBSad OFNbB2y &airylacz
from the atmosphere. Between 1998007, annual carbon sequestration was 0@185 GtC yt in the Amazoff. This is

equal to 1.54¢ 2.38 GtCQ or 3.7¢ 5.7% of annual global emissidhsReductions in the size of the Amazon carbon sink
consequently lower the rate of carbon uptake by forests arttierefore increag atmospheric carbon dioxide

concentrations and therefore global temperaturd¥e quantify this effect below (seéBablel and Figure5).

Given that the values stated above for Amazon carbon sequestration are based on an estimated area of intact forests in
tropical South Americaf 6.29 x 18ha**, based on the Global Land Cover map 2680the mean sequestration rate for

the Amazon is 2.4§3.78 x 160 GtCQha' (= 2.45¢ 3.78 tCQha?). We estimate that an average of 3,985%m 398,500

ha) of deforestation was attributable to Bolsonaro in each of the first two yearssakhure 862,000 and 435,000ain

2019 and 2020 respectively. As noted above, this is calculated as the increase in deforestation above the22089
average rate.Consequently, the first two years of the Bolsonaro administration reduced the Amazarestegfion
potential byan estimatedl.95¢ 3.01 MtCQ per yeardue to deforestationThis estimate is based on an assumption that

the average carbon sequestration rate of deforested land is equal to the mean sequestration rate of the Amazon and does
not account for the carbon sequestration e€osystems replacing the forest after defordsta (e.g., pasture), which is

likely to be far lower than thesequestration of the prexisting forest ecosystem. Nevertheleskistis a conservative

estimate as it does not take into account reductions in carbon sequestration due to forest degradatem20162019,
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forest degradation caused three times as much aboveground carbon loss as deforédtatienresultant reduction in

sequestration capacitis not estimated here

If Amazon deforestation continuedia OdzZNNBy & NI G4Sa FT2NJ G6KS FAylrt (62 &SI NA :?
sequestration potential of the Amazon attributable to Bolsonaro would equalc4613 MICQ LISNJ @ S| NJ Ay (K
deforestation scenario, rising to 812.5 MtCQperé S NJ Ay { K S (sééKablel kK Figu@5a,ybeldwj Ehis

represents a longerm, persistent, reduction in the capacity of the Amazon rainforest to take up carbon
1.5.2 Emissions associated with burning deforested land

Brazilishometothé 2 NI RQa fF NHS&G | Y2dzyi 2 FGtfardd&arlydvdce &sanuah As2heR 4 a =
largest national woody biomass stock (Russia, 61.8.Gtdwever, 18% of the Brazilian Amazon was deforested between
1970 and 20@*8, and the recent acceleration of deforestation in Brazil has continued this trestbridally, fire was
extremely rare or entirely absent in humid tropical forests, such as the Amazon, but has become increasingly common as
deforestation increased since the 1980sAs climate changeals accelerated, due in part to deforestation, rising
temperatures and mordrequent droughts have increased the probability of severe fftéSre is strongly associated with
losses of aboveground biomass and forest &tesnd essentially all deforested land is burned to prepare it for conversion

to agricultural use®. The average carbon density of remaining unprotected forests wh$C8a? in the Brazilian Amazon

in 2009°, and there is evidence that deforestation was increasingly occurring ordingmass regions of the Amaz8n
Assuming all land that is deforested is burned and has a mean carbon density G128130Q emissions from burning of
deforested land will be 847 MtGOmillion ha®. We estimate hat emissionsttributable to the Bolsonaro administration
associated with clearing and burning of land deforeste@ih92020are 675 MtC@ This is equal to 1.7% of annual global

emission§L.

h@SNJ GKS NBYIAYRSNI 2F . 2f -deht¢deMBsrs ajgppablikely B feyhdirdakleast St prashd & 4 |
tS@PSta YR YIFHe NARAS O2yaARSNIoOGfead ! yRSNI mnidithsdafez 4 @GAR S F 2 N
for 20192022, rising to 2.8 GtG@nder the high deforestation scenario.

1.5.3 Emissions associated with land use change (e.g., agriculture)

¢tKS SEAaGAY3 YSIy waidz201Ay3a NI GS0%2 m2041, 0294,100 Ba of BfaziliaNd 1 A
deforestation was attributed to removing forest cover to expand pastureland for cattle farming. Clearing of land for cattle
farming in Brazil was responsible for 542Q@e yr over 20162014. This does not include greenhougEs emissions
produced by the introduction of cows themselves. Consequently, Brazilian deforestation for the expansion of cattle

farming accounts for 21% of glolgforestationrelated emission?.

By area, 72% of deforestation in Brazil has been attributed to cattle rarféhisgpported by earlier analyses that
attributed 71% of Brazilian defostation to cattle ranching in 2019, equivalent to 574,000 ha attributable to the
Bolonaro administration over 2018nd 2020. Based on the stocking density of 0.97 cows per he(tiaeeaverage figure

for Brazil in 2014/1%), this is equivalent to 557,000 more cows added over the-y@ar period. Given an average of 100

kg of annual methane emissiopsr cow?, this increase in cattle ranching is equivalent to a-offeelease of 240 tC®

§ Burning 1 tmne of carbon produces 3.67 tonnes of carbon dioxide.
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(see glossary¥ollowed by annual emissions of 0.8 t#@®. Consequently, the estimated increase in cattle farming over
20192020 results in a oneff emission ofL34 MtCQe, followed by annual emissions of 0.4 Mt€0O

''YRSNI 2dzNJ Wi 26Q RSF2NBall GA2y &0Sy | Nkefd 20002022)zin bdiifio@® | G G 1
annual emissions of a further 0.9 Mte&as long as cattle herds remainthe same size. These figures rise to 552 MtCO

under the high deforestation scenario for 262022, and an additional 1.8 MtG®annually thereafter.
1.5.4 Summary of Bolsonarattributable emissions

Prior to the election of President Bolsonaro, Brazilian teftation rateshad stabilised at a substantially lower level than
they had been in the early 20008eforestationrelated emissions would have been expected to have remained
approximately stablef not for the election of Jair Bolsonaro. Instedéforedation rates have soaredince 2019 and the
associated greenhousgas emissions are substantially greater than they would likely have been in the absence of the

Bolsonaro administration.

Overall, under our lovdeforestation scenario, Bolsonaadtributable emissions over the duration of his tenure are
estimated to be 1.7 GtC{xising to 3.4 GtC£n the high emissions scenaribablel, Figureb). Further to these emissions,

reduced sequestration and increased cattle numbers imply an estimated commitment -A24.IMtCQ in annual
emissions after 2022n addition to the ongoing deforestatiarelated emissions due to deforestation and lanse change
200dzNNAY 3 RdzZNAYy3I GKS . 2fazylFNR 3I20SNYyYSyids GKS tS3alF oe 2
continue beyond the end of his teneir Deforestation and associated greenhogses emissions are likely to continue at

high rates after 2022, due to policy changes made by the Bolsonaro administration, unless major policy changes are

introduced to reverse the factors facilitating the presextremely high rates of forest destruction.

Emissions from burning deforested land make up a substantial proportitiieadstimated emissions attributable to the
Bolsonaro administratio(807 MtCQ: in 2019) We can evaluate howeasonable these estimates are through comparison
with existing data onfire-related emissions in Amazoni& recently publishedassessmei® based on detailed
measurements of carbon dioxide emissions over a4yie& period (201€2018)calculated annual fire emissions at 0.41
GtC, equal td..50 GtC®(1,500 MtCQ). Given thatdeforestation ratesncreased lg 34% between 2018 and 2019, the first
year of the Bolsonaro administration, amgproximately 60% of the Amazon is in Bramild assuming that fireelated
emissions due t@achdeforesed hectareare approximately equal across Amazortize data provided in ref® indicate
that Bolsonareattributable deforestation would produce approximately 300 Mtgi® emissions, in 2019. The proximity
of this estimate to thevaluewe calculate based onbserved deforestation data provides strong evidet@esupport the

robustness of ouestimates.
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2019 2020 2021 2022 Total
Deforested area (Million ha)
L 1.013 1.085 1.085 1.085 4.268
M 1.013 1.085 1.157 1.230 4.485
H 1.013 1.085 1.628 2.170 5.896
Pre-Bolsonaro baseline 0.650
Anomalies
L 0.362 0.435 0.435 0.435 1.666
M 0.362 0.435 0.507 0.579 1.883
H 0.362 0.435 0.977 1.520 3.294
Reduced sequestratioMtCO/yr)
Rate (tCQ/halyr) 25 3.8 25 3.8 25 3.8 25 3.8 2.5 3.8
L 0.9 1.4 1.1 1.6 1.1 1.6 1.1 1.6 4.1 6.3
M 0.9 1.4 1.1 1.6 1.2 1.9 1.4 2.2 4.6 7.1
H 0.9 1.4 1.1 1.6 2.4 3.7 3.7 57 8.1 125
Burning deforested landMtCGp)
Conversion factor (MtCO2/ million ha) 847
L 306.978 368.132 368.132 368.132 1411.373
306.978 368.132 429.285 490.438 1594.833
H 306.978 368.132 827.671 1287.211 2789.993
Land use changfor cattle farming (MtCQOe/yr)
Stocking rate (cows / million ha) 970000 Oneoff emissions per cow (MtG@) 0.00024
Proportion deforested land for cattle 0.72 Annual emissions per cow (MtG€&yr) 0.0000008
Oneoff Annual Oneoff Annual Oneoff Annual Oneoff Annual Oneoff Annual
L 60.7 0.2 72.9 0.2 72.9 0.2 72.9 0.2 279.3 0.9
60.7 0.2 72.9 0.2 85.0 0.3 97.1 0.3 315.6 11
H 60.7 0.2 72.9 0.2 163.8 0.5 254.7 0.8 552.1 1.8
Overall attributable emissions
Cumulative to 2022 (MtCO2) Annual from 2022 (MtCO2/yr)
L 1695.9 6.1
1916.3 6.9
H 3352.4 121
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Table1: Overview of observed and projected deforestation in the Legal Amazon in Brazil, and associated greenhouse gas en#ifdi#remd 2020 deforestation data from PROBER021 and 2022
LINE2SOGSR I O02NRAY3 (2 GKS f26 o6W[ QX H muvH AR STONSE @&EISH M2y RNEIFTRINBYAFIA Vi l2Ayy N 0G5S YW Ry didstatighiSaRe) ST 2HNd
by 2022 to levels last seen in 2004) scenarios described in section 1.5. Data used for calculating emissions associatediaétth sequestration, burning of deforested land, and lande change are

described in sections 1.5.1, 1.5.2, afib.3, respectively.

Annual Bolsonaro-attiributed emissions, 2019-2022 (Legal Amazon)
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Figure5: (a) Annual Bolsonarattributed emissions due to reduced sequestration, direct emissions from burning of deforested biomass, and expansionlefpature, in the Legal Amazon (202922)
under the low, medium, and high deforestation scenarios described above. (b) Cumulative deforestatilated emissions from the Legal Amazon in 262022, attributed to Bolsonaro under the low

deforestation scenario, showing the contributions made by direct esians from burning deforested biomass, the expansion of cattle pasture, and reduced carbon sequestration.
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1.6 Contextualisng deforestation associated with the Bolsonaro administratio

In 2019 and 2020, deforestatienelated emissions in the Amazon attributed to the Bolsonaro administration are estimated
to account for approximately 1% of global greenhogss emissions. Thisrisughly the same contribution as that made

by the total emissions of the UKhe greenhouse gas emissions associated with Amazonian deforestation contribute to
climate change, and therefore substantial humanitarian consequenceklwide. These impactson a global scalegre
discussed in detail in sectiong@d 3 of the report. Regional impacts of climate change affecting Brazihandder South

American region are then explained in section 4.

A recentlypublished estimate of the heatlated deathsprojected to occur due to climate change found thatder a
highremissions scenario in which rapid reductions in greenh@aseemissions are not mad#6 excess deaths will occur

over 20202100 for each MtCgemitted in 2020Deep cuts irgreenhousayas emissions that limit global warming to 2.4

°C above préndustrial levelsin 2100imply that each MtC®emitted today will cause 10deaths by 210%. The
accelerated deforestation of the Amazgeopardises efforts to limit global warming to lower levels in thé& Z&ntury.
Nevertheless, even the loweremissions scenario were to be achieved, the-timforestation scenario presented above

implies that greenhousgas emissions attributable tdv¢ Bolsonaro administration will cause over 180,000 excess heat
related deathsgloballyover the next 80 yearshis figure represents the shocking global humanitarian consequences of
.2taz2yFNeQa | O0OStSNIGA2Y 2F RS Wmg B hi§ valud i8 fkelyAcghseivdiG ad ity | 1 2
accounts only for heatelated deaths due to climate change, whereas climate change also resulfarinveler range of

health impacts, including mortality due to other extreme weather events, such as stanch droughts, and sdavel rise.
1.7 TheBolsonareadministration and efforts to limit warming to 1.5 °C and 2 °C

There is strong global consensus on the need to limit climate change to 1.5 °C, and certainly well below 2 °C, above pre
industrial levels toavoid the worst impacts of climate change. These targets are enshrined in Article 2 of the Paris
Agreement, which defines global ambition on climate change mitigation. Pathways to meeting this goal require that net
emissions of carbon dioxide are redudedzero by around 2050 and involve steep cuts in foretted emissions such

that carbon uptake by forests and other land carbon sinks exceeds emissions associated with agriculture, forestry and

other land use by around 20350

At the beginning of 2021he globalemissions budget for limiting the increase in gloebwan surface temperature to 1.5
°Cabove preindustrial levels, with 8% probability, wagl00 GtCQ, falling to 300 GtC{for a 83% likelihood of staying
below 1.5N. This budgetvasreduced byapproximately40 GtCQin 20267, leaving a remaining budget 860 GtCQ in

2021, equivalent t® years of emissions at current rates. Based on our assedsthenminimum expected contribution

of the Bolsonarcadministrationto deforestationNB f | § SR SYA &daA2ya o 2 dadbo oPtherénRinidggOSy I N
carbon budgetThisrisesto @3z Ay ( KS Y RolaHl&@estatiorSiytheNgaindazon of Braz{including that
attributable and not attributable to the Bolsonaro administratias)estimated to contribute 4.3 GtGOver 20192022 in

0KS Wi 2 gdver B oStiyelraihiing carbon budget for limiting warming to 1.5°¢. (XKKSQ WKAS Y | NA 2
to 1.35% of the remaining carbon budg&hese calculations do not include deforestation in Brazil outside of the Amazon
and represent a substantial contribution to the remaining allowable emissions if the world is to achieveathenfythe

Paris AgreementAs described in sectioh 3.2 deforestationrelated emissions need to be eliminated most rapidly, and

S0 increases inaforestation rates represent a significant obstacle for global efforts to achieve the goals of the Paris

Agreement.
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Despite the need for rapid and immediate cuts in deforestatielated emissions, under the Bolsonaro government,
deforestation emissions & risen rapidly. Sustaining current high levels of deforestation compromises global efforts to

limit warming to 1.5 °C. Any further increases in emissions will further jeopardise these targets.
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2 The presemtday impacts of climate change

In 2@1, globalwarming due to human influence on the climate reache@ 9C above préndustrial level&, and
temperatures continue to rise. Virtually all observed global temperature change since theimetgéenth centuryhas
been attributed to human activiti€& Due to human greenhouse gas emissions, increased global temperatures will remain

for centuries to come.

The impacts of climate change that affect human societies arise not from changes in the global mean climate conditions,
but through individual extrera weather events, and sleanset changes such as skexel rise. These impacts of climate
change are growing in magnitude around the world and are projected to increase substantially over coming decades if
greenhouse gas emissions continue unabated. Cénchange violates human rights of communities around the vidrld
through its manifestations in intensified and increasingly frequent extreme weather events, such as heatwaves, storms,
and droughts, setevel rise, and glacial retreat. These physical hazards result in directr@cinidipacts on human health,

reduced agricultural productivity, damage infrastructure, andhreatenlivelihoods.

Climate change impacts are already occurring around the world and are projected to increase substantially if greenhouse
gasemissions continue unabated (section 3). In section 2 of this report, we summarise key findings from the field of
attribution science which demonstrates the extent to which human influence on the climate has already affected the global
burden of climaterelated harms. It is not the case that all climatdated events are caused by climate change: storms,
droughts, and heatwaves occurred in the past, and some would have occurred in the absence of climate change. However,
the growing body of evidence produgdoy attribution science shows that climate change is causing substantial impacts

for communities around the world. This report focuses on those impacts.

Attribution science describes a set of scientific methods for evaluating the role of climate chartge, @missions of
individual entities, in causing climatelated impacts. Some studies encompass the full causal chain from emissions to the
resultant damages experienced by human societies. In the context of the meteorological impacts of climate change,
attribution studies seek to answer the question of how climate change has alterdikétidoodor intensityof a defined

event. For an individual event, attribution studies may find that an event of given magnitude wasmoaiddikely and

that an even of given probability was mad®aore intensey climate change.

Some elements of natural systems affected by climate change, such as the extent of thiekemnuttea ice, glacier and

ice sheet lengths, and sea levels respond gradually to climate champélter out shortli SNY @I NA I GA-2y a o
2yasSiQ GNByRa KI@S Fftaz2 0SSy FTGGNROddzASR G2 OftAYIFGS OK
timescales. Climate change has been shown to be directly responsible for the mass losigisf gtaund the worl®, the

retreat of individual glaciefd72 and anthropogenigreenhouse gasmissions are the dominant cause of observed global

mean sedevel rise, at least since 1970

Attribution science substantiates the causal link between emissions of greenhouse gases and harms experienced by
impacted communities around the worl@he evidence provided by attribution science is aligned with the logic of legal
causality*" and provides a firm evidentiary basis for legal claims relating to climate change ddm&gédtribution-

science evidence has demonstrated the gravity of climate change impacts already occurring around the world.

The L t / te€katlypublished 6" Assessment Reporsurveyed the evidence from attribution alyaes conducted

worldwide and foundthat climate change has already increased theidence of extreme heat globally, has increased
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extreme precipitation events most regions, and has increased the incidence of agricultural drought in Europe, Africa and

parts of Asia and the Americéisigure6).
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b} Synthesis of assessment of observed change in heavy precipitation and

cenfidence in human contribution to the observed changes in the world's regions
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c} Synthesis of assessment of observed change in agricultural and ecological drought

and confidence in human contribution to the observed changes in the world's regions
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Figure6: Observed and attributed regional changés (a) extreme heat, (bheavy precipitation and (c) agricultural and ecological
drought across inhabited regios of the world.Regional acronyms represent: North America: NWN (Nevirestern North America,
NEN (NorthEastern North America), WNA (Western North America), CNA (Central North America), ENA (Eastern North America),
Central America: NCA (Northern Centrain&rica), SCA (Southern Central America), CAR (Caribbean), South America: NWS (North
Western South America), NSA (Northern South America), NES (Ngatiern South America), SAM (South American Monsoon), SWS
(SouthWestern South America), SES (SodthsternSouth America), SSA (Southern South America), Europe: GIC (Greenland/Iceland),
NEU (Northern Europe), WCE (Western and Central Europe), EEU (Eastern Europe), MED (Mediterranean), Africa: MED
(Mediterranean), SAH (Sahara), WAF (Western Africa), CAF (Cétitiea), NEAF (North Eastern Africa), SEAF (South Eastern Africa),
WSAF (West Southern Africa), ESAF (East Southern Africa), MDG (Madagascar), Asia: RAR (Russian Arctic), WSB (WeSBSiberia), E
(East Siberia), RFE (Russian Far East), WCA (West CaitglZCA (East Central Asia), TIB (Tibetan Plateau), EAS (East Asia), ARP
(Arabian Peninsula), SAS (South Asia), SEA (South East Asia), Australasia: NAU (Northern Australia), CAU (Central Baktralia),
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(Eastern Australia), SAU (Southern Australia), N Zealand), Small Islands: CAR (Caribbean), PAC (Pacific Small Islands). Figure
from IPCC AR6

2.1 Extreme Weather

Here, we present a higlevel synthesis of the current state of expert knowledge on changextreme weather hazards

linked to climate change, on a global scals described in section 1, glolwdilmate change is causgthter alig by
deforestation and the loss of th8razilan Amazon is a major contributor to thié/e highlight theegions most affected

by changes in each type of extreme weather hazard discussed, focusing on the most severe impacts. Tavdo this,
summarise findings fronthe field of climate change attribution, whiddentifies alreadyoccurring impacts of climate
change. We note that only a tiny subset of the presdaly impacts of climate change have been formally assessed using
these methods. Consequently, the impacts of climate change extend well beyond the events discussed below, which
merelygive an indication the gravity of the harm inflicted by climate change. The findings of attribution science have
demonstrated that human influence on single weather events can cause more destruction in a few days than had been

estimated for whole years in economic modefghe impacts of climate change
2.1.1 Heat

Summary: Heat extremes have increased in likelihood and intensity across the world due to climate change. The most
significant changes have been in the likelihood of the hottgshts, as detected in many recent individual heatwaves. In

just two extreme heatwaves, discussed below, 125,000 deaths were directly linked to climate change. Thousands more
deaths from other heatwaves occur annually, and 37% of-related deaths haveden attributed to climate chandg

Globally, heatrelated mortality due to climate change is vastly underestimated due to the limited recording of impacts
from extrerme heat across the hottest and most densely populated regions. Even though cold extremes are less likely in all

regions, the reduction in mortality is insignificant in comparison to the increases imdiatztd deaths.

(a) (b)
TX90p - Ann, Linear Trend 1950-2018 TX90p - Ann, Difference (1981-2010) - (1951-1980)

|
E 1 3 i
Trend (days/10 year) Difference 8110-5180 (days)

Figure7: The number of days per year that exceed thefercentile of daily temperature, TX90p, is used to characterise changes in
extreme heat. (a) shows the trend in this value between 198018, and (b) shows the absolute difference in number of days per year

that exceeded this value across two 3@ar timeperiods¢ adapted from Dunn et al., 2020.

Changes in extremesfhe most dramatic chayes in extreme weather induced by climate change are in the rate and
intensity of heat and cold extremes. Cold extremes are declining while heat extremes are increasing, with dire
consequences for communities around the world. By 2015, the chance of theaxtveme daily temperatures (above the

99.9" percentile) averaged over land had increased fivefold; equivalently, 75% of daily heat extremes were attributable to
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climate chang®. Globally, as a direct result of climate change, previously very rare heat is now just Gh#i€halvhile
S@gSyia y26 O0O2yaARSNBR WSEGNBYSQ NBI OK 8§8STre iierddsidgeg®Bity ( K I
2F F2NN¥SNI & NINBE S@Syia Aa LI NGAOdz NI & O2yaSldsSyaialrty
that they have never occurré®l Societies are especially vulnerable to the exceptionally extreme events tfeahaw

possible in a changing climate. Regional trends in heat extremes are attributed to climate changéit, Asiatrali&?,

Europé® and South America.

Why it matters: The impact of increased temperatures on mortality is wideliablished in the epidemiological literature.

As climate change intensifies heatwaves around the world, -h&lated deaths increase in number. The increase in the
global burden of heatelated mortality due to climate change is large and growing, with 87%eatrelated deaths
attributed to climate change worldwid& equivalent to tens of thousands of deaths per year. Increases in the number of
hot days, and intensjtof heatwaves results in a range of healated illnesses. Such illnesses include cardiovascular and
respiratory complications, renal failure, electrolyte imbalance, and harm to foetal H&altitreasingemperatures and
heatwaves have also increased the prevalence and range of tempers¢msitive pathogens, such ¥grio, which can

cause cholera and gastroentiritts

Figure8: Change in labour capacity among rural populations by 2016 due to heat, compared to a refepemnicel of 198620087.

Increases inthe occurrene heat extremes result in substanti@creases imnmortality, and this effect is particularly
pronounced at the hottestemperatures. @mate change increases the likelihood of reaching the hottest temperatures,

at which point the human body may nolonger'S | 6t S G2 022t AGaStTod ¢KS GKS2NBGA
temperature of 35 °C, at which point even the healthiest human in shade and with water would die from severe heat stroke

in a matter of hour®. Both mortality and morbidity rise significantly at far lower temperatures than this upper limit,
affecting the elderly, very young and those with festing medical conditions, such as respiratangl cardiovascular
illnes$"°%101 Heatwaves are also strongly associated with rises in harmful poteisuch as ozone, particulate matter,

sulphur dioxide, carbon monoxide and nitrogen dioxide, which further contribute to respiratory health irgaéts
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