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Executive Summary 

The impacts of climate change are increasing in magnitude worldwide. The global burden of climate change impacts 

already spans deaths, disease, the loss of livelihoods, damage to property and infrastructure, other economic losses, and 

the loss of biodiversity. Every tonne of carbon dioxide added 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 for centuries. Some of its consequences, such as sea-level 

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

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

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

The impacts of climate change manifest through changing likelihood and intensities of extreme weather events, such as 

floods, heatwaves, droughts and storms, and slow-onset changes, such as sea-level rise and glacial retreat. Even though 

the impacts of greenhouse gas emissions arise via the complex intermediary processes of the atmosphere, developments 

in climate science now allow causal links to be drawn between drivers of climate change (i.e. emissions) and their impacts1. 

This report summarises the latest scientific evidence 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 that will occur in coming 

decades in the absence of rapid reductions in greenhouse gas emissions, deforestation rates ς and therefore emissions ς 

in ǘƘŜ .ǊŀȊƛƭƛŀƴ !ƳŀȊƻƴ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘ ǎǳōǎǘŀƴǘƛŀƭƭȅ ŘǳǊƛƴƎ ǘƘŜ ƎƻǾŜǊƴƳŜƴǘ ƻŦ WŀƛǊ .ƻƭǎƻƴŀǊƻΦ tǊƛƻǊ ǘƻ .ƻƭǎƻƴŀǊƻΩǎ ŜƭŜŎǘion, 

deforestation in the Brazilian Amazon had fallen decreased substantially from its peak in the early 2000s, and then 

stabilised over the decade from 2009-2018. However, the rapid increase in deforestation since 2019 has resulted in a major 

uptick in emissions of greenhouse gases from the Brazilian Amazon, which will have global humanitarian consequences. 

This report provides a scientific evaluation of the consequences of the greenhouse gas emissions that result from the 

acceleration of deforestation and land-use change that can be attributed to the government of President Jair Bolsonaro.  

ES.1. Greenhouse gas emissions attributable to the Bolsonaro administration 

Responsible for 19% of global CO2 emissions since 1959, deforestation is the second largest contributor to climate change 

after the burning of fossil fuels (section 1.3.1). Moreover, if the goals of the Paris Agreement on climate change are to be 

met, and global warming limited to 1.5 °C above pre-industrial levels, deforestation-related emissions must fall rapidly. 

According to the Intergovernmental Panel on Climate ChangŜΩǎ όLt//ύ {ǇŜŎƛŀƭ wŜǇƻǊǘ ƻƴ Dƭƻōŀƭ ²ŀǊƳƛƴƎ ƻŦ мΦр ϲ/Σ Ƴƻǎǘ 

ǎŎŜƴŀǊƛƻǎ ŦƻǊ ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴǎ ǘƘŀǘ ƳŜŜǘ ǘƘŜ tŀǊƛǎ !ƎǊŜŜƳŜƴǘΩǎ ǘŜƳǇŜǊŀǘǳǊŜ ǘŀǊƎŜǘ ǊŜǉǳƛǊŜ ǘƘŜ ŜƭƛƳƛƴŀǘƛƻƴ ƻŦ ŀƭƭ ŦƻǊŜǎǘ-

related emissions by 2030. Any increases in deforestation consequently jeopardise the goals of the Paris Agreement 

(section 1.3.2).  

It is in this context that the Bolsonaro administration has overseen a systematic weakening of legal 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, deforestation in the Brazilian Amazon accelerated further, to 44% above the 2018 level. Interim data indicates that 

deforestation rates have increased even further in 2021. 
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In the Brazilian Amazon, deforestation rates had remained relatively stable over the decade from 2009-2018 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 have continued at 

the average rate for 2009-2018, and attribute surplus deforestation above this level to the Bolsonaro administration. Based 

on these approximations, 3,985 km2 of Amazon deforestation is attributed to the Bolsonaro administration per year, for 

2019 and 2020, the years for which deforestation data is already available. To estimate the likely deforestation in the 

Amazon that will be attributable to the Bolsonaro administration in 2021 and 2022, we developed three scenarios that 

capture the plausible range of deforestation rates over the remainder of the current .ƻƭǎƻƴŀǊƻ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴΥ ŀ ΨƭƻǿΩ 

ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǎŎŜƴŀǊƛƻ ǘƘŀǘ ƘƻƭŘǎ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǊŀǘŜǎ ŀǘ нлнл ƭŜǾŜƭǎΤ ŀ ΨƳŜŘƛǳƳΩ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǎŎŜƴŀǊƛƻ ǘƘŀǘ ŎƻƴǘƛƴǳŜǎ ǘƘŜ 

increase in deforestation rate observed between 2019-нлнл ƛƴ нлнм ŀƴŘ нлннΤ ŀƴŘ ŀ ΨƘƛƎƘΩ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǎŎŜƴŀǊƛƻΣ ƛƴ ǿƘƛŎƘ 

deforestation rates explode, increasing linearly to reach, in 2022, the peak levels observed in 2002-2004 (Figure 3; section 

1.4.2). 

Based on our estimates of attributable deforestation, we then assess the 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 deforested land; and (3) 

methane emissions released by replacing forested land with cattle. Across the 4 years of the Bolsonaro administration 

(2019-2022) the combined contribution made by these three emissions sources is equivalent to 1,700 MtCO2 in the low 

deforestation scenario, rising to 1,900 MtCO2 and 3,400 MtCO2 in the medium and high deforestation scenarios, 

respectively (all values given to the nearest 100 MtCO2; Table 1). In addition to the emissions occurring over 2019-2022, 

the loss of forest carbon sequestration and ongoing emissions from cattle will result in a further 6 MtCO2 emitted annually 

even after the end of the Bolsonaro administration, unless reforestation 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 

(section 1.5). 

The increase in deforestation-related emissions during the Bolsonaro administration alone is estimated to account for 

approximately 1% of global greenhouse gas emissions each year, or roughly the same as the total emissions of the UK. 

Based on a recent estimate of the global heat-related deaths expected over the next 80 years due to each tonne of 

emissions produced today, over 180,000 excess heat-related deaths will occur globally before 2100 due to the 

deforestation-related emissions caused by the Bolsonaro administration, even if global emissions are cut substantially 

(section 1.6). This estimate accounts only for a subset of the climate-related harm caused by these emissions but is 

indicative of the magnitude of humanitarian consequences of the deforestation of the Brazilian Amazon as a result of 

global climate change. 

ES.2. Attributed impacts of climate change 

¢ƘŜ ƭŀǘŜǎǘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘƘŜ LƴǘŜǊƎƻǾŜǊƴƳŜƴǘŀƭ tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ƛǎ ǘƘŀǘ Ψƛǘ ƛǎ ǳƴŜǉǳƛǾƻŎŀƭ ǘƘŀǘ ƘǳƳŀƴ ƛƴŦƭǳŜƴŎŜ 

has warmed the atmosphere, ƻŎŜŀƴ ŀƴŘ ƭŀƴŘΩ2. Virtually all observed global warming 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 many extreme events, some of which are occurring with intensities unprecedented in the 

observational record. Nevertheless, it remains the case that not all climate-related 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 extreme events 
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around the world, demonstrating the substantial role played by climate change in many of these events and therefore the 

gravity of climate change impacts experienced around the world. While we cannot provide a complete summary of the 

impacts of climate change that have occurred to date, since the role of climate change has only been assessed for a subset 

of climate-related impacts, the examples that we provide indicate the severity of global climate-related harms occurring 

due to deforestation-related 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 (section 2.1.1), heavy rainfall and flooding 

(section 2.1.2), drought (section 2.1.3), wildfires (section 2.1.4), tropical cyclones (section 2.1.5), sea-level rise (section 2.2), 

glacial retreat (section 2.3), and the mental health impacts of climate-related disasters (section 2.4). 

ES.3. Projected impacts of climate change 

The impacts of climate change will continue to worsen in coming years, and the extent to which this is the case is 

determined by the rate at which global greenhouse gas emissions are reduced. In section 3 of the report, we summarise 

projections of future climate change impacts at different levels of future warming. Limiting the rise in global temperatures 

to 1.5 °C above pre-industrial levels will result in less severe impacts than those that will occur if rapid cuts to greenhouse 

gas emissions are not made. Further, the impacts of climate change will increase exponentially with subsequent warming 

beyond 1.5 °C. We summarise the projected impacts of climate change on extreme heat (section 3.2.1), extreme rainfall 

and flooding (section 3.2.2), drought (section 3.2.3), wildfire (section 3.2.4), tropical cyclones (section 3.2.5), sea-level rise 

and other marine impacts such as coral bleaching and marine heatwaves (section 3.3), and glacial retreat and mass loss 

(section 3.4). 

ES.4. Impacts of climate change in Brazil and 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 Brazil (section 4.1) and the wider Latin America region (section 4.2). 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 development, 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 the prevalence of extreme heat (section 4.2.1), 

compromises the availability of freshwater due to declining glacial water towers and seasonal snowpack in the Andes 

(section 4.2.2ύΣ ǘƘǊŜŀǘŜƴǎ ǎƻƳŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ōƛƻŘƛǾŜǊǎŜ ŜŎƻǎȅǎǘŜƳǎ ǿƛǘƘ Ƙŀōƛǘŀǘ ƭƻǎǎΣ ŘƛǎŜŀǎŜ ƻǳǘōǊŜŀƪǎΣ ǿƛƭŘŦƛǊŜǎΣ 

and ultimately causes species extinctions (section 4.2.3), and causes a range of coastal impacts due to sea-level rise, ocean 

warming and acidification, and the decline of fisheries (section 4.2.4). These impacts compromise food security (section 

4.2.5) and human health (section 4.2.6). 

The impacts noted above and discussed in detail throughout the main sections of the report are largely those that can be 

linked confidently to climate change and produce negative humanitarian consequences. However, there 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. While the likelihood 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 
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away from rainforest 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 (section 4.3). 

ES.5. Climate change as a stress multiplier for conflict and population displacement 

In addition to the direct impacts of climate change, greenhouse gas emissions also increase the risks associated with socio-

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

as a result of climate change drives food and financial insecurity, and may increase political instability. Since there are a 

broad range of factors that contribute to the risk of armed conflict or population displacement, no one crisis of this type is 

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 Defense3, The World Bank4 and other researchers5 have concluded that 

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

displacement over the twenty-first century. 

ES.6. Linking impacts to individual emitters of greenhouse gases 

The overwhelming 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 greenhouse gas emissions 

continue unabated. The scale of deforestation-related emissions is substantial and their contribution to the harms of 

climate change can be demonstrated. These harms include increases in deaths and hospitalisations from extreme heat, 

increasing ranges of vector-borne diseases, and stronger and 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 political instability, migration, and war. The gravity of the 

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

In section 6 of the main report, we explain that not only are these impacts occurring on the global scale, as a result of all 

greenhouse gas emissions, but that it is possible to link the emissions of individual entities, such as countries or companies 

ǘƻ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ tŀǎǘ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎƘƻǿƴ ǘƘŜ ƭƛƴƪ ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭ ŜƴǘƛǘƛŜǎΩ ŜƳƛǎǎƛƻƴǎ ŀƴŘ Ǝƭƻōŀƭ-

temperature rise6,7, observed7 and projected8 sea-level rise, ocean acidification9, and specific heatwaves10. These studies 

have demonstrated that even relatively small emissions of greenhouse gases can cause substantial impacts. As a 

consequence, there is robust evidence from the existing literature that the increase in deforestation-related emissions 

under the Bolsonaro administration is already causing, and, over coming decades and centuries, will continue to cause a 

global burden of harm. 
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Glossary 

All definitions are taken from the Glossary in Annex VII of the Contribution of Working Group I to the Intergovernmental 

tŀƴŜƭ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΩǎ {ƛȄǘƘ !ǎǎŜǎǎƳŜƴǘ wŜǇƻǊǘ11, unless otherwise stated. 

Anthropogenic  Resulting from or produced by human activities. 

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 anthropogenic CO2 emissions that would result 

in limiting global warming to a given level with a given probability, taking into account the effect 

of other contributions to climate change (non-CO2 greenhouse gases and aerosols). In this 

report, the carbon budget describes the remaining CO2 emissions, from the present day, 

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

Carbon dioxide (CO2) A by-product of burning fossil fuels, burning biomass and of land use changes, it is the principal 

anthropogenic greenhouse gas that contributes to climate change.  

Carbon sequestration The process of storing carbon in a carbon pool, for instance through the uptake of carbon 

dioxide from the atmosphere by forests. 

Carbon sink  Any process, activity, or mechanism that removes a greenhouse gas from the atmosphere. 

CO2 equivalent (CO2e) The amount of carbon dioxide emission that would have an equivalent effect on a measure of 

climate change, such as global-mean 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 projection 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 exceptional period of water shortage for existing ecosystems and the human population, 

due to low rainfall, high temperature, and/or wind. Agricultural drought describes a period with 

abnormally low soil moisture that impinges on crop production. Meteorological drought 

describes a period with abnormal precipitation deficit.  

Greenhouse gases (GHGs) Gaseous constituents of the atmosphere, both natural and anthropogenic, that have properties 

that cause the greenhouse effect. Increases in the concentration of greenhouse gases leads to 

a reduction in energy emitted to space from the atmosphere, and therefore warming of the 

earth surface temperature. 
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Hazard The potential occurrence of a natural or human-induced physical event or trend that may cause 

loss of life, injury, or other health impacts, as well as damage and loss to property, 

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

Heat stress A range of conditions, for instance in humans and other terrestrial or 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, high humidity, and low wind speeds, causing regulation of body 

temperature to fail. 

IBAMA The Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis (Brazilian 

Institute of the Environment and Renewable Natural Resources) is an agency of the Brazilian 

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

Impacts The consequences of realised risks on natural and human systems, where risks result from the 

interactions of climate-related hazards, exposure, and vulnerability. Impacts generally refer to 

effects on lives, livelihoods, health and wellbeing, ecosystems and species, economic, social and 

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

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

science related to climate change. 

INPE The Instituto Nacional de Pesquisas Espaciais (National Institute for Space Research) is a 

research unit of the Brazilian Ministry of Science, Technology and Innovations and the 

authoritative source of data on deforestation in Brazil. 

Legal Amazon The Amazônia Legal contains the nine states of the Amazon basin and includes all of the Brazilian 

Amazon biome, 37% of the Cerrado biome, and 40% of the Pantanal biome12.  

Paris Agreement A legally binding international treaty on climate change adopted in December 2015. The key 

temperature goal of the Agreement is to limit global warming to well below 2 °C, and preferably 

to 1.5 °C, above pre-industrial levels13. 190 states (including Brazil), plus the EU, have ratified or 

acceded to the Agreement, collectively responsible for over 95% of global greenhouse gas 

emissions.  

Vulnerability The propensity or predisposition 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 greenhouse gas emissions that can be attributed to the increase in deforestation rates observed 

under the Bolsonaro administration. We present data on changes in deforestation rates before and during the Bolsonaro 

administration and estimate the greenhouse gas emissions attributable to the Bolsonaro administration. These emissions 

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

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

In sections 2 and 3, we link deforestation-related emissions to the global observed (section 2) and projected (section 3) 

impacts of climate change, including impacts from extreme weather events, such as heatwaves, droughts and storms, sea-

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 climate. Section 3 summarises the state-of-the-art knowledge of the 

projected future impacts of climate change on human societies. 

The impacts assessed in sections 2 and 3 occur globally and indicate the gravity of greenhouse gas emissions in causing 

worldwide humanitarian consequences. In section 4, we focus on attributed (i.e., shown to already be occurring) and 

projected (future) impacts in Brazil and across the South American region. In section 4.3, we summarise the evidence for 

the existence of a tipping point in Amazonia, in which climate change and deforestation would lead to a large-scale shift in 

the ecosystem, accompanied by a substantial release in stored carbon, amplifying global warming. In section 5, we explain 

how climate change amplifies the risks of complex socio-political impacts, such as conflict and migration, through 

producing conditions that induce political instability, financial and nutritional insecurity, and resource scarcity. 

Finally, in section 6, we explain how links can be made between individual sources of greenhouse gas emissions, such as 

deforestation, and the climate change impacts that occur as a result. We summarise the literature linking the emissions of 

individual entities, such as countries and corporations, to observed and projected climate-change impacts, and indicate 

the magnitude of climate-change impacts attributable to global deforestation.  
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1 Attribution of greenhouse gas emissions to the Bolsonaro administration 

1.1 Introduction 

Deforestation is the second largest human-induced contributor to climate change, after burning of fossil fuels14. Coupled 

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: the two greenhouse gases 

with the greatest contributions to human-induced 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, 

including sea-level rise, more damaging and frequent extreme weather events, glacial retreat, climatic shifts affecting crop 

yields, and acidification of the oceans, damaging coral reefs. ¢ƘŜ ŘŜǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ !ƳŀȊƻƴ ŎŀǊōƻƴ ǎƛƴƪΣ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 

biggest natural mechanisms for removing carbon dioxide from the atmosphere, jeopardises efforts to mitigate climate 

change. Pathways aligned with the goals of the Paris Agreement typically require rapid and immediate reductions in net 

emissions from agriculture, forestry and other land use15. Consequently, increases in deforestation directly contravene the 

globally agreed objectives of the Paris Agreement. 

Human-caused greenhouse gas emissions have already elevated global-mean temperatures to 1.2 °C above pre-industrial 

levels16 (Figure 1)* and climate change is already causing acute impacts around the world (Section 2). Continued emissions 

of greenhouse gases will amplify these impacts. In Section 3, we explain 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 would be frequently exposed to extreme heatwaves17. 

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

the political ambition of all countries to limit warming to 1.5 °C18Ϟ. The humanitarian 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 2-4.  

 
* We note that the Intergovernmental Panel on Climate Change found that the average human-induced increase in global temperatures 
was 1.1 °C above pre-industrial levels in 2011-2020. By 2021, human-induced warming had reached 1.2 °C above pre-industrial levels, 
according to the Global Warming Index, which uses the same peer-reviewed methods as the IPCC, and so this is the value we use for 
this report.  
Ϟ 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. See: https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-
d&chapter=27&clang=_en#1  

https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en#1
https://treaties.un.org/pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en#1
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Figure 1: The human-induced (orange) and natural (blue) contributions to observed (black) temperature changes over 1850-2020. The 

estimated human and natural contributions are calculated as described in Haustein et al. 201719. 

1.2 Deforestation: the global picture 

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

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

use. Between 2001-2015, 27% of global forest loss was due to deforestation. However, in tropical regions, deforestation 

is the key driver of forest loss, accounting for 56-72% in the tropical forests of Latin America, and 48-78% in Southeast Asia, 

depending on the method used to estimate deforestation drivers20. 95% of global deforestation occurs in tropical forests, 

of which one third is in Brazil21. Tropical deforestation is driven primarily by the expansion of land for agricultural uses. 

41% of tropical deforestation, including 72% in Brazil, takes place to 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 Brazilian cattle 

farming alone21. 

1.3 Global deforestation and climate change 

Tropical forests hold approximately one-third as much carbon as is contained in the atmosphere22. Consequently, tropical 

forests are an important store of carbon, and their deforestation has the potential to contribute substantially to climate 

change. ¢ƘŜ !ƳŀȊƻƴ Ŏƻƴǘŀƛƴǎ рл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǊŜƳŀƛƴƛƴƎ ǘǊƻǇƛŎŀƭ ŦƻǊŜǎǘ ŀǊŜŀ23 and is therefore a globally-significant 

carbon sink. 
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1.3.1 The contribution of deforestation to climate change 

¢ǊƻǇƛŎŀƭ ŦƻǊŜǎǘǎΩ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ŎƭƛƳŀǘŜ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ōŀƭŀƴŎŜ ōŜǘǿŜŜn their sequestration of carbon dioxide from 

the atmosphere and the release of carbon dioxide and other greenhouse gases through land use, logging and forest 

degradation, and secondary forest regrowth. Intact and recovering tropical forests sequester substantial amounts of 

carbon dioxide, globally. However, rapid deforestation in tropical and extra-tropical regions means that the emissions 

associated with deforestation and forest degradation approximately counterbalance all forest carbon sequestration. This 

is the case for global tropical forests22 and all global forests24. The contribution of deforestation to climate change includes 

(1) direct emissions from deforestation (and forest degradation), (2) emissions associated with land use introduced 

following deforestation, such as cattle farming, and (3) reduced carbon sequestration as a result of deforestation reducing 

the size of carbon sinks. 

5ŜŦƻǊŜǎǘŀǘƛƻƴ ǊŜŘǳŎŜǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŦƻǊŜǎǘǎ ǘƻ ǎŜǉǳŜǎǘŜǊ ŎŀǊōƻƴ ŘƛƻȄƛŘŜΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ ŀǘƳƻǎǇƘŜǊƛŎ ŎŀǊōƻƴ 

dioxide concentrations, and therefore global temperatures, rise.  Globally, 19% of CO2 emissions between 1959 and 2019 

were caused by land-use change, including deforestation25. The majority of carbon emissions to the atmosphere resulting 

from changes in land cover is due to tropical deforestation, with smaller contributions from land degradation26. Tropical 

deforestation was responsible for emissions of 2.9 ± 0.5 GtC yr-1 (= 10.63 GtCO2 yr-1) over the period 1990-2007, partially 

compensated by forest regrowth of 1.6 ± 0.5 GtC yr-1. This gives a net source of 1.3 GtC yr-1 (4.77 GtCO2 yr-1) from tropical 

land-use change27. This was larger than the emissions of the EU, which stood at 3.16 GtCO2 in 201628. Over 2010-2014, the 

net emissions from tropical deforestation fell to 2.6 GtCO2
29

. 

In addition to its global impacts on the climate, Amazon deforestation has also induced increases in fires30, and local 

reductions in rainfall and increases in temperature (section 4). When regional deforestation exceeds around half of land 

cover, substantial decreases in rainfall occur, compromising the largely rainfed agricultural systems of Brazil31. 

1.3.2 Deforestation and climate change mitigation 

To achieve the Paris Agreement goal of limiting global warming to well below 2 °C above pre-industrial levels, and ideally 

to 1.5 °C, substantially reducing deforestation rates is essential. Scientific modelling of emission reduction pathways that 

meet the goals of the Paris Agreement prioritises reducing deforestation as one of the first steps in cutting emissions. 

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

¢ƘŜ Lt//Ωǎ ǊŜŎŜƴǘ {ǇŜŎƛŀƭ wŜǇƻǊǘ ƻƴ Dƭƻōŀƭ ²ŀǊƳƛƴƎ ƻŦ мΦрϲ/ ŦƛƴŘǎ ǘƘŀǘ ƭƛƳƛǘƛƴƎ ǿŀǊƳƛƴƎ ǘƻ мΦр ϲ/ ŀōƻǾŜ ǇǊŜ-industrial 

levels requires emissions from agriculture, forestry and other land use to fall rapidly, with CO2 emissions reaching zero by 

2050 at the latest. Most scenarios that meet the Paris goals require all forest-related emissions to be eliminated by 203032. 

After 2050, in these scenarios, agriculture, forestry 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 deforestation-related emissions is opposed by these increases in 

deforestation, jeopardising global efforts to mitigate climate change.  
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1.4 The Bolsonaro administration contribution to deforestation  

1.4.1 How has the Bolsonaro administration caused increases in deforestation and forest degradation? 

Since the Bolsonaro Government entered office on 1 January 2019, the enforcement of legal protections against 

deforestation have been all-but eliminated and political rhetoric has undermined efforts to moderate deforestation. In 

response, deforestation rates have accelerated, including an 290% increase in July-September 2019, compared to the rate 

in the same months of the preceding year33. 

In the Brazilian Amazon, key drivers of deforestation include expanding cattle grazing and soy plantations. Prior to the 

Bolsonaro government, deforestation of the Brazilian Amazon had declined substantially (Figure 2), including a 79% drop 

in the annually deforested area between the peak deforestation rate in 2004 and 201333. 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. These actions brought 

the annual deforested area of the Brazilian Amazon to 5,000 km2 in 2012-15. This rate was the lowest for decades and 

down from an average of 18-19,000 km2 over 1990-201034Φ Lƴ нлмсΣ ǇǊƛƻǊ ǘƻ WŀƛǊ .ƻƭǎƻƴŀǊƻΩǎ ŜƭŜŎǘƛƻƴΣ .ǊŀȊƛƭ ǎǳōƳƛǘǘŜŘ 

pledges to further reduce deforestation in support of their Intended Nationally Determined Contribution to achieving the 

goals of the Paris Agreement, including eradicating illegal deforestation in the Amazon by 203035. Meeting the goals of the 

Paris Agreement requires near-term and rapid cuts in deforestation, both legal and illegal.  

 

Figure 2: Annually deforested area in the Legal Amazon of Brazil, 1988-2020. Data from the PRODES deforestation dataset compiled 

by INPE33. 

Since the election of Jair Bolsonaro, deforestation of the Amazon 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 states, replacing many of them with inexperienced 

militaryΦ L.!a!Ωǎ ŜƴŦƻǊŎŜƳŜƴǘ ŎŀǇŀōƛƭƛǘƛŜǎ ƘŀǾŜ ōŜŜƴ ǿŜŀƪŜƴŜŘ ǎǳōǎǘŀƴǘƛŀƭƭȅΣ ŀƴŘ L.!a! ƴƻǿ ƎƛǾŜǎ ŀŘǾŀƴŎŜ ƴƻǘƛŎŜ ƻŦ 

where it will carry out inspections for illegal deforestation. Further, 99.8% of Brazilian deforestation occurring in 2020 

showed signs of being illegal, but only 2% had any action taken by IBAMA36. However, there is a trend in IBAMA not 

punishing deforestation offenders37, facilitating deforestation with impunity.  

¢ƘŜ ƎƻǾŜǊƴƳŜƴǘ Ƙŀǎ ǎǘŀǘŜŘ ǘƘŀǘ ŀƎǊƛŎǳƭǘǳǊŜ ŀƴŘ ƳƛƴƛƴƎ ǎƘƻǳƭŘ ōŜ ǇŜǊƳƛǘǘŜŘ ƛƴ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ όΨŎƻƴǎŜǊǾŀǘƛƻƴ ǳƴƛǘǎΩύ ŀƴŘ 

on indigenous lands. Further, the Brazilian Forestry Service, which oversees deforestation in private land through the Rural 

Environmental Registry, was moved from the Environment Ministry to 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 

enforcemeƴǘΣ ǾŀƴŘŀƭƛǎƳ ŀƴŘ ŀǘǘŀŎƪǎ ƻƴ ƛƴŘƛƎŜƴƻǳǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀƎŜƴŎƛŜǎ ƘŀǾŜ ƛƴŎǊŜŀǎŜŘΣ ǎǇǳǊǊŜŘ ƻƴ ōȅ .ƻƭǎƻƴŀǊƻΩǎ 

rhetoric, leading to seizing of indigenous lands and repelling of environmental inspectors37.  

Weak legal frameworks for protecting land and the environment have been shown to result in large-scale forest 

destruction38. 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 destruction. The reduction of Amazonian 

protection has continued in Brazil in 2021, with a series of new bills that would legalise land-grabbing and loosen controls 

on new deforestation projects on public lands proposed39. One bill, known as PL-2633 would facilitate the obtaining of 

titles to, and provide amnesties to illegal occupants of, public rainforest land40. 

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 

ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜǎŜ ŀŎŎƻǳƴǘƛƴƎ ŎƘŀƴƎŜǎΣ .ǊŀȊƛƭΩǎ нлол ŜƳƛǎǎƛƻƴǎ ǿƻǳƭŘ ōŜ нт҈ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘƻǎŜ ǇƭŜŘƎŜŘ ǿƘŜƴ ǊŀǘƛŦȅƛƴƎ ǘƘŜ 

Paris Agreement in 201сΦ .ǊŀȊƛƭΩǎ ǳǇŘŀǘŜŘ b5/ ŀƭǎƻ ǊŜƳƻǾŜǎ ŀƭƭ ŎƻƳƳƛǘƳŜƴǘǎ ǘƻ ǎǘƻǇǇƛƴƎ ƛƭƭŜƎŀƭ ŘŜŦƻǊŜǎǘŀǘƛƻƴΣ ŦƻǊŜǎǘ 

restoration and supporting native forest management. As a result of the undermining of (already insufficient) climate 

targets, one widely used estimate places BrŀȊƛƭΩǎ emissions trajectory in line with warming of up to 4 °C if other countries 

ƳŀŘŜ ǎƛƳƛƭŀǊ ŜŦŦƻǊǘǎ ǘƻ ǊŜŘǳŎŜ ǘƘŜƛǊ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎΦ /ƻƴǎŜǉǳŜƴǘƭȅΣ .ǊŀȊƛƭΩǎ b5/ ƛǎ ǊŀǘŜŘ Ψhighly ƛƴǎǳŦŦƛŎƛŜƴǘΩ ōȅ the 

Climate Action Tracker, an independent scientific analysis of national greenhouse gas emission pledges in the context of 

the Paris Agreement41. 

1.4.2 Evidence of changes in deforestation and land degradation 

Following the start of the tenure of the government of Jair Bolsonaro, a step change in deforestation rates in the Amazon 

ƻŎŎǳǊǊŜŘ ŀƴŘ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǊŀǘŜǎ ƘŀǾŜ ǎƛƴŎŜ ŎƻƴǘƛƴǳŜŘ ǘƻ ǊƛǎŜΦ ¢Ƙƛǎ ŎƻƴǘǊŀǎǘǎ ǿƛǘƘ .ǊŀȊƛƭΩǎ нллф bŀǘƛƻƴŀƭ tƻƭƛŎȅ ƻƴ /ƭƛƳŀǘŜ 

Change, which includes a commitment to an 80% reduction in Amazonian deforestation by 2020, against a baseline of the 

mean rate over 1996-200542. This is equivalent to a maximum extent of deforestation of 3,925 km2. Between August 2019 

and July 2020, 10,851 km2 of rainforest were deforested, a rate 7% higher than the previous year (10,129 km2), and the 

highest level since 200833 (Figure 3). The 2019 and 2020 deforestation extents represented 34% and 44% increases on 

2018, respectively42 and were 2.6 and 2.8 times higher than the maximum rates stipulated by the 2009 National Policy. 

Further, the 2019 and 2020 deforestation rates were 3,620 and 4,350 km2 above the average deforestation rates over 

2009-2018. Lƴ ǘƘŜ ŎŀƭŜƴŘŀǊ ȅŜŀǊ нлнлΣ .ǊŀȊƛƭΩǎ ŦƻǊŜǎǘ ƭƻǎǎ ǿŀǎ ǘƘŜ мрΣллл ƪƳ2, 13% more than in 201943. Although a small 

rise in deforestation levels was seen prior to the election of Jair Bolsonaro, the increase in deforested area since 2019 still 

represents a major change in deforestation rates, as shown in Figure 3, below. 

The trend of increasing deforestation appears to be continuing, and potentially accelerating in 2021. In May 2021, 

deforestation of 1,180 km2 was recorded in the Legal Amazon, with rates 41% higher than in May 2020, according to the 

DETER database of the Instituto Nacional de Pesquisas Espaciais (INPE)33. The more accurate annual (August ς July) 

deforestation assessment, PRODES, typically assesses the deforested area as 1.54 times higher than DETER44ϟ. We also 

 
ϟ The DETER and PRODES databases are both produced by INPE, the Instituto Nacional de Pesquisas Espaciais. PRODES provides annual 
deforestation data and is considered to be the official dataset and most reliable for scientific use, and have been assessed to be 95% 
accurate. We therefore primarily use PRODES data for our deforestation calculations as the most robust and reputable source of 
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note that the PRODES deforestation data are likely to be conservative as they exclude loss of secondary forest ς forests 

regrown on abandoned agricultural land45 ς in their calculations. The increase in deforestation under the Bolsonaro 

administration is clear for the Legal Amazon (Figure 3). While our analyses of the deforestation-related emissions 

attributable to the Bolsonaro administration in section 1.5, below, focus on the Legal Amazon, it is likely that increased 

deforestation rates have also occurred in regions outside of the Legal Amazon since 2019, and therefore that our 

assessment is conservative.  

 

Figure 3: Annual deforestation in the legal Amazon of Brazil (orange bars). The mean deforestation rate during the Bolsonaro 

administration, to date (green line) is compared to the counterfactual deforestation rate: a continuation of the mean deforestation 

rate for the previous decade (2009-2018, blue line). The period of the Bolsonaro administration is shaded in magenta. Three future 

deforestation scenarios are included: a continuation of the 2019/20 deforestation rate (black dashed line), a continuation of the 

deforestation-rate increase observed over 2018/19-нлмфκнл όƻǊŀƴƎŜ ŘŀǎƘŜŘ ƭƛƴŜύΣ ŀƴŘ ŀ ΨƘƛƎƘ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǎŎŜƴŀǊƛƻΩ ƛƴ ǿƘƛŎƘ ǘƘŜ 

deforestation rate doubles by 2022 to the rates observed in 2002-2004. Data from PRODES33. 

Fire plays 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 Brazilian Amazon. Between 1988-2014, 63% of the area deforested was converted to pasture for cattle46,47 and in 

recent years this has risen to over 70%21,48. The process of converting tropical rainforest to pasture typically involves cutting 

down existing trees and lighting fires to remove vegetation, before planting grass and introducing cattle46. 

 
deforestation data for Brazil. DETER is a monthly alert system for deforestation that uses lower resolution sensors and is more affected 
by data limitations due to cloud cover than the annual PRODES dataset. Since PRODES data is not yet available for August 2020-July 
2021, we use the lower-resolution 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 on PRODES and DETER, see 
http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/prodes  

http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/deter/deter
http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/prodes
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In August 2019, incidence of forest fires in the Brazilian Amazon was double the ƳƻƴǘƘΩǎ average of the previous decade30, 

and there were three times more fires in August 2019 than August 201844. 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 farm-fallow systems by smallholders, traditional and 

Indigenous peoples, and (3) fires affecting standing forests44. While drought can lead to increased fire in the Amazon, peer-

reviewed research has shown that the devastating 2019 fires in the Brazilian Amazon were driven by deforestation30 and 

not by weather conditions such as drought44,49. Indeed, 2019 saw greater forest loss than the extreme El Niño drought year 

of 2015, indicating the role of government policy changes on top of the effect of any contributing climatic factors23. In 

2020, fires in the Amazon were even more intense than 201950. The encroachment of deforestation-driven fires onto non-

deforested land further increases emissions associated with deforestation.   

Nevertheless, not all aboveground biomass loss is the result of deforestation. Even though Amazonian forests are relatively 

resilient to drought due to their deep root systems, some tree mortality and degradation is attributable to climate-related 

factors. Loss of aboveground biomass has been attributed to direct human-induced deforestation, selective logging, forest 

fragmentation and associated edge effects, forest fires51, and mortality from climatic disturbances.  

Globally, forest degradation, which describes all mechanisms that do not result in deforestation but that result in forest 

loss, is the largest driver of forest-related carbon emissions, contributing 73% to the loss of aboveground biomass in the 

Brazilian Amazon, in 2010-2019, with deforestation contributing the other 27%23. Forest area coverage is affected only by 

deforestation and afforestation, whereas aboveground biomass may also be altered by forest degradation. In 2019, gross 

forest area loss totalled 3.9 x 106 ha, as compared with 3.0 x 106 ha in 2015, including both deforested and degraded land23 

(Figure 3). While deforestation, rather than forest degradation, dominates forest losses in the Brazilian Amazon, forest 

degradation is also a substantial contributor to forest-related carbon emissions23. In section 1.5, we focus primarily 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 overall deforestation-related 

emissions attributable to the Bolsonaro administration. Estimates of the portions of overall aboveground biomass loss 

attributable to deforestation and forest degradation vary, with ratios of deforestation:degradation ranging from 1:2.723 to 

5:152. 

 

Figure 4: Annual forest-area loss (orange) and gain (green) in the Brazilian Amazon over 2010-2019. The area of forest loss was 

greatest in 2019, with no compensation by forest area gain in that year23. 
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1.5 Calculating emissions associated with deforestation. 

Deforestation-related emissions occur over two timescales. Firstly, at the time of deforestation, burning of biomass (fire is 

the primary method by which forest land is cleared53) and the introduction of cattle result in immediate greenhouse gas 

emissions. Subsequently, over the ensuing decades, continuing methane emissions from cattle and an ongoing deficit in 

carbon sequestration from deforested land increases the contribution made by deforestation to climate change. Here we 

estimate the contribution made by the Bolsonaro government to deforestation-related emissions as the excess in 

estimated deforestation-related emissions above the average rate over 2009-2018. We also present three scenarios of 

ŎƘŀƴƎŜǎ ƛƴ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǊŀǘŜǎ ƛƴ ǘƘŜ [ŜƎŀƭ !ƳŀȊƻƴ ƻǾŜǊ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ǘǿƻ ȅŜŀǊǎ ƻŦ .ƻƭǎƻƴŀǊƻΩǎ ǘŜƴǳǊŜ όнлнм ς 2022): a 

low deforestation scenario, in which deforestation rates are held at 2020 levels in 2021 and 2022, a medium deforestation 

scenario, where deforestation rates increase year-on-year in line with the increase observed between 2019-2020, and a 

high deforestation scenario, in which deforestation accelerates linearly to double the 2020 rate by 2022, reaching similar 

levels to the Amazon deforestation rate observed in 2002. We note that early indications of deforestation in 2020/21 from 

the DETER dataset suggest that deforestation rates are likely to be most in keeping with the low or medium scenarios. The 

high scenario is provided to indicate the increase in emissions that would occur if substantial and rapid increases in 

deforestation were to happen, beyond the already high levels of the first two years of the Bolsonaro administration. 

We use these three scenarios to assess the plausible range of deforestation-related emissions from the Legal Amazon over 

the full duration of the Bolsonaro administration. The deforested area in each of these three scenarios is shown in Figure 

3. We also assess the long-term emissions commitment incurred due to deforestation and land-use change during the 

Bolsonaro administration. These results are presented in full in Table 1 and Figure 5, below. In sections 1.5.1, 1.5.2, and 

1.5.3, all emissions data is the estimated emissions attributable to the Bolsonaro administration, and not the total 

emissions associated with Amazon deforestation.  

1.5.1 Reduced carbon sequestration due to Amazon deforestation 

¢ƘŜ !ƳŀȊƻƴ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŎŀǊōƻƴ ǎƛƴƪǎΣ ŀŎŎƻǳƴǘƛƴƎ ŦƻǊ ƻƴŜ ǉǳŀǊǘŜǊ ƻŦ ǘƘŜ ǘŜǊǊŜǎǘǊƛŀƭ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ǊŜƳƻǾŀƭǎ 

from the atmosphere. Between 1990-2007, annual carbon sequestration was 0.42-0.65 GtC yr-1 in the Amazon54. This is 

equal to 1.54 ς 2.38 GtCO2, or 3.7 ς 5.7% of annual global emissions15. Reductions in the size of the Amazon carbon sink 

consequently lower the rate of carbon uptake by forests and therefore increase atmospheric carbon dioxide 

concentrations and therefore global temperatures. We quantify this effect below (see Table 1 and Figure 5). 

Given that the values stated above for Amazon carbon sequestration are based on an estimated area of intact forests in 

tropical South America of 6.29 x 108 ha54, based on the Global Land Cover map 200054,55, the mean sequestration rate for 

the Amazon is 2.45 ς 3.78 x 10-9 GtCO2 ha-1 (= 2.45 ς 3.78 tCO2 ha-1). We estimate that an average of 3,985 km2 (= 398,500 

ha) of deforestation was attributable to Bolsonaro in each of the first two years of his tenure (362,000 and 435,000 ha in 

2019 and 2020, respectively). As noted above, this is calculated as the increase in deforestation above the 2009-2018 

average rate. Consequently, the first two years of the Bolsonaro administration reduced the Amazon sequestration 

potential by an estimated 1.95 ς 3.01 MtCO2 per year due to deforestation. This 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 of ecosystems replacing the forest after deforestation (e.g., pasture), which is 

likely to be far lower than the sequestration of the pre-existing forest ecosystem. Nevertheless, this is a conservative 

estimate as it does not take into account reductions in carbon sequestration due to forest degradation. Over 2010-2019, 
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forest degradation caused three times as much aboveground carbon loss as deforestation23. The resultant reduction in 

sequestration capacity is not estimated here. 

If Amazon deforestation continued aǘ ŎǳǊǊŜƴǘ ǊŀǘŜǎ ŦƻǊ ǘƘŜ Ŧƛƴŀƭ ǘǿƻ ȅŜŀǊǎ ƻŦ .ƻƭǎƻƴŀǊƻΩǎ ǘŜƴǳǊŜΣ ǘƘŜ ƻǾŜǊŀƭƭ ǊŜŘǳŎŜŘ ŎŀǊōƻƴ 

sequestration potential of the Amazon attributable to Bolsonaro would equal 4.1 ς 6.3 MtCO2 ǇŜǊ ȅŜŀǊ ƛƴ ǘƘŜ ΨƭƻǿΩ 

deforestation scenario, rising to 8.1-12.5 MtCO2 per ȅŜŀǊ ƛƴ ǘƘŜ ΨƘƛƎƘΩ ǎŎŜƴŀǊƛƻ (see Table 1 and Figure 5a, below). This 

represents a long-term, persistent, reduction in the capacity of the Amazon rainforest to take up carbon. 

1.5.2 Emissions associated with burning deforested land 

Brazil is home to the ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŀƳƻǳƴǘ ƻŦ ƭƛǾŜ ǿƻƻŘȅ ōƛƻƳŀǎǎΣ ŀ ǘƻǘŀƭ ƻŦ мму Gt, and nearly twice as much as the 2nd 

largest national woody biomass stock (Russia, 61.8 Gt)56. However, 18% of the Brazilian Amazon was deforested between 

1970 and 201048, and the recent acceleration of deforestation in Brazil has continued this trend. Historically, 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 1980s57. As climate change has accelerated, due in part to deforestation, rising 

temperatures and more-frequent droughts have increased the probability of severe fires58. Fire is strongly associated with 

losses of aboveground biomass and forest area23, and essentially all deforested land is burned to prepare it for conversion 

to agricultural uses53. The average carbon density of remaining unprotected forests was 231 tC ha-1 in the Brazilian Amazon 

in 200959, and there is evidence that deforestation was increasingly occurring on high-biomass regions of the Amazon60. 

Assuming all land that is deforested is burned and has a mean carbon density of 231 tC/ha, CO2 emissions from burning of 

deforested land will be 847 MtCO2 / million ha§. We estimate that emissions attributable to the Bolsonaro administration 

associated with clearing and burning of land deforested in 2019-2020 are 675 MtCO2. This is equal to 1.7% of annual global 

emissions61. 

hǾŜǊ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ .ƻƭǎƻƴŀǊƻΩǎ ǇǊŜǎƛŘŜƴŎȅΣ ŘŜŦƻǊŜǎǘŀǘƛƻƴ-related emissions appear likely to remain at least at present 

ƭŜǾŜƭǎ ŀƴŘ Ƴŀȅ ǊƛǎŜ ŎƻƴǎƛŘŜǊŀōƭȅΦ ¦ƴŘŜǊ ƻǳǊ ΨƭƻǿΩ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǎŎŜƴŀǊƛƻΣ ŎǳƳǳƭŀǘƛǾŜ ŀǘǘǊƛōǳǘŀōƭŜ Ŝmissions are 1.4 GtCO2 

for 2019-2022, rising to 2.8 GtCO2 under the high deforestation scenario. 

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

¢ƘŜ ŜȄƛǎǘƛƴƎ ƳŜŀƴ ΨǎǘƻŎƪƛƴƎ ǊŀǘŜΩ ŦƻǊ ŎŀǘǘƭŜ ƛƴ .ǊŀȊƛƭ ƛǎ лΦфт Ŏƻǿǎ ǇŜǊ ƘŜŎǘŀǊŜ62. In 2011, 1,294,100 ha of Brazilian 

deforestation was attributed to removing forest cover to expand pastureland for cattle farming. Clearing of land for cattle 

farming in Brazil was responsible for 542 MtCO2e yr-1 over 2010-2014. This does not include greenhouse gas emissions 

produced by the introduction of cows themselves. Consequently, Brazilian deforestation for the expansion of cattle 

farming accounts for 21% of global deforestation-related emissions29.  

By area, 72% of deforestation in Brazil has been attributed to cattle ranching21 (supported by earlier analyses that 

attributed 71% of Brazilian deforestation to cattle ranching in 201148), equivalent to 574,000 ha attributable to the 

Bolsonaro administration over 2019 and 2020. Based on the stocking density of 0.97 cows per hectare (the average figure 

for Brazil in 2014/1562), this is equivalent to 557,000 more cows added over the two-year period. Given an average of 100 

kg of annual methane emissions per cow63, this increase in cattle ranching is equivalent to a one-off release of 240 tCO2e 

 
§ Burning 1 tonne of carbon produces 3.67 tonnes of carbon dioxide.  
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(see glossary), followed by annual emissions of 0.8 tCO2e64. Consequently, the estimated increase in cattle farming over 

2019-2020 results in a one-off emission of 134 MtCO2e, followed by annual emissions of 0.4 MtCO2e.  

¦ƴŘŜǊ ƻǳǊ ΨƭƻǿΩ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǎŎŜƴŀǊƛƻΣ ŎǳƳǳƭŀǘƛǾŜ ŀǘǘǊƛōǳǘŀōƭŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ нтф aǘ/h2e for 2019-2022, in addition to 

annual emissions of a further 0.9 MtCO2e as long as cattle herds remain at the same size. These figures rise to 552 MtCO2 

under the high deforestation scenario for 2019-2022, and an additional 1.8 MtCO2e annually thereafter. 

1.5.4 Summary of Bolsonaro-attributable emissions 

Prior to the election of President Bolsonaro, Brazilian deforestation rates had stabilised at a substantially lower level than 

they had been in the early 2000s. Deforestation-related emissions would have been expected to have remained 

approximately stable, if not for the election of Jair Bolsonaro. Instead, deforestation rates have soared since 2019 and the 

associated greenhouse gas emissions are substantially greater than they would likely have been in the absence of the 

Bolsonaro administration. 

Overall, under our low-deforestation scenario, Bolsonaro-attributable emissions over the duration of his tenure are 

estimated to be 1.7 GtCO2, rising to 3.4 GtCO2 in the high emissions scenario (Table 1, Figure 5). Further to these emissions, 

reduced sequestration and increased cattle numbers imply an estimated commitment of 6.1-12.1 MtCO2 in annual 

emissions after 2022.  In addition to the ongoing deforestation-related emissions due to deforestation and land-use change 

ƻŎŎǳǊǊƛƴƎ ŘǳǊƛƴƎ ǘƘŜ .ƻƭǎƻƴŀǊƻ ƎƻǾŜǊƴƳŜƴǘΣ ǘƘŜ ƭŜƎŀŎȅ ƻŦ ǘƘŜ .ƻƭǎƻƴŀǊƻ ƎƻǾŜǊƴƳŜƴǘΩǎ ƛƳǇŀŎǘ ƻƴ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǊŀǘŜǎ Ƴŀȅ 

continue beyond the end of his tenure. Deforestation and associated greenhouse gas 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 present extremely high rates of forest destruction. 

Emissions from burning deforested land make up a substantial proportion of the estimated emissions attributable to the 

Bolsonaro administration (307 MtCO2 in 2019). We can evaluate how reasonable these estimates are through comparison 

with existing data on fire-related emissions in Amazonia. A recently published assessment65 based on detailed 

measurements of carbon dioxide emissions over a nine-year period (2010-2018) calculated annual fire emissions at 0.41 

GtC, equal to 1.50 GtCO2 (1,500 MtCO2). Given that deforestation rates increased by 34% between 2018 and 2019, the first 

year of the Bolsonaro administration, and approximately 60% of the Amazon is in Brazil, and assuming that fire-related 

emissions due to each deforested hectare are approximately equal across Amazonia, the data provided in ref. 65 indicate 

that Bolsonaro-attributable deforestation would produce approximately 300 MtCO2 in emissions, in 2019. The proximity 

of this estimate to the value we calculate based on observed deforestation data provides strong evidence to support the 

robustness of our estimates. 
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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 sequestration (MtCO2/yr)  

Rate (tCO2/ha/yr)  2.5 3.8 2.5 3.8 2.5 3.8 2.5 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 5.7 8.1 12.5 

Burning deforested land (MtCO2) 

Conversion factor (MtCO2/ million ha) 847          

L 306.978 368.132 368.132 368.132 1411.373 

M 306.978 368.132 429.285 490.438 1594.833 

H 306.978 368.132 827.671 1287.211 2789.993 

Land use change for cattle farming (MtCO2e/yr) 

Stocking rate (cows / million ha) 970000 One-off emissions per cow (MtCO2e) 0.00024 

Proportion deforested land for cattle 0.72 Annual emissions per cow (MtCO2e/yr) 0.0000008 

 One-off Annual One-off Annual One-off Annual One-off Annual One-off Annual 

L 60.7 0.2 72.9 0.2 72.9 0.2 72.9 0.2 279.3 0.9 

M 60.7 0.2 72.9 0.2 85.0 0.3 97.1 0.3 315.6 1.1 

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     

M 1916.3 6.9     

H 3352.4 12.1     
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Table 1: Overview of observed and projected deforestation in the Legal Amazon in Brazil, and associated greenhouse gas emissions. 2019 and 2020 deforestation data from PRODES33, 2021 and 2022 

ǇǊƻƧŜŎǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƭƻǿ όΨ[ΩΣ нлнл ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǊŀǘŜ ƳŀƛƴǘŀƛƴŜŘύΣ ƳŜŘƛǳƳ όΨaΩΣ нлмф-нлнл ƛƴŎǊŜŀǎŜ ƛƴ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ǊŀǘŜ ƳŀƛƴǘŀƛƴŜŘ ŦƻǊ нлнм ŀƴŘ нлннύ ŀƴŘ ƘƛƎƘ όΨIΩΣ ŘƻǳōƭƛƴƎ ƻŦ ŘŜŦorestation rate 

by 2022 to levels last seen in 2004) scenarios described in section 1.5. Data used for calculating emissions associated with reduced sequestration, burning of deforested land, and land-use change are 

described in sections 1.5.1, 1.5.2, and 1.5.3, respectively.  

 

Figure 5: (a) Annual Bolsonaro-attributed emissions due to reduced sequestration, direct emissions from burning of deforested biomass, and expansion of cattle pasture, in the Legal Amazon (2019-2022) 

under the low, medium, and high deforestation scenarios described above. (b) Cumulative deforestation-related emissions from the Legal Amazon in 2019-2022, attributed to Bolsonaro under the low 

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

In 2019 and 2020, deforestation-related emissions in the Amazon attributed to the Bolsonaro administration are estimated 

to account for approximately 1% of global greenhouse gas emissions. This is roughly the same contribution as that made 

by the total emissions of the UK. The greenhouse gas emissions associated with Amazonian deforestation contribute to 

climate change, and therefore substantial humanitarian consequences worldwide. These impacts, on a global scale, are 

discussed in detail in sections 2 and 3 of the report. Regional impacts of climate change affecting Brazil and the wider South 

American region are then explained in section 4.  

A recently published estimate of the heat-related deaths projected to occur due to climate change found that under a 

high-emissions scenario in which rapid reductions in greenhouse gas emissions are not made, 226 excess deaths will occur 

over 2020-2100 for each MtCO2 emitted in 2020. Deep cuts in greenhouse gas emissions that limit global warming to 2.4 

°C above pre-industrial levels in 2100 imply that each MtCO2 emitted today will cause 107 deaths by 210066. The 

accelerated deforestation of the Amazon jeopardises efforts to limit global warming to lower levels in the 21st Century. 

Nevertheless, even if the lower-emissions scenario were to be achieved, the low-deforestation scenario presented above 

implies that greenhouse gas emissions attributable to the Bolsonaro administration will cause over 180,000 excess heat-

related deaths globally over the next 80 years. This figure represents the shocking global humanitarian consequences of 

.ƻƭǎƻƴŀǊƻΩǎ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻŦ ŘŜŦƻǊŜǎǘŀǘƛƻƴ ƛƴ ǘƘŜ !ƳŀȊƻƴΦ Lǘ ƛǎ ǿƻǊǘƘ ƴƻǘing that this value is likely conservative as it 

accounts only for heat-related deaths due to climate change, whereas climate change also results in a far wider range of 

health impacts, including mortality due to other extreme weather events, such as storms and droughts, and sea-level rise.  

1.7 The Bolsonaro-administration 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 to avoid 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 reduced to zero by around 2050 and involve steep cuts in forest-related emissions such 

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

other land use by around 203015. 

At the beginning of 2021, the global emissions budget for limiting the increase in global-mean surface temperature to 1.5 

°C above pre-industrial levels, with 67% probability, was 400 GtCO2, falling to 300 GtCO2 for a 83% likelihood of staying 

below 1.5 ÑC2. This budget was reduced by approximately 40 GtCO2 in 202067, leaving a remaining budget of 360 GtCO2 in 

2021, equivalent to 9 years of emissions at current rates. Based on our assessment, the minimum expected contribution 

of the Bolsonaro administration to deforestation-ǊŜƭŀǘŜŘ ŜƳƛǎǎƛƻƴǎ όƻǳǊ ΨƭƻǿΩ ǎŎŜƴŀǊƛƻύ ƛǎ Ŝǉǳŀƭ ǘƻ лΦ47% of the remaining 

carbon budget. This rises to 0.93҈ ƛƴ ǘƘŜ ΨƘƛƎƘΩ ǎŎŜƴŀǊƛƻΦ Total deforestation in the Legal Amazon of Brazil (including that 

attributable and not attributable to the Bolsonaro administration) is estimated to contribute 4.3 GtCO2 over 2019-2022 in 

ǘƘŜ ΨƭƻǿΩ ǎŎŜƴŀǊƛƻΣ over 1% of the remaining carbon budget for limiting warming to 1.5 °C. Lƴ ǘƘŜ ΨƘƛƎƘΩ ǎŎŜƴŀǊƛƻΣ ǘƘƛǎ ǊƛǎŜǎ 

to 1.35% of the remaining carbon budget. These 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 achieve the goals of the 

Paris Agreement. As described in section 1.3.2, deforestation-related emissions need to be eliminated most rapidly, and 

so increases in deforestation 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 deforestation-related emissions, under the Bolsonaro government, 

deforestation emissions have 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 present-day impacts of climate change  

In 2021, global warming due to human influence on the climate reached 1.2 °C above pre-industrial levels16, and 

temperatures continue to rise. Virtually all observed global temperature change since the mid-nineteenth century has 

been attributed to human activities68. 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 extreme weather events, and slow-onset changes such as sea-level 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. Climate change violates human rights of communities around the world69 

through its manifestations in intensified and increasingly frequent extreme weather events, such as heatwaves, storms, 

and droughts, sea-level rise, and glacial retreat. These physical hazards result in direct or indirect impacts on human health, 

reduced agricultural productivity, damage to infrastructure, and threaten livelihoods.  

Climate change impacts are already occurring around the world and are projected to increase substantially if greenhouse 

gas emissions 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 climate-related harms. It is not the case that all climate-related 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 produced by 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 change, or the emissions of 

individual entities, in causing climate-related 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 altered the likelihood or intensity of a defined 

event. For an individual event, attribution studies may find that an event of given magnitude was made more likely, and 

that an event of given probability was made more intense by climate change. 

Some elements of natural systems affected by climate change, such as the extent of thick multi-year sea ice, glacier and 

ice sheet lengths, and sea levels respond gradually to climate change and filter out short-ǘŜǊƳ ǾŀǊƛŀǘƛƻƴǎΦ ¢ƘŜǎŜ Ψǎƭƻǿ-

ƻƴǎŜǘΩ ǘǊŜƴŘǎ ƘŀǾŜ ŀƭǎƻ ōŜŜƴ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǘȅǇƛŎŀƭƭȅ ǊŜǎǇƻƴŘƛƴƎ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƻǾŜǊ ǇǊƻǘǊŀŎǘŜŘ 

timescales. Climate change has been shown to be directly responsible for the mass loss of glaciers around the world70, the 

retreat of individual glaciers71,72, and anthropogenic greenhouse gas emissions are the dominant cause of observed global-

mean sea-level rise, at least since 197073. 

Attribution science substantiates the causal link between emissions of greenhouse gases and harms experienced by 

impacted communities around the world. The evidence provided by attribution science is aligned with the logic of legal 

causality74,75 and provides a firm evidentiary basis for legal claims relating to climate change damages75ς78. Attribution-

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

The Lt//Ωǎ recently-published 6th Assessment Report surveyed the evidence from attribution analyses conducted 

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

parts of Asia and the Americas (Figure 6). 

 

Figure 6: Observed and attributed regional changes in (a) extreme heat, (b) heavy precipitation and (c) agricultural and ecological 

drought across inhabited regions of the world. Regional acronyms represent: North America: NWN (North-Western North America, 

NEN (North-Eastern North America), WNA (Western North America), CNA (Central North America), ENA (Eastern North America), 

Central America: NCA (Northern Central America), SCA (Southern Central America), CAR (Caribbean), South America: NWS (North-

Western South America), NSA (Northern South America), NES (North-Eastern South America), SAM (South American Monsoon), SWS 

(South-Western South America), SES (South-Eastern South 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 (Central Africa), NEAF (North Eastern Africa), SEAF (South Eastern Africa), 

WSAF (West Southern Africa), ESAF (East Southern Africa), MDG (Madagascar), Asia: RAR (Russian Arctic), WSB (West Siberia), ESB 

(East Siberia), RFE (Russian Far East), WCA (West Central Asia), ECA (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 Australia), EAU 
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(Eastern Australia), SAU (Southern Australia), NZ (New Zealand), Small Islands: CAR (Caribbean), PAC (Pacific Small Islands). Figure 

from IPCC AR62. 

2.1 Extreme Weather 

Here, we present a high-level synthesis of the current state of expert knowledge on changes in extreme weather hazards 

linked to climate change, on a global scale. As described in section 1, global climate change is caused, inter alia, by 

deforestation, and the loss of the Brazilian Amazon is a major contributor to this. We highlight the regions most affected 

by changes in each type of extreme weather hazard discussed, focusing on the most severe impacts. To do this, we 

summarise findings from the field of climate change attribution, which identifies already-occurring impacts of climate 

change. We note that only a tiny subset of the present-day 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 

merely give an indication of 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 models of the impacts of climate change79. 

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 hottest events, 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 heat-related deaths have been attributed to climate change80. 

Globally, heat-related mortality due to climate change is vastly underestimated due to the limited recording of impacts 

from extreme 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 in heat-related deaths. 

 

Figure 7: The number of days per year that exceed the 90th percentile of daily temperature, TX90p, is used to characterise changes in 

extreme heat. (a) shows the trend in this value between 1950-2018, and (b) shows the absolute difference in number of days per year 

that exceeded this value across two 30-year time periods ς adapted from Dunn et al., 202081. 

Changes in extremes: The most dramatic changes 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 the most extreme daily temperatures (above the 

99.9th percentile) averaged over land had increased fivefold; equivalently, 75% of daily heat extremes were attributable to 
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climate change82. Globally, as a direct result of climate change, previously very rare heat is now just unusual81,83ς85, while 

ŜǾŜƴǘǎ ƴƻǿ ŎƻƴǎƛŘŜǊŜŘ ΨŜȄǘǊŜƳŜΩ ǊŜŀŎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŀǘ ǿŜǊŜ ŦƻǊƳŜǊƭȅ ŀƭƭ ōǳǘ ƛƳǇƻǎǎƛōƭŜ86ς88. The increasing regularity 

ƻŦ ŦƻǊƳŜǊƭȅ ǊŀǊŜ ŜǾŜƴǘǎ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ŎƻƴǎŜǉǳŜƴǘƛŀƭΥ ǿŜ ŘƻƴΩǘ ǘŜƴŘ ǘƻ ǇǊŜǇŀǊŜ ŦƻǊ ŜǾŜƴǘǎ ǘƘŀǘ ǿŜǊŜ ƘƛǎǘƻǊƛŎŀƭƭȅ ǎƻ ǳƴƭƛƪŜƭȅ 

that they have never occurred89. Societies are especially vulnerable to the exceptionally extreme events that are now 

possible in a changing climate. Regional trends in heat extremes are attributed to climate change in Asia90,91, Australia92, 

Europe93 and South America94. 

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

As climate change intensifies heatwaves around the world, heat-related deaths increase in number. The increase in the 

global burden of heat-related mortality due to climate change is large and growing, with 37% of heat-related deaths 

attributed to climate change worldwide80, equivalent to tens of thousands of deaths per year. Increases in the number of 

hot days, and intensity of heatwaves results in a range of heat-related illnesses. Such illnesses include cardiovascular and 

respiratory complications, renal failure, electrolyte imbalance, and harm to foetal health95. Increasing temperatures and 

heatwaves have also increased the prevalence and range of temperature-sensitive pathogens, such as Vibrio, which can 

cause cholera and gastroentiritis96. 

 

Figure 8: Change in labour capacity among rural populations by 2016 due to heat, compared to a reference period of 1986-200897. 

Increases in the occurrence heat extremes result in substantial increases in mortality, and this effect is particularly 

pronounced at the hottest temperatures. Climate change increases the likelihood of reaching the hottest temperatures, 

at which point the human body may no longer ōŜ ŀōƭŜ ǘƻ Ŏƻƻƭ ƛǘǎŜƭŦΦ ¢ƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ƭƛƳƛǘ ŦƻǊ ƘǳƳŀƴ ǎǳǊǾƛǾŀƭ ƛǎ ŀ ΨǿŜǘ ōǳƭōΩ 

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 hours98. Both mortality and morbidity rise significantly at far lower temperatures than this upper limit, 

affecting the elderly, very young and those with pre-existing medical conditions, such as respiratory and cardiovascular 

illness97,99ς101. Heatwaves are also strongly associated with rises in harmful pollutants such as ozone, particulate matter, 

sulphur dioxide, carbon monoxide and nitrogen dioxide, which further contribute to respiratory health impacts102ς105.  


































































































