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COP26 Futures We Want – Brazil Country Profile 

 
The purpose of this country profile was to provide an evidence base to inform the 
production of Net Zero Future visions. A consolidated version of material contained 
here was used as stimulus for in-country workshops and creative translational 
approaches that will develop a plausible vision for each country. This document 
provides a selection of relevant evidence for the sectors and themes identified through 
the scoping exercise. 
 
Part A: Executive Summary  
 
This country profile for Brazil has been developed with the input from in-country 
academic experts, including Dr. Roberto Luís de Melo Monte-Mór (Federal University 
of Minas Gerais), Dr. Jakob Sparn, Dr. Olinda Canhoto (Centro de Biotecnologia 
Amazônia) and Dr. Carlos Lamarão (Federal University of Amazonas), in the context 
of the BEIS COP26 Futures We Want project. It provides a review of the available 
evidence on the risks, solutions and opportunities for Brazil and Brazilian society to 
contribute towards a global transition to a net zero future that is inclusive, resilient and 
desirable by all.  
 
Brazil’s most recent commitment to the Paris Agreement is a 37% reduction of GHG 
emissions by 2025 and a 43% reduction by 2030, using 2005 as a baseline. As part 
of this commitment, the government has initiated sectoral approaches to reduce 
emissions and support climate change adaptation and mitigation measures. Brazil is 
characterized by immense environmental and cultural diversity as well as extreme 
economic and social inequality. These characteristics play an important role in the 
economic context of the country as well as presents challenges and opportunities for 
a net zero future. 
 
Agriculture and land-use change are intimately connected sectors that are both at the 
forefront of combatting GHG emissions and the economic vitality in Brazil. Therefore, 
these two sectors provide the key to a net zero future. At the heart of the relationship 
between these two sectors is deforestation, which is the country’s largest emitter of 
GHG emissions and driven by agriculture and livestock production. Small and medium 
family farms contribute towards the GHG emissions profile but also provide solutions 
in the form of agroecology, ecosystem services and nature-based solutions. Solutions 
can also be found in the Amazon region, where deforestation is most prevalent and its 
forests serve as the world’s largest terrestrial carbon sink. Proposals in the Amazon 
include the development of a bioeconomy, where Indigenous groups and traditional 
peoples benefit from the tremendous biodiversity of the region.  
 
Brazil’s natural endowment provides opportunities and challenges for a net zero future 
in the areas of energy and physical infrastructure. 20% of the world’s freshwater is 
found within Brazilian territory which is harnessed for hydroelectric power that 
contributes to 65% of the country’s electricity generation. Abundant winds and sun in 
the semi-arid Northeast of the country also provide opportunities for wind and solar. 
All energy sources in the country have the potential to be more inclusive; hydroelectric 
sources could be more responsive to the displacement of Indigenous and traditional 
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peoples, and wind and solar could be more inclusive by providing employment 
opportunities for the poorest region of the country. Brazil’s vast territory also presents 
challenges for transport. A majority of all transport in the country relies on roads or 
waterways (the latter in the Amazon Basin). The country has an extremely limited rail 
network and, where one does exist, it is almost exclusively for cargo. Roads and water 
transport are vulnerable to climate risks in addition to the already hostile tropical rains 
and steep landscapes present in much of the country.    
 
Regional diversity in Brazil also contributes towards the challenges and opportunities 
for a net zero future. Each of the distinct climates and biomes in the country are 
related. Climate risks and vulnerabilities, as well as efforts to mitigate, adapt and build 
resilience to climate change, should consider this diversity. Over 60% of the country’s 
population lives in coastal areas, which presents significant vulnerabilities based on 
future projections of sea level rise. However, urban inequalities in wealth and 
infrastructure mean that not all climate risks will be shared equally. Therefore, a focus 
on economic inclusion and participation in a net zero future should be considered. 
Inequalities are even more pronounced in rural areas, and in particular in the rural 
Northeast region. The Northeast region is also where prolonged droughts have 
already increased in severity and are predicted to only get worse. Measures such as 
cisterns and more efficient use of water can help mitigate problems of drought in the 
region, but longer-term efforts to curb deforestation in the rest of the country could 
also help improve more regular rainfall patterns.  
 
This country profile includes three main sections: 1. A broad overview of the Brazilian 
context, including the economy, geography and current GHG emissions profile; 2. 
Physical climate change scenarios, including risks, adaptation and opportunities. This 
section will also consolidate risks around the three sectors of agriculture, industry and 
services. These three sectoral groupings are utilized by the Brazilian government to 
consider climate risks, economic data and are inclusive of the sectors in the third 
section of this report; 3. Development compatible transitions, including risks, mitigation 
and opportunities. In the third section, there is a focus on the sectors identified by the 
in-country experts as being more relevant for a net zero future in Brazil. These sectors 
include: 1. Agriculture and livestock; 2. Land use and natural resources; 3. Physical 
infrastructure; 4. Energy generation; 5. Circular and social bioeconomy and; 6. Nature-
based solutions.      
 
Part B: Expert Committee Inputs  
 
1. Country Context 
 
1.a Economic Context  
 
The Brazilian economy has historically relied on the export of raw materials and 
agricultural commodities. Ever since Portuguese colonialism, there have been a series 
of booms and busts of commodities based on large-scale production models. This 
cyclical nature of commodity production has also relied extensively on the social and 
environmental differences between regions. For example, the 19th century rubber 
boom in the Amazon region relied largely on a cheap and extensive labor force to ‘tap’ 
the rubber trees.1 Much of the labor required from tapping came from the Northeast 
where land inequality and sugarcane production produced an excess labor supply. In 
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the Southeast states, such as São Paulo, Rio de Janeiro and Paraná, intensive coffee 
production degraded soils and increasingly pushed the coffee frontier further inland. 
Mining has also shaped the unequal benefits of extraction in the country. From gold 
mining in the 18th century to iron ore extraction today, poor labour standards and low 
wages fueled mining activities that devastated the environment and indigenous 
populations. 2  
 
The Brazilian economy has relied on the country’s extensive and diverse territory as 
well as the regional disparities in development and social inequality. Throughout the 
20th century, Brazil has continued to rely on the export of raw materials. Today, the 
production and extraction of those materials has become much more technologically 
advanced. In the agricultural and petroleum sector, the Brazilian state has invested in 
research that has increased productivity and offshore drilling, respectively. During the 
mid-20th century, these investments helped foster industrialization and positioned 
Brazil as a Newly Industrialized Country (NIC). However, due to longstanding 
structural inequalities, increases in labor productivity have not resulted in a more 
inclusive economy and low consumption and competitiveness has resulted in a slow 
deindustrialization of the economy.  
 
Over the last two decades, higher global commodity prices resulted in an increase in 
government revenues that were part of a new wave of social policies aimed at reducing 
poverty and combatting food insecurity. Notable cases, such as the Bolsa Familia, 
garnered global attention as an innovative and effective way to finance human 
development and curb extreme poverty. These actions led to an increase in the middle 
class and important public investments in energy, education and the environment. One 
notable achievement was the rapid decrease in deforestation, but that has since 
started again to increase. In 2009, the Brazilian government pledged to cut the 
average deforestation rate of 1996-2005 by 80% in the target year of 2020. However, 
deforestation increased steadily in 2012 and reached a decade-high peak in 2020, 
missing the target by 182%3. The recent and prolonged financial and political crises 
over the past five years have led to a stagnation in wages and uncertainty around the 
public investments in energy, education and the environment. Compounding these 
problems, there has been a reduction in terms of public financing for education, social 
welfare, enforcement of deforestation and a commitment to a reduction in GHG 
emissions since 2016. The data shows that the situation has only worsened under the 
current presidential administration. Many of the promising trends have reversed in 
terms of environmental protection (including deforestation4), economic inclusion and 
social advancements5.  
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Figure 1: Biomes and Regions of Brazil Figure from: Hargreaves, 
Peter (2008) “Phytosociology in Brazil” The Americas Journal of Plant 
Science and Biotechnology 2(2). 6 

 
 

 
1.a.i Sectors that contribute most to GDP in Brazil 
 
The agriculture and livestock sector is the largest contributor to Brazil’s economy at 
just over 26% of national GDP in 2020.1 The sector experienced a growth of 6.1% 
relative to GDP in 2019.7 Industry as a broad category contributes to 17.6% of GDP, 
with construction and energy8 constituting 5.1%. In the service sector, transport and 
storage represent 3.7% of GDP and public services, such as health, education and 

 
1 This figure (26% of national GDP in 2020) includes agricultural industries and services, 
see: https://www.cnabrasil.org.br/boletins/pib-do-agronegocio-alcanca-participacao-de-26-6-no-pib-
brasileiro-em-2020. Brazil’s Institute of Geography and Statistics (IBGE) has a figure of 6% of 
agriculture’s share of GDP in the Brazilian economy. The IBGE limits agricultural GDP figures only to 
the sum of the value of agricultural goods produced and indirect taxes collected on those agricultural 
goods. For more information on IBGE’s methodology, 
see: https://www.cepea.esalq.usp.br/upload/kceditor/files/Metodologia%20PIB_divulgação.pdf.	 
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social security, contribute 15% to the country’s GDP.9 In terms of employment, 10.2% 
of the population is employed in the agricultural and livestock sector. 20.9% in industry 
and 68.9% in services.10.  
 
1.a.ii Sectors that represent growth areas for the country economically (in 
absolute terms, but also as a proportion of GDP)  
 
The current economic outlook for Brazil has been hampered by a recent and prolonged 
economic recession. From 2014 to 2016 the unemployment rate more than doubled 
and has since remained stagnant.11 The effects of COVID-19 then worsened the 
problem with a contraction of 7% in GDP in 2020. However, the sectors that have 
performed and presented opportunities for additional growth include: agriculture and 
livestock, oil and gas, aviation and the financial sector. Agriculture has shown positive 
productivity, economic and export growth since the 1970s and, in 2020 grew by 3% 
despite the prolonged economic recession and contraction due to COVID-19.12 The 
automotive sector has also been growing at around 2%/year due to the country’s 
reliance on car transport for people, goods and services. Consumption of automotive 
has remained steady, as the 6th largest automotive market in the world, despite 
declines in domestic automotive manufacturing.13 Lastly, Brazil also has an emerging 
biotechnology sector, primarily related to agriculture and pharmaceuticals, with major 
multinational and national headquarters in the country that rely on the biodiversity of 
the country for research and development.  
 
1.a.iii. Major trade-flows (goods and services) in and out of Brazil  
 
Brazil’s exports totalled US$230 billion (27th largest in the world), while the country 
imported a total of US$177 billion in goods and services in 2019. The largest exports 
included soybeans (US$26.1 billion), crude petroleum (US$24.3 billion), iron ore 
(US$23 billion) corn (US$7.4 billion) and chemical woodpulp (US$7.35 billion). The 
country’s exports went mostly to China (US$63.5 billion), the United States (US$30.5 
billion), Argentina (US$9.85 billion), the Netherlands (US$9.3 billion) and Japan 
(US$5.6 billion). Brazil is the world’s largest exporter of soybeans, sulphate chemical 
woodpulp, poultry meat, frozen beef and raw sugar.  
 

 
Figure 2: Brazil exports totalled US$230 billion in 2019 Link 
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Figure 3: Brazilian Imports Totalled US$177 billion in 2019 Link 
 

 
Brazil had a positive trade balance of US$53 billion in 2019. However, exports tend to 
consist of raw materials and primary goods, whereas imports are largely value-added 
and manufactured/processed goods. For example, around 10% of Brazilian exports 
are crude oil while about 7% of imports are refined petroleum products. Imports of 
refined petroleum products have increased since 2016 following the privatization of 
some of the national refineries.14 Chemical products also constitute a major share of 
total imports, a majority of which are inputs for the agricultural sector that produces 
primary goods for exports. Lastly, advanced technological products constitute a large 
share of total imports, which are significant value-added imports and reflective of a 
potential future development path for Brazil.  
  
1.b Development Context  
 
1.b.i What are the key development indices for this country?  
 
Brazil’s Human Development Index (HDI) in 2019 was 0.765, which falls in the “high 
human development category” at 84 out of 189 countries and territories.15 Over the 
past 20 years, Brazil’s HDI increased by 24.8 percent from 0.613 to 0.765. However, 
the country’s diverse regions play a significant role in the inequality of development, 
and therefore some context should be added to understand Brazil’s national HDI. 
Historically, high inequalities in land tenure have shaped both human development 
and income inequality.16 For example, the Federal District has the country’s highest 
HDI at 0.824 (around 50th globally) whereas the state of Alagoas is the lowest at 0.631 
(around 130th globally) (see Figure 4).17 Brazil’s GINI index, a measure of income 
inequality, has fallen from 63.3 in 1989 to 53.4 in 201918. Despite the drop in inequality, 
Brazil remains amongst the ten most unequal countries in the world, as measured by 
the GINI index. It is also one of the most unequal countries in terms of land inequality19 
and one of the highest concentrations of land ownership in the world. For example, 
the largest 0.3% of farms (just under 16,000) in Brazil occupy 25% of all agricultural 
land and the largest 10% of farms occupy 73% of total agricultural land (see figure 
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5).20 In other words, large farms in Brazil are truly massive in scale. They are also the 
primary importers of agricultural inputs and exporters of agricultural commodities. On 
the other hand, small or ‘family’ farms21 constitute 77% of total farms but only occupy 
23% of total agricultural land.22. Family farms produce mainly for the domestic food 
market.  
 

 
 Figure 4: Historical Change in Brazil’s HDI from 1991-2010 Link 

Figure from: Atlas Desenvolvimento Humano no Brasil (Human Development Atlas 
of Brazil) 

 

 
Figure 5: Geographical Distribution of the Largest Properties that Occupy 25% of 

Agricultural Land Link 
Figure from: WCMC (2020) “Novel Study Maps out the Inequality of Land Distribution 

and Ownerships in Brazil” Trade, Development and the Environment Hub 
 



 8 

1.b.ii What are the priorities and barriers to enabling sustainable, inclusive and 
resilient growth in Brazil?  
 
Brazil has several key priorities for sustainable, inclusive and resilient growth. Some 
of these priorities vary in importance by region. Combating deforestation remains a 
priority across all regions. Deforestation declined substantially since 2004 but then 
started to increase again in 201223 (see figure 6). Another priority is to combat social 
and economic inequality. Brazil remains one of the most unequal countries in terms of 
income inequality, inequality of land ownership and unequal development between 
regions. An important facet of inequality is the lack of a quality basic income for all. 
Lastly, a reduction on the reliance on input-intensive agriculture, and other forms of 
intensified land use, remains one of the most difficult, if necessary, priorities for a low-
carbon economy.  
 
 
 

 
Figure 6: Historical Deforestation Rates in the Amazon, 1996-2020 

Figure from: Silva Junior, Celso H.L. et al. (2020) “The Brazilian 
Amazon Deforestation rate in 2020 is the Greatest of the Decade” 

Nature Ecology & Evolution 5: 144-145. 
 
Barriers for a transition to sustainable, inclusive and resilient growth include: 1) a lack 
of policy options to counter the economic drivers of land-use change due to 
agribusiness growth throughout most of the country, but most notably in the biomes of 
the Amazon,24, Cerrado25 and Atlantic Forest;2627; 2) the effects of climate change 
pose significant barriers for economic activities,28, including agribusiness,29, and for 
policy to have an impact on resilience and sustainable development,30, which includes 
basic infrastructure for water and the electric grid; 3) high levels of social and economic 
inequality31 remain throughout the country, with the highest levels being in the 
Northeast and Amazonian regions.32 Barriers that are specific to the agricultural sector 
– the most important for Brazil’s economy and a low-carbon future – include: 1) 
uncertainties around the legalities of deforestation; 2) weak institutional capacity at the 
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state level; 3) difficulty of farmers to access credit for investments in low-carbon 
transitions.33. On the second point, there is a diversity of governance at the state level 
throughout the country. Brazil is a federative republic and the state government can 
vary widely in the development challenges and opportunities. For example, the state 
of Amazonas in the North is roughly the same size in area as Western Europe, but 
with far less economic integration and heavily reliant on rivers for transportation. This 
context provides serious challenges for governance, including the delivery of human 
services, enforcement of laws and for an accounting of the tremendous biodiversity 
and implementing tools to conserve it.  
 
1.c Development compatible greenhouse gas emissions (GHGs)  
 
1.c.i Current GHG emissions profile for Brazil 
 
Brazil is one of the world’s top 10 GHG emitters.  

 
• Total annual CO2 emissions were  465.72 million tons in 2019 and accounted 

for just under 1.4 percent of the global total.  
• Total annual GHG emissions, including land use change and forestry, were 

2.17 billion tons CO2e in 2019, a 9.6% increase from the 1.98 billion tons CO2e 
emitted in 201834, driven by high deforestation in the Amazon. 

• Consumption-based CO2 emissions totalled 488.87 tons CO2 (2018) 
• Per capita emissions of 2.21 tons CO2 per person (2019, see Figure 7) and 

GHG emissions of 3.60 tons of CO2e per person (2016)  
• The Brazilian Amazon, long thought to be a net absorber of CO2, released 16.6 

billion tonnes of CO2 while it absorbed 13.9 billion tons from 2010-201935 
 
Brazil’s CO2 emissions by fuels increased rapidly in the past 70 years. However, fuel-
based emissions have been in decline over the last six years. Oil is the largest 
contributor, followed by coal, and then gas in terms of total fuel-based CO2 emissions 
in 2017. The historical trends and recent increases in deforestation in the Amazon are 
of particular concern. Around 16.4% of Brazil’s GHG emissions, and a net of 295 
million tons of net CO2, are due to deforestation and fires occurring in the Amazonian 
region alone in 2017. 36. 
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Figure 7: Per Capita CO2 Emissions for Brazil (1901-2019). Figure from: Our World 

in Data. 
 

1.c.ii Sector-specific GHG emissions from the sectors which are key for 
development in this country 
 
Agriculture is by far the largest GHG emitting sector in Brazil (Figure 8). When 
breaking down the emissions by methane and nitrous oxide, the sector stands out 
even more in terms of emissions (see figures 9, 10).  
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Figure 8: GHG Emissions by Sector in Brazil (1990-2016). Figure from: Our World in 

Data. 
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Figure 9: Methane Emissions by Sector in Brazil (2016). Figure from: Our World in 
Data. 
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Figure 10: Nitrous Oxide Emissions by Sector in Brazil (2016). Figure from: Our 
World in Data. 

 
2. Physical climate change – risks, adaptation and opportunities  
 
2.a Physical climate risk profile  
 
2.a.i Physical climate risks that the country is already facing 
 
Brazil is the largest country in the Central and South American region, which has the 
“highest biodiversity on the planet and a variety of eco-climatic gradients”.37. Nearly 
60% of the Amazon Basin is located within Brazilian borders and 20% of the world’s 
freshwater is located in the country. Brazil has suffered extensively from droughts, 
floods and wildfires throughout the 20th century. Climate has been a key driver of 
these events. But the occurrence and severity of such events is also highly dependent 
on land-use factors such as agricultural expansion and forestry removal practices. 
These risks pose varying degrees of threats to Brazil’s distinct regions, especially 
when considering the rapid and pronounced effects of climate change. The country’s 
Atlantic Forest is one of the world’s three hotspots most vulnerable to climate change 
due to its susceptibility to invasive species and deforestation caused primarily from 
cattle grazing38. The savanna-type biome in the Center-West, an area known as the 
Cerrado, is also highly vulnerable due to the rapid and widespread land-use changes 
caused by agribusiness expansion and loss of original vegetation cover.39. The 
Amazon is experiencing ‘savannisation’ (‘light’ desertification) due to reoccurring 
droughts and rising temperatures40. There is also a clear link between deforestation 
and drought in the Amazon. The conversion of forest to cropland and pastures for 
cattle grazing reduces the level of evapotranspiration that generates regional rainfall 
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patterns41. And the Caatinga semi-arid biome in the northeast of the country is 
experiencing risks from climate change in the form of rainfall variability, extreme 
droughts, land degradation and desertification42.  
 
There are also current risks to the country’s energy infrastructure due to climate 
change. Brazil use of renewable energy resources is four times higher than the global 
or OECD average, but it is heavily reliant on hydropower (65.2% of national total).43. 
Lower and uneven rainfall may affect the production of energy from hydroelectric 
sources,44, whether by drought or damages to the existing infrastructure by flooding45. 
Research thus far has shown that rainfall fluctuations will be highly regional as it 
relates to river basins used for hydroelectric power. For example, river discharge is 
likely to increase in the Northwest (+9%) whereas it will likely decrease in the Amazon 
and Center-West (-15.9%)46. Even more severe discharge decreases are expected in 
the most important river basins for hydroelectric power in the Northeast, including the 
São Francisco river (-26.4%)47. Lowland coastal areas are currently facing 
vulnerability to flooding from inland due to higher and more concentrated rainfall as 
well as higher ocean levels and the increased occurrence of extreme coastal 
storms.48. Most of Brazilian territory experiences a rainy and a dry season (with a few 
exceptions49). These seasonal variations have already become more pronounced.50. 
For example, since 1980, the Amazon Basin has experienced a 0.5°C increase in 
temperature during the dry season.51. Land-use change in the region also altered the 
methane-cycling in soils. The conversion of forest land to cattle pastures is driving 
changes in the microorganisms present in Amazonian soils. Researchers found that 
methane-consuming microorganisms are present in forested soils, but when 
deforested and converted into pastures, these microorganisms are replaced with 
methane-consuming ones, furthering the region from a methane sink to a source of 
methane52. 
 
All of these human-induced changes have driven broader natural cycles that are 
furthering the loss of forests in the Amazon, which has increased the ‘savannisation’ 
of forests and the prevalence of forest fires. Some refer to this process as forest 
‘dieback’ which is a climate-induced change where higher levels of CO2 in the 
atmosphere boost photosynthesis and promote vegetation growth. However, with 
limited water, the effect of higher CO2 in the atmosphere actually reduces the level of 
tree growth resulting in a transformation of forests to savannah-type vegetation. 
Additionally, forest loss is associated with a compounding loss in rainfall in throughout 
the country.53. The term “flying rivers” has been used to describe the process by which 
high-moisture regions, such as the Amazon, exhibit evapotranspiration that supports 
rainfall patterns in other regions of Brazil.54. Throughout the country, climate change 
is also causing further risks to biodiversity and the risk of invasive species 
establishment. Shifts in seasonal precipitation have caused risks to freshwater 
availability in some areas, flooding in others and coastal erosion along the coast. 
Deforestation in Brazil is aggravating broader global trends in temperature and 
precipitation change, becoming a net source of CO2 rather than a carbon sink as 
explained above. The loss of tropical forests in the Cerrado and Amazon biomes, in 
particular, is decreasing evapotranspiration which is accelerating regional temperature 
rises.55. 
 
2.a.ii How these risks are likely to change by 2050 due to climate change  
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Current projections under a business as usual situation for the Amazon, Northeast 
Brazil and Southeast South America are predicting a more than 2°C increase in 
temperatures56 for the Amazon region by 2050, with some models showing a 2-3°C 
increase.57 Therefore, the aforementioned risks are likely to become more severe and 
potentially prolonged. Climate vulnerabilities in the Northeast are likely to worsen and 
will serve as a significant ‘push’ factor in out-migration.58 Furthermore, the existing 
climate and ecological relationships between regions are likely to worsen. For 
example, the Amazon Basin supports a large-scale movement of water vapor from the 
humidity of the Basin to the semi-arid region in the Northeast and supports the 
seasonal rainfall cycles in the Center-West and parts of the Southeast. Higher sea level 
rises could worsen coastal flooding and fragile ecological environments along the mouth of the 
Amazon, such as the newly discovered coral reef.59  
 
2.a.iii What additional long-term climate risks might be incurred before 2100? 
  
Climate change projections point to major increases in heat indices across Brazil for 
all scenarios60. Estimates show that the combination of deforestation and climate 
change could push heat stress exposure beyond human adaptation limits by 210061. 
Without global action to reduce GHG emissions, regional temperatures in South 
America could increase by 4°C or more by the end of the century. There is some 
uncertainty yet on how these temperature increases will vary regionally, both in South 
America and Brazil, based on the IPCC WGI Interactive Atlas62. A group of Brazilian 
academics have warned that such an increase would have varied damaging effects63. 
For example, the Northeast region of Brazil is prone to periodic drought with regional 
projections indicating an increase in dryness by the mid to end of century64, and the 
region has a low level of climate change mitigation infrastructure. A regional 
temperature increase of 4°C could result in an unprecedented and prolonged extreme 
drought that would affect 1,000 different municipalities in the region and many more 
beyond65. Such a scenario would cause severe health issues due to heat and 
devastating losses in harvests, which would be catastrophic for local, regional and 
national food security66.  
 
While extensive and extreme droughts are predicted for the Northeast, the majority of 
IPCC AR6 models project an increase in rainfall for the South and Southeast by 2100. 
The South and Southeast have a higher population density and increased gradients 
due to its mountainous and hilly terrain. Thus, higher rainfall would result in an 
increased susceptibility to flooding and landslides, the latter of which would be more 
pronounced in the regions’ extensive urban areas67. Existing regional climatic 
scenarios of rainy and dry periods would be even further in doubt. Continuous rises in 
sea level would threaten the very existence of several large metropolitan areas and 
would drastically affect the over 60% of the county’s population that lives in coastal 
areas68.  
 
2.a.iii How might different physical, sociological and economic risks and 
vulnerabilities interact? (correlated and cascading risks, multiple interacting 
risks, interconnectivity between these different physical climate risks)?   
 
Although all the risks and vulnerabilities interact to an extent, there are several of note. 
Perhaps the most important for Brazil is the relationship between deforestation, GHG 
emissions and the physical impacts on economic sectors in the country. Agribusiness 
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and livestock are the primary driver of land-use change and deforestation in the 
country. Agriculture represents 80% of all deforestation in the Amazon69 and the 
largest 2% of agribusinesses alone contribute towards 62% of illegal deforestation70. 
At the same time, deforestation poses a present and future risk to the viability of the 
agribusiness and livestock sector by accelerating climate change risks. Both land-use 
change and the agriculture and livestock sector account for approximately 60% of total 
GHG emissions in the country. Therefore, the relationship between deforestation and 
the agriculture and livestock sector is potentially cascading without immediate and 
drastic action. The upshot is that reforestation and a decoupling of agriculture and 
livestock from deforestation presents the opportunity to rapidly change the GHG 
emissions profile in Brazil. In particular, the Atlantic Forest7172 and the Amazon region 
offer the potential to serve as substantial carbon sinks for the globe and drastically 
reduce Brazil’s total GHG emissions. 
 
2.b Sectoral and socioeconomic impacts of physical climate risks  
 
2.b.i Economic sectors listed in section 1.a which are most exposed/vulnerable 
to physical climate risks  
 
Agriculture: This sector’s reliance on seasonality and the environment makes it 
particularly vulnerable to climate risks. As mentioned, there are two generalized sub-
sectors in the Brazilian agriculture and livestock sector: large-scale industrialized 
agribusiness and a smaller-sized family farm/peasant sector. The peasant sector 
refers to a class of rural producers who claim a legitimate right to work land for both 
commercial and subsistence production. Brazil has a rich history of peasant 
movements involved in a struggle over the right to land by occupying underutilized 
lands throughout the country73. Both of these subsectors are vulnerable to climate 
risks, albeit with differentiated risks and opportunities. The agriculture and livestock 
sector is both a contributor and exposed to climate change. Therefore, there is a 
cyclical relationship; mitigation, adaptation and resilience for agriculture and livestock 
need to be considered as a relational process.   
 
Industry: The extractive industrial sector is the most vulnerable to physical climate 
risks. Activities in this sector include: mining, petroleum extraction and the processing 
of raw materials (biofuels, chemicals, cement making). Telecommunications and 
physical infrastructure, primarily roads and ports, also face vulnerabilities to climate 
change, especially in coastal areas and flood plains. Brazil’s industrial sector is largely 
located in the Southeast and coastal region near the major urban areas of São 
Paulo/Santos and Rio de Janeiro. Santos is the country’s largest port. A study 
determined that approximately 70% of Santos lies in “high vulnerability areas” to 
climate change-induced sea level rises, erosion and flooding74. A majority of the 
population in the Northeast region live in coastal cities, where urban coastal zones are 
also prone to erosion caused by sea level rise and increases in wave height75. 
 
Services: Brazil’s service sector is perhaps less vulnerable to climate risks in relation 
to the others. However, the service sector does generate and rely on the energy 
infrastructure, a majority of which is hydroelectric. The hydroelectric sector in Brazil is 
heavily reliant on non-reservoir dams. This makes the hydroelectric infrastructure in 
the country more vulnerable to fluctuations in rainfall. Under current models, drops in 
precipitation are projected to accrue economic losses to the tune of US$5 billion a year 
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until 2100 for hydroelectric companies under a business-as-usual approach to climate 
mitigation76.  
  
2.b.ii Examples of how these sectors may be impacted by climate change 
including any material impacts on trade flows 
 
Agriculture: Much of Brazil’s competitive advantage in large-scale industrialised 
agriculture is due to the ability of farms to employ double – and sometimes triple – 
cropping. However, the ability to realize multiple harvests per year is intimately linked 
to the availability of water, through either rainfall or irrigation, and a reliance on 
chemical inputs. Climate change will likely affect both rainfed and irrigated multiple 
cropping systems.77 95% of crop losses in Brazil’s agricultural sector occur due to 
problems of either drought or floods.78. Chemical inputs are also another dependency 
on fossil fuels, especially in the case of fertilizers. Multiple cropping systems are key 
to Brazil’s agricultural productive capacity and therefore its agricultural exports. 
Climatic shifts may also present opportunities for expanding agricultural exports. For 
example, coffee and sugarcane production could potentially expand to higher 
latitudes.79.  
 
Industry: Brazil has recently suffered two major mining disasters in the state of Minas 
Gerais due to the collapse of tailing dams. The collapses in the towns of Mariana and 
Brumadinho caused the loss of hundreds of lives and are considered the worst single 
damaging event to the environment in the history of Brazil80. Higher and more intense 
rainfall in the region could lead to more risky and expensive mining activities in the 
country. This is due to the shift in subsoil clay content that occurs from open pit mining 
in the region.8182 Mineral exports are responsible for approximately 2.5% of the 
country’s GDP.83. Increasing costs due to changing environmental suitability under a 
changing climate would make Brazil’s mining sector less competitive globally.84. Rising 
sea levels are also a significant threat to industry and the ability of Brazil to export. 
Brazil is home to many of the region’s largest ports in terms of volume. The port of 
Santos in the state of São Paulo is the largest in Latin America and is currently facing 
issues of increased sedimentation, damage to port infrastructure due to more severe 
storms and flooding of equipment.85. Adapting Brazil’s port infrastructure will be 
necessary to maintain the country’s existing trade flows.  
 
Services: Power generation and the energy matrix are the greatest services in Brazil 
at risk from climate change. A majority of Brazil’s energy comes from hydroelectric 
sources. While these sources are renewable and relatively low emitters of GHG, they 
are vulnerable to changes in precipitation and rely on runoff. Prolonged droughts and 
the evaporation of reservoirs are the primary threats to Brazil’s hydroelectric 
infrastructure, potentially resulting in up to a 20% drop in energy production.86. A 
particular region of risk is the Amazon, which holds 73.6% of the country’s surface 
water.87. New forms of renewable and sustainable energy generation will need to 
supplement these losses in energy generation. A less desirable alternative would be 
to rely on regional partners to import energy.   
 
2.b.iii Demographic and ethnographic groups most at risk from climatic 
changes   
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Rapid urbanization and industrialization characterized much of the 20th century in 
Brazil. In just over 40 years, from 1950-2000, the country’s rural-urban divide was 
inversed, from 70% rural in 1950 to 70% urban by 2000.88. As a result of the rapid 
urbanization process, rural poverty translated into urban poverty. The landless moved 
to informal, and often expansive, urban dwellings known as favelas. Favelas have 
been incorporating concepts of environmental sustainability and social inclusivity in 
their design/development but have long been viewed by the government as 
problematic, ‘ungovernable spaces’. A closer look at their innovations for sustainability 
and social inclusion could benefit a net-zero pathway.  
 
Both the rural and urban poor populations are at risk from climate change, and their 
risks are related. For example, changes in rainfall and higher temperatures may make 
droughts more common in some regions which will lead to a drop in productivity for 
farmers and even fires, pushing farmers out.89. However, other regions are projected 
to experience higher rainfall which could increase risks of flooding and landslides.90. 
Informal urban infrastructure in Brazil, such as favelas, are particularly prone to 
flooding, landslides91 and poor water quality.92. The result is that the rural poor may 
migrate to favelas in large urban areas, particularly in the Southeast region where they 
face different risks, yet just as severe.  
 
According to the Brazilian Panel on Climate Change, a group of independent experts, 
residents in the Northeast region are the most vulnerable to climate change.93. It is 
this population that has the lowest income level and most vulnerable environmental 
and housing conditions, as well as a high reliance on agriculture and natural 
resources.94. The Northeast is also where the most severe effects of rising 
temperature and drought are predicted.95. The poorest inhabitants of the country will 
be most vulnerable to climate change. Poverty in Brazil is also correlated with race 
and ethnicity. For example, the poverty rate amongst Afro-Brazilians is twice that of 
those who identify as white.96. When looking at the bottom quintile of poverty in the 
country 49% are Indigenous and 33% are Afro-Brazilian.97. Therefore, not only do 
ethnic groups and Afro-Brazilians constitute a disproportionate share of the overall 
population living in poverty, but they also are more likely to live in extreme poverty. 
Climate changes will most affect the population living in poverty, with a 
disproportionate share of risk being placed on ethnic and racial minorities. This is true 
in a general sense across the country but also when looking at regions with higher 
indices of poverty98.   
 
2.b.iv Broader risks to sustainable development within the 
country/region that arise from physical climate change  
 
Food security: Despite being one of the world’s largest agricultural exporters, almost 
37% of Brazilians are considered food insecure.99 Family farms are the primary source 
for domestic food security in the country, producing almost 90% of manioc, 70% of 
edible beans and a 1/3 of rice consumed in the country.100. A majority of family farms 
are located in the Northeast region, identified as the most vulnerable to climate 
change.101 Family farms are also on the front lines of climate change mitigation, 
adaptation and resilience due to their silvicultural practices, which provide viable 
sustainable alternatives to agricultural production that relies on afforestation102. 
Silvicultural production systems refer to the ”process of tending, harvesting and 
regenerating a forest”103. Climate change poses a risk to family farm production in the 
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country. Such risks threaten to disrupt a key subsector that links poverty alleviation, 
human health, environmental sustainability and social inclusion.   
  
 
2.c Adaptation: Solutions & Opportunities  
 
2.c.i Country specific adaptation and resilience priorities against anticipated 
levels of climate change impacts  
 
Brazil’s current Nationally Determined Contribution (NDC) to the Paris Agreement was 
adopted in 2020. The NDC uses 2005 as a baseline to reduce GHG emissions by 37% 
in 2025 and by 43% in 2030. In order to achieve these targets, the government has 
adopted a series of sectoral plans for climate change mitigation and adaptation.    
 
Agriculture/land use: The Brazilian government launched a “Sectorial Plan of 
Climate Change Mitigation and Adaption for a Low Carbon Emission Agriculture” (Plan 
ABC) in 2010. The Plan has seven different programs: 1) recuperation of degraded 
pastures; 2) Agro-forestry systems; 3) No-till planting systems; 4) Biological nitrogen 
fixation; 5) Reforestation; 6) Animal waste treatment and; 7) Climate change 
adaptation.104. The overall goal of the plan is to “reconcile food security with 
environmental sustainability”105. Over the past decade, Plan ABC has financed about 
US$3.4 billion for each of the programs with varying degrees of success in terms of 
lowering GHG emissions. However, the overall Plan has surpassed its goal of total 
planted area involved (both agricultural land and reforestation). Current estimates 
show that the Plan has the potential to lower agricultural GHG emissions by 133.9 to 
162.9 million tons of CO2, or about 45%, by 2025106.  
 
The Plan still has numerous challenges. For one, it does not transform the 
agribusiness sector in the country. No-till planting systems107 and extensive 
livestock108 grazing both rely on intensive fertilizers and chemical inputs, and 
reforestation goals will still fall short of meeting the necessary requirements to limit 
temperature rise to below 2°C.109 Additionally, the distribution of the Plan’s funds 
throughout the country has heavily favoured richer farmers in the more well-off regions 
of the Center-West and Southeast.110 Therefore, although the plan presents technical 
solutions to climate change, the social and geographical distribution in funds means 
that it likely has limits in its effectiveness.  
 
For land use, the government committed in 2009 to reducing deforestation 80% by 
2020 (using the average of 1996-2005 as the baseline). Despite early gains until 2013, 
deforestation rates started to climb and there was a 34% and 47% increase in 
deforestation in 2019 and 2020, respectively. When considering these most recent 
figures, deforestation is actually 182% higher than the government’s target set in 2009 
(see figure 6).111 Deforestation is overwhelmingly driven by the agribusiness sector 
with only 2% of all farms in the Cerrado and Amazon being responsible for over 60% 
of all illegal deforestation. Close to half of all agribusiness farms are not in compliance 
with the Forest Code (discussed below).112 
 
Industry: In the mining sector, the Brazilian government launched the “Sectoral Plan 
of Climate Change Mitigation and Adaptation for Mining” in 2009. The Plan has the 
following objectives: 1) contribute to reaching the national voluntary guidelines of 
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reducing GHG emissions under the NDC; 2) Strengthen knowledge with respect to 
GHG emissions involved with mining and mining companies; 3) Promote efforts to 
transform good practices of GHG emissions reductions under a national framework; 
4) Influence and stimulate the development of policies that assist small mining 
companies to adopt actions for GHG emission mitigation; 5) Integrate the mining 
sector within national public policies aimed at climate change mitigation and 
adaptation; 6) Develop mechanisms that incentivize a greater investment into 
research and development for small and medium companies in the sector.113 A 
specific plan for the steel industry was launched in 2010 that aims to replace native 
forest charcoal used in the smelters with planted forest charcoal.114 Emissions from 
the mining sector have dropped since a peak in 2012 but only by about 15% until the 
most recent data in 2016.115 
 
The country is also in the process of developing a plan to curb deforestation, 
particularly in the Amazon. It is called Amazon Plan 21/22 and primarily focuses on 
combatting illegal logging and forest fires in the region. Thus far, the plan aims to 
integrate institutions responsible for monitoring and enforcing illegal logging and the 
presence of forest fires, while also promoting civil society actions to support 
sustainable development actions.116 The goal is to revert forest loss to average levels 
observed from 2016-2020 (around 8,700 km2). The plan falls short by not considering 
the role of existing infrastructure in furthering deforestation and fires in the region, such 
as the construction of highway BR-319 in the Western Amazon.117 One of the more 
promising actions of the government to combat deforestation is the adoption of 
payments for ecosystems services at the national policy level in January, 2021 (Law 
No. 14.119, January 13th, 2021).  
 
Services: One of Brazil’s achievements over the past 15 years has been the 
expansion of biofuels to replace oil-based fuels for automobiles and road transport. 
Biofuel use grew by about 8% a year until reaching about 50% of replacing traditional 
oil-based fuels such as diesel and gasoline. That figure stands in contrast to the rest 
of the world where only about 3% of biofuels replace oil consumption.118 However, 
biofuel production and consumption is now in decline.119. There are also doubts about 
the overall sustainability and inclusivity of biofuels as they tend to rely on large-scale 
industrial monocropping.120. In 2003, the government launched a program called 
“Energy for All” (Luz para Todos) that subsidized the costs to expand access of rural 
families to the energy grid. The program was largely successful and today Brazil’s 
energy grid reaches 99% of the population.  
 
In the energy sector, Brazil’s Ministry of Mines and Energy launched a plan in 2018 to 
contribute towards the country’s NDC. The plan has several goals to achieve by 2025: 
1) to increase the total share of bioenergy to 18% of the total energy matrix; 2) to reach 
23% of total generation coming from wind, solar and biomass electricity generation 
and 66% of hydroelectric; 3) to gain 10% in terms of electric efficiency; 4) to reach 
45% of all energy in the national matrix to be renewable.121  
 
As a part of the original commitments to reduce GHG emissions in 2009, the Brazilian 
government established a Climate fund to finance the National Climate Policy 
Plan/NDC. However, the fund is currently at the center of an intense political debate 
and legal case. In June of 2020 four political parties launched a legal case against the 
current presidential administration that claims only US$141,000 of the fund’s US$1.6 
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million was allocated in 2019122. Therefore, while the legal case will be played out, 
uncertainties have been raised around the current presidential administration’s 
commitment to ensure the implementation of the country’s climate change policies in 
a consistent and legally binding manner.   
 
2.c.ii Current/future solutions which have the potential to satisfy adaptation 
needs, including transformation   
 
Many of the environmental policies developed by previous administrations in the 
previous decade have been discontinued under the current administration123. The 
arena that has suffered with regards to climate change, in rhetoric and practice, has 
been deforestation in the Amazon124. Notwithstanding the revised NDC, Brazil 
continues to uphold the voluntary commitments GHG emission reductions agreed 
upon at the Paris Agreement. Yet, there are several current and future solutions that 
can improve climate adaptation in the country.  
 
Agriculture and livestock: there is a need to rapidly decrease the reliance on 
external inputs for agricultural production and livestock grazing. In the former, Brazil 
is the world’s largest consumer of both fertilizers and pesticides. Not only does this 
appetite for inputs serve large-scale monocropping that is vulnerable to climate 
change, but it is also damaging the health of producers and consumers125. Livestock 
grazing in Brazil is the most extensive grazing operation in the world, covering 20% of 
all Brazilian territory126. Around 70% of all cattle grazing is on an imported tropical 
grass known as Brachiaria, which relies on fertilizers to correct the acidic soils of the 
Amazon and Cerrado. This has resulted in estimates of up to 80% of all cattle grazing 
soils being considered degraded and increased methane emissions from both the 
cattle and changes in soil microorganisms127128. Solutions include: mixed-cropping 
systems (i.e. agroforestry, silviculture and other permaculture practices129); improved 
soil management; land reclamation; reforestation of tropical forests (particularly in the 
Cerrado and Amazon130); import tariffs on agricultural inputs; subsidised credit for 
family farms131; the enforcement of the Forest Code and; land reform. The Landless 
Workers’ Movement (MST) is the world’s largest rural social movement in the world 
and has been a leading political figure in the fight for land reform in Brazil. Government 
legal and financial support for the MST’s activities of settling families in underutilized 
areas would be one way to facilitate a socially-inclusive land reform policy. The current 
presidential administration has taken a strong stance against both agrarian reform and 
the activities of the MST. Nevertheless, the MST has demonstrated the 
administration’s lack of social protection measures for vulnerable rural populations and 
has served as a key network of solidarity and social support during the Covid-19 
pandemic132. 
 
Land use and natural resources: One of the widely recognized achievements of 
Brazilian legislation in combating land use change and deforestation is the Forest 
Code. According to the law, farmers must maintain a percentage (35-80%) of their 
land untouched to remain under its native vegetation. In the Amazon, this percentage 
is as high as 80%. However, the Brazilian government has historically not enforced 
this quota by prosecuting non-compliance. Part of the reason for this is due to 
problems in the land registry to locate landowners133 but the logic of saving a portion 
of land while degrading the rest has also shown to not be effective in conserving 
biodiversity134. A more holistic approach is needed that supports productive activities 
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with environmental conservation. Examples of more sustainable forms of extractivism 
are present throughout Brazil, but lack political support and are limited due to the 
economic subjugation of the environment135. Ideas of and support for sustainable 
extractivism include: minimum income for producers to engage with more sustainable 
methods of agriculture and extraction; ecosystem services; agroforestry; subsidised 
local food systems (including school meals, linking family farm production with local 
and regional food insecurity136); the participation of civil society and local stakeholders 
in extractive activities, such as mining137. 
 
Physical infrastructure: The existing port infrastructure will need to be updated to 
account for rising sea levels and the prevalence of increasingly severe coastal storms 
(and the associated storm surges, potential flooding and runoff/sedimentation)138. 
Adaptation measures include: reinforcing storm walls, docking facilities and the 
construction of levees and dams for coastal urban areas. The government should 
conduct further scoping studies on the possibility of building a passenger rail network 
throughout the country and expand the existing, but limited, transport rail network. 
Electric rail could draw on the hydroelectric capacity of the country to provide a truly 
low carbon transport infrastructure. The Brazilian government recently launched a 
green bond program with close to US$3 billion in investments to expand the rail freight 
network, mostly directed for the transportation of agricultural goods139. In addition, 
Further studies need to be conducted on the improvement of the existing road network, 
but also with complementary research on the link between the expansion of roads with 
increasing deforestation and other extractive activities. Road washouts are a common 
occurrence in much of the country but could get worse with more intense rainfall in 
shorter periods of time140. Adaptation measures include: enhanced road monitoring 
and forecasts, investments in bridges and raised roads and the construction of natural 
erosion barriers.  
 
Energy generation: Brazil’s hydroelectric infrastructure is a relatively low-carbon 
source of energy. However, it relies mostly on dams that harbour low to no reservoirs. 
Regional changes in rainfall means that the country needs to construct dams that build 
reservoir capacity during times of high rainfall to maintain energy generation during 
prolonged dry periods. Brazil has diversified its renewable energy matrix with the 
development of wind power in the Northeast. Studies demonstrate that the region 
could sustain further expansion of wind turbines in the region, which has high wind 
capacity year round141. Another future solution to expand low-carbon electric 
generation in the country is to build a solar network in the Northeast. This region’s 
semi-arid climate presents opportunities for extensive and intensive solar plants that 
could even be built and maintained with local labour, which would provide high-paid 
employment opportunities to the poorest region of the country142. Household solar 
units could also be a solution and, if they are manufactured in Brazil, could offer 
employment opportunities and domestic innovation.     
 
2.c.iv Locally specific emerging sectors that might be of future importance 
for adaptation and mitigation  
 
Circular and social bioeconomy: Current and future solutions exist to more 
sustainably exploit the rich biodiversity found throughout Brazil’s five major biomes. In 
particular, developing a bioeconomy in the Amazon could be more socially inclusive 
and environmentally sustainable than current trends of agribusiness expansion and 
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deforestation. The bioeconomy refers to the application of biotechnologies to 
understand and create value out of the region’s rich biodiversity, which include: food 
and drinks, cosmetics, traditional and natural medicines, other pharmaceuticals and 
knowledge143. The bioeconomy presents a solution to develop bio-based products, 
instead of fossil-fuel based ones, across these sectors with the potential to also fuel 
innovation in the country144145. Traditional and indigenous populations are part of the 
solution. Under the bioeconomy, knowledge and technologies extracted from the 
region are based on the principle that Indigenous populations hold the intellectual 
property to nature in the region. Any products or knowledge generated will then 
provide them with the opportunities to benefit economically from royalties as well as 
employment opportunities in the construction of an emerging biotech sector146. 
Reforestation and environmental conservation is central to the creation of a 
bioeconomy because biodiversity and native vegetation is at the heart of its 
functioning.    
 
The state of Paraná in the Southeast region is building the country’s first waste-
generated power station that will use 1,000 cubic meters of sewage sludge and 300 
tons of organic waste per day. The plant will also convert organic waste into 
biofertilizers and hopefully produce biodegradable plastic bags. The power generated 
from the plant will produce enough energy to supply 2,000 households in public 
housing projects147. Although Brazil is still behind many other countries in waste-to-
power circular economies, this plant in Paraná could offer a desirable path for other 
areas in the country. Over 10% of waste in Brazil is disposed in open air dumps. There 
is a high potential capacity for circular options of waste-to-energy in the country. A 
proposal to build another energy plant in the Southern state of Santa Catarina is 
underway and other state and municipal governments in Brazil may soon explore the 
option too148. Financial support from the federal government could give a boost to the 
currently dispersed proposals.    
 
Nature-based solutions (NBS): These current and future solutions rely on the 
protection, management and restoration149 of biodiversity in Brazil, including the 
Cerrado savannas, forests in the Amazon and Southeast, and the semi-arid regions 
in the Northeast. Brazil has the largest carbon sink in the world with the tropical forests 
of the Amazon. Therefore, immediate steps to protect, manage and restore its forests 
can play a crucial role in reducing CO2 emissions globally. NBS includes: ecological 
engineering; ecosystem-based adaptation; ecosystem-based disaster risk reduction; 
green/blue infrastructure; integrated land management; agroforestry; agroecology; 
forest and landscape restoration; reduced emissions from deforestation and 
degradation (REDD+)/ecosystem services; natural climate solutions; nature’s 
contributions to people; nature’s contribution to adaptation and; managed 
realignment150. One example of NBS in Brazil can be found on the Madeira River, the 
Amazon’s largest tributary by discharge. The Madeira River is one of the world’s last 
remaining major rivers without any managed navigation channels (i.e. dams, locks, 
canals or dredging). On the Madeira River, an international collaboration is underway 
to support sustainable management of the river in consultation with local populations 
that will maintain the natural flow of the river without building navigation channels. The 
approach uses a Working with Nature philosophy of identifying safe passageways on 
the river without altering its flow151.  
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Social and Solidarity Economy: What Social and Solidarity Economies (SSE) do is 
promote “spaces of autonomy” for communities to establish alternative economies to 
the neoliberal model, which has historically excluded a large share of the Brazilian 
population. SSE is based around organizing economic activities for social profitability 
instead of financial profits. Brazil has a rich history of establishing a range of SSE in 
different municipalities in order to promote community development and poverty 
reduction152. There are several components that can help support SSE as a solution 
for more sustainable development and climate adaptation and mitigation in Brazil. 
Incubators, public funding for enterprises and public education can help generate 
human and financial capacity to support the growth of SSE throughout the country153. 
SSE principles also embrace circular economies to reduce and reuse otherwise 
discarded materials by basing them as their social, rather than economic, value154. 
Through community-led initiatives, SSE is envisioned as a desirable social platform to 
achieve the Sustainable Development Goals (SDGs)155. In Brazil, SSE have 
established important linkages with sustainable agricultural production and food 
markets in the country, as well as the expansion of agroforestry networks in the 
Amazon region156. 
 
3. Development compatible transition – risks, mitigation and opportunities   
 
3.a. Socioeconomic and sustainable development risks of a net zero transition   
 
3.a.i How different demographic and ethnographic groups would be impacted 
by a net zero transition   
 
Deforestation, land-use and large-scale industrial agriculture contribute to an over half 
of GHG emissions in Brazil at 55%. Therefore, at a general level, more wealthy rural 
populations would be most negatively impacted whereas a majority of the urban 
population would benefit. As agribusinesses are the primary drivers of deforestation 
and land use change, they can contribute to the most drastic reductions in emissions. 
Measures to stop deforestation and limit the use of inputs would mean a loss in 
revenues for agribusiness in the short term.    
 
A net zero transition could increase rural-urban migration if agriculture (and 
agricultural wages) sees an increase in production costs. This is especially the case if 
small and medium-sized producers are excluded from compensatory schemes, such 
as payments for ecosystems services157. A further increase in translating rural poverty 
to urban poverty could put pressure on both existing and the potentially incoming 
favela residents, especially in the largest cities of the country158. Small and resource-
poor rural dwellers face systematic barriers to gain legal access to land and to the 
resources upon which they make their livelihoods159. Any net zero transition should 
consider these systematic legal barriers in order to be more inclusive. Additionally, 
studies have shown that the concentration of land speeds up deforestation rates, 
particularly in the Amazonian region160. The most unequal states and those with a high 
incidence of poverty will be most immediately impacted by a net-zero transition. This 
includes populations that live in the Northeast, North and Center-West regions161162.  
 
Depending on the nature of the transition, Indigenous groups could potentially not 
receive adequate monetary or in-kind compensation for their knowledge and services 
in the bioeconomy and different forms of nature-based solutions. Indigenous reserves 
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in Brazil have historical precedent, even if they are limited in their territorial and 
anthropological reach. The expansion of existing reserves and the creation of new 
ones would have the dual effect of forest conservation and cultural preservation. If 
coupled with a payments for ecosystem services scheme, then Indigenous reserves 
could also serve as a social protection program as well. In the early 2000s, raises in 
the minimum wage and social policies propelled a rise in what some scholars have 
termed a “new middle class” in the country163. However, many of the successful social 
welfare policies were dismantled starting in 2016 under the current government. 
Market disruptions are likely in the energy and food sectors. This could likely lead to 
higher prices for cooking gas, electricity, basic food baskets and fuel for transportation, 
which have already been increasing substantially over the past five years due to 
inflation164. 
 
3.a.ii Risks to broader sustainable development within the country/region that 
could arise   
 
If the co-benefits of transition financing are not clearly articulated this could be framed 
by the Brazilian government as a rationale for scaling-back budget allocations in other 
crucial areas such as healthcare, education and other public welfare programs165. A 
rollback of social services could threaten the political viability of a net-zero transition. 
The government will need to carefully manage the transition to ensure that the 
inclusion of vulnerable populations is accompanied by education and training to be 
suitable for the new employment opportunities in a net zero economy.   
 
There are also trade-offs in the development of new infrastructure and technologies. 
Low carbon technologies, such as hydroelectric power and transport rail networks 
could help reduce emissions in the short-term; however, they may also result in 
furthering deforestation, the loss of livelihoods and natural resource extraction. On the 
one hand, passenger rail, in particular, would be more beneficial all around, as 
resource extraction is indirectly linked to the movement of people. On the other hand, 
efficient passenger rail would also lower emissions by replacing car transport. One 
study found that even just the use of freight rail would reduce GHG emissions by up 
to 77.4%, be up to 43.5% more fuel-efficient and up to 80% cheaper than relying solely 
on roads166. The expansion of infrastructure could have trade-offs with existing 
vulnerable groups that are more isolated. For example, Indigenous populations would 
benefit by the new connections and economic opportunities of integration, but 
agribusinesses and other extractive activities may also arrive with newer, more 
efficient transport networks. The active participation and prior and informed consent 
of vulnerable populations could help minimize the impacts and maximize the co-
benefits.  
 
3.b Just Transition   
 
3.b.i What are the priorities for enabling a just transition in this country?   
 
Brazil is home to an extremely diverse population and characterised by extreme levels 
of inequality and poverty. Therefore, poverty reduction and combatting inequality is a 
priority. Solutions such as the bioeconomy and NBS need to involve relevant 
stakeholders in an inclusive manner – including Indigenous, traditional peoples and 
Afro-Brazilians. Any broad-based net-zero future for Brazil will necessarily involve the 
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meaningful participation of these historically marginalised populations. Cash transfers 
and other poverty alleviation programmes enacted over the previous two decades had 
important spill-over effects on reducing climate-based stresses167. Increased incomes 
allow those living below the poverty line to diversify their economic activities and 
become less reliant on natural resource extraction. Another priority is to reform the tax 
system. Brazil has a highly regressive tax system based largely on consumption. 
Changes to tax the energy sector, land/real estate, finance and GHG emitting 
industries, perhaps through inheritance and carbon taxes, could enable a more just 
transition168.  
 
In addition to income inequality, Brazil is one of the most unequal countries in terms 
of access and ownership of productive resources (i.e. land, water, credit). These 
inequalities are especially pronounced in rural areas and the regions of the North and 
Northeast. Policies such as land reform and subsidized credit for small and medium 
rural producers would have the dual effect of supporting poverty reduction and food 
security. 
 
Brazil’s public research infrastructure is a priority for enabling growth in the 
bioeconomy and the productivity of small rural and urban entrepreneurs. In the case 
of the bioeconomy, public research can help ensure transparency in the participation 
of Indigenous and traditional communities, while also maintaining knowledge and 
technologies generated remain public goods for Brazilian society. Public investments 
in science and technology can also further innovation in the circular and bioeconomy, 
such as sustainable agriculture, natural synthetics, cosmetics and pharmaceuticals169.   
 
3.b.ii What are some examples of future opportunities that could enable a just 
transition in this country, including adaptation to transition risks?   
 
The government could expand and create new participatory institutions at several 
levels. For example, the Brazilian city of Porto Alegre has been a model case in 
developing participatory budgeting at the municipal level170. In the arena of food 
security, the federal government established a participatory forum where civil society 
leaders were able to interface with ministries on the development of policies for food 
and agriculture171. Such institutions would facilitate a more participatory process of 
enacting the transition, as well as ensure more broad-based public support in the long-
term.  
 
Migration of people across regions could also provide future opportunities in terms of 
fulfilling employment needs in both rural and urban spaces. For example, more labour-
intensive agriculture has been shown to be more productive for food (per calorie), 
more sustainable, supportive of higher incomes and attentive to the local dietary 
preferences of the population172173. Reforestation combined with settlement can also 
provide future opportunities for agricultural growth in areas that are currently already 
experiencing risks from climate change, such as the Amazon. Peasants and 
smallholders in the Amazon have the capacity to generate productive systems that are 
more sustainable, productive and contribute towards the food security needs of the 
Brazilian population174. The term peasants in Brazil has long been connected to a 
political claim to land for those who work it175. Existing peasant movements, such as 
the aforementioned MST, provide a social platform to engage peasants and the rural 
poor in other economic inclusion activities. For another example, a new energy 
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infrastructure, especially solar, could also provide employment opportunities in the 
semi-arid Northeast region under cooperation with social movements..   
 
In urban areas, informal communities (favelas) are already providing solutions for 
more sustainable development by building solidarity networks, organic architecture 
and the promotion of public use spaces. However, a transition will provide future 
opportunities for income generation. Initiatives such as ecosystems services and 
nature-based solutions can provide a more just transition that has long-term benefits 
for infrastructure development and climate adaptation176. Public financing of green 
buildings for vulnerable population could reduce GHG emissions and attend to the 
housing needs of some 20 million people currently living under informal conditions. 
Additionally, by compensating poor urban communities for the ecosystem services 
employed within them, more vegetation will help mitigate the risk of floods, landslides 
and help lower local temperatures.  
 
3.c Sectoral and socioeconomic impacts of a development compatible transition 
under each of the following transition pathways   
 
• Steady, orderly, persistent transition pathway   
 
Brazil has been leading the developing world in terms of voluntary commitments to 
reduce GHG emissions. However, the current commitment to the Paris Convention is 
to reduce GHG emissions by 43% in 2030, using 2005 as a baseline. Therefore, a net 
zero pathway could potentially be another 70-80 years if following the same timeline 
as the Paris Convention commitment. Nevertheless, Brazil has a substantial capacity 
to serve as a carbon sink and the deployment technologies such as carbon capture 
and storage associate with biomass could rapidly change the current outlook177. The 
combination of an accelerated reduction in GHG emissions and sectoral commitment 
on behalf of public financing and the private sector would make a transition pathway 
possible. However, the agricultural sector will likely suffer the most severe of the 
impacts. Agribusiness and livestock account for a majority of deforestation and GHG 
emissions within the sector178. For example, soybeans, corn and sugar cane 
accounted for 84.4% of total cropland area in 2017179. Under a net zero transition, 
soybean area alone would reduce by almost 40% by 2050 with a 34% decreased 
share in export volume. For corn, the cultivated area would reduce by 37.5% and a 
drop in export share by 31.9% with the same 2050 goal. Sugar cane, however, is 
predicted to grow in cultivated area by 5.4% due to the use of biofuels180. Thus, there 
will be significant challenges for large-scale producers with a few opportunities to 
transition towards other crops. 
 
The energy sector, however, is projected to meet and perhaps even exceed the 
required reductions in GHG emissions to meet the 2030 commitment181. Additionally, 
Brazil is in a favourable position to achieve net zero emissions ahead of the global 
average due to the capacity of forest and reforested areas to serve as a carbon sink182. 
Brazil‘s independent panel on climate change has submitted a zero carbon plan  by 
2060183. However, that plan has not yet been adopted by the current government. 
Then, at the end of 2020, the federal government announced that such a goal would 
be possible if other countries would contribute US$10 billion a year, specifically aimed 
at land use change and curbing deforestation184. Therefore, a steady, orderly and 
persistent transition pathway will be reliant on reductions in GHG emissions from the 
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agriculture and livestock sector as well as land use. As discussed above, these two 
sectors are intimately related.  
 
• Late, disorderly transition pathway  
 
A late and/or disorderly transition is a significant risk to Brazil’s most important 
economic sectors. Studies have shown that agricultural growth and the value of 
agricultural exports have actually increased while deforestation decreased185. Further, 
as previously discussed, increased GHG emissions from deforestation will increase 
risks of climate change on the agricultural and livestock sector. Such a transition would 
limit land availability for production and drive further the degradation of lands on the 
Amazon-Cerrado frontier. Some researchers refer to deforestation in the Amazon as 
having a ”tipping point” where a 20-25% loss in vegetation would result in the region 
transforming into a savannah ecosystem186. Any efforts to reset the rainforest 
ecosystem would be lengthy and extremely costly, both to reforest and due to the 
environmental damages caused to other regions and economic sectors. 
 
In other words, land use and agriculture are intimately connected in any pathway. A 
disorderly pathway to reductions in GHG emissions in either of them would disrupt the 
other and result in economic losses and regress previously achieved reduction goals. 
A failure to avoid the “tipping point” would further the economic losses and costs to 
maintain the Amazon as a functioning ecosystem and its ability to serve as a carbon 
sink.   
 
3.c Sectoral Impacts   
 
3.c.i Sectors mostly likely to be impacted by a net zero transition, including any 
material impacts on trade flows, and considering both risks and opportunities 
 
Agriculture and livestock: As mentioned, there are generally two broad subsectors 
within agriculture and livestock: large-scale agribusiness and small to medium family 
farms. The former comprises productive systems primarily for export and are also the 
largest producers of GHG emissions within the sector187. Agribusiness, primarily in the 
livestock sector, is also the primary driver of deforestation. Therefore, the greatest 
risks of a net zero transition are for agribusiness and livestock. The costs associated 
with a net zero transition could have a significant impact on trade flows as the 
agribusiness subsector comprises 40% of total exports for the country188. These risks 
could come in the form of broad-based reforestation, which would have the dual effect 
of removing emissions and adding to the capacity of the country’s carbon sink. 
Additionally, land redistribution would support employment generation and the 
expansion of smaller-scale, and potentially more sustainable, farming systems. The 
family farm sector in Brazil produces primarily for the domestic food market. There are 
much fewer risks on the family farm sector for a net zero transition and very little impact 
on trade flows. On the contrary, the family farm sector could capitalise on a net zero 
transition by increasing productivity of agroforestry and other diversified farming 
systems.  
 
Land use and natural resources: Land use is closely tied to the agriculture and 
livestock sector. However, it also involves the logging industry, firewood for cooking, 
biomass extraction and other minor economic activities. A net zero transition signifies 
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impacts on the land use sector by reclaiming, protecting and restoring forests and 
other native vegetation. Brazil’s exports from land use are relatively minor; however, 
the connections to the agriculture and livestock sector mean that conservation of land 
will impact the trade flows of that other sector. There are risks that the conservation 
strategies could exclude Indigenous and other traditional communities who rely on the 
environment for their livelihoods and identity. Yet, there are also opportunities to 
involve them with initiatives such as the bioeconomy and nature-based solutions. An 
inclusive net zero transition would involve the participation of Indigenous and 
traditional communities from design, implementation and evaluation. There are also 
opportunities to implement a registry for products that can be considered 
“deforestation free” for domestic and foreign markets. This would help incentivize 
agribusinesses to capture market opportunities and it would help inform consumers of 
how their consumption is connected to land use in Brazil189. 
 
Brazil is the world’s second largest producer of iron ore and a global leader in other 
minerals. A net zero transition will not have a substantial effect on mineral exports for 
the country. However, more sustainable and socially inclusive mining could present 
some opportunities. For the former, more efficient water use and lower-impact land 
use change, based on land restoration, can result in better practices for extraction of 
minerals that consider long-term investments on the land and its local inhabitants190. 
The participation of local stakeholders, especially Indigenous and traditional peoples, 
can provide opportunities for employment, a stake in the productive extraction and 
linkages between mining operations and local knowledges.   
 
Physical infrastructure: Brazil’s physical infrastructure continues to vary drastically 
by region, both in terms of type and condition. For example, water is the primary mode 
of transport in the North region whereas roads dominate elsewhere. In the Northeast, 
the road transport infrastructure is severely dilapidated in areas, and especially in 
more sparsely populated rural areas. The country’s largest ports were historically built 
by public funds and, until recently, were managed by public companies. Almost 95% 
of Brazilian cargo is transported through the some 215 ports in the country, with the 
port in Santos, São Paulo managing 40% alone191. A net zero transition presents 
opportunities to modernise the port infrastructure, which is considered vulnerable to 
climate change. However, the potential negative effect of a net zero transition on the 
agriculture and livestock sector could result in less cargo and, ultimately, lower 
revenues for the maritime transport industry.  
 
The domestic transportation matrix in Brazil relies primarily on roads (61%) and only 
20% of transportation occurs via rail192. A net zero transition offers opportunities to 
minimise GHG emissions by investing in the country’s rail infrastructure. This could 
include urban commuter rail, cargo rail and intercity rail, the latter of which is 
completely non-existent at present. A more extensive rail network could present 
opportunities for lower cost transportation of goods, a comparative export advantage 
in other key sectors and economic integration of major urban centres. The ‘industrial 
triangle’ of São Paulo, Rio de Janeiro and Belo Horizonte contain a combined 
population of around 40-50 million people and are less than 500 km between each 
other. However, a current reliance on roads means that travel between them can take 
anywhere from 5-8 hours. Investments in Brazil’s physical infrastructure presents 
numerous economic opportunities under a net zero transition. 
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3.d Development compatible emissions: Solutions & Opportunities   
 
3.d.i Current/future solutions that can enable development-compatible 
emissions reduction in this country (in line with the SDGs)   
 
Agriculture and Livestock/ Land use and Natural Resources:  
 
Agroecology: Brazil is a leading country in advancing the agroecological production. 
Agroecology is a form of agricultural production based on 13 elements: 1) recycling; 
2) input reduction; 3) soil health; 4) animal health; 5) biodiversity; 6) synergy; 7) 
economic diversification; 8) co-creation of knowledge; 9) social values and diets; 10) 
fairness; 11) connectivity; 12) land and natural resource governance; 13) 
participation193. Brazil currently has a network of agroecological movements and 
farmer cooperatives, but funding for research and credit to make an agroecological 
system is currently lacking194. However, agroecological production offers an existing 
and future solution for both climate change adaptation, mitigation and a net zero 
transition195. Each of the 13 elements of agroecology are based on the productive 
capacity of small to medium producers who present locally-adaptive systems, with the 
co-creation of knowledge for future innovation. Supporting resource-restricted farmers 
also has the dual benefit of poverty reduction (SDG1) and ending hunger (SDG2). 
 
Food Sovereignty: The food sovereignty movement is based on “the right of peoples 
to healthy and culturally appropriate food produced through ecologically sound 
and sustainable methods, and their right to define their own food and agriculture 
systems”196. It can serve as a complementary governance framework to agroecology. 
Whereas agroecology is primarily concerned with the production of food, food 
sovereignty is a platform to engage the population in democratising the food system. 
In Brazil, the current legal framework of the “right to food” already presents a 
governance platform to enact future solutions around food sovereignty on a national 
level197. However, the “right to food” in Brazil is currently limited in its institutional reach 
to enact more broad-based and localised citizen participation in the design of food 
systems. Food sovereignty presents a framework to support ending hunger (SDG2) 
and good health and well-being (SDG3).   
 
Physical infrastructure:  
 
Water and sanitation: Nearly half of Brazilians don’t have access to sewage systems 
of treatment. This shortcoming is especially pronounced in urban areas and favelas. 
Sustainable water and sanitation systems would help support the more efficient use 
and recycling of water in the country. The country has a current average water loss 
rate of 37% due to leakages, poor management and theft198. The current and future 
solutions include: water capture and collection; improved water storage; water 
treatment; ecological restoration and management. The Northeast region of Brazil also 
presents opportunities for expanding the existing effort to build water cisterns for rural 
populations. This region’s vulnerability to drought means that cisterns can provide 
residents with the opportunity to build resilience by collecting and storing water199. 
These solutions contribute to combatting poverty (SDG1), ending hunger (SDG2), 
good health and well-being (SDG3) and clean water and sanitation (SDG4).    
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Other current and future solutions in physical infrastructure include: green bonds for 
financing low carbon transport; expansion of digital communication networks; inter and 
intra city rail; ‘green’ buildings and green belt initiatives. A ‘greener’ transportation 
network could help to decrease Brazil’s imports of gasoline and diesel, as well as limit 
the production of monoculture biofuels such as sugar cane and corn.  
 
Energy generation: Brazil’s energy sector is one of the lowest emitters of GHG 
amongst major countries. The reliance on hydroelectric sources does present some 
risks under current climate scenarios. Therefore, some current and future solutions 
include: reservoir-based hydroelectric; local stakeholder participation in all energy 
projects; socially-inclusive solar in the Northeast region; expansion of wind farms in 
the Northeast region; Bioenergy with Carbon Capture and Storage (BECCS)200. One 
of the challenges with BECCS in Brazil is that a majority of the biomass produced in 
the country comes from large-scale industrial agriculture. There are both social and 
environmental trade-offs with the BECCS model. Therefore, a just transition involving 
BECCS would also likely involve a suite of public policies, including an enforceable 
Forest Code, cash transfers and research and development into permaculture 
biomass production201. All of the current and future solutions for energy generation 
contribute to combatting poverty (SDG1), good health and well-being (SDG3) and 
clean water and sanitation (SDG6).  
 
3.e Likely co-benefits and trade-offs of the solutions and opportunities 
identified, including, where relevant, in the context of the Sustainable 
Development Goals  
 
Agriculture and livestock/Land-use and natural resources: These two sectors 
have numerous co-benefits and trade-offs. The co-benefits are clearest when looking 
at solutions to deforestation. Land-use changes away from large-scale agribusiness 
and livestock and towards ecosystem services will reduce deforestation and result in 
multipliers for better environmental and climatic conditions for the agriculture and 
livestock sector202. Additionally, a focus on more sustainable production methods, 
such as agroecology, would have benefits for human health, food security and poverty 
reduction203. An important trade-off is the potential economic risks of transitioning 
away from export-led agricultural growth, and especially key global commodities (i.e. 
soybeans, beef, coffee, corn) and towards more diverse production204. A potential 
benefit would be more high-value crops and the potential to capitalize on increased 
dietary diversity within the domestic market205. The circular and bioeconomy can 
provide inclusive growth opportunities for Indigenous and traditional peoples as well 
as growth for scientific innovation.  
 
Physical infrastructure: Improved access to and efficient use of water and sanitation 
will have co-benefits with other sectors, such as agriculture, livestock and energy 
generation. A low-carbon transport network will also reduce car and truck travel that 
can improve congestion, especially in major urban centres, and result in better air 
quality for human health and agricultural production. More integration between 
population centers can provide economic opportunities and more efficient 
transportation of goods and services.  
 
Energy generation: More sustainable and renewable energy sources will further 
improve air quality and have the opportunity to lower prices if complemented with 
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developments in the electric grid. For the Northeast, in particular, the installation of 
wind and solar generation units could provide an additional source of employment for 
residents, and a source of technological innovation for energy companies and the 
public sector.     
  
4. Definitions of key terms 
 
Mitigation The lessening of the potential adverse impacts of physical hazards through 
actions that reduce hazard, exposure, and vulnerability.   
   
Adaptation The process of adjustment to actual or expected climate and its effects, in 
order to moderate harm or exploit beneficial opportunities.   
   
Resilience The ability of a system and its component parts to anticipate, absorb, 
accommodate or re- cover from the effects of a hazardous event in a timely and 
efficient manner while retaining the same basic structure and ways of functioning, the 
capacity for self-organization and the capacity to adapt to stress and change.   
   
Vulnerability The degree to which a system is susceptible to, or unable to cope with, 
adverse effects of climate change, including climate variability and extremes.   
   
Risk The potential for consequences where something of value is at stake and where 
the outcome is uncertain, recognizing the diversity of values. Risk is often represented 
as probability or likelihood of occurrence of hazardous events or trends multiplied by 
the impacts if these events or trends occur.   
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