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Abstract. In recent years, global warming has significantly altered weather patterns in many
countries. Brazil, home to the biggest tropical rainforest on Earth — the Amazon Forest, has
experienced an uptick in extreme climate events, which has increasingly captured global
attention. Human activities may contribute to phenomena such as the greenhouse effect, acid
rain, and the depletion of the ozone layer. Additionally, the increasing frequency of extreme
weather events has led to issues related to agricultural yield, infectious diseases, and other related
problems. This article primarily explores the changes in climatic conditions of the Amazon
Forest in Brazil and the measures the government ought to take. Through a review of the
literature, this report examined the changes in temperature, precipitation, vegetation coverage,
and fire in the Amazon Forest in Brazil in recent years, as well as the interconnections among
these factors. Besides, this article also offers recommendations for addressing the more severe
drought and frequent fires in the Brazilian Amazon Forest.
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1. Introduction

The Amazon Rainforest, often referred to as the lungs of the planet, generates nearly 20% of the world's
oxygen. Brazil is home to around 60% of the Amazon rainforest. While most of Brazil's population is
concentrated along the southeastern coast. However, in recent years, with the expansion of urbanization,
land has been cleared for development, resources have been extracted, and wealth has been generated
through relentless deforestation. At the same time, influenced by global warming, in 2023, the Amazon
forest experienced the worst drought in half a century. El Nifio phenomenon has led to shifts in rainfall
patterns, a roughly 2°C rise in temperature over recent decades, and the decrease in annual evaporation
has led to the expansion of agricultural land and the increase in the frequency of fires, according to the
fire data monitored by MapBiomas. A whopping 26.4 million acres (10.7 million hectares) of Brazil's
Amazon forests burned in 2023, marking a 35.4% increase from the previous year ( known as the
Amazon Rainforest Fires). The Amazon is showing signs of deepening environmental degradation, and
according to researchers at the National Institute for Space Research of Brazil, the Amazon forest now
emits about 300 million tons of carbon dioxide, far exceeding its absorption [1]. Human activity has
caused irreversible damage to the forest. Even though the government has realized the importance of
protecting the forest in the past years, leading to a significant reduction in deforestation rates, political
complexities in Brazil have hindered the progress of environmental protection legislation and the rights

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

29



Proceedings of ICBioMed 2024 Workshop: Computational Proteomics in Drug Discovery and Development from Medicinal Plants
DOI: 10.54254/2753-8818/65/2024.17983

of indigenous peoples. This article draws on previous studies to analyze the problems faced by the
Amazon forest today focusing on key data points such as tree cover, temperature, and relative humidity.
By examining various environmental factors, this paper aims to assist the Brazilian government in
finding a balance between economy growth and environment conservation and in taking proactive
measures to address the crisis.

2. Changes in climatic conditions
In recent decades, rainfall patterns in Brazil have been abnormal, with annual precipitation decreasing
by 10 to 40 percent, mainly in the northeast and east of Brazil, and increasing by 10 to 30 percent in

southern Brazil [2].
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Figure 1. Precipitation Distribution Map of Some Regions in Brazil [2]

According to the survey, the occurrence of droughts and floods is because of the periodic fluctuations
in surface temperatures in the central and eastern equatorial Pacific [3].

There are two types of El Nifio, namely the eastern and central types, both of which have profound
impacts on global climate change. When the peculiar warm center appears in the eastern equatorial
Pacific region, it is referred to as the eastern type of El Nifio, and when it occurs in the central equatorial
Pacific region, it is known as the central type. From 2023 to 2024, multiple regions around the globe
have been impacted by the El Nifio event (the eastern type), notably in southern Asia, southern Africa,
southern South America, and southern North America, where precipitation has been above average. In
contrast, northern areas of these continents and Australia have experienced below-average rainfall [3].

Meanwhile, over the past four decades, the annual average temperature in the Amazon rainforest has
significantly increased (Although it's possible that some areas in the western Amazon may have
experienced cooling). Notably, in the southeastern and central parts of the Amazon (within Brazil),
temperature have increase by 1.5°C and 2°C, which increases the risk of carbon release from the soil
and increases the likelihood of forest fires [4].
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Figure 2. Drought Classification across the Amazon basin [5]
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Brazil experienced its most severe drought in half a century in 2023. According to Luciana Gatti, a
climate change researcher at Brazil's National Institute for Space Research (INPE), drought conditions
can be caused by the following reasons:

The first reason is the uneven regional precipitation. This year's El Niflo climate pattern led to drought
in the northern part of the rainforest and flooding in the south. Additionally, ocean temperatures are
rising. The abnormal warming of the North Atlantic affected the Intertropical Convergence Zone — a
complex process involving climate change and changes in ocean current systems. Besides, human
activities also contribute significantly to these conditions.

Deforestation has stripped the forests of their ability to regenerate. At the same time, extreme
droughts make forests more susceptible to fires.

In general, changes in climatic conditions are mainly driven by global warming and human activities,
such as deforestation. In terms of precipitation, deforestation could reduce rainfall by about 10%-20%
in the Amazon forest region [6], while climate models predict that under the influence of global warming,
precipitation in the Amazon region could decrease by 10%-15% by 2100 [7].

At the same time, the contribution of human activities to the decline in relative humidity is estimated
at 5%-10% [8], while the contribution of global warming to the decline in relative humidity is estimated
at 3%-7% [9].

The significant increase in temperature in the Amazon forest region is predominantly a result of
global warming, and human destruction of the forest undoubtedly exacerbates this process.

3. Deforestation and Disturbance Occurrences

The destruction of forests can result from activities like logging and fires. The table below clearly
illustrates the extent of forest loss across various countries, with Brazil experiencing the most severe
loss of forested land [10]

s includes forest clearance for croplands, pasture and tree
etween 2010 and 2014

Figure 3. Agricultural and forestry trade drives large share of tropical deforestation emissions [10]

In the past, to promote economic development, the government heavily encouraged the development
of agriculture and animal, leading to further expansion into the Amazon forest. However, this approach
quickly resulted in environmental degradation. But fundamentally, deforestation is driven by a
combination of factors, including political issues such as land ownership and use policies, as well as
economic factors such as low land and labor costs, and rising prices of cash crops and timber [11].

All of these conditions have contributed to the accelerated deforestation of the Brazilian Amazon
forest area.
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Brazilian Amazon Forest Loss
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Graph 2. Major decrease in primary forest loss in 2023 compared to both last year 2022 and the recent peak
year 2020, in the Brazilion Amazon. Data: ESA/S2, GFW, ACA/MAAP.

Figure 4. Tree felling in the Amazon forest in Brazil[11]

In 2023, deforestation rate in the Brazilian Amazon decreased by 50% compared to the previous year.
Despite a significant decrease in forest loss is due to human activities, the impact of fires on the forest
remains substantial. Unlike regions such as California or the Mediterranean, where fires are largely
caused by natural conditions, the Amazon's moist and rainy environment means that wildfires are rarely
naturally occurring. Instead, Human activities serve as the primary trigger, with arsonists setting forests
ablaze, leading to the deterioration and drying out of the forest. This increasingly arid climate intensifies
the spread of fires, allowing them to grow even larger. According to EU satellite imagery, thick smoke
from burning forests in Brazil has even drifted into neighboring countries like Peru and Bolivia. The
release of carbon dioxide and carbon monoxide from these fires further exacerbates global warming [12].
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Figure 5. The area burned in the Brazilian Amazon in recent years [12]
4. Causes and measures of

4.1. Causes of Forest Destruction
To effectively protect rainforests, it is crucial to understand the activities that contribute to deforestation.
In the journal "Global Environmental Change", scholars like Florence Pendrill and U. Martin Persson
have explored how the expansion of farmland and pastures leads to forest loss. Detailed data reveals that
around 72% of deforestation in Brazil is driven by cattle farming, with other contributing factors
including soy, palm oil, and paper production.

One indirect factor contributing to deforestation is the large-scale felling of trees to support Brazil’s
soybean industry. However, according to the University of Oxford's Food Climate Research Network
(FCRN), more than 77% of soybeans are used as livestock feed, with only a tiny fraction (2%) going
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toward beef and dairy production. In an effort to protect the local ecosystem, major global commodity
traders signed the Brazilian Soy Moratorium (SoyM) in 2006, a treaty driven by various sectors of
society [13]. The treaty aims to ensure that soybeans grown on illegal or legal deforested land cannot be
sold to suppliers. This has helped reduce forest loss linked to soybean cultivation. While the expansion
of cattle pastures for beef production remains the leading cause of deforestation in Brazil, soybean
farming continues to play an indirect role. Ultimately, the land needed for soybean cultivation must
come from somewhere, potentially displacing not just forests but also existing pastures.

Change in soy production, yield and area harvested, Brazil

Figure 6. Change in soy production, yield and area harvested [10]

4.2. Implementation measures

Given the current climatic conditions of the Amazon Rainforest in Brazil caused by fires and
deforestation driven by agriculture and livestock, the Brazilian government needs to address these
challenges in several ways.

Community support: Strengthening the protection of Indigenous peoples' rights is essential.
Indigenous communities, primarily of American Indian descent, play an important role in forest
conservation. The government should engage in a dialogue with Indigenous leaders to collaborate on
finding solutions.

Legal norms: The legal protection system needs to be reinforced to combat illegal land occupation,
and the number of forest patrols should be increased. In Brazil, vast areas of forest land are considered
public and lack special legal protections, making them vulnerable to illegal occupation or illegal logging
by criminals. In past years, some illegal gold prospectors have invaded these lands, causing devastating
damage not only to the rainforest but also to indigenous communities. The government must take action
by implementing stricter laws and imposing severe penalties on those who destroy the forest.

Market surveillance: The Brazilian government should establish nature reserves to promote
sustainable economic and environmental development. At the same time, there needs to be stronger
regulation of local animal husbandry, such as requiring local slaughterhouses and supermarkets to sell
only products with proper compliance certifications. Increasing fines for violations will also help
enhance market oversight.

5. Conclusion

This paper explores the climate changes in Brazil’s Amazon Rainforest over recent decades. Analyzing
trends in precipitation, relative humidity, and temperature sheds light on the challenges the Amazon
faces. The increasingly arid climate has undoubtedly created conditions that fuel fires. Furthermore,
fires caused by human activities are often driven by economic motivations, such as the development of
livestock farming. The Brazilian government should take actions to ensure the sustainable development
of the Amazon Rainforest. Moving forward, it is crucial to gather more accurate data through field
surveys to better understand the respective impacts of global warming and human activities on
deforestation. Protection the tropical rainforest is an urgent matter, and governments must strike a
balance between economic development and environmental preservation.
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