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troduction

Increasingly, our society is being forced to confront the im-
pacts caused by natural disasters associated with weather and
climate. Scientists worldwide have been warning for some time
that the observed trend of increasing extreme weather events
is directly linked to the rising average temperature of our planet
and that such global temperature increase is undeniably asso-
ciated with human actions and the outcomes of the Industrial
Revolution. Despite its paramount importance, this topic re-
mains inadequately discussed in Brazilian schools and in society
at large, lacking the necessary scientific foundation and sense of
urgency it deserves. The scientific language and complexity of
the subject often alienate the general public from science. In this
context, this document aims to clarify basic concepts regard-
ing the functioning of our Earth system concerning weather,
climate, and their changes. Our goal is to provide an additional
source of knowledge about urgent environmental issues facing
our planetin accessible language for the general public. Through
this effort, we aim to bridge society and science and contribute
to increasing collective awareness among the population, par-
ticularly among today’s youth who will be the key players in ad-
dressing environmental challenges tomorrow.
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To study our atmosphere and understand climate change, we
need to talk about our main source of energy. Have you ever
stopped to think what the Earth would be like without the pres-
ence of the Sun? And our atmosphere? Would we exist? Well,
most likely not.

The biggest source of energy that we have and which is re-
sponsible for several processes that occur on Earth comes from

the Sun, the central star of our Solar System. The Sun emits ra-

diation in virtually the entire electromagnetic spectrum, howev-

er, about 30% of this radiation is reflected by the Earth’s surface,
remaining 70% on our planet.

SOLAR RADIATION

SOLAR RADIATION

SOLAR RADIATION

Solar radiation being received differently between the Earth'’s poles and equator.




The energy from the Sun that reaches the Earth initially
heats the surface, through physical processes between the sur-
face and the atmosphere, and then the air just above. Howev-
er, the Earth’'s warming does not happen evenly between the
poles and the equator. Due to the shape of the Earth, the sun’s
rays hit the poles of our planet at an angle, while in tropical
regions the incidence is almost perpendicular to the surface.
This results in a lower concentration of energy at the poles
and higher near the equator. In this way, tropical regions warm
more than polar regions.

However, the tropical region is unable to emit all the ener-
gy it receives from the Sun back into space, partly due to the
amount of clouds in this region. Clouds serve as a barrier in our
atmosphere, causing some of the radiation to be trapped near
the surface. In the polar regions, due to the presence of ice,
there is more energy emitted than received. This is because in
addition to having a smaller amount of clouds in this region,
theice has a high power of reflection of radiation. So how is this
energy imbalance resolved? The biggest contributors to rebal-
ance this energy are our oceans and atmosphere. Our planet is
so magnificent that it seeks thermal balance in the following
way: the greatest warming in the tropics and the least at the
poles generates what we call a temperature gradient, that is,
the differential heating between the tropics and the poles. We
know that the tropics and equatorial regions receive more en-
ergy, causing greater warming near the surface. In turn, this

warm air is less dense than the cold air and so it rises; and fol-

lowing on, this air that rises must descend in another region.
Added to these rising and descending columns of air, there are
horizontal branches, close to the surface and at the top of our
troposphere, completing the circuit to generate a circulation
cell responsible for balancing the energy in the atmosphere. In
our atmosphere there are three main cells of large-scale circu-
lation in both hemispheres: (1) the Hadley cell, where the hor-
izontal branch near the surface goes towards the equator and
at the top of the troposphere goes towards the poles - in this
case, the air rises in the equatorial region and falls around 30°
latitude; (2) the Ferrel cell, with horizontal branches opposite
Hadley's, where the ascending branch is around 60° latitude
and the descending branch at approximately 30° latitude, the
same region as the descending Hadley branch; and (3) the Po-
lar cell, similar to Hadley's, but with the air descending at the
poles and rising around 60° latitude.

The troposphere is the layer of the atmosphere where the main
meteorological phenomena occur; its height varies according to the

latitude, being highest near the equator (approximately 20 km) and
lowest at the poles (approximately 8 km).

The branch where Hadley and Ferrel cells descend generates per-
manent regions of high pressure over the subtropical oceans, while
over continents they generate deserts, such as the Sahara Desert in
the north of the African continent.
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n addition to the general circulation, there are circulations
on smaller spatial scales, which occur through alternating re-

gions of high and low pressures, where at high pressure the
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weight of the air column is greater (air descending), and, at low
pressure, less (air rising). These pressure differences lead to the
formation of winds that end up transporting air with different

characteristics from one region to another. An example is the
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do the seasons exist?

Basically, there are two factors combined that lead to the ex-
istence of the seasons: the Earth's inclination with respect to
the plane of its orbit and the movement that the Earth makes
around the Sun (translation) for approximately 365 days. As the
Earth performs the translation movement, that is, as it “travels”
around the Sun, one of the Hemispheres (North or South) is
more exposed to solar radiation (because the Earth is inclined)
and it is in this part that summer happens.

The Southern Hemisphere receives more solar radiation
between December and March, compared to the Northern
Hemisphere, characterizing our austral summer. The beginning
of austral summer occurs when the Sun’s rays fall directly on
the Tropic of Capricorn (located in the Southern Hemisphere,
at 23.5°S). This happens on the 21st or 22nd of December. On
the other hand, this is the time when the Northern Hemisphere
begins its winter, the boreal winter.

Between June and August the Southern Hemisphere receives
less solar radiation compared to the Northern Hemisphere. The
latter, in turn, faces the Sun. Therefore, it is at this time of the
year that the boreal summer (summer in the Northern Hemi-
sphere) and the austral winter (winter in the Southern Hemi-
sphere) occur. The date that marks the beginning of our win-

ter is June 20 or 21, which is when the sun's rays fall directly on
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the Tropic of Cancer (located in the Northern Hemisphere, at
23.5°N).

The dates mentioned above, which mark the beginning of
winter and summer, are called Solstices.

The spring and autumn seasons begin when the Sun’s
rays directly hit the equator (0° latitude). In the Southern
Hemisphere, when this occurs after summer, on March 19 or
20, austral autumn begins, and when it occurs after winter,
around September 22 or 23, austral spring begins. These
dates are called the Equinoxes. On these specific dates, both

hemispheres receive the same amount of solar radiation.

SEASONS OF THE YEAR, STARTING DATES AND INCIDENCE OF
SOLAR RADIATION AT SOLSTICES AND EQUINOXES*

SOLSTICE EQUINOX

Southern
Southern winter (SH) /
summer (SH) / Northern
Northern winter (NH) summer (NH)
December June
21t or 22 201 or 21°
Sun shining -
- Sun shining
gﬁrfﬁg t#gutgré); perpendicularly on
Capricarn in[;he SH the Tropic of Cancer
i 0
[23503] m the NH {23.5 N]

*The dates in this table refer to the period 2000 to 2049. SH refers to the Southern Hemisphere,
and NH refers to the Northern Hemisphere.
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EARTH’'S POSITION IN RELATION TO THE SUN AT
EACH EQUINOX AND SOLSTICE
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The ORANGE and RED arrows (next to the North indication) indicate, respectively, the
translation and rotation movements. S and N indicate the South and North poles, and the
dotted line illustrates the Earth’s inclination with respect to its orbit (-23.5°).
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Usually in meteorology we consider that in the Southern Hemi-
sphere the months from December to February (DJF) correspond
to summer, from March to May (MAM) to autumn, from June to
August (JJA) to winter and from September to November (SON) to
spring. That is, there are official dates for the beginning of the sea-
sons, however, in practice, in Earth sciences, we consider quarters
with complete months.

When we say austral we mean the Southern Hemisphere (SH)
and when we say boreal, we mean the Northern Hemisphere (NH).

Do you know why the Sun rises in the East sector and sets in
the West sector?

Because of the direction of the Earth's rotation, which is from West
to East (that is, the Earth rotates counterclockwise if we imagine
a cut looking at the planet above the North Pole). This causes the
apparent movement of the Sun in the East-West orientation.

What are the East and West cardinal points?

These are the points where the celestial equator (which is the ex-
tension of Earth's equator in the sky) crosses the horizon.

Does the Sun always rise exactly at the East cardinal point and
set at the West?

No, the Sun rises exactly at the East point and sets exactly at the
West point only on the Equinoxes dates, which mark the entrance
of the autumn and spring seasons. On these specific days, day and
night are equal in length to 12 hours. In the Southern Hemisphere,
after the beginning of spring and during the summer, the Sun rises
to the right of the East, further South, while after the beginning of
autumn and during the winter, the Sun rises to the left of the East,
further North.

The dates and times of the solstices and equinoxes vary, as the
year has approximately 365.2422 days, that is, it is not an exact
number. Leap years (which have 366 days) exist as a way of “com-
pensating” for this variation. This ends up influencing the start of a
new season each year when compared to the previous year.

13



The term weather is used to refer to the momentary state of
the atmosphere, that is, what we perceive from the atmosphere
in our daily lives, such as a cloudy morning, a sunny afternoon, a
cold or hot day, etc. Climate, on the other hand, refers to the av-
erage state of the atmosphere, i.e. the average of weather events
over a long period. To know the climate of a given region, we
use, for example, information from meteorological stations, sat-
ellites, ocean buoys, which record values of atmospheric vari-

ables such as air temperature, precipitation, relative humidity,




Climate in @ra%ﬂ

Brazil is a country of continental dimensions, that is, with an
expressive territorial extension. Because of this, the climate
in Brazil is not exactly the same throughout the country, that
is, different regions have different climate characteristics,
which also vary throughout the year. We already know that
the different seasons of the year (summer, autumn, winter
and spring) occur due to variations in the incidence of solar
radiation received on our planet, as it revolves around the Sun
(translation) with its axis of rotation inclined. We also know
that, in meteorology, the main variables used to characterize
the climate in a given region are temperature and precipitation.
Bearing these concepts in mind, we will analyze the following
figures. They illustrate, in terms of temperature and precip-
itation, the average climatological values observed in Brazil
in each of the seasons. The climatological period considered
to compute these average values encompasses all years from
1981 to 2010.

The South region has four well-defined seasons; the rain
occurs regularly throughout the year, while the temperature

thermal amplitude observed throughout the day is generally
higher, with minimum temperatures of around 10°C. In win-
ter, minimum temperatures close to 0°C are common, as well
as frost.

In other regions of Brazil, the seasons of the year are bet-
ter defined in terms of rain, so that most of the time we end
up referring to two distinct patterns: the dry season and the
rainy season. In between, there are the transition seasons, in
which it rains sporadically and briefly. The rainy season, as the
name implies, has torrential rains and takes place in the hottest
months (November to March) over the North, Central-West
and Southeast regions. The dry season in these same regions
occurs between April and September, when the accumulated
rainfall is significantly lower compared to the rainy season. In
the Southeast and South of the Central-West, minimum tem-

Thermometer

presents greater variations between the different seasons Instrument that measures air
temperature, in Kelvin (K),
degrees Celsius (°C) or degrees

Fahrenheit (°F)

Rain gauge

of the year. In summer, the maximum temperatures exceed
30°C, but the thermal amplitude is smaller, that is, the differ-
ence between the absolute value of the minimum and max- Instrument that measures
rainfall volume (in millimeters

RAIN GAUGE of height over an area of
1square meter).

imum temperatures of the day is smaller. In spring and au-
THERMOMETER

tumn, maximum temperatures can even reach 30°C, but the

16



peratures during the dry season are generally lower, and frosts
may occur in rare cases. In the Central-West, the spring and
summer seasons have the highest temperatures, while during
the dry season in the North the average temperatures are higher
than during the rainy season, which is due to the lower amount
of clouds in the sky that allows for greater heating by the Sun.
The Northeast region of Brazil also has dry and rainy sea-
sons; the rainy season occurs in February, March, April and May,
with more abundant rain distributed over the entire region. In
June, July and August, it also rains a lot on the coastal North-
east region, although in the rest of the region the accumulated

rainfall is much smaller. During the rest of the year, the dry sea-

Frost is a meteorological phenomenon that occurs when the air
temperature is very low, close to 0°C. This usually occurs at night,
where, in the absence of winds, clouds and solar radiation, heat is
lost from surfaces close to the ground (radiative loss). In this way,
the water vapor contained in the air will change to a liquid state,

that is, it condenses, forming dew, which in turn is formed by wa-
ter droplets deposited on plants and objects. With the continuous
cooling of the air close to the ground, the dew is then frozen. Frost
can also occur when water vapor suspended in the air very close
to the ground is turned into ice crystals, precipitating (falling). In
Brazil, conditions for frost formation are especially found south of
19°S, which comprises the states of Sao Paulo, Mato Grosso do Sul,
Minas Gerais, Parana, Santa Catarina and Rio Grande do Sul in the
months of June and July, but can also occur from April (mid-au-
tumn) to September (known as late- or spring-frost).

18

son occurs, when the rains practically cease. On the other hand,
temperatures are approximately constant throughout the year,
with low thermal amplitudes.

AVERAGE ACCUMULATED PRECIPITATION* BY SEASON OF THE YEAR
Summer (D-J-F) Autumn (M-A-M)

o

10°s

20°s

30°s

70°W B0°W 50°W 40°W 30°W  70°W B0°W 50°W 40°W 30°W

Winter (J-]-A) Spring (S-O-N)

o°

10°s

20°s

30°s

70°W BO°W 50°W  40°W 30°W  T70°W B0°W 50°W 40°W 30°W

*Any form of water that precipitates out from the atmosphere.

_ Climatological mean values of accumulated precipitation (in
200 600 1000 millimeters) in Brazil in each of the seasons from 1981 to 2010.

Data source: CPC Unified Gauge-based Analysis of Global Daily Precipitation.
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AVERAGE OF MAXIMUM TEMPERATURES BY SEASON OF THE YEAR AVERAGE OF MINIMUM TEMPERATURES BY SEASON OF THE YEAR

Summer (D-)-F) Autumn (M-A-M) Summer (D-J-F) Autumn (M-A-M)
o° o°
10°8 10°S
20°s a 20°S 5 s
30°s 30°s
70°W  60°W 50°W 40°W 30°W  70°W 60°W 50°W 40°W 30°W 70°W B0°W 50°W 40°W 30°W  70°W 60°W 50°W 40°W 30°W
Winter (J-]-A) Spring (S-O-N) Winter (J-)-A) Spring (S-O-N)
00
0°
10°S
10°S
20°s ¥
20°S8 =
30°8
30°s
= - a s a B - s a B
70°W  60°W  50°W  40°W  30°W  70°W  B0°W S50°W  40°W  30°W 70°W  GOSW S50°W  40°W 30°W  T0°W  60°W S50°W  40°W  30°W
- - Climatological average values of maximum - Climatological average values of minimum
: f temperature (°C) in Brazil in each of the seasons of temperature (°C) in Brazil in each of the seasons
150 20° 259 30° 35° the year in the period from 1981 to 2010. 100 150 200 25° of the year in the period from 1981 to 2010.
Data source: ECMWF ERAS reanalysis. Data source: ECMWF ERAS reanalysis.

Thermal amplitude is the difference between the max- These factors are: height of the Sun above the horizon, intensity and
imum and minimum temperatures of a given location duration of solar radiation that falls on the Earth'’s surface, type of sur-
and period of time. For example, daily temperature range, face (sand, snow, bare soil, grassland, forest, etc.), cloud cover, amount

monthly temperature range, annual temperature range, of greenhouse gases. Therefore, it is possible to observe that there are
etc. Thermal amplitudes occur due to factors that control natural determinants for the thermal amplitude to occur in different
how the solar radiation heats the Earth'’s surface and its ad- time scales, such as the latitude of the place, the time of day and the
jacent air and how the terrestrial radiation is redistributed. day of the year.
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The Earth's atmosphere is composed of several gases and small
particles (aerosols) that play a fundamental role in regulating the
energy balance on our planet. And it is this balance, which al-
ways tends to seek equilibrium, that controls the Earth’s climate.

Let's review some important concepts about the terrestrial
energy balance:

~We know that any body with a temperature above abso-
lute zero (O Kelvin) emits and absorbs radiation, and that the
radiation emitted by the Sun is the main source of energy that
continuously feeds the Earth system.

~ Upon reaching our atmosphere, part of the solar radia-
tion (about 30%) is reflected back into space, and the other part
(about 70%) is absorbed by our atmosphere and the Earth's sur-

v However, as mentioned, not all of the emitted infrared
energy returns to space. Thanks to the presence of some spe-
cific components in our atmosphere, which have the property
of absorbing infrared radiation, part of this energy that should
return to space ends up being trapped by the atmosphere and
returning to the Earth'’s surface, as part of the process known as
the “greenhouse effect”. It is this greenhouse effect that causes
the Earth to have temperatures and other climate characteris-
tics compatible with the generation and maintenance of life and
the terrestrial ecosystem. The global average temperature at the
Earth's surface is around 15°C.

Although CO, is the second most important greenhouse
gas, after water vapor, which is by far the most abundant in our
atmosphere, the role that this gas plays in the terrestrial energy
balance is crucial. The increase in CO, in the atmosphere (which

y) 10V
ow?

face. Without the greenhouse effect, the average temperature on the Earth's
. . . f Id b hi d -18°C) and i tible with t
~ Such absorption of solar energy results in the heating of pe o RIS SOt LA Y LT [T P Tt

life as we know it; the oceans, for example, would all be frozen.

the Earth system, which in turn emits infrared radiation in all di- The main atmospheric constituents responsible for the greenhouse ef-

fect are: water vapor (50%), clouds (25%), carbon dioxide (CO,; 20%), and
many others (5%), including methane (CH, ), nitrous oxide (N 0), ozone
(0,) and hydrofluorocarbons (HFCs).

rections; such emission of infrared energy leads to a consequent
cooling of the terrestrial system, so that the energy balance al-

ways tends to seek equilibrium,; this balance means that almost Infrared radiation is a form of energy associated with the temperature of

the body that emits it; any body with a temperature greater than absolute

all the solar energy that “arrives” to Earth is “returned” to space, / ARELE Ui &) Wnnl
zero emits this type of energy, which is invisible to our eyes.

in the form of infrared energy.
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ENERGY BALANCE IN THE EARTH SYSTEM (PRE-INDUSTRIAL LEVELS)

But how can the Earth be warming if we often read news
about regions where record cold temperatures are registered?
Just as some regions of the globe experience record cold tempera-
tures, other regions experience record warm temperatures. The
global warming to which we refer concerns the average value re-

corded over the entire globe. What has actually been observed is

GREENHOUSE
EFFECT

an increase in extreme weather events across the planet; these
extreme events can be, for example, heat waves or cold waves;
heavy rains/floods or severe droughts. And we should be con-
cerned about this, as these extreme weather events bring with
them a great potential for disasters, damages and losses, both

economic and human.

B Re-cmiicd THE GREENHOUSE EFFECT AND GLOBAL WARMING

Increased greenhouse gas
concentration = less infrared radiation
“escapes” back into space (arrows 3
and 4 will decrease) and more infrared

*Earth's atmosphere and all of its constituents, including greenhouse gases that interact with the forms of energy
described here.

TOTAL VALUES TO CLOSE THE ENERGY BALANCE cadiator R P o (arrows
EARTH’S ATMOSPHERE | TERRESTRIAL SURFACE SPACE Solar radiation and 2 will increase) > Earth system
B distion 2 reflected by the warming = global warming.
ENTERING | &2 161% = 2:+109+29 @ 143% =17+96 @ 100% = 30+5+65 . absorbed by the atmosphere

/ atmosphere

LEAVING 1161% = 65+96 I 143% = 114+29 100%

, Solar radiation
"1 reflected by

thelaur Infrared radiation

re-emitted by the
surfacet+atmosphere back
into the atmosphere:

we will see later is a direct result of human actions) results in

an “excess” of greenhouse gases, which consequently increases Solar

radiation
absorbed by
the surface

the amount of infrared energy returning to the Earth’s surface

instead of “escaping” into space. This causes a greater warming

of the Earth’s climate system, which has been observed to be M HFC
5 v
associated with the unfolding of the Industrial Revolution, and is . €0
g Infrared radiation e e
A i p - - A d by th an . InTrare:
popularly referred to as global warming. 5 W e radiation re-emitted by

back to the surface: the surface+atmosphere
back into space:
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And what s climate
chanqe?

While we often hear the terms “global warming” and “climate
change” interchangeably, technically there are some differences
in the definition of each term. As we have seen, the term “global
warming” refers to the increase in the average temperature of
the Earth system that occurs as a result of the increase in the
concentration of greenhouse gases in our atmosphere. The term
‘climate change” refers to the consequent long-term changes
that have been observed (over the last few decades) and pro-
jected (in future decades) in multiple climate variables (such as
precipitation, temperature and wind patterns); these changes
stem from both anthropogenic (i.e., human-caused) and natu-
ral factors (Earth’s internal climate variability and other external
forcings) and have a wide variety of effects on various aspects of

geophysical, natural and human systems.

28

CIMAE  —&  GLOBAL
CHANGE 7 WARMING

Earth's climate has not always been as we currently know;
throughout its history, which began more than 4.5 billion years
ago, our planet has gone through several periods of climate change,
alternating periods of ice ages and interglacial periods, caused by
heating from the natural greenhouse effect. These fluctuations oc-
curred as a result of natural forcings (such as meteorite impacts,
volcanic eruptions, and variations in the Earth’s orbit and solar en-
ergy) that have always existed and will continue to exist in the fu-
ture. However, this is the first time in Earth's history that climate
change is occurring as a result of human actions. And these anthro-
pogenic changes have been occurring at high speed, much faster
than natural changes associated with variations in the Earth's orbit,
for example.

29



Js the climate r‘QCLuLJ
chqnqmq? How can

we know this ][or sure

There are several indicators that the climate has been changing
since the mid-20th century; Scientists from different areas of
knowledge and from all over the world have been warning soci-
ety about these changes and their implications for a long time

now. The Intergovernmental Panel on Climate Change, popular-




Evidence that the climate is changing includes:

/" Increase in the average temperature on the Earth’s sur-
face, which can be proven through local measurements across
the globe and through data from satellites orbiting the Earth;

/ Increase in ocean acidification, which occurs due to the
higher concentration of CO, in the atmosphere that ends up be-
ing absorbed by the oceans;

/ Decrease in the volume of sea ice in the Arctic, which has
been observed in recent decades;

~ Melting glaciers around the world;

/" Sea level rise, which globally has increased by about 23
centimeters since 1980, due to both the expansion of warming
ocean water and the melting of glaciers and ice sheets on land;

/ Increased frequency and intensity of extreme events,
which are related to observed changes in the global water cycle
(with long and severe droughts in some regions and increased

annual precipitation in other regions).

32

So the climate s
ch&nqmq. But how do
we know that we are

respo sible ][or this

There is empirical evidence that the increase in greenhouse gas-
es that has been observed is a reflection of the high emission
of pollutants into our atmosphere by human activities associ-
ated with the Industrial Revolution, which began in 1760. The
advance of industrial and production technologies, at the same
time that allowed us to reach great achievements, also ended
up generating an immense amount of pollutants due to the
burning of fossil fuels, which is used to produce energy and me-
chanical work. Nowadays, it is possible to see that almost every-
thing around us derives from processes that involve the burning
of fossil fuels: the production of electricity, means of transport,
various products built through industrial processes, among oth-
ers. And it's not just the burning of fossil fuels that generates
greenhouse gases; deforestation, misuse of land in agribusiness
in general (livestock, agricultural land, rice production), and coal
mining are also processes that contribute to this.

There is already a majority consensus among experts in the
scientific community that climate change is indeed occurring,
and that human actions are indeed responsible for it. A study
published in 2013, led by Dr. John Cook of the Global Change

33



Institute, University of Queensland, Australia, showed that the
overwhelming majority (97%) of scientists agree that the an-
thropogenic (i.e., human-caused) increase in concentration of
greenhouse gases is the main cause of the global warming that
has been observed. The fifth IPCC report also concluded that
the human influence on the Earth's climate is clear, and there
is a high degree of confidence (more than 95% probability) that
human activities over the last 50 years are responsible for the

observed warming in our planet.

In addition to the generation of greenhouse gases, the emis-
sion of pollutants also produces aerosols, which can interact
with solar radiation and affect the formation of clouds, which
consequently can alter the energy balance in the Earth system
and contribute to climate change.

Changes in the way humans use land (e.g. forests, farms or
cities) can also cause local effects, altering the reflectivity of the
Earth's surface and changing the level of humidity in a region.

34

ANTHROPOGENIC ACTIONS THAT LEAD TO THE INCREASE OF
GREENHOUSE GASES IN THE ATMOSPHERE
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CLIMATE PROJECTIONS FOR BRAZIL UP TO 2100

What | Lmpacts are
prOJecJteoL ][Or Brozil on
the ]Euture climate”

IPCC reports have shown that global warming will change the
climate in Brazil in such a way that the temperature is expected
to increase throughout the country. A warmer climate will lead
to a reduction in frost in the South, Southeast and Central-West
regions of Brazil. The impacts on precipitation will occur in
different ways depending on the region. For example, very in-
tense precipitation may occur more frequently in the South and
Southeast regions, while the rainy seasons and the intensity of
rainfall in the North and Northeast regions are expected to de-
crease. Along with higher temperatures, the decrease in rainfall
will make Amazonian ecosystems in the North of the country
more susceptible to a possible collapse, reducing or even mod-

ifying their vegetation. In the case of the Northeast region, the

increase in temperature alone could exacerbate existing prob-

lems with droughts, causing greater evaporation of water from

T INCREASE
| DECREASE

reservoirs, lakes and rivers. The following map illustrates the ,
Sources: Margulis et al. (2011)

main impacts and projected effects for Brazil's climate by 2100. and Ambrizzi et al. (2019).

PRECIPITATION  HEAVY FROSTS  AVERAGEAIR  DROUGHT HEAT

PRECIPITATION TEMPERATURE WAVES
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As we have seen, global warming is already underway, climate
change is already happening and it is noticeable all over the
world. Unfortunately, it is no longer possible to avoid it. Howev-
er, it is still possible to mitigate it by reducing global emissions
of greenhouse gases. In this regard, an agreement was made
between several countries, including Brazil, at the Conference
of the Parties in Paris in 2015. The agreement determines that
efforts are made to reduce global CO, emissions and stop or re-
duce global deforestation. As a result, global warming is expect-
ed to stay below 2°C in the coming decades. For us to succeed in
this endeavor, we need to address large-scale issues such as us-
ing cleaner transportation, generating cleaner energy, producing
sustainable food, and reducing or ending fires. Brazil has com-
mitted, through the approval of its National Congress in 2016,
to increase the share of sustainable bioenergy (i.e., the energy
produced from organic matter of plant and animal origins), to
approximately 18% and to increase the proportion of renew-
able energy in the energy matrix to approximately 45% by 2030.
In addition, Brazil is committed to restoring and reforesting 12
million hectares of forests. Our individual efforts can also help
to contain the emission of greenhouse gases in the long term,

through small daily actions, such as, for example, less waste pro-
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duction and better waste treatment, active or public transport,

more conscious consumption of water and electrical energy, etc.

Examples of sustainable actions and individual efforts that can contribute to slowing global
warming and mitigating the consequences of climate change.
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Climate chcmqe and
COVID-19: are they
related somehow

The COVID-19 pandemic has been one of the great challenges
of the 21st century, causing several impacts on health, human
and economic losses. The cause of COVID-19 is still being inves-
tigated and several hypotheses suggest that one of the paths for
its emergence and spread, as well as for several other emerging
infectious diseases, is anthropogenic interference on the envi-
ronment and global warming. In fact, the United Nations Envi-
ronment Program points out that this is the path of several other
emerging zoonoses (infectious diseases transmitted by animals
to humans) (examples: SARS, MERS, Ebola, etc). Although
climate change was not the direct cause of the emergence of
COVID-19, there are possible interrelationships between them.
Deforestation, global warming and loss of natural habitats make
animals more susceptible to capture and trafficking. This in-
creasing co-location between wild and domestic animals and
humans facilitates the spread of infectious diseases. On the
other hand, to try to contain the spread of the virus that caus-
es COVID-19, SARS-CoV-2, many countries adopted restrictive
measures, making people stay indoors, avoiding crowds on the
streets and in shops/markets in general. These restrictions led
to a temporary reduction in greenhouse gases, such as CO,,
which had a significant reduction during the first half of 2020.
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This shows that our consumption and living habits need to be

rethought and modified if we want to live on a healthier planet.

DEFORESTATION

TRANSMISSION
OF DISEASES HABITAT LOSS

ANIMAL
TRAFFICKING

Interrelationships between human actions that interfere in the natural habitats of animals
and the consequent spread of infectious diseases.
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