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CLIMATE CHANGE FOR SECONDARY STUDENTS

NOTE:
The purpose of this booklet is to enhance knowledge on Climate Change for students
from Grades 9 and 11. The material relies heavily on content from National Oceanic
and Atmospheric Administration (NOAA) and Britannica Kids.
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CLIMATE CHANGE
Earth’s climate has undergone great changes throughout the planet’s roughly 4.5-billion-year
history. Because climate describes conditions in the atmosphere, it follows that changes in the
atmosphere lead to changes in climate. Atmospheric changes in turn are influenced by Earth’s
natural features. These include the oceans, ice masses, landforms, and vegetation.
All of Earth’s natural features change over time. Some of them change over a short period of time.
For example, the amount of land covered by forests can change quickly as a result of deforestation.
Other natural features change very slowly. For example, the positions of the continents change
over the course of millions of years. Therefore, climate change occurs over both short and long
timescales.

CAUSES OF CLIMATE CHANGE
Climate change has strongly influenced the history of life on Earth. At the same time, living
things have contributed to climate change. For instance, photosynthesis and respiration have
shaped the makeup of the atmosphere and the oceans, thereby affecting climate. These and other
natural processes have helped cause periods of gradual warming and cooling in Earth’s past. In
recent times, however, scientists have become concerned about the impact of human activities on
climate. Scientists have found that the burning of fossil fuels for industry and transportation has
led to global warming, an increase in Earth’s average surface temperature. They have warned that
global warming could have very serious effects on a global scale.
● NATURAL
The natural variability and the climate fluctuations of the climate system have always been
part of the Earth’s history. To understand climate change fully, the causes of climate
change must be first identified. The earth’s climate is influenced and changed through
natural causes like volcanic eruptions, ocean currents, the Earth’s orbital changes, solar
variations and internal variability.
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-

Volcanic eruptions –The main effect volcanoes have on the climate is short-term
cooling. Volcanic eruptions pump out clouds of dust and ash, which block out some
sunlight. Because the ash particles are relatively heavy, they fall to the ground within
about three months, so their cooling effect is very short-lived. But volcanic debris also
includes sulfur dioxide. This gas combines with water vapor and dust in the atmosphere
to form sulfate aerosols, which reflect sunlight away from the Earth’s surface. These
aerosols are lighter than ash particles and can remain in the atmosphere for a year or
more. Their cooling effect outweighs the warming caused by volcanic greenhouse
gases – the eruption of Mount Pinatubo in 1991 caused a 0.5 °C drop in global
temperature.

-

Ocean currents - The oceans are a major component of the climate system. Ocean
currents are located at the ocean surface and in deep water below 300 meters (984 feet).
They can move water horizontally and vertically and occur on both local and global
scales. The ocean has an interconnected current, or circulation, system powered by
wind, tides, the Earth’s rotation (Coriolis effect), the sun (solar energy), and water
density differences. The topography and shape of ocean basins and nearby landmasses
also influence ocean currents. The ocean’s global circulation system plays a key role
in distributing heat energy, regulating weather and climate, and cycling vital nutrients
and gases.
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-

Earth orbital changes - Shifts and wobbles in the Earth’s orbit can trigger changes in
climate such as the beginning and end of ice ages. But orbital changes are so gradual
they are only noticeable over thousands of years. The earth makes one full orbit around
the sun each year. It is tilted at an angle of 23.5° to the perpendicular plane of its orbital
path. Changes in the tilt of the earth can lead to small but climatically important changes
in the strength of the seasons, more tilt means warmer summers and colder winters;
less tilt means cooler summers and milder winters. Slow changes in the Earth’s orbit
lead to small but climatically important changes in the strength of the seasons over tens
of thousands of years.
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-

Solar variations - The Sun is the source of energy for the Earth’s climate system.
Although the Sun’s energy output appears constant from an everyday point of view,
small changes over an extended period can lead to climate changes. Some scientists
suspect that a portion of the warming in the first half of the 20th century was due to an
increase in the output of solar energy. As the sun is the fundamental source of energy
that is instrumental in our climate system it would be reasonable to assume that changes
in the sun's energy output would cause the climate to change. Scientific studies
demonstrate that solar variations have performed a role in past climate changes. For
instance, a decrease in solar activity was thought to have triggered the Little Ice Age
between approximately 1650 and 1850, when Greenland was largely cut off by ice from
1410 to the 1720s and glaciers advanced in the Alps.

-

Internal variability - Some changes in climate have no external trigger. These changes
are instead caused by interactions within the climate system itself, often involving
positive feedbacks. One example is the El Niño–La Niña cycle, which can cause
temporary warming and cooling. Both phenomena affect atmospheric circulation
patterns and influence global climate. While El Niño increases global temperature, La
Niña decreases it. This cycle repeats itself on a timescale of about five years. But these
changes are short-term, only lasting a few years. Another example of internal
variability is the Arctic oscillation (AO), which is associated with changing patterns of
air pressure in the northern hemisphere. This phenomenon brings warmer weather to
parts of Europe and North America, leaving the Arctic colder than usual. The other
phase of the AO brings the opposite conditions, resulting in a warmer-than-usual Arctic
and colder weather in the sub-polar regions. Because of this seesaw effect, the AO has
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little effect on global temperatures, but can significantly influence local and regional
weather.

Many natural factors affect the climate, including changes in the Sun’s output or the Earth’s orbit,
large volcanic eruptions, and internal variability such as El Niño. Scientists measure these effects,
but none can account for the observed trend since 1970. Scientists can only account for recent
global warming by including the effects of human greenhouse gas emissions.

● HUMAN ACTIVITIES
Recognition of global climate change as an environmental issue has drawn attention to the
climatic impact of human activities. Most of this attention has focused on carbon dioxide
emission via fossil-fuel combustion and deforestation. Human activities also yield releases
of other greenhouse gases, such as methane (from rice cultivation, livestock, landfills, and
other sources) and chlorofluorocarbons (from industrial sources). Paleoclimate records
from tree rings, coral, and ice cores indicate a clear warming trend spanning the entire 20th
century and the first decade of the 21st century. In fact, the 20th century was the warmest
of the past 10 centuries, and the decades 1998–2019 were the warmest decades since the
beginning of modern instrumental record keeping. Many climatologists have pointed to
this warming pattern as clear evidence of human-induced climate change resulting from
the production of greenhouse gases.
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A second type of human impact, the conversion of vegetation by deforestation,
afforestation, and agriculture, is receiving mounting attention as a further source of climate
change. It is becoming increasingly clear that human impacts on vegetation cover can have
local, regional, and even global effects on climate, due to changes in the sensible and latent
heat flux to the atmosphere and the distribution of energy within the climate system.

GLOBAL WARMING
The rise of air temperatures near Earth’s surface over the past one to two centuries is known as
global warming. Earth has experienced periods of gradual warming and cooling throughout its
existence as a result of natural causes. As stated above, such natural causes have included volcanic
eruptions and variations in the Sun’s output. However, scientists have attributed the recent increase
in global temperatures to human causes—primarily the release of certain gases into the atmosphere
as a result of industrial activity. These gases are known as greenhouse gases. They absorb and trap
heat emitted from Earth’s surface through a process known as the greenhouse effect.
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GREENHOUSE EFFECT
The greenhouse effect is a natural process that helps maintain temperatures suitable for life.
Without it, Earth would be a frozen and likely uninhabitable planet. However, scientists who study
climate have determined that increased concentrations of greenhouse gases resulting from human
activity have amplified the natural greenhouse effect, causing global warming. The main
greenhouse gases with human sources are carbon dioxide, methane, nitrous oxide, and
halocarbons.

GREENHOUSE GASES
● Carbon Dioxide (CO2)
Carbon dioxide is produced naturally by animals through respiration. The main humanproduced source of carbon dioxide is the burning of fossil fuels: coal, oil, and natural gas.
These fuels are widely used in electricity generation, transportation, and industry. Another
source of carbon dioxide from human activity is the clearing of forests for agriculture and
other purposes. Trees absorb carbon dioxide from the air to make food through the process
of photosynthesis. When trees are cut down or burned, much of the carbon that they have
stored is released back into the air as carbon dioxide.
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● Methane (CH₄)
Atmospheric methane concentrations are much lower than those of carbon dioxide, but
they are more potent. By weight, methane is 25 times more powerful at trapping heat over
a 100-year time period than carbon dioxide. Methane is produced naturally by a variety of
sources. For example, the decay of vegetation in low-oxygen environments such as
wetlands produces methane. However, human activities also increase methane levels in the
atmosphere. Such activities include rice cultivation and livestock raising. Other major
human-induced sources of methane include the use of fossil fuels and the decomposition
of organic matter in landfills.
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● Nitrous Oxide (N2O)
Nitrous oxide is produced naturally by biological reactions in both soil and water. Humaninduced sources include fertilizer usage and fossil fuel burning. By weight, the heattrapping potential of nitrous oxide is about 300 times that of carbon dioxide over a 100year time period.

● Halocarbons
Halocarbons are low in concentration in the atmosphere. However, they are extremely
powerful at absorbing and trapping heat. Some halocarbons have more than 10,000 times
the warming effect of carbon dioxide by weight. Halocarbons are very rare in nature but
have been widely synthesized for industrial uses. They have been used as refrigerants,
aerosol
propellants,
insulation,
and
cleaning
solvents.
Halocarbons
include chlorofluorocarbons (CFCs),
hydrochlorofluorocarbons
(HCFCs),
and
hydrofluorocarbons (HFCs).
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In nature, the sources of greenhouse gases are balanced, on average, by processes called “sinks”
that remove the gases from the atmosphere. These sinks include physical, chemical, and biological
processes. Photosynthesis is one of the most important carbon dioxide sinks on land. Others occur
in the oceans, where great amounts of carbon dioxide are dissolved in the water. Some of the
dissolved gas is taken up by marine plants and animals, and some is buried deep down at the ocean
floor. However, human activities have produced carbon dioxide in quantities that far exceed the
offsetting capacity of natural sinks. This has led to a buildup of carbon dioxide in the atmosphere.
The same is true of other greenhouse gases such as methane and nitrous oxide.
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Climate Change Impacts
Caribbean
Climate change could pose major risks to the islands in the Caribbean. The main environmental
changes expected to affect the Caribbean are a rise in sea level, stronger hurricanes, longer dry
seasons and shorter wet seasons.
● More frequent and more severe hurricanes and tropical storms. Most scientists think that
the increase in the number and strength of hurricanes and storms that we have been
experiencing in the Caribbean is because of global warming.

● An increase in the length of the dry season and a decrease in the length of the rainy season
affects agriculture and the food supply.
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●

A rise in sea levels and coastal flooding, and the increased likelihood of storm surges have
implications for communities and built up areas along the coast, and for the tourism industry.

● Degradation of our natural beauty and the extinction of our native animals.
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● Climate change has fueled coral reef bleaching throughout the tropics, with negative
consequences for reef ecosystems and the people who depend on them. Coral bleaching
which occurs when coral expels the algae living within their tissues is often caused by
unusually warm ocean temperatures.
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Guyana
Global climate change has already had observable effects on the environment and Guyana will not
be spared since:
●

The melting glaciers will cause a rise in the sea level, thereby threatening coastal areas.

●

Increase in temperature will result in heat waves and heat stress for humans, plants and
animals.
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●

Intense rainfall will cause flooding which results in loss of lives, livelihoods and also
increase in diseases.

●

Less rainfall will result in prolonged droughts.
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So, What Can We Do About Climate Change?
We can adjust our lifestyle through Adaptation and Mitigation. This will be addressed in detail in
Volume 4.
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