Introduction to Climate Change

Consultancy to deliver training to teachers
in climate change and climate adaptation
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To the Teacher
“Climate change is a problem of global proportions whose solution may collectively be our greatest
challenge.” Weather, Climate and Climate Change: Key Themes in Education for Sustainability,
Learning for a Sustainable Future, 2006
These modules are the beginning of the study of a topic that is critical to the world we live in:
climate change.

Climate change has become a subject of public debate, with important

agreements attained at the Earth Summit in 1992, followed by the Kyoto Protocol in 1997 and the
Paris Agreement in 2015. Climate Change Education is fairly new to the country of Belize. Thus
far, it has been limited to the teaching of ‘The Greenhouse Effect’ and other processes in nature
that are related to the topic.
Understanding climate change is important for students because it cuts across disciplines such
as: Energy, Environment, Geography, Human and Social Biology, Agriculture and Social Studies,
and Belizean Studies. It requires students to be inspired, explore their understanding through
critical thinking exercises, and generate solutions to complex problems.
Therefore, these modules in Climate Change have been developed to help Teachers and Students
understand:
●

What climate change is

●

Evidence of climate change

●

Belize’s vulnerability to climate change and its impacts

●

What actions individuals and communities can do to reduce their vulnerabilities and
withstand the impacts of climate change

●

The opportunities presented by climate change and national adaptation strategies

●

The Governance of Climate Change

●

The future of Belize in relation to Climate Change

Studies in the country of Belize have shown that the number of people who are aware of the
unfolding impacts of Climate Change on the global community, and by extension the country of
Belize, is very low. As part of the response to inform more of our citizens about climate change,
the Belize Marine Conservation and Climate Adaptation Project (MCCAP) and the Fisheries
Department, under the Ministry of Agriculture, Fisheries, Forestry, and Sustainable Development
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is turning to the education community to implement the teaching of climate change in the
classroom.
This initiative will allow students to form an opinion about climate change, foster higher order
thinking skills, support decision making, and subsequently, equip them to respond to the climate
change related challenges that our country is currently facing.
To this end, teachers will be expected to:
●

thoroughly understand the complex science of climate change, and communicate this
information to students country-wide;

●

educate students for sustainable development;

●

encourage a change in behaviors that will lead to an increase in students’ adaptive
capabilities;

●

build an awareness of how Belize is addressing climate change in face of the global
challenges; and

●

stimulate problem-solving and critical thinking skills which will be necessary to generate
solutions at the local and global levels.

It is the intent of MCCAP that teachers use these modules to ultimately arouse an interest among
students in discussions on climate change. Such discussions would further enhance the conviction
that climate change is a reality with far-reaching effects that will undoubtedly be felt around the
world. Teachers can therefore help students to better understand the risks and vulnerabilities
posed by climate change to Belize and the importance of getting involved to find practical
solutions. Success in moving the country of Belize toward a cleaner environment and a sustainable
economy in the face of posing dangers world-wide due to climate change will require support at
all levels of the Belizean Community. This can only be achieved through increased awareness,
education, and skills development for both the general public and private sectors, and especially
for our young people.
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About the Modules
These modules provide the reader with reference materials in Climate Change. The modules also
offer scientific information on the topic of Climate Change and general teaching methods, as well
as subject-oriented teaching skills and methods. The modules include several examples of
methods to enhance explanation; however, when dealing with more challenging aspects of the
topic, the readers are encouraged to search for relevant information that can assist in developing
alternate lesson plans and/or activities to suit their immediate environment and the availability
of resources. These modules provide teachers with both lesson plans and activities that will aid
in the teaching of Climate Change as a natural or social science within the Belizean classroom.
This document consists of four (4) modules as shown below:
•

Module 1 – Introduction to Climate Change; this module has 3 units which sets
the foundation for the other modules. The concepts in this module present the science of
Climate Change and provide the reader with information that illustrate evidence of
Climate Change.

•

Module 2 – Impacts and Vulnerabilities to Climate Change; this module
consists of 3 units which seeks to provide the reader with an overview of climate change
impacts, including the special case of small island developing states (SIDS), what is meant
by climate change ‘vulnerability’; as well as the Belize’s vulnerability to, and the impacts
of Climate Change on the country.
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•

Module 3 – Mitigation and Adaptation to Climate Change; this module consists
of 2 units which is aimed at creating an understanding of mitigation strategies that can
help to combat global Climate Change. It also helps to encourage the development of
adaptation methods, and that are of utmost importance for the country of Belize to build
its resilience.

▪

Module 4 – Building Adaptive Capacity and Resilience to Climate Change;
this module has 2 units, and looks at the future of Climate Change. Unit one focuses on
Belize’s capabilities to adapt to the changes that we are already experiencing, and our
ability, as a country, to cope and thrive within the existing global challenges. Unit two
introduces the reader to the key players and policy makers when it comes to climate
change. The governance of climate change, including how climate change is managed
internationally, regionally and locally, and the systems that are set in place for doing this.
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Glossary of Terms
●

Adaptation: a process through which societies make themselves better able to cope with
an uncertain future. It entails taking the measures to reduce the negative effects of climate
change (or exploit the positive ones) by making appropriate adjustments and changes.

●

Adaptive capacity: refers to the full abilities, resources and institutions of a country or
region to implement effective adaptation measures.

●

Anthropogenic: resulting from or produced by human beings.

●

Atmosphere: layers of gases surrounding the Earth, made up of multiple layers: the
closest layer to the Earth is the troposphere (where weather takes place), above that is the
stratosphere (part of this layer, the ozone layer, helps protect Earth from ultra-violet
radiation), then comes the mesosphere, and finally the ionosphere.

●

Carbon cycle: refers to the flow of carbon in various forms through the atmosphere,
ocean, terrestrial biosphere and lithosphere.

●

Carbon dioxide (CO2): It is a naturally occurring gas as a consequence of burning fossil
fuels such as oil, gas, and coal, and land use changes. CO2 from the burning of fossil fuels
is the principal greenhouse gas (GHG) emissions from human activities.

●

Carbon sinks include the oceans, plants, and soil. Carbon sinks comprise of long-lived
trees, limestone (formed from the carbon-containing shells of small sea creatures that
settle to the ocean bottoms and build up into thick deposits), and the burial of organic
matter (such as those that formed the fossil fuels we use today).

●

Carbon sources: all living things are made of carbon. Plants that die and are buried may
turn into fossil fuels made of carbon like coal and oil over millions of years.

●

Climate: refers to the average weather over a period of time ranging from months to
thousands or millions of years. The period for averaging the weather variables is 30 years,
as defined by the World Meteorological Organization.

●

Climate Change: a significant change in global or regional climate patterns over time.

●

Climate Change Impacts: are the consequences of climate change – both expected and
realized – on natural and human systems.

●

Climate system: a highly complex system consisting of five major components: the
atmosphere, the hydrosphere, the cryosphere, the land surface and the biosphere, and the
interactions between them.
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●

Deforestation- refers to the conversion of forest to non-forest.

●

Ecosystem: refers to a system of living organism interacting with each other and their
physical environment.

●

Energy: the ability to do work; it is usually measured in Joules. Energy used over time is
Power, which is measured in Watts.

●

Fossil fuels: hydrocarbon deposits, such as petroleum, coal, or natural gas, derived from
living matter of a previous geologic time and used for fuel.

●

Global climate: refers to the average climate over the entire Earth.

●

Global warming: refers to the gradual increase, observed or projected, in global average
surface temperature caused by anthropogenic emissions.

●

Greenhouse effect: the ability of the atmosphere to trap heat emitted by the Earth’s
surface due to the presence of greenhouse gases.

●

Greenhouse gases (GHGs): atmospheric gases, both natural and anthropogenic, that
absorb and emit radiation; the main GHGs are water vapor, methane, carbon dioxide,
ozone, and nitrous oxide.

●

Governance: The way organizations or countries are managed at the highest level, and
the systems for doing this. It recognizes the contributions of various levels of government
(global, international, regional, local) and the roles of the private sector, of nongovernmental actors and of civil society.

●

Hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs): are synthetic
chemicals that are used in a variety of industrial production processes such as
semiconductor manufacturing.

●

Human system: refers to any system in which human organizations play a major role.
Often, but not always, the term is synonymous with society or social system, for example,
agricultural system, political system, technological system, economic system.

●

Methane (CH4): one of the six types of greenhouse gases to be curbed under the Kyoto
Protocol. It is the major part of natural gas and associated with all hydrocarbon fuels,
animal farming and agriculture.

●

Mitigation: consists of actions to limit the magnitude or rate of long-term global
warming and its related effects. It means implementing policies to reduce greenhouse gas
emissions and enhance sinks.

●

Nitrous oxide (N2O): It is also produced by sewage treatment, fertilizer use, animal
waste management, fossil fuel combustion, and industrial activities.
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●

Policies: Under the United Framework Convention on Climate Change (UNFCCC),
policies are taken and/or mandated by a government- often in conjunction with business
and industry within its own country, or with other countries- to hasten mitigation and
adaptation measures.

●

Resilience: refers to the capacity to adapt to stress and change.

●

Sea level change/sea level rise: sea level rise is caused primarily by two factors under
global warming. These are the added water from melting ice sheets and glaciers and the
expansion of seawater resulting from warming water.

●

Small island developing States (SIDS) – are a group of small island countries and
low-lying states that tend to share similar sustainable development challenges, such as,
among others, small but growing populations, limited resources, proneness to natural
disasters, and fragile ecosystems.

●

Storm surge: refers to the temporary increase in the height of the sea due to a storm.

●

Sustainable development: development that meets the needs of the present, without
compromising the ability of future generations to meet their own needs.

●

United Nations Framework Convention on Climate Change (UNFCCC): The
Convention was adopted on 9 May 1992 in New York and signed at the 1992 Earth Summit
in Rio de Janeiro by more than 150 countries and the European Community. The
Convention entered into force in March 1994. The objective of the UNFCCC is to stabilize
greenhouse gas concentrations in the atmosphere at a level to avoid “dangerous
anthropogenic interference” with the climate system.

●

Vulnerability: refers to the degree to which people, or the things they value are
susceptible to, or are unable to cope with, the adverse effects of climate change.

●

Weather: the current conditions of the atmosphere at a particular place and time. Some
characteristics of weather are temperature, humidity, precipitation, cloudiness, wind, and
atmospheric pressure. Weather conditions are temporary and change frequently.
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Abbreviations
AOSIS – The Alliance of Small Island States
BNCCC – Belize National Climate Change Committee
CCCCC – Caribbean Community Climate Change Center
COP – Conferences of the Parties
CSEC – Caribbean Secondary Education Certificate
GHG – Greenhouse Gas
IPCC – Intergovernmental Panel on Climate Change
LDC – Least Developed Countries
MEA – Multilateral Environmental Agreements
NASA – National Aeronautics and Space Administration
NOAA– National Oceanic and Atmospheric Administration
NCCO – National Climate Change Office
OECD – Organization for Economic Cooperation and Development
SDG – Sustainable Development Goals
SIDS – Small Island Developing States
SLR – Sea Level Rise
UNFCCC – United Nations Framework Convention on Climate Change
WMO – World Meteorological Organization

Page 11 of 111

About this Module
Purpose: Because there is a host of scientific jargon and acronyms that can be overwhelming to
follow, module 1 presents definitions and explanations of some key terms and concepts which
are important to understanding climate science basics.
This module can be read by itself and is the first in a series of four modules that can be used as
Resource material to help teachers and students to better understand topics related to climate
change.
The aims of this module are:
●

To introduce key terms and concepts of greenhouse gas, global warming and climate
change,

●
●

To explore the causes of climate change, and
To show the evidence of climate change happening now.

Prerequisites:
General knowledge of weather, climate
Key Subject Areas for Integration:
•

Belizean Studies

•

CSEC Geography

•

CSEC Biology

•

CSEC Integrated Science

•

CSEC Human Biology

•

CSEC Agricultural Science

Organization of the Module
This module includes 3 units:
Unit 1: Defining Key Terminologies and Concepts
Unit 2: What is Climate Change and its Causes
Unit 3: Evidence of Climate Change
It also includes lesson plans and other activities that can be used to teach the topics in a studentcentered way. There are activities that can be done along with the lessons or separately over an
extended period of time. Sample evaluation methods are also included within the lesson plans.
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Module 1: Introduction to Climate Change
Unit 1: Defining Key Terminologies and Concepts
Learning Outcome:
The student will be able to understand the difference between weather, climate, and climate
change, and that there are different climates due to the distribution of energy.
Specific Objectives:
Upon completion of the unit, the student will be able to:
●

Distinguish weather from climate

●

Describe the Earth’s climate system and its processes

●

Describe the role of Greenhouse Gases in the atmosphere/climate change

●

Describe the relationship between global warming and the greenhouse gas effect using
their own words

●

Distinguish global warming from climate change

Introduction to Climate Science Basics – Difference between Weather,
Climate and Climate variability
Key Concepts:
✓ Weather is the condition/state of the atmosphere at any particular time and
place. Weather- which is always changing over a short time- is comprised of the
elements of:
o

Air temperature- the degree of hotness or coldness of the air,

o

Air pressure- the force of air above an area,

o

Humidity- a measure of water vapor in the air,

o

Clouds- a visible mass of tiny water droplets and/or ice crystals that are above
the earth’s surface,

o

Precipitation- any form of water, either liquid or solid (rain or snow), that falls
from clouds and reaches the ground,

o

Visibility- the greatest distance one can see,

o

Wind- the horizontal movement of air.
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✓ Climate is the “average weather” of a particular region. It is the accumulation of daily
and seasonal weather events over a longer period (usually 30 years or more).
o

Climate varies from place to place; depending on latitude, longitude, distance to
sea, vegetation, presence or absence of mountains, or other geographical factors.

o

The concept of climate also includes the extremes of weather- the heat waves in
summer and cold spells in winter- that occur in a particular region. The
frequency of these extremes is what helps us distinguish among climates that
have similar averages.

o

In Belize, the climate is characterized by a rainy and dry season. The rainy season
occurs from June to November which is typically the period where most of the
year’s rainfall occurs. The dry season occurs from November to May.

✓ Climate variability describes the way climate elements such as temperature and
rainfall deviates from its average value over a given period of time (e.g. month, season
or year) due to natural causes like El Nino and La Nina.
o El Nino is a climate pattern where water in the Pacific Ocean gets warmer than
normal and affects the temperature and weather all over the world. El Nino climate
conditions occur every few years and are unpredictable. The type of climate pattern
we see with an El Nino event, for example, in the El Nino suppresses the formation of
hurricane in the Atlantic, Gulf of Mexico and the Caribbean Sea. Whenever you hear
there is an El Nino event, you can expect less formation of tropical storms and
hurricanes in the Atlantic and our region. Meanwhile, the eastern Pacific gets an
increase in tropical storms and hurricanes during an El Nino event. This in turn can
affect the regions rainy season. A La Nina event may have an opposite effect.

The Earth’s Climate System and its processes
✓ What is our climate system? To understand the global climate, you must understand
the earth’s climate system. The climate system is highly complex and is made up of the
atmosphere, hydrosphere (ocean, rivers and lakes), cryosphere (ice and snow cover),
land surface and its features, and biosphere (see Figure 1).
✓ The global climate is controlled by how much energy the Earth receives from the Sun and
the exchanges of energy which takes place within the climate system itself.
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Figure 1: The Climate System
(Source: US Environmental Protection Agency)

The Elements of the Climate System
The Atmosphere
✓ The atmosphere surrounds the Earth and protects us from the dangerous ultraviolet
(UV) radiation from the Sun. It is a thin layer of a mixture of gases which makes up the
air that we breathe. It is composed of 78.1% nitrogen, 20.9% oxygen, 0.93% argon and
less than 0.1% trace gases. These trace gases which include carbon dioxide (CO2),
methane, (CH4), nitrous oxide (N2O) and ozone (O3) are known as greenhouse gases and
play an important role in the Earth’s energy budget.
✓ The atmosphere is comprised of five layers. The temperature varies in each layer.
o

The first layer is the troposphere and contains all the weather we are familiar
with on earth.

o

The stratosphere is above the troposphere and is characterized by an increase
of temperature with height. The ozone layer in the stratosphere absorbs harmful
rays from the sun.

o

The mesosphere is the layer between the stratosphere and the thermosphere.
Meteors or rock fragments burn up in this layer.

o

The thermosphere is a layer where temperature increases rapidly with height.
It is where the space shuttle orbits.
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o

The exosphere is the outermost portion of the atmosphere where it merges into
space.

The Cryosphere
✓ The cryosphere (ice & snow) plays and important part in the Earth’s climate. Snow and
ice reflect heat from the sun, assisting to control the Earth’s temperature. The cryosphere
is the world’s largest supply of freshwater. It covers 3 percent of the Earth’s surface
including most of Antarctica and Greenland (A Student's Guide to Global Climate
Change, 2016). Because the Polar Regions are very sensitive to the shifts in climate, the
cryosphere may be one of the first places where scientists are able to identify global
changes in climate.
The Hydrosphere
✓ The hydrosphere is comprised of all the water on Earth that can be stored in the oceans,
rivers and lakes. The waters of the Earth are in constant movement, transferring water
and heat throughout the atmosphere in the form of water vapor and precipitation.
Oceans, because of its large size and thermal properties, store a lot of heat and are
essential in controlling the climate. As the oceans circulate, it transports heat from the
equator to the poles to control and moderate the Earth’s climate. When the ocean
circulation changes it affects the global climate and temperature.
The Lithosphere- Lands Surface and its features
✓ The lithosphere is comprised of the solid rock, soil, and minerals of Earth’s crust. Both
the hydrosphere and lithosphere absorb higher-energy radiation from the Sun, changes
it into thermal (heat) energy, and then emits the energy back as lower-energy infrared
radiation. The energy reflected and emitted by the lithosphere as infrared radiation is
trapped. Volcanoes on the other hand emit aerosols which reduce warming called global
dimming.
The Biosphere
✓ The biosphere supports any living plant, animal, and other life forms. It is the place
where plants and animals, including humans, live. There are many different ways in
which plants, animals and other life-forms on earth affect climate. Some produce
greenhouse gases that trap heat and assist global warming through the greenhouse
effect, while others reduce the amount of greenhouse gases.

A warming world caused by increases in greenhouse gases could upset the delicate balance of our
climate system and have an impact on our longer-term climate.
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Role of Greenhouse Gases in the Atmosphere and the Greenhouse Effect
✓ Life on Earth depends on the energy coming from the Sun. About half of the radiant
energy coming from the sun enters the earth’s atmosphere; passes through the air and
clouds to the surface and warms the Earth. The Earth in turn emits this energy as
infrared radiation or heat. About 90 percent of this heat is then absorbed by greenhouse
gases primarily carbon dioxide, methane, nitrous oxide, and water vapor.
✓ The greenhouse gases are known as heat trapping gases. These gases re-emit heat back
to the earth’s surface and cause the earth’s temperature to heat up to a comfortable
15 Celsius (59 Fahrenheit), allowing the Earth to be habitable. Without the
greenhouse gases the Earth’s average surface temperature would be -18 Celsius
(0 Fahrenheit). It will be too cold and life on Earth would not be possible. In other
words, the greenhouse gases behave like a blanket, making Earth warmer than it would
otherwise be. The rise in temperature of the Earth due to the greenhouse gases in the
atmosphere is known as the greenhouse effect. Figure 2 is an illustration of the
greenhouse effect (The Basics of Climate Change < Climate change: evidence and causes,
n.d.).

Figure 2: An Overview of the Greenhouse Effect
Source: The Basics of Climate Change < Climate change: evidence and causes.
https://royalsociety.org/topics-policy/projects/climate-change-evidence-causes/basicsof-climate-change
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Module 1: Introduction to Climate Change
Unit 2: What is Climate Change and Its Causes
Learning Outcome:
The student will be able to define climate change and explain the causes as well as the effects of
climate change.
Specific Objectives:
Upon completion of the unit, students will be able to:
●

Identify personal actions that contribute to global warming and climate change

●

Make inferences about how certain activities can affect changes in the environment

●

Explain the main factors controlling climate and how changes in these factors would
impact the Earth’s climate.

●

Communicate their position on global warming and climate change using evidence

Previous knowledge, students would have covered the following:
●

The greenhouse gas effect as a natural process that warms the Earth’s surface.

Key Concepts:
What is Climate Change?
✓ Climate change is a significant change in long-term weather patterns, such as
temperature, rainfall, or wind, lasting for an extended period- decades or longer. For
example, temperature can become warmer or colder. Annual rainfall amounts can
increase or decrease.
What is Global Warming?
✓ Global warming refers to an average increase in the Earth’s temperature, which in turn
causes the climate to change. A warmer climate may lead to changes in rainfall patterns,
a rise in sea level, and a wide range of impacts on plants, animals, and humans.
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What is the Carbon Cycle?
✓ The carbon cycle is the process in which carbon travels from the atmosphere into
organisms and the Earth and then back into the atmosphere (What is the Carbon Cycle?,
2015).
What is Enhanced Greenhouse Effect?
✓ The rise of temperatures due to higher levels of greenhouse gas in the atmosphere. It is
also referred to as global warming.
What causes Climate Change✓ Climate Change can result from natural processes and factors and more recently
due to human activities as more greenhouse gases are released into the atmosphere.
Nowadays, when scientists talk about the issue of climate change, their main concern is
global warming caused by human activities.
✓ Natural Changes: There are many natural processes that influence the climate,
causing it to either warm or cool. The temperature of the Earth relies on the balance
between energy from the Sun entering and leaving the Earth’s system. When incoming
energy from the sun is absorbed by the Earth system, the Earth warms up. When the
sun’s energy is reflected back into space, it prevents the Earth’s warming. The Earth cools
when the absorbed energy is released back into space. Both natural and human factors
result in changes in the Earth’s energy balance. Natural changes in the Earth’s climate
are caused by:
o

Changes in the sun’s energy reaching Earth’s surface. The intensity of the
sunlight can cause either warming or cooling. Periods of stronger solar intensity
result in warming and periods of weaker solar intensity result in cooling. The sun
has a natural 11-year cycle of small ups and downs in intensity which produce
only a small effect on the Earth’s climate. In the past, changes in the sun’s
intensity in the past have produced what we know as Ice Age (Stocker T. F., et
al.).

o

Small changes in the Earth’s orbit around the Sun and small changes in the tilt
(axis) of the Earth can also affect the amount of sunlight reaching the Earth’s
surface. Variations in the Earth’s orbit have had a big impact on climate in the
past. For instance, the amount of sunshine reaching the Northern Hemisphere in
the summer is affected by changes in the Earth’s orbit causing the advance or
retreat of ice sheets. These changes seem to be the main cause of episodes of Ice
Age in the past where the Earth experienced long periods of cold temperatures as
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well as shorter periods between Ice ages of relatively warmer temperatures
(Stocker T. F., et al.).
o

Volcanic eruptions from volcanoes on land and under the sea have played a
visible role in climate. Volcanic particles from eruptions reach the upper
atmosphere and reflect sunlight back to outer space resulting in cooling of the
Earth’s surface by a few tenths of a degree for several years (Stocker T. F., et al.).
Volcanic particles do not cause long-term changes because they remain in the
atmosphere for a shorter period than greenhouse gases.

o

Processes such as deforestation, reforestation, desertification, and urbanization
also contribute to changes in climate in the places they occur.

o

Natural processes within the climate system such as changes in the ocean current
circulation (Climate Change Science: Causes of Climate Change, 2016).

✓ However, the natural processes discussed are being overshadowed by the influences of
human activities. There is widespread agreement that humans are contributing to recent
climate change and global warming by releasing greenhouse gases in the atmosphere.
The release of greenhouse gases is referred to as greenhouse gas emissions.
✓ The Intergovernmental Panel on Climate Change (IPCC), a UN body established in 1988
by the World Meteorological Organization (WMO) and the United Nations Environment
Programme (UNEP), assess the science concerning climate change. The IPCC in its Fifth
Assessment Report stated, among others, that:
o

Warming of the atmosphere and ocean system is unequivocal. Since the 1950s,
many of the observed changes such as the change in sea level have occurred at
rates unprecedented over decades to millennia (Topic 1: Observed Changes and
their Causes, 2014).

✓ As was discussed, since the Industrial Revolution began in the late 1700s, many of the
world’s leading scientists believe that human activities are changing the composition of
the Earth’s atmosphere by releasing increased amounts of greenhouse gases into the
atmosphere. Such activities include the burning of fossil fuels (coal, oil and natural gas).
The increased amounts of greenhouse gases have upset the natural balance of the Earth’s
atmosphere. As a result, the natural greenhouse effect is enhanced, causing the
temperatures of the Earth’s atmosphere, ocean, and land surface to increase. The rise of
temperatures due to increased amounts of greenhouse gas in the atmosphere is known
as the Enhanced Greenhouse Effect and is sometimes referred as global warming
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(see Figure 3) (Wagg, 2015; Climate Basics for Kids | Center for Climate and Energy
Solutions, n.d.).

Figure 3 Natural Greenhouse Effect vs Human Enhanced Greenhouse Effect
Source: (Climate Basics for Kids | Center for Climate and Energy Solutions, n.d.)

✓ Carbon dioxide is the most important greenhouse gas. Large amounts of carbon dioxide
are continually exchanged between the atmosphere, land and oceans, as land and
marine plants grow, die and decay, and as carbon-rich waters circulate in the ocean.
This process in known as the carbon cycle (Carbon Cycle, n.d.) (see Figure 4). Today,
the increased levels of carbon in the atmosphere have produced changes in the carbon
cycle. Humans are moving more carbon into the atmosphere from other parts of the
Earth system. More carbon is moving to the atmosphere when fossil fuels are burned.
More carbon is moving to the atmosphere as humans get rid of forests by clearing or
burning the trees.
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Figure 4 The Carbon Cycle
Source: The Carbon Cycle: BioNinja

Examples of Human Activities producing Greenhouse Gas
Human activities produce greenhouse gases contributing to climate change. These include:
✓ Carbon dioxide emissions through the burning of fossil fuels such as coal, oil and gas are
the largest source of greenhouse emissions from human activities. Fossil fuels provide
energy for electricity, run automobiles, and power factories.
o

Deforestation is the second largest source of carbon dioxide. When forests are
cleared or burned for agriculture or development, most of the carbon is released.
Decomposing trees also release carbon into the atmosphere. On the other hand,
new forests absorb carbon dioxide, removing it from the atmosphere.

✓ Methane emissions; it is the second-most important greenhouse gas after carbon dioxide.
Methane is produced by cattle, dairy, cows, buffalo, goats, sheep, pigs and horses by
‘enteric fermentation’.
o

Enteric fermentation is a natural part of the digestive process whereby
carbohydrates are broken down by bacteria producing methane as a by-product.
Another source of methane is the decomposition of animal manure.

o

Rice cultivation also releases methane, as well as the disposal and treatment of
garbage and human wastes.
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✓ Nitrous oxide emissions come from agriculture through the use of fertilizer. The
nitrogen contained in fertilizer is converted into nitrous oxide.
✓ Chlorofluorocarbons (CFCs) and other halocarbons are created in industry. These
gases are used in various products and industrial processes like, among others, air
conditioners, refrigerators and as the pressurizing gas in aerosol spray cans
(Climate Change Information Sheet 3: Greenhouse gases and aerosols, 2000).
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Module 1: Introduction to Climate Change
Unit 3: Evidence of Climate Change
Learning Outcome:
The student will be able to articulate evidence of climate change on a global and local level.
Specific Objectives:
Upon completion of the unit, students will be able to:
●

Illustrate the evidence of global climate change using maps and diagrams;

●

Make inferences about how certain activities can affect changes in nature;

●

Describe the main factors controlling climate and demonstrate how changes in these
factors would impact the Earth’s climate.

Previous knowledge, students would have covered the following:
●

Earth’s Climate System and its processes

●

The Earth’s Carbon cycle

●

Natural and Enhanced Greenhouse Gas Effect, Global Warming, Climate Change

How do we know global temperatures are on the rise?
✓ Throughout the Earth’s history, the climate has changed many times, with events
ranging from ice ages to long periods of warmth. These changes took place very
slowly over thousands or millions of years and are attributed to very small
changes in Earth’s orbit that alter the amount of solar energy our planet receives.
✓ But today human activities resulting in emissions of greenhouse gases are
rapidly changing the Earth’s climate compared to the past; causing increases in
the overall average temperature.
✓ In the past, scientists depended on ancient evidence, or paleoclimate, found in
fossils, lake and ocean sediments, ice cores, coral reefs and tree rings to
understand what the climate was like (Global Climate Change: Vital Signs of the
Planet, n.d.).
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✓ Since the start of modern record-keeping worldwide, information from
temperature records from all over the world have allowed scientists to see the big
picture…. the Earth is getting warmer and it is doing so at an alarming rate.

Meteorological services around the world conduct meteorological observations and have records
of these observations. The World Meteorological Organization (WMO) is a United Nations entity
that facilitate programs using satellites and telecommunication networks connecting land and sea
sites for monitoring weather conditions (World Meteorological Organization: Weather - Climate
- Water, n.d.). Observational records from these meteorological stations provide evidence that the
Earth has warmed by about 1 degree Celsius over the past century; compared to the gradual
increase of earth’s temperature over the course of several centuries.
The evidence for rapid climate change is compelling
✓ Observations and measurements worldwide provide compelling evidence that
the climate has already started to change.
✓ Our planet has experienced higher temperatures, warmer oceans, more drought,
less snowpack, melting glaciers, shrinking sea ice, thawing permafrost, rising sea
levels, changing precipitation patterns and increased ocean acidity (US EPA,
2017).
✓ Images from NASA and other sources provide evidence that climate change is
real and is happening right now see (Figure 5). You will notice an unprecedented
1-degree Celsius increase in the earth’s temperature that is affecting the tropics
when ice sheets, glaciers and sea ice melts.

Figure 5: Evidence of climate Change
Source: ("Climate Change Action Window Could Close As Early As 2023", 2017)
Available at : https://mitechnews.com/update/climate-change-action-window-close-early-2023/
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Higher Temperatures
✓ The IPCC and WMO tell us that the average global temperatures are increasing.
✓ The year 2016 was confirmed by WMO as the hottest year on record. Earth’s average
surface temperatures in 2016 have risen by 2.0 Fahrenheit (1.1 Celsius) since the
late 19th century. It was approximately 0.83° Celsius above the long term average
(14°C) of the WMO 1961-1990 reference period, and about 0.07°C warmer than the
previous record set in 2015 (Global Climate Change: Vital Signs of the Planet, 2017)
(WMO Confirms 2016 as hottest year on record, about 1.1 degrees C above preindustrial level, 2017) .
✓ An increasing rate of warming has taken place over the past 35 years and is greatest
at higher northern latitudes. 16 of the 17 warmest years on record occurred since
2001 (see Figures 6 & 7) (Global Climate Change: Vital Signs of the Planet, 2017).
Figure 6 illustrates a warming trend since the 1980’s. Likewise figure 7 show a
warming trend illustrated by the red bars.
✓ Except for 1998, seventeen of the 18 warmest years in the 136-year record all have
occurred since 2001 (Global Climate Change: Vital Signs of the Planet, 2017).
✓ At the Earth’s surface, each of the last three decades has been successively warmer
than preceding decade since 1850 (Contribution of Working Groups I, II and III to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core
Writing Team, R.K. Pachauri and L.A. Meyer (eds.). IPCC, Geneva, Switzerland, 151
pp., n.d.).
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Figure 6: Temperature anomalies from 1880 to 2014 as recorded by NASA, NOAA, the Japan Meteorological
Agency, and the Met Office Hadley Centre (United Kingdom)
Source: https://earthobservatory.nasa.gov/WorldOfChange/DecadalTem

Figure 7: This graph of HadCRUT4 is also available as Encapsulated PostScript and PDF suitable for publication
and the data are available as Comma-Separated Values)
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Warming Oceans
✓ In the climate system, the atmosphere affects the oceans, and oceans influence the
atmosphere. As temperatures increase, the oceans absorb most of the increased heat
and becomes warmer, as well. According to the WMO, in 2016, average sea surface
temperatures around the world were the warmest on record (see Figure 8). Global
ocean heat was the second highest on record in 2016 contributing to coral bleaching
and mortality in tropical waters (WMO Confirms 2016 as hottest year on record,
about 1.1 degrees C above pre-industrial level, 2017).
✓ As sea ice melts in the summer, it exposes the ocean’s surface. This reduces the
amount of sunlight that is reflected. At the same time, the amount of sunlight
absorbed by the ocean increases. The ocean heats up and temperatures rise further.
✓ The increased ocean temperatures are melting the undersides of Antarctic ice shelves
and are responsible for most of the continent's ice shelf mass loss.

Figure 8: Average Global Sea Surface Temperature Worldwide
Source: https://archive.epa.gov/climatechange/kids/impacts/signs/oceans.html

Shrinking Ice Sheets
✓ Ice permanently covers 10% of the land surface, occurring mostly over Antarctica
and Greenland. It also covers 7% of the oceans. Greenland and Antarctica ice sheets
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hold about 99 percent of the world’s freshwater ice (Facts about glaciers, n.d.).
However, the Greenland and Antarctic ice sheets have decreased in mass due to a
warmer climate and warmer ocean.
✓ Data from NASA's Gravity Recovery and Climate Experiment show Greenland lost
an average of 281 billion tons of ice per year between 1993 and 2016, while Antarctica
lost about 119 billion tons during the same time period. Figures 9, 10 & 11 are
illustrations of changes in mass of Antarctica and Greenland’s Ice Sheets. The rate of
Antarctica ice mass loss has tripled in the last decade (Global Climate Change: Vital
Signs of the Planet: Facts, n.d.).

Figure 9: Changes in mass of Antarctica’s Ice Sheets

Figure 10: Changes in mass of Greenland’s Ice Sheets
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Decrease in mass of Greenland’s iced sheets
Figure 11: Flowing meltwater from the Greenland ice sheet
Source: (Global Climate Change: Vital Signs of the Planet: Facts, n.d.)

Glacial Retreat
✓ Most glaciers are retreating everywhere around the world at unprecedented rates
due to warmer air and ocean temperatures (see Figure 12). These include the Alps,
Himalayas, Andes, Rockies, Alaska and Africa. Some ice caps, glaciers, and ice
shelves have disappeared altogether.

Figure 12: Glacial Retreat:
Source: https://nsidc.org/cryosphere/sotc/glacier_balance.html
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Decrease Snow Cover
✓ Satellite observations reveal that the results in the decrease in the amount of spring
snow cover in the Northern Hemisphere over the past five decades is a result of the
warming trend; and besides the snow is melting earlier. This decrease of snow cover
allows less energy to be reflected back into the atmosphere resulting in higher
absorption of solar radiation. This in turn adds more heat to the system, causing
even more snow to melt.
Sea Level Rise
•

Sea level is mainly measured by tide stations and satellite laser altimeters. Satellite
altimetry monitors the elevation of land and water surfaces worldwide since 1993.
Measurements show that ocean levels are getting higher and it is increasing at an
alarming rate (Is sea level rising? 2018) (see Figure 13). It is estimated that between
1901-2010, global mean sea level increased by 0.19 +/- 0.02 meters (Stephenson & Jones,
2017).

•

Sea level rise is caused mainly by two factors related to global warming:
1. the added water from melting ice sheets, polar ice caps and
glaciers and the expansion of seawater as it warms. Most of the
current sea-level rise comes from the expansion of warming
oceans, triggered by global warming. Like all liquids, water
expands as it heats up.
2. The remainder of the rise in sea level comes from melting glaciers
and ice sheets (New study finds sea level rise accelerating - Climate
Change: Vital Signs of the Planet, 2018) as more water is added to
the oceans.

•

Over the past 100 years, the average sea level around the world rose about 8 inches.
The rate of sea level rise in the last two decades, however, is double that of the last
century and is accelerating slightly every year. Experts are saying that the large
continental ice masses, that is, primarily the Greenland and Antarctic ice sheets are
primarily responsible for the acceleration and these ice sheets could melt more rapidly
as a result of global warming. If ocean and atmospheric warming continue sea level
would be 26 inches higher by the end of the century (New study finds sea level rise
accelerating - Climate Change: Vital Signs of the Planet, 2018).
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•

Higher sea level means that deadly and destructive storm surges push farther inland
than they once did, which also mean frequent flooding in coastal communities.

•

Sea level rise is not uniform around the world. In some places sea level is rising faster
than other areas because of wind patterns, ocean currents, and other factors. Moreover,
sea level may seem like it is changing more in certain places because the land itself may
be rising or sinking. Sea level rise might not seem so bad where the land is rising. But in
coastal areas where the land is sinking, the effects of sea level rise is worse (A Student's
Guide to Global Climate Change, 2016).

Figure 13: Graph showing changes in sea level from 1993-present
Source: www.climate.nasa

Figure 14: Expectant rise in sea levels due to climate change
Source: http://www.anthropocenemagazine.org/2017/05/sea-level-rise-is-on-the-rise/
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Extreme Events
•

As the Earth warms up, heat waves are becoming more frequent in some parts of the
world. Heat waves occur when an area experiences very high temperatures for several
days and nights. For example, in 2017, in the month May and June, parts of Europe, the
Middle East, North Africa and the Southeastern USA saw extremely high temperatures
that broke several records. The dangerous effects of heat waves include wild fires, heat
cramps and heat stroke, or even death in some places. As temperature rises heat waves
are likely to become more frequent and lasts longer (A Student's Guide to Global Climate
Change, 2016).

•

Droughts occur as a result of an extended or prolonged period of dry weather due to a
lack of or low rainfall. Increased temperature due to global warming results in more
moisture being evaporated from land and water. Since the 1970’s, droughts have become
more intense and more frequent worldwide, but more so in the tropics and subtropics (A
Student's Guide to Global Climate Change, 2016).

•

Climate change and global warming is shifting rainfall patterns, making heavy rainfall
more frequent in many regions of the world. As the Earth’s lower atmosphere becomes
warmer and moister, there is more energy for storms and certain severe weather events.
Warmer air can hold more water vapor. For each degree of warming, the air’s capacity
for water vapor increase by 7 percent. A warmer and moister atmosphere can produce
more intense rainfall events, which is exactly what has been observed (Climate Basics >>
Extreme Weather: Extreme Precipitation and Climate Change, n.d.). Heavy rainfall
increases the risk of flooding. Trends in extreme rainfall will vary from region to region.

•

As temperatures increase, oceans absorb some of this heat and also becomes warmer.
Globally, the oceans are warmer now than in the last 50 years. The change is most
evident in the top layer of the ocean, which has grown much warmer since the late 1800’s.
This top layer is now getting warmer at a rate of 0.2 degrees Fahrenheit per decade (A
Student's Guide to Global Climate Change, 2016).

•

Tropical storms and hurricanes may become more intense with warmer oceans; because
these storms get their energy from warmer oceans. For example, category 4 and 5
hurricanes have increased significantly (75%) between 1970 and 2012 (IPCC, 2013). For
1995-2012, 13 of the hurricane seasons in the North Atlantic have been above normal and
include the two most active seasons on record (Stephenson & Jones, 2017). Although it
is uncertain about whether climate change will lead to more frequent hurricanes,
scientists are confident that warmer oceans will result in increase in hurricane activity
(Number of Category 4 and 5 Hurricanes Has Doubled over the past 35 Years, 2005) .
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Ocean Acidification
•

The oceans absorb more than 30% of the CO2 added to the atmosphere from human
activities each year. Oceans play a crucial role in keeping the Earth’s carbon cycle in
balance. When CO2 dissolves in seawater, carbonic acid is formed. As a result, the acidity
of seawater is increased. This phenomenon is called ocean acidification. Figure 15 is an
illustration of the acidification process.

•

Overall, the amount of CO2 dissolved in the ocean has increased worldwide, and so has
ocean acidity. The increase in ocean acidity ocean will make it more difficult for corals
to build skeletons and for shell fish to build shells for protection. For more information
on the impact of ocean acidification on coral, see NOAA’s Coral Reef Watch website
(What is Ocean Acidification, n.d.).

Figure 15: Ocean Acidification
Source: Introduction CeNCOOS https://www.cencoos.org/learn/oa/intro
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Figure 16: Coral Bleaching due to climate change
Source: https://www.oceanchampions.org/ocean-acidification/

What can happen in the Future?
As the Earth’s temperature gets warmer, the following effects can be expected:
•

Droughts are expected to be longer and more severe,

•

Hurricanes could keep getting stronger,

•

Patterns of rainfall will change,

•

Snowpack is expected to continue to shrink in most of North America and around
the world,

•

Glaciers will continue melting, and some could disappear completely,

•

Arctic sea ice will continue to shrink, permafrost will continue to thaw,

•

Oceans will continue to get warmer – both in its top layer and in deeper waters

•

Average sea level by 2100 could range from 7 to 23 inches higher than it was in
1990. Sea level could even rise higher if large ice sheets in Greenland and
Antarctica melt faster (A Student's Guide to Global Climate Change, 2016).

•

Ocean will become more acidic with increased levels of carbon dioxide in the
atmosphere.

Also, visit National Aeronautics and Space Administration (NASA) Global Climate Change
Vital Signs of the Planet website (http://climate.nasa.gov), it provides graphics and
multimedia resources to visualize climate info.
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Observed trends in some areas in the Caribbean, Pacific and Belize

•

This section discusses climate change that has already been observed in the
context of tropical cyclones, sea level rise, storm surge, significant wave heights
and Sargassum outbreaks.

•

Around the world the potential destructiveness of hurricanes has increased since
the mid-1970s. For the North Atlantic, scientists have observed an increase in
intense tropical cyclones since the 1970s (Stocker T. F., et al., 2013).

•

Tropical cyclone activity is due to changes occurring in the conditions of the
atmosphere and oceans, including increases in the mean surface temperatures.
An increase in North Atlantic tropical cyclone activity has been observed since
1995. An increased frequency of very intense tropical cyclone activity within the
North Atlantic region since the 1990s has also been noted (Stephenson & Jones,
2017).

•

Temperature trends in the Caribbean is consistent with observed global warming
over the past 50 years.
▪

Sea surface temperature trends over the Caribbean generally
exceed those being observed over the global tropical oceans over
the past 20 years (Simpson, M.C., et.al., 2010).

▪

The Caribbean Sea has warmed by 0.50 degree Celsius from 1982
to 2006 (Field, et al., 2014) (Dye, Buckley, & Pinnegar, 2017).

▪

It is estimated that from 1901-2010, global mean sea level
increased by 0.19 +/- 0.02 meters. Sea levels in the Caribbean have
risen at a rate similar to the global rate (Stephenson & Jones,
2017). Sea level rise are not uniform across the region and is
greatest around Antigua and south to Grenada and least in the
Central Caribbean sea and north of Jamaica (Dye, Buckley, &
Pinnegar, 2017) .

▪

Analysis of tide gauges around the world from 1970s to the present
indicate that storm surge levels have increased since the 1950s in
all region studied. Scientists have also shown that increased storm
surges mean more destructive hurricane impacts on coastal
regions, for example, Belize City that is below the sea level.
(Stephenson & Jones, Impacts of Climate Change on Extreme
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Events in the Coastal and Marine Environments of Caribbean Small
Island Developing States (SIDS), 2017).
§

Climate change is already impacting coral reefs in the Caribbean,
through coral bleaching, disease outbreaks, ocean acidification
and physical damage from stronger hurricanes. Coral bleaching
is the most visible and widespread manifestation of the impacts of
climate change on reefs. Major events are documented in 1998,
2010 and 2015/2016. The extent of the bleaching and related
mortalities varies by location and event, but has resulted in some
mortality (McField, 2017).

§

The observed changes in precipitation for the Caribbean region is
highly variable and is characterized by longer dry spells
interrupted by heavier downpours (Dye, Buckley, & Pinnegar,
2017).

§

Tropical storm and hurricane frequencies vary considerably from
year to year, but evidence suggests increase in intensity and
duration since the late 1990s.

§

According to the IPCC regional impacts report, 29 percent of
Caribbean resorts are within 1 meter of the high tide mark. In
addition, 60 percent are at risk of beach erosion from sea level rise
(Scott et al. 2012a). Monitoring of beach in the Caribbean shows
an average beach erosion trend of 0.5 m/year and that this is
higher where hurricanes are more frequent. It is also suggested
that anthropogenic factors are causing the erosion alongside
climate change and variability (Dye, Buckley, & Pinnegar, 2017).

§

Extreme Sargassum (seaweed) outbreak have intensified along
the coasts of the Caribbean in more recent years. Extreme
sargassum events have occurred in 2011, 2012, 2014, 2015 and
2016. Sargassum is influenced by sea surface temperatures, ocean
acidification and wind disturbances and thrive in warmer waters
(Stephenson & Jones, 2017).

Some Impacts in the Pacific
•

Climate scientists claim parts of the Pacific are now experiencing sea-level rise of
more than three times that of the world average (Tangermann, 2017).
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•

Mean sea levels are rising, particularly in the Western Pacific (Keener V. W.,
Marra, Finucane, Spooner, & Smith, 2012).

•

The frequency and intensity of climatic extremes are changing across the region.
Drought has been more frequent and prolonged, and there have been fewer
cyclones (Keener V. W., Marra, Finucane, Spooner, & Smith, 2012).

•

Pacific Island habitats and species distributions have changed. For example,
increasing temperatures are facilitating the upward migration of mosquitoborne diseases (Keener V. W., Marra, Finucane, Spooner, & Smith, 2012).

•

Ocean heat content is rising and ocean chemistry is changing (Keener V. W.,
Marra, Finucane, Spooner, & Smith, 2012).

•

Tuvalu has experienced impacts from rising sea levels. Evidence has shown some
areas submerged in water on the Funafuti Atoll which is a direct result of rising
sea levels. Residents of the capital Tuvalu have seen very frequent flooding in
populated areas (Tangermann, 2017).

•

Coral reefs that provided protection from encroaching seas are being bleached
due to the warming and acidification of the ocean (The impact of climate change
on the Pacific: Interview with Edvard Hviding, 2015).

Local Effects
•

For Belize, mean annual temperature has increased by 0.45oC since 1960, at an
average rate of 0.10oC per decade. It is projected that mean annual air
temperature will increase between 2 and 40 C by 2100 (see Figure 21) (A National
Climate Change Policy, Strategy and Action Plan to Address Climate Change in
Belize, 2014).
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Figure 17: Mean Annual Temperature Anomaly
Source: A National Climate Change Policy, Strategy and Action Plan in Belize, 2014. Observed
(1960-2006) and projected (to 2100) annual air temperature anomalies for Belize (referenced to
1970-1999. (McSweeney et al, 2008; 2009).

•

Between 1960 and 2003, the frequency of hot days and hot nights has increased
strongly, with the mean number of hot days increasing by approximately 7 days
during summer (Jun-Aug) and the average number of ‘hot’ nights increasing by
37 nights per year during the same period (Belize's Third National
Communication to the United Nations Framework Convention on Climate Change,
2016; A National Climate Change Policy, Strategy and Action Plan to Address
Climate Change in Belize, 2014).
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Figure 18: Percentage Hot Days Annual
Source: A National Climate Change Policy, Strategy and Action Plan in Belize, 2014. Observed
(1960-2006) and projected (to 2100) annual percentage of hot days anomalies for Belize
(referenced to 1970-1999). (McSweeney et al, 2008; 2009).

•

In contrast, the frequency of cold days and nights has decreased significantly
annually. Between 1960 and 2003, the average number of cold days per year has
decreased by 21 days and the average number of cold nights has decreased by 23
days per year (see Figure 19 & 20) (Belize's Third National Communication to the
United Nations Framework Convention on Climate Change, 2016; A National
Climate Change Policy, Strategy and Action Plan to Address Climate Change in
Belize, 2014).

•

Mean annual rainfall is variable but there is no significant change in trend
between 1960 and 2003 (Figure 21).
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Figure 19: Percentage Cold Days Annual
Source: National Climate Change Policy, Strategy and Action Plan, 2014
Observed (1960-2006) and projected (to 2100) annual percentage of cold days anomalies
for Belize (referenced to 1970-1999). (McSweeney et al, 2008; 2009).

Figure 20: Percentage Cold Nights Annual
Source: A National Climate Change Policy, Strategy and Action Plan in Belize, 2014
Observed (1960-2006) and projected (to 2100) annual percentage of cold nights
anomalies for Belize (referenced to 1970-1999). (McSweeney et al, 2008; 2009).
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Figure 21: Monthly Precipitation Anomaly Annual
Observed (1960-2006) and projected (to 2100) annual air temperature anomalies for Belize (referenced to 1970-1999.
(McSweeney et al, 2008; 2009).

•

According to the report “How Climate Change Has Destroyed Belize’s Coral Reef and
Economy”, the impacts of increased temperature have transformed vibrant reefs to ones
which are dull. The report indicated that bleaching stress levels have doubled during the
last three years (2014-2017) compared to the stress level between 1985-2014, signaling
that Belize coral reef system is under threat. Belize’s coral reef system is a World
Heritage site and is known for its beauty and its economic value and environmental
services it provides (Crist, 2018).

•

Below are examples of impacts from extreme events occurring in Belize in the context of
yearly variability:

•

Tropical Storms and Cyclones/Storm Surge: Tropical depression 16. Never made
landfall in Belize, resulted in losses amounted to USD 27.1 million (2% of the GDP)
(ECLAC, 2009).
o
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Figure 22: 2008 October flooding from Tropical Depression 16
Photo: San Jose Soccutz Belize, 2009

§

Belize has experienced recurrent periods of floods due to heavy rainfall and/or
unusually long periods of dry weather which have negatively impacted, among other
things, agriculture and availability of potable water.

§

In the dry season, there is yearly concern of the availability of potable water in some
areas of the country which is made worse during periods of prolong dry. During this
time, aquifers run low and poses serious threat of saltwater intrusion.

§

Major episodes of drought occurred in 1975, 1997-1998, 2004-2005 and 2014/2015
where several communities were affected (First National Communications to the
Conference of the Parties of the United Nations Framework Convention on Climate
Change, 2000; Report on the Workshop on Damage and Loss Assessment and the
Impact of Disasters in Belize, 2006; Nunez, 2018).

§

The 2004-2005 drought was caused by a deficit in rainfall amounts of 20 to 30%
below average in the northern regions. Impacts of the decreased in rainfall during
the period January 2004 to May 2005 resulted in water deficits for many economic
activities as well as an increased cost of operation at Belize Water Services as
electricity increased by 15.6 percent to produce water. Besides electricity generation
fell at Mollejon Hydropower Plant as water availability was significantly reduced.
The reduced hydropower generation at the thermal plant together with the increase
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in international oil prices at that time, led to an increase in production costs of
electricity. The report also indicated that users consumed more water with a
corresponding higher cost to the consumer (Report on the Workshop on Damage and
Loss Assessment and the Impact of Disasters in Belize, 2006).
§

In 2011, Belize suffered the worst forest fires the country has ever seen. The previous
year, Hurricane Richard caused extensive damage to the forests of Belize.
Approximately 2,391,000 acres of forests were damaged (Belize Ag Report). This
resulted in more debris than usual, creating fuel to feed a forest fire under the right
conditions. The 2011 dry season was drier than normal. Hot weather conditions
caused thousands of acres of grasslands and forests to burn.

§
Figure 23: 2011 Forest fires which was unprecedented for Belize
Photo: Belize Agriculture Report, 2013

§

In 2015, the El Nino event brought hot and dry conditions in Belize affected
the availability of water and devastated the agriculture sector especially
farmers in small communities who lost hundreds of thousands of dollars
because of the drought. In that said year, Belize also experienced the worst
flood ever in October, 2015.
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Figures 24 & 25: 2015 Drought Conditions over Southern half of Belize
Photo: Credit: Amandala
Source: (Drought has Cost BZE 28.5 Mil, 2015) Source: Wikipedia

§

It was noted that the October 2015 flooding event (see Figures 26 & 27)
was the most devastating and widespread in recent memory and caused
significant damages to homes and forced closure of schools in Belize
City, Orange Walk, Corozal, as well as the islands of Caye Caulker and
Ambergris Caye (“Worst Flood in Belize’s Recent Memory”. Amandala
Newspaper, 2015). Belize city is known to be flat and at sea level. In this
regard, it will always be at risk from flooding.

Figure 26 and Figure 27
October 2015 Flooding in Belize City
Source: Belize Floods-Oct 2015 |ReliefWeb https://reliefweb.int/disaster/fl-2015-000151-bzl.
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§

Belize is also at risk to tropical storms and cyclones/storm surge by virtue of
its geographical location. It has been documented that Belize is prone to
recurrent hurricanes and tropical storms. These events often leave a
significant amount of damages, loss of life at times and property losses;
cutting off communication, water and electricity thus disrupting the
livelihood of the citizens.

§

Between 2000-2018, five hurricanes with its associated storm surges have
affected Belize; namely, Keith (Category 3) in 2000, Iris (Category 5) in 2001,
Dean (Category 5) in 2007, Richard (Category 2) in 2010 and Earl (Category
1) in 2016.

Figure 27: Hurricane Iris: Category 5

o

The IPCC regional impacts report stated that 29 percent of Caribbean resorts
are within 1 meter of the high tide mark. In addition, 60 percent are at risk of
beach erosion from sea level rise (Scott et al. 2012a). Figure 28 illustrates the
location of hotel properties on San Pedro, Ambergris caye. These hotels are at
risk from sea level rise.

o

Although there are no sea level data in Belize so far, the Coastal Zone
Management Authority suggested that Belize’s beaches along its coastlines
and cayes are constantly undergoing changes due to forces of winds and
water interacting with land, resulting in erosion and accretion. The problem
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is made worse by human activities such as removal of mangrove vegetation
for development and dredging. The impact of the beach erosion is threatening
properties, loss of beaches and removal of coconut trees. Coastal erosion will
worsen with sea level rise. Dye et. al. (2017) suggested that Belize was
identified as having the highest number of resorts at risk to sea level rise and
the associated erosion that is anticipated. It is suggested that over 80 percent
of the properties are at risk to erosion of 50 m.

Figure 28: Maps of Ambergris Caye and San Pedro with the locations of properties
Source: Belize and Climate Change: The Costs of Inaction (2009)

Figure 29 Beach Erosion in San Pedro.
Figure 30: Beach erosion in San Pedro: Exposed
Part of basketball court submerged in water. Exposed roots of coconut tree
Photo credit: Ann Gordon, 2015
Photo credit: San Pedro Sun
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Figure 31: Sargassum seaweed in San
Pedro, Belize. Photo:
Courtesy of The San Pedro Sun Newspaper. Source: Guardian

o

Sargassum usually provide feeding and spawning grounds for many marine
species and is a critical habitat to commercial fish. Recently, Belize has been
swamped by Sargassum or seaweed as plenteous amounts washed up along
Belize’s beaches (see Figure 31). According to residents in San Pedro, Ambergris
Caye and Placencia, extreme sargussum events have occurred in 2016, 2017 and
2018 stretching out to sea and piling up several feet deep.

o

Oceanographers are unsure of the cause of the sargassum outbreak, however,
they believe that global warming could be a factor and that sargassum thrives in
warmer waters which encourages plant growth. Other scientists believed that
increased nutrients in the sea such as fertilizer runoffs are to blame. Some
scientists argued that the invasion of sargassum is a result of oil spills and oil rig
explosion and illegal dumping of contaminated waste “Sargassum and Oil Spill
Monitoring Pilot Project for the Caribbean and Adjacent Regions Workshop”,
2018. The extent that sargassum spread is influenced by ocean conditions such as
sea surface temperatures, ocean acidification, and changes in ocean currents
(Stephenson and Jones, 2017).
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o

Besides the health impacts and the smell, Sargassum affects the aesthetic of the
beaches a prime asset of tourism leading to losses in revenue.

It must be stated that climate change will continue to multiply threats to Belize and its economy.
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Module 1: Sample Lessons
Sample Lesson #1
Subject: Belizean Studies, Social Studies, Integrated Science
Level:

High School [2nd Form]

Topic:

Introduction to Climate Change

Sub-topics:
●
●

Differentiating between weather and climate
Climate variability vs Climate Change

Time: 40 -50 minutes
Previous Knowledge:
Students have been exposed to the concept of weather and climate by listening to daily
weather reports prepared by the National Meteorological Services.
Learning Objectives:
Through a series of interactive activities, students will be able to:
▪
▪
▪

Define the terms: weather – climate
Differentiate between weather and climate
Describe Belize’s climate region.

▪
▪
▪

Analyzing diagrams, graphs and resources
Using viewing skills and strategies to understand and interpret graphs
Using reading skills and strategies for different purposes

Skills:

Attitude:
▪
▪
▪

Class participation and team work
Appreciate the earth and all its valuable resources in particular the natural
resources of Belize
Develop an awareness on the importance of climate change.
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Learning Activities:
➢ Begin the lesson by showing a short video on weather and climate. This will help in
refreshing student’s memories on what they have been taught about weather and
climate. http://studyjams.scholastic.com/studyjams/jams/science/weather-andclimate/weather-and-climate.htm
➢ Briefly discuss the video with students. Review the elements that make up weather.
➢ Students will then be placed in groups, and each group will be given a calendar sheet
and a bag of colored beads.
*Each color bead will represent a different type of weather condition yellow beads =
sunny, white beads =cloudy, blue beads =rainy, green beads = windy
➢ Students will select a bead at random and place it on their calendar sheet. That bead
will represent the weather condition for that particular day.
➢ Student will continue to choose beads at random until the calendar sheet is filled.
➢ Explain what the beads represent to the class.
➢ The teacher will further explain that the day to day conditions (the beads placed on
the calendar sheet) is called weather.
➢ After the sheet is filled the students will analyze the patterns of the weather for that
month. i.e.- how many days were sunny, cloudy, etc.
➢ The teacher explains that the patterns of weather over a period of time is the climate.
➢ Present students with a climate map showing the different climatic regions in the
world. Elicit from students Belize’s climate region.

Teacher’s Notes:
✓ Weather is defined as the short-term conditions of the atmosphere at a particular
time and place.
✓ Weather is comprised of air temperature, air pressure, clouds, humidity,
precipitation, visibility and wind.
✓ Air temperature is the degree of hotness or coldness of the air.
✓ Air pressure is the force of air above and area.
✓ Humidity is the amount of water vapor in the air.
✓ Clouds are visible masses of tiny water droplets and/or ice crystals that are above
the earth’s surface.
✓ Precipitation is any form of water, either solid or liquid that falls from clouds and
reaches the ground.
✓ Wind is the horizontal movement of air.
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✓ Visibility refers to the greatest distance one can see.
✓ Climate is measuring and observing the weather elements over a specified interval
of time.
o

It represents a set of weather conditions which is typical of that place. It is
the accumulation of daily and seasonal weather events over a long period of
time.

o

The concept of climate also includes the extremes of weather- the heat waves
in summer and cold spells in winter- that occur in a particular region. The
frequency of these extremes is what helps us distinguish among climates
that have similar averages.

o

In Belize, the climate is characterized by a rainy and dry season. The rainy
season occurs from June to November which is typically the period where
most of the year’s rainfall occurs. The dry season occurs from November to
May.

Assessment:
▪
▪

Group work (each group can be graded on the questions answered and the graph
produced)
Class participation (points can be awarded towards a class participation grade for in
class responses, questions etc.)

Materials:
▪
▪
▪

Calendar sheets
Colored beads
Computer or projector to show video
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EXTENSION Activity:
1) Compare your climate to that of another region.
a) Select another city and compare and contrast the climate for your region with
that of another city
2) Use the weather web site to locate a region for each of the below:
a) A city that has over 800 mm of precipitation a year.
___________________________

b) A city that has less than 20 mm of precipitation a year.
_________________________

c) A city that averages a temperature of below zero degrees C for the year.
______________________________

d) A city that averages a temperature of above 25 degrees C for the year.
_____________________________________
Answers for this extension activity will be subjective to the regions chosen by
students based on their interests.
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Sample Lesson #2
Subject:

Belizean Studies, Social Studies, Integrated Science

Level:

High School [2nd Form]

Topic:

Introduction to Climate Change

Sub-topics:
▪

What is the Greenhouse Effect?

▪

Human activities affecting the climate

▪

Results of the enhanced greenhouse effect on the environment

Time:

40-50 minutes

Previous Knowledge:
Students know that the earth’s atmosphere has different layers, and that the atmosphere is made
up of gases.
Learning Objectives:
Through a series of interactive activities, students will be able to:
▪

Define the term Climate Change

▪

Replicate the enhanced greenhouse gas effect by building models

▪

List the types of gases that make up earth’s atmosphere

Skills:
▪

Recalling vocabulary words related to the greenhouse effect

▪

Building models

▪

Analyzing collected data

Attitude:
▪

Class participation and team work

▪

Appreciation for nature and natural occurrences that sustain life

▪

Develop an awareness to the importance of understanding climate change
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Learning Activities:
➢ The teacher will introduce the topic question “What is the Greenhouse Effect?”
➢ Students will begin to fill out a sheet with a KWL chart.
➢ After filling in their individual responses in the K (know) and W (want to know)
sections of the chart, students will be placed into small groups.
➢ Each group will have two 2-liter bottles half filled with water, thermometer, timer,
Alka-Seltzer tablets, a heat lamp, graph paper, and a date collecting sheet.
➢ The thermometers will be attached in the middle of rubber stoppers that will be used
to seal the bottles.
➢ Heat lamps will be set about 2 feet from the bottles and adjusted so that the light will
shine directly on the bottles.
➢ The lamps should not be turned on until the timer has started.
➢ Students will place the 3 Alka-Seltzer tablets in one of the bottles. This will be the
bottle with the increased amounts of greenhouse gases. The other bottle is the
control.
➢ Place the stoppers with the thermometer in the bottles and turn on the light. The
timer should be started at the same time.
➢ Record the initial temperature on the data collecting sheet.
➢ Temperatures will be taken every 5 minutes for 30 minutes.
➢ While students wait to check the temperature, the teacher will explain the gases that
make up the atmosphere and their different percentages.
➢ Students will be made to understand that the greenhouse effect is a natural
phenomenon.
➢ After the 30 minutes have elapsed, the students will analyze their temperature
readings and plot it on a graph where the X axis is time and the Y axis is temperature.
➢ Further class discussion will reveal that the Alka-Seltzer tablets act as an increase of
carbon dioxide in the atmosphere and that this phenomenon in the earth’s
atmosphere leads to global warming.
➢ Students will be asked to analyze a diagram and will discuss of causes of
elevated levels of carbon dioxide in the atmosphere.
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Teacher’s Notes:
✓ Life on Earth depends on the energy coming from the Sun. About half of the radiant
energy coming from the sun enters the earth’s atmosphere; passes through the air and
clouds to the surface and warms the Earth. The Earth in turn emits this energy as
infrared radiation or heat. About 90 percent of this heat is then absorbed by greenhouse
gases primarily carbon dioxide, methane, nitrous oxide, and water vapor.
✓ The greenhouse gases are known as heat trapping gases. These gases re-emit heat back
to the earth’s surface and cause the earth’s temperature to heat up to a comfortable 15°
Celsius (59° Fahrenheit), allowing the Earth to be habitable. Without the greenhouse
gases the Earth’s average surface temperature would be -18° Celsius (0° Fahrenheit). It
will be too cold and life on Earth would not be possible. In other words, the greenhouse
gases behave like a blanket, making Earth warmer than it would otherwise be. The rise
in temperature of the Earth due to the greenhouse gases in the atmosphere is known as
the greenhouse effect.
✓ Vocabulary list:
o

Weather: the current conditions of the atmosphere at a particular place and time.
Some characteristics of weather are temperature, humidity, precipitation,
cloudiness, wind, and atmospheric pressure. Weather conditions are temporary
and change frequently.

o

Climate: the pattern of weather over a long period of time. Weather patterns for
about 30 years can be used to describe the climate of a particular place.

o

Climate Change: a significant change in the climate over time.

o

Climate system: the way the physical atmosphere, land, and ocean interact with
the Earth’s biosphere and humans to determine the weather at any given location

o

Energy: the ability to do work; it is usually measured in Joules. Energy used over
time is Power, which is measured in Watts.

o

Fossil fuels: hydrocarbon deposits, such as petroleum, coal, or natural gas,
derived from living matter of a previous geologic time and used for fuel.

o

Global Climate: the average climate of the entire Earth.

o

Greenhouse effect: the ability of the atmosphere to trap heat because of the
presence of greenhouse gases.
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o

Greenhouse gases (GHGs): atmospheric gases that absorb and emit radiation;
the main GHGs are water vapor, methane, carbon dioxide, ozone, and nitrous
oxide.

o

KWL: a graphical organizer designed to help in learning. The letters KWL are an
acronym, for what students, in the course of a lesson, already know, want to know,
and ultimately learn.
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Assessment:
▪

Students can be awarded points for class participation.

▪

A grade can be given for completing the lab and graph satisfactorily

Materials: (per group)
▪

3 Alka-Seltzer tablets

▪

2 empty, clear 2-liter bottles

▪

Water

▪

2 rubber stoppers

▪

2 thermometers

▪

Heating lamp

▪

Timer

▪

Graph paper

▪

KWL chart

▪

Data collecting table
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Data Collecting Sheet (sample)
Time

Initial
5minutes 10minutes 15minutes 20minutes 25minutes 30minutes
reading

CONTROL
(bottle A)
AlkaSeltzer &
water
(bottle B)
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Sample Lesson #3
Subject:

Belizean Studies, Social Studies, Integrated Science

Level:

High School [2nd Form]

Topic:

Introduction to Climate Change

Sub-topics:
▪

Earth’s Climate System

▪

The Atmosphere

Time:

40 -50 minutes

Previous Knowledge:
▪

Students have been exposed to the concept of weather and climate.

▪

Students are aware that weather occur in the atmosphere.

▪

Students know that the atmosphere surrounds the earth.

Learning Objectives:
Through a series of interactive activities, students will be able to:
▪

Identify and describe the features of the 5 layers of the atmosphere

▪

Explain the basis for the division of the atmosphere

▪

Discuss the composition of the atmosphere

▪

Relate the importance of the atmosphere to sustaining life on earth

Skills:
▪

Analyzing diagrams

▪

Using reading skills and strategies for different purposes

▪

Labelling

▪

Arranging information

Attitude:
▪

Class participation and team work

▪

Develop an awareness of the importance of the atmosphere to sustaining life.
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Learning Activities:
➢ The students will be placed into groups. The teacher will play a game of 4 pics 1 word
with the class.
➢ The students will be presented with four pictures at a time and the students must try
to guess. The group with the most points at the end wins. The pictures and words
presented are terms that will be used throughout the lesson the lesson. (temperature,
atmosphere, air, altitude, pressure, water)
➢ After the game, the students will watch a short video on the layers of the earth’s
atmosphere. https://www.youtube.com/watch?v=BbwEF6xvlVg
➢ Next discuss the layers of the atmosphere, in relation to the climate system, with the
class.
➢ Each group will then be given a worksheet where they will have to identify and label
the layers of the atmosphere based on the description and climate related information
presented to them by the teacher. (the labels will be pictures of weather/ climate
activities that occur in the specific layer of the atmosphere.)
➢ Discuss how the earth’s climate and the environment is dictated by the atmosphere.
➢ Students will work individually to construct a foldable step book of the Earth’s
atmospheric layers.
➢ Each student will need 3 sheets of colored paper. Students will hold the three sheets of
paper together so that each piece of paper is about 2 inches lower than the one before
it. This creates the first three “steps”. Next, fold each paper down on the opposite side
of the “steps” to create three more steps. Staple at the top fold.
➢ On the top step, students should write “Earth’s Atmosphere” and list the five layers of
the atmosphere on the other five steps. Bottom to Top: troposphere, stratosphere,
mesosphere, thermosphere, exosphere
➢ Students will use the information they have received during the lesson to fill in what
they have learned about each layer.
➢ This booklet will be a form of notes for the students. (they can be graded for completing
the booklet correctly with accurate information, and their level of creativity and
neatness)
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Teacher’s notes:
✓ The atmosphere surrounds the Earth and protects us from the dangerous ultraviolet
radiation from the Sun.
✓

It is a mixture of gases that becomes thinner and thinner eventually merging with outer
space. It is composed of 78.1% nitrogen, 20.9% oxygen, 0.93% argon and less than 0.1%
trace gases. These trace gases which include carbon dioxide (CO2), methane, (CH4),
nitrous oxide (N2O) and ozone (O3) are known as greenhouse gases and play an
important role in the Earth’s energy budget.

✓ The atmosphere is comprised of five layers. The temperature varies in each layer.
✓ The first layer is the troposphere and contains all the weather we are familiar with on
earth.
✓ The stratosphere is above the troposphere and is characterized by an increase of
temperature with height. The ozone layer absorbs harmful rays from the sun.
✓ The mesosphere is the layer between the stratosphere and the thermosphere. Meteors
or rock fragments burn up in this layer.
✓ The thermosphere is a layer where temperature increases rapidly with height. It is
where the space shuttle orbits.
✓ The exosphere is the outermost portion of the atmosphere where it merges into space
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✓ The cryosphere (ice & snow) plays and important part in the Earth’s climate. Snow
and ice reflect heat from the sun, assisting to regulate the Earth’s temperature. Because
the polar regions are very sensitive to the shifts in climate, the cryosphere may be one of
the first places where scientists are able to identify global changes in climate
https://oceanservice.noaa.gov/facts/cryosphere
✓ The hydrosphere is comprised of all the water on Earth that can be stored in the
oceans, rivers and lakes. and is important in regulating the climate. It is in constant
movement, transferring water and heat throughout the atmosphere in the form of water
vapor and precipitation. The ocean’s circulation transports heat from the equator to the
poles to regulate and moderate the Earth’s climate. When the ocean circulation changes
it affects the global climate and temperature.
✓ The lithosphere is comprised of the solid rock, soil, and minerals of Earth’s crust. Both
the hydrosphere and lithosphere absorb higher-energy radiation from the Sun, converts
it into thermal energy, and then emits the energy back as lower-energy infrared
radiation. The energy reflected and emitted by the lithosphere as infrared radiation is
trapped. Volcanoes on the other hand emit aerosols which reduce warming called global
dimming.
✓ The way energy from the sun moves in and out of the atmosphere, and the way heat
moves around the atmosphere and the ocean.
✓ Energy from the sun is the main driver for our climate system. When the radiant energy
coming from the sun enters the earth’s atmosphere; some is absorbed and some is
reflected by ice. About half of the radiant energy passes through the air and clouds to the
surface and warms the earth.
✓ The earth in turn reradiates this energy as infrared radiation or heat. About 90 percent
of this heat is then absorbed by greenhouse gases like carbon dioxide, methane, ozone,
and water vapor.
✓ The atmosphere re-emits the absorbed heat. Some escapes to space but some heats the
earth’s surface again. Eventually all the heat escapes into space, but not before the
temperature has been raised enough to allow us to survive.
✓ If the greenhouse gases didn’t absorb and re-emit heat, we wouldn’t be able to live on
earth. These gases re-emit heat back to the earth’s surface and help the earth’s
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temperature to heat up to a comfortable 15ºCelsius (59ºFahrenheit), allowing the earth
to be habitable.
✓ If nothing else happened in the earth’s climate system, weather and climate wouldn’t
change across the globe.
✓ In spite of that, the sun’s energy is distributed unevenly across the globe. Because the
earth tilts, the sun’s intensity changes at different latitudes and in different seasons.
Generally, there is more heat near the equator than there is at the poles.
✓ To balance this inequality, the climate system moves heat from the equator to the poles
through the atmosphere and the oceans. In the tropics, near the equator, thunder clouds
develop forcing warm air to rise and then drift towards the poles at high levels. Cooler
air flows in the opposite direction at the earth’s surface setting up cells. Similar cells
develop in other areas as you move towards the poles. At the boundaries between these
cells, air is either rising from the earth’s surface or falling down towards it. Where the
air is rising you will get low pressure, often with rain or snow. Where it’s coming down
you will get high pressure and fine weather. That’s how heat is moved around the
atmosphere. Now let’s see how it moves around the ocean.
✓ Changes in sea temperatures and saltiness create ocean currents. Ocean currents play a
significant role in transferring heat to the poles. Major currents, such as the northward
flowing Gulf Stream, transport tremendous amounts of heat to the poles and contribute
to the development of many types of weather phenomena.
✓ It is these interactions between the sun’s energy and how the atmosphere and oceans
move heat around the earth which produce different climates of the world and set up
variation in our day-to-day weather.
➢ A warming world caused by increases in greenhouse gases could upset the delicate
balance of our climate system and have an impact on our longer term climate.
Assessment:
●

Students will can be awarded point for participation and group work for the first part of
the lesson.

●

Students will be graded on their completed booklet.

●

Student’s worksheet can be graded.

Page 70 of 111

Materials:
1. Picture cards for game
2. Printed worksheet with the layers of the atmosphere (per group)
3. Construction paper
4. Stapler
5. Markers/pens/colored pencils
6. Computer/ projector to show video

Page 71 of 111

References:

§

ATM 623: Climate Modeling (n.d). Retrieved from
http://www.atmos.albany.edu/facstaff/brose/classes/ATM623_Spring2015/Notes/Lect
ures/Lecture04 -- Climate system components.html

§
§

Global Warming. (n.d.). Retrieved from
https://earthobservatory.nasa.gov/features/GlobalWarming/page3.php
Intergovernmental
Panel
on
Climate
Change.
(n.d.).
Retrieved
https://archive.ipcc.ch/

§

Ketchum, D. (2019, March 02). Five Parts of the Climate System. Retrieved from
https://sciencing.com/five-parts-climate-system-21166.html

Page 72 of 111

from

Sample Lesson #4
Subject:

Belizean Studies, Social Studies, Integrated Science

Level:

High School [2nd Form]

Topic:

Introduction to Climate Change

Sub-topics:
▪

What is ‘The Carbon Cycle’

▪

Why is the carbon cycle important?

Time:

40- 50 minutes

Previous Knowledge:
●

Students know that the earth’s atmosphere has different layers, and that the atmosphere
is made up of gases.

●

Students are aware of the types of gases that make up the atmosphere.

●

Students know that carbon dioxide is the gas we breathe out, the gas that plants take in,
the gas released when organic matter decompose.

Learning Objectives:
Through a series of interactive activities, students will be able to:
▪

understand the role of carbon to the biosphere in supporting life on
earth.

▪

classify organisms as carbon sources, sinks, and release agents in the
carbon cycle.

Skills:
▪

creating diagrams using data

▪

using prompt questions to make inferences

▪

analyzing information to form conclusions

Attitude:
▪

Class participation

▪

Appreciation for nature and natural occurrences that sustain life

▪

Develop an awareness for carbon as critical to sustaining life on earth
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Learning Activities:
Ø The teacher will distribute blank paper to students, or ask students to
take out a blank sheet of paper
Ø Using class discussion, brainstorming, and focus questions, the students
will trace the movement of carbon through the environment.
Ø The teacher will keep record on the board while students share their
ideas. The result should be a version of a simplified carbon cycle,
including at least eating and respiration in animals and photosynthesis
in plants.
Ø The teacher will help, where necessary, to move the cycle development
along by encouraging them to think about oceans and whether carbon
dioxide plays a role in them.
Ø When the teacher feels that the students have at least several important
elements of the cycle, he/she will allow them to work with a partner to
illustrate their version of the carbon cycle.
Ø Next, the teacher will present the carbon cycle to the class (using a
prepared chart on the board) and have students compare their cycle with
carbon cycle presented to them.
Ø The students will list the differences in the cycles they came up with and
the one presented to them, and will modify their own cycle if they think
it necessary.
Ø Through class discussion, students can share what they have discovered.
Ø The students will then be introduced the concepts of 'sink,' 'source,' and
'release agents.'
Ø The students will be challenged to label these factors on their modified
cycles.
Ø Conclude the lesson by having students respond to the discussion
questions below. (students can work in pairs or individually)
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Teacher’s Notes:
The Carbon Cycle
✓ All living organisms are based on the carbon atom.
✓ Unique among the common elements of the earth's surface, the carbon atom has the
ability to form bonds with as many as four other atoms (including other carbon atoms)
and to form double bonds to itself.
✓ Carbon compounds can be solid, liquid, or gas under conditions commonly found on the
earth's surface.
✓ Because of this, carbon can help form solid minerals (such as limestone), 'squishy'
organisms (such as plants and animals), and can be dissolved in water or carried around
the world through the atmosphere as carbon dioxide gas. The attributes of the
remarkable carbon atom make possible the existence of all organic compounds essential
to life on earth.
✓ Carbon atoms continually move through living organisms, the oceans, the atmosphere,
and the crust of the planet. This movement is known as the carbon cycle. The paths
taken by carbon atoms through this cycle are extremely complex, and may take millions
of years to come full circle.

✓ Consider, for example, the journey of a "typical" carbon atom that existed in the
atmosphere as part of a carbon dioxide molecule some 360 million years ago, during
the Carboniferous Period. That CO2 molecule drifted into the leaf of a large fern
growing in the extensive tropical swamp forests of that time.
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✓ Through photosynthesis, the oxygen from the mole released back into the air and the
carbon atom was removed from the molecule and used to build a molecule of sugar.
✓ The sugar could have been broken down by the plant at a later time to release the
energy stored inside, but this particular sugar molecule was transformed instead into a
long-lived structural part of one of the plant cells.
✓ Soon after, the fern died and the remains sank into the muck at the bottom of the
swamp. Over thousands of years, more plants grew in the swamp and their remains
also sank into the swamp, forming a layer of dead plant material many meters thick.
✓ Gradually, the climate changed, becoming drier and less tropical. Sand, dust, and other
materials slowly covered the ancient swamp and sealed the decaying vegetation under
an ever-thickening layer of sediment.
✓ The sediment hardened, turning to sedimentary rock.
✓ The carbon atom stayed trapped in the remains of the long-vanished swamp while the
pressure of the layers above slowly turned the material into coals.
✓ Some 360 million years later, in the 1900s, the coal bed was mined by humans and
burned to fuel industrial civilization.
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✓ The process of burning released the energy stored in the carbon compounds in the coal

and reunited the carbon atom with oxygen to form CO2 again.

✓ The CO2 was released to the atmosphere through the smokestack and the journey

continues. Many other paths are possible, some taking only hours or days to trace,
others, like the one above, many millions of years.
✓ The aggregation of the possible paths of carbon, where it may be stored for extended

periods (the "sinks"), where it is likely to be released to the atmosphere (the "source"),
and what triggers those sources (the "release agents"), together defines the carbon
cycle.
✓ Carbon sinks include long-lived trees, limestone (formed from the carbon-containing

shells of small sea creatures that settle to the ocean bottoms and build up into thick
deposits), plastic (a modern invention, but very long-lived), and the burial of organic
matter (such as those that formed the fossil fuels we use today).
✓ Carbon sources include the burning of fossil fuels and other organic matter, the

weathering of limestone rocks (which releases CO2), and the respiration of living
organisms.
✓ Release agents include volcanic activity, forest fires, and many human activities.
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Assessment:
▪

The last two discussion questions can be graded as a short quiz.
(Thoughtful answers to these should indicate that the students met the
learning goals.)

▪

Students can be awarded points for class participation

Materials:
▪

blank sheets of paper

▪

chart with carbon cycle

▪

magazine, and/or newspaper clippings, printed pictures (for extension lesson)

▪

poster boards (per group)

▪

markers/ crayons

▪

glue
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Resources:
Sample questions for discussion
1) What gas do humans and animals exhale? Write the formula for this
exhaled gas. (CO2) Carbon Dioxide
2) Can humans be considered carbon sinks? If so, for how long? What
living organisms are better long-term sinks than humans? Humans
are carbon sinks because we are made up of carbon
compounds; when we die. We become sources as the carbon
is released from our bodies during the decomposition
process. Sea creatures or plants are better long-term carbon
sinks
3) List two important 'sinks' (things that store carbon), two important
'sources' (things that release carbon), and one important 'release
agent' (things that trigger sources) for carbon. Sinks- long-lived
trees and limestone

Sources- burning fossil fuel and

weathering of limestone rocks
4) We are currently worried that CO2 sources are out of balance with CO2
sinks. If sources produce more CO2 than sinks can remove, CO2 in the
atmosphere increases, possibly leading to global warming. What might
happen if the reverse were true and sinks took up more CO2 than
sources? (Answers will vary but students may note that less
CO2 would be available for plant growth or that less
atmospheric

CO2

might

result

in

a

slightly

cooler

atmosphere.
5) Explain how understanding the carbon cycle helps atmospheric
scientists understand and prepare for global climate changes.
Answers will include statements such as ‘Huge amounts
of carbon are exchanged between the atmosphere, land
and oceans, as land and marine plants grow, die and
decay, and as carbon-rich waters circulate in the ocean.
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As humans add more carbon in the atmosphere each
year by burning of fossil fuels, the carbon cycle changes.
More carbon is moving to the atmosphere as humans get
rid of forests. The increased level of carbon in the
atmosphere will in turn affect the climate as the
atmosphere warms due to excess carbon.
6) Extension Activity/ Follow up Lesson:
▪

Divide the class into small groups. Ask each to develop a
collage using magazines and newspaper clippings that
illustrates the carbon cycle.

▪

They should label the sinks, sources, and release agents. Each
group should present its collage to the class.
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Sample Lesson #5
Subject:

Belizean Studies, Social Studies, Integrated Science
Subject Integration- Math (creating graphs)

Level:

High School [2nd Form]

Topic:

Introduction to Climate Change

Sub-topics:
▪

Belize’s emissions of greenhouse gasses

Time:

40- 50 minutes

Previous Knowledge:
●

Students are aware of the types of gases that make up the atmosphere.

●

Students know that carbon dioxide is the gas we breathe out, the gas that plants take in,
the gas released when organic matter decompose.

●

Students have been taught about the ways carbon is released into the atmosphere.

Learning Objectives:
Through a series of interactive activities, students will be able to:
•

Identify sources of greenhouse gas emissions for Belize.

•

Graph Belize’s emissions by sector

•

Analyze trends in Belize’s greenhouse gas emissions.

Skills:
▪

Analyzing data

▪

Using reading skills and strategies for different purposes

▪

Arranging information on graph

Attitude:
•

Develop an awareness of practices that contribute to greenhouse gas emissions

•

Understand the impacts of local activities that contribute to increased greenhouse gasses
in the atmosphere.
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Learning Activities:
➢ Students watch a short video on fossil fuels and the effects it has made in the world
over the last 300 years.
➢ After watching the video, the teacher will initiate a class discussion about the effects
demonstrated in the video.
Video link- http://www.resources4rethinking.ca/en/resource/three-hundred-years-offossil-fuels-in-three-hundred
➢ Students will then be placed into groups and presented with data from Belize’s
greenhouse gas emissions. (Link to data can be found in the references section of this
lesson)
➢ They will then use this data to graph the emission of greenhouse gases, by sector in
Belize.
➢ They will be asked to identify:
-

the greenhouse gas that contribute the most to Belize’s greenhouse gas
emission.

-

the sector that contribute the most to Belize’s emission.

-

What activities in that sector is generating those emissions.

-

any of the trends of Belize’s emissions.

➢ After understanding Belize’s emission, they will compare Belize’s emission to the
global emission and other countries such as the US or China, and discuss this
information.
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Teacher’s Notes:
Human activities produce greenhouse gases contributing to climate change. These include:
✓ Carbon dioxide emissions through the burning of fossil fuels such as coal, oil and gas are
the largest source of greenhouse emissions from human activities. Fossil fuels provide
energy for electricity, run automobiles, and power factories.
o

Deforestation is the second largest source of carbon dioxide. When forests are
cleared or burned for agriculture or development, most of the carbon is released.
Decomposing trees also release carbon into the atmosphere. On the other hand,
new forests absorb carbon dioxide, removing it from the atmosphere.

✓ Methane emissions; it is the second-most important greenhouse gas after carbon dioxide.
Methane is produced by cattle, dairy, cows, buffalo, goats, sheep, pigs and horses by
‘enteric fermentation’.
o

Enteric fermentation is a natural part of the digestive process whereby
carbohydrates are broken down by bacteria producing methane as a by-product.
Another source of methane is the decomposition of animal manure.

o

Rice cultivation also releases methane, as well as the disposal and treatment of
garbage and human wastes.

✓ Nitrous oxide emissions come from agriculture through the use of fertilizer. The
nitrogen contained in fertilizer is converted into nitrous oxide.
✓ Chlorofluorocarbons (CFCs) and other halocarbons are created in industry. These
gases are used in various products and industrial processes like, among others, air
conditioners, refrigerators and as the pressurizing gas in aerosol spray cans
(Climate Change Information Sheet 3: Greenhouse gases and aerosols, 2000).
Assessment:
•

Students can be awarded points for class participation

•

Points can be given for the graph produced
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Materials:
•

Data on Belize’s carbon emissions (link found in references)

•

Graph sheet per student

•

Computer/projector to show video

References:
•

Belize and Climate Change: The costs of inaction. (2009). Human Development Issues
Paper. Retrieved July 23, 2019, from
https://www.undp.org/content/dam/belize/docs/UNDP BZ Publications/Belize-andClimate-Change-The-Costs-of-Inaction.pdf.

•

Belize CO2 emissions per capita, 1970-2018. (n.d.). Retrieved from
https://knoema.com/atlas/Belize/CO2-emissions-per-capita

•

Climate Watch. (n.d.). Retrieved from
https://www.climatewatchdata.org/countries/BLZ

•

Belize: CO2 emissions (kt). (n.d.). Retrieved from http://www.factfish.com/statisticcountry/belize/co2 emissions

Page 84 of 111

Sample Lesson #6
Subject:

Belizean Studies, Social Studies
Subject Integration- Literature (story reading/comprehension)

Level:

High School [2nd Form]

Topic:

Introduction to Climate Change

Sub-topics:
▪

How humans contribute to global warming and climate change

Time:

40- 50 minutes

Previous Knowledge:
▪

Students know that the earth’s atmosphere has different layers, and that the atmosphere
is made up of gases.

▪

Students are aware of the types of gases that make up the atmosphere.

▪

Students have an understanding of the natural greenhouse effect and the linkages to global
warming and climate change.

Learning Objectives:
Through a series of interactive activities, students will be able to:
▪

Differentiate between climate change and global warming

▪

List activities that contribute to climate change and global warming.

▪

Identify personal actions that contribute to global warming and climate change

Skills:
▪

Reading and making inferences

▪

Analyzing data

Attitude:
▪

Class participation

▪

Appreciation for nature and natural occurrences that sustain life
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▪

Develop an awareness for protecting the environment

▪

Understanding the effects of human actions on the environment

Learning Activities:
Ø The lesson will begin with reading the short story “Hey- Come On Out” by Japanese writer
Shinichi Hoshi
Ø Students will volunteer and take turns reading while the rest of the class follow along.
Ø After the story has been read, the teacher will use prompt questions to allow students to
draw a parallel between the events of the story and the human activities over the past 300
hundred years that has led to the dangers climate change pose.
Ø The idea is to ultimately establish that the damage has been done and our efforts are best
used in dealing with the problems we are facing now, while lessening the destructive habits
to reduce the risk of further damages.
Ø Students will then be given a question sheet with questions to be answered based on the
information they receive in the video to be shown.
Ø The teacher will review the question sheet with the class and check for understanding.
Ø The class will then watch the video.
o

https://pmm.nasa.gov/education/videos/launchpad-global-warming-howhumans-are-affecting-our-planet

Ø After students have watched the video, the teacher will lead a discussion on human
activities mentioned that lead to climate change and global warming.
Ø

Students will be given time to complete the question sheet in pairs.

Ø When question sheet is completed, discuss with students the things they do which might
add to elevated greenhouse effect.
Ø Students will then be given the Carbon Footprint survey as an assignment, to determine
their individual impact on the environment.
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Teacher’s notes:
✓ Most of the CO2 that people put into the atmosphere comes from burning fossil fuels.
Cars, trucks, trains and planes all burn fossil fuels. Many electric power plants do, as
well.
✓ Another way humans release CO2 into the atmosphere is by cutting down forests,
because trees contain large amounts of carbon.
✓ People add methane to the atmosphere through livestock farming, landfills, and fossil
fuel production such as coal mining and natural gas processing. Nitrous oxide comes
from agriculture and fossil fuel burning. Fluorinated gases include chlorofluorocarbons
(CFCs), hydro chlorofluorocarbons (HCFCs), and hydrofluorocarbons (HFCs). They are
produced during the manufacturing of refrigeration and cooling products and through
aerosols.
✓ All of these human activities add greenhouse gases to the atmosphere. As the level of these
gases rises, so does the temperature of the Earth. The rise in Earth's average temperature
contributed to by human activity is known as global warming.
✓ Even slight increases in average global temperatures can have huge effects.
✓ In the past 100 years or so, humankind has created machines, factories, and vehicles that
have greatly increased the amount of greenhouse gases in our atmosphere.
✓

This increased level of greenhouse gases means more heat is held in the atmosphere and
the Earth is getting warmer. These warmer temperatures are causing changes around
the world on land, in the oceans, and in the air.

✓ This could upset the delicate balance that sustains life. Whether we realize it or not, we
all emit carbon dioxide, one of the greenhouse gases, through our day-to-day activities.
✓ The amount we emit is referred to as our “carbon footprint.” The bigger the footprint, the
more carbon dioxide that comes from each of us as a result of the choices we make.
Assessment:
▪

Pair work - students can be awarded points for completing the question sheet.

▪

Assignment can be graded or points awarded

Materials:
1. Computer/ projector to watch video
2. Pair work - question sheets
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3. Individual Environmental Impact – Assignment sheet
Resources:

Short Story Handout

He-y, come on ou-t!

(a short story by Shinichi Hoshi, translated by Stanleigh Jones)
The typhoon had passed and the sky was a gorgeous blue. Even a certain village not far from the
city had suffered damage. A little distance from the village and near the mountains, a small
shrine had been swept away by a landslide.
“I wonder how long that shrine’s been here.”
“Well, in any case, it must have been here since an awfully long time ago.”
“We’ve got to rebuild it right away.”
While the villagers exchanged views, several more of their number came over.
“It sure was wrecked.”
“I think it used to be right here.”
“No, looks like it was a little more over there.”
Just then one of them raised his voice. “Hey what in the world is this hole?”
Where they had all gathered there was a hole about a meter in diameter. They peered in, but it
was so dark nothing could be seen. However, it gave one the feeling that it was so deep it went
clear through to the center of the earth.
There was even one person who said, “I wonder if it’s a fox’s hole.”
“He—y, come on ou—t!” shouted a young man into the hole. There was no echo from the bottom.
Next he picked up a pebble and was about to throw it in.
“You might bring down a curse on us. Lay off,” warned an old man, but the younger one
energetically threw the pebble in. As before, however, there was no answering response from the
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bottom. The villagers cut down some trees, tied them with rope and made a fence which they put
around the hole. Then they repaired to the village.
“What do you suppose we ought to do?”
“Shouldn’t we build the shrine up just as it was over the hole?”
A day passed with no agreement. The news traveled fast, and a car from the newspaper company
rushed over. In no time a scientist came out, and with an all-knowing expression on his face he
went over to the hole. Next, a bunch of gawking curiosity seekers showed up; one could also pick
out here and there men of shifty glances who appeared to be concessionaires. Concerned that
someone might fall into the hole, a policeman from the local substation kept a careful watch.
One newspaper reporter tied a weight to the end of a long cord and lowered it into the hole. A
long way down it went. The cord ran out, however, and he tried to pull it out, but it would not
come back up. Two or three people helped out, but when they all pulled too hard, the cord
parted at the edge of the hole. Another reporter, a camera in hand, who had been watching all of
this, quietly untied a stout rope that had been wound around his waist.
The scientist contacted people at his laboratory and had them bring out a high-powered bull
horn, with which he was going to check out the echo from the hole’s bottom. He tried switching
through various sounds, but there was no echo. The scientist was puzzled, but he could not very
well give up with everyone watching him so intently. He put the bull horn right up to the hole,
turned it to its highest volume, and let it sound continuously for a long time. It was a noise that
would have carried several dozen kilometers above ground. But the hole just calmly swallowed
up the sound.
In his own mind the scientist was at a loss, but with a look of apparent composure he cut off the
sound and, in a manner suggesting that the whole thing had a perfectly plausible explanation,
said simply, “Fill it in.”
Safer to get rid of something one didn’t understand.
The onlookers, disappointed that this was all that was going to happen, prepared to disperse.
Just then one of the concessionaires, having broken through the throng and come forward,
made a proposal.
“Let me have that hole. I’ll fill it in for you.”
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“We’d be grateful to you for filling it in,” replied the mayor of the village, “but we can’t very well
give you the hole. We have to build a shrine there.”
“If it’s a shrine you want, I’ll build you a fine one later. Shall I make it with an attached meeting
hall?”
Before the mayor could answer, the people of the village all shouted out.
“Really? Well, in that case, we ought to have it closer to the village.”
“It’s just an old hole. We’ll give it to you!”
So it was settled. And the mayor, of course, had no objection.
The concessionaire was true to his promise. It was small, but closer to the village he did build for
them a shrine with an attached meeting hall.
About the time the autumn festival was held at the new shrine, the hole-filling company
established by the concessionaire hung out its small shingle at a shack near the hole.
The concessionaire had his cohorts mount a loud campaign in the city. “We’ve got a fabulously
deep hole! Scientists say it’s at least five thousand meters deep! Perfect for the disposal of such
things as waste from nuclear reactors.”
Government authorities granted permission. Nuclear power plants fought for contracts. The
people of the village were a bit worried about this, but they consented when it was explained that
there would be absolutely no above-ground contamination for several thousand years and that
they would share in the profits. Into the bargain, very shortly a magnificent road was built from
the city to the village.
Trucks rolled in over the road, transporting lead boxes. Above the hole the lids were opened, and
the wastes from nuclear reactors tumbled away into the hole.
From the Foreign Ministry and the Defense Agency boxes of unnecessary classified documents
were brought for disposal. Officials who came to supervise the disposal held discussions on golf.
The lesser functionaries, as they threw in the papers, chatted about pinball.
The hole showed no signs of filling up. It was awfully deep, thought some; or else it might be
very spacious at the bottom. Little by little the hole-filling company expanded its business.
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Bodies of animals used in contagious disease experiments at the universities were brought out,
and to these were added the unclaimed corpses of vagrants. Better than dumping all of its
garbage in the ocean, went the thinking in the city, and plans were made for a long pipe to carry
it to the hole.
The hole gave peace of mind to the dwellers of the city. They concentrated solely on producing
one thing after another. Everyone disliked thinking about the eventual consequences. People
wanted only to work for production companies and sales corporations; they had no interest in
becoming junk dealers. But, it was thought, these problems too would gradually be resolved by
the hole.
Young girls whose betrothals had been arranged discarded old diaries in the hole. There were
also those who were inaugurating new love affairs and threw into the hole old photographs of
themselves taken with former sweethearts. The police felt comforted as they used the hole to get
rid of accumulations of expertly done counterfeit bills. Criminals breathed easier after throwing
material evidence into the hole.
Whatever one wished to discard, the hole accepted it all. The hole cleansed the city of its filth;
the sea and sky seemed to have become a bit clearer than before.
Aiming at the heavens, new buildings went on being constructed one after the other.
One day, atop the high steel frame of a new building under construction, a workman was taking
a break. Above his head he heard a voice shout:
“He—y, come on ou—t!”
But, in the sky to which he lifted his gaze there was nothing at all. A clear blue sky merely spread
over all. He thought it must be his imagination. Then, as he resumed his former position, from
the direction where the voice had come, a small pebble skimmed by him and fell on past.
The man, however, was gazing in idle reverie at the city’s skyline growing ever more beautiful,
and he failed to notice.
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Sample Questions for Discussion/ Things to Consider
1.

Predict what will happen after the man felt the pebble fall past him. Every other thing
that was thrown into the hole will fall through

2.

How are the people’s actions in the story (throwing things away in the hole) similar to
the people in our society today? They burn fossil fuels and cut trees without
considerations for the consequences

3.

Draw a parallel between throwing waste in the hole and greenhouse gas emission. Both
throwing things in the hole and greenhouse gas emission are things that will
cause damage to the environment in the future.

4.

Consider how innovation (fossil fuel) can eventually become the new source of a
problem. Fossil fuels help to fuel machines that make live easier, but they are
slowly destroying the environment

5.

Consider- the problem has been created, is it possible to completely stop the present
effects? It might be able to completely stop the effects, but steps can be made
to reduce future problems

6.

What lessons can we learn from the story in relation to the environment? Answers will
vary based on students thinking process and awareness
How can those lessons be applied to climate change? Answers will vary based on
students thinking process
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Pair Worksheet: Question and Answer
Analysis Questions:
1) State the relationship between temperature and carbon dioxide as the years progress.
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
______________________________
2) What are the main causes of a rise in Carbon Dioxide?
__________________________________________________________________
__________________________________________________________________
3) What would be the effect on the climate if there were more Greenhouse Gases in the atmosphere?
__________________________________________________________________
a. _____________________________________________________________
4) What would you do to try and stop global warming increasing?
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
5) Infer: What will be the effects of global warming on the planet?
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
6) Analysis Questions: Answer Key
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7) State the relationship between temperature and carbon dioxide as the years progress.
Increased levels of Carbon Dioxide in the atmosphere increases the temperature of
the atmosphere.
8) What are the main causes of a rise in Carbon Dioxide? Burning of fossil fuels,
deforestation
9) What would be the effect on the climate if there were more Greenhouse Gases in the atmosphere?
If there were more greenhouse gases, temperature will continue to rise seeing that
greenhouse gases are heat trapping gases.
10) What would you do to try and stop global warming increasing? Answers will vary by student
11) Infer: What will be the effects of global warming on the planet? Answers will vary based on
students’ thinking process
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Assignment – Individual Environmental Impact
Circle the letter that best answers the following questions, and then use the Scoring Instructions
to calculate the effect your family has on the climate in terms of greenhouse gasses you produce
measured in units of carbon dioxide. (Answers will vary based on each student’s family
lifestyle)
1) How do you get to school?
a) Walk or ride your bike
b) Car
c) Motorcycle
d) Bus or van
2) What kind of vehicle(s) do your parents drive?
a) None (Don’t own a vehicle)
b) Car
c) Motorcycle only
d) SUV, van or truck
3) How often does someone in your family fly in a plane?
a) Once per year
b) Less than once per month
c)

2 to 4 times per month

d) Once or more per week
4) How often does your family eat out or order food at a restaurant?
a) Never
b) Once per week
c) Once per month
d)

Twice or more per week

5) What kind of food does your family eat?
a) Home grown or raised
b) Store bought only
c) Combination of store bought and home grown
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6) How many carbonated drinks (soda or pop) do you drink?
a) None
b) 2 two per week
c) 1 bottle per day
d) 3 or more bottles per day
7) How often does your family do laundry?
a) Once per month
b) Once per week
c) Twice per week
d) Twice or more per week
8) Do you get newspapers or magazines at home?
a) Yes

b) No

9) Do you turn the lights off when not needed?
a) Yes

b) No

10) Do you turn off your computer, video games or other electronics when you’re not using
them?
a) Yes

b) No

11) What type of fuel or energy is used to heat your home?
a) Wood

c) Oil

b) Propane

d) Natural gas

12) Does anyone in your home own any of the following items?
13) (Circle all that apply.)
a) TV

b) Dishwasher
f) Motorcycle

c) Cell phone
g) Computer
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d) Refrigerator
h) Motorboat

e) DVD player

Scoring:
For questions 1 to 11 award yourself 1 point for A, 2 points for B, 3 points for C, 4 points for D.
For question 12 award one point for each one you circled. Add all points together.
13-20 points – green is your favorite color; keep up the good work
21-28 points - very good
29-36 points – your efforts are appreciated
37-43 points – there is room for improvement
44-46 points – look for ways to become better friends with mother-nature
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References:

•

Causes. (n.d.). Retrieved from https://climate.nasa.gov/causes/

•

(n.d.). Retrieved from https://pmm.nasa.gov/education/videos/launchpad-globalwarming-how-humans-are-affecting-our-planet

•

How Do We Know that Humans Are the Major Cause of Global Warming? (n.d.).
Retrieved from https://www.ucsusa.org/global-warming/science-andimpacts/science/human-contribution-to-gw-faq.html#.W6hS-6ZKi00

•
•

What's the difference between global warming and climate change?: NOAA Climate.gov.
(2015, June 17). Retrieved from https://www.climate.gov/news-features/climateqa/whats-difference-between-global-warming-and-climate-change
Global Warming. (n.d.). Retrieved from
https://earthobservatory.nasa.gov/features/GlobalWarming/page3.php
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Sample Lesson #7
Subject:

Belizean Studies, Social Studies

Level:

High School [2nd Form]

Topic:

Introduction to Climate Change

Sub-topics:
▪

Earth’s Changing Climate

▪

Effects of Global warming on the environment

▪

What can be done to minimize the effects of Global Warming

Time:

40-50 minutes

Previous Knowledge:
▪

Students understand that carbon dioxide gas is a greenhouse gas whose increased
concentration in the atmosphere is contributing to global warming.

▪

Students have learned that some of the primary sources of greenhouse gas emission by
humans are:

Electricity production, Transportation, Industry, Commercial and

residential, deforestation, and Agriculture
Learning Objectives:
Through a series of interactive activities, students will be able to:
▪

Make inferences about how certain activities can affect changes in nature

▪

Describe the main factors controlling climate and how changes in these factors would
impact the Earth’s climate.

▪

Defend their position on global warming using evidence.

▪

Explore the impact of climate change that is already happening in certain regions.

Skills:
▪

Analyzing data

▪

Using research to form opinions

▪

Making inferences

▪

Speaking in public
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Attitude:
▪

Class participation

▪

Respecting other’s opinions

▪

Develop an awareness for protecting the environment

Learning Activities:
Ø Review: teacher will allow students to state what they have learned about the causes of
global warming and climate change.
Ø The students will then be presented with a short article on changes in the earth’s climate
over a period of time.
https://royalsociety.org/topics-policy/projects/climate-change-evidence-causes/basicsof-climate-change/
(the teacher can use his/her discretion and use an excerpt from this article if the article is
too long)
Ø Volunteers will read the article aloud while the other students follow.
Ø The teacher will lead a short discussion on the article by asking focus questions.
Ø After the discussion, students will be placed in small groups. Each group will then think
of a way they can combat climate change based on what they have read.
Ø The teacher will ensure that the groups have chosen different methods so that each group’s
presentation is different. (the teacher can prompt groups that are having trouble coming
up with solutions)
Ø The groups will be given a few minutes to come up with their strategy.
Ø After the groups have identified their strategies, they will make a poster showing what they
can do to combat climate change in their immediate environment.
Ø Each group will be required to make an oral presentation to the class on their strategy.
During presentation, students must be able to explain why they think their strategy will
work.
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Assignment
Essay Question
Discuss impact of climate change happening in the Caribbean and the USA.
Teacher’s Notes:
✓ Climate change is a variation or change in the climate (temperature, wind,
precipitation patterns) in a specific location, region, or of the entire planet.
o

This change in weather patterns persists for a long period of time ranging from
decades to millions of years. Climate change may be caused by a variety of factors
including natural processes; however, scientific evidence shows that the current
period of climate change is caused by human activities.

✓ We can reduce our contributions to greenhouse gas pollution by using less fossil fuels.
✓ Conserving energy, minimizing vehicle use, eating locally grown foods, and recycling as
much as possible are some of the ways we can cut down on the use of fossil fuels.
✓

We can help remove carbon dioxide from the atmosphere by planting trees and gardens,
and helping to protect forests, undeveloped land, and open space.

✓

We can ask our elected officials to make policies and laws that will help slow climate
change by reducing greenhouse gas emissions and protecting the natural environment.

What causes Climate Change✓ Climate Change can result from natural processes and factors and more recently
due to human activities as more greenhouse gases are released into the atmosphere.
Nowadays, when scientists talk about the issue of climate change, their main concern is
global warming caused by human activities.
✓ Natural Changes: There are many natural processes that influence the climate,
causing it to either warm or cool. The temperature of the Earth relies on the balance
between energy from the Sun entering and leaving the Earth’s system. When incoming
energy from the sun is absorbed by the Earth system, the Earth warms up. When the
sun’s energy is reflected back into space, it prevents the Earth’s warming. The Earth cools
when the absorbed energy is released back into space. Both natural and human factors
result in changes in the Earth’s energy balance. Natural changes in the Earth’s climate
are caused by:
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o

Changes in the sun’s energy reaching Earth’s surface. The intensity of the
sunlight can cause either warming or cooling. Periods of stronger solar intensity
result in warming and periods of weaker solar intensity result in cooling. The sun
has a natural 11-year cycle of small ups and downs in intensity which produce
only a small effect on the Earth’s climate. In the past, changes in the sun’s
intensity in the past have produced what we know as Ice Age (Stocker T. F., et
al.).

o

Small changes in the Earth’s orbit around the Sun and small changes in the tilt
(axis) of the Earth can also affect the amount of sunlight reaching the Earth’s
surface. Variations in the Earth’s orbit have had a big impact on climate in the
past. For instance, the amount of sunshine reaching the Northern Hemisphere in
the summer is affected by changes in the Earth’s orbit causing the advance or
retreat of ice sheets. These changes seem to be the main cause of episodes of Ice
Age in the past where the Earth experienced long periods of cold temperatures as
well as shorter periods between Ice ages of relatively warmer temperatures
(Stocker T. F., et al.) .

o

Volcanic eruptions from volcanoes on land and under the sea have played a
visible role in climate. Volcanic particles from eruptions reach the upper
atmosphere and reflect sunlight back to outer space resulting in cooling of the
Earth’s surface by a few tenths of a degree for several years (Stocker T. F., et al.).
Volcanic particles do not cause long-term changes because they remain in the
atmosphere for a shorter period than greenhouse gases.

o

Processes such as deforestation, reforestation, desertification, and urbanization
also contribute to changes in climate in the places they occur.

o

Natural processes within the climate system such as changes in the ocean current
circulation (Climate Change Science: Causes of Climate Change , 2016).

✓ However, the natural processes discussed are being overshadowed by the influences of
human activities. There is widespread agreement that humans are contributing to recent
climate change and global warming by releasing greenhouse gases in the atmosphere.
The release of greenhouse gases is referred to as greenhouse gas emissions.
✓ Since the Industrial Revolution began in the late 1700s, many of the world’s leading
scientists believe that human activities are changing the composition of the Earth’s
atmosphere by releasing increased amounts of greenhouse gases into the atmosphere.
Such activities include the burning of fossil fuels (coal, oil and natural gas). The increased
amounts of greenhouse have upset the natural of the Earth’s atmosphere. As a result, the
natural greenhouse effect is enhanced, causing the temperatures of the Earth’s
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atmosphere, ocean, and land surface to increase. The rise of temperatures due to
increased amounts of greenhouse gas in the atmosphere is known as the Enhanced
Greenhouse Effect and is sometimes referred as global warming (see Figure 3)
(Wagg, 2015; Climate Basics for Kids | Center for Climate and Energy Solutions, n.d.).
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Observed trends of climate change in some areas in the Caribbean, Pacific

✓ This section discusses climate change that has already been observed in the context
of tropical cyclones, sea level rise, storm surge, significant wave heights and
Sargassum outbreaks.
✓ Around the world the potential destructiveness of hurricanes has increased since the
mid-1970s. For the North Atlantic, scientists have observed an increase in intense
tropical cyclones since the 1970s (Stocker T. F., et al., 2013).
✓ Tropical cyclone activity is due to changes occurring in the conditions of the
atmosphere and oceans, including increases in the mean surface temperatures. An
increase in North Atlantic tropical cyclone activity has been observed since 1995. An
increased frequency of very intense tropical cyclone activity within the North
Atlantic region since the 1990s has also been noted (Stephenson & Jones, 2017).
✓ Temperature trends in the Caribbean is consistent with observed global warming
over the past 50 years.
o

Sea surface temperature trends over the Caribbean generally exceed those being
observed over the global tropical oceans over the past 20 years (Simpson, M.C.,
et.al., 2010).

o

The Caribbean Sea has warmed by 0.50 degree Celsius from 1982 to 2006 (Field,
et al., 2014) (Dye, Buckley, & Pinnegar, 2017).

o

It is estimated that from 1901-2010, global mean sea level increased by 0.19 +/0.02 meters. Sea levels in the Caribbean have risen at a rate similar to the global
rate (Stephenson & Jones, 2017). Sea level rise are not uniform across the region
and is greatest around Antigua and south to Grenada and least in the Central
Caribbean sea and north of Jamaica (Dye, Buckley, & Pinnegar, 2017) .

o

Analysis of tide gauges around the world from 1970s to the present indicate that
storm surge levels have increased since the 1950s in all region studied. Scientists
have also shown that storm surge heights increase with an increase in wind speed
and sea surface temperature (Stephenson & Jones, Impacts of Climate Change on
Extreme Events in the Coastal and Marine Environments of Caribbean Small
Island Developing States (SIDS), 2017).
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o

Climate change is already impacting coral reefs in the Caribbean, through coral
bleaching, disease outbreaks, ocean acidification and physical damage from
stronger hurricanes. Coral bleaching is the most visible and widespread
manifestation of the impacts of climate change on reefs. Major events are
documented in 1998, 2010 and 2015/2016. The extent of the bleaching and related
mortalities varies by location and event, but has resulted in some mortality
(McField, 2017).

o

The observed changes in precipitation for the Caribbean region is highly variable
and is characterized by longer dry spells interrupted by heavier downpours (Dye,
Buckley, & Pinnegar, 2017).

o

Tropical storm and hurricane frequencies vary considerably from year to year,
but evidence suggests increase in intensity and duration since the late 1990s.

o

According to the IPCC regional impacts report, 29 percent of Caribbean resorts
are within 1 meter of the high tide mark. In addition, 60 percent are at risk of
beach erosion from sea level rise (Scott et al. 2012a). Monitoring of beach in the
Caribbean shows an average beach erosion trend of 0.5 m/year and that this is
higher where hurricanes are more frequent. It is also suggested that
anthropogenic factors are causing the erosion alongside climate change and
variability (Dye, Buckley, & Pinnegar, 2017).

o

Extreme Sargassum (seaweed) outbreak have intensified along the coasts of the
Caribbean in more recent years. Extreme sargassum events have occurred in
2011, 2012, 2014, 2015 and 2016. Sargassum is influenced by sea surface
temperatures, ocean acidification and wind disturbances and thrive in warmer
waters (Stephenson & Jones, 2017).

Some Impacts in the Pacific
✓ Climate scientists claim parts of the Pacific are now experiencing sea-level rise of more
than three times that of the world average (Tangermann, 2017).
✓ Mean sea levels are rising, particularly in the Western Pacific (Keener V. W., Marra,
Finucane, Spooner, & Smith, 2012).
✓ The frequency and intensity of climatic extremes are changing across the region.
Drought has been more frequent and prolonged, and there have been fewer cyclones
(Keener V. W., Marra, Finucane, Spooner, & Smith, 2012).
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✓ Pacific Island habitats and species distributions have changed. For example, increasing
temperatures are facilitating the upward migration of mosquito-borne diseases (Keener
V. W., Marra, Finucane, Spooner, & Smith, 2012).
✓ Ocean heat content is rising and ocean chemistry is changing (Keener V. W., Marra,
Finucane, Spooner, & Smith, 2012).
✓ Tuvalu has experienced impacts from rising sea levels. Evidence has shown some areas
submerged in water on the Funafuti Atoll which is a direct result of rising sea levels.
Residents of the capital Tuvalu have seen very frequent flooding in populated areas
(Tangermann, 2017).
✓ Coral reefs that provided protection from encroaching seas are bleached due to the
warming and acidification of the ocean (The impact of climate change on the Pacific:
Interview with Edvard Hviding, 2015).

Materials:
▪

Printed article (one for each student)

▪

Construction paper/ Bristol board

▪

Marker/crayons

▪

Printed pictures or magazine cut-outs

Assessment:
▪

Students will be awarded points for completing their group poster

▪

Students will be graded on their oral presentations

▪

Points can be awarded for class participation.
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