• Resources for High School Grades •
Your students can celebrate Earth Day by exploring human impacts on the environment.
How can governments, businesses, communities, and individuals take action to be sustainable,
even as our population grows? How can we all be a part of the solution?

Readings:
Our Changing Climate –How can governments, industry, and citizens work together to
protect the future of our climate? Explore some of the critical background for understanding
global climate change.
Cleaner Cookstoves: Combatting Indoor Pollution – This case study looks profiles
organizations and governments working to replace traditional cooking stoves with cleaner
burning LPG stoves to improve air quality and health.
Lesson Plans:
Cap and Trade Game (science, social studies) – Students play a game that
simulates a cap and trade system, and analyze its successes and weaknesses as a policy to
reduce emissions of pollutants and greenhouse gases.
In Search of Sustainable Life (science, social studies, and math) – Students develop an index
of the ten factors they identify as most important to a sustainable community and develop
models for measuring those factors in their own communities.
One For All (science, social studies) – In a simulation, students draw renewable resources
from a common pool and determine short-term consumption strategies to preserve a longterm supply.
Water, Water Everywhere (science, social studies, and math) – Students observe a brief
demonstration on the distribution of the world’s water and then calculate how much water
they use on a daily basis, both directly and indirectly.
*For more great resources, visit us at www.PopulationEducation.org!

OUR CHANGING CLIMATE
background reading | climate change unit
Studies For Our Global Future

“There’s one issue that will define the contours of this century more dramatically than any other, and that is the urgent
threat of a changing climate.” —President Barack Obama (UN Climate Change Summit, Sept. 23, 2014)
Changes to Earth and its atmosphere used to be measured in geological time. Millions of years to form canyons.
Ice ages lasting tens of thousands of years. We now live at a time when changes to the planet can be observed
within one human lifetime and sometimes within a span of just a few years. That’s due to anthropogenic causes
(human activities), especially carbon emissions from fossil fuel combustion.
Starting about 150 years ago and escalating through the 20th and 21st centuries, these emissions have set in
motion changes to our planet that may prove irreversible. Surface temperatures are rising, leading to melting
of ice caps and sea level rise. The oceans are becoming warmer and more acidic, killing coral reefs and affecting
marine life. As of this writing, the last seven years (2014-2020) have been the warmest years on record.1 More
extreme weather events – hurricanes, cyclones, flooding, heat waves and droughts – are making communities
inhospitable and forcing people from their homes. Climate change is even affecting human health with impacts
on the air we breathe, our access to clean water, our ability to grow nutritious food and our vulnerability to
infectious disease from an expanding range for virus-carrying mosquitoes.
Averaged across land and ocean, the 2020 surface temperature of the Earth has increased by 1.8°F (1.0°C)
warmer than the 20th century average.2 This period is now the warmest in the history of modern civilization,
and the warming trend is expected to
continue. A 2021 assessment from the
Intergovernmental Panel on Climate
Change (IPCC) concluded that “Human
influence on the climate system is now
an established fact. It is unequivocal that
the increase of CO2, methane (CH4) and
nitrous oxide (N2O) in the atmosphere over
the industrial era is the result of human
activities and that human influence is the
principal driver of many changes observed
across the atmosphere, ocean, cryosphere
and biosphere.”3 In addition to warming
temperature, the report documented trends
in climate change impacts including melting
glaciers, diminishing snow cover, shrinking
sea ice, rising sea levels, ocean acidification,
Source: U.S. EPA
and an increase in extreme weather events.4

The greenhouse effect
To comprehend why the Earth’s climate is changing, it’s important to understand the greenhouse effect that
regulates the climate in the first place. The Earth’s atmosphere is a complicated system of gases and energy.
It allows energy from the sun to pass through to the Earth and also allows energy from the Earth to escape into
space. By delicately balancing this exchange of energy, the atmosphere regulates our climate.
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The burning of oil, coal and natural gas has increased the concentration of certain gases in our atmosphere.
These gases act like a blanket, trapping Earth’s heat energy and preventing it from passing through to space. This
energy exchange imbalance grows as the Earth’s atmosphere traps increasingly more energy than it can release
and causes the planet to warm. The process works much the way a greenhouse would, hence the gases that allow
sunlight to enter the atmosphere freely, and trap heat energy in the atmosphere, are called greenhouse gases
(GHGs). These include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), chlorofluorocarbons (CFCs),
and ozone. Fossil fuel combustion, coal mining, wastewater treatment, agricultural activity and natural gas and
petroleum systems are all examples of human-influenced GHG emission sources.

Turning up the heat
For tens of thousands of years, the levels of oxygen, nitrogen and other gases in the Earth’s atmosphere remained
essentially unchanged. By the beginning of the 1800s, the world’s population had grown to 1 billion and the
Industrial Revolution in North America and Europe began to clear the land and foul the air with factory smoke.
A century later, the population had doubled to 2 billion and the age of petroleum was dawning. After World War
II, energy use skyrocketed. Between 1946 and 1968, the use of motor fuel doubled, electricity consumption
nearly tripled and the production of petroleum-based plastics increased ten-fold. Worldwide, CO2 emissions have
more than doubled from 1970 (14.8 Gt CO2e) to 2019 (36.4 Gt CO2e) with emissions from the energy sector and
industrial processes contributing the vast majority (88 percent) of the total increase. Agriculture, deforestation,
and other land use changes have been the second-largest contributor.5
Oil, coal and natural gas power
our automobiles, heat our
homes, provide electricity for our
appliances and allow us to enjoy
an unprecedented standard of
living. However, when burned
(combusted), these carbon-based
fossil fuels combine with oxygen
to form carbon dioxide (CO2).
In the U.S., CO2 formed by the
burning of fossil fuels makes
up 80 percent of greenhouse
gases.6 As a result of increased
industrialization and combustion
of these fuels, more and more
carbon has been emitted into the
atmosphere. The concentration
of CO2 in the atmosphere has
increased by nearly 40 percent
since the mid-19th century. CO2
levels are now at their highest
point in at least 800,000 years.7
The levels of carbon emissions grew four-fold from 1960 to 2019 when nearly 10 billion tons of carbon were
emitted.8 Trees and other photosynthetic organisms take in CO2, but they can only absorb about 3-4 billion tons
worldwide. As deforestation continues, the Earth will be able to absorb less and less. A significant portion of the
Amazon rainforest (18 percent since 1970) has already been cleared, disrupting an important carbon sink.9
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The United States emits more tons of carbon per capita than any other country. In 2019, the U.S., though
containing just 4 percent of the world’s population, was responsible for producing 15 percent of the world’s
carbon emissions.10 China is now the world’s largest carbon emitter. But even with its rapid increases, China’s
carbon emissions per capita are still less than half of those of the United States. As industrialization escalates in
Asia, Africa and Latin America, carbon emissions in the developing world are increasing rapidly too.

Other gases
Human activity is also directly related to the production of methane, another greenhouse gas. Methane is
released by natural gas leaks, coal mining, oil and gas drilling, the burning of wood and garbage, the decomposition
of organic matter (such as rice paddies) and digestion in some animal intestines. The atmospheric concentration
of methane has increased 250 percent in the last 200 years and currently accounts for about 20 percent of all the
global warming due to greenhouse gases.11

Source: U.S. Environmental Protection Agency

Worldwide production of methane is expected to increase as more cattle are raised and more rice is cultivated to
feed increasing numbers of people. Although methane accounts for a smaller part of the greenhouse gas volume
than does CO2, it is more potent. Each methane molecule is 30 to 40 times more efficient at trapping heat than
a CO2 molecule. Like CO2, methane concentrations have far exceeded the natural amounts of the last 800,000
years and remain in the atmosphere for years after they are emitted.
Nitrous oxide (N2O), also known as “laughing gas,” is a byproduct of fossil fuel combustion, bacterial reactions in
soil and the breakdown of widely used fertilizers. Its atmospheric concentration has increased 23 percent over
pre-industrial levels, and it accounts for about six percent of the total warming due to GHGs.12
Ozone-depleting substances (ODSs), such as chlorofluorocarbons (CFCs) and hydrofluorocarbons (HFCs), are
completely human-made chemicals, unlike CO2, methane and nitrous oxide. One CFC, commercially known as
Freon, is used as a refrigerator and air conditioner coolant, as a chemical cleaner and in the manufacturing of
foam and some aerosol sprays. Although CFCs make up a small portion of total atmospheric warming, they are
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the strongest insulators of all the GHGs. They are 10,000 to 20,000 times more effective at trapping heat than
CO2 and can live in the atmosphere for up to 100 years.13 ODSs deplete the ozone in the upper atmosphere, which
carries its own set of severe consequences. The decrease of ozone lets in more of the sun’s harmful ultraviolet
light, which is known to cause skin cancer and eye disease, to damage crops and to destroy the phytoplankton
that support the marine food chain.
In 1985, scientists discovered an ozone hole the size of the U.S. over Antarctica. This discovery prompted an
international agreement, the Montreal Protocol, which was signed in 1987 by 25 participating countries in
an effort to stop the production of ODSs. Since then, 197 countries have agreed to dramatically phase out the
production of ODSs and, having successfully done so, the level of ODSs in the atmosphere has declined.
Trends point to increased energy consumption in the future, particularly in the developing world, where the
population is expected to grow the most. Globally, economic and population growth continue to be the most
significant drivers of increases in CO2 emissions from fossil fuel combustion. Both of these drivers are currently
outpacing emission reductions from improvements in energy intensity.14

Measuring climate change
Some question whether climate change is really happening, and if
so, whether it’s a human-caused phenomenon. On both counts, the
science is clear.

How do we know the Earth is warming?
Evidence for a warming world comes from multiple independent
climate indicators, from high up in the atmosphere to the depths
of the oceans. They include changes in surface, atmospheric and
oceanic temperatures; glaciers; snow cover; sea ice; sea level and
atmospheric water vapor. Scientists from all over the world have
independently verified this evidence many times. That the world
has warmed since the 1800s is unequivocal.15

How do we know CO2 in the atmosphere
has increased?
High precision measurements of atmospheric CO2 have been
taken from dozens of sites around the globe over more than 60
years. The instruments have been calibrated according to rigorous,
internationally agreed protocols and have produced consistent
readings confirming increased CO2 levels. Tiny air bubbles in
Antarctic ice cores reveal a historic record of atmospheric GHG
concentrations, in particular CO2, CH4 and N2O. These bubbles
were captured in the ice as new snow accumulated at the
Photo Credit: Reto Stockli, NASA
surface and solidified into ice over the past 740,000 years. These
Scientists can analyze ice cores from large glaciers and
records provide proof that through ice ages and warm periods,
ice sheets to determine how modern amounts of carbon
atmospheric CO2 varied between 180 and 280 ppm (parts per
dioxide and methane compare to past concentrations.
million), demonstrating that today’s CO2 concentration of over
400 ppm exceeds the natural variability seen over hundreds of thousands of years.16
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How do we know that these changes are human-caused, rather than naturally occurring?
For more than 10,000 years prior to the Industrial Revolution, atmospheric CO2 levels were essentially constant,
showing that the recent increase in CO2 is not naturally occurring. In fact, the increase in CO2 has closely
mirrored the increase in fossil fuel burning over the past 60 years. Scientists have used radioactivity to distinguish
industrial emission from natural emissions, showing that the extra CO2 is coming from human activity.

Impacts on people and the planet
A difference of nearly 2°F might not sound like much, but small differences in average temperature make a huge
difference in the Earth’s climate, affecting human communities and habitats for all species.
Ocean acidification: Oceans absorb CO2 like a mop. This helps remove some CO2 from the atmosphere but
the increased levels in the ocean make the water more acidic. Since the beginning of the industrial era, oceanic
uptake of CO2 has resulted in acidification of the ocean. According to the National Oceanic and Atmospheric
Administration (NOAA), the pH of ocean surface water has decreased by 0.1, corresponding to a 30 percent
increase in acidity. This acidity, combined with warming temperatures, is killing coral reefs around the globe and
interfering with the shell formation of organisms like oysters, clams, and snails.17

Species loss: Many species face an increased risk of extinction due to climate change. Most plant species cannot
naturally shift their geographical ranges sufficiently fast to keep up with current and projected rates of climate
change in most landscapes.
Sea level rise: Warming temperatures are causing land-based ice, such as glaciers and ice sheets, to melt. That,
along with thermal expansion (water expands as it warms), is raising sea levels around the globe. In 2019, global
sea level was 3.4 inches above the 1993 average (the highest recorded to date) and had risen as much as 6 to 8
inches in some ocean basins. Sea level continues to rise at a rate of about one inch every seven years. Sea level is
expected to rise by at least one foot by 2100 (over 2000 levels), even after greenhouse gas mitigation efforts. A
rise of as much as 8 feet by 2100 can’t be ruled out if high rates of GHG emissions continue.18 Higher sea levels
mean that deadly and destructive storm surges push farther inland than they once did, which also means more
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frequent flooding. Forty percent of the U.S. population lives in coastal areas that are vulnerable to flooding from
sea level rise.19
Effects on agriculture: Droughts and
extreme weather events in tropical
and temperate regions are expected
to negatively affect food production,
especially for the main grain crops –
wheat, rice and maize.
Effects on fisheries: Warmer and
more acidic waters will change the
distribution of global marine species
and reduce marine biodiversity,
affecting the supply and variety of
fish species.
Effects on communities and
infrastructure: Greater frequency of
extreme weather events and flooding
Photo Credit: SeppFriedhuber/iStockphoto.com
will continue to threaten the viability
of many communities. In addition
Climate change could have particularly drastic effects on the Earth’s polar regions.
to storm surges affecting coastal
communities, inland communities can also be vulnerable to climate-related events including wildfires, landslides
and droughts. Earlier spring melt and reduced snowpack in mountain regions will affect the availability of water
resources in the region. With some regions becoming inhospitable, people will be forced to move to other areas,
growing the ranks of environmental refugees.
Threats to public health: Extreme weather events are already taking a toll on human health. From 2000 to 2019,
they have claimed 475,000 lives. The number of vulnerable people exposed to heat waves climbed by 125 million
from 2000 to 2016.20 Warming temperatures have also expanded the region for mosquitoes, which can carry
viruses such as malaria, dengue fever and Zika. Public health will also be affected by climate change’s threats to
food security and clean water availability.

Climate change inequities
Climate change is a global phenomenon. Even so, some communities are affected more severely than others
from the impacts of a warming planet. From the frequency of extreme weather to rising sea levels, the impacts
of climate change often have disproportionate effects on historically marginalized or low-income communities,
including Indigenous peoples, even though these communities typically contribute the least to greenhouse gas
emissions. Subsistence farmers in less developed countries are at the mercy of changing agricultural outputs from
more droughts and storm surges. In addition to more food insecurity, vulnerable populations will also see threats
to their livelihoods, access to energy, water and safe shelters. In short, lower- and middle-income countries –
home to most of the world’s population – are less able to cope with the impacts of climate change.
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These climate change impacts displace tens of millions of people around the globe from their homes each year.
The majority of the world’s climate migrants are internally displaced, meaning they stay within their country’s
borders. Still others cross borders in search of safety and sustenance. A recent example are the thousands of
migrants leaving Guatemala and Honduras for the U.S. as the result of an unprecedented food crisis resulting,
in part, from climate-change related droughts and floods that have decimated agriculture in parts of those
countries.21
Other countries face the displacement of entire populations, mostly due to rising sea levels, like the Pacific island
nation of Kiribati. Many of the most vulnerable places are also where the population is expected to grow rapidly in
the coming decades, which can strain resources and create challenges to disaster response.

A carbon budget
The consensus among climate scientists is that continued emission of GHGs will cause further warming and
long-lasting changes in all components of the climate system, increasing the likelihood of severe, pervasive and
irreversible impacts for people and ecosystems. Without additional steps to curb GHG emissions beyond what’s
in place today, emissions are expected to grow, driven by increases in global population (a likely 37 percent
increase by 2100) and economic activities.
Baseline scenarios, those without efforts to mitigate GHG emissions, result in global mean surface temperature
increases of 4.1°C to 4.8°C by the end of the century, compared to pre-industrial levels.22 Yet climate scientists
warn that a global temperature rise of more than 2°C would result in dangerous consequences including
destabilization of the polar ice caps, devastating weather events, sea level rise and agricultural losses. In 2013, the
IPCC released a groundbreaking report asserting that, as a global society, we must adhere to a “carbon budget” if
we want to stay below the 2°C target.23 The carbon budget is the maximum amount of carbon that can be emitted
into the atmosphere to keep within a certain temperature threshold. If carbon emissions don’t reach “net-zero,”
the global temperature continues to rise.
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According to the IPCC calculations, this budget allows for 1 trillion tons of carbon to be emitted into the
atmosphere from the industrial era on. The calculations begin in the industrial era to account for the fact that
CO2 remains stored in the atmosphere for centuries after it is emitted. We’ve already churned through about 60
percent of the budget. At the rate we are going, we would reach the trillionth ton in 2049.24
Human activities have already caused approximately 1.0°C increase in the global temperature over pre-Industrial
levels. In order to keep the temperature from rising above 1.5°C, CO2 emissions would need to decline by 45
percent (from the 2010 level) by 2030 and reach net-zero emissions by 2050. Keeping the temperature under
2.0°C would require a 25 percent decrease in emissions by 2030 and net-zero by 2070. Achieving this would
involve substantial changes in energy systems and land use around the world.25

The Paris Agreement
Getting these efforts to accelerate and keep warming below the 2°C threshold motivated world leaders to work
together and pledge to reduce their countries’ GHG emissions. In December 2015, these leaders met in Paris and
reached a landmark deal, the Paris Agreement. The Paris Agreement is the latest step from the UN Framework
Convention on Climate Change (UNFCCC), an international treaty developed in 1992 to combat climate change.
It follows the Kyoto Protocol, which committed developed countries to reduce their GHG emissions. The Paris
Agreement brings all nations – developed and developing – together to combat climate change and adapt to its
effects. It requires “all Parties to put forward their best efforts through ‘nationally determined contributions’
(NDCs) and to strengthen these efforts in the years ahead.”26 This includes requirements that all Parties report
regularly on their emissions and on their implementation efforts. All countries have signed the agreement.
The U.S., under President Donald Trump, had pulled out of the agreement, effective November 2020, but his
successor, President Joe Biden, quickly rejoined the agreement upon taking office in January 2021.

Before and during the Paris conference, countries submitted comprehensive national climate action plans. These
are not yet enough to keep global warming below 2°C, but the agreement traces the way to achieving this target.
The agreement is supposed to be reviewed every five years, so that countries can ramp up their commitments.
As part of the Agreement, more developed countries are also supposed to assist less developed countries with
financial and technical resources to adapt to a changing climate.
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Climate action plans include transitioning energy production and transportation away from fossil fuels. They
also includes plans for land use changes, such as afforestation (planting trees in barren land to create forests)
which can help absorb CO2. Stabilizing population size and conserving resources are part of a long-term climate
mitigation strategy. Universal education and equal roles for women in societies lead to smaller families, gradually
reducing population growth.

Citizen solutions
The enormity of the challenge to reduce GHG emissions requires large-scale collective action and commitments
by governments and industries. As citizens, we can demand carbon reductions from industries by speaking up
to lawmakers and the media. As consumers, we can support businesses that are taking the lead on sustainable
energy practices.
Scientists’ warnings about the future, along with observable impacts of climate change today, have galvanized
people worldwide to march, strike, and speak out on the changes our society needs to implement to reduce
greenhouse emissions. Climate activism has grown in recent years as the window for making widespread changes
to avert the worst predictions is closing. In 2019, millions of students, teachers, and workers participated in a
Global Climate Strike to demand a transition off of fossil fuels and onto 100 percent clean energy. The strike took
place across 4,500 locations in 150 countries with young people taking the lead.
As an individual there are many efforts (small and
large) that can reduce one’s carbon footprint.
Anything that reduces your daily energy use also
keeps carbon out of the atmosphere. Around your
home this includes using energy-efficient appliances
and lighting and adjusting the thermostat to use
heating and air conditioning more conservatively.
Our transportation choices directly impact our
carbon footprint. Limiting car trips, using mass
transit and taking fewer flights are just some ways
make a difference. Because food choices influence
land use, you can reduce your carbon footprint
by eating lower on the food chain (livestock use
tremendous amounts of energy resources and emit
methane) and wasting less food in general. Using
cleaner technologies, such as solar panels and
electric cars, also lessen our carbon footprint.

Photo Credit: Li-An Lim

Climate March, San Francisco. (2019).

The multiplication of carbon-mitigating efforts – by individuals, industries and governments – will be key to
determining what kind of planet we will leave for future generations. The impacts of climate change are already
observable. But the urgency of our response can make a difference on how much and how quickly our global
climate changes, and how we can help communities adapt to those changes.
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CLEANER COOKSTOVES:
Combating Indoor Air Pollution
case study | air pollution unit
Studies For Our Global Future

Imagine if one of the most dangerous things you did each day was to cook your family a meal. For close to half the
global population, this scenario is not so far-fetched. Over 3 billion people worldwide, about 40 percent of the
world’s population, rely on wood, charcoal, dung, or crop remnants for cooking, burning the fuels in traditional
stoves or open fires inside the home, which exposes families to dangerous air pollution. The World Health
Organization estimates that household air pollution contributes to 3.8 million premature deaths each year,
mostly of women and children who spend the most time inside the home.1
Fortunately, there are alternatives. Improved cookstoves burn fuel more efficiently and emit fewer dangerous
particles and gases into the home. They offer what researchers call a triple dividend: improvements to health,
environmental quality, and climate.2 LPG (liquefied petroleum gas) stoves are one of the most common clean
cooking stoves. Over the last 40 years, aid programs have delivered millions of cleaner cookstoves to low-income
people in countries around the world. So why aren’t more people using them? The answer is complicated.

Society and culture is key
What did you eat for dinner last night? For most of humanity throughout history, this question was answered
based on what was readily available, affordable, and, importantly, what your mother fed you and what her mother
fed her, going back generations. Food is cultural. If you grew up in India eating roti flatbread cooked in a clay oven
heated by dung and firewood, it is likely the type of food your children will eat as well. Same with a Nepali family
eating boiled rice in a large metal pot. The mothers in the Peruvian Andes who boil potatoes over wood burning in
a clay-walled pit will teach their daughters to cook the same way. And these traditional meal preparation methods
will look very different from the Guatemalan mother toasting tortillas over an open flame or the Kenyan mother
preparing ugali (maize meal) in a pot.
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There is no single stove that will work for all of these families. Yet early stove distribution aid efforts failed to
account for varying social and cultural contexts. The result: the new stoves sat unused. Or in some cases home
cooks did use the new stoves but also continued to use their old stoves anyway and, thus, did not benefit from
improved air quality. Successful implementation of cleaner stove programs requires a deep understanding of
the social and cultural factors that influence cooking behaviors in different parts of the world, and households’
preferences and needs for the cookstoves within different communities.3 For example, are the new stoves seen as
efficient and convenient to use for larger families? Is the clean fuel affordable and accessible? Some studies have
also shown that the decision to adopt cleaner cookstoves or fuel is influenced strongly by word-of-mouth among
peer groups and whether neighbors and family are using them.4

The cost barrier
Concern about high fuel costs is another factor that
prevents many households from switching to cleaner
fuel or more efficient stoves.5 One woman in rural
Maharashtra, India explained to researchers in an
interview: “Look, our financial condition is not good, so
we don’t have much options. Right from the beginning I
am using the clay cook stove; in my maternal home also
we had that clay stove. We don’t have options, so we
use that. Also, we have abundant firewood, cow dung,
[and] agricultural waste which can easily be used as
fuel, so we are using them. Even though we have LPG,
we still are using the clay stove. [Because of all these
factors] we are much comfortable with our clay stove.”6
Source: Chebyshev1983 on Wikipedia

A woman in Entoto, Ethiopia carries a bundle of wood, a common biomass
energy source in Ethiopia

Another study found that rural areas were less likely
to adopt LPG stoves because of the easier access to
cheaper fuel sources, such as firewood.7

The burden of dirty fuels
Indoor air pollution from cooking fires is a major killer. It is the number one environmental cause of death and
disability, “causing more premature deaths than HIV/AIDS, malaria, and tuberculosis combined,” according to
the World Bank.8 Exposure to the smoke and small particulate matter from cooking fires increases the chance
of cardiovascular disease, respiratory illnesses, and lung cancer. It also can lead to cataracts and blindness.
Even exposure to the emissions before birth is harmful, linked to higher risk of stillbirth, lower birthweight, and
hampered cognitive development.9
Burns from the hot stoves or open fires are common; small children are highly at risk. Children in households
cooking with polluting fuel also bear a large part of the burden of fuel collection, spending over 2.5 hours each
day, on average, gathering fuel. In some countries, children spend closer to 5 hours each day collecting fuel and
water, with most of the work falling to girls. This is time taken away from school, studying, work, and play.10 It also
leaves the collectors, who often leave home in pre-dawn hours and travel miles alone, vulnerable to violence and
rape. For both children and adults, hauling large quantities of firewood and water can lead to physical injuries and
fatigue.11
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In urban areas, charcoal (which is derived from wood) may be more common than self-harvested fuelwood.
Monthly expenditures can be high, reaching up to 25 percent of monthly income in urban slums.12

Environmental concerns
Traditional cooking methods also damage the environment. Biomass burning increases localized outdoor, or
ambient, air pollution. Wood stoves and open cooking fires emit black carbon which contributes to global
warming. The emissions also include greenhouse gases like carbon dioxide, which resides in the atmosphere for
decades, trapping heat from the sun.13
Collecting wood to burn directly or to turn into charcoal can also contribute to forest degradation or loss.
Fuelwood gatherers generally target dead and dried wood, which can be important wildlife habitat. For charcoal
production, live trees, often from public land, are cut to stumps and turned into charcoal in kilns. However, the
most popular kilns have an efficiency of only 10 to 15 percent, whereas modern kilns are 35 percent or more
efficient at converting wood into charcoal. Upgrading to highly efficient kilns could reduce greenhouse gas
emissions from kilns by 80 percent.14 Places where wood collecting pressures are particularly high tend to be
densely populated, for instance in Ethiopia, Nigeria, Pakistan, Sri Lanka, and Uganda. Charcoal is a major cooking
and heating fuel in many sub-Saharan African countries, as well as in Haiti, Myanmar, the Philippines, Cambodia,
Bangladesh, Pakistan, Indonesia, and parts of Central America. In some of these countries, communities are
surrounded by a growing ring of degraded woodlands, increasing the traveling distance to find fuel.15

Better alternatives
Fortunately, there are alternatives. Improved
cookstoves may use biofuels that communities are
used to, but are designed to get the same amount of
heat with less fuel. For example, the Jikokoa stove
produced in Kenya by the U.S.-based organization
BURN can cut charcoal use by 45 percent over a local
competitor, saving users about $200 USD over a year,
five times the $40 purchase price. By 2016, over 90
percent of improved stoves sold in Kenya were this
model.16
Source: Romana Manpreet for Global Alliance for Clean Cookstoves

An older U.S.-based company, Envirofit, has sold over
A woman in India uses a clean cookstove in her home.
1.6 million cleaner cookstoves in 45 countries. Its
facilities in China, India, Nigeria, Kenya, Honduras, and
Mexico can together churn out 100,000 stoves each month. They reduce fuel inputs, whether wood, crop waste,
or other biomass, by 60 percent and produce 80 percent less smoke and harmful gases, and cut cooking times by
up to 50 percent compared to traditional cooking stoves.17

Governments taking action
Helping households transition to cleaner stoves and fuel also comes down to money. Because the higher price
tag of sustainable fuel can prevent lower-income households from making the switch, some governments have
stepped in with subsidies. In 2007, Indonesia’s government began providing LPG fuel subsidies to its citizens, in
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efforts to help people move away from using kerosene fuel. By 2011, over 50 million people, about 40 percent of
the population, had switched to LPG fuel.18 Then in 2012, the government launched a clean stoves initiative which
not only took into account financial barriers, but focused on understanding consumer preferences. This was
successful because it used social and cultural insights to convince stove suppliers to create technology to meet
household needs.19
Making sure subsidies reach the poorest households is key. To address this, India’s government launched the
#GiveItUp campaign in 2015, to motivate more financially-well off households to voluntarily “give up” their
available subsidy to a household in greater need. By 2019, over 10 million households, about 4 percent of LPG
users, had surrendered their subsidy to a poorer household.20

Future challenges and opportunities
Most improved cookstoves, like the models described above, are much cleaner than their traditional alternatives
but still fail to meet World Health Organization standards for indoor air emissions. To get there, stoves would
likely need to burn gas or run on electricity, both of which are out of financial reach for many poor households and
can be difficult to come by in many rural areas. Even if cost and access were surmountable, programs must also
consider social and cultural needs for the households they intend to partner with and serve.
Solar cookers, which have zero fuel needs and zero emissions, are another option. Though there are models that
can cook some foods well, most current designs are not practical for serving large groups of people, cooking
inside, at night, or for certain food items.
Moving from open fires or inefficient stoves to cleaner cookstoves is seen as an important step toward
achievement of a number of the United Nations Sustainable Development Goals. One of the global goals (SDG
7) aims to “ensure universal access to affordable, reliable and modern energy services” by 2030. While there is
still much progress to be made, the world is on the right path. “Access to clean cooking fuels and technologies
increased to 63 percent in 2018, from 60 percent in 2015 and 56 percent in 2010” the UN reports.21 Improved
stoves can help reduce poverty and hunger and improve health and well-being. Using less wood is better for
forests and for economic development. Less time spent harvesting wood leaves more time for productive
activities, such as employment for women and schooling for children, both of which help to reduce gender
inequality. And cutting the black carbon emissions from dirty cooking methods is a relatively cheap and rapid
climate mitigation win. Clean cookstoves might be that needed stepping stone on the way toward affordable and
clean energy for all.22
Author: Janet Larsen (2017); Updated by Andrea Moran (2020).
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CAP AND TRADE GAME
introduction
While the scientific community has reached consensus that
humans are causing climate change through greenhouse gas
emissions, there is no single policy answer to solve this problem.
Even countries that have agreed to reduce their emissions
have implemented different strategies to do so, with varying
degrees of success. One possible solution is a carbon tax,
where companies or consumers pay extra based on the amount
of emissions produced by their activities. Because a price or
monetary value is placed on the damage to the environment
and economic forces are used to reduce pollution, it’s called a
market-based solution.
Another market-based solution is the “cap and trade” or
“emissions trading” approach, in which companies that pollute
are provided yearly allowances of pollutants by a government
or other regulatory body. Those that pollute beyond their
allowed amounts are fined. Polluters also have the option to buy
the leftover allowances of other companies that reduced their
own emissions. Over time, the number of allowance permits
distributed decreases, and thus their value on the market
increases. Ultimately, polluting becomes more and more costly,
while reducing emissions becomes more and more profitable.
Companies invest in upgrades because eventually, that is less
expensive than continuing to pollute and pay the fine.
This cap and trade approach found great success in the United
States when it was used to target sulfur dioxide and nitrous
oxide emissions, the major contributors to acid rain. Monitoring
data from the EPA shows that by 2020, acid rain sources
reduced emissions by 95 percent (15 million tons) from 1990
levels.1 This system has been applied to the issue of climate
change, too. The European Union’s Emissions Trading System
is the largest climate market in the world and saw 35 percent
emissions reductions from participating installations from
2005 to 2019.2 In July 2017, the state legislature of California
renewed its commitment to a statewide cap and trade program
through 2030, and it will play a large role in the state’s goals of
reducing emissions by 40 percent in that time.3

Studies For Our Global Future

concept
A cap and trade policy can be used to reduce
emissions of air pollution and greenhouse
gases, using market forces to encourage
companies to invest in cleaner energy and
more efficient technologies.
objectives
Students will be able to:
• Record data, track financial transactions,
and make strategic decisions during a multiround cap and trade simulation.
• Explain the concept of cap and trade in their
own words.
• Identify advantages and disadvantages of
cap and trade policies designed to reduce
emissions.
subjects
Environmental Science (General and
AP), Government, Economics, AP Human
Geography, Geography
skills
Analyzing costs and benefits, recording data,
strategizing with teammates
method
Students play a game that simulates a cap and
trade system, and analyze its successes and
weaknesses as a policy to reduce emissions of
pollutants and greenhouse gases.

It is essential that we consider the potential benefits and
challenges of policies designed to reduce greenhouse gas
emissions, especially as energy needs continue to grow rapidly
with population and increasing affluence.

© 2021 POPULATION CONNECTION

air pollution unit

| ACID TESTS 1

Vocabulary: cap and trade, carbon tax, climate change, emissions trading, greenhouse effect, greenhouse gas,
market-based solution

materials
• Rules of the Game (provided)
• Game Chart (provided)
• Play Money (provided)
• 2 dice per student
For each group:
• Upgrade Cards (provided)
• 75 poker chips

procedure
Note: This lesson does not explicitly teach the greenhouse effect or the in-depth science and data behind
climate change. Before starting this lesson, students should have a basic understanding of how humans’
greenhouse gas emissions cause climate change, as well as some of the social and environmental costs of
a warming world.
1. Display the graph to the right.
2. Ask students to identify the largest single source
of greenhouse gases (GHG) in the United States.
(Answer: Electricity). Explain to students that all
electricity production, for any purpose, is included
in this category, so it includes the emissions from
electricity used in homes, schools, and businesses.
Given this fact, ask students to brainstorm steps
that individual citizens can take to reduce their GHG
emissions due to electricity.
Answers may include: turning off and unplugging
appliances when not in use, decreasing the use of hot
water in your home, air-drying laundry, installing solar
panels on your property, using the air conditioner or
heater slightly less often, asking your power company
to use more alternative energy sources, buying fewer
new consumer items, recycling or upcycling whenever
possible.
3. Explain to students that while individual actions are
powerful, policy decisions can work on a larger scale
to change the way that companies provide power to
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consumers. Ask students to brainstorm what governments and companies can do to reduce the GHG emitted
by generating electricity in the United States.
Answers may include: government investments in clean energy like wind and solar, providing tax breaks for people who
install solar panels, fining the power companies that pollute the most, shutting down some companies or power plants,
rewarding companies that reduce pollution with money or special “green” status.
4. Ask students to turn to a neighbor, choose one of the brainstormed strategies, and identify pros and cons.
For example, for “government shutting down some polluting companies or power plants,” answers may include:
Pros – reduces pollution immediately, stops pollution more quickly than other strategies, sends a strong message about
clean air and climate change, allows those power plant companies to do something new instead such as clean energyrelated products.
Cons – people who worked there will lose their jobs, not fair to choose some power companies to close over others,
the company loses money, the consumers must pay more for energy, the remaining fossil fuel-burning power plants or
companies may actually pollute more to meet increased demand.
5. Explain to students that one major way to reduce pollution emissions is called “cap and trade” or “emissions
trading.” The United States used this strategy with great success in reducing the sulfur dioxide and nitrous
oxides that cause acid rain. This strategy is also currently being used by the European Union, the state of
California, and a coalition of Northeastern states to address the GHG emissions that cause climate change.
Students will be playing a game to see how this system works and to identify some of the pros and cons of it
as a method for decreasing GHG emissions.
6. Divide the class into groups of 5-7 students. Assign one student within each group to be the Banker during the
game (he or she can still play). Each group needs one set of Upgrade Cards (one printed page, cut out) and 75
poker chips. Each student needs two dice, $1,000,000 play money (one printed page, cut out), one Rules of the
Game sheet, and one Game Chart.
7. Following the directions on the Rules of the Game sheet, students will play a game in small groups as if each
person is a power company with fossil fuel-burning plants that emit the greenhouse gases causing climate
change. The teacher will play the role of the regulatory agency for all groups, distributing a decreasing number
of allowances each year and monitoring the buying/selling of allowances amongst the companies.
Note: It would be helpful to play a practice round by modeling the process with a few student volunteers,
so the whole class can see how the game is set up.
• At the start of each new round, distribute a specific number of new allowances (poker chips) to each student
according to amount listed on the Game Chart.
• During the buying and selling period, monitor student transactions within their groups.
• The student who is the Banker will handle the upgrades purchases.
• Announce the time for the dice roll. After the dice are rolled, collect allowances (poker chips) from the
players and levy fines if they rolled a higher number than their available allowances (poker chips). Students
may earn money during dice rolls if they have purchased certain upgrades; the Banker in each group should
provide that money.

© 2021 POPULATION CONNECTION

climate change unit

| CAP AND TRADE GAME 3

discussion questions
1. What was your overall strategy? Did it work?
Answers will vary. Ask a person from each group to share. Aim to have at least one person who won in their group and
one person who came in last place in their group share.
2. Why do you think the winning person’s strategy worked for them?
Answers will vary. If students mention luck in rolling the dice, point out that this is part of it, but it is also very important
what the person did with their extra allowances and funds. If he or she simply hoarded allowances to avoid fines, that
person likely had trouble in the final rounds without any risk-reducing upgrades.
3. Who had the most allowances at the end? Is it better to have money or allowances?
Answers will vary, but students may identify that the allowances are worth money on the market, so it’s comparable.
Other students may note that the value of the allowances changes over time, and may be more or less depending on
the round and what other companies are doing. Ultimately, as the teacher you should emphasize that more allowances
still means more potential pollution, and so having more of them means more impact on the environment. Having
money means a company could ideally find more ways to reduce pollution.
4. Did your group reduce the total amount of pollution by the end of the game? If so, how?
Answers will vary, but most likely, yes, as students would play to win and avoid the fines that come from polluting over
the amount allotted. The upgrades allow students to earn money for future rolls (investing in clean energy), or lets them
reduce their pollution through rerolling and/or rolling only a single die instead of both.
5. Did the price of an allowance change over the course of the game? What happened to it and why?
If students are unsure, ask for a volunteer to share how much they paid for an allowance early on, and another
volunteer to share how much they paid late in the game. Most likely, the price of the allowances on the market went up.
This is because there were fewer allowances in play, so their value increased. If it went down in some groups, discuss
with students why this may have happened—for example, everyone had invested in upgrades so the demand for
allowances (and thus total pollution) was low.
6. Explain the term “cap and trade” in your own words, using examples from the game as needed.
The government (teacher) capped the total amount of emissions for each person. Students then traded with the
existing allowances and invested in upgrades. As the total number of allowances decreased, the price of a single
allowance went up in trade. This allowed teams who had invested in clean energy or upgrades for their plants to make
more money by selling their allowances. Overall, pollution was decreased.
7. What are at least two pros and two cons of a cap and trade strategy for reducing pollution?
Pros – reduces emissions over time, gives companies choice, allows them to make money to invest in clean energy
or other upgrades. Cons – difficult to decide who gets many allowances, it takes time to reduce the emissions, some
companies ran out of money, some companies just paid the fine at first instead of trying to reduce their emissions, so
they may pass the cost of upgrades on to their consumers
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8. Do you think this is a worthwhile strategy? Do the pros outweigh the cons?
Answers will vary. Ask students to defend their answers with evidence from the simulation.
9. What are some challenges of applying this strategy on a global level as a means of fighting climate change?
Some people, even some political leaders, do not believe climate change is a threat, or reject the scientific consensus
that it is anthropogenic. Many or all countries would have to agree and stick to their agreement in order to implement
cap and trade on a global scale. If some countries defected and didn’t limit their allowances or pollution, they may have
a comparative advantage in terms of trade. In addition, consumers may not be happy to pay more for products, and
technology may not always advance quickly enough for companies or power plants to improve their efficiency.

assessment
Student contributions to discussion can be assessed for comprehension and connections made from the
simulation to the real world policy.

follow-up activities
1. Students explain how they would alter or edit the gameplay to make it more realistic, or design a game to
represent carbon taxes or other ways of reducing pollution.
2. Have students research current implementations of carbon emissions trading (such as California’s or the EU’s)
to identify how they are effective and how they can be improved.
________________________________________________
United States Environmental Protection Agency. (2021). Power Sector Programs Progress Report 2020. Retrieved from https://www3.epa.gov/airmarkets/
progress/reports/index.html

1

2

European Commission, Climate Action. (n.d.). EU Emissions Trading System. Retrieved July 13, 2021 from https://ec.europa.eu/clima/policies/ets_en

Plumer, B. (2017, July 26). Just How Far Can California Possibly Go on Climate? The New York Times. Retrieved from https://www.nytimes.
com/2017/07/26/climate/california-climate-policy-cap-trade.html
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CAP AND TRADE GAME
rules of the game
You are a power company that owns several fossil fuel-burning power plants to make electricity for the citizens of
your region. The government has implemented a new policy called “cap and trade.” Your goal is to be the company
with the most money (not the most poker chips) at the end of the game.
1. Each player starts with $1,000,000, 8 poker chips (representing 8 allowances, or units of pollution they are
allowed to emit), and two dice.
2. To begin the first year of gameplay, all players in the group roll their two dice. The number rolled represents
how many units of pollution the player emitted that year. The teacher will come around and take away one
allowance (poker chip) for each unit of pollution. (Example: if you rolled a 7, the teacher will take away 7 poker
chips.) If you have any extra allowances (poker chips) left over, save them for now.
3. Any player who pollutes more than his or her current number of allowances (poker chips) will be fined
$100,000 per unit above the limit. (Example: if you only have 8 poker chips and you roll an 11, you will be fined
3 units x $100,000 each = $300,000 total.) You can’t go into debt, but you can have zero dollars.
4. To start the next year, the teacher will give each person their new allowances (poker chips). Notice that each
year of gameplay, you receive one less new allowance (chip) than before. (The first year you start with 8, then 7,
then 6…)
5. Once you have received your new allowances (poker chips) and before anyone rolls the dice, a period of buying
and selling begins within your small group.
•
•
•

You can save all of your allowances for the future, when you will roll the dice.
You can sell your allowances to other people in your group who want them, or buy allowances from other
people. There is no set price; it’s up to you to negotiate. The price can change every time.
You can’t go into debt and you can only sell the allowances (poker chips) you currently have in your
possession.

6. After you have traded within your small group, your teacher will announce that you may buy upgrades for your
power plants from the bank. These make your power plants more efficient, add new technology, or allow you
to invest in clean energy. Buying these upgrades can help you make money later in the game, or help you roll
lower numbers to reduce your pollution and avoid getting fined. You can only buy each upgrade once, and you
can only buy one upgrade per round. There are a limited number of each one, so choose wisely!
•
•
•
•

Invest in clean energy! In future rounds, you will receive $100,000 profit for every 3, 4, or 5 (the total of
both dice in the roll) any player in your group rolls. (Cost to purchase: $200,000)
Upgrade your plant’s technology! You can have one reroll in each future round. You made some great
updates and have a more efficient plant, which pollutes less. (Cost to purchase: $300,000)
Mega upgrade! You can have two rerolls of your dice per round, because you dramatically reduced the
pollution your plant emits through new technology. (Cost to purchase: $400,000)
Transition to clean energy! You closed one of your fossil fuel-burning plants to open a wind farm. You only
have to roll one of the dice instead of both each round. (Cost to purchase: $600,000)
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7. After the buying and selling ends, everyone rolls the dice for that year. The teacher will take away one
allowance (poker chip) for each unit of pollution emitted through your dice roll. He/she will fine the people
who don’t have enough allowances (poker chips) to cover their pollution (dice roll). Again, the fine is $100,000
per additional unit of pollution.
8. Each year, start by receiving your new allowances (poker chips) from the teacher. Then, you may buy and sell
allowances with the people in your group, as well as purchase upgrades for your power plants. Finally, you will
roll the dice and the teacher will take away the appropriate number of allowances, as well as collecting a fine
of $100,000 per unit for any extra pollution you can’t cover with your poker chips. Always record your starting
number of money and allowances, your dice roll, and any financial transactions on the Game Chart.
9. At the end of the final round, the player with the most money wins.
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CAP AND TRADE GAME
game chart
Year/
Round

1

Starting Totals
Money

Allowances

What you had at the
end of last round

New ones given by
teacher this round,
plus any left over
from last round

$1,000,000

8

2

7+

3

6+

4

5+

5

4+

6

3+

7

2+

8

1+
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Units
Emitted
Dice Roll

Transaction History
• Record any money you spent on buying allowances or upgrades.
• Record any money you earned from selling allowances or
upgrades.
• Note any fines you incurred from polluting over the limit.
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CAP AND TRADE GAME
play money
$100,000

$

$

$50,000

$

$100,000

$

$
$

$

$
$
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CAP AND TRADE GAME
upgrade cards
Invest in clean energy! In future
rounds, you will receive $100,000
profit for every 3, 4, or 5 any player
in your group rolls.

Invest in clean energy! In future
rounds, you will receive $100,000
profit for every 3, 4, or 5 any player
in your group rolls.

Invest in clean energy! In future
rounds, you will receive $100,000
profit for every 3, 4, or 5 any player
in your group rolls.

Cost to purchase: $200,000

Cost to purchase: $200,000

Cost to purchase: $200,000

Upgrade your plant’s technology!
You can have 1 reroll in each future
round. You made some great updates
and have a more efficient plant,
which pollutes less.

Upgrade your plant’s technology!
You can have 1 reroll in each future
round. You made some great updates
and have a more efficient plant,
which pollutes less.

Upgrade your plant’s technology!
You can have 1 reroll in each future
round. You made some great updates
and have a more efficient plant,
which pollutes less.

Cost to purchase: $300,000

Cost to purchase: $300,000

Cost to purchase: $300,000

Mega upgrade! You can have 2
rerolls of your dice per round,
because you dramatically reduced
the pollution your plant emits
through new technology.

Mega upgrade! You can have 2
rerolls of your dice per round,
because you dramatically reduced
the pollution your plant emits
through new technology.

Mega upgrade! You can have 2
rerolls of your dice per round,
because you dramatically reduced
the pollution your plant emits
through new technology.

Cost to purchase: $400,000

Cost to purchase: $400,000

Cost to purchase: $400,000

Transition to clean energy! You
closed one of your fossil fuel-burning
plants to open a wind farm. You only
have to roll one of the dice instead of
both each round.

Transition to clean energy! You
closed one of your fossil fuel-burning
plants to open a wind farm. You only
have to roll one of the dice instead of
both each round.

Transition to clean energy! You
closed one of your fossil fuel-burning
plants to open a wind farm. You only
have to roll one of the dice instead of
both each round.

Cost to purchase: $600,000

Cost to purchase: $600,000

Cost to purchase: $600,000
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IN SEARCH OF
SUSTAINABLE LIFE
introduction
We all want to live in a community that contains the resources
needed to survive, is safe, clean, and provides adequate public
services such as schools and a fire department. But it would be
shortsighted to consider only the needs of community members
alive today. The human population is constantly expanding –
roughly 84 million people join our ranks every year. How can
we ensure future generations continue to benefit from the
resources we enjoy today? How do we know if a community is
sustainable?
More often than not, the progress of cities, states, and
countries is measured with an economic index. The gross
domestic product (GDP) measures the value of all goods and
services produced in a certain place. And while GDP is a good
indicator of economic activity, it does not account for many
social and environmental factors that influence a community’s
sustainability. The World Resources Institute points out that
a “country could sell off its timber and minerals, erode its
soils, pollute its aquifers, deplete its fisheries and the national
accounts would treat all the proceeds as current income.”1 But
suppose this happened. How would future generations survive
and thrive without timber, nutrient soil, and clean water?
Economic activity does not tell the whole story. There
are additional factors within a community that point to
sustainability but are not measured in economic terms.
Vocabulary: gross domestic product (GDP), sustainable

materials

Studies For Our Global Future

concept
A sustainable community is characterized by
environmental, social, and economic factors
that allow it to prosper and thrive long-term.
objectives
Students will be able to:
• Define the term sustainable community.
• Name three different types of sustainability.
• Categorize factors within a community by
which type of sustainability they represent.
• Assess and prioritize factors of
sustainability.
• Create a model for collecting data related to
sustainability indicators.
subjects
Environmental Science (General and AP), AP
Human Geography, Geography, Economics
skills
Values identification, communicating, decision
making, prioritizing, critical thinking, modeling
method
Students develop an index of the ten
factors they identify as most important to a
sustainable community and develop models
for measuring those factors.

Part 1
• Community Photos (provided)
Part 2
• Student Worksheet
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Part 1: A Sustainability Index
procedure
1. Write “Sustainable Community” on the board and ask students to quietly consider what the term means. You
may need to have them take each word independently first. If your students are not familiar with the concept
of sustainability, have them first define the root “sustain.”
2. Using student input, create a working definition of “sustainable” on the board for easy reference throughout
the lesson.
3. One by one, show the Community Photos found at the end of the lesson and for each, ask students to answer
the question: Is this community sustainable? Why or why not?
Note: Students’ answers at this point will be guesses; they will be learning what makes a sustainable
community throughout the remainder of the lesson.
4. In small groups, challenge students to brainstorm what factors are found within a community that makes it
sustainable. Encourage students to think in a broad sense, considering more than what would make their own
life sustainable, and to be specific. You may want to provide an example to get them started such as having
adequate green space, access to nutritious food, or a strong recycling program. At this point, focus on quantity
with the expectation that each group’s list may include 15-20 factors.
5. Come together as a class and allow each group to share their factors. There will surely be repeats but write
each unique idea on the board.
6. Ask the students to look for patterns or groupings within the large list. Do any factors seem to go together?
Do some factors naturally relate to other factors? Are there any outliers? At this point, don’t do any formal
grouping but rather keep it as a discussion.
7. Depending on the list, some students might conclude that there are different types of sustainability. Some
however, might not. If students only list factors relating to environmental sustainability, go ahead and
introduce the following idea – “sustainability can relate to different things, often falling into three categories: human/
social, environmental, or economic.” Give students a chance to add factors that fall into the newly introduced
categories to the big class list.
8. In their small groups, students review each factor on the list and determine into which of the three categories
of sustainability it fits. Discuss one factor as a class to ensure students understand the task before they return
to their group to categorize the remaining factors. Keep in mind that factors can be considered relevant to
more than one type of sustainability. For instance, bike lanes could be a social factor because they improve
quality of life but also an environmental factor because they reduce emissions from automobiles.
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Three Major Types of Sustainability
Type

Examples of factors

Human/Social – pertaining to
the health and happiness of
individuals and the society

Access to education, health care, and nutritious food; citizen involvement,
community safety/low crime

Environmental – pertaining to
the natural environment and
resources on which all living
things depend

Accessible green spaces; public transportation; clean air/water/land

Economic – pertaining to
monetary capital

Healthy businesses; revenue for the city; job opportunities

9. Now it’s time to produce a usable index that measures the sustainability of a community. Based on the factors
listed on the board, conduct a vote to determine which 10 factors the class considers most vital in determining
whether or not a community is sustainable. These factors will make up the class Sustainability Index. You may
want to give students time to consider the large list independently and perhaps do their own ranking of top 10
factors before the class vote.
Possible voting method: List each factor on a piece of butcher paper. Give each student 3-5 stickers and have
them place one under each of their top factors. The 10 factors with the most stickers will be used for the
remainder of the activity.
Sample Sustainability Index
Factor

Type of Sustainability

Green space

Environmental

Waste management

Social and Environmental

Water conservation

Environmental

Access to fresh and nutritious food

Social

Quality health care

Social

Citizen involvement

Economic and Social

Quality education

Social

Low pollution

Environmental

Small business support

Economic

Mass transit options

Environmental and Social

Part 2: Sustainability in my Community
procedure
1. The class Sustainability Index is complete but now students must determine possible measurable indicators for
each of the 10 factors on the index.
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Review the following definitions with the class:
Factor: An item or circumstance that contributes to an outcome. In this case, the item contributes to a
sustainable community.
Indicator: A measurement or gauge of the level of something. In this case, a way to measure or gauge the
sustainability index factor.
Example:
Sustainability Index Factor – Strong waste management system
Indicator – The percentage of residents who consistently recycle their waste
2. Have students return to their small groups to brainstorm possible measurable indicators for each factor. You
may want to provide an example, perhaps using a factor that didn’t make it onto the final index.
Sample Sustainability Index with Possible Indicators
Factor

Type of Sustainability

Possible Indicator

Green space

Environmental

Average number of trees per block

Waste management

Social and Environmental

Percentage of community that
recycles

Water conservation

Environmental

Number of households with low-flow
showers/toilets

Access to fresh and nutritious food

Social

Number of fresh produce stands

Quality health care

Social

Number of clinics in the area

Citizen involvement

Economic and Social

Percentage of voters in last election

Quality education

Social

Number of high school graduates

Low pollution

Environmental

Average pieces of trash per block

Small business support

Economic

Number of individually owned
businesses vs. national chains

Mass transit options

Environmental and Social

Number of public bus lines

3. Assign, or have each group select, one factor/indicator pair for which they will ultimately invent methods for
collecting relevant data.
4. Distribute the Student Worksheet, one to each group. Clarify that each method should be a way students could
personally collect original data. (Examples of collecting original data are: follow the recycling truck around on
pick-up day and count how many stops it makes and how many houses it skips. Or stand outside a grocery store
or other public place and survey people on their recycling habits. Non-original data collection is going onto the
city’s website and looking up what percentage of residents recycle.)
5. When finished, have groups pair up and discuss their factor/indicator pairs and the data collection methods
they created. Each group should first explain their methods and then field questions from the other group.
Discussion can also include the limitations of these methods, how easy each methodology would be to
implement, which method they would implement in the real-world, etc.
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Sample Sustainability Index with Possible Indicators and Methods for Data Collection
Factor

Type of
Sustainability

Possible Indicator

Possible Method of Data Collection

Green space

Environmental Average number of trees
per block

Count the number of trees on 20
blocks and calculate the average.

Waste management

Social and
Percentage of community
Environmental that recycles

Follow the recycling truck on pickup day and count how many stops it
makes and how many houses it skips.
Calculate the percentage of stops out
of the total number of houses.

Water conservation

Environmental Number of households with
low-flow showers/toilets

Survey people outside a local
hardware store.

Access to fresh and
nutritious food

Social

Number of fresh produce
stands

Find how many produce vendors are
registered with your city.

Quality health care

Social

Number of clinics in the
area

Look up the number of clinics listed
online.

Citizen involvement

Economic and
Social

Percentage of voters in last
election

Survey 50 people and ask if they
voted in the last election. Calculate
the percentage from the total.

Quality education

Social

Number of high school
graduates

Watch video of past high school
graduation ceremonies and count the
number of graduates.

Low pollution

Environmental Average pieces of trash per
block

Count the number of litter pieces on
20 blocks and calculate the average.

Small business
support

Economic

Within a given business district,
count the number of locally owned
businesses and compare to the
number of chains.

Mass transit options

Environmental Number of public bus lines
and Social

Number of locally owned
businesses vs. national
chains

Using a transit map, count the bus
lines.

discussion questions
1. Do you agree or disagree with categorizing sustainability into the three groups: social, environmental, and
economic? Explain.
Answers will vary. While some students may agree, others might think that having just three categories is limiting. If
that’s the case, ask what categories they would use and why they would be a better fit.
2. Consider the community using the class Sustainability Index. Would the Index still be useful in 20 years if the
population of the community grew significantly?
The Index itself would most likely still be useful and might even be more important. For example, if having mass transit
options was a priority in the current community, it might be even more of a priority when there are more people. Some
© 2021 POPULATION CONNECTION
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students might note, however, that the methods for collecting data on some of the indicators could become more
difficult given a larger population.
3. How would a larger population impact a community’s ability to be sustainable? Would the impact be greater on
any one of the three categories?
Some might argue that a larger community would have a more difficult time being sustainable – more people must
agree on the sustainability factors and more people must comply. Others might say that more people in a community
could mean more people thinking creatively about solutions and more people helping out with various sustainability
tasks.

assessment
Evaluate student participation in the creation of the Index and class discussion in Part 1. Review the Student
Worksheets and monitor small group discussion in Part 2.

follow-up activities
1. Have students apply their Sustainability Index to your community. Students should conduct focused research
on their individual factor/indicator and report their findings back to the class so everyone gets a broad picture
of your community.
For their factor/indicator, have students determine a source where they could find relevant information and
then track it down. (E.g. They could contact the city’s department of public works and ask for statistics on
recycling participation.) Once students know statistics of their indicator, have them consider questions such as:
• How does my community rank in terms of this indicator, and thus in terms of this sustainability factor? If it’s
poorly, how could this be improved?
• How does my community compare to neighboring communities in terms of this factor?
• Has this factor improved or gotten worse in recent years?
2. Students outline a proposal for dealing with one of the poorly ranked factors and send it to selected local
leaders and government officials. They might also want to send the full Sustainability Index so that city officials
can determine what students care about in their community.
3. Students review the United Nations Sustainable Development Goals (SDGs) and write a one page paper
comparing their Sustainability Index with the SDGs. How are the targets and indicators similar or dissimilar?
For more information on the SDGs, students can explore the UN’s SDG website.
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IN SEARCH OF SUSTAINABLE LIFE | student worksheet
Name: 												 Date: 						
Factor – An item or circumstance that contributes to an outcome. In this case, the item that contributes to a sustainable community.
Indicator – A measurement or gauge of the level of something. In this case, a way to measure or gauge the sustainability index factor.
1) What factor will you be focusing on? What type of sustainability does it fall under? What indictor will be used to measure your factor?

2) Consider your sustainability factor and invent two methods for collecting information about its indicator. Complete the chart below.
Title
Create a unique title
for each model

Method 1:

Method 2:

Description
Write 3-5 sentences describing
the method. You may also use
diagrams or flowcharts to help
you.

Feasibility
How realistic is this model?
Are there any limitations or
drawbacks?
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IN SEARCH OF SUSTAINABLE LIFE | community photos

“1st Street NE cycletrack, Washington DC” by BeyondDC, CC BY-NC-ND 2.0

“Whitefield Park” by Mikey, CC BY 2.0
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Photo from “Healthy Harbor Announces Campaign for New Canton Water Wheel” from the Waterfront Partnership of Baltimore

Photo from “Mundelein Farmers Market Exceeding Expectations of Vendors and Residents” from the Village of Mundelein
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“Street Crossing Guard on Egan Drive, Juneau, Alaska” by Gillfoto, CC BY-SA 4.0
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One for All
Introduction:

Renewable resources are natural resources that replenish themselves,
such as trees or fish. Humans can use renewable resources again and
again if we manage them properly. But if we don’t give these resources
an opportunity to reproduce, we can exhaust them quickly, especially
as our demand grows. The "tragedy of the commons" theory asserts
that individuals acting in their own best interest may deplete a shared
resource at the expense of the interest of the whole group. When we
manage shared resources, it is important that we use them cooperatively and sustainably rather than exploiting them for short-term gain.
In the following activity, students play a game where cooperative decisions must be made if all participants are to benefit.

Materials:

Chips or tokens (such as poker chips), about 200 chips
Candies or other reward
Music

Procedure:

1. Count out 30 chips.

Concept:

Sustaining our natural resources
requires conservation and the
cooperative use of those resources.

Objectives:

Students will be able to:
- Identify a strategy that would produce a sustainable use of resources
in a simulation game.
- Draw parallels between the chips
used in the game and renewable
resources upon which people
depend.
- Draw parallels between the
actions of participants in the game
and the actions of people or governments in real-world situations.

Subjects:

2. Seat 10 students in a circle.

3. In the center of the circle, place the pile of 30 chips.

4. Read the following rules carefully to the students. Allow time for
questions and answers to make sure students understand the rules
of the game thoroughly.

Rules

- You may not talk to anyone during the game or communicate
with hand or facial gestures.

- The chips belong to all of you, to the group.

- Music will be played, and while it is playing, each of you may take
chips out of the pool of chips in the center.

Biology, Ecology, Environmental
Science, Social Studies, Geography

Skills:

Finding cooperative strategies

Method:

In a simulation, students desiring to
draw renewable resources from a
common pool determine shortterm consumption strategies that
will preserve a long-term supply of
the resource.

- You may not put chips back into the pool once you have taken
them out.

- As soon as the music stops, you must stop taking chips out of the
pool. At that time, I will double the number of chips left in the
pool, and then continue the game.
©2016 Population Connection
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- At the end of each round, players who get 10 chips may trade them in for a piece of candy.
If you have less than 10, you will not get candy.
- There will never be more chips in the pool than there were at the start of the game. This is
the maximum number of chips the pool can hold.

5. Start the music and watch what happens. Typically, the players take all of the chips in the first
round, completely emptying the pool. If this happens, point out that, as it's impossible to double
zero, the game is over. Ask the students if they’d like to try again. Each student must return all his or
her chips to the pool. Start the music and the game again. If the players leave chips in the pool at the
end of the first round, double the number of chips (not to exceed 30), and continue playing. If any
player accumulates 10 chips, they can trade it for a candy.

6. If after three rounds, your students are still emptying the pool of chips, change one rule - allow them
to talk. Most likely, some of the students have realized that some chips must be left in the pool in
order for the resource to be sustained. Let the group work out a strategy to use moving forward with
the game.
7. After the students have applied their strategy in two or three more rounds, ask three additional
students to join the circle of players, and continue the game. After another two rounds, ask three
more students to join the circle. (You should now have 16 players in the circle.)

8. As the game continues and you see that students are starting to work towards the same goal, you
may stop the game and start discussion. You may want to have enough candy on hand so that all of
the students get a piece for a job well done.
Notes to the leader:

DO NOT explain the significance of the chips before playing the game. The rules are the only instruction
the players get.

When doubling the chips in the pool, remember there can “never be more chips in the pool than there
are at the start of the game, this is the maximum number of chips the pool can hold.” A useful analogy
is to think of the chips in the pool as fish in a pond. A pond only has enough room and food to support a
certain number of fish. That number is the pool’s carrying capacity. The pool in this game has a “carrying capacity” of 30 chips.
As mentioned in the procedure, it is very likely that the first time students attempt to play the game,
they will deplete the pool of its chips. In fact, they may continue to fully deplete the pool until they are
allowed to verbally strategize.
Groups come up with various strategies to equitably acquire chips and ultimately get candy. The two
most common scenarios are: 1) Each student takes one chip per round. As a result, they remove 10
chips each round and the game can continue. 2) The students take turns taking 10 chips. During one
round, a single student takes 10 chips and trades it in for candy. During the next round, a different student takes 10 chips and so on.

©2016 Population Connection

One for All, page 2

Do not be surprised if halfway through the game – when the group has a strategy for removing chips
and things seem to be going smoothly – a single student decides to break from the group plan and, in
one round, remove all the chips. This is a great opportunity for discussion! For example, consider a
group of countries that have agreed to a specific policy. Would one country ever decide to break from
the group and go its own self-serving way?

Discussion Questions:

1. What do the chips represent?
Renewable resources, such as fish or trees. (Coal, gasoline, oil, iron, aluminum are examples of
nonrenewable resources, and therefore are not applicable in this exercise.)

2. Can we draw any parallels between the way the players treated the chips and the way individuals,
and society as a whole, uses or overuses renewable resources?
DEFORESTATION: cutting trees down without planting replacements or at a rate at which newly planted trees are not given time to grow to maturity before they, too, are harvested; or cutting down oldgrowth or tropical rainforests which can never be replaced. OVERFISHING: taking so many fish that
not enough are left to reproduce and replenish the stocks for the next year. OVERFARMING: depleting
the soil of nutrients without giving it time to regenerate. POLLUTION: producing carbon dioxide and
other forms of pollution far out paces the time it takes to naturally replinish clean air and water.

3. Imagine that each of you playing the game represents a different country. What are some resources
that nations might have in common? Is it realistic for nations to share these resources cooperatively?
Oceans, air, fish, coral reefs, rivers, etc.

4. How many chips did each player take out of the pool in the different game variations? How
many candies (or other rewards) did this generate? How did each game variation make you feel
about other members of the group?

5. Why do you think more players were added in the middle of the game? What do they represent?
The additional players represent an increasing population. Because the amount of resources stayed the
same, participants needed more cooperation in order to benefit from equitable distribution.

6. How did talking about the game make you play differently? Did discussing strategies change your
attitudes or the way you played the game? Why did some players take as many chips as they could
while other players left some behind? How did this make you feel?

7. Have you experienced a similar situation at home, with friends, in your community? (It may help to
provide an analogy, such as several people in the house competing for hot water in the morning.)
How, in the long run, can the whole group benefit when individuals refrain from taking too much?
What sort of attitude do we need to have as individuals to achieve the goal of the greatest benefit
for all?

This activity was adapted from "Something for Everyone," found in Teaching Population: Hands-on Activities, Population Connection, 2008., which was adapted by permission
from an activity developed by Kurt and Ursula Frischknecht and Karen Zimbelman in Thinking Globally and Acting Locally: Environmental Education Teaching Activities by Lori D.
Mann and William B. Stapp, ERIC/SMEAC, 1982.

©2016 Population Connection

One for All, page 3

WATER, WATER
EVERYWHERE
introduction
Water is essential for life. Although over 70 percent of the
Earth’s surface is covered with water, only a tiny fraction of that
is available for human use. In fact, accessible fresh water makes
up only 0.3 percent of all the Earth’s water. The remainder is
mostly salt water (predominately in the oceans), groundwater
(found in the saturated soil and rock under the water table), or
frozen (in glaciers and ice caps). Though water is a recyclable
resource (we can, to some degree, clean and reuse it), it is not
a renewable one (we will never be able to create more of it).
Population growth over the past 30 years has caused demand
for water to double in about half the countries in the world.
Of the small percentage of water that is available to us, some
becomes contaminated from human actions such as toxic runoff from agriculture and industry, and pollutants that we dump
in the water supply through our sinks at home. We must be
careful in the ways we use and treat water to ensure that there
will be an adequate and safe supply for future generations.
Vocabulary: fresh water, groundwater

materials
Part 1
• 6 clear containers (2 large containers; 4 smaller
containers)
• Container labels
• 1,000 mL graduated cylinder
• Water
• Blue food coloring
• Salt
• Sand or soil
Part 2
• Calculators (optional)

Studies For Our Global Future

concept
Although water covers roughly three-fourths
of the Earth, only a small fraction is available
for human consumption. As the population
grows, water efficiency and conservation
become more important.
objectives
Students will be able to:
• Describe the locations of global water
resources and their accessibility for human
use.
• Estimate the daily amount of water they use
directly and compare that figure to actual
use.
• Identify and graph the amount of direct
water used by the class on common human
activities.
• Distinguish between direct and indirect use
of water.
subjects
Environmental Science (General and AP),
Geography, Mathematics
skills
Observing, estimating, calculating, graphing
data
method
Students observe a brief demonstration on
the distribution of the world’s water and then
calculate how much water they use on a daily
basis, both directly and indirectly.

Part 1: Water Distribution
procedure
1. Before class:
a. Fill one of the large containers with one liter (1,000 mL)
of water and add four drops of blue food coloring. This
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represents the total amount of water in the world and is what you’ll be dividing into the other containers.
b. Fill one small container with sand/soil and label it “deep groundwater.”
c. Label the other large container “oceans” and the remaining three small containers “frozen,” “other,”
and “accessible fresh water.”
d. Measure and set aside 35 grams of salt.
2. Display the Water Distribution table and set up the containers in front of the class.
Water Distribution
Percentage
Total Water

Metric
100.0%

1 liter or 1,000 mL

Oceans

97.1%

971 mL

Frozen

2.2%

22 mL

Deep Groundwater

0.3%

3 mL

Other

0.1%

1 mL

Accessible Fresh Water

0.3%

3 mL

3. Hold up the large container of blue water, and ask students to imagine that it represents all of the water in
the world. Tell the class that you’ll be dividing this water up, so that they can see how the world’s water is
distributed.
4. Use the graduated cylinder to measure the water and distribute it into the five containers as follows:
a. Pour 971 mL into the large “oceans” container. Tell students that 97.1 percent of all water on Earth is
held in our oceans. Explain that ocean water is 3.5 percent saline. Add the 35 grams of salt to the “oceans”
container to match the salinity ratio of the water sample with the salinity of the oceans.
b. Pour 22 mL into the “frozen” container. Explain that 2.2 percent of all the water on Earth is frozen in
glaciers and icecaps.
c. Pour 3 mL into the “deep groundwater” container. Tell students that 0.3 percent of our water is deep within
the surface of the Earth and often too deep to extract in a cost-effective manner.
d. Pour 1 mL into the “other” container. Explain that this 0.1 percent is water can’t access and it is found in
clouds, saltwater lakes, etc.
e. Pour the remaining 3 mL into the “accessible fresh water” container. This 0.3 percent water is freshwater
that is easily accessed and not saline.

discussion questions
1. Which of the containers represents water that is readily available for humans to drink?
Only the container marked “accessible fresh water” represents readily available and drinkable water supply. The deep
groundwater is also freshwater, but it is not readily available.
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2. What happens to the supply of fresh water as our population continues to grow?
There are more and more people who depend on it and use it; water may become increasingly polluted with more
people; water may become scarce in some areas.
3. How can we ensure that the supply of water will be sufficient to meet the needs of our growing population?
Answers will vary. Students may suggest conservation, desalinization, stabilizing population growth, etc.

Part 2: Student Water Audit
procedure
1. Ask students whether they consider themselves “typical” water users. Ask students what they think it means
to “waste water” and for examples of ways they might waste water.
2. Have students estimate and record how many gallons of water they think they personally use in an average
day. Later, they will compare this with their actual calculated daily water use.
3. As a class, brainstorm different ways water is used on a day-to-day basis. Record responses on the board.
4. Display the Domestic Uses of Water table. Have students use data from the table to calculate their individual
water use per day based on how much time they spend on each action. They should include their share of
general family use such as washing dishes and clothes.
Domestic Uses of Water
Activity

Gallons of Water Used

Low-flow faucet

1 per minute

Standard faucet

2 per minute

Ultra-low-flow toilet

1.4 per flush

Standard toilet

4 per flush

Low-flow showerhead

2 per minute

Standard showerhead

5 per minute

Tub bathing
Cooking a meal
Washing dishes by hand

36 per bath
5-7 per meal
30 per day (8-10 per meal)

Automatic dishwasher

10 per load

Front-loading washing machine

15 per load

Top-loading washing machine

40 per load

Watering the lawn
Leaky faucet

2 per minute
9 per day

Source: U.S. Geological Survey
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5. Students should compare their individual water use calculation from Step #4 with their estimated water use
in Step #2. Are their calculated figures higher or lower than their estimated figures?
6. Have students construct a bar graph to illustrate how much water is used by their class for each activity.
7. As a class, determine the total water use for the class and then calculate the average amount used per person.
Students can use the average to extrapolate the average use of their school, town and/or state.
8. Ask students if they can identify anywhere within their own habits or routines they waste water and how they
might reduce that waste. Additionally, ask them to consider if there are any other ways they may be able to
reduce the amount of water they use.
9. Ask students if the Domestic Uses of Water table includes all of the water that they use on a daily basis.
Answer: No. There are plenty of indirect uses of water on a daily basis that people don’t often account for. Indirect
water use is the total volume of freshwater that is used to produce the goods and services consumed – it refers to the
freshwater consumption and pollution “behind” products being consumed or produced.
10. Display the Indirect Uses of Water table.
Indirect Uses of Water
Food Item

Gallons of Water Used

1 lb of grain-fed beef

5,214

1 cotton t-shirt

713

1 lb rice

449

1 dozen eggs

544

1 lb corn

108

1 loaf of bread

150

1 lb apples
1 lb potatoes

48
119

Source: National Geographic

11. Have students consider their own indirect uses of water from the table. Ask them if there are any habits or
household routines that they might change after considering the ways they indirectly use water?

discussion questions
1. Consider that 1.2 million gallons of water are needed to raise one calf until it is fully grown. Why do you think
so much water is needed to raise a calf?
Water is needed to grow the food and grasses that the calf consumes.
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2. What are some things we can do to lower our indirect water use?
Answers may include: purchasing and eating foods that require less water to cultivate (eating lower on the food chain),
recycling items to prevent excessive use of water in manufacturing, not purchasing as many new clothes, driving less,
etc.
3. Is there any evidence that the water supply we use daily is decreasing in size or is being contaminated by
pollutants? How might a person go about obtaining this information?
Answers will vary. For further information on water contamination, you may wish to consult the EPA’s Resources for
Local Officials and Community Members (www.epa.gov/communities).

assessment
Students write a 4-6 sentence journal entry reflecting on the water distribution demonstration and what they
learned from the discussion.

follow-up activities
1. Have students investigate “green” household products that conserve water (such as low-flush toilets, new
shower heads, timed sprinklers, etc.). Each student or group of students should then write up their findings in a
brief synopsis of the costs and benefits of one or two of these products.
2. Ask students to read their home water meters daily for a week, at the same time each day, and report back
to the class. They can compare these readings to their estimates of daily water use. Then have students
implement some of the conservation measures discussed in class for a week and read the meter during that
week. Did they see a change in the meter reading?
Part 1 adapted with permission from the National Science Foundation. Original activity appears in the National Science and Technology Week Activity
Guide, 1988 by the National Science Foundation, Washington, DC.
Part 2 adapted with permission from Biological Science Curriculum Study. The original activity appears in Biological Science: An Ecological Approach
(Kendall-Hunt Publishing Company).
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