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Save the World? 
“Save the World.”  Can you think of the many times you may have heard this expression?  But what 
does it really mean in the context of climate change?  What is it that we can save?  

Over the past several million years global surface temperature has been relatively stable, creating the 
ecological conditions that supported the evolution of homo sapiens within the Earth’s biosphere.   

In 1988, the Intergovernmental Panel on Climate Change (IPCC) was formed by the United Nations to 
assess – through scientific consensus – the risk of human-induced climate change on life within the 
biosphere. The IPCC concluded that global surface temperature is rapidy increasing due to human 
activities, principally the release of greenhouse gases (GHGs) from the burning of fossil fuels to meet 
humanity’s energy needs, and from deforestation. According to the IPPC, this temperature increase is 
placing homo sapians, and many other species, at risk of extinction.   

This is what the IPCC concluded about the risk of extinction from global warming: 

"There is medium confidence that approximately 20-30% of species assessed so far are 
likely to be at increased risk of extinction if increases in global average warming exceed 
1.5-2.5°C [2.7-4.5°F].  As global average temperature increase exceeds about 3.5°C [6.3°F], 
model projections suggest significant extinctions (40-70% of species assessed) around 
the globe."                                                       

Fouth Assessment Report 

Consider this statement written by Dr. James Hansen, the world-leading climatologist who works at 
the NASA Goddard Institute for Space Studies: “In the Earth's history, during periods when average 
global temperatures increased by as much as ten degrees Fahrenheit, there have been several mass 
extinctions, when between 50 and 90 percent of the species on Earth disappeared forever.” (July 13, 
2006).   

When could Species Extinction occur? 

 Teacher Manual  Power Point (Species Extinction) 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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The Global Warming Timeline 

It is difficult to predict precisely when global warming could result in a massive species extinction at 
the scale estimated by the IPCC. Why? Because humans can change their behaviour when confronted 
with a global crisis. To better understand the global warming – and species extinction timeline – let’s 
examine a climate change simulation model developed by the NOAA Geophysical & Fluid Dynamics 
Laboratory at Princeton, New Jersey. 

The NOAA simulation models global median surface temperature based on an annual increase of 
atmospheric carbon levels by 1% in parts per million per year over the next 500 hundred years.  The 
simulation model shows that by 2080 (in about 70 years) global median surface temperature of the 
Earth could reach between 10 and 20 degress Farenheit warmer.  (See image, and web link, below.)   

Since 2000 the annual increase in carbon emissions in parts per million has been 2.5%; hence, global 
median surface temperatures in the range of 10 and 20 degress Farenheit warmer may actually occur 
much sooner.  Can you answer this question?  

If the annual rate of carbon emissions continues to increase at 2.5% ppm per year 
through the end of the 21st century, in what year will global median surface 
temperature reach between 10 and 20 degress Farenhiet warmer?      

Your teacher will show videos of a simulation model 
produced by the NOAA Geophysical & Fluid 
Dynamics Laboratory that will help you better 
understand the global warming and the species 
extinction timeline.  After all, it is temperature, not 
time, that determines species extinction. 

Perhaps the most difficult concept to comprehend is 
mass human extinction, and the extinction of biota in 
Earth’s biosphere upon which humans depend for life 
support.  Write a concise paragraph describing your 
understanding, and feelings, about mass extinction. 

http://sos.noaa.gov/videos/gfdl_temp800_labeled.mov  

What is causing Global Warming! 

 Teacher Manual  Web Link / Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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Greenhouse Gas (GHG) Emissions 
There are 8 different types of greenhouse gases (GHGs) in the atmosphere.  Can you identiy them by 
their formulas and name them?  Which one is Carbon Dixode (CO2)?   

 

 

 

 

 

 

Carbon dioxide (CO2) is the most abundant GHG 
in the atmosphere.  As you can see from the pie 
chart to the right, it represents 82.5% of total GHG 
emissions –  over 5.8 million metric tons annually.   

The key element that makes CO2 a GHG is carbon.  
Carbon is the fourth most abundant element in the 
universe.  It is a critical element to life that cycles 
through the biosphere in important ways.   

 

Let’s examine the Carbon Cycle.

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 

 

 

 

 
 

 
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Answer Key: 
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Carbon – a Building Block of Life 

There are six main elements that are the fundamental building blocks of life: sulfur, phosphorous, 
oxygen, nitrogen, carbon, and hydrogen. The unique property of carbon is that its bonding capactiy 
forms the biological structure of living beings; hence, carbon is the basis of life. Carbon is also the basis 
of non-organic compounds, resulting in a vast assortment of materials with different properties, 
including non-organic structures.  Carbon is, therefore, essential for life and for life support. 

As life forms live and die, as material processes form and reform, there is a complex carbon exchange 
within the biosphere and Earth’s structure.  This is refered to as the Carbon Cycle: 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Let’s review The Carbon Cycle. 

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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Carbon Cycle - Balance of Life 

Carbon is in a constant state of flux, or exchange, in the biosphere and in the structure of Earth.  This is 
referred to as the Carbon Cycle: 

• Carbon cycles from the atmosphere to plants through the process of photosynthesis. 
• Carbon cycles from plants to animals as animals consume plants (and animals) for food. 
• Carbon cycles from living things to the atmosphere through respiration, or breathing. 
• Carbon cycles from living things to soils as living things die and decay. 
• Carbon moves from decomposed matter to other inorganic compounds, such as fossil fuels. 

The Carbon Cycle must maintain a delicate balance in order to sustain life in the biosphere.  If that 
balance is disturbed, life can be threatened.   

  

 

 

 

 

 

 

 

 

 

 

Let’s look at a Model of the Carbon Cycle. 

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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Observing the Carbon Cycle 

The National Aeronautics and Space Administration (NASA) deploys satellites in space to observe the 
global carbon cycle and monitor carbon content on the land and in the atmosphere.  The data collected 
by the satellite is then aggregated and displayed in a time series simulation model. Let’s look at a 
simulation of the biomass growth on Earth from 2000 to 2009.  Note the seasonal and annual variation 
of vegetation as you view the simulation model: 

    

 

 

 

 

 

 

 

 

 

 

 

 

Online at: http://earthobservatory.nasa.gov/GlobalMaps/view.php?d1=MOD13A2_M_NDVI#  

 

Now let’s Look at the Numbers. 

 Teacher Manual  Web Link / Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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Rate of Flux in the Carbon Cycle 

Carbon flux is expressed in Giga-tons per year (GIC/yr), and carbon storage in Giga-tons (GIC).  (How 
much is a Giga?)  The diagram on page 6, prepared by NASA, shows the rate of flux (principally in 
vegetation and the oceans) each year in the carbon cycle, and the amount of carbon storage in soils, 
forests, oceans and sediments.  Examine the numbers carefully. Then look at the simplified diagram 
below prepared by the Intergovernmental Panel on Climate Change (IPCC).   

 

 

 

 

 

 

 

 

 

 

     

Note the numbers are different due to the year the measurements of carbon flux and storage were 
taken.  Which diagram (see page 6) do you think represents a later measurement of carbon flux and 
storage?  Does the diagram show a dramatic increase in anthropogenic carbon emissions?  The rate of 
flux in the carbon cycle is being disturbed by anthropogenic (man-made) carbon emissions, causing an 
inbalance to the carbon cycle and a threat to all life forms in the biosphere. 

Let’s examine What do the Numers Tell Us?  

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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Analysis of the Carbon Cycle 

Review the numbers in the diagram on page 8 once more, and then read this analysis.   What do you 
conclude? 

• The Blue Arrows represent natural fluxs; the Red Arrows anthropogenic fluxes; 
• Up arrows mean respiration or emissions; down arrows storage or sequestration; 
• All numbers in the arrows are in Giga-tones per year; other numbers represent storage; 

The blue arrows show more flux in the direction of storage than respiration.  That is the natural 
process: vegetation, soils and oceans provide a means to remove carbon from the atmosphere.  In this 
diagram the same is true for changing land use, but that is not typical.  Generally, land use change 
releases carbon into the atmosphere.  Note that the red arrow for Fossil Fuel Combustion and 
Industrial Processes indicates a contribution to atmospheric concentration of carbon.   There is no 
storage, or sequestration, to provide a balance in the carbon cycle.  Consequently, the carbon in the 
atmosphere in this example (2007) is increasing by 7.2 GIC/yr less the storage and sequestion capacity 
of vegetation, soils and oceans.  This is reflected by the line graph below showing the increase in 
carbon concentration in the atmosphere since 1960.  

 

 

 

 

 

 

 

 

 

Let’s  Review and Conclude. 

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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Anthropogenic Carbon Emissions 

The scientific data provided in this unit represents the consensus of over 8,000 research scientists 
worldwide who study global climate change.  They use diverse data collection methodologies, 
including advanced information technologies and simulation models.   Through the assessment efforts 
of the IPCC, there is a definitive conclusion that GHGs (greehouse gases) are accumulating in the 
atmosphere. 

Carbon in the atmosphere is necessary to regulate median global temperature and sustain life on 
Earth.  However, the excess carbon collecting in the atmosphere as a consequence of anthropogenic 
emissions – the burning of fossil fuels and land use change – is stressing carrying capacity of our 
planet to support life.  Our activities each day consume energy and result in carbon emissions.  This 
pie chart shows the source of carbon emissions by sector for human (anthropogenic) carbon emissions: 

 

 

 

 

 

 

 

 

 

 

 

Next unit, we will examine  How the Earth is Warming. 

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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The Greenhouse Effect 

Carbon dioxide (CO2) in the atmosphere plays an important role in regulating Earth’s temperature, 
which provides a critical life support function for all species.  The mechanics of this process are 
actually quite simple: CO2 and other GHGs trap heat in the atmosphere that would otherwise radiate 
into space.   

Study the diagram below: 

 

Step by step, lets examine the  Mechanics of Global Warming. 

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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1, 2 & 3: Solar Radiation 

The sun has been powering the dynamics of Earth’s systems for the past 4.6 billion years.  It powers 
the Earth’s systems by radiating light waves that, when they strike the Earth’s surface, create heat.  We 
measure the amount of solar radiation in Watts per square meter (m2).   

The amount of solar radiation generated by the sun that strikes the Earth’s surface is 343 Watt per m2 
on average.  To understand this in heat values, one watt is equal to 3,412 BTUs (British Thermal Unit).  
Do you remember what a BTU is?  A BTU is defined as amount of heat required to raise the 
temperature of one pound of liquid water by one degree from 60° to 61° Fahrenheit at a constant 
pressure of one atmosphere. 

Earth’s distance from the sun, Earth’s elliptical orbit around the sun, and the tilt of the Earth’s axis are 
all factors in the amout of solar radiation that strikes Earth’s surface.  The angle of incidence of solar 
radiation, that is the angle at which light waves strike the surface of the planet, is also a factor in 
calculating net solar radiation: The greater the angle of incidence, the more solar radiation is reflected 
by the atmosphere back to space.  Approximately 103 Watt per m2 of solar radiation is reflected back 
into space by the atmosphere.  The graph below, prepared by NASA, shows the distribution of a total 
global net surface solar radiation of 240 Watt per m2.  Can you answer why there is more net radiation 
at the equator than at the poles?  View a NASA Net Radiation simulation model online at:  

http://earthobservatory.nasa.gov/GlobalMaps/view.php?d1=CERES_NETFLUX_M#  

 

 

 

 

 

 

 

 

 

 

 

Now let’s examine the Regulation of Heat on the Earth’s Surface. 

 Teacher Manual  Web Link / Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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4: Earth’s Absorpsion of Solar Radiation 

As solar radiation strikes the Earth heat is absorbed in the atmosphere, the oceans and on land at 
different rates according to the composition and characteristics of the mass it strikes.  Polar ice caps 
and mountain glaciers reflect solar radiation; ocean water, biomass and land surfaces absorb radiation.   

Human activities, such as the development of large cities, have a great impact on absorption rates of 
solar radiation.  For example, urban centers are heat islands as solar radiation is absorbed by building 
mass and roadways.  Receding polar caps due to anthropogenic warming reflect less solar radiation.  

Humanity must strive to reduce changes in the rate of Earth’s absorption of solar radiation in order to 
sustain global surface temperature within a range suitable to maintain life on Earth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The final process in the greenhouse effect is Surface Radiation & Radiation Loss. 

 Teacher Manual  Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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5 & 6: Surface Radiation & Radiation Loss 

Heat is absorbed on the Earth’s surface at an average of 168 Watts per m2, while the balance of 72 
Watts per m2 is refected back into the atmosphere.  Infrared heat is also reflected back into the 
atmosphere at 168 Watts per m2 once surface mass reaches its absorption capacity, which can flux 
with seasonal surface temperature variations.  

In the final analysis incoming radiation and outgoing radiation must balance, thereby creating a 
thermal balance that regulates temperature to support life on Earth.  However, GHGs are absorbing 
heat in the atmosphere and reflecting infrared heat back to Earth’s surface.  This causes warming.   

The following animation shows the variation in the refelction of sunlight and heat: 
 http://earthobservatory.nasa.gov/IOTD/view.php?id=1528  

The top image shows the average amount of 
sunlight (in Watts per square meter) that was 
reflected from the Earth back into space during a 
day in July 2000. 

The bottom image shows the average amount of 
heat (in Watts per square meter) that was 
emitted from the Earth back into space during a 
day in July 2000.  
Net radiation is reflected and absorbed in the 
atmosphere, the oceans and on land at different 
rates according to the composition and 
characteristics of mass.  Polar ice caps and 
mountain glaciers reflect solar radiation; ocean 
water, biomass and land surfaces absorb 
radiation as heat.   

Humans impact reflection and absorption rates 
of solar radiation.  Specifically, the increase level 
of CO2 emissions in the Earth’s atmosphere from 
the burning of fossil fuels cause heat to be 
trapped and re-emitted to the surface in cycles 
rather than escaping into space.  This cycle is 
called the Greenhouse Effect. 

   

Now let’s Review & Conclude. 

 Teacher Manual  Web Link / Power Point 

 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 
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Conclusion: Carbon Cycle & Greenhouse Effect 

Carbon forms the essence of life and regulates many vital life support functions, including surface 
temperatures that support life on Earth.  Human activities, principally the burning of fossil fuels to 
power the global economy, are increasing levels of GHGs, specifically CO2, in Earth’s atmosphere.  
This threatens life on Earth for all living species, including homo sapiens. 

The carbon cycle is maintained by Earth’s systems in the biosphere, including the atmosphere, to 
regulate Earth’s surface temperature at a level that supports life.  However, the greenhouse effect is 
trapping carbon and heat in the atmosphere, re-radiating heat back to Earth, and “turning up the 
temperature.”  

We cannot predict a timeline for species extinction, but humans are resourceful and change 
their behavior in the face of emminent danger, such as global warming.  But behavior change 
can only come through a deep understanding of both the problems and the solutions. 

Unit 2 and Unit 3 have addressed problems – standy power and global carbon emissions.   

 

Now lets begin to Address the Solutions.   
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 Student Handbook  Vocabulary / Concepts 

 Parent Guide  Time to Complete: 


