
Minimizing Carbon Emissions: What Type of Greenhouse Gas Emission 
Reduction Policy Will Different Regions of the World Need to Adopt to Prevent 
the Average Global Surface Temperature on Earth From Increasing by 2°C 
Between Now and the Year 2100?  

 
Introduction   
The amount of energy that enters and leaves the Earth system is directly related to the average 
global temperature of the Earth. The Earth system, which includes the surface and the 
atmosphere, currently absorbs an average of about 240 watts of solar power per square meter 
over the course of the year. The Earth system also emits about the same amount of infrared energy 
into space. The average global surface temperature, as a result, tends to be stable over time. 
However, if something was to change the amount of energy that enters or leaves this system, then 
the flow of energy would be unbalanced and the average global temperature would change in 
response. Therefore, any change to the Earth system that affects how much energy enters or 
leaves the system can cause a significant change in Earth’s average global temperature. 

 
Climate scientists agree that human activities have led to an increase in the concentration of 
greenhouse gases found in the atmosphere (IPCC 2013). The greenhouse gas that has increased 
the most is carbon dioxide. Plants and animals release CO2 into the atmosphere as a waste 
product of respiration. Plants also 
absorb CO2 from the 
atmosphere for photosynthesis. 
People, however, also add CO2 
to the atmosphere when they 
burn fos- sil fuels for energy. This 
energy is used for electricity; as 
fuel for cars, planes, or boats; for 
heating and cooling homes; and 
for industrial manufacturing. The 
concentration of CO2 in the 
atmosphere increased from 
about 320 parts per million (ppm) 
to almost 390 ppm between 1960 
and 2010 (see figure to the right). 
The increase in greenhouse gas 
emissions such as CO2 has led to 
an increase in the greenhouse 
effect of the atmosphere. The 
increased greenhouse effect has 
caused the average global 
surface temperature to increase 
approximately 0.8°C (1.4°F) since 
1880.  

 
Greenhouse gas concentrations in the atmosphere will continue to increase unless the billions of 
tons of greenhouse gas that people add to the atmosphere each year decreases substantially. 
Even if greenhouse emissions were to stop completely, atmospheric greenhouse gas 
concentrations will continue to remain elevated for hundreds of years because many greenhouse 
gases stay in the atmosphere for long periods of time. Moreover, if the concentration of 
greenhouse gases found in the current atmosphere remained steady (which would require a 
dramatic reduction in current greenhouse gas emissions), surface air temperatures will continue to 
increase. This is because the oceans, which store heat, take many decades to fully respond to 



changes in greenhouse gas concentrations. The oceans will therefore continue to have an impact 
on global climate over the next several decades to hundreds of years. 

 
The Intergovernmental Panel on Climate Change (IPCC), which is the leading international body 
for the assessment of change in global climate, expects the Earth’s average temperature to 
increase by at least 4.5°C (8.1°F) by the year 2100 (IPCC 2013). This substantial increase in average 
global temperature will reduce ice and snow cover, change precipitation patterns across the 
globe, raise sea level, increase the acidity of the oceans, and shift the characteristics of many 
different natural habitats. These changes will have an impact on our food supply, water resources, 
infrastructure, and health. Many people are therefore examining different ways to reduce the 
amount of CO2 that is released into the atmosphere or to find ways to remove more CO2 from the 
atmosphere to help prevent this substantial increase in average global temperature. The current 
goal is for various regions of the world to identify and enact CO2 emission reduction policies that 
will prevent the average global surface temperature from increasing by more than 2°C (3.6°F) 
before the year 2100.  

 
Your Task  
Use what you know about the greenhouse effect, systems and system models, and stability and 
change to develop a plan to minimize human impact on climate. Your goal is to identify a 
greenhouse gas emission reduction plan for six different regions of the world that will, when 
enacted together, prevent the average global surface temperature of Earth from increasing by 
more than 2°C until the year 2100. The plan you will develop for each region must include 
recommendations for when the greenhouse gas emissions in the region will need to stop 
increasing, when the greenhouse gas emissions will need to start decreasing in that region, and 
the annual greenhouse gas emission reduction rate for that the region. Each plan will also need to 
include recommendations for a policy that will dictate how much deforestation will need to be 
reduced in that region by 2050 and how much effort should go into creating new forests in that 
region starting in 2016. 

 
The guiding question of this investigation is: What type of greenhouse gas emission reduction policy 
will different regions of the world need to adopt to prevent the average global surface temperature 
on Earth from increasing by 2°C between now and the year 2100?  

 
Materials 
You will use an online simulation called C-ROADS (Climate Rapid Overview and Decision Support) 
that helps people understand the long-term climate impacts of actions that reduce greenhouse 
gas emissions; the simulation is available at https://www.climateinteractive.org/%20tools/c-roads/.  

 
Getting Started  
You can use C-ROADS (see 
figure to the right) to test 
strategies for tackling climate 
change. The online simulation 
allows users to visualize the 
impact of adopting different 
emis- sion reduction policies in 
different regions of the world. 
This model is useful because it 
allows users to see and 
understand the gap between 
a proposed policy (such as 
reducing deforestation in a 
region by 10% a year) and 

https://www.climateinteractive.org/%20tools/c-roads/


what actually needs to happen to stabilize the concentration of greenhouse gases in the 
atmosphere and prevent an increase in average global surface temperature. C-ROADS therefore 
offers you a way to test different policies.  

 
The first step in this investigation is to develop a greenhouse gas emission reduction policy for 
different regions of the world and then see how these policies, when enacted together, will affect 
the average global surface temperature over time. C-ROADS allows you to create greenhouse 
gas emission reduction policies for (1) the United States, (2) the European Union, (3) Other 
Developed Countries (e.g., Japan, Russia, Australia, Korea), (4) China, (5) India, and (6) Other 
Developing Countries (e.g., nations in Africa, South America, Central America, and the Middle 
East). The policy you create for each region will need to include 

● the year that greenhouse gas emissions will stop increasing in the region (emission peak 
year), 

● the year that greenhouse gas emission will start decreasing in the region (reduction begin 
year), 

● the rate at which each region decreases emission each year (annual reduction rate), 
● the rate at which deforestation will decrease in the region each year (reduce 

deforestation), and 
● the rate at which new forests will be added in the region each year (promote 

afforestation). 
You can set values for these five aspects of a greenhouse gas emission reduction policy for the six 
different regions in C-ROADS using the table in the lower-left corner of the simulation. You can then 
examine how your choices will affect the fossil fuel emissions in each region over time (graph in the 
upper-left corner) and the average global temperature over time (graph in the upper-right 
corner). The box in the lower-right corner also tells you how much the average global temperature 
will change between now and 2100. 
   
One you have developed an initial policy for each region and tested how these policies, when 
enacted together, will affect fossil fuel emissions and average global temperature over time, you 
can then begin to modify each of your proposed policies to make your overall plan more 
effective. Your goal for this step of the investigation is to determine how your proposed policies for 
each region will need to be changed to close the gap between what you are proposing and 
what actually needs to happen to prevent a 2°C increase in average global surface temperature 
between now and 2100. As you modify your greenhouse gas emission policies, think about the 
following questions to help guide the changes you will make: 

● What are the components of the system and how do they interact with each other? When 
is this system stable and under which conditions does it change? 

● Which factor(s) might control the rate of change in this system? 
● What scale or scales should you use when you take measurements?  

 
The last step in your investigation will be to identify the potential challenges and consequences 
that are associated with putting a proposed greenhouse gas emission reduction policy into action. 
This is important because policies affect the lives of people. For example, what are the 
consequences of a policy that requires an immediate 20% reduction in fossil fuel emissions for the 
people in a region that relies on coal or oil as an energy source? Will the people in that region be 
able to get to work? Heat their homes? Will they lose their jobs? You must also consider what is 
ethical and what is fair in terms of any proposed policy. For example, is it ethical or fair for people 
who live in a country in South America to have to cut greenhouse gas emissions at the same rate 
as people who live in the United States? You will therefore need to take into account these issues 
to ensure that your proposed greenhouse gas emission reduction policy is valid and acceptable. 
You can include information about any political, economic, or social issues you considered as you 
developed and evaluated your policy as part of your justification of your evidence. 

 



Report 
Once you have completed your research, you will need to prepare an investigation report that 
consists of four sections (be sure to have section headings): 

1. Introduction: Give some background information on the topic. Explain what question you 
were trying to answer and include a hypothesis. (Background info, research question and 
hypothesis) 

2. Procedure: What did you do during your investigation and why did you conduct your 
investigation in this way? (How you collected and analyzed data) 

3. Data: Include a data table and/or graph to show your results. Be sure to include a title for 
your table or graph with labels for the variables. 

4. Conclusion: What is your argument? (Claim - Evidence - Reasoning) 
 
Your report should answer these questions in two pages or less. The report must be typed, and any 
diagrams, figures, or tables should be embedded into the document. Type your report on Google 
Docs (12 point font, double-spaced) and share it with your teacher. Your report will be graded 
based on the rubric in the class syllabus. 


