Climate, loosely defined, is the long-term average of weather.  However, climate is actually the result of multiple systems interacting with one another—atmosphere, hydrosphere, solid earth, biosphere and cryosphere.  It is the exchange of energy and moisture between these spheres that drives the climate system.  When one component of the system changes, the other components react.  This reaction is known as feedback.
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Figure 1 Systems that affect climate
Image courtesy of “Our Changing Planet: The U.S. Climate Change Science Program for Fiscal Years 2004 and 2005. (https://www.globalchange.gov/browse/reports/our-changing-planet-us-climate-change-science-program-fiscal-years-2004-and-2005) a report by the Climate Change Science Program and the Subcommittee on Global Change Research, page 8, retrieved May 5, 2020

One aspect of climate change is global warming.  Radiation from the sun warms the earth during daylight hours.  This radiation can be absorbed or reflected by clouds and the earth’s surface.  The energy absorbed is re-radiated back into space at night as heat.  As the re-radiated energy travels toward space, some gases in the atmosphere absorb that energy, vibrate and release that heat where it is often absorbed again and again by other gas molecules.  This keeps some of the earth’s radiated heat “trapped’ in the atmosphere, keeping the earth warm.  
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Figure 2 The Greenhouse Effect
This file is licensed under the Creative Commons Attribution-Share Alike 3.0 Unported license

These gases, called greenhouse gases, are released naturally through processes such as volcanic activity, naturally occurring forest fires or wetlands.  The major greenhouse gases (GHG) include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O) and water vapor (H2O).  These gases are also released through human activities.  These activities include the burning of fossil fuels, agricultural processes and changes in land use.
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Figure 3 Greenhouse gas emissions from natural systems and human activities
From Yue, Xi-Liu and Gao, Quin-Xian, “Contributions of natural systems and human activity to greenhouse gas emissions” https://doi.org/10.1016/j.accre.2018.12.003 Under a Creative Commons license retrieved 13 May 2020 
One way to combat climate change is to decrease the emission of GHG, which could decrease the rate of global warming.  A decrease in emissions would result from modifications, or alternatives, to the sources of these emissions.  

You are provided with data (qualitative and quantitative) about the major GHG. Using this information, identify an industry you would recommend exploring for possible modification or alternatives that would result in a decrease in greenhouse gas emissions.

a) Which industry would you recommend for modification, or identifying of alternatives for, in order to decrease the emissions of greenhouse gases?  Explain how the data informed your decisions that changes in this industry may move towards a more stable climate.

[bookmark: _GoBack]b) What constraints would need to be considered as a solution is being developed? 


Data Sets:

Sources of Common Greenhouse Gases
	Name of greenhouse gas
	Source(s)

	Carbon Dioxide

	Burning of fossil fuels for transportation and electricity 
Volcanos, animal respiration, land use changes


	Methane (natural gas)
	Manure breakdown, mining and drilling, rice farming, decomposition of waste in landfills, cattle digestion, bacterial decomposition in wetlands


	Water (vapor)

	Everywhere, water cycle



	Nitrous oxide

	Soil cultivation practices (how we grow plants), use of fertilizers, burning fossil fuels, biomass burning, microbial denitrification


[bookmark: _gjdgxs] Table 1:  Greenhouse Gas Sources
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Figure 4:  Greenhouse Gas Emissions by Sector
Image courtesy of the U.S. Environmental Protection Agency (https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions).
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Figure 5 Methane Sources
Source: https://icp.giss.nasa.gov/education/methane/intro/cycle.html

[image: ]
Figure 6 Greenhouse Gas Concentrations from 1000 CE to 2017 CE
Image courtesy of Climate Central, https://www.climatecentral.org/gallery/graphics/greenhouse-gas-concentrations, retrieved 30 April 2020

Figure 7 Global Annual Average Temperature vs CO2 Concentration from 1880 to 2010
Time of Economic Depression and Limited Industrial Growth
Post-War Economic Boom
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Figure 8 Global emissions of GHG from livestock sector
[image: ]
Figure 9 Total GHG emissions by livestock

Figures 8 & 9 from “Climate change and livestock:  Impacts, adaptation, and mitigation” retrieved 14 April 2020; CC BY-NC-ND 4.0


EPA Data Sets
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	Greenhouse Gas
	Lifetime in Atmosphere
	Global Warming Potential (100 year)

	CO2
	Varies; Carbon dioxide is part of the global carbon cycle; lifetime may be days to thousands of years
	1

	CH4
	12 years
	25

	NO2
	114 years
	298



Data and Information courtesy of the Environmental Protection Agency (https://www.epa.gov/ghgemissions/overview-greenhouse-gases)
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