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Global Warming

6.1.1 - Describe the role of greenhouse gases in maintaining mean global temperature.

· Atmospheric gases such as water vapor and carbon dioxide, while making up a tiny fraction of the atmosphere, trap long-wavelength infrared radiation and raise the overall temperature of the planet. Any gas which traps radiation in Earth’s atmosphere is called a greenhouse gas (GHG). 
· This is a natural process which is responsible for making Earth warm enough to support life. (Mars’ atmosphere does not have enough of these gases to warm the planet significantly, which is why there is no life on Mars.)
· The greenhouse effect is safe and natural. Global warming refers to human-induced changes in the amount of warming, created by the release of different substances into the atmosphere by human activities. You will read/hear/see references to the “enhanced greenhouse effect.” This is the same as human-caused climate change.
6.1.2 - Describe how human activities add to greenhouse gases.

· The table below outlines the human activities which produce and release greenhouse gases. (Table source: http://www.epa.gov/climatechange/science/indicators/ghg/index.html) 

[image: image1]
· Also make sure you consult Table 7.1 on p.137 of the ESS Course Companion and compare it to the table above. 
· A note about CFCs, ozone, and global warming: You’ll see CFCs and ozone listed in both of the tables mentioned. Don’t confuse the issues of stratospheric ozone depletion with global warming! Both CFCs and ozone do in fact act as GHGs, but their impact on UV radiation levels is more significant within the context of this ESS course. 
· The systems diagram below was produced by the UN’s IPCC and does an excellent job of showing the inputs, outputs, and relationships among human activities, climate change processes, climate characteristics, and threats to human populations and ecosystems. I recommend studying it extensively.

[image: image2]
(Image source: http://www.suratclimatechange.org/upload/image/climate_change.jpg)

6.1.3 - Discuss qualitatively the potential effects of increased mean global temperature.

The following table summarizes pages 146-148 in Chapter 7 of the ESS Course Companion. Make sure you read those pages - they’re probably the most important part of the chapter! I’ve seen those topics in several past IB ESS exams, both as paper 1 short-answer questions and as paper 2 essays. You should be able to discuss the effects and the mechanisms/reasons behind each one of these by the time we finish this topic. 

	Component
	Primary Effects
	Secondary Effects

	oceans and sea levels
	· rise in sea levels from
· land ice melts and flows into the ocean, and
· thermal expansion of warmer water
	·  inundate coastal/low-lying areas
·  warmer water absorbs less CO2 from atmosphere (positive feedback)
· oceans acidified
· plankton life cycles interrupted, affecting marine foodwebs

	polar ice caps
	·  increased melting, total area reduced
	·  meltwater flows into oceans + dilutes saltwater, disrupting ocean currents (esp. Gulf Stream in Atlantic Ocean)

	glaciers
	· increased melting
· decreased formation
	· short-term increase in meltwater available to human populations
· long-term decrease in same, since fewer/smaller glaciers to melt seasonally

	weather patterns
	·  more violent storms
· maybe more precipitation
	·  coastal flooding
· maybe longer growing season

	agriculture & food production
	· increase in photosynthesis
· increase respiration
· No increase in NPP
	·  expanded growing seasons (growing zones move farther from equator into areas currently too cold to grow much)
· decrease in productivity in tropical areas
· plankton decrease in warmer oceans --> marine productivity/fishing impacts
· How does this impact TZ?

	biodiversity and ecosystems
	· tundra: permafrost melts, tundra disappears (replaced by taiga)
· alpine ecosystems: ecosystem shifts to higher altitude, driving local extinctions
· coral reefs: increased bleaching, which decreases biodiversity
· deserts: likely to expand with higher evaporation rates
· increase in forest fires
· pests/parasites increase range to new areas
	·  plankton life cycles interrupted, affecting marine food webs

	water supplies
	· increased evaporation
· drying rivers and lakes
· refer to glacier melt above
	·  

	human health
	· heat waves --> death rates
· red tides/algae blooms dangerous to people
· increases in asthma and pulmonary diseases
· disease vectors spread to new areas (i.e. malaria zone widens because mosquitoes can live farther north and south
	·  

	human migration
	· 150m people displaced by 2050 (IPCC estimate)
· environmental refugees
	·  refugees cause economic strain to governments
· tend to be concentrated in LEDCs
· may lead to conflict

	economies
	· lower heating bills/energy used
· higher cooling bills/energy used
· increased tourism in some areas, lower in others
· damage to coastal zones/increased erosion
· governments invest billions in infrastructure to protect major cities (flood/sea walls, dikes, etc)
	·  increased ag productivity in some places will help, while decreases in other places will hurt 
· infrastructure projects costly to taxpayers, but may provide jobs and new technology


6.1.4 - Discuss the feedback mechanisms that would be associated with an increase in mean global temperature.

· Check out Table 7.2 on p. 149 of the IBO ESS 2010 Course Companion
· Also look at the examples on pp. 81-81 of the Course Companion
· remember that many of the feedback mechanisms below are happening simultaneously
· remember also that there may be long lag times (delays) between a cause and its effect, often of many decades or centuries
· Oceans - 
· absorb CO2 from the atmosphere
· as they warm up, they release CO2 back into the atmosphere and absorb less 
· phytoplankton (producers) photosynthesize faster in warm water
· Positive feedback mechanism: more atmospheric CO2 → warmer temperatures → less CO2 absorbed & more released by oceans → more atmospheric CO2
· Negative feedback mechanism: warmer oceans → faster photosynthesis by phytoplankton → more CO2 absorbed for photosynthesis → lower atmospheric CO2 → lower temperatures, slowing global warming
· Clouds - 
· different cloud types interact with heat differently: 
· daytime clouds cool the area under them
· nighttime clouds trap heat and act as an insulating layer
· high thin cirrus clouds trap heat
· low thick cumulus and cumulonimbus clouds have a cooling effect 
· Negative feedback: higher temperature→ more evaporation → more clouds → clouds block & reflect incoming solar radiation → lower temperatures
· Positive feedback: higher temperatures → more evaporation → more clouds → more heat trapped → high temperatures
· Pollution - 
· positive feedback: aerosols → more clouds formed → trap heat → warmer temperatures → more evaporation → more clouds → more heat trapped 
· positive feedback: black soot (particulates) falls on ice → dark color absorbs more heat → ice melts faster → more dark water/ground exposed → warmer temperatures → more melting → repeats
· negative feedback: aerosols → more clouds → reflect more heat → lowers temperatures
· Forests - 
· positive feedback: forests absorb 
· Polar Ice - 
· positive feedback: ice melts → exposes more dark water → warmer water melts more ice → exposes more water → more melting → repeats
· Tundra - 
· Atmospheric CO2 - 
6.1.5 - Describe and evaluate pollution management strategies to address the issue of global warming.

· Check out Table 7.5 on p.153 of the ESS Course Companion. 
· Read up on the 1997 Kyoto Protocol and the Intergovernment Panel on Climate Change (IPCC). I’ve provided some links below for you to check out on your own.
· Official IPCC home page - http://www.ipcc.ch/
· UNEP maps and graphics library - http://www.grida.no/graphicslib/ 
· A collection of resources dedicated to climate change and the Kyoto protocol - http://www.kyotoprotocol.com/
· The UN Framework Convention on Climate Change (UNFCCC) - http://unfccc.int/kyoto_protocol/items/2830.php 
6.1.6 - Outline the arguments surrounding global warming.

· Viewpoint 1: We can reduce human carbon emissions 90% within the next few decades with current technology, but a lack of political and industrial leadership is preventing us from doing so. (The George Monbiot viewpoint.)
· Viewpoint 2: Global warming and climate change are already happening as a result of human activities, even though we don’t fully understand the degree of warming or the complete mechanisms by which the changes take place. (The Al Gore and IPCC viewpoint.)
6.1.7 - Evaluate contrasting human perceptions of the issue of global warming.

· Ecocentric: 
· Anthropocentric:
· Technocentric: 
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This table shows 100-year global warming potentials, which describe the effects that occur over a period of 100 years
after a particular mass of a gas is emitted. EPA uses global warming potentials from the Intergovernmental Panel on
Climate Change’s (IPCC’s) Second Assessment Report, - as countries have agreed to do under current international
guidelines within the United Nations Framework Convention on Climate Change (UNFCCC). Lifetimes come from the
IPCC's Fourth Assessment Report.
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