  GEOGRAPHY 420

Global Climate Change: Causes and Consequences
5 credits, no prerequisites 
Instructor: Dr. Bryan Mark 





Office: 1136 Derby Hall 

Email: mark.9@osu.edu
Phone: 247-6180 

Office hours: W, R 10:30-11:30 am, or by appointment 
Textbook: Our Changing Planet: An Introduction to Earth System Science, 3rd Edition, by Fred T. Mackenzie
Course Objectives
The substantive material covered in this course requires that students attain knowledge from the physical sciences. Understanding the drivers of global climate and environmental change requires knowledge of the Earth system, its climate, the mechanisms that force climate, the human activities that affect the magnitude and direction of some of these forcing mechanisms, the economic drivers of human activities and consideration of the social, political, economic and physical forces that govern present and future human actions and choices regarding resource use.  
This course meets GEC requirements in one area - Natural Science, Physical Science
In the Natural Sciences: It is impossible to understand global climate and environmental changes without knowledge of the physical, chemical and biological processes that shape the Earth System. The course includes lectures on the Earth’s energy balance, the movement of energy and mass by the atmosphere and ocean, the hydrologic cycle, air pollution and the nature of both renewable and non-renewable energy sources. 
This course will require your full participation if you expect to do well. In order for you to take full advantage of the opportunities in this course and demonstrate that you have done so, I expect the following:
· Attentive and active participation in class discussions and activities;

· Thoughtful and timely reading of assigned materials;

· Completion of each short paper on time;

· Demonstration of critical thinking and an ability to integrate and synthesize diverse facts and ideas of the scientific and human-influenced processes underlying environmental change at different scales (local, regional and global); geographic perspectives on environmental issues;
· Open-minded, critical consideration of diverse viewpoints about human uses of natural resources and their consequences.

Evaluation 

Student evaluation will be based on a combination of the following:

· Short papers: 

20% = 100 points





· Presentation/Debates:
20% = 100 points





· Mid Term:        

25% = 125 points

· Final
              

35% =
175 points


· Total Points:

100%=500 points

Course Policies
Student Code of Conduct webpage: http://studentaffairs.osu.edu/resource_csc.asp.

You are expected to adhere to all policies listed.
Disability Statement

Students with physical or learning disabilities requiring alternative accommodations for completing course requirements must make these arrangements in consultation with the University Office of Disability Services (150 Pomerene Hall, 2-3307) and the instructor at the beginning of the quarter.
Students who anticipate missing an exam must make arrangements with the instructor at least one week prior. Furthermore, no in-class activity or exam can be made up without special advanced notice, given at the instructor’s discretion. Documentation will be required for an excused absence.

Topics

Part I: The Earth System

Week 1

· Introduction: What is Global Environmental Change?

· Basic Physiology of the Earth

· discussion of Physical Geography and Earth System Science (ESS) and application of these conceptual frameworks to conduct local to global-scale analyses of  past, present and future climate and environmental change

· system equilibrium, thresholds and feedbacks (e.g.  climate-biosphere)

· discussion of how the interaction of human systems with these spheres is increasingly important
· Reading: The Lithosphere, Chapter 1 (Mackenzie)
Week 2 

· Putting Environmental Change in Context: What can geologic, paleoecologic and historic records tell us?

· discussion of phenomena (biological, physical, chemical) that are dependent on climate, i.e. use of proxy records to reconstruct climate and environmental change
· discussion of global and regional climate models 
· identify mechanisms responsible for and causes of past climate change and feedbacks present in Earth-Atmosphere System (EAS)
· Reading: Chapter 11 (Mackenzie)
· Scales of variability (annual – orbital)

· annual, decadal, centennial, millennial; acknowledge that societal focus on annual and decadal variation

· discussion of multiple stable states/solutions (non-unique climate state) given a set of boundary conditions – Lorenz and Chaos Theory

Evaluation:  Students will research, synthesize and write a paper describing a method (history of scientific techniques, technologic interdependence, etc.) used to reconstruct past environments.  This exercise will provide insight to the operation of earth’s atmospheric system and its complexity. A short presentation utilizing power point will be made. [50 points]
Part II: Human Dimension(s) of Global Change

Week 3


· Human Population Growth and Environmental Change
· Understanding demographic transition models

· Evaluating the earth’s carrying capacity and sustainability

· Reading: Chapter 7 (Mackenzie)
Week 4

· Land Degradation and Land Use: land conversion issues (forestry, agriculture, ranching, fisheries and aquaculture), effects of land conversion activities (soil erosion, biomass burning, use of pesticides), biodiversity

· Discussion of habitat destruction, fragmentation and conversion
· Biodiversity hotspots – endemic species role of human activity and extinction 
· International Union for Conservation of Nature (IUCN) – Red Books
· Biodiversity conservation: species richness, habitat and/or ecosystem foci 
· Impact to energy balance

· Ecosystem dynamics in relation to carrying capacity and biochemical cycling

· Technological methods used to detect change in the natural environment

· Reading: Chapter 8 (Mackenzie)
Week 5

· Global Warming (natural climatic variability, greenhouse gases, oceans and ice cores, consequences). 
· Global warming causes and consequences 

· two issues: rate of warming and fragmentation
· response of biomes to projected warming

· shifts ecotonal environments such tree line/timberline

· changes in natural fire frequencies

· nature reserve design
· Reading: Chapter 11 (Mackenzie)
Evaluation:  Mid-term exam covering the EAS, land-use change, population growth and global warming. These topics relate to knowledge and understanding of the earth and natural universe.  [125 points]
Week 6 

· Atmospheric Chemistry: ozone depletion and acid deposition
· Acid Deposition

· Review causes and effects 

· Ozone Focus Study

· Vienna Convention (1985)

· Montreal Protocol (1987)

· London Agreement (1990)

· Copenhagen Amendment (1992)
· Reading: Chapter 10 (Mackenzie)
· Case Study: Discovery of the ozone hole

Evaluation:  Students will research, synthesize and write a paper describing a specific human dimension of environmental change; e.g. nature reserve design, fisheries collapse, timber extraction, drought mitigation.  A short presentation utilizing power point will also be made. [50 points]
Week 7

· Hydrologic Cycle: 

· discussion of various components: ocean evaporation and precipitation; terrestrial precipitation and evapotranspiration, reservoirs (ice, ground water), runoff and residence time

· case studies: groundwater  marine pollution, terrestrial/marine linkages, ENSO, sea level rise, freshwater eutrophication, desalinization
· Reading: Chapter 3 (Mackenzie)
· Field trip: Olentangy River 5th Avenue dam
Part III: Global Change Science, Society and Policy
Week 8

· IPCC (Intergovernmental Report on Climate Change) which demonstrates the scientific process and process of scientific consensus, The Millennium Ecosystem Assessment Report, Arctic Climate Impact Assessment: outcomes and effectiveness
· Reading: IPCC

Week 9

· Alternative energy sources – nuclear, wind power generation, solar thermal and photovoltaic (supplemental readings: Appenzeller, Deffeyes, and Weaver)
· Approaches to limiting C-emission (Cap-and-Trade, C sequestration, re-forestation, carbon tax, international, regional and local agreements) etc). 
· Utilization of the principles of the first and second laws of thermodynamics, including the first and second laws of efficiency. We will also employ climate circulation modeling; specifically limits of computing resolution and uncertainty. 
Evaluation:  Students will form groups of 3-4 and debate propositions outlined in “Debate Topics” appendix. This exercise stresses students’ ability to present scientific evidence and interdependence of experiment and theory [100 points]
Week 10

· Projections: what does the future hold

· sea-level rise (thermal expansion, change in terrestrially-held water) 

· soil-moisture (Palmer’s drought severity index), agricultural productivity

· changes in phenology (National Phenology Network)

· frequency and magnitude of severe weather

· epidemiology of vector-borne disease 
· Readings: Chapter 12  (Mackenzie) and IPCC
Evaluation:  Final exam covering Human dimensions of environmental change and global change science and its relationship to society and policy. [175 points]
Supplemental Readings 

Climate Change 2007:  The Physical Science Basis http://www.ipcc.ch

One Planet Many People, Atlas of Our Changing Environment http://na.unep.net/OnePlanetManyPeople/

The Millennium Ecosystem Assessment http://www.maweb.org/en/index.aspx

AAAS Atlas of Population & Environment http://atlas.aaas.org/

Appenzeller, T.  2004.  The end of cheap oil.  National Geographic 205: 80-109.

Barlow, M. and Clarke, T.  2002.  Blue Gold: The Fight to Stop the Corporate Theft of


the World’s Water.  The New Press: New York. pp. 278.

Carson, R.  1962.  Silent Spring.  Houghton Mifflin: New York. pp. 400.

Deffeyes, K. S.  2001.  Hubbert’s Peak.  Princeton University Press: Princeton, NJ. 

pp. 208            

Goudie, A.  1990.  The Human Impact on the Natural Environment.  Cambridge: MIT Press. pp. 1-22. 
Murphy, D. E. 2004.  Water Contract Renewals Stir Debate Between Environmentalists 


and Farmers in California.  New York Times, December 15, 2004.

Resisner, M.  1986.  Cadillac Desert: The American West and Its Disappearing Water.  

Penguin Books: New York. pp. 582. Hydrologic Cycle

Weaver, K. F. 1981.  Special report on energy: our energy predicament.  National 


Geographic, 2-23. 

Yergin, D.  1991.  The Prize: The Epic Quest for Oil, Money and Power.  Simon and     


Schuster: New York. pp. 885.

Debate Topics

Vehicles powered by corn-based ethanol are good for the environment and should be promoted.

Pro: They are good for the environment due to lower emission

Con: They are bad for the environment due to environmental footprint of corn production

Nuclear power plants are on balance harmful to the environment and should not be built.

Pro: They are harmful because they produce nuclear waste

Con: They are helpful since the only emit steam from their smoke stacks

The best way to mitigate carbon emissions is with a Cap and Trade system.

Pro: Cap and trade is the best

Con: Strict cap is the best

Con: Incentives is the best

A price should be put on the goods and services provided by the world’s ecosystem.

Pro: Everyone should pay the “true” value of a commodity, including its environmental costs.

Con: All commodities will be too expensive to afford, causing an economic disaster

The US should reprocess spent nuclear fuel.

Pro: nuclear waste should be used as many times as possible before it is placed in Yucca Mountain

Con: the hazards involved in the reprocessing have the potential to cause a major environmental disaster.

California’s proposed conventional light bulb ban should become law.

Pro: more efficient light bulb use can prevent millions of tons of CO2 from entering our atmosphere.

Con: Compact Fluorescent Light bulbs are very environmentally harmful during construction.

