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Esci/Enst 361:  Modeling the Earth

Computer modeling has become very important in Earth and environmental science research as a means to generate and test hypotheses and to allow simulation of processes in places inaccessible to humans, too slow to permit observation, or too large to facilitate construction of physical models.  Entire fields in the Earth and environmental sciences now exist in which computer modeling has become the core work of the discipline.  These include simulations of past climates, seismic hazard research, hydrogeology, and ecological modeling.  It is for these reasons that I created Modeling the Earth.  This semester, we'll work on problems associated with human population growth and climate change, but what's most important about this class is that you'll be learning the process of modeling and how to use systems thinking to address complex systems composed of multiple interacting parts.  Once you learn how to do this, you'll be able to handle quantitative problems in whatever field you find yourself working in.
The course will make use of the reservoir/flux modeling software STELLA® (see Fig. 1) to teach the fundamentals of systems thinking and model construction.  As we go through the semester, you will get a chance to work on your journal reading skills, because most of our examples will come from the primary scientific literature.  You'll also get to practice your public speaking because each week, students will present the papers/book chapters that the entire class is reading for the week's modeling topic.  Toward the end of the semester, you'll get the chance to work on your own modeling project, which will include a substantial paper and an oral presentation.  

[image: image1.emf]coming to ¢

&

paying attention

knowledge in brain

(

learning

forgetting

Founder's Day!










Fig. 1:  STELLA model of a student's brain!

This semester, Modeling the Earth is using materials developed by myself and my colleagues David Bice (Penn State) and Louisa Bradtmiller (Macalester College) for the Carleton College sponsored InTeGrate program.  InTeGrate is the short name for the Interdisciplinary Teaching about Earth for a Sustainable Future curriculum development project and has numerous teams across the country working to create course materials on various societal challenges associated with life in the Anthropocene.  InTeGrate has been funded with a grant from the National Science Foundation (NSF), and to meet NSF's requirements that the project assess how well the curricular materials are meeting their objectives, you will be enrolled in a study being conducted by the grant's principal investigators, who will keep track of your progress during the course.  Their work will have nothing to do with your grade in this class, and you are free to opt out of participating in their study; more on that in an accompanying letter.    
Detailed Course Outline

Feb. 1



Topic:  Introduction to Modeling Dynamic Systems.  What is modeling?  Why is it used?  How does one "do it?"  Transient vs. steady state conditions, residence time, and limitations of models.  Types of system behavior.

InTeGrate Reading:  Menking, K., and Bice, D., 2016, What are models, why do we use them, and how do we build them?
Feb. 8
Topic:  Modeling Population
InTeGrate Reading:  Menking, K.M., 2016, Growth and Dynamics of Populations.  InTeGrate project.  
Presentation Reading:  Bologna, M., and Flores, J.C., 2008, A simple mathematical model of society collapse applied to Easter Island, EPL, v. 81, doi: 10.1209/0295-5075/81/48006.

Feb. 15
Topic:  Simple Climate Models
InTeGrate Reading:  Bradtmiller, L., and Menking, K., 2016, Earth's Energy Balance.  InTeGrate project.  
Presentation Readings:  Harte, J., 1988, Consider a Spherical Cow, Sausalito, CA: University Science Books, p. 69-72, p. 160-164.
Kump, L.R., Kasting, J.F., and Crane, R.G., 2010, The Earth System:  3rd Edition, Chp. 3:  Global Energy Balance, New York:  Prentice Hall, p. 36-53. 
Feb. 22
Topic:  Daisyworld
InTeGrate Reading:  Menking, K., and Bradtmiller, L., 2016, Daisyworld.  InTeGrate project.  
Presentation Reading:  Watson, A.J., and Lovelock, J.E., 1983, Biological homeostasis of the global environment: the parable of Daisyworld, Tellus, v. 35B, p. 284-289.
Feb. 29

Topic:  Ice sheet modeling

InTeGrate Reading:  Bice, D., 2016, Ice sheet modeling.  InTeGrate project.  
Presentation Readings:  Weertman, J., 1976, Milankovitch solar radiation variations and ice age sizes of ice sheets, Nature, v. 261, p. 17-20.

Hays, J.D., Imbrie, J., and Shackleton, N.J., 1976, Variations in earth's orbit: Pacemaker of the Ice Ages, Science, v. 194, p. 1121-1131.
Mar. 7
Topic:  Modeling Water in a Lake Chain and Climate Change
InTeGrate Reading:  Menking, 2016, Great Basin Lakes - Nature's Rain Gauges.  InTeGrate project.  
Presentation Reading:  Menking, K.M., and Anderson, R.S., unpublished, A Model of Runoff, Evaporation, and Overspill in the Owens River System of Lakes, Eastern California.
Spring Break (March 12-27)

Mar. 28
Topic:  Heat Flow and Permafrost 

InTeGrate Reading:  Menking, 2016, Global warming recorded by permafrost.  InTeGrate project.  
Presentation Readings:  Lachenbruch, A.H., and Marshall, B.V., 1986, Changing climate:  geothermal evidence from permafrost in the Alaskan arctic, Science, v. 234, p. 689-696.

Davis, M.G., Harris, R.N., and Chapman, D.S., 2010, Repeat temperature measurements in boreholes from northwestern Utah link ground and air temperatures at the decadal time scale, Journal of Geophysical Research, v. 115, B05203, doi:  10.1029/2009JB006875.

Apr. 4
Topic:  Thermohaline Circulation 
InTeGrate Reading:  Bice, D., 2016, Modeling Thermohaline Circulation.  InTeGrate project.  
Presentation Readings:  Broecker, W., 1997, Thermohaline Circulation, the Achilles Heel of Our Climate System: Will Man-Made CO2 Upset the Current Balance? Science, v. 278 , p. 1582-1588.

Rahmstorf, S., 2002, Ocean circulation and climate during the past 120,000 years, Nature, v. 419, p. 207-214.
Apr. 11
Topic:  Carbon Cycle
InTeGrate Reading:  Bice, D., 2016, The Global Carbon Cycle.  InTeGrate project.  
INDEPENDENT RESEARCH TOPIC DUE
Apr. 18
Topic:  Coupled Economic and Environmental Models
InTeGrate Reading:  Bradtmiller, L., 2016, The Tragedy of the Commons.  InTeGrate project.  
Presentation Reading:  Hardin, G., 1968, The Tragedy of the Commons, Science, v. 162, p. 1243-1248.
Apr. 25
Topic:  Independent project work time
May 2
Topic:  Independent project work time
May 9
Topic:  Student project presentations.  Presentations should include the motivation for the modeling project, construction of the model, experiments performed and results, and ideas for future work.  Paper due by May 13, 5:00 p.m.  
Grading

Grades for this course will be based upon:

Weekly modeling exercises
65%
InTeGrate reading quizzes
 5%


Presentation reading summaries
 5%
Paper presentations
 5%

Independent research project paper
10%

Independent research project presentation
 5%

Final Exam
 5%

For the weekly modeling exercises, you will be graded on a scale of 1-5, where 5 is outstanding work equivalent to an A+ and 1 is an F.  The attached rubric shows the criteria for each category.

A Note About Readings
The readings are an essential part of this course, and I expect you to have done all of them prior to coming to class.  If you have not, you will waste time in class when you should be constructing and experimenting with your models.  There are two sets of readings we'll be using:  1) web pages developed by myself, David Bice, and Louisa Bradtmiller for the InTeGrate Project, and 2) articles from the primary scientific literature.  Both sets of readings can be found on Moodle.  For the InTeGrate web pages, you will download and fill out a reading quiz (also found on Moodle) prior to coming to class and will turn in that quiz at the start of class each week.  Five percent of your grade will be based on these quizzes.

To develop your scientific journal reading skills, I’ll be asking you to answer the following questions about each assigned presentation reading:

1) What is this article about?

2) Why should anyone care about this topic?  I.e., why is it important?

3) How did the authors investigate this topic?

4) What were their primary findings?

5) What did you find most interesting or confusing?
The answers to these questions can be put on a sheet of notebook paper or typed up and should also be handed in when you come to class each week.  I don’t mean for you to write more than a couple of sentences on each of these questions, so please restrict yourself to one page.  Five percent of your grade will be based upon your completion of these summaries, with each summary given equal weight.  If you complete 100% of them, you’ll receive a 100% score on this part of the class.  If you don’t do any of them, you’ll get a 0%, etc.!

A tip for when you start reading – take a look at the abstract of the paper, the figures, and the conclusions first.  Then go back and read the whole paper.  If you make this a habit, your comprehension of the article will increase greatly.

A Note About My Grading of Written Work
When grading writing, whether essays or answers to questions on problem sets, I make a lot of comments on grammar and style in addition to content.  I have a repressed copy editor living inside my body, and your assignments will probably be returned to you covered in ink regardless of whether your final grade is a C- or an A+.  I simply can’t help myself!  Please do not take it personally or think that I don’t like you when you get a paper back full of comments.  One of the most important skills you can take away from Vassar is the ability to write well, and as your professor, it is my job to help you hone a clear and engaging style to go along with your argument. 

Late Policy

Each student will be allowed 3 late days without penalty.  These may all be used on one lab or may be spread over 2-3 assignments.  If, after these late days are expended, labs are turned in late, 0.25 pts will be deducted for each day each assignment is overdue.  Labs more than 1 week overdue will not be accepted and you will receive a 0 unless you have a valid excuse.

Academic Accommodations

Academic accommodations are available for students with documented disabilities.  Please schedule an appointment with me early in the semester to discuss any accommodation that may be needed for the course.  All accommodations must be approved through the Office of Accessibility and Educational Opportunity (ext. 7584) as indicated in their accommodation letter.

	
	Rubric for Weekly Modeling Projects

	
	5
	4
	3
	2
	1

	Model
	The model(s) contain(s) the necessary stocks, flows, and converters to accurately represent the system(s). Units cancel and/or track through the model correctly. Equations are correct. The dt is appropriate to the system. 
	The model(s) contain(s) the necessary stocks, flows, and converters to accurately represent the system(s). Equations are correct. Units and/or dt may be missing or incorrect. 
	The model(s) contain(s) the necessary stocks, flows, and converters to accurately represent the system(s). There may be a minor error in the equations that prevents the model from working correctly.
	The model(s) is missing some necessary stocks, flows, or converters. There are numerous errors in the model equations.
	The model is missing several key components. There are numerous errors in equations used to describe the system. 

	Written Answers
	Answers are factually correct and complete. They address all aspects of the questions asked in the exercise. They contain few/no spelling or grammatical errors.
	Answers are factually correct and mostly complete. They address most aspects of the questions asked in the exercise. They contain few/no spelling or grammatical errors.
	Answers are mostly factually correct and mostly complete. They address some but not all questions in the exercise. They contain some spelling and grammatical errors.
	Answers contain several factual errors. They address some but not all questions in the exercise. They contain frequent spelling and grammatical errors.
	Answers contain frequent factual errors. They do not address most questions in the exercise. They contain frequent spelling and grammatical errors.

	Graphs and figures
	All graphs have titles and axis labels, including units. Axes are scaled in a logical way, i.e. different variables are plotted on the same scale where appropriate, the scale shows the full range of variability, etc. 
	All graphs have titles and axis labels. Some units may be missing. Axes are scaled in a logical way.
	Most graphs have titles and axis labels, including units. Axes may be left on the “auto” settings from STELLA, which may not be appropriate to the exercise.
	A few graphs have titles and axis labels, including units. Axes may be left on the “auto” settings from STELLA, which may not be appropriate to the exercise.
	Most graphs do not have titles and axis labels, including units. Axes may be left on the “auto” settings from STELLA, which may not be appropriate to the exercise.

	Meta-cognition
	Answers are complete and thoughtful. Answers assess the student’s progress on the two or three main learning outcomes identified in the question(s). 
	
	Answers display moderate effort in thoughtfulness and completeness. Answers assess the student’s progress on most but not all of the main learning outcomes identified in the question(s).
	
	Answers are cursory and superficial. Answers may not address all learning outcomes, or may describe them in a way that does not directly address the question(s). 
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