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Welcome to ATMOS/GEOG/GEOL 421, "Modeling Earth and Environmental Systems”.  In this course you will build and use models of climatic, hydrologic, geochemical, and human systems, explore the basic concepts of systems modeling, use models to test hypotheses, and find out about the assumptions and approximations that must be made in modeling.  Your models will be constructed using primarily the STELLA modeling software on PCs.   STELLA offers an intuitive approach to modeling, so that prior experience with computer modeling is not a prerequisite for this course. In addition, a second modeling program, VENSIM, will be used for part of the course.

Why learn about models and modeling?  First, because models have become the primary research tool in trying to understand and make predictions about earth and environmental systems.  Many of you will use models in your future research.  At the very least your research will be motivated by and informed by results from models.     Secondly, because decision-makers use models, and their decisions affect directly how you, and everyone else, lives their lives.

Modeling is learned by doing.  So, this is a course where you will spend most of your time building and using models.  The goals are several:

· to understand how models are constructed and used, what assumptions must be made, which results are robust and which are deserving of skepticism...

· to grasp the fundamental systems concepts that underlie all models: fluxes and reservoirs, positive and negative feedbacks, open and closed systems...

· to gain basic modeling skills that can be applied in your own research...

· to learn about the basic principles that govern the systems we model here: the climate, the hydrologic cycle, pollution, biogeochemical cycles, and the sustainability of human activity on the earth.

· to learn how to calibrate and validate models and check the sensitivity of parameters.

Organization

Throughout the semester you will work in a small group.  Because of the widely varying backgrounds, modeling experience, and computing expertise students bring to this course, these groups will be assigned by the instructors on the first day of class.   

Coursework will comprise the following:

Modeling assignments


These will assigned and discussed in class, and class time will be provided for working on them.  Brief reports documented with models and model output will be turned in and graded.  These assignments will be carried out in your small groups.

Reading


There will be frequent short reading assignments from Ford's book, and you are required to finish reading Meadows et al. by November 15th. 

Homework


There will be several written assignents involving questions from and about the texts. 

Quizzes

To make sure that everyone is keeping up with the reading mastering key concepts, there will be weekly quizzes.  These will be very short - one or two questions, taking about five minutes of class time.

Final exam

The exam will test your ability to construct and analyze models similar to, but not the same as, those you have built during the course of the semester.

Grading

Your course grade will be based on five components, weighted as listed below. The success of this course depends upon your active engagement (which, of course, requires that you show up!) so we will also assess your attendance and class participation. Plus/minus grades will be assigned.


Modeling assignments (5)
60 %


Final Exam


20 


Quizzes


10

Participation


10

Texts

Required Texts

Modeling the Environment, by Andrew Ford is a "nuts and bolts" introduction to modeling dynamical environmental systems.  There will be frequent reading and homework assignments from this book throughout the term.  

Use the appendices!  Ford’s appendices A & B review units of measurement and some basic math.  Appendix C covers the basics of using STELLA, Appendix H describes some useful special functions that are available in STELLA, Appendix E describes VENSIM, and Appendix J covers comprehensive sensitivity analysis with VENSIM.

Beyond the Limits, by Donella Meadows, Dennis Meadows, and Jørgen Randers, introduces the ideas behind the World3 model, and describes what this model tells us about the future of human society.  This is a very readable book, and it is absolutely essential that you read it before the last three weeks of the course.  You are not, however, required to agree with the book. 

Schedule*

Date
Topic 
     Principal instructor          Reading

1  Sep
Introduction to course
All/Hannon 

18 Sep
Systems/STELLA tutorial
Hannon
F Chap 1 & 2

15 Sep
STELLA tools
Hurst



22 Sep
Hydrology
Hurst
F Chap 3,4




29 Sep
Carbon cycle
 “    “
F Chap 5


6  Oct
Carbon cycle
 “    “
F Chap 10


13 Oct
Atmos. Modeling
 Robinson
tba


20 Oct
Vensim tutorial
Gertner
F Ap. E, Ch7, pp 88-208

27 Oct
Simple Sensitivity 
  “    “
F Chap 15, + pp 88-208 3  Nov
Comprehensive Sensitivity
  “    “
F Chap 18 & Ap. J

10 Nov
Chaos, Climate
  “    “
F Chap 22


17 Nov
Model Calibration
  “    “


1  Dec
Global sustainability
Hannon
MMR All


8 Dec
 “                         “
 “     “
F Chap 6, 16, 17


Dec tba
Final exam




*  Readings are to be completed by the date for which they are listed 

    F is Ford's book; MMR is Meadows et al.
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