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ENVS340 Modeling Project
General description/options

The project is an opportunity for you to creatively apply your skills to develop one of two types of model: a research model or a heuristic model (defined and explained below).  You will work in groups of 2-4 as your common interests' dictate.  As stated in the syllabus, the project represents approximately 35% of your final grade. 

Time line:
· Modeling project discussion

· 4/1 Project ideas due

· 4/10 Project proposal due

· 4/12 Critiques of project proposals due

· Periodic: Progress reports

· 5/8 Final presentation

· 5/10 Written report due

Options: 

A)  Research models. By definition, a research model is designed to answer a question for which an answer is not already known. In developing this type of model, you should follow the iterative scientific process: explore background information on a general topic of interest, identify and define an important question that is not yet answered and that can be answered with a model, research more carefully, refine your question, develop a model that can answer your question. It is quite conceivable that ideas pursued in this class will eventually mature into publishable research.  Students in prior classes have presented their modeling results at academic conferences. 
B)  Heuristic models ("heuristic" = helping to discover or learn). These are models that are designed to educate a well defined target audience to illustrate important properties of some system. For instance, you might construct a lesson plan for high school students that incorporates a series of models to demonstrate how the laws of conservation of matter and thermodynamics constrain growth in our biosphere. As part of your project, you must meet with the individuals who might use the model that you propose to generate (professors, school teachers, students) and clearly identify needs and desired outcomes before you begin modeling. Useful target audiences include grammar, high school, and college students, community groups and folks visiting the Lewis Center for Environmental Studies (models could potentially run on the computer display in the atrium). 

Guidelines and suggestions for model development: 

Be absolutely certain from the outset that the question you pose (research) or the lesson you propose to teach (heuristic) is appropriately addressed with a simulation model (it is a mistake to use a screwdriver if what is needed is a hammer). In most cases this means that the phenomena under examination includes some sort of internal feedback in the form of stocks that interact with each other; models without feedback are driven entirely by outside influence and tend to make for boring dynamic simulation models.  Generally speaking, your model should be designed to examine how the dynamics of a system change as a result of alterations in either internal conditions or external forcing; “what if” scenarios are crucial to both heuristic and research models.

As you gain knowledge of your subject matter, your natural inclination will be to add to complexity.  Resist this temptation!  Keep your models as simple as possible. Include only those state variables and forcing functions that are absolutely necessary to illustrate the lesson or address the research question. The more complex your model is, the harder it will be for you, or anyone else, to understand cause and effect.  Your model will loose its explanatory value as an exponential function of model complexity. Consider the quotes I shared in class as useful guidelines: "The best explanation is as simple as possible, but no simpler" (Einstein), "Perfection is attained not when there is no longer anything to add, but when there is no longer anything to take away" (St. Exupery).

Whenever possible, select equations from the standard formulations we learn in this course.  Be certain that you can justify the application of the formulations you choose for the phenomena you wish to model. Combine basic formulations as needed. Avoid making up equation formulations that do not have a mechanistic basis.

Think carefully about how you divide labor among group members. One possibility is to design modular units - sub-models that individuals can flesh out and then bring together. This can be more difficult than it sounds, as you need to agree within your group on a common set of structure standards - e.g. currency (carbon, nitrogen, #organisms, #widgets, $, energy, knowledge, etc.) and time scale. You can easily divide up data collection and background research. 

Model project grading criteria:

Your project will be graded according to how well it meets the criteria listed below (I will basically use these as a checklist, so you should too).

A) Project ideas (done alone, 1 pg):
Briefly outline a project idea.  Select an idea that excites you (but understand that you may not end up pursuing this idea). Sequentially address each of the following (include the underlined categories as headings in the idea you submit): 

· Title: Provides a clear indication of what you propose to do.

· Background and problem statement: Describes the specific question and/or lesson you plan to address in your model.  Describes importance.  Explains how the problem lends itself to dynamic simulation modeling.  Explains how feedback is involved.  Describes intended audience.

· Research or lesson objectives: Describes desired outcome.  Describes what it is that you want to learn (or have others learn) from the model.

· Key state variables, flows, forcing functions:  Lists the key variables that define the problem.
· Annotated bibliography:  Lists at least three literature sources that you could use in model development.  At least one source should provide background on the system under investigation (e.g. a text book, chapter or review paper on the topic).  At least one source should be a published model that is relevant to your idea.  Use the bibliographic format of American Naturalist
.  In one sentence for each, describe how each literature source is relevant to your proposed work.
· Name your project ideas “ASPIYourInitials.doc” and post these on Blackboard by 4:30 on the day they are due  (we will use these in class discussion).
B) Project proposal (1-3 pgs, one from each group):

Follow the same format and content described for the project ideas above except flesh out the proposal in greater detail.  Cite the literature to support your background and problem statement.  Additionally include the following heading and content: 

· Responsibilities.  Describes how your group will accomplish your modeling goals. Propose a division of labor among individual group members and a timeline: who, what, when and how?
· Name your project proposal “ASPPYourInitials.doc”.
C) Project proposal critique:

Each student writes a 1-2 paragraph evaluation of a project proposal (I will assign each of you a proposal to review). How clearly spelled out are each of the bulleted points in the criteria above? Would the model be useful for the proposed audience? Is it feasible?  Suggest how the proposed model might be improved.
· Name your critique “ASPCYourInitialsOfTheirInitials.doc” and post on Blackboard.
D) Progress reports:

Make clear how incremental progress is being made towards the final goals and product.

E.1) Heuristic model: Documentation and summary report (3-5 pgs of text total):

Documentation should be written in the form of a handout that the intended audience will receive together with the STELLA model. Model and documentation should form a self-contained unit that your intended audience members can easily follow to learn your desired lesson.  Documentation should contain the following sections (include these headings): 

· Abstract: One paragraph summarizes background, approach and learning objectives of the exercise.

· Background: Sets context for the model. Briefly reviews the topic, citing related literature. Describes how/why modeling provides a useful approach. Clearly describes objectives.

· Instructions: Provides a step-by-step description of how the intended audience should use the model. Describes simulation scenarios. 

· Questions: Pose a set of questions that stimulate your intended audience to accomplish your learning objectives and that assess whether they have done so.

· Conclusions: Summarizes the significance of the exercise.

· Literature cited: Uses literature cited format of American Naturalist. 
· STELLA model: Should be structured so that it is easy to interpret and to use and should contain internal documentation that complements information on the handout.

· Summary report: a 1-2 page appendix to your report for me (not for your audience) that describes and explains your choice of modeling formulations, provides additional information related to the construction and use of the model, and details the role of each group member in developing the model.  Cite at least three sources of literature that you used in developing your model and explain how you used them.

E.2)  Research model: Documentation and summary report (3-5 pgs)

Documentation is written in the form of a brief scientific paper.  I recommend that you look in the orange notebook of modeling papers on reserve in the Science Library for a sense of how to structure your report.  Include the following sections in your report:

· Abstract: One paragraph summarizes objectives, approach, findings and conclusions.

· Introduction: Provides sufficient, well researched, background on the topic for the intended audience.  Reviews relevant literature and uses this to establish a gap in knowledge that your model is designed to fill.  Includes appropriate literature citations to support the research. Clearly states objectives/questions/hypotheses of project and describes why the subject is worthy of study, and why modeling provides a useful approach. At least implicitly identifies audience.

· Methods/approach: Describes the dynamic simulation modeling approach as it relates to your research. Describes the structure of your model. Explains choice of state variables. Explains equation formulations [e.g. "we used a multiplicative Michaelis-Menton type equation to describe the growth of the pond weed Elodea sp. as a function of nitrogen concentration and light intensity (Madden et al., 1998)"]. Describes how you calibrated and "validated" your model (if applicable). Describes simulation scenarios used.

· Results: Includes graphs of STELLA output. Describes but does not explain your results and findings.
· Discussion: Interprets and critically analyzes the significance of your work.  Explores connections between your findings and those of other studies (agreement, disagreement, relevance). Addresses usefulness and limitations of research approach and findings and suggests further research that might extend or more conclusively addresses your initial hypotheses and findings. 

· Conclusion: Summarizes main points and suggests future potential work of interest and new questions raised.  
· Literature cited: Cite at least three sources.  Uses literature cited format of American Naturalist.  

· Figures and figure legends: (tables, graphs, conceptual models, etc. that appear in introduction, results, and analysis & discussion sections).  Text legend below each figure describes content in sufficient detail that reader can understand what the figure represents without reference to text in manuscript.  Symbol legend within the frame of each graphic indicates what different color bars, lines or shapes represent.  Figures are numbered sequentially in the order in which they appear in the paper. Every figure that appears in paper is directly referenced within the paper. Units are indicated either within the figures (often in the x and y axis labels) or in the text legend.  Insert figures with carriage returns separating them from text.  Do NOT wrap text around figures or embed figures in text as this will make for a complete mess when I insert my comments.

· Appendices: One appendix includes equations and coefficients. A second describes the separate role of each group member in developing and implementing the project.

F) Project Presentation: 

Each modeling group will have a 10-15 minute presentation to the class.  Note that you will not have enough time to use STELLA during your presentation.  Your visual materials should be presented in PowerPoint.

· Background: Provides information necessary for a peer to understand subject under investigation, the question addressed, its importance, research/teaching objectives, target audience.  

· Methods: Describes the modeling approach used to address the question.

· Results/discussion: Presents findings, discusses implications.  Be certain that all figures have text legends and that the x and y-axes on all graphs are clearly labeled with units.
· Conclusion: Provides general and specific conclusions, promising next steps in research.

· Presentation style: Presentation is engaging, informative, well-organized, and involves all group members.  Talk is practiced, transitions are smooth, time is used efficiently.  Group members maintain eye contact with class. Visual aids are thoughtfully selected to convey information (e.g., PowerPoint, posters, scientific equipment, etc.).

Examples from previous years:

On the home page of our class website I have linked a range of modeling projects from previous years.  Click on, “Research Project Examples”.

Resources:

I have placed books and also an eclectic collection of modeling papers in an orange notebook on reserve in the Science Library (books co-authored by Bruce Hannon are particularly useful).  Within these resources and through a literature search you should easily be able to find examples of both heuristic and research models ranging in disciplines from physiology to anthropology to global change to economics.  I strongly encourage you to draw inspiration from and to build on the modeling work of others.  Just be sure to create something new in the process. In addition to choosing between research and heuristic models, you will need to determine whether your model is best conceptualized with hard or soft variables. Some interesting soft models can also be found in the orange notebook. 

A few ideas:

A) Rotational grazing model:
Sustainable livestock production emphasizes rotational grazing as a mechanism for maximizing production and building the health of pasture land.  The practice relies on frequently moving herds of animals among relatively small fenced in areas.  The objective is to maintain the vegetation in  the steepest part of an s-shaped growth curve; never allow the animals to graze the vegetation down so much that it takes long to recover, but keep the vegetation from reaching a maturity at which growth levels off.  A good basic description of the approach is outlined in Michael Pollan’s book, Omnivore’s dilemma, in the first part of Chapters 10.  I think a very interesting model can be created by modeling the vegetation in multiple separate fenced in areas as separate stocks (density of vegetation), and then experimenting with moving a heard (which can probably be thought of as forcing, but could potentially also be a stock) among these.  The rate of vegetation growth will be determined by stock size and by climatic conditions (precipitation and light).  What are the consequences of different rotational scenarios?  How do you optimize for maximum consumption of grass (=capture of sunlight, production of meat) over a season?  How does this optimization change as a function of weather conditions?
B) Experimentation with management of thermal mass in the sunroom

Last year a project group focused on calibrating the sunroom model with the extensive data set we continuously collect on air and slab temperature.  A very interesting follow up project would entail manipulating the model to simulate alternative management of the thermal mass in the slab and insulation, and then actually manipulating the real space to further validate performance.   The thermal mass can be manipulated by blowing air through it (effectively increasing the thermal exchange) and/or by temporarily adding night time insulation to the windows.     

C) Build on, execute and revise a heuristic modeling exercise for a BIO120 lab:
Last year a modeling group developed a heuristic model for a BIO120 lab (see examples).  The OC Biology Department is very interested in incorporating a modeling lab, but all of us agree that it would be best to do a trial run of it with a group of 120 students before attempting a full-blown execution for all students in this enormous class.  Part of the long term concept would be to have students in ENVS340 play a critical role in assisting the lab each year.  It would be WONDERFUL to have a group focus on testing, teaching and then revising the model based on what happens.
D) Heuristic models for Environment and Society (ENVS101):

The benefits of creating models for ENVS101 are: 1) students in 101 provide a clearly defined audience and this will help you focus your efforts, 2) ENVS101 covers a breadth of environmental issues (ranging from ecology to religion to ethics and economics), leaving tremendous room for creativity, and 3) if you create a well documented and educationally valuable model, I may use it the next time I teach the class.

Begin the process by examining the 101 syllabus (www.oberlin.edu/faculty/petersen/101Home.html) and assigned readings on ERES (ERES password = "envs101") to find topics that interest you. Some topics in this course lend themselves to dynamic simulation modeling and others do not. In selecting a topic, keep in mind that the phenomenon under examination MUST include some sort of internal feedback.  In the project ideas and proposal that you turn in, you should identify the specific lecture topic and readings that you intend to support with your model.

Keep firmly in mind that your goal in this project is to create a model that provides 101 students insight into dynamics related to topics covered in their course. ENVS101 is NOT a course in computer modeling. You therefore need to construct and document the model you develop so that students can use it without the burden of learning about STELLA or about the nuts and bolts of modeling. You should develop a "flight simulator" interface to make your creation user friendly (we will go over how to do this in class). 
E) Maximizing efficiency in Oberlin’s Living Machine (LM):

1.  The LM uses a UV light to kill pathogenic organisms as a final step in processing.  Water is periodically pumped from a holding tank outside of the greenhouse, through the UV filter, into a pressurized storage tank.  Water in the pressurized tank is then used to flush toilets in the Adam Joseph Lewis Center.  The way the system is set up now, when the pressure in the pressurized storage tank falls below a setpoint, pumps are turned on and the water moves through the UV filter.  During the vast majority of the day, however, the UV filter is “on”, but no water is being treated.  This setup wastes a substantial amount of energy.  Why not just turn on the UV filter whenever the pump is turned on you might ask?  The answer is that the UV filter needs to warm up for a period of time before it kills pathogens.  Another problem is that lamp life is reduced by some number of hours each time the UV filter is turned on and off.  A model could be used to help identify a management strategy that minimizes costs, maximize energy efficiency and keeps pathogens dead.  Stocks, flows, issues and data to consider: bulb life, bulb costs, storage tank capacity, band width of pressure regulation, energy costs, equipment costs, prior data on energy use, etc…

2.  Another source of energy loss in the LM are the blowers that provide air to mix and oxygenate the processing tanks.  We currently use what look like giant aquarium pumps to provide this air.  These units are fairly inefficient and operate 24 hours a day.  An alternative option would be to incorporate an air compressor and air storage tank.  It is conceivable that a well-designed system could take advantage of the energy produced by the photovoltaic panels to store air during the sunny portion of the day, and use it at night.  Stocks, flows, issues and data to consider: air flow rates, compressor size, storage tank size, energy costs, control strategies, biological activity, etc…
3.  Model water flow through the Living Machine system.  Model carbon metabolism, model nutrient removal.

F) Pulsing and productivity:

Generate a model that explores the effects of pulsed versus continuous input of resources on system productivity.  The system could be biological or otherwise (pulsed money input, pulsed nutrient input, pulsed affection, etc.).

G) Ecological interactions as selective filters and/or noise generators

This idea probably may take some deep thinking, but it is a great topic!  Start with simplest of dynamic models – Lotka-Voltera – and use modeling to elucidate the basis for emergent (i.e. "whole is greater than sum of parts") dynamics.  Question: Can we derive regular variability from random variability in a simple Lotka-Volterra model?
�Examples of reference format for bibliography/literature cited sections (for book section and for published paper):


Hubbell, S. P., and R. B. Foster. 1986. Effects of phosphorus on planktonic and benthic primary productivity in wastewater treatment lagoons. Pages 77-96 in M. J. Crawley, ed. Phytoremediation. Blackwell Scientific, Oxford.


Maynard Smith, J. 1966. Sympatric speciation. American Naturalist 100:637-650.





KEEP YOUR MODEL SIMPLE!!!


