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Abstract


“The Tragedy of the Commons” by Garrett Hardin is a classic of modern environmental literature. It describes dynamics between people who all have access to a shared resource. In this article, Hardin describes the inevitable overuse of a shared resource caused by the discrepancy between any given user’s incentive to use the resource, which they reap in full, and his/her comparatively small share of the related losses, which are distributed among all users.  This model will provide you with the opportunity to see the Tragedy of the Commons in action, using two “commons” scenarios: a poker chip game and grazing on a shared pasture.  In the poker game model, you are a single player and must decide how to maximize your personal gain.  The model will alsoUsing the pasture model, you become a policy maker and can eprovide the opportunity to xperiment withapply the education and taxation to explore the merits and limitations of each strategy in preventing overuse. The objective of this model is to provide you with a solid understanding of the way The Tragedy of the Commons plays itself outin real world situations and to help you interactively investigate several possible methods for bypassing the tragedy. 

Background 

The tragedy that Hardin the Tragedy of the Commons describes is one that occurs when many people have rights to the use of a shared (or “common”) resource, such as a pasture for grazing cattle. Any given farmer has a large positive incentive to add additional cows to the pasture since he/she will reap all of the benefits from each cow (money from selling the meat or milk, etc.). Although the pasture will be slightly degraded as each new cow is added, this degradation will be borne by all farmers equally. Thus, to maximize personal gain in the short-term, a rational farmer will continue to add cows to the pasture forever which will eventually result in destruction of the resource for all. This is the Tragedy of the Commons.

Many authors have responded to Hardin’s seminal work and offer their own interpretations of the problem and pose alternative solutions.  In addition to “The Tragedy of the Commons,” you read two other essays that expand on the tragedy: “Struggle to Govern the Commons” by Thomas Dietz et al. and “Social Traps and Environmental Policy” by Robert Costanza.  You may recognize the poker game from Costanza’a article.  


Modeling provides valuable insights into the patterns that evolve as a result of use of a common resource over time. Your ability to graph the amount of the resource remaining and the number of cows being added to the area puts into stark relief the nature of the tragedy as it unfolds. Using this model, you can conveniently tweak the scenario, observe changes, and investigate the effectiveness of various proposed solutions to the tragedy. 

Instructions:


This model uses a hands-on approach to introduce you to the Tragedy of the Commons. Begin your journey in the Flight Simulator portion of the model, which will walk you through five exercises exploring shared resource use.


Exercise 1 introduces the rational poker game referenced by Costanza which will show you the psychology of the tragedy in action. In this game, five people can choose to take between 1 and 3 poker chips per turn from a central pot. At the end of each round, the number of chips is replenished in proportion to the number remaining in the middle. This exercise pits the rational urge to take as many chips as possible right away against the long-term desire to sustain the central pot. In this scenario, all other players take 3 chips per turn, rationally trying to get as many chips as they can before the other players take more than their "fair share." You will be able to Iinvestigate how many chips you should take per turn to maximize your personal gain.  


Exercise 2 shows how this rational psychology can result in tragedy when it is implemented in the real world. What happens if each farmer tries to maximize his/her personal income by putting as many cows as possible onto a shared common field? Does this really result in maximum profit over the long term? To see how this situation plays out, follow along as the model tells the story.


Exercise 3 is a return to Costanza’s poker game, although this time each player takes 1 chip per turn instead of 3.  Investigate how many chips you should take in order to maximize short term profit and long term profit. 


In Exercise 4, it’s back to the cow pasture! The exercise explores an unregulated commons in which the farmers have varying degrees of social consciousness. Some decide to stop adding cows to the commons almost as soon as productivity on the commons begins to wane, and others will continue adding cows until there is no commons remaining. You will have the ability to Aalter your degree of social consciousness and observe what level will result in the greatest profit.


Garrett Hardin argues that “mutual coercion, mutually agreed upon” is the only satisfactory strategy for avoiding the tragedy, and he suggests taxes as one form of such coercion.  Exercise 5 adds regulation in the form of taxation. This is a form of “mutual coercion, mutually agreed upon” of which Garrett Hardin is so enamored. In this exercise you will have the ability to raise and lower Imagine you are in charge of creating a tax schedule which will allow farmers to make a profit while protecting the long-term health of the commons.  Use the graphical function to change the tax schedulea tax rate per cow and view the results., both in terms of profits and in percent of commons remaining.  What type of tax schedule most satisfactorily protects the commons and generates revenue for farmers?

Questions

For Exercise 1:

1. When everyone else takes three chips per turn, how many chips should you take to maximize the number of chips that you have? What choice would leave you with the fewest chips?

For Exercise 2:

2. What happens to the Commons if every farmer tries to maximize his/her personal gain by putting as many cows as possible onto shared land? 

3. Do you think the rational solution of putting as many cows as possible onto the Commons really results in the most income in the long run? Why or why not?

For Exercise 3:

4. In a poker chip scenario in which each other player takes one chip per turn, how many poker chips should you take to maximize your short term chips?

5. How many chips should you take per turn to maximize your long term chips?

6. Do you get more chips total when maximizing your number in this scenario or in the rational situation described in Exercise 1? 

For Exercise 4: 

7. When farmers have varying degrees of social consciousness (in other words, some farmers stop adding cows to the commons as soon as visible degradation to the resource occurs while other keep adding cows until almost the entire commons is gone) does it pay to look out for the long term? Do you get more profit if you are socially conscious or if you cram as many cows as possible onto the commons?

For Exercise 5:

8. What rate of taxation do you think is best to both provide high profits for the farmers and insure that the commons stays healthy for the long haul?

Additional questions:

9. Do you think education or taxation is the more effect counter to the Tragedy of the Commons?

10. What are examples of some other solutions that haven’t been explored here?

11. Dietz suggests “complex, redundant and layered institutions” to combat the tragedy of the commons.  How could you combine several strategies to create a more effective system of prevention?

Conclusions


The Tragedy of the Commons describes a very real problem. Our water, air, scenery, and many other common resources are feeling the pinch due to the short-term rational psychology that has been explored in this model. Understanding the way the Tragedy works and investigating ways to counteract it is vital if we are to maintain the health and longevity of shared resources. 
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Summary Report

Alyson Dame, Lyrica Hammann, Greg Teves

Environmental Systems Modeling, Spring 2004


We created several models as part of our construction of a heuristic model for the Tragedy of the Commons. Each of the models focuses on a certain aspect of the tragedy or its proposed solutions, making it easier to create specific lessons that will teach users about the Tragedy.  In the poker game, the user explores the decision making process which leads to overuse by taking on the role of an individual player/farmer in the commons system.  In the cow pasture model, the user acts as a policy maker to investigate solutions to the tragedy of the commons.  In many of our models, we allow the user to change pivotal numbers with a slider or draw-on graph pad to provide them with direct understanding of various scenarios that result from decisions that farmers could make. 


For all models that deal with grazing on a common pasture, we used a simple logistic equation to model the growth and death of grass. To add realism, we also created a gradient equation to simulate the change in carrying capacity due to varying amounts of cattle on the commons. As the number of cows on the commons grows, the commons’ ability to support cows declines.  In the first cow pasture model, we used abstract numbers to represent marginal gain and loss. These numbers were modeled after the mathematical example given by Hardin where an additional cow brought +1 for its owner, and an equal amount of loss (-1) was distributed throughout.  In the cow model with tax, gain and loss was represented monetarily through a constant cow revenue “cow-efficient” and taxes paid.


Greg, Alyson, and Lyrica worked together on the basic construction of all parts of the model. We each sought out and read primary literature that added to our understanding of the Tragedy of the Commons and proposed solutions to the tragedy. We discussed what we had read and worked a lot of it into our model.  “The Tragedy of the Commons” was used as a starting point, and we drew the example of a cow pasture from Hardin’s work.  We used Costanza as a source for information about the poker game experiment.  Also, our decision to have “K” decrease was inspired in part by his comparison of the tragedy to a set of bad road signs and the related observation that a “wrong turn” is often hard to correct.  Dietz was considered and acknowledged, but we ultimately decided that creating “redundant” systems and addressing the political question of where regulation comes from (top-down vs. bottom-up) was beyond the scope of our model.

When the model was closer to being finished, we split up the work a bit. Lyrica worked on the write-ups and the flight simulator, Alyson went to town on the Powerpoint, and Greg completely redid the tax model so that it functioned correctly. We then met up again to tweak the model and presentation and make sure that everything was working well.  



Model project grading criteria for heuristic models (From syllabus):

Documentation and summary report (3-5 pgs of text total):

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

· Abstract: One paragraph summarizes background, approach and learning objectives of the exercise. Yes
· Background: Sets context for the model. Briefly reviews the topic, citing related literature. Describes how/why modeling provides a useful approach. Clearly describes objectives.

· Good job.  You might mention other examples of situations governed by tragedy type dynamics. Complete citations should be included (author and year)
· Instructions: Provides a step-by-step description of how the intended audience should use the model. Describes simulation scenarios. 
· The nuts and bolts of how to use your model need a bit more explanation – students would not know what a “flight simulator” is, nor would they know to hit the run button; the model could be made more intuitively interpretable (e.g. with a run button) and the instructions could be more specific.  I think it might be very hard for students to understand the manipulation of the tax schedule.  For the poker chip exercise, it would be interesting to allow students to change their strategy after each round – e..g have Stella stop between each round and allow students  to adjust their own strategy as in the daisyworld simulation model.  Also interesting would be to build and algorithm in that has each player make decisions based on the action of other players.  In your scenario, the other players always take three chips.  This is kind of a worst-case scenario of human behaviour – I realize you do a different one later, but it might be misleading to assume undesirable behavior at the outset.  In general, you need to describe more of the assumptions built into your scenarios (e.g. how other rational units are programmed to behave).  I really don’t think an ENVS101 student, with no modeling background, would be able to make much sense out of your “view the model button”.  Much more detailed explanation of the gauges and dials and “tax schedule”. 
· Questions: Pose a set of questions that stimulate your intended audience to accomplish your learning objectives and that assess whether they have done so.

These are generally good questions.
· Conclusions: Summarizes the significance of the exercise. Might have said a bit more about how these exercises relate to common experiences in the lives of students.
· Literature cited: Use literature cited format of American Naturalist. Yes
· 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. Yes, but see comment above under instructions – model could be made a bit easier for a novice to use and interpret.
· Summary report: a 1-2 page 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.

Oral report: 

· Background: Provides information necessary for a peer to understand subject under investigation, the question addressed, its importance, research/teaching objectives, target audience.  Yes
· Methods: Describes the modeling approach used to address the question. Yes
· Results/discussion: Presents findings, discusses implications. Yes
· 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.).  Excellent presentation.  Graphics were compelling and structure of talk was well organized.  Greg and Alyson both did a fair amount of talking with their eyes directed towards the image on the screen which is not as engaging as communicating directly to the audience.  But overall, very nice work.
Lyrica, Greg and Alyson:

This is a great start on tragedy of the commons models for ENVS101!  Seem like you had a fun time working on it as well.

