CHAPTER

2

Defining the Problem

How can a university student solve a complex ecological economic problem in the course of a single semester?  As you probably see by now, the answer is simple:  You can’t.  The truth is, few serious problems we face today will be solved by any single individual or over a few months.  It will take teams of individuals over many months and years from different disciplines and viewpoints to satisfactorily define a problem, let alone solve a problem.  Our goal in writing this workbook is to help you work together in teams, communicate across disciplines, and contribute to a longer-term problem solving process.

While alone you can do little over the course of a semester, you can make a real contribution to solving important problems by working as a part of a team – both within and across semesters – and tying your work to a sponsor.  This chapter is designed to help you further define your problem, according to its available means, the characteristics and state of knowledge of these scare resources, and the human actors who bear the burden or receive the benefits of the current problem state or its eventual resolution.  Ultimately the understanding you gain from defining this problem and its actors will play a role in helping you to create a relationship with a sponsor, your next project step.

To help motivate discussion, we introduce a second problem-based learning case in which a student group studied the problem of wastewater management and took one small, but important, step toward a more desirable future.

[Case 2: Living Machines and Wastewater Management (including Figure 2.1)]
■
WHAT ARE THE AVAILABLE MEANS?

This question is at the very core of the pre-analytic vision of ecological economics, and its answer perhaps the single most important difference between ecological economics and neoclassical economics.  Consider Kenneth Boulding’s seminal article “The Economics of the Coming Spaceship Earth” first published in 1966, and his characterization of the cowboy vs. spaceman economy.  Boulding, a pioneer in ecological economics and, surprisingly, a former president of the American Economic Association, helped to lay the groundwork for thinking of economies in terms of “open” and “closed” systems.  Grimly aware of the laws of thermodynamics and the fate of what he termed the “cowboy” doctrine of limitless growth, he considered, “The closed economy of the future might similarly be called the ‘spaceman’ economy, in which the earth has become a single spaceship, without unlimited resources of anything, either for extraction or for pollution . . .”

How would the Hollywood version of a cowboy facing a seemingly limitless frontier face the central question of economics: The allocation of scarce resources amongst alternative ends?  Simple.  Face any problem that might come along with a one-size fits all solution: growth.  How would a spaceman, faced with vividly apparent limits to his physical environment and resources, face the same question?  His first step would be to allocate adequate resources toward sustaining his life support system – the structural integrity of the vessel, including its ability to supply oxygen, food, and water, and to process waste. Answering the question of means will shape the goal of sustainable scale – the integrity of your problem’s spaceship.  

Ironically, despite the fact that the residents of Conceicão de Macabu in Case 1 from the previous chapter are technically cowboys, they are now living in a spaceship economy.  For centuries the residents of this region expanded their economic output by clearing forest for commercial and subsistence use.  They considered the scarce resources to be land for grazing, a stock of cows, and the equipment needed to raise and milk cattle and to take the milk to market (once horses and buckets, now more often than not pickup trucks and milking machines).  The only opportunity of clearing forest they recognized was the labor involved.  Now, however, as field-course participants learned in their surveys, the farmers are learning that the forest captures the moisture laden sea breezes and transforms them into desperately needed water in the dry times.  The forest canopy breaks the erosive force of the rains in the wet season, and forested soils absorb the rain, preventing floods.  The forest purifies their drinking water, and cools the mid-day heat.  Tree roots dig deep, bringing up nutrients for their pasture.  The opportunity cost of clearing forest, measured strictly in terms of economic output, may already be greater than the benefits of more pasture.  The opportunity costs to the larger community are almost certainly greater.  Milking machines and pick up trucks have little value to farmers when hot days, bad water and nutrient poor grasses prevent cows from producing adequate milk.

For your problem, a good starting point to help answer the question of available means is to construct a resource web.  In ecology classes, students are frequently taught about food chains.  Phytoplankton gather energy from the sun.  They are eaten by krill.  Krill are eaten by squid, squid by penguins, penguins by leopard seals and leopard seals by killer whales.  Most classes then go on to explain that in reality there are food webs, not chains – krill are eaten by numerous species, squid eat more than just krill and are eaten by more than just penguins, and waste from all these species provide nutrients for other species, etc.  Such webs are generally connected by arrows representing energy flows.

In thinking about ecological-economic problems, it is also useful to build a resource web, but as you will see, this is far more complicated in an ecological-economic system than in an ecosystem.  Food webs generally focus on energy flows.  In an ecological economic resource web, we will focus on energy flows, the physical material flows (including waste), and service flows, including psychic benefits that humans derive from the process of converting low entropy matter and energy to high entropy waste.  While it seldom proves possible to draw a complete web, this exercise can provide some food for thought.

For example, in Case 2, the energy and material flows associated with centralized waste water systems are generally ‘out of site, out of mind’.  A resource web can help reveal the full ecological and economic costs of different waste management options, and can lead stakeholders and policy makers to make more intelligent decisions regarding their options.

EXERCISE 2.1

SKETCHING A RESOURCE WEB

The following steps will help you build out a resource web.  Keep it simple at first, gradually expanding the boundary and flows of this picture of your ecological economic system.  This exercise is best performed in a group with the aid of a blackboard, paper easel, or computer screen, but can also be sketched out on a pad of paper.  You can begin with your own problem or with that of wastewater management for your community.  The OceanArks web site (www.oceanarks.org) can provide much of the information necessary for decentralized waste water systems.  
1.
Physical Boundary.  To begin with, imagine a small subset of your problem around which you can draw a physical boundary.  If you are studying unsustainable resource use, you might choose a unit of the resource in the form it takes as it provides a service – a plate of fish, a wooden table, a tank of gas.  You might also choose a plot of land used for agriculture, industry, residential housing, or forestry.  If you are studying pollution, choose a physical area of the polluted system (e.g. the boundaries of the waste water system).  Keep it simple.

2.
Material Inputs.  With the physical boundary established, identify the material resources relevant to your problem that cross from outside this boundary to inside (in the case of waste water systems, this would include all of the materials required to construct them, the water required to make them work, and the sewage flows).  Where do these resources come from originally?  Where do these resources go when they cross the boundary? Where do they ultimately end up?  

3.
Energy Inputs.  What energy resources cross from outside to inside?  Where do they come from?  Similarly, where do these resources go when they cross the boundary? Where do they ultimately end up?  

4.
Economic Services.  What economic services do these material and energy flows provide, or in other words, how and why were they used? How long do they last in this use (e.g. food and fuels are consumed immediately, cars last for 15 years, and a building may last for centuries)?

5.
Waste Outputs.  What is the state of entropy of the resources as they leave the boundary relative to their state when they enter (again, for wastewater this would include the infrastructure after it has worn out, as well as the sewage flows)?  Inevitably, consumption turns resources into waste.  Where do they go when they become waste?  What is the impact of their waste?  Is the waste readily absorbed by the sustaining ecosystem?  If not, why not (i.e. are the wastes novel chemical compounds that are not readily biodegraded, or has the waste absorption capacity of the sustaining system been overwhelmed)?


Figure 2.2 • Resource chain

If you answer all these questions (and perhaps draw a figure illustrating these flows) you will have a resource chain, the equivalent of a food chain.  But things are not this simple.  In the real world of human values and scarcity, you must also consider the following:

6.
Opportunity Costs of Material and Energy Use.  Return to the material and energy resources that entered your system.  In their natural state, did they provide any services of benefit to humans or other species?  They almost certainly did if they were anything other than fossil fuels or minerals.  Even if the resources did not provide services in their natural state, did their extraction damage any systems that provided benefits to humans or other species?  It is difficult to imagine resource extraction that does not.  In addition, for each of the resources that flow into your subsystem, what other resources were required to acquire this resource and to transform it into a desired good or service (assuming some decrease in entropy indeed took place)?

7.
Opportunity Costs of Waste Production.  Now turn to the resources that leave the subsystem you defined.  Do they have any positive or negative impacts on the well-being of humans or other species after they leave?  Do they damage any other systems that provide beneficial services?

8.
Opportunity Costs of Physical System.  Now turn to the physical space occupied by the system you chose.  What was it before?  Did it provide any beneficial services in its previous state?  
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Figure 2.3 • Resource chain including opportunity costs

If you followed through each of the steps outlined so far for each of these resources, you would end up with an exponentially expanding web that might eventually encompass virtually all components of the economic-ecological system.  We do not expect you to carry out this last step, but do expect you to think about the implications.
[SIDE BAR: To get a rough idea of the total environmental impact of specific elements in your resource web, have a look at the Carnegie Mellon University Green Design Initiative, Economic Input-Output Life Cycle Assessment (EIO-LCA) Model, available from: www.eiolca.net.]
■
WHAT ARE THE CHARACTERISTICS AND STATE OF KNOWLEDGE OF THE SCARCE RESOURCES?
How scarce resources are allocated toward desirable ends depends on their physical, and ultimately, economic characteristics.  These characteristics include the distinction between stock-flow and fund-service resources, degree of excludability and rivalness, and the state of knowledge over their use and status.  The state of knowledge of scare resources and their use is also key to their allocation toward desirable ends.

Physical Characteristics

The distinction between stock-flow and fund-service resources is critical for a number of reasons.  First, as primarily complements to one another, stock-flow and fund-service resources have limited potential for substitution.  Second, many natural resources can be either stock-flows or fund-services, depending on how they are used.  Stock-flow resources can be used as fast as desired while fund-service resources provide their service only at a fixed rate through time.  Thus valuing the present more than the future favors rapid harvest of stock-flows at the expense of fund-services.  Third, stock-flow resources provided by nature are primarily market goods, while fund-services provided by nature often are not.  This means that natural fund-services are likely to be poorly allocated by in a market economy.

[SIDE BAR: A stock-flow resource is materially transformed into what it produces.  A fund-service resource suffers wear and tear from production but does not become a part of the thing produce.  See Ch. 4, pp. 70-72 in textbook.]
[BOX 2-1: CAN MONEY REPLACE A FUND SERVICE?]
To make this distinction, you will need to carefully define the specific value of the resource in which you are interested.  For example, under certain circumstances, water is a stock-flow resource.  Water used for irrigation or drinking can be used as fast as we want (or at least at any technologically feasible rate), can be stockpiled for the future, and becomes embodied in food and our very flesh.  However, water valued for habitat, recreation, transportation, or its beauty is a fund-service resource.  Similarly, soil as a physical substrate for growing plants is a fund-service resource. However, the minerals and nutrients in soil are stock-flow resources that are physically incorporated into food, and depleted at varying rates according to nutrient requirements of crops and agriculture management choices.  Forests as a source of timber are stocks, while as a source of climate stability are funds.  In yet another example, a diamond is a stock-flow resource when turned into jewelry, but the jewelry itself is a fund-service that provides beauty and status. 

[SIDE BAR: Biotic stock-flow resources are associated with the structural properties of ecosystems (e.g. the number, density, age structure, etc.).  Fund-service resources are associated with the functional properties of ecosystems (e.g. primary production, waste absorption capacity, climate regulation, nutrient cycling, etc.).  See Ch. 6, pp. 93-97 in textbook.]
Considering both the stock-flow and fund-service nature of the resources relevant to your problem can play an important role in solving it.  Do any of the resources relevant to your problem have value as both stock-flow and fund-service resources?  When examining potential solutions to problems, it is critical to consider what uses are bought and sold in markets, and what uses are most important.  For those resources with a dual stock-flow/fund-service nature, which values are bought and sold in the market?  Which values do you think are most important?  How do you think a profit maximizing firm would utilize the resource, as a stock-flow or a fund-service?  Problems frequently arise when markets are the dominant allocative mechanism for a resource, but profit-maximization ignores the most important values.

In Case 2, waste water is a stock flow, while Lake Champlain primarily provides fund-services.  However, riparian buffer zones along streams and rivers in the Mallett’s Bay watershed, and along the lake itself, can absorb and process much of these wastes – a fund service.  The trees in these buffer zones, on the other hand, can be harvested for timber, in which case they are a stock-flow resource.  One of the reasons that too few buffer zones remain is that they were harvested for timber in the past.  A profit maximizing firm or landowner is unlikely to replant riparian zones if he or she must shoulder all the costs, while the benefits are enjoyed by all.

However, a profit maximizing firm could look at alternative uses of the sewage itself, which is a stock flow.  If we could prevent non-organic matter (such as solvents, oil and other pollutants people dump down their drains) from entering the sewage waste stream, then compost the sewage at high enough temperatures to kill the bacteria, we could create organic fertilizers or feed stock for living machines.  Living machines do little to reduce phosphorous, and even organic fertilizer can run off into the lake as phosphorous and nitrogen, but so do the chemical fertilizers that this compost could replace.  Profit maximizing firms can help to solve problems, as well as cause them.  Unfortunately, when problems arise from the misallocation of unregulated, non-market resources, profit driven solutions will be incidental, not intentional, and that is rarely enough.  

Economic Characteristics

Resources can also be categorized by their economic characteristics.  Most relevant to the allocation problem is their degree of excludability in ownership and rivalness in consumption.  If a resource is non-excludable, you can use it whether or not you pay for it, so most people won’t pay.  The market therefore will not provide it.  When a resource is non-rival, an additional person using it imposes no costs on society, while the individual benefits.  As a positive price will lead people to consume less than they would like, charging for such goods is inefficient.

In the context of Case 2, the waste absorption capacity of the lake and other ecosystems is rival – if I use it, there is less capacity left for you to use.  Waste absorption capacity is increasingly excludable as well – there are fewer and fewer places where people are free to dump their pollution.  This means there is a potential for markets in waste absorption capacity.  However, fund-services provided by Lake Champlain are largely non-excludable (at least on public beaches) and non-rival.  Markets in these services will not be efficient even when the lake can be made excludable.  We’ll spend a lot more time talking about these characteristics later on, but for now it’s enough that you are able to correctly apply these labels to the resources relevant to your problem.  

[SIDE BAR: An excludable resource is one whose ownership allows the owner to use it while simultaneously denying others the privilege.  A rival resource is one whose use by one person precludes its use by another person.]
State of Knowledge

The state of knowledge of the use and status of a resource is critical to its description.  Sometimes, we lack knowledge simply because no one has bothered to gather data.  We tend to collect data only after we see a problem, but in the absence of base-line data it is often difficult to establish that a problem exists, or to know if it is getting worse.  This is a problem in Mallett’s Bay, where there are inadequate records of coliform bacteria counts to establish a trend.  In many cases, however, no matter how much data we have, we will never achieve certainty (and even when people are certain, they are often wrong – people used to know the earth was flat, and the sun orbited around us).

As we described in the introduction, there are three degrees of unknowns.  Risk occurs when we know the possible outcomes and the probabilities of each, for example if we collected enough data, we could estimate the likelihood of bacteria levels forcing a closing of the beach in Mallet’s Bay.  Uncertainty occurs when we know the possible outcomes, but not the probabilities of each.  This can be due to lack of data, or the nature of the problem itself.  For example, in ten years we can be pretty sure that Colchester will be using decentralized septic systems, a traditional centralized sewage system, composting, or some variation of a living machine to process its sewage, but we can’t assign meaningful probabilities to each.  Ignorance occurs when we don’t even know the possible outcomes.  What technologies will be available to process sewage in 50 years?  We don’t know the answers to such questions, and so values must play the pivotal role in decision making on this issues.

EXERCISE 2.2

RESOURCE CHARACTERISTICS AND STATE OF KNOWLEDGE

The best way to understand the significance of distinguishing between stock-flow and fund-service resources, the degree of excludability and rivalness, and the state of knowledge over their use and status, is to apply the concept to the resources associated with your problem, or if you prefer to the problem of waste water management.  Return to the most important resources you included in your resource web from Exercise 2.1, or simply make a list of some of the most important resources relevant to your problem.  To successfully complete this exercise, you will need to explicitly define the use of each resource – for example, water for drinking must be treated as a different resource than water for swimming.  For each resource, ask the following questions:

Stock-flow and fund-service distinction

· Is the resource provided at a fixed rate (fund-service), or is it used up at a human-defined rate (stock-flow)?

· Can the resource be stockpiled for use in the future (stock-flow) or is it impossible to stockpile (fund-service)?

· During use is the resource physically transformed into something else, becoming embodied in the final product (stock-flow)?  Or is it not transformed into what it produces (fund-service)?

· Is the resource used up (stock-flow) or worn out (fund-service)?  Note that many fund-service resources provided by ecosystems are continuously renewed through solar energy, and thus are neither used up nor worn out.  Also, many fund services are used up or destroyed unintentionally.  For example, farming causes erosion, which uses up our topsoil, but erosion is not a desired part of the production process, and the eroded soil is not incorporated into the plants being produced.  The ozone layer can be destroyed, but it is not use that destroys it, so it is not ‘used up’.

Excludability

· Do laws or institutions currently exist that make the resource excludable?
· Is it possible to conceive of laws, institutions and/or technologies that could make the resource excludable? 
· Could we come up with a new bundle of property rights that would make some uses of the resource excludable while leaving others non-excludable?
Rivalness

· If one person uses the resource, does it affect the quantity or quality of the resource left for someone else, that is, is the resource rival or non-rival?

· Does use of the resource in this generation affect the ability of future generations to use the resource?

State of Knowledge

· Does adequate baseline data exist? 

· Do we know the possible outcomes?  Would we if we had more data?

· Do we know the probabilities of the outcomes? Would we if we had more data?

As you answer these questions on the characteristics of the resources in your problem, tabulate your findings in a table such as the following.  Rows are the individual resources, and columns are their characteristics and the state of knowledge of their use, condition, and future.  Hang on to this, as it will be helpful for future exercises.

	
	Characteristics
	State of Knowledge

	
	Stock-

Flow
	Fund-

Service
	Exclud-ability
	Rivalness
	Certainty
	Risk
	Un-certainty
	Ignorance

	Resource


	
	
	
	
	
	
	
	

	Resource


	
	
	
	
	
	
	
	

	Resource


	
	
	
	
	
	
	
	


Table 1.1 • Summary of resource characteristics and state of knowledge

■
WHO RECEIVES THE BENEFITS AND WHO THE BURDENS?
What is or isn’t a problem is often a matter of perspective.  Ecological economic problems generate both costs and benefits, and typically their distribution both within and between generations are unequal.  The benefits often outweigh the costs for the agent who captures the benefits, and the opposite is true for the agent who pays the costs.  Sometimes the costs fall on people downstream, downwind, or generally far away.  For instance, acid deposition caused by internal combustion engines.  Costs may also fall on future generations, for instance, global climate change caused by the same engines.  Sometimes, people are poorly informed, or there is debate over the actual costs.  In other cases, people just have different opinions about what is desirable.  Identifying the distribution of costs and benefits for your problem of study will help determine who considers the problem to be a problem, as well as their strength of conviction.  This can also help identify stakeholders and potential sponsors for your work (the next project step).

A good starting point is to assess resource use over time (temporal trends).  Temporal trends determine intergenerational distribution.  Figure 2.4 illustrates potential trends applicable to resource use and the benefits and costs that use creates.  
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Figure 2.2 • Possible Resource Use Time Trends.  Exponential growth characterizes human use of many resources, but is not possible indefinitely in any finite system.  If growth slows before reaching social or ecological thresholds, we may see a pattern of logistic growth followed by a steady state use, as is called for by most ecological economists.  If growth exceeds thresholds, we risk the danger of a crash, which for some resources may be followed by renewal, a return to over-exploitation and a subsequent crash, to be repeated in a cyclical pattern.  

Next, assessing resource use over space (spatial pattern) helps determine intragenerational distribution.  Spatial pattern can similarly be classified into categories, illustrated in Figure 2.5 as random, hot spot, corridor, and repeated pattern.  In the case of transboundary benefits and burdens it’s necessary to further identify sending and receiving units of the benefits and burdens.  For instance, in transboundary pollution issues such as acid rain between nations, who sends the burden and who receives the burden are important.


[image: image3]
Figure 2.3 • Possible Resource Use Spatial Patterns.

By understanding temporal and spatial resource use, benefits, and burdens, you may be able to further delineate distribution by classes of individuals.  For instance, populations can be divided into equal fifths (quintiles) and described by certain characteristics.  Figure 2.6 illustrates four potential distributions, including equal, top heavy, bottom heavy, and middle heavy.  Quintiles might be characterized by income, wealth, or access to social, human, natural, or built capital.  These characterizations – informed by temporal trends and spatial patterns – can give a clearer picture of who considers the problem to be a problem.
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Figure 2.4 • Possible Distribution of Burdens or Benefits of Resource Use

As in most ecological economic problems, the distribution question in Case 2 is complicated.  First, there are numerous distinct pollutants associated with waste water.  In freshwater systems, two that are particularly problematic are bacteria and phosphorous.  Leaking septic tanks contribute to both.  In this example, Mallett’s Bay of Lake Champlain (the sixth largest freshwater lake in the United States) has been repeatedly closed to swimming due to high bacteria counts.  Other beaches in the region have been closed due to toxic algal blooms stimulated by phosphorous emissions.

However, in the absence of baseline data and regular monitoring it is difficult to describe trends of bacteria levels in the bay.  Even if trends were established, it would be hard to say where the bacteria comes from – cows, dogs, boaters, or leaking septic systems.  Septic is a prime suspect.  Record numbers of septic systems are being installed in the urbanizing community of Colchester, Vermont.  In the absence of a central sewage system, the impact of new household septics will be felt in the future as they begin to wear out.  The early part of logistic growth (increasing at an increasing rate) of pollutants from leaky septic systems may be on the horizon.

The spatial pattern of the problem is easier to describe.  A variety of randomly located non-point sources drain into Mallett’s Bay, which becomes a hot-spot of contamination.  The burden of the problem falls mostly on those who use the bay.  Land values are much higher near the lake, which suggests wealthy people would be the most affected.  However, wealthy people also have an easier time moving or traveling to areas with less contamination.  Some lower income people, particularly recent immigrants, depend on lake fish as a source of food, and they presumably suffer the worst impacts from pollution.  Businesses dependent on water sports and tourism are also likely to suffer.  A more complete discussion of the distribution problem would look at phosphorous emissions (which have a different dynamic) and consider who pays the costs of septic vs. central sewage vs. living machines.  

The group that you approach to sponsor your project will often be one that is working with and understands the interests and needs of the people who are bearing the burdens of a problem.  The group may also be one that has the political clout to help you get something accomplished.  You may have to educate that group on the resource web and how it works to the benefit or detriment of their constituents.  On the other hand, the group with whom you work may be an expert in managing the resources you’ve described, and you may then have to educate them about the burdens and needs of the people affected by the problem.

EXERCISE 2.3

SOCIAL CONSTRUCTION AND POLITICAL POWER

Identifying temporal trend, spatial pattern, and distributional consequences is a good starting point to answer the question posed in this section.  A useful exercise is simply identifying which graph in Figures 2.3, 2.4, and 2.5 best characterizes your problem.  Here we provide an additional exercise drawn from political science to examine the role of public perception and the distribution of political power when explaining the possible reasons behind these resource trends, patterns, and distribution.

Political scientists often work with a framework called social construction.  Essentially, this asks the question of how the public perceives a particular group that may be affected by or affect your problem of study.  Imagine a continuous scale from negative to positive social construction.  Some groups have been historically negatively constructed, such as convicted felons, politically unpopular positions, or racially profiled groups.  Other groups have been perceived positively by public sentiment (positively constructed), such as working mothers or World War II veterans.  These perceptions often change.  For instance, public sentiment of Vietnam veterans changed dramatically throughout combat and ever since.  Business tycoons are another group that waxes and wanes in the public eye.

At a particular moment in history, combining social construction with an assessment of political power can be a powerful tool for explaining resource use and who receives the benefits and burdens of public policy.
  A group with positive social construction and significant political power is better able to position itself to receive benefits and avoid burdens.  These groups are labeled advantaged (e.g. World War II veterans).  The opposite is true for groups with negative social construction and little political power, labeled as deviants (e.g. convicted felons).  Contenders include groups with dubious social construction, but strong political power (e.g. business tycoons).  And finally, dependents are groups with positive social construction, but who lack political power (e.g. working mothers).


Figure 2.7 • Social construction and political power
For your problem, can you characterize the degree of social construction and political power for the various groups affecting or affected by the problem?  Locate each group within a four quadrant graph such as Figure 2.7, demonstrating where along these continuums they currently exist.  Has this historically been the case?  How have past interventions (public or private) created either benefits or burdens for each group?  Is this consistent with how they are socially constructed and politically empowered?

Project Step II

Contacting and Contracting with a Sponsor

In Project Step I you described your project, organized a working group and brainstormed potential sponsors.  Your task now is to actually contact your potential sponsors and find one willing to work with you.  You must then develop a contract between your group and your sponsor that lays out expectations on both sides.  Ideally, this contract should spell out a win-win situation, in which your sponsor provides some combination of orientation, professional experience and project continuity in exchange for your assistance with their efforts.

Choosing and contacting a sponsor

Return to your list of  potential sponsors.  Your task now is to contact each of them, beginning with those you think are the closest match, and make your pitch.  It may be easiest to do by e-mail, and this has the advantage of getting group agreement on the message you send.  However, a personal visit or phone call can often prove more persuasive and, at the very least, should be used as a follow up to an ice-breaking e-mail.  As you work on this, it may be helpful to fill in the following table – a minor alteration on the table from Step I.  For “status of contact” we suggest the following categories: 

1. Agreed to work with us!

2. Is considering a partnership

3. Does not want to work with us

4. Has not been contacted

	Name of organization
	Contact information (address, phone #, e-mail, contact person)
	Description of your desired project tailored to mission of potential sponsor
	Status of contact: 

	1
	
	
	

	2
	
	
	

	. . .
	
	
	

	. . .
	
	
	

	. . .
	
	
	


The Contract

Once you found a sponsor for your project, you will need a contract.  The contract is between you, your sponsor and your professor.  The more specific the details, the better – though in reality projects often change as you work on them.  It is better to deliver more than you promise then less, so do not overestimate what you can accomplish.

We suggest the following simple template for a contract:
PROJECT CONTRACT

Group Information (from project Step I)

	
	Full name
	Email
	Major & year
	Meeting times

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


Sponsor Information

Sponsor’s name: 


Contact person:

Sponsor’s phone number: (       )         


Sponsor’s address: 

Project Concept
A 3-5 sentence description of the problem.  This should evolve from your project description in Step I, following discussion with your sponsor.

Group Obligations

A short description of what your group will contribute to solving the problem, clearly defining what you will deliver to your sponsor.

Sponsor Obligations

Describe your sponsor’s role in facilitating your research, which may be nothing more than help in defining the problem and agreeing to provide your and your professor with a brief evaluation of your work.

Time Line

When you will accomplish important tasks or milestones, and when your final communication will be handed in.  Project steps should be included among your tasks.  Here’s an example format:

	
	Week

1
	Week

2
	Week

3
	Week

4
	Week

5
	Week

6
	Week

7
	. . .
	. . .
	. . .

	Task 1
	
	
	
	
	
	
	
	
	
	

	Task 2
	
	
	
	
	
	
	
	
	
	

	Task 3
	
	
	
	
	
	
	
	
	
	

	Task 4
	
	
	
	
	
	
	
	
	
	

	  . . . 
	
	
	
	
	
	
	
	
	
	

	  . . . 
	
	
	
	
	
	
	
	
	
	

	  . . .
	
	
	
	
	
	
	
	
	
	


CASE 2

Living Machines and Wastewater Management

Mark Keffer

Vermont is a largely rural state, and as such, there are many communities that use septic systems rather than centralized sewage treatment.  During a semester long course in ecological economics, a group of students wanted to do a project on the use of alternate wastewater treatment systems.  A common perception in Vermont is that a centralized sewage system provides better water quality for homeowners.  However, centralized systems have many external costs, including ecosystem service degradations to the surrounding environment that are often ignored, including:
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Figure 2.1 • A living machine cleaning water (www.oceanarks.org)

· Effects of miles of piping and infrastructure necessary to install a centralized system.

· Degraded water quality that would be delivered to a watercourse after treatment in a centralized system.

· Operations and maintenance costs of the centralized system.

· Loss of responsibility as centralized systems removes the burden of waste removal from the individual, and places it on the municipality.

· Changes to real estate value as a result of degraded septic systems.

The student group suspected that social attitudes towards septic systems, centralized systems, and alternate forms of wastewater treatment would make a large difference in a community’s willingness to accept changes and alternate systems.  

One of the technological solutions they identified was the use of Living MachinesTM, which use the organisms naturally found in ponds, marshes and meadows together with gravity, sunlight and a minimum of other inputs to purify waste water --and in many cases produce valuable side products. This led to the design of a project that would answer the following questions:

· What are the levels of ecosystem degradation that occur with centralized systems, as compared with alternate systems?

· What social factors in the community were likely to lead to acceptance of alternate wastewater systems?

· How do the costs of alternate systems compare with centralized systems when ecosystem services are taken into account?

An initial identification of stakeholders in this project included homeowners, town planners, and experts in the field of wastewater management.  As the project developed, the group decided they would be able to make little headway on such a complex task, and without a sponsor to continue their work their efforts would be in vain, at which point they decided to focus efforts on a grant proposal which would enable them to continue their work.  Fortuitously, in the process of writing their grant, the group found sponsors working on a similar project, and adapted their efforts to meet the needs of these sponsors.  The grant proposal, through various collaborations with other professors, eventually gained funding and became a bona fide research project, involving the Gund Institute for Ecological Economics at the University of Vermont, the Green Mountain Institute for Environmental Democracy, and the Rocky Mountain Institute.  The central task of the project is to design strategies for educating stakeholders on the issues of wastewater management and for involving them in the decision making process. 

BOX 2-1: CAN MONEY REPLACE A FUND-SERVICE?

Money is a medium of exchange, a unit of account, and a store of value.  In modern society, it is virtually impossible to survive without.  It is the symbol of wealth and value, and used by economists as a common denominator to compare virtually anything.  However, unlike real physical wealth, money has seemingly miraculous properties that defy the laws of physics – it can be created and destroyed, and grow without limit.  In ecological economic problem-solving, an important question is often:  Does money function as a medium of exchange, unit of account, and store of value for the resources, costs, and benefits associated with your problem?

Consider the distinction between market and non-market goods.  By definition, non-market goods are not bought and sold, and thus money does not function as a medium of exchange.  Does it make sense to measure the value of these non-market goods with money, serving as a unit of account?  This relates in part to the substitution issue.  Can you think of substitutes for some of the non-market goods associated with your problem?  Are those substitutes market goods, whose value can be readily measured by money?  If the value of an adequate substitute can be measured by money, then perhaps it is reasonable to use money as a unit of account.

If money is inadequate as a unit of account and a medium of exchange, can it also function in any meaningful way as a store of value?  Even if money is not a substitute for a fund-service resource, it is sometimes possible to invest money in the replacement of that resource. For example, if a forest is clear-cut, as long as no irreversible damage is done, it is possible to replant the forest.  Is the cost of reforestation in this case an upper limit on the exchange value of the forest itself?  Money can be stored then invested in reforestation in the future.  Is it therefore a store of value?  

A forest as a fund-service produces benefits as a flow over time.  During the time the fund-service is gone, so is the flow of benefits, and it may take decades to centuries before a restored forest provides the same fund-services it did before it was harvested.  A stock of money therefore cannot serve as exchange, account or store for the values of a fund-service. 

But money can be invested to accrue interest, and in this capacity has properties similar to a fund-service.  If money can be used to replace a resource, and if it ‘grows’ at least as fast as the resource, does it not therefore retain its three functions?  It is arguments such as this that confuse people about the real nature of money and lead to the fallacy of misplaced concreteness (see Ch. 2, pp. 30-33 in the textbook).  Ecosystem fund-services capture energy and create more low entropy, more real value.  Money is merely a symbol of real value.  As long as the economy is growing, as long as more desirable low entropy is being created, money too can ‘grow’.  If money grew but real goods and services did not, we would have more money chasing the same amount of goods and services, which would simply cause inflation.  When we degrade ecosystem fund services, we reduce the rate at which low entropy is being created, ultimately reduce the amount of goods and services we can produce, and therefore reduce the rate at which money can grow.
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