CHAPTER

9
Changing the World
Ecological economics is not something its practitioners pursue for pure love of knowledge.  It is instead goal oriented, and the over all goal is to create a more sustainable, just and desirable world.  Allocative efficiency is a high order means to those ends.  “Realists” may accuse us of naiveté and idealism, but we are certainly no more naïve and idealistic than the first political philosophers who proposed democracy in an era of emperors and despots, or the first abolitionists who fought for the end of slavery, which had existed since recorded history began.  From our point of view, the ones who are truly naïve are those who think a sustainable, just and desirable system will emerge without concerted efforts at changing our current path.  Equally misguided are the mainstream economists who think we can achieve these goals by extending the market system to encompass all the goods and services provided by nature.

Until now, we have tried to guide you through the process of contributing to the solution of a particular ecological economic problem.  We expect you found the process quite challenging.  We certainly found it challenging to develop this guide, especially since our basic premise has been that the problem determines the appropriate approach, and there is no one-size-fits-all method for solving problems!

Nonetheless, we are concluding this workbook by introducing a far greater challenge.  So far, we have just asked you to contribute to a potential solution.  Now we challenge you to extend the ecological economic paradigm to help change the world throughout your lives.  This begins by preparing a proposal that outlines the steps required to move from your current problem state to a sustainable, just and desirable future.
This concluding chapter begins with a brief summary of ways to intervene in a system, as suggested by Donella Meadows – nine leverage points from which you can force system change.  We have already introduced you to a number of these, but here provide more detail, and use examples from the case studies to illustrate our points.  Once you know where to apply the pressure, we then examine some basic principles for designing effective policies to move some of those levers, referring again, where possible, to our case studies.  Finally, we outline the basic steps required to pass your work back to your sponsor in a form that facilitates continuity and suggests a path towards a desirable future.
■
HOW CAN YOUR WORK HELP CHANGE THE WORLD?

In Chapter 1 we introduced Donella Meadow’s discussion of leverage points, key places to intervene in a system where a little pressure can lead to big changes.  The reason we undertake systems analysis in ecological economics is precisely to discover these points so that we can bring about the desirable change.  If you followed our advice, your group was working as part of a larger team and on a subset of the problem, maybe one or two leverage points.  But you also spent a lot of time trying to see the big picture, the whole system.  This has left you in a strong position to identify other leverage points where your sponsor or future teams (including teams you organize or participate in throughout your life) could apply pressure.
Numbers

What Meadow’s considered the least powerful leverage point (but often still quite useful) is playing with the numbers, changing the parameters in a system.  It is often the easiest leverage point to move, but alone is often inadequate to solve a system-level problem.  It is one of the leverage points frequently tackled in the case studies we present, and the one most frequently tackled by your average economist.  As we write this text in the spring of 2004, we are seeing a near daily change in a key number in our petroleum-based society – the rise in gas prices.  Yet there is little impact on people’s driving habits, on their purchase of gas guzzling cars or on the war in Iraq.  

Numbers can be a powerful leverage point however when a system is nearing a threshold, where a small shove in the wrong direction could send it toppling over the edge.  The Atlantic Forest, the subject of the workshop described in Case 1, may be nearing a threshold beyond which continued replacement of moisture-capturing forest by fire-prone grasses may lead the system to flip from forest to grassland: continued expansion of farmland threatens to exceed sustainable scale.  The result of this workshop was a change in numbers – the amount of land in conservation area.  But at the dynamic edge of this system, locking sufficient land in conservation areas could potentially retain enough moisture in the system to prevent irreversible change.
Material Stocks and Flows

Changing material stocks and flows, or the plumbing of a system, can be more effective than changing numbers, but can also be a lot harder. Case 3 focused on the problem of urban sprawl.  Urban sprawl is tightly linked to the plumbing of the system, the road network that facilitates it.  People are unlikely to live far from where they work, shop and recreate if there are no roads to take them to those places, but build the roads and they will come.  This is why building bigger, faster roads is not a solution to congestion.  The better roads can induce more and more people to move to the suburbs, until congestion returns.  Changing the plumbing means getting rid of the roads, relocating homes near jobs and shopping, and making society less dependent on single occupancy vehicles.  But once the plumbing of highways and cars is in place, it is a sunk cost, and likely to remain there for decades.  Reversing urban sprawl is extremely difficult in the short term and hugely expensive.  Halting new urban sprawl is much easier than undoing it, but requires different levers, as we describe below.  
There are times however when stocks can be particularly powerful leverage points: When they function as buffers.  Buffers are those factors in a system you identified in Chapter 6 that absorb changes from active factors without passing them on to others.  The mangrove ecosystems described in Case 6 are a fine example.  A mangrove forest absorbs waste runoff from terrestrial activities and shrimp aquaculture, reducing the impacts on coral reefs and near-shore waters.  They buffer nearby towns from the force of storms and storm surges.  Increasing the stock of mangrove ecosystems could dramatically reduce the negative impacts of shrimp aquaculture.
Regulating Negative Feedback Loops

Feedback loops were explicitly addressed in Chapter 6.  A point that bears stressing with negative feedback loops is that they must be strong enough to address the impact they are designed to correct.  This takes us back to the example of rising gasoline prices we discussed above in the context of numbers.  In a market economy, prices function as a negative feedback loop.  One driver of urban sprawl is the fact that property values generally fall as one moves farther away from the city.  But the farther people need to drive, the more they spend on gasoline, creating a negative feedback loop. However, in the United States, gasoline prices are quite low, and this feedback loop is not currently strong enough to curb urban sprawl.  In Europe, gasoline prices are much higher, which may explain in part why the continent has less sprawl than the US.

Driving Positive Feedback Loops

A positive feedback loop left unchecked will eventually spiral out of control.  Positive feedback loops occur when something is self-reinforcing – an increase leads to greater increases down the line, a decrease leads to greater decreases.  It takes money to make money; nothing breeds success like success; poverty leads to crime; ex-convicts can’t get jobs; arms races; and so on.  Bringing positive feedback loops under control can be even more powerful than regulating negative feedback loops.  In Case 2 on urban sprawl, we learned that in the 1960s wealthy families moved away from cities in response to urban decay.  The tax base dwindled as a consequence, and urban decay accelerated.

A way to drive these positive feedback, and potential break the cycle is redesigning the tax system.  For instance, increasing site taxes on land (a tax on the value created by the land’s location) and decreasing or eliminating taxes on value added to land (e.g. buildings) would make it too expensive to hold undeveloped land in city centers while simultaneously making it cheaper to develop land.  Tax revenues would rise in run down urban areas where land is still valuable but buildings are decrepit.  Land owners would need to invest in land to pay those taxes, creating jobs and housing in the process, revitalizing the urban core and inducing people to return.  A downward spiraling positive feedback loop could be transformed into an upward spiraling one.  This has been the experience of a number of cities worldwide that have implemented such tax shifts
.  
Information Flows

One of the major obstacles to solving ecological economic problems can be the absence of information flows, or the flows of erroneous information.  Creating flows of accurate information can be a powerful lever.  As students, it is one of the most powerful levers you will be able to move.  Chapter 6 discussed the importance of indicators, those components of a system that are sensitive to change and can let us know when intervention is needed or when it is working.  Case 2 was literally focused on changing the plumbing – tackling the problem of waste water flows.  Where waste water goes determines what problems it will cause and how it can be treated.  Though the project began before a hugely expensive centralized infrastructure was in place – at which point efforts would have been futile – the project team quickly realized that the real problem was lack of interest and understanding of the problem.  They realize they would need to tackle the more powerful lever of information flows before they could change the plumbing.  Case 5 also moved this lever.  Communities that learn their GPI is shrinking are much more likely to act.
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Figure 9.1 • Even in our current information age, information is often missing.  Providing it to those who need it can be a powerful lever.

The Rules of the System

Moving up to even more powerful levers, we turn to changing the rules of the system, including the incentives, punishments and constraints that guide our behavior.  Many of the ecological economic problems we confront are caused by perfectly decent people responding to a perfectly perverse set of rules.  One dominant set of rules in the global system concerns private property and market forces.  Under this set of rules, players are rewarded for providing excludable goods but not non-excludable ones, which leads to outcomes such as those discussed in Case 1 where farmers cut down the Atlantic Forest, a system that provides invaluable ecosystem services at the local, regional and global levels in order to earn $20 per hectare per year from pasture.  In the state of Parana, in the south of Brazil, the state government is experimenting with a different set of rules, by which municipalities get money from the state government according to how well they preserve and provide ecosystem services.
  

SIDEBAR: Can you explain how a new set of rules that awarded individuals for providing non-excludable goods could help solve the problems presented in Cases 3, 4 and 5?
Changing the rules may appear to be a daunting task, but it is one to which we can all contribute.  Some rules are social rather than legal, and might be better thought of as norms.  For example, wildlife biologist and ecological economist Brian Czech argues that in our society, people often respect and admire those who consume the most resources, a group he refers to as the “liquidating class”.  He suggests that if we actively worked to change social mores so that status was conferred upon those who engaged in a sustainable life-style – the “steady-staters” – it would be an important step towards sustainability.
  Your daily actions can help change these social rules.
Politicians can also play a big role in changing the rules.  For example, in most countries it is our elected representatives who are deciding on the rules of the global economy, increasingly through the World Trade Organization (WTO).  These rules have an enormous influence over ecological scale, social justice and allocative efficiency.  We can also help change the rules by voting for politicians who actively seek to create a more sustainable society.  The constitutions of many of the world’s nations grant their citizens the option of living in a representative democracy.  However, when citizens refuse to vote, or vote without knowing much about the politicians for whom they are voting, it is highly unlikely that elected officials will represent them.  In democracies such as the United States, the number of non-voters is almost always greater than the number who vote for the winning candidate.
SIDEBAR: See Chapter 18 in the textbook for more about the WTO and globalization.  
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Figure 9.2 • It is generally a lack of research into the candidates rather than a lack of judgment that leads people to vote for the wrong candidate, or not to vote.
The Power of Self-Organization

Meadow’s third strongest leverage point is the power of self-organization.  Many of the properties of complex systems that we have discussed are manifestations of this self organization.  One particular property that seems to emerge from complex, self-organized systems is resilience – they are able to adapt to change.  How can you possibly affect this lever?  By promoting diversity.  Just as we need biodiversity to maintain ecological resilience, we need a diversity of social, political and economic systems to serve as building blocks for evolutionary change so that the entire ecological economics system can adapt to changing conditions.

In fact, while the ideas behind ecological economics need to be spread, we do not want to suppress all other ideas in a single minded effort to achieve ideological purity. There is no one system that is best for all people, all nations, and all cultures.  It would be counterproductive to lose even the critics of ecological economics.  Without someone to point out any flaws in our logic and assumptions, the field will cease to improve.

The Goals of the System

Meadows identified the goals of the system as the second most powerful leverage point.  Economics is the allocation of scarce resources among alternative desirable ends, or goals.  This means that the most important task of economists, once they set to work, is to decide on the appropriate goals.  If our goal is ever greater material consumption, then ever continuing economic growth is the solution.  If our goal is to satisfy a broader suite of human needs, then we’ll have to allocate resources in an entirely different way. 
SIDEBAR: See Chapter 3 in the textbook for a discussion on more desirable ends, the goals of the system.  See also Chapter 13, pp. 237-242 for a discussion on human needs.
Case 5, estimating the Genuine Progress Indicator, was all about changing the goals of the system.  Using GPI instead of GDP changes the goals of the system dramatically.  Instead of paying attention only to the growth in the production and consumption of goods and services, goals of the GPI include increasing leisure time, maintaining ecosystem health, and so on.
The Mindset or Paradigm
Finally, Donella Meadows listed changing the paradigm – “the shared idea in the minds of society, the great unstated assumptions” – as the leverage point that “totally transforms systems”.
  The paradigm is the underlying belief system from which the goals, rules, and feedback structure arise.  Humans as the pinnacle of creation, economic growth as the goal of society, the supremacy of the individual – these are the mindsets of western society.  They are closely linked to the neoclassical pre-analytic vision: the satisfaction of human preferences as measured by market transactions as the highest goal, the ecosystem as an important subset of the human economy that provides raw materials and absorbs waste, humans as rational maximizers of self interest.  A society wide adoption of ecological economics in contrast demands a pre-analytic vision of the economy as a subsystem of the containing and sustaining finite planetary ecosystem, humans as complex social animals with a wide range of needs and desires, and only one of millions of species that share the resources of the planet – no less than what Thomas Kuhn called a paradigm shift.  

How will this paradigm shift occur? First, it is important to recognize that paradigm shifts tend to come from outside the popularized, mainstream, social conscious.  They exist in the wings waiting for the opportune moment to take center stage.  Evolution by natural selection, market capitalism, and the environmental movement were at one time trivial challenges to the mainstream, germinating in the minds of Charles Darwin, Adam Smith, and Rachel Carson, each awaiting the socio-political climate to fuse into the public conscious.  When the moment is right, the shift can occur at breakneck speed (the proverbial straw that broke the camel’s back).  However, John Livingston in Rogue Primate concedes that “. . . no one knows how a new paradigm or a new metaphysic, no matter how cogently drafted, is to be gotten into the human bloodstream.  You don’t legislate things of this kind.  You evolve into them, and out of them.”
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Figure 9.3 • Paradigm shifts can occur extremely quickly when the time is right, and the groundwork has been well laid.
Kuhn had some interesting insights into paradigm shifts.  We stick to a paradigm as long as it can explain the relevant facts.  As we learn more and more about a system, we frequently discover an increasing number of facts that aren’t explained by the existing paradigm.  Eventually a new paradigm emerges that again explains all the facts, and it may be radically different than the previous paradigm.  For many millennia, the paradigm of the earth-centric universe explained all the observable facts.  As our observations grew more keen and our instruments of measurement grew more precise, the earth-centric paradigm was abandoned for one in which the earth orbited the sun.  

When the economic system was very small relative to the sustaining system, there was no explanatory advantage to be gained by viewing the economic system as a subsystem of the sustaining and containing global ecosystem.  However, as the economy grew, previously irrelevant facts become relevant.  The fact that all economic production required material inputs from nature and produced waste outputs became critically important as we used up material inputs and depleted waste absorption capacity.  New facts emerged – in addition to providing raw materials, natural resources have a life support function without which we cannot survive.  The view of the economy as the Whole must be abandoned for one in which the sustaining ecosystem is the Whole.

It may not be realistic to believe that we can rapidly change the dominant worldview that economic growth is always good and more growth is always better.  Through your projects you may be able to convince some people that continued growth degrades and pollutes our finite environment and we depend on that environment for our survival, so that eventually continued growth must cause more harm than good.  Perhaps you will even convince some people that there are limits to the social desirability of ever greater consumption, and we should pursue development instead of growth.  Yet no immediate change is likely to come from this.

But remember Dana Meadows argument that changing paradigms is the most transformative lever of all.  The longer a lever is, the easier it becomes to move something.  Every person who comes to accept the new paradigm of ecological economics increases the length of the lever.  Every social, economic or ecological crisis caused by excessive scale increases the pressure on the lever.  Eventually, the combination of the two will cause the paradigm to shift, however deeply rooted it may be.  Even if your project does no more then change your own pre-analytic vision, it has contributed in a meaningful way to problem solving.

EXERCISE 9.1

Ways to Intervene in a System
Part I
Carefully review an ecological economic problem and come up with examples of each of the nine different leverage points and consider ways you might move them.  You may use a) your own problem; b) any or all of the case studies in the book; or c) a problem described in a recent newspaper, magazine or journal article.  To get you started, consider these questions organized around Meadow’s nine “Places to Intervene in a System”:
9.
Are there any numbers you can change in your system that might serve as powerful leverage points?  Are any components of the system near the edge of irreversible change, so that changing numbers might be particularly effective?  
8.
Are there places to intervene in your system that can change existing stocks and flows, prevent new, inappropriate stocks from being created, or maintain or expand buffer systems?
7.
Look at your problem as part of the whole system.  Identify some negative feedback loops. Are these sufficiently powerful to stabilize the system after outside shocks?  Can you think of ways to strengthen the loops?
6.
Now identify some positive feedback loops, where success breeds success or failure breeds failure.  Can you think of ways to slow down the loop, or to create or strengthen negative feedback loops that can help control it?
5.
Where in your system could new and improved information flows function as a powerful lever?

4.
How could changing the rules help solve your problem?
3.
Do you see any threats to the power of self-organization that could have a negative impact on your system?  Are important ecosystems or species being lost?  Are different cultures, or political, economic or social systems being lost that might offer solutions to your problem, or to new problems that may emerge in the future?
2.
Do you see any way to change the goals of your system? Can you think of a new set of goals that would help solve the problem?
1.
Do you see any signs of a paradigm shift?  What are the most critical issues that the existing dominant paradigm fails to explain?  Can the paradigm of ecological economics explain them?  

Part II
We have one suggestion for helping to change the rules of the system.  Find out how your congressperson and senators vote on at least two separate issues.  Write a 250 to 400 word letter explaining why you approve or disapprove of at least 2 specific votes.   If you are working on an environmental problem, you might want to go to the League of Conservation Voters webs site at www.lcv.org and enter your zip code.  The site will tell you who your representatives are, and how they voted on specific environmental issues.  If you click on ‘issues’ at the top of the page, you will find a description of the issues behind the bills, as well as how your senators and congressperson voted.  You can e-mail the letter to your politicians through the LCV web site.  While you’re there, you should also check your representatives’ environmental scorecards.  Vote Smart (www.votesmart.org) is also a good on-line reference.
[SIDEBAR: Another powerful step you can take:  learn the candidates’ positions on the issues, and vote!]
■
HOW CAN YOUR PROJECT INFORM POLICY AND MANAGEMENT REFORM?

In both the textbook and workbook, we have constantly reiterated the importance of policy.  Policies can be one of the most effective levers available to apply to the leverage points you identified above.  

Policies can play an important role in changing the numbers – taxes on pollution and resource extraction, or how much land is set aside in conservation areas, and how those conservation areas are used.  Policies play an important role laying out the stocks and flows in a system – policy makers decide if we have roads or rail, sewage systems or septic tanks.  Polices often help to regulate feedback loops, positive and negative, and in fact are often an integral part of the loops themselves.  For example, policy makers could create a tax on CO2 emissions that is proportional to atmospheric concentrations.  If set high enough, such a tax would be a powerful negative feedback loop.  Policies can determine information flows: When a medicine is advertised or sold, U.S. law mandates that all the possible negative side effects of the medicine must be listed.  Imagine if the same system applied to everything we buy, such as SUVs?  Policies often determine and enforce the rules of the system.  Policies that preserve diversity help maintain the ability of the system to self organize.
The two most powerful levers however are not affected as strongly by policy.  Policy makers respond to system goals and do not often directly determine them through policies.  And policies do not by themselves typically change the dominant paradigm.  In fact, the most effective policies are only likely to be feasible after the paradigm and goals of the system have already changed.  But good policies that are feasible can begin to expose people to a new paradigm and a new set of goals.  For example, establishing tradable quotas on sulfur dioxide emissions follows the ecological economic principles of determining scale first, followed by distribution and allocation.  Industry groups complained it would be too expensive, but emissions reductions ended up costing far less than anyone had imagined.
  In fact, there is even evidence that carefully implemented regulations are not only good for the economy,
 but often good for the businesses upon which they are imposed!
  Such evidence facilitates a paradigm shift.
[SIDEBAR: However, one major system goal that policymakers could change is the establishment of public corporations to serve the public, and not solely the stockholder.]
Solving the major ecological economic problems will certainly require policies.  While it’s not likely you’ll be able to change policies directly at this point in your careers, you are certainly capable of informing the people who are responsible for policy and management reform.  But to do so you must be very convincing and credible, which requires that you learn some basic policy design principles.  These policy principles are discussed at some length in the textbook, but are important enough that they bear some repeating.

[SIDEBAR: The six policy design principles can be found in Chapter 20 of the textbook.]
Multiple Policy Goals and Multiple Policy Instruments
This first principle implies that for every independent policy goal we must have an independent policy instrument.  In all of the case studies we described, there were a number of objectives being pursued.  Each of these objectives represents an independent policy goal.  You may require one policy to ensure sustainable scale, a second to ensure just distribution, and a third to ensure economic efficiency.  A policy designed to ensure sustainable scale may have a negative impact on just distribution and economic efficiency.  For example, in Chapter 6 we discussed how Portland tried to limit urban sprawl by imposing a physical boundary on where new developments could occur.  While this policy did initially limit sprawl, it also led to rapid increases in housing prices and rents, which had a negative impact on distribution, and may well have encouraged speculation, with a negative impact on efficiency.  One policy cannot be expected to optimally achieve three separate goals.  
Of course, in complex systems, even when a policy instrument is targeted at only one goal, it may have a positive or negative impact on a number of different ones.  Similarly, if you throw a rock into a flock of birds, you might end up hitting two birds by coincidence, or breaking a window by accident.  Your best strategy is to aim at a single bird, but you might do better to aim at a bird flying with many others, and to aim away from nearby houses.  
The implication is that you should not be distressed if one policy instrument does not solve all of your problems, but when choosing a policy instrument to achieve one objective, you should minimize potential negative impacts on others.  Thus, throughout the workbook we have stressed systems thinking so that you can identify potential unintended impacts of particular policies.  Returning to the case of urban sprawl in Portland, a good policy planner would realize that no single policy would achieve all the desired goals, but would also realize that the chosen policy would have many undesirable impacts.  Without separate policies to dress these impacts, the solution could be worse than the cure.
Trying to achieve the same goal of reducing urban sprawl, a policy maker might instead choose to shift property taxes off of buildings and on to the value of unimproved land – a policy already suggested above.  This would increase the cost of holding unimproved land, and reduce the cost of repairing old buildings and building new ones.  High value idle land would be improved so that it could provide sufficient income to pay the tax bills, or else sold.  As the highest value land is generally in urban centers, it would lead to higher density development in downtown areas, thereby reducing sprawl.  More buildings would lead to lower rent, helping to improve the distribution of wealth (poor people spend a disproportionate share of their income on rent, and thus would benefit the most from lower rents).  High land taxes would also decrease speculation, thus leading to more efficient use of resources.  This policy therefore can contribute to achieving three separate goals, but it cannot be designed to achieve all three optimally at the same time.  
Macro-Control with Micro-Level Freedom

The second policy design principle is that policies should strive to attain the necessary degree of macro-control with the minimum sacrifice of micro-level freedom and variability.  In terms of sustainable scale, a goal may be to preserve or restore enough ecosystems to provide a desired level of services, or to limit waste emissions to the absorptive capacity of the ecosystem.  As long as the ecosystems and human populations affected are not too sensitive to what areas are preserved or where waste emissions occur, there is no need to restrict micro-level freedom.
In Brazil’s Atlantic Forest, all farmers are required to retain 20% of the land in forest cover.  Theoretically, this would achieve the macro goal of preserving 20% of the Atlantic Forest, but with little micro-flexibility.  Though free to decide which 20% of their land to leave in forest, all farmers had to meet the same standard.  The policy is a failure, with few farmers obeying the law.

One of the groups in the Atlantic Forest workshop described in Case 1 was examining an alternative policy that allowed greater micro level flexibility.  The group sought to assess how large an annual payment would be required to convince farmers to return their most degraded land to forest.  The municipal government could offer an annual subsidy of some fixed amount to farmers who restored land to forest.  Farmers can make the best estimate of their own opportunity costs of reforestation, and would have the micro-flexibility to reforest only the land where the opportunity cost fell below the price of the subsidy.  This would theoretically ensure the lowest possible cost of reforestation.  The subsidy might need to be adjusted to achieve the macro level target.  Potentially, such a subsidy would cost less than the water purification and flood damage costs that would be required in the absence of the policy.  For example, New York City found that it was cheaper to pay for land preservation in its watershed than to engineer a water filtration plant.

Margin of Error

The third principle is that policies should leave a margin of error when dealing with the biophysical environment.  This is just common sense when dealing with the degree of complexity and uncertainty in ecological economic systems we’ve discussed throughout the workbook.

Returning to our last example, it is quite possible that continued loss of the Atlantic Forest will cause the ecosystem to flip to a fire dependent system in which forest can no longer survive.  This may occur even without additional losses, however, even a conservative estimate of a margin of error would suggest that the system is already fragile.  The field of island biogeography suggests that losing 90% of an ecosystem leads to the loss of 50% of the species it contains.  Thus, we might expect that in the absence of significant reforestation, the Atlantic Forest will lose more than half of its original biodiversity.  To stay away from these irreversible biophysical thresholds, policies must be designed to at least double the size of the Atlantic Forest – a very challenging goal.  
Historic Conditions

The forth principle is that policies should be cognizant of historically given initial conditions.  For example, when dealing with urban sprawl or land use issues as in Cases 3 and 4, policies have to respect existing property rights – it would not be politically feasible to simply tell land owners they no longer have the right to develop or sell their land.  This is the reason that taxes or pollution quotas might work better than those on natural resource extraction.  In many cases, people have pre-existing rights to raw materials, but not to the waste absorption capacity of the environment.
Adaptive Management

The fifth principle is that policies must be able to adapt to changed conditions and new information.  For example, we might use taxes or quotas to limit resource extraction and waste emissions.  An economic boom might make it easier to pay taxes on resource use or waste, and drive us closer to ecological thresholds.  In this case, taxes would need to be adjusted to compensate.  Quotas should be determined by the productivity of natural capital and not economic conditions, but that productivity can be affected by pollution, climate change, or other ecological factors.

One of the best examples of this principle is the Montreal Protocol on Substances that Deplete the Ozone Layer.  Signed in 1987, and entering into force in 1989, this protocol initially sought to freeze production of ozone depleting substances to 1986 levels, and incrementally decrease their production and trade through the 1990s.  However, new information revealed that the ozone hole was much larger than previously believed, and growing.  A clause in the law allowed required re-evaluation and revision on the basis of new scientific information beginning in 1990.  The protocol was thus amended in 1990 and again in 1993 to phase out these substances much more quickly. 
In other examples, it would be possible to design a policy which limited total waste emissions into Lake Champlain from decentralized waste water systems.  Implementation of the policy might reveal continuing increases in phosphorous levels, and the quotas would need to be adjusted.  While preserving 20% of the Atlantic Forest might be adequate to maintain an adequate level of biodiversity under current climatic conditions, it may be inadequate under alternative conditions.  Given the threat of global ecological changes induced by human activities, we can be fairly certain that what holds true today may not be true tomorrow.  We need to be able to adapt policies accordingly. 
Subsidiarity

The final principle is that the domain of the policy making unit must be congruent with the domain of the causes and effects of the problem with which the policy deals – a principle of subsidiarity.  Cases 1 and 6 focused on ecosystems that generate public goods at the local, national and global levels.  While both projects contributed to the preservation of these ecosystems, as long as wealthy countries refuse to share the costs, it is unlikely that levels of preservation will be desirable at the global level.  In Case 2, if the waste water affects only the local town, then the township is the appropriate policy making unit.  If the waste water pollutes a bay that borders several towns, then the appropriate policy making unit is probably the state.  If the waste water pollutes a lake bordering more than one state or country, the appropriate policy making unit must correspond.  Unfortunately, there are few adequate policy making institutions at a global level.  

EXERCISE 9.2

Policy Design Principles
In previous exercises, we asked you to identify specific market failures related to your problem.  We also asked you to list specific objectives according to which you judge the alternative desirable states that represent solutions to your problem.  Review those exercises, then choose two or three specific objectives you believe are particularly important.  Explain what types of market failures affect them.  Now, carefully describe a policy instrument that would help you better attain these objectives.  Briefly describe how your proposed policy instruments meets (or fails to meet) the six policy design principles described above.  This exercise could then form the basis for any policy recommendations to your sponsor (or another editorial!).

■
HOW CAN YOU INCREASE THE ODDS YOUR WORK IS CARRIED ON?

As we have stressed throughout this workbook, most problems will not be effectively solved in a single semester.  To complete the task, you will need to pass your work on to your sponsor or a future project team to build on what you have done and bring your efforts to fruition.  For a new team to take up where you left off, you need to leave a record of your research that is well documented, organized and accessible.  You also need to leave a detailed work plan describing what needs to be done next.   If you are continuing a project initiated by others, and relied on such documentation yourself, you are already well aware of its usefulness.  Documenting your efforts for the use of others continuing your project is a critically important form of communication. 

Even if you are one of those fortunate groups that have brought closure to a project, either because you happened to be part of the group completing a long term project or because you fortuitously chose a project that could be completed in the time available, this discussion still applies to you.  Recall the fifth policy principle described above: the need for adaptive management.  If conditions change in the future, which they inevitably do, then what seemed to be an adequate solution today may no longer be adequate in the future.  Rather than forcing another group to start solving your problem again from scratch, you should chronicle your efforts so that future groups can build on them – perhaps learning from your errors to create a more durable solution.  Even if your solution remains viable for the foreseeable future, a chronicle of your efforts will allow other groups to learn from your success and repeat it elsewhere.  Indeed, the most successful project is one that provides a solid template for solving similar problems elsewhere.  

How should you go about documenting your work?  At this point, you should be as familiar with your problem solving efforts as anyone.  You are best qualified to decide what information your successor will need to continue your efforts.  Ask yourself what information you would want left for you if you were the one inheriting the problem at this point?  If you inherited this problem from a previous group, look back at what you received.  What was best about the material you were left?  What was worst, and how could you improve it?  There is no generic guideline for documenting what will be required.
Quite likely, future groups would benefit from the results of your exercises and previous project steps.  Your statement of the problem should be re-written to reflect all you have learned during your project.  You have already stated your general goal, the specific goals that must be completed in order to achieve it, and a detailed methodology for completing those specific goals, and these should also be updated to include what you now know.  It is quite possible that over the course of the project you learned your chosen goal was somehow inappropriate.  If that is the case, propose a new general goal for the following group, explaining why you have modified your previous one, and explain what specific goals you will need to complete in order to achieve it.  Go back to Project Step V, and prepare a new methodology. 
Though it should be clear from your results and discussion what you have already completed, and what still needs to be done, it is useful to carefully describe the next steps required to complete your project.  Right now you should have a very solid understanding of the problem, far more than future groups will have as they begin.  Pass this information on to the next group.  What would you do if you had another semester to work on this project, and when would you do it?  Include a timeline.  Basically, you are using your experience to prepare a research and/or implementation agenda for the next team.  In some cases, you may be recommending one of the more sophisticated synthesis frameworks described in Chapter 7, in which case you should carefully justify your recommendation.  Future groups may decide to modify your plans, but at least they will have a place to begin.

While this will all prove very useful to the next group, it is not enough.  There are things that future project teams will need to know that are too sensitive or too detailed to include in a final communication.  You will need to document all the information you wish you had had when you initiated the project.  One of the most important elements in your document should be a chronicle of people you have spoken with and what you have learned.  If you built an address book, suggested in Exercise 1.3, this can be an invaluable resource for future groups.  But you want to make sure that future groups do not try to interview the same people you have spoken with and ask them the same questions.  This could prove very annoying to those interviewed, and reduce their willingness to contribute to a solution.  If there is information you did not get from stakeholders or other interviewees that is necessary, make it clear what information is still needed.  You might leave some tips about how to approach specific individuals or stakeholder groups.  

You should also be very familiar by now with the approach to problem solving we have laid out here in a generic fashion.  In many cases, our generic guidelines may not have been that suitable for your problem, and you may have developed a more appropriate approach over the course of the project.  Explain your approach, and explain why the approach we have laid out does not work (and let us know as well for future editions!).  Remember, one of our goals with the problem solving approach to ecological economics is for you to test out theory in practice, to reinforce what is good and reject and improve what is not.  This is even truer for our approach to problem solving than it is for the theory of ecological economics.  Learn from our mistakes, and teach the next group what you’ve learned.  

As a final step, you should coordinate your final report with your sponsor.  As the entity that will likely guide future research efforts, your sponsor is the best judge of what needs to be done and how to go about doing it.  

EXERCISE 9.3

Reflection
For you final exercise, we ask that you reflect on the effectiveness of your project in teaching you ecological economics, in teaching you to think from a systems perspective, and in solving a real problem.  In 400-600 words, answer the following:  Did your project relate to and improve your understanding of the themes of the course, i.e. was it an effective learning tool?  If it did, please explain how it related to the themes and helped you understand them.  Do you think it contributed in any way to solving a real problem? How?  If you answer no to either or both of the first questions, offer suggestions for changes that will improve the projects as a learning and problem solving tool.  
This ends the workbook.  As a final message, we would like to reiterate the three main reasons we propose the approach to learning laid out here.  First, we believe in the old aphorism: "Tell me, and I will forget. Show me, and I will remember. Let me do it, and I will learn."  Second, we believe that there are lots of pressing problems out there that need solving, and that university students can make real contributions to their solutions.  Finally, ecological economics is a fairly new transdiscipline.  It lacks the consensus that characterizes mature fields.  Our goal here has been to teach you the theories of ecological economics then have you apply them to real life problems.  When what we have taught you makes sense in real life, it supports the theory.  But don’t blindly accept what we say.  Think about it critically. When what we have taught you does not apply, then you should reject the theory, and seek to replace it with something better.  This is the nature of scientific progress, and ecological economics is based on science, not ideology.  

Project Step IX
Plant a Seed, Hand-Off to Sponsor
This may be the most important project step of all, and it should more or less summarize the tasks laid out in this chapter.  First, provide all the information that the next project team will need to pick up where you left off.  A standard written report is linear, while problem solving is really a three dimensional process.  Leaving your information in the form of a web site can help you get around the problem of linear reporting, typically making it much easier for the next group to build on your work and pass it on to the subsequent team.  
Second, build on all you have learned about leverage points.  Suggest how various levers in the system could be moved to help solve the problem.  Moving these levers could evolve into entirely new projects, and might even get your sponsor to rethink its approach.

Finally, propose some real policy solutions to your problem.  These policies should be designed to work on the leverage points you have already identified.
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