Part II – Analysis

At the conclusion of Part I, we asked you to create a list of decision alternatives that are potential solutions to your problem.  The challenge now is one of deciding between alternatives, which begins with analysis of each.  To analyze a problem, you break it down into its component parts. In Chapter 1 you chose a problem, and in doing so you answered the question “What?”.  In Chapters 2 and 3 you initiated the analytical process by carefully defining your problem (establishing the boundaries of your analysis) and describing its component parts.  But description is not analysis.  Analysis is a search for understanding, for answers to “Why?” and “How?”

In typical disciplinary inquiries, analysis is the end in itself.  However, in ecological economics analysis is an intermediate step.  To gain a more complete understanding of the whole, you must strive to understand the component parts and their interactions with each.  This requires synthesis.  In this chapter and the next we’ll specifically discuss the process of analysis, but always with an eye on the next step of synthesis, to be tackled in Part III.

Before you begin, we ask that you keep in mind one more important distinction between traditional and ecological economic approaches to analysis.  Traditional disciplines train their practitioners to apply a small suite of analytical methods to any problem, so you know from the outset what basic methods you will apply.  Ecological economics in contrast takes the position that you cannot decide what methods are appropriate until you have carefully defined and structured the problem.  Only at this point are you ready to choose appropriate methodologies from any discipline, and typically from several different disciplines.  Chapter 4 introduces you to the analytic process by asking you to identify specific objectives and then apply the tool of marginal analysis where appropriate.  Chapter 5 asks you to break the objectives down into measurable criteria, and draw from various disciplines and stakeholder groups the knowledge and skills necessary to evaluate them.  

Be aware as you proceed that disciplinary analysis can be in danger of digging too deep, of reducing complex systems too far, in what is commonly called reductionism.  By focusing on analysis alone there is a tendency to subdivide into ever smaller units, become more and more isolated from other disciplines of inquiry, and seek to understand more and more about less and less, until ultimately you know everything about nothing!  Our goal here is to examine the parts and their interactions in order to understand properties and behaviors of the larger system.  The disciplinary and transdisciplinary approaches to problem-solving must be complementary.

CHAPTER

4

Breaking Down the Problem

This chapter begins to analyze your problem by examining the alternatives you proposed in the previous chapter (in Exercise 3.1).  We start by breaking alternatives down into specific, often conflicting objectives that ultimately make up a solution.  To help decide how far to pursue any individual objective, we’ll then introduce a systems approach to marginal analysis.  The systems approach is applied to the whole problem – including market and non-market resources – to come up with the critically important ‘when to stop’ rule.

To guide you through the analytical process, we introduce Case 4: the problem of urban sprawl in the lower Hudson River Valley of New York State.  Unlike the first three cases which emerged from undergraduate class work, this project is an example of a collaborative thesis.  It is also an example of breaking down a complex problem into some manageable pieces amenable to transdisciplinary analysis, with an eye toward synthesis and communication.

[SIDEBAR: Problem solving is an iterative process.  As you learn more about a problem, you may change your mind about the desired ends, which may change the available means necessary to achieve those ends.  Alternatively, you may think of new alternatives for allocating scarce means towards desired ends, or decide that ones you had thought of before are inappropriate.]  

[CASE 4: Urban Sprawl in the Hudson River Valley, New York, USA (including Figures 4.1 and 4.2)]
■
WHAT ARE THE OBJECTIVES OF THE PROBLEM SOLVER?

In Exercise 3.1 you outlined various alternatives that represent solution states to your problem.  Decision-makers need some way to decide between different alternatives.  Because ecological economic problems are multi-faceted – integrating at the very least the three separate objectives of sustainable scale, just distribution, and allocative efficiency – each alternative goal state will similarly be multi-faceted.  


However, we rarely come up with the perfect solution to life’s daily, let alone societal, challenges.  In ecological economics, decision-making is seen as a search for compromise between a multi-faceted set of objectives, not perfection.  In contrast, neoclassical economics often carefully structures  problems to guarantee the existence of a best, or optimal solution, typically measured in dollars.  
The search for optimal outcomes inevitably demands that we strip away the complexity inherent to ecological economic problems—an approach we warned against in Chapter 3. For example, the goal behind many economic decisions is to maximize economic surplus as measured in dollars.  Dollar values are generally determined by the intersection of supply and demand curves.  Since demand is determined by preferences weighted by income, a different set of dollar values is likely to result for different distributions of income.  The dollar-maximizing outcome therefore can be no more optimal than the underlying distribution of income that gave rise to it.  The ethical issue of just distribution is simply ignored.   
In contrast, increasing economic surplus may be but one of several objectives for an ecological economist.  When assessing economic surplus, ecological economists do not automatically accept existing income distribution as fair, and most do not believe that income (which measures control over market resources) is a satisfactory way to weight non-market benefits.  Compromise explicitly recognizes tradeoffs between objectives, and distributional outcomes of decisions (see Box 4-1).  While it may be possible to find an optimal solution as measured by one objective or evaluated by one stakeholder group, there are many objectives and stakeholders and there is rarely if ever a single optimal solution for all of them.  Even the current problem state is presumably ‘desirable’ for some people, if only because the problem arises from actions they choose to carry out in pursuit of other goals—the status quo didn’t become the ‘status’ for nothing.


[SIDEBAR: Mainstream economists strive to optimize a system, where ‘optimal’ is defined by a very narrow range of objectives.  Ecological economics recognize that there are many competing objectives, and acceptable outcomes typically involve compromise, or ‘satisficing’.]
How then do we begin the search for a satisfactory compromise among objectives and stakeholders?  For many ecological economic problems, a good starting point is to group objectives into economic, social, and environmental categories.  In the Hudson valley watershed project described in Case 4, the economic objectives include jobs, income, and local tax generation.  Social objectives include reducing commuting time, fairness in income distribution, and building social capital.  Environmental objectives include minimizing impervious surfaces, improving water quality, and improving aquatic habitat.

To create a list of objectives for your problem, you might start with a list of undesirable conditions.  The amelioration of a particular undesirable condition is an objective.  Add to this a list of all the costs (broadly defined) associated with achieving the alternative states you outlined.  Your objective function, your goal, is to ameliorate undesirable conditions and create desirable ones at as low a cost as possible.  Inevitably there are tradeoffs between the available alternatives.  Ameliorating one condition will worsen another, reducing one cost will increase another. 

As you think about different objectives, think about what you’re striving to achieve, and how you might measure success on both quantitative and qualitative scales, with both objective measures and subjective values.  Is the goal to maximize the objective, which might be the case for good health, measured by reduced sick days by employees?  Or do stakeholders seek to minimize it, as is the case for toxic waste, measured by reduced toxicant levels in local waterways?  Or is it something where either too little or too much is undesirable, such as caloric intake?  Stakeholders may disagree even on this most basic of decisions (maximize or minimize, up or down, big or little, pricey or cheap).  

As part of your analysis, you can further divide each specific objective into criteria or performance attributes that can be meaningfully measured and compared between alternatives.  You may find this easiest to do in a hierarchical fashion, creating a tree of objectives, sub-objectives and measurable criteria.  Figure 4.3 demonstrates this process for the Dutchess County project.

[FIGURE 4.3:  Decision Hierarchy in Case 4 Watershed Management Problem]
You will find as you work on your problem that you can keep sub-dividing objectives into a daunting number of criteria.  There is almost certainly no way that you can gather existing data on all these criteria, and much less conduct your own measurements.  What then is the point of creating this hierarchical objective tree? 

We began this workbook with a discussion of post normal science, appropriate in situations were facts are uncertain, stakes are high, decisions urgent, and values matter.  Under these circumstances, it is important to decide not only how much information is required before making decisions, but also, given our limited time and resources, what information is the most critical for solving our problem.  Ultimately, we are striving for ‘optimal ignorance’ – we must devote our limited resources to acquiring only the information essential to solving our problem.  

EXERCISE 4.1

DECISION HIERARCHY

Sketch out the hierarchy of goals, alternatives, objectives and sub-objectives for your own problem.   Start with an overall goal – a desirable end outlined in Chapter 1.  To achieve this goal, you proposed several different alternatives in Chapter 3.  To decide between these feasible alternatives, list the objectives by which you will evaluate them.  We have stressed in this workbook that your objectives should include ecological sustainability, social justice, and economic efficiency, but these should be broken down into more specific sub-objectives.


[image: image10.wmf]
Figure 4.4 • Generic decision hierarchy for ecological economic problems

■
WHAT ARE THE MARGINAL BENEFITS AND COSTS OF THE OBJECTIVES? Or How Can Marginal Analysis Help us Choose Among Objectives?
While ecological economics is inherently transdisciplinary, it has evolved from more traditional economics, and has by no means discarded all its disciplinary tools.  One useful tool it shares is marginal analysis, which considers the benefits and costs created by the next very small, incremental change in the system under study.  As long as the marginal benefits exceed the marginal costs, conventional economic logic deems that an activity should be continued; if not, it should be halted.  
This leads us to the well known optimality rule of marginal cost equals marginal benefit.

But in complex problems, we are not trying to decide how many resources to allocate towards just one objective, but rather how to allocate a finite amount of resources among several different objectives.  Return to the hierarchy tree you constructed in Exercise 4.1 and look at the objectives by which you will rank alternative solutions to your problem.  To choose between alternatives, you’ll need to decide the extent to which each alternative achieves the various objectives, and which objectives are the most important.  As you think about alternatives, however, it should be clear that the best alternative is not necessarily the one that best achieves your most important objective – for example, decreasing the amount of impenetrable land cover (so-called impervious surface) in the Dutchess County case.  In fact, if you ranked your alternatives according to a single objective, you wouldn’t be looking at an ecological economic problem or even an economic one.

One reason it does not make sense to pursue a single objective is the law of diminishing marginal utility.  This law states that the more one has of something, the less an additional unit is worth.  For example, the more green space a city has, the less benefit we get from an additional park.  One reason for this is that rational people or societies will satisfy their most pressing needs first.  People in general meet their basic material needs for food, shelter and clothing before purchasing less essential goods.  A society should create its first parks in areas that will provide the greatest amount of benefit to the greatest number of people and protect the most valuable ecosystems before setting aside other, less beneficial parkland.
A second reason we should not pursue a single objective is the law of increasing marginal opportunity costs.  Opportunity costs are the options we forgo when we choose to allocate resources towards one objective rather than another.  Logically, we would sacrifice the least important alternatives first, but as we allocate more and more resources towards a single objective, we must forgo increasingly important alternatives – that is, opportunity costs increase.  For example, as we turn more and more of the urban periphery to housing, roads and strip malls,  we have to sacrifice other increasingly important objectives, such as provision of ecosystem services from the forests sacrificed and food from the agricultural land consumed.  
These two economic principles have very important implications for scale, distribution and allocation.  We leave the scale issue for the final section of this chapter.  With respect to distribution, these principles implicitly call for a more equal distribution of resources among individuals.  All else equal, the marginal utility of additional resources should be higher for the person who has less of them, while the corresponding opportunity cost of the well endowed person controlling fewer resources should be relatively low.  All else equal, solutions to problems that show a more equitable distribution of resources should lead to higher total welfare than those that show a less equitable distribution.  While mainstream economists generally claim that interpersonal comparisons of utility are impossible, it seems absurd to argue that we can’t compare the utility of an extra meal for someone who is starving with the same meal for someone who is obese.  Most ecological economists accept the distributional implications of diminishing marginal utility, and prior to the 1920s, mainstream economic theory did as well.

SIDEBAR: What will happen to the marginal benefits of each of your objectives as you advance them to a greater and greater extent?  What are the marginal costs as measured in foregone opportunities?
There are at least three implications of these rules with respect to allocation.  First, we must recognize that the continued allocation of resources to a single objective inevitably results in increasing opportunity costs greater than diminishing benefits.  Even if it makes sense to continue pursing a given objective at present, that will not always be the case – eventually costs will outweigh benefits, and continued pursuit of the same objective becomes uneconomic.  What is a good idea now may become a serious problem in the future.  But changing direction in a complex system can take time.  Ecological economists should use their understanding of marginal analysis to identify potential problems before they occur, and engage in pro-active planning to prevent them.  Indeed, many ecological economic problems have arisen because of the single-minded pursuit of a single objective long past the time it was appropriate – economic growth.  Bear this in mind as you are analyzing your problem.  Do you see trends that if continued will result in uneconomic outcomes?  Can your research play a role in alerting stakeholders to the emerging problems as a way to either prevent them or anticipate possible solutions?
Second, while society should meet its most pressing needs and sacrifice the least important alternatives first, this is not always the case – markets allocate resources according to the existing distribution of wealth, not need, and ignore non-marketed ecosystem services.  Much wealth, such as land values, ecological waste absorption capacity, water, natural resources in their natural state and so on, are created by nature and society, not hard work or entrepreneurial effort.  Such resources should be part of the commonwealth.  Ecological economists should strive to make sure commonwealth resources are allocated to satisfy basic human needs before non-essential wants (see Box 4.1).  Ecological economists should also strive to make sure that we minimize opportunity costs by forgoing the least valuable alternatives first.  For example, if we cannot prevent the continuation of urban sprawl, then we should strive to minimize ecological impacts by sacrificing the least important and or most redundant ecosystems (including agricultural) first.  Ecosystems in particular often do not have a market price, and market forces alone will not lead us to minimize marginal opportunity costs.  Is there potential in your problem for reallocating commonwealth resources towards more pressing social needs, or for reducing the opportunity cost of existing allocations?  

Conventional economists combine the rules of diminishing marginal utility and increasing marginal opportunity cost to come up with the concept of the equimarginal principle of optimization.  The idea is that we should allocate the next unit of resources at our disposal to the objective that provides the greatest net marginal benefit.  If we do this consistently, the result is that the marginal benefit of an additional unit of resources will be the same for each objective, and we will maximize total benefits.  
[BOX 4-1: Water Privatization]
[SIDEBAR: See Ch. 2, p. 19 in the textbook for a discussion of diminishing marginal utility and increasing marginal opportunity costs as they relate to uneconomic growth.  The equimarginal principle of optimization is expanded upon in Ch. 8, pp. 127-131.]
While at times a useful rule of thumb in guiding some decisions, ecological economists recognize at least two serious problems with the equimarginal principle.  First, the accumulation of small decisions that seem optimal when judged alone can lead to outcomes over time that would not have been chosen by decision makers early in the game.  Second, it is difficult to imagine that we’ll ever have the knowledge or certainty required to adequately assess the full marginal costs and benefits of resource allocation in a complex system.  These problems warrant detailed discussion in the following two sub-sections. 





Tyranny of Small Decisions

The “tyranny of small decisions” as first articulated by Alfred Kahn,
 describes the long-run, often unanticipated, consequences of a system of decision making based on marginal, near-term evaluation.  Incremental decisions made by weighing marginal benefits against marginal costs by an individual isolated in a point in time are the hallmark of traditional economics.  The “tyranny” results when the accumulation of these singular decisions creates a scale of change, or a conversion from one system dynamic to another, which would be disagreeable to the original individual decision-makers.  That is, if given the opportunity to vote on a future that required a redirection of near-term decisions, a community of these same individuals may have decided on a different path (a different means to an alternative end!).  Under a tyranny, maximizing the well-being of both society and the individual becomes an exercise in identifying and pursuing a collective will, quite different than assuming that community held goals will result from individual pursuits of well-being.

How do we know when the individual, market driven decisions are likely to lead to unanticipated, undesired outcomes?  When is it appropriate to identify and pursue the collective will?  This is not an ideological question, but instead one that is determined by the physical characteristics of the costs and benefits that arises from a decision, i.e., the physical characteristics of a resource associated with a particular use.  In this case, one relevant physical characteristic is rivalness.  For rival resources, the individual captures marginal costs and benefits.  But non-rival resources, marginal costs and benefits are additive—the summation of costs and benefits across all individuals.  Market based decisions however are not additive—the decision maker considers only personal costs and benefits, which works fine for rival goods.  However, if the cost or benefit in question is non-rival or non-excludable, then individual decision making is not likely to maximize collective well being.  
The problem is at its most complex when one use of a resource is rival and excludable, while another, mutually exclusive use, is non-rival and non-excludable (a public good).  Unfortunately, this is the case for most natural resources that are simultaneously a stock flow and a fund service.  A forest converted to timber sacrifices the non-rival, non-excludable benefits of erosion control, water filtration, protection against landslides and so on, while the timber benefits only the person who purchases. When a developer razes a hillside overlooking a lake, these same non-rival, non-excludable fund services are replaced with the rival, excludable fund services of trophy homes. 
The other relevant question to ask is what level of community should be included in the collective will?  This is determined by the spatial extent of the cost or benefit in question.  Some costs and benefits are local, others are regional or global, and the ‘collective will’ and summation of marginal outcomes should correspond.  Of course, many costs and benefits vary widely across space.  In Case 4, commuting times to work was considered as an objective to land use planning, but the principle concern was loss of time with family (or at work!) from longer, and longer, and longer commuting times.  Limiting emissions of CO2 of these same commuters was never mentioned as an objective in stakeholder meetings, but might have been the objective in a different decision setting at a different scale.  As you apply marginal analysis to your problem, think about the spatial distribution of non-rival goods.  Are the marginal impacts on the affected population considered in the decision making process? 
While global climate change is an example of the tyranny of small decisions playing out at the global scale, in the Hudson valley the tyranny has emerged in the form of urban sprawl – a dispersed, automobile dependent, land-intensive pattern of development.  One house, one subdivision, one strip mall at a time, the once hard edge between city and country throughout the region (and the United States, for that matter) has incrementally dissolved.  By structuring the land-use decision problem as a series of individual choices, the tyranny has resulted in losses of watershed functions such as water supply, purification, and habitat provision: so-called natural capital depreciation.  Associated social capital depreciation might include decline in school quality, loss of social networks, and degradation of community services.  These are all outcomes that a democracy may not have chosen if given the chance, yet individuals are likely to ignore them in their own land-use decisions.

SIDEBAR: Social capital refers to the institutions, relationships, and norms that shape the quality and quantity of a society’s social interactions.  Social capital is not just the sum of the institutions that underpin a society; it is the glue that holds them together

.

Marginal Analysis in Complex Systems 
Complex systems as we have stressed in this workbook are characterized by important interactions between component parts, feedback loops, time lags, unknown thresholds, non-linearity, emergent phenomena and surprises.  As a result, we are often uncertain or ignorant about the impacts of our decisions.  This presents serious and often insurmountable challenges to applications of the equimarginal principle of optimization.  
One set of challenges is created by interactions between components.  We know from the laws of thermodynamics that all economic activities require natural resources.  Both the extraction of natural resources inputs (the role of ecosystems as a source of raw materials) and the return of waste outputs (the role as a sink) degrade ecosystem function.  Marginal analysis therefore must consider impacts on both source and sink.  
Take again the example of Dutchess County, and consider first the opportunity costs related to source.  For non-renewable resources such as fossil fuels and steel, the use of the resource now for urban sprawl means we must forgo its use for other activities and for future generations (though this latter cost is only partial for recyclable mineral resources).  Increasing use of renewable resources for sprawl not only deprives us of alternative uses, but may seriously limit the capacity of a resource to renew itself.  As sprawl consumes more and more of any resource, we forgo increasingly important alternative uses in the future.  
Let’s look at the specific case of fossil fuels.  Modern agriculture relies heavily on fossil fuels to produce food, and unless technologies change dramatically, we would be unable to feed existing populations without them.  As sprawl continues, we use more and more fossil fuels to transport more and more vehicles longer distances—not to mention the fuel consumed in building the cars, houses, roads and other infrastructure.  The faster we use up our fuels, the less time we will have to develop new agricultural technologies that do not rely on fossil fuels, and the greater the probability that will be unable to adequately feed future generations.  This marginal opportunity cost, along with the opportunity costs of other resources consumed, must be weighed against the marginal benefits of continued sprawl.  Neoclassical economists predict that as these resources grow scarce, their prices will rise and we will develop substitutes, so we can essentially ignore or at least discount opportunity costs to the future.  Ecological economists however recognize that prediction is impossible in a complex system.  Market prices may fail to signal scarcity, or technology may fail to respond, and we therefore need to anticipate unacceptable costs to future generations. 
SIDEBAR: Can you explain why markets might fail to signal the growing scarcity of critical ecosystem services, and why technology might fail to respond?
Another type of opportunity cost related to source is the loss of ecosystem services.  It is impossible to remove the stock-flow resources of nature without simultaneously degrading fund services.  Digging up coal and iron ore wreaks havoc on adjacent ecosystems, and forests converted into suburban lawns can no longer play their role in a healthy ecosystem.  As ecological disruptions accumulate, we overwhelm buffers, lose critical redundancies in ecosystem structure, and begin to disrupt the life support functions on which we depend.  The final outcomes are unpredictable, and may not be felt for centuries.  Marginal costs need to be summed not along across individuals, but also across generations—a daunting task to say the least.

The opportunity costs imposed on our sinks are similarly severe, rising at the margin, and as we know from the second law of thermodynamics, inevitable.  Healthy ecosystems can absorb considerable amounts of carbon dioxide, for example, but their capacity to do so is finite.  If we use waste absorption capacity to absorb the fumes of SUVs commuting between work, home, shopping malls and play areas, then we cannot use that same finite capacity to absorb the emissions released when transporting goods that meet our basic needs.  As the emissions exceed absorption limits, they must ultimately accumulate as stocks, or more accurately as fund-disservices that cause global warming, acidification and other problems that disrupt delicately balanced local and global ecosystems.  The future may need to reduce CO2 emissions that contribute to providing basic needs to accommodate our excessive emissions today.
To some extent, neoclassical economists recognize the opportunity costs of source and sink as externalities to economic production.  They argue that if we calculate the marginal value of externalities in dollar terms and feed the results back into market prices, the externalities cease to exist – they become instead just another cost of production.  Ecological economists in contrast understand from the laws of thermodynamics that all economic production degrades ecosystem services, so we would need to calculate the ‘external’ costs of every economic activity, a mind-boggling task even if we had a much better understanding of ecosystem services than we currently do.  In addition, complex systems are by their very nature non-linear, exhibiting emergent properties and surprises.  Where positive feedback loops exist outcomes are not marginal at all (can you explain why this is so?).  This means that marginal changes in human activities may have very large (i.e. non-marginal) impacts on ecosystem services, and even if we could quantify the marginal value of the last unit of ecosystem services lost, we would not know the value of the next unit sacrificed.
[SIDE BAR: The market equilibrium predicted by neoclassical models must either assume we can price all these externalities, recalculate prices in response to marginal changes anywhere in the system, and feed the price signal back into the market, or simply ignore them. A systems approach forces us to anticipate their growing importance, and recognize that the more important they become, the less efficient unregulated markets will be.  See Chapter 2, pp. 52-53 and Chapter 10, pp. 175-180 in the textbook.

The truth is, economists do a poor job even when estimating simple monetary costs.  For example, a recent study of transportation infrastructure projects shows a systematic tendency to underestimate direct monetary costs by an average of 28%.
  Another study of environmental regulations shows a consistent tendency to overestimate implementation costs, especially when the regulations utilize market incentives.
  


EXERCISE 4.2

The Market Failure Matrix
To effectively solve your problem, you must understand why market driven marginal decision making fails to do so, and where you need to concentrate your attention on opportunity costs ignored by the market.  This exercise builds on your resource classification from Exercise 2.2, which included physical characteristics of stock and flow, economic characteristics of excludability and rivalness, and knowledge characteristics of risk, uncertainty, and ignorance.  You will organize these into a matrix defining them as market or non-market goods and draw attention to the specific characteristics that make them non-market.  You will then consider the relationship between the stock-flow and fund service resources to assess the importance of potential externalities.  This will put you into a position to begin considering policy solutions to your problem.

Step 1

Look over your table constructed for Exercise 2.2, then place your resources into the categories of the matrix below.  This is not always as simple as it sounds, since one resource could potentially fall into any of these categories depending on its use.  For example, water used for irrigation is rival, and can be excludable or non-excludable depending on the existing property rights regime.  Water used for recreation (e.g. swimming) is non-rival, but again may be excludable or non-excludable.  We use the word ‘resource’ in this exercise, but actually mean ‘specific use of the resource’.

	
	Rival
	Non-rival

(market provision is inefficient)

	Excludable
	Market goods


	e.g. private beaches (an imperfect example), patented information.

	Non-excludable

(markets will not provide)
	Open access resources, well known ‘tragedy of the commons’.  .
	Public goods


1. Explain why markets fail to adequately provide non-excludable resources.

2. Explain why market provision of non-rival resources is inefficient.

3. Explain why the market will or will not efficiently allocate the resources in each of these four quadrants. 

4. If some of your resources are non-excludable, can they be made excludable, and if so, how?  Would it be desirable to make them excludable, and if so, why?

Step 2

Return again to Exercise 2.2 and your classification of resources as stock-flow and fund-service.  

1. Did you find that all of your stock-flow resources are in one column? Which one?  

2. Did you find that one column contains only fund-service resources?  Which one?  

3. If your problem is related to the depletion of stock flow-resources, in the matrix draw an arrow connecting the stock flow resource to the fund service resource affected by its depletion and eventual return to the ecosystem as waste.  This arrow represents a negative externality.   

4. Describe the marginal opportunity costs associated with the depletion and subsequent emissions from the stock-flow resources.

5. Circle the resources you think have the highest marginal utility.  How many of these are public goods or affected by externalities?  What does this tell you about the role of the market economy in your problem—does the market economy contribute more to solving your problems, or causing them?

■
WHAT IS THE OPTIMAL SCALE AS IT RELATES TO YOUR PROBLEM?

Marginal analysis is the source of one of the most important rules in economics: the “when to stop” rule.  As we said above, an activity should continue as long as the marginal benefits are greater than the marginal costs (including the opportunity costs), and when that is no longer the case the activity should cease.  As marginal costs are generally rising, and marginal benefits are generally falling, the when to stop rule tells us to continue with an activity until marginal benefits are equal to marginal costs.  

As discussed in Chapter 2 of the textbook, this principle is even more applicable in macroeconomics than in microeconomics.  If we accept the conventional economist’s assumptions of rational self-interest, then the first units of economic production are used to meet our most pressing needs.  As production increases, we meet less and less important needs, and increasingly frivolous ‘wants’.  The marginal utility of economic growth decreases.  To achieve this growth however, we sacrifice increasingly important ecosystem services and natural resources.

In markets (microeconomics), both consumers and producers are supposed to apply the ‘when to stop’ rule automatically, but in reality, markets fail to send the appropriate signals from important resources that fall outside of the market system (as you will recall, the boundaries of the market system are defined by excludability, and the boundaries of market efficiency by rivalness).  In other words, the greater our economic production, the lower the marginal utility of market goods, whose value is reflected in prices, and the greater the marginal utility of the ecosystem services sacrificed for that production, whose value is ignored by prices.  Thus, as the economy grows, prices become an increasingly unreliable fulcrum on which to balance desirability and possibility.  If we reject the assumption of a narrowly defined rationality – and considerable empirical evidence suggests we should
 – then marginal value (price) becomes an even less reliable fulcrum. 


[BOX 4-2: Time Lags – Exceeding Scale in a Unicellular Economy]
The goal of ecological economists is to help compensate for this inadequacy of the price fulcrum by applying the “when to stop rule” to the marginal costs and benefits of the economy as a whole.  This of course requires us to adopt a systems approach to assessing marginal opportunity costs, as we described above.  

So how do we go about applying this rule to a specific problem?  Let’s turn again to the example of urban sprawl in Dutchess County.  The equimarginal principle of optimization would have us decide when the marginal opportunity costs (disutility) of urban sprawl as assessed from a systems perspective begin to exceed the marginal benefits (utility).  This point defines optimal scale.  Obviously, uncertain facts, unpredictable outcomes and the importance of normative values present serious, probably insurmountable problems in estimating accurate and precise marginal costs and benefits (particularly in monetary terms).  Though precisely defining such a balance point in a complex system is arguably impossible, as a conceptual exercise it is well worthwhile.  In terms of Figure 4.5 below, we are trying to estimate when ab = bc.  Growth beyond this point is uneconomic.  It’s also worthwhile considering point e, the futility point, beyond which there are no benefits from continuing an activity.  If we cannot actually pinpoint this stopping point, then why bother?  In today’s world of growthmania, getting decision makers to recognize this simple concept constitutes the beginning of a paradigm shift, and could be one of the most important contributions you make in your efforts to solve your problem.  
[FIGURE 4.5: The Optimal Scale of Urban Sprawl]
Decision makers must also recognize the potential consequences of growth beyond optimal scale.  A systems perspective forces us to recognize the likelihood of non-linear responses, unpredictable thresholds, irreversible changes and potentially catastrophic surprises – outcomes we can scarcely anticipate, much less predict.  This means that as we near a system’s unknown boundaries, the chances increase that marginal activities in one part of a system will lead to non-marginal changes in other parts. At some point, as we near the boundaries of sustainable scale, these non-marginal changes can become catastrophic, and marginal analysis is no longer appropriate even in theory.  If we do not know where a system’s boundaries lie, we do know when marginal analysis ceases to be appropriate, but it is safe to say that the faster change is occurring and the greater number of interconnected systems in which it is occurring, the less we can rely on marginal analysis.

To compound the problem, the economic system functions on one time scale, and the ecosystem on another.  While we can conceive of a system with better feedback loops between ecosystem and economy than the unregulated market, it’s pretty tough to imagine unanticipated outcomes in the future feeding back into today’s decisions.  Human activities can cause irreversible and potentially catastrophic change in the ecosystem, but the changes may not even be noticed by the generation that causes them.  Chlorofluorocarbons were discovered in the 1920s, but it took over 50 years before we understood their catastrophic impacts on the atmosphere, and another 10 years before we began to act.  It does not require a leap of imagination to come up with a scenario in which change is not noticed until it is too late.  

[Box 4.2: Surpassing sustainable scale in a unicellular economy]
In Figure 4.5, we illustrate this concept by showing rapid changes in marginal disutility beyond a certain level of urban sprawl.  For example, America has built a society increasingly dependent on the automobile, demanding unprecedented use of fossil fuels.  As sprawl increases, we confront ever-dwindling quantities of petroleum to fuel an ever larger auto fleet.  At some point in the perhaps not so distant future we are likely to confront extremely high fuel prices.  Cities that have consumed their neighboring farmlands will have to import food from great distances at prohibitively high costs.  It will be exceedingly difficult to convert paved areas and buildings into viable farms, and urban soils are likely to show high levels of contamination.  We may find that the future costs of urban sprawl are already unacceptably high.  We have labeled this point d in the figure.  We do not know where point d is located, but as we near it, we can no longer rely on marginal analysis.
[SIDEBAR: See Chapter 7, pp. 113-116 for a primer on fossil fuel depletion.]
Ecological economists respond in part to these limits in marginal analysis by applying the precautionary principle
.  Simply stated, the precautionary principle urges us to err on the side of caution when confronting potentially catastrophic outcomes.  One way to look at this is to say that there is a strong, positive benefit to remaining safely away from very negative outcomes.  This is exactly the principle behind the insurance industry.  We know that insurance companies pay out less than they take in, and statistically our individual insurance costs are likely to be greater than our benefits.  We pay a risk premium to avoid catastrophic outcomes.  Avoiding unpredictable outcomes is of course much more difficult, and how large a premium we should pay is ultimately an ethical issue combining our own aversion to risk with our attitudes towards gambles in which some people receive the benefits while others – future generations in particular – pay the costs.

[SIDEBAR: Chapter 20, pp. 361-362 describes the policy principle of leaving a margin of error when dealing with the biophysical environment. This is the same as the precautionary principle.]
In summary, applying marginal analysis from a systems perspective reveals a much more complex economy than we see in traditional models.  Prediction and optimization are revealed as impossible goals.  In its place we must use envisioning and anticipation to guide decision-making.  Envisioning requires a democratic, participatory process in which members of society develop a clear, detailed picture of what they want their society to look like in the future.  This vision will evolve over time, so the envisioning process must be continuous.  Once we have decided where we want to go, we can initiate the steps necessary to get there.  In a complex system that will rarely behave as we expect, we must anticipate surprises.  The first step in anticipation is to examine many possible scenarios that might arise from our policy decisions, using widely varying assumptions that encompass the uncertainty of our knowledge.  The second step is to recognize that even the broad range of scenarios we can anticipate may fail to include the actual changes that result, and be ready to change our course as necessary.  This approach could not be more different from relying on short-term marginal decision-making based on individual costs and benefits to arrive at an optimal outcome for society. 
Marginal analysis can be highly useful.  When we allocate resources, we should certainly try to put them to uses with the highest marginal benefits that impose the lowest marginal opportunity costs.  It unequivocally tells us that growth beyond a certain point becomes uneconomic.  But useful as it is, we cannot rely solely on marginal decision-making to solve problems with non-marginal impacts – and problems with only marginal impacts are probably not worth your effort to begin with.
EXERCISE 4.3

The Optimal Scale of a Problem

At this point you should be prepared to apply the concepts of optimal scale and sustainable scale to your problem, at least conceptually.  Start by defining your axes.  The Y axis should be utility or benefits (with disutility or costs falling below the X-axis).  The X-axis will be some large scale activity that represents your problem or some important aspect of it.  In Case 1 this would be expansion of agriculture in the Atlantic Forest.  In Case 2 this could be the increase in waste water generation from growth in population and per-capita consumption.  In Cases 3 and 4, it could be urban sprawl, or some component thereof, such as the road system or fossil fuel consumption.

Once you have defined your axes, think objectively about the marginal benefits of continuing the activity.  For example, more grazing land for an individual dairy farm in Conceição de Macabu means more milk and more income, even if cumulative deforestation leads to less milk production.  More waste water is produced by activities that have benefit to humans, such as flushing their toilets and washing their cars.  What is happening to these marginal benefits as the activity expands?  It’s easiest to think about if you begin from 0, i.e. none of the activity.  What is the marginal benefit to a farmer of the first acre of land he clears for agriculture?  This is essential to feed his family and has nearly infinite marginal benefits. What is the marginal benefit the first units of water used in a household?  Now think about the benefits of the last unit used.  In the case of farmers in Conceição de Macabu, surveys suggest that the last hectare (2.4 acres) cleared brought in about $20 dollars per year.  The last unit of water used by a typical American family is probably from a leaky faucet, and the only ‘benefit’ is avoiding the opportunity cost of 20 minutes and a 10 cent washer.  Locate a point on your X-axis to represent the present.  In the case of the Atlantic Forest, this might be 93% of the length of the X-axis, since that is how much of the ecosystem has been cleared. In the case of waste water or urban sprawl, it will be much more arbitrary.  Locate a point above (or below, if you think marginal benefits of the activity are negative) that represents the marginal utility at that point.  As an example of negative utility, students on one project with dairy farmers in Australia found that the loss of shade and water quality from continued forest clearing probably reduced gross profits.  Now draw a curve connecting these two points as best you can, and based on what you know, extrapolate that curve into the future.  Do marginal benefits approach zero, as show shown in Figure 4.5?

Now turn to the marginal costs, and apply the same approach. What were the marginal costs of the first units of the activity?  Negative impacts on the Atlantic forest of small clearings were probably minimal.  Initial expansion of urban limits in Dutchess County may also have had small impacts.  What do you think are the marginal costs of continued expansion at present?  To calculate this, you must consider the marginal opportunity costs of source, sink, and site as described above.  Draw a curve between these two points.  

Marginal costs, as we described, may eventually begin to show seriously non-linear behavior. If the activity continues long enough, can you foresee any catastrophic changes? Do we know enough about the relevant systems to anticipate such impacts?  Think broadly, and consider ecological, social and economic costs.  See if you can roughly estimate on your X-axis when we might need to start worrying about ‘the straw that breaks the camel’s back’.  Make sure you pay attention to time lags. For example, in the case of the Atlantic Forest
, it could be that the system has already been so decimated that unless we actively restore it, it will spiral into a catastrophic decline with unacceptable consequences for Conceição de Macabu,  Rio de Janeiro, Brazil and/or the world.  

Project Step IV

Problem Statement
Now that you’ve completed an initial literature review and started to think about your problem from a systems perspective, it’s time to write up a clear statement of the problem that explains why it is important and interesting.  This statement of the problem serves a number of roles, three of which we emphasis.  First, it forces you to organize your knowledge of the problem and your thoughts on it so for.  Second, it justifies your project by explaining how it will help to solve the problem you are addressing.  Third, it serves as an introduction to your final communication – you may change the format of the introduction completely (e.g. from written narrative to picture brochure or interactive web-site), but much of the content should stay the same. 

When writing a statement of the problem, it often helps to move from the general to the specific – describe the big picture, then gradually narrow down to the specific problem you are tackling.  Your literature review can guide you here, and should in fact be incorporated into your statement of the problem.  You should finish with an explicit statement of your goal for the project.  

To justify why you are doing this project, tell about the community you will be dealing with and make it clear why your project will be useful.  Use facts to back up your assertions.  Try and find any examples of past projects done by other individuals or groups that your group can use as a guide, and describe the resources you will use to address your problem.  The introduction should incorporate your review of the relevant literature, and MUST contain adequate references.

Following your statement of the problem, you should describe the final format you expect your project communication to take.  Your goal is to help solve a specific problem, and to do this you will need to communicate your results in the most effective way possible to the people who can use those results.  You should definitely consult your sponsor on this.

In your final communication, good grammar and spelling will be essential to help establish your credibility. If you have any concerns about your writing, it would be an excellent idea to take your problem statement to your university writing lab, or ask someone you trust to proofread it. 

In summary:

1-Describe the general problem you will address;

2- Describe the specific problem you will try to help solve, including a description of the specific community affected;

3- Justify and explain what you’re doing-- how will your project contribute to solving this problem?

4-Tell us if you have found any similar projects you can use as a model, and describe the resources you’ll be using;

5- Explain how you will communicate your research results in a way that contributes to solving the problem.

6. Double check to make sure you’ve completed each item on this list, and have proper references.
CASE 4

Urban Sprawl in the Hudson River Valley, New York, USA

Caroline Hermans, Audra Nowosielski, John Polimeni, and Karen Stainbrook

Land use, which is decided by economic activity and social policies, is a key determinant of ecological structure and function, a fact increasingly recognized by economists and ecologists alike.  The Hudson River watershed of New York State supports a variety of land uses, but the current trend in many of its key tributaries is the transformation of forest, pasture, and agricultural lands into suburban and urban uses.  The pressure for this change is acute around urban centers, but is also problematic in rural areas such as the Catskills, which provide the water supply for New York City.  In order to develop policies that guide sustainable development in the Hudson Valley, it is necessary to understand (1) how economic activities influence land use tenure and change, (2) how these activities influence key ecological properties of the system, and (3) how ecosystem value contributes to broader social goals.
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Figure 4.1 • New homes, old farms in Dutchess County, New York

In this study of the Hudson tributaries of Dutchess County, graduate students at three separate universities collaborated to incorporate measures of economic activity, land use change, and river system health in a linked framework capable of evaluating scenarios for policy analysis.  The analytical building blocks for this ecological economic model included a social accounting matrix (SAM) of economic activity, a geographical information system (GIS) of land use and geophysical attributes, and chemical analysis and indices of biotic integrity (IBI) of ecosystem health.  To synthesize and communicate the resulting economic, landscape, and ecological indicators, a multi-criteria decision aide (MCDA) was developed with an intermunicipal council working to protect watershed health. (MCDA is presented as a potential synthesis framework in Chapter 7.)


[image: image3]
Figure 4.2 • Conceptual model overview

Each of these methodologies requires disciplinary expertise, but each was working toward an ultimate project goal of synthesis and communication.  The SAM details economic flows among sectors of an economy, characteristics of the labor force, income distribution, land use, and various kinds of watershed impact for a given year.  Impacts from new job or industry creation were estimated, including both the direct and indirect effects, as demands from a new activity ripple through economic sectors.  Most such economic models do not include spatial variation of activity, however, location is critical to estimating environmental loading.  In this project, GIS data was also incorporated to characterize the household sectors of the SAM model, locate business establishments within the watershed to regionalize the SAM model, provide a land inventory for local development scenarios, and characterize land parcels by location and geophysical attributes.  Land use change was then estimated based on economic scenarios and statistically correlated to watershed health metrics.

BOX 4-1: Water Privatization

Mainstream economists argue that market forces apply the equimarginal principle of optimality, and will maximize social utility as well as individual utility.  To most ecological economists this is less clear.  Based on their conviction in the superiority of market forces, the International Monetary Fund and the World Bank are currently imposing the privatization of water utilities as a pre-condition for loans.  The argument is that market forces will allocate water towards uses that maximize marginal utility.  Many ecological economists in contrast would argue that water is provided naturally by nature, and should therefore be part of the commonwealth and not privately owned.  Water used to meet basic human needs is a right, not a commodity.  In the wealthier nations, even with higher water prices people will be able to afford water to meet their basic needs, but this is not the case in some less developed countries that have already privatized their water.  Some of these countries have an extremely unequal distribution of wealth and income, so that the elite can afford drinking water to fill their swimming pools and flush their toilets, while the poor cannot even afford water to drink. 

In South Africa, privatization of water supply led to dramatic price increases.  Poor families, unable to afford up to 30% of their annual income on water, had their water shut off.  Forced to drink from contaminated rivers, they contracted and spread highly contagious diseases such as cholera, which ultimately cost hundreds of lives and millions of government dollars to halt the epidemic
.  After water was privatized in Cochabamba, Bolivia by rewarding a monopoly to a subsidiary of the Bechtel corporation, the corporation hiked rates dramatically.  Some poor households were forced to spend as much as 25% of their income on water.  Major protests, in which at least one protester was killed by government forces, led Bechtel to withdraw (but not without filing suit against the Bolivian government for $25 million)
. Ecological economists explicitly recognize that the desirability of a market allocation is no greater than the desirability of the income distribution that produces it.  
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Figure 4.3 • Decision Hierarchy in Case 4 Watershed Management Problem

BOX 4-2: Time Lags – Exceeding Scale in the Unicellular Economy

Exceeding the waste absorption capacity of ecosystems is not unique to humans.  Take the case of anaerobic, oxygen producing photosynthesizers that thrived billions of years ago.  In high enough concentrations, oxygen was lethal to the organisms that produced it.   It appears that on the ancient earth, a stock of unoxidized iron was present in the early oceans, and more was slowly dissolving into solution. This iron could capture the oxygen waste products of photosynthesis, and settle out of solution as an iron oxide.  While there would have always been some oxygen in the vicinity of its anaerobic creators, there would not be enough to significantly damage their reproductive capacity, and their populations increased.  As long as populations of the organisms were low enough, iron settling out of the system as oxides could be replaced by iron re-entering the system in an unoxidized form.  Hard (alkaline) water has a similar buffering capacity for acid rain.  Eventually, however, it appears that the flow of oxygen overwhelmed the inflow of new iron.  Quite possibly, there was enough iron in the system to absorb this oxygen for millennia, but once the flow of oxygen overwhelmed the rate of regeneration of the iron, it became inevitable that all of the iron would precipitate out of the system, oxygen would then accumulate, and the anaerobic creatures would fall victim to their own waste product.  Populations would crash, allowing unoxidized iron to again accumulate in the system, making possible another build up of the anaerobic organisms.  Layers of pure iron oxides laid down in enormous swaths on the ocean floor up to 2 billion years ago suggest the possibility of this cycle.  These iron layers are now the source of iron ores exploited by humans.  

Conceptually, the anaerobic organisms exceeded sustainable scale, and suffered the consequences.  Fortunately, humans can potentially foresee such consequences, and thus avoid them.  However, if we use standard economic methods such as positive exponential intertemporal discount rates, there may be little incentive to avoid even catastrophic losses in the future.
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Figure 4.5 • The Optimal Scale of Urban Sprawl
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