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ABSTRACT

While as scientists ecological economists pursue objectivity and empiricism, as problem solvers we
strive to move our policy solutions to pressing problems onto the political agenda. To what extent is a
rigorous scientific understanding of sustainability issues necessary and sufficient for creating more
sustainable policies? If it is not, what are the obligations of scientists who understand the threats to
sustainability to act on their understanding? We use a case study of Katrina to show that impartial
science alone is inadequate to achieve our ends. Ecological economics and market fundamentalism
have fundamentally different definitions of the problems leading to and resulting from Katrina, which in
turn lead to diametrically opposed policy solutions. The solutions of the market fundamentalists are
those currently receiving the most consideration, which exacerbates the problems as defined by
ecological economists. As scientists and problem solvers, ecological economists must empirically
study the public policy process to learn how to promote our policy solutions. We therefore assess two
schools of thought concerning public policy—the market model and polis model. The market model of
the public policy process assumes that policy makers rationally analyze the options available to
achieve a specific goal then choose the one that maximizes utility. The polis model in contrast
assumes that policy makers are not consistently rational but respond instead to the strategic
presentation of situations using stories and symbols more than value-neutral facts. We argue that the
polis model is a more accurate empirical interpretation of the policy process, and therefore, to be good
scientific problem solvers, ecological economists must rely on emotionally charged stories that explain
the significance of their scientific research instead of impartial presentation of empirical evidence.
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INTRODUCTION

Ecological economics prides itself on being a problem based, policy oriented field focused on the
science and management of sustainability (Costanza, 1991; Farley, Erickson, & Daly, 2005). While
the field has an explicitly value driven research agenda focused on a just distribution of resources
within and between generations, as scientists, we strive to be both empirical and objective: our
hypotheses must be supported by available evidence, and the results of experimental tests of
hypotheses should not depend on the values of the scientist conducting them. The question we
address in this paper, however, is to what extent is a rigorous scientific understanding of sustainability
issues necessary and sufficient for achieving a sustainable society? Related to this first question,
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what are the obligations of scientists who understand the threats to sustainability to act on their
understanding?

Some argue that the scientist’s role is simply to carry out objective research, and it is the duty of
policy makers to act on the resulting knowledge (Gross & Levitt, 1994; Jones, 1984; Pouyat, 1999;
Rykiel, 2001; Shackley & Wynne, 1995; Wagner, 1999). This approach however assumes that
political decision makers pay attention to scientific research, know how to distinguish good research
from bad, and are willing to act rationally on the resulting knowledge to further the common good.
The supporting evidence for these assumptions is not good. For example, Molina and Rowland
discovered the ozone depleting properties of chlorofluorocarbons (CFCs) in 1973 (Molina & Rowland,
1974), yet a global agreement to begin phasing out ozone depleting compounds was not ratified until
1989. Though the size and depth of the Antarctic ozone hole broke records in 2006 (Gutro, 2006),
India and China are rapidly increasing their production of ozone depleting chemicals (Bradsher, 2007)
and a total phase out is not expected before the middle of the century (World Meteorological
Organization, 2003). Policies to address global climate change have still not made it on to the federal
agenda in the US.

One explanation is that scientists are failing to communicate their results to policy makers. Many
scientists argue that environmental problems demanded a new social contract for science: scientists
must not only conduct research that will help create a more ecologically sound, economically feasible
and socially just society, but they must also effectively communicate this research to policy-makers
and the public (Costanza, 2001; Lubchenco, 1998; Mooney & Ehrlich, 1999; Wagner, 1999). The
question is, should scientists impartially communicate their knowledge to policy-makers (Pouyat,
1999; Wagner, 2001), or should they be active advocates of particular policies (Costanza, 2001;
Mooney & Ehrlich, 1999)?

The objective of this article is to show that empirical science is necessary but not sufficient to move
policy solutions to sustainability problems onto the political agenda. In order to be effective problem
solvers, ecological economists must learn how the public policy process works then use this
knowledge to turn their policy proposals into reality. A companion article (Farley et al., 2007)
suggests what ecological economists might do to promote the implementation of their policy
proposals.

Our approach is to use the response to Hurricane Katrina as a case study to show that effective policy
solutions to the sustainability problem require a solid scientific understanding of the problem, but that
this understanding alone will not move these solutions on to the political agenda. We begin by
summarizing how ecological economists define the problems presented by Katrina, and how the
problem definitions determine policy solutions. We next briefly contrast this ecological economic view
with the problem definition and policy recommendations of market fundamentalists, the laissez-faire
version of neoclassical economics (Soros, 1998; Stiglitz, 2002, 2004). We choose to present this
extreme version of neoclassical economics for three reasons. First, the market fundamentalist vision
currently seems to have the most influence on policies for addressing the aftermath of Katrina.
Second, market fundamentalists present themselves as a purely objective scientists, with
mathematical models providing value-neutral decision rules, and often charge heterodox economists
(including ecological economists) with a lack of scientific rigor (Cohen, 2007; Lee, 2004). Third, the
resulting policies are almost diametrically opposed to those of ecological economics, which suggests
that both policies cannot be supported by an objective scientific interpretation of the same sets of
facts.
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If empirical science alone failed to generate appropriate policies in the case of Katrina, then our role
as scientists and problem solvers demands that we scientifically study the public policy process to
learn how to promote our policy solutions. The article therefore assesses two schools of thought
concerning public policy—the market model and polis model (Stone, 2002) to assess which offers the
most valuable insights into the policy process.

We offer two conclusions. First, problem solving on the scale necessary to achieve a sustainable, just
and desirable future requires more than science and statistics: objective science is necessary, but not
sufficient. If we apply the scientific method to the policy making process itself, we learn that policy
discourse uses ordinary, everyday language, in which no distinction is made between facts and
values (Norton, 2005). In complex systems, a single set of facts can be used to tell a number of
equally true stories and present a number of equally plausible futures (Allen, Tainter, Pires, &
Hoekstra, 2001). Moving our policies onto the political agenda requires that we communicate our
research results through passionate narratives that use ordinary language integrating facts and
values, identify stakes and tradeoffs for the public, and advocate for particular goals, problem
definitions and policies.

Second, while we must integrate facts and values to get our policies implemented, once we have
done so we should return to the empirical testing of conventional science. Policies implemented in
situations of uncertainty, designed to affect evolving and unpredictable complex systems, should be
looked at as scientific experiments capable of falsifying our initial theories. Critical data in this
exercise include the values and opinions of stakeholders who affect and are affected by the problem.
When our policies fail to work as planned, we must adapt them accordingly—the process of adaptive
management (Norton, 2005). As good scientists, we can never let theory (or ideology) trump
empirical evidence.

ECOLOGICAL ECONOMICS AND KATRINA: COUPLING PROBLEM AND POLICY

A problem can be defined as the discrepancy between a goal and the existing reality. The goal of
ecological economics is to achieve a high quality of life for this and future generations, which requires
a sustainable scale of the economy in relation to the ecosystem that contains and sustains it, just
distribution and efficient allocation (Daly, 1992). This section describes how the problems leading to
and resulting from Katrina can be defined in terms of scale, distribution and efficiency, and how these
problem definitions lead to specific policy recommendations.

Katrina and Scale

Scale, as defined by ecological economists, is the physical size of the economic system relative to the
ecosystem that sustains and contains it. Sustainable scale is exceeded when human activities
overwhelm the regeneration capacity of ecosystems or their ability to provide critical life support
functions. For renewable resources, this occurs when resource extraction exceeds resource renewal
rates, when waste emissions exceed absorption capacity, or when so much of a critical ecosystem is
destroyed by economic uses that what remains can no longer provide the ecosystem services on
which humans (and other species) depend. For non-renewable resources, scale becomes
unsustainable when a resource is being used faster than renewable alternatives are being developed
(Daly, 1990). Desirable scale is exceeded when the marginal costs of ecosystem loss and
degradation caused by economic growth outweigh the marginal benefits of that growth Uncertainty
regarding ecosystem function and technological, evolutionary and cultural adaptation means that we
cannot precisely define either sustainable or desirable scale (Daly, 1992; Lawn, 2001; Malghan,
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2006). Nonetheless, there is compelling evidence that excessive scale contributed to the Katrina
disaster in at least four different ways.

First, research suggests that global climate change caused by greenhouse gas emissions in excess of
planetary absorption capacity is increasing the severity of hurricanes and other natural disasters
around the world (Goldenberg, Landsea, Mestas-Nufiez, & Gray, 2001; Kerr, 2005; Knutson, Tuleya,
& Kurihara, 1998; Webster, Holland, Curry, & Chang, 2005). It is impossible to say for certain that
global warming contributed directly to Hurricane Katrina, but it is equally impossible to deny some
probability that it did so.

Second, human activities are degrading and destroying wetlands, sandbars and islands faster than
they can restore themselves (Costanza & Farley, 2007; Day et al., 2005; LCWCRTF and WCRA,
1999). Katrina led to a dramatic breakdown of remaining wetlands, with sofa-size clumps of wetland
material blown around the landscape (Dean, 2005), indicating a loss of resilience to natural shocks.
Since 1930, Louisiana has lost 4,800 km? of coastal wetland (Day et al., 2005); research by the US
Army Corp of Engineers suggests that every 4.4 km of wetland can reduce storm surge by 30 cm
(U.S. Army Corps of Engineers, 1961). Wetland loss driven by economic forces has also contributed
to a precipitous decline in seafood production, destabilization of coastal oil pipelines, loss of Cajun
culture and the loss of habitat for migratory birds and other wildlife (LCWCRTF and WCRA, 1999).

Third, in the wake of Katrina New Orleans was inundated in a “toxic gumbo” (Frickel, 2006). The EPA
documents over 200 toxic release inventory sites in New Orleans (figure 1) (United States National
Library of Medicine, 2006), 24 superfund sites affected by Katrina, and another 28 affected by Rita
(EPA, 2005). Toxic compounds were being released faster than the local ecosystem could absorb
them.
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Figure 1: A map of 242 toxic release sites in New Orleans and the immediate vicinity.
Superfund sites are numbered. (United States National Library of Medicine, 2006)

Lastly, the spike in oil, gas, and natural gas prices following Katrina underscored how our current
standard of living, and possibly even survival, depends on consuming fossil fuels (Heinberg, 2003) as
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it is impossible to do work without the use of low entropy energy (Georgescu-Roegen, 1971). The
proximate cause of the prices spikes was Louisiana’s substantial contribution to national energy
supplies (Louisiana Department of Natural Resources, 2005). The ultimate cause is that we are using
our finite fuel supplies faster than we can develop renewable alternatives while developing new uses,
or complements, faster than we develop substitutes.

Policies for addressing the scale problem

Defining these problems as examples of both unsustainable and undesirable scale generates a series
of policy options for solving them. It is a basic tenet of ecological economics that policies should allow
a margin of error when dealing with biophysical systems that are both poorly understood and
susceptible to irreversible and/or unpredictable change (Daly & Farley, 2004) and that we should not
rely on yet-to-be developed technologies as remedies for environmental degradation and absolute
resource scarcity (Erickson, 2002; Georgescu-Roegen, 1971). Policies should thus apply the
precautionary principle (Raffensberger & Tickner, 1999), especially in light of research showing that
people are willing to pay more to reduce the probability of losses than they are to increase the
probability of equal gains (Kahneman & Tversky, 2000). The losses from exceeding sustainable scale
are likely to be catastrophic and irreversible. In contrast, even a 2/3 decrease in economic output
would only return the US to a 1969 level of real per capita GDP (Bureau of National Economic
Accounts, 2007). We assume that returning to a 1969 standard of living would not be catastrophic,
suggesting that considerable investments to reduce the probability of catastrophe are warranted.

With respect to global warming, the precautionary principle demands that we immediately halt
additional increases in carbon emissions and move quickly to reduce them. At the margin, reducing
carbon emissions through conservation and efficiency may even have negative marginal costs
(Nordhaus, 1994), but there is increasing agreement that we will need to reduce emissions by at least
80% by 2050 if we wish to avoid potentially catastrophic impacts (Kallbekken & Rive, 2007; Stern et
al., 2006). Either a cap and auction scheme or carbon taxes would theoretically reduce emissions
while stimulating technological innovations, and both approaches have their advantages (Baumol &
Oates, 1989; Pearce & Turner, 1990). As prices adapt to ecological constraints faster than
ecosystems adapt to economic variables, it may be safer to let scale (e.g. caps) determine prices than
to let prices (e.g. carbon taxes) determine scale (Daly, 1997).

With respect to wetland loss, it might be possible to substitute the storm protection service of wetlands
with built capital, but the latter depreciates, while the former can be made self-sustaining. The
precautionary principle therefore demands that we act immediately to halt continued degradation of
wetlands then begin restoring what has been lost. First we should halt perverse subsidies that
provide incentives for destroying remaining wetlands and shifting barrier islands (Bagstad, Stapleton,
& D'Agostino, 2007), then ban activities that continue to degrade the wetlands, or tax them at a rate
sufficient to generate the revenue needed to counteract the damage. When there is uncertainty on
the impacts of specific activities on wetland loss, those responsible should post financial assurance
bonds adequate for restoring any possible wetland loss (Costanza & Cornwell, 1992; Costanza &
Perrings, 1990).

While it is possible that even closing canals, renewing sediment flows and the large scale pumping of
sediments into the wetland would be inadequate to restore the wetlands enough to preserve
Lousiana’s coastline (Committee on the Restoration and Protection of Coastal Louisiana, 2006),
numerous studies suggest that the benefits of restoring natural capital justify the costs (Aronson,
Clewell, Blignaut, & Milton, 2006; Balmford et al., 2002; Farley & Gaddis, 2007).
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Finally, we need policies for reducing toxic waste emissions to within the waste absorption capacity of
the environment. Pollutants that are persistent or highly toxic should be phased out. Again, we must
remove subsidies on activities that cause pollution, and replace them with taxes, tradable quotas and
financial assurance bonds.

Katrina and distribution

The second central focus of ecological economics is a just distribution of resources. What constitutes
a socially just distribution is a normative question, but the injustice of the plight of the poor in the
aftermath of Katrina was widely acknowledged. Ecological economists do not focus solely on the
distribution of monetary income and wealth generated by built and human capital, but also on the fair
distribution of natural capital (Costanza, Farley, & Templet, 2002). Distribution is about who owns
what; it is a question of property rights and as such is a policy variable (Bromley, 1991).

We suggest three basic principles for a just distribution of resources:
1. People are entitled to what they earn with their own labor;

2. People should not be able to freely take what they do not produce if doing so leaves less for
others;

3. Wealth created by nature or society as a whole constitutes the commons, and should be
shared equally by all. When people take from or degrade the commons, they should
compensate society both for the benefits they receive and the costs they impose on others.

Ecosystem services are clearly created by nature and as such should be part of the commons. These
services naturally benefit all who live within the geographical region over which they are distributed.
However, under current institutional arrangements, the private sector is often able to capture all the
benefits of the activities they engage in that degrade or destroy ecosystem services, but generally
share the costs with the society. This was clearly the case in New Orleans (Templet, 1995). This
imbalance between the distribution of costs and benefits leads to excessive ecological degradation.

The in-ground value of oil is also created by nature, though the oil industry deserves a fair return on
its labor, capital, entrepreneurial ability and risk for extracting it. Currently, Louisiana receives no
revenue from federal oil and gas leases beyond the three-mile territorial limit (Schwartz, 2005). The
record windfall profits received by the oil sector in the months following Katrina (Romero & Andrews,
2006) show that much of oil’s in-ground value is privatized.

Policies for addressing the distribution problem

Again, a problem definition implies a set of policy options. Masozera et al. (2007) call for living wage
jobs, equal access to loans and finance, and improved access to transportation as ways to improve
distribution New Orleans. In addition, we support the basic principle that the wealth of the commons
should be shared equally through a two step process. First, decisions concerning macro-allocation—
the share of ecosystem structure that should be converted to economic production and the share that
should be left intact to provide ecosystem services—should be based on democratic and not
plutocratic (i.e. market) principles. Ideally, those affected by the loss of ecosystem services should
make such decisions. Second, once the democratic process has decided on macro-allocation, those
who would convert ecosystem structure to economic output and waste must compensate those
affected for this privilege. For example, those who benefit from the storm protection services of Gulf
Coast wetlands should determine how much of those wetlands should be preserved to provide those
services, with those who benefit the most having the greatest say and receiving the bulk of
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compensation from those allowed to use or degrade the wetlands. In practice of course such
guidelines would only be approximate, since political boundaries rarely correspond to ecological
boundaries.

This policy principle dovetails nicely with tradable quotas and to a lesser extent Pigouvian taxes, both
policies suggested above as a means to achieve desirable scale. Where tradable quotas are used—
for example, for sulfur dioxide emissions or fish harvests (Newell, Sanchirico, & Kerr, 2005)—the
limits are set by democratically elected governments. Public sector auctioning of quotas would
require those who acquire them to compensate society for the privilege. Revenue from Pigouvian
taxes and auctioned quotas should be invested in public goods or used to replace regressive taxes

Though fossil fuels and minerals do not directly provide ecosystem services, their emissions do
degrade them, and they too are part of the commons. Our principles of just property rights suggest
that the in-ground value of Gulf Coast oil should be captured by the local and federal government in
the form of steadily increasing royalties supplemented by windfall profit taxes. One option is to
distribute royalties equally to all state citizens, or as is done in Alaska, invest the royalties and
distribute the resulting returns on the investment equally (Barnes, 2001).

Katrina and efficiency

Katrina also raised a number of issues concerning efficiency. The most obvious inefficiency was the
failure to restore wetlands and repair levees prior to the storm. The state government had long
requested $14 billion in federal money to carry out these repairs, presciently pointing out that “the
government will spend billions now to save the marshes or many more billions later to bail out New
Orleans” (Bourne, 2000). Most recent estimates of storm damage in the New Orleans area range from
$100-$150 billion (Seed et al., 2006), FEMA alone has spent $19 billion as of June 2006 (Lipton,
2006) and the US Senate has recently (May, 2006) approved another $28.9 billion in hurricane relief,
including $4 billion for levee control and flood relief (HR 4939).

Efficiency demands that society invest in whatever type of capital (built, natural, human or social) and
whatever type of good (public or market) offers the highest marginal returns. We have limited
resources to invest, and both types of goods (public and private) as well as the 4 types of capital
exhibit diminishing marginal utility. Additional investment in any of the four capitals and in public
goods and private goods should offer the same marginal benefit (Costanza et al., 2007). Markets
favor investment in marketed built capital, which requires the transformation of natural capital, in spite
evidence that investments in natural capital and public goods such as levees offer higher returns. For
example, Balmford et al. (2002) found that investing in natural capital for certain ecosystems offered a
100:1 rate of return, far higher than almost any private sector investment. Even a study by the office of
management and budget conducted in 2003 showed a 5:1 rate of return on environmental regulations
(Knickerbocker, 2003)—a type of investment in natural capital—even though economists generally
consider regulations less efficient than market mechanisms for achieving the same goals (Pearce &
Turner, 1990).

Policies for addressing the efficiency problem

Given our definition of the efficiency problem, a number of policy options emerge. The first and most
obvious is the need for government investment in public goods such as natural capital and levees.
The government should also invest in research leading to new technologies that help to preserve and
provide public goods, such as alternatives to fossil fuels. Technology, being non-rival, is inefficiently
allocated by markets, as the marginal cost of additional use is negligible, while prices inappropriately
ration use (Daly & Farley, 2004); for example, if a corporation patents a clean, cheap and renewable
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carbon neutral energy source, China and India might be unable to afford it and continue to burn coal,
with serious global consequences. In addition, the proliferation of patents may be slowing the advance
of science (Heller, 1998; Heller & Eisenberg, 1998). Patents create incentives, but most scientists are
employees of firms, not independent inventors, and there is no reason to believe that salaried
scientists work harder for the private sector than the public sector, nor that the public sector would
need to pay them more for the work they do (H. Simon, 1991). Publicly funded scientists would be
free to share their research, speeding its advance and as the marginal cost of using existing
information approaches zero, research results freely available to all would comply with the efficiency
criterion of marginal cost pricing.

Government provision of public goods of course requires government revenue, the vast majority of
which comes from taxes. Market fundamentalists complain that taxes create a dead weight loss of
economic surplus, the definition of inefficiency. However, the capture of rent—values created by
nature and society independent of the capital, labor and entrepreneurial ability of individuals or
corporations—creates no dead-weight loss, and in many cases reduces it (Daly & Farley, 2004;
Flatters & Boadway, 1993). Pigouvian taxes or auctioned quotas reduce negative externalities and
therefore increase economic surplus while providing incentives to develop efficiency enhancing
technologies. While some economists have worried that using taxes or quotas to limit resource
extraction and waste emissions would lead to a loss in jobs, empirical data for Louisiana shows a
positive correlation between capital outlays for pollution abatement and job creation (Templet, 1995;
Templet, 2003).

Royalties on fossil fuels could also help fund research while simultaneously reducing extraction rates
and pollution. In addition, we are currently developing new technologies that rely on fossil fuels more
rapidly than we are developing substitute fuels, so the marginal value of fossil fuels is increasing over
time, making it more efficient to use them in the future rather than today. Furthermore, the supply of
fossil fuels in situ is almost perfectly inelastic (though technological changes do of course increase our
ability to extract it). The more inelastic the supply of a resource, the less the deadweight loss from
taxes, auctioned quotas, or royalties (Frank & Bernanke, 2003). Finally, when fossil fuels are
extracted too rapidly from a given field, the total amount of fuel that can actually be recovered from
the field declines (Simmons, 2005), so that once again, slower extraction is likely to be more efficient.

MARKET FUNDAMENTALISTS AND KATRINA: PROBLEMS, POLICIES AND POLITICS

Market fundamentalists have also identified causes of Katrina and have proposed policies designed to
address them. These policies are almost the exact opposite of those offered by ecological
economists (Farley et al., 2007). What appears to be one of the most influential descriptions of the
market fundamentalist vision comes from the Heritage Foundation in a report entitled From Tragedy to
Triumph: Principled Solutions for Rebuilding Lives and Communities (Meese lll, Butler, & Holmes,
2005). As the government has already enacted a number of recommendations from this report, we
will use it to provide examples of problem definition and resulting policy solutions.

From Tragedy to Triumph focuses primarily on recovery, but to the extent the report does specify
causes of the problem, it blames government environmental regulations. Specifically “the National
Environmental Policy Act (NEPA) and the Clean Water Act that have contributed to Katrina’s damage.
NEPA ....[has] morphed into an all-purpose delaying tactic. Environmental organizations have used
NEPA lawsuits to block many types of projects, including levee improvements that might have
prevented the flooding of New Orleans. The same is true of the Clean Water Act and its regulations
ostensibly designed to preserve wetlands.” (p. 3). Implicitly, the report accepts the standard definition
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of the economic problem as choice under conditions of scarcity in the presence of unlimited wants, to
which the ‘solution’ is anything that increases production. The problems of scale and distribution are
completely ignored. By assumption, free markets increase production and government intervention
reduces it.

Given this simple definition of the problem, a simple suite of policy solutions emerges, all of which are
designed to stimulate growth in the market economy. The report recommends:

1. Reducing or eliminating environmental regulations in the areas damaged by the hurricane
to stimulate rebuilding, and for the oil industry to stimulate increased production.

2. Opening new areas to ail drilling, including areas off the continental shelf and the Arctic
National Wildlife Refuge, where drilling is currently prohibited.

3. Reducing or eliminating taxes in the hurricane damaged areas to stimulate more
economic investment.

4. Repealing the Bacon-Davis act which requires the government to pay prevailing median
wage rates.

The problem description and policy solutions are diametrically opposed to those we recommend as
ecological economists. The reduction and elimination of environmental regulations will exacerbate the
scale problem for global warming, waste emissions and the rapid depletion of fossil fuels. Reducing
environmental regulations inefficiently subsidizes polluters and disproportionately affects poor
communities (Anderton et al., 1994; Pastor, 2003; Templet, 1995; United Church of Christ, 1987),
exacerbating distribution. Opening new areas to drilling in environmentally sensitive areas also has
negative impacts on scale. Reducing or eliminating taxes reduces the government’s ability to invest in
public goods, in spite of evidence cited suggesting their high rate of return on investment. Repealing
the Bacon Davis act is likely to worsen income distribution.

Kahneman and Tversky won the Nobel Prize in Economics in 2002 for showing that neoclassical
economic assumptions about human behavior are flawed. Ackerlof, Spence and Stiglitz won the
Nobel in 2001 for showing that the assumption of perfect information underlying perfect markets never
holds true. Empirical science is undermining the central pillars of market fundamentalism (Gowdy &
Erickson, 2005). Evidence that changes to global ecosystems induced by economic activity are
undermining human well-being continues to mount (Millennium Ecosystem Assessment, 2005; Stern
et al., 2006), providing objective scientific support for the problem definition of ecological economists,
and there is mounting empirical support for the effectiveness of many of the policy instruments
ecological economists propose (Roodman 1998; Sterner, 2003). Nonetheless, it is primarily market
fundamentalist policies that are being implemented. To understand why this is so and what can be
done about it, we turn to the literature on public policy.

PUBLIC POLICY ANALYSIS: MARKET OR POLIS?

Like ecological economics, public policy is a problem based, interdisciplinary field, but most
practitioners come from a specific discipline that favors a matching perspective (Birkland, 2005). The
dominant perspective is heavily influenced by neoclassical economics and models of rational decision
making (See for example Stokey & Zeckhauser, 1978; Weimer & Vining, 2005), and we refer to it here
as the market model. Within this approach the unit of analysis is the individual and the relevant
motivation is self-interest. Policy makers identify objectives and alternative courses for achieving
those objectives; they evaluate the alternatives, and then choose the one that best realizes the
objectives. From this perspective, policy making is a rational, objective endeavor, more science than
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politics. If this is an accurate description of the policy process, however, objective, well-informed and
rational scientists should not arrive at such different problem definitions and policy recommendations
as we have described above: the model completely fails to explain the empirical evidence.

The lure of the market fundamentalist decision making model is that it seemingly offers objective
decision rules, and objectivity is a hallmark of science. Science however must also be empirical, and
if this model of decision making is not an accurate model of how public policy is actually made, then
the model is not scientific. Following the empirical research in the field of behavioral economics and
recent advances in understanding the evolution of cooperative behavior (Axelrod, 1984; Bowles &
Gintis, 2002; Wilson, 2007) most ecological economists have recognized that the assumptions
underlying Homo economicus—rational, self-interested economic man—are fundamentally flawed as
a model of economic behavior and therefore inappropriate (Bowles & Gintis, 2004; Gowdy & Erickson,
2005). The assumptions are even less appropriate as a model of political behavior.

Fortunately, public policy analysts have developed a variety of alternative models of society that more
accurately reflect reality than the market model. Stone (2002) for example presents the polis model of
society. In this model, policy decisions are made through inherently political processes grounded in
the manipulation of the meanings of goals, problems and solutions; using not only science, but
emotion, stories and symbolism to influence public opinion. This model explains how orthogonal
policy solutions can be proposed for dealing with the same problem, and why objective science may
fail to influence which of them is chosen. The contrasts between the polis model and market model
deserve elucidation.

While in the market model, the unit of analysis is the individual, in the polis model the unit of analysis
is the community, with the public interest as the predominant motivation (though self-interest also
plays a role). Within the polis decision-making occurs within a much more complex environment.
Decisions are not the result of one individual ‘decider’, but are rather a system level output involving
complex interactions between a diverse array of actors spanning the individual, group, organizational
and inter-organizational levels. Each of these actors approaches the public program and solutions
through differing points of view that are framed by sometimes differing configurations of goals and
policy prescriptions. Policies get made when specific combinations of actors and situations align,
which has been dubbed the “garbage can” approach to decision making (Cohen, March, & Olsen,
1972) or the coupling of the problem, policy and politics stream (Kingdon, 1984).

In the rational market model, goals must be both explicit and precise. In contrast, policy goals in real
life are often ambiguous, and for good reason. Public policy is built through alliances and coalitions.
The more clearly a goal is defined, the harder it is to gain support for the goal among different groups,
and in politics coalitions of groups are essential to achieve goals leading to what Stone deems a
“policy paradox” (2002). Ambiguous goals also make it easier for policy-makers to claim success in
achieving them. Policy goals in the polis model are the “object of political struggle”; the widely shared
general goals of equity, efficiency, security and liberty are shared precisely because they can be
interpreted in so many different ways, and in politics “provide a language with which contestants in a
political battle frame their positions” (Stone, 2002, p. 37).

In the market model, “problem definition is ... simply a matter of defining goals and measuring our
distance from them” (Stone, 2002, p. 133); policy makers evaluate all possible alternatives, and
choose the one that best meets their goals. This requires complete information provided by objective
scientists and policy analysts. In the polis model, problem definition and policy making involves “the
strategic representation of situations” (Stone, 2002, p. 133): people fight for particular goals, problem
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definitions and policies. To do so, they select only some of the available information, they interpret this
information to favor their views, and present it strategically: “representations of a problem are...
constructed to win the most people to one’s side and the most leverage over one’s opponents”
(Stone, 2002, p. 133). Even numbers are not cold hard facts, since the choice of what we measure is
determined by what we believe is important, and we do not measure what we believe is not.
Ecological economists who estimate monetary values of ecosystem services do so to assert their
importance, not to suggest that they are for sale (Costanza et al., 1997; Norgaard & Bode, 1998).
Measurement requires categorization, and deciding what falls into a particular category can be a
political decision. What information is neglected is just as important as the information included
(Stone, 2002). From this perspective, information provided by the advocate scientist will carry more
weight than that provided by the so-called objective scientist, regardless of the quality of the
underlying research.

Finally, in the market model the source of change is exchange, which results in different allocations
and distributions of resources as well as technological advance. Exchange is driven by individual
choice, and there is no role for scientists as advocates, except perhaps to advocate the free market
model. In the polis model, the sources of change are ideas, persuasion, and alliances, driven by the
pursuit of power, the pursuit of self-interest and the pursuit of public interest. In this model, passion
often has more influence than reason; story telling and metaphor are more powerful than scientific
proof (Stone, 2002).

Even from this superficial overview, it is clear that market fundamentalists should have a natural
affinity for the market model of public policy and ecological economists for the polis model. For
example, both the ecological economic model and polis model assume complex systems with multiple
criteria for ranking outcomes in which optimization is a futile pursuit, while in the market models
optimization is the goal. While the major conflict in the market models is the self-interest of
individuals, in the polis the conflict is between self-interest and public interest. Ecological economics
prioritizes ecological sustainability and just distribution, both public interests, over efficiency, which in
theory emerges from rational self-interest in a market economy. While collective activity in markets is
driven by competition, in the polis it is driven by both cooperation and competition. The central focus
of ecological economics, macroallocation, is about the conflict between the competitive use of
ecosystem structure to produce market goods for self interest, and the cooperative use of ecosystem
structure to produce ecosystem services in the public interest (Daly & Farley, 2004).

Ironically, ecological economists typically strive to advance their cause by integrating insights from the
natural and behavioral sciences so that they can present better information to policy makers and the
public, as called for by the market model. Influenced by the natural sciences, many frown upon the
selective and strategic presentation of information (Lackey, 2001; Wagner, 2001). In contrast, market
fundamentalists deny the relevance of the laws of thermodynamics (Gilder, 1989; J. Simon, 1981) and
ignore empirical data on human behavior in the assumptions of Homo economicus (Bowles & Gintis,
2002; Gowdy & Erickson, 2005); they are adept at selecting and interpreting data that meets their
assumptions while discarding that which does not. Market fundamentalists also equate ‘free’ markets
with equity, liberty, efficiency and security (Friedman, 1962; Lott, 2007), and, we assume, consciously
portray problems in a way that promotes their favored course of action, whether that be large
subsidies for the oil industry or an end to environmental regulation (Meese Ill et al., 2005). In other
words, in spite of their natural affinities, ecological economists often act as if the market model of
public policy is correct, while market fundamentalists act on the insights of the polis model to push
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their agenda. If the polis model more accurately represents reality, as the evidence suggests, this
would explain why market fundamentalists are more effective in pushing their policies.

TOWARDS MORE EFFECTIVE COMMUNICATION

To achieve their vision of a sustainable, just and desirable future, to be true problem solvers,
ecological economists must sway public opinion and decision makers. As scientists, we can study the
policy process and learn how this is done; several complex but empirically grounded models of public
policy (e.g Birkland, 2005; M. Cohen et al., 1972; Kingdon, 1984; Lindblom, 1959; Stone, 2002) offer a
promising start. As problem solvers, we must act on what we learn. We must become advocates for
our worldview and values as much in the political world as in academia, even if this means a greater
reliance on metaphors, symbols, passion and strategic interpretation of selected facts than on purely
empirical science. Advocacy unquestionably requires effective communication skills, which we must
also learn. Rather than assuming the public has an obligation to learn scientific jargon, we must learn
to communicate in ordinary language, organizing facts into a narrative stressing the relevance of our
research to the public and decision makers (Weber & Word, 2001).

There is growing evidence that such an approach is effective. As a dispassionate policy wonk, Al
Gore was unable to move climate change onto the political agenda even as Vice-President; as the
passionate orator of An Inconvenient Truth, which freely mixes facts and values, Gore has managed
to do so. With the metaphor of the ecological footprint, Rees made difficult computations of the
human capture of biological productivity accessible to the general public, and with clear and simple
multi-media communication, Wackernagel's Global Footprint Network has made the concept so
widespread that it even became a theme in a July 4" parade in small town Vermont. Though highly
controversial within academia, Costanza et al. (1997) have used estimated monetary values of natural
capital to effectively communicate its importance, and applications of this approach to ecosystem
services of the Puget Sound Watershed has influenced policy makers (Chapter 6 in Green/Duwamish
and Central Puget Sound Watershed Water Resource Inventory Area 9 (WRIA 9) Steering
Committee, 2005). Gretchen Daily has worked with a Pulitzer Prize winning reporter to do the same
(Daily & Ellison, 2002), receiving extensive press coverage as a result.

While many scientists are concerned that engaging in advocacy would threaten their credibility
(Pouyat, 1999), they fail to see that the public frequently views them as advocates already (Weber &
Word, 2001), to the extent that in the United States at least, belief in science has apparently become
a partisan issue (Revkin, 2004). Science is essential to understand the problems we confront;
emotion and passion, alliances and cooperation, are equally essential in our efforts to communicate
our results and turn our problem definitions and policies into political reality. If we strive to influence
the policy debate by impartial communication of the facts alone without a value-laden narrative to
frame them, we are needlessly handicapping ourselves.

While scientists must combine subjective and objective elements of science in their narratives, they
must be able to justify their interpretations based on the facts (Allen et al., 2001). This is what
distinguishes scientists as advocates from ideologues.

SUMMARY AND CONCLUSIONS

Fortunately, like public policy, ecological economics is transdisciplinary, integrating theories and
methods from whatever discipline or field is required to solve a given problem (Costanza,
Cumberland, Daly, Goodland, & Norgaard, 1997; Farley et al., 2005; Norgaard, 1989). The field of
public policy has much to teach us about how to turn our knowledge and goals into policy. As Birkland



Int. J. Ecol. Econ. Stat.; Vol. 11, No. S08, Summer 2008 15

states “people with political goals study public policy to learn how to promote their preferred policy
options” (Birkland, 2005, p. 15).

Birkland points out that the “act of identifying a problem is as much a normative judgment as it is an
objective statement of fact; thus, if analysis proceeds from the identification of a problem, and the
problem is defined normatively, then one cannot say that any subsequent analysis is strictly neutral”
(Birkland, 2005, p. 15). In addition, if a problem is the discrepancy between a goal and reality, then
how we define a problem depends on how we define our goals. Ecological economics has the
explicitly normative goals of ecological sustainability and just distribution, so our problem definitions
must also be normative (Costanza, 2001).

Policy options are determined by how we define a problem (Stone, 2002) and the result is that it is
essentially impossible to be a neutral advocate of a particular policy position (Cochran, Mayer, Carr, &
Cayer, 2005 as cited in Birkland, 2005). Furthermore, an increasing scientific understanding of the
sustainability problem does not inevitably translate into policies that promote sustainability. Turning
science into policy involves politics. Politics demands that we actively work to move policies
promoting sustainability onto the political agenda.

We conclude that ecological economic problem solving requires normative judgments and advocacy,
not simply empirical science and statistical analysis. This does not mean at all that ecological
economists should abandon science and statistics, but rather that they should fully embrace the
empirical evidence concerning the public policy process. As scientists, ecological economists must
draw on physics, ecology, systems thinking and complexity theory to understand the biophysical
nature of economic production and its impacts on the sustaining and containing system. We must
draw as well on psychology, neurobiology and evolution to understand human behavior within this
system. Applying science to public policy, we can learn how policy decisions are made. If we hope to
be problem solvers, however, we must act on what we learn to sway decision makers and the public,
even if this demands that we strategically present facts and values in a way that makes us
uncomfortable as pure scientists. There is unfortunately an inevitable tension at times between
science and problem solving in ecological economics.

However, once our desired policies have been implemented, we must test them empirically, and if we
succeed in falsifying the underlying hypotheses regarding their suitability and effectiveness, develop
new ones. We must navigate the strait between the extremes of "just the facts" and ideological
advocacy by subjecting our narratives and policy recommendations to empirical testing and
reinterpretation (Allen et al., 2001). Only through this approach of adaptive management will we be
able to reduce uncertainty, improve on our science, and formulate better policies for which to
advocate.

REFERENCES
Allen, T. F. H., Tainter, J. A., Pires, J. C., & Hoekstra, T. W. (2001). Dragnet Ecology--'Just the Facts,
Ma'am': The Privilege of Science in a Postmodern World. Bioscience, 51(6), 11.

Anderton, D. L., Anderson, A. B., Rossi, R. H., Oakes, J. M., Fraser, M. R., E.W.Weber, et al. (1994).
Hazardous waste facilities: Environmental equity issues in metropolitan areas. Evaluation Review(18),
123-140.

Aronson, J., Clewell, A. F., Blignaut, J. N., & Milton, S. J. (2006). Ecological restoration: A new frontier
for nature conservation and economics. Journal for Nature Conservation, 14(3-4), 135-139.

Axelrod, R. M. (1984). The evolution of cooperation New York: Basic Books.



16 International Journal of Ecological Economics & Statistics

Bagstad, K. J., Stapleton, K., & D'Agostino, J. R. (2007). Taxes, subsidies, and insurance as drivers
of United States coastal development. Ecological Economics, 63(2-3), 285-298.

Balmford, A., Bruner, A., Cooper, P., Costanza, R., Farber, S., Green, R. E., et al. (2002). Ecology -
Economic reasons for conserving wild nature. Science, 297(5583), 950-953.

Barnes, P. (2001). Who Owns the Sky? Washington, DC: Island Press.

Baumol, W., & Oates, W. (1989). The Theory of Environmental Policy. Cambridge, MA: Cambridge
University Press.

Birkland, T. A. (2005). An Introduction to the Policy Process: Theories, Concepts, and Models of
Public Policy Making (2nd ed.). New York: M.E. Sharpe.

Bourne, J. (2000). Louisiana's Vanishing Wetlands: Going, Going ... Science, 289(5486), 1860 - 1863.
Bowles, S., & Gintis, H. (2002). Behavioural science - Homo reciprocans. Nature, 415(6868), 125-+.

Bowles, S., & Gintis, H. (2004). The evolution of strong reciprocity: cooperation in heterogeneous
populations. Theoretical Population Biology, 65(1), 17-28.

Bradsher, K. (2007). The Price of Keeping Cool in Asia; Use of Air-Conditioning Refrigerant Is
Widening the Hole in the Ozone Layer. New York Times.

Bromley, D. (1991). Environment and Economy: Property Rights and Public Policy. Oxford: Blackwell.

Bureau of National Economic Accounts. (2007). Current-dollar and "real" GDP (Publication. Retrieved
August 6, 2007, from US Department of Commerce: http://www.bea.gov/national/index.htm

Cochran, C. E., Mayer, L. C., Carr, T. R., & Cayer, N. J. (2005). American public policy: an
introduction (eighth ed.). New York: St. Martin's Press.

Cohen, M., March, J. G., & Olsen, J. P. (1972). A Garbage Can Model of Organizational Choice.
Administrative Science Quarterly, 17, 1-25.

Cohen, P. (2007, July 11). In Economics Departments, A Growing Will to Debate Fundamental
Assumptions. New York Times.

Committee on the Restoration and Protection of Coastal Louisiana. (2006). Drawing Louisiana's New
Map: Addressing Land Loss in Coastal Louisiana. Washington, DC: The National Academies Press.

Costanza, R. (2001). Vision, Values, Valuation, and the Need for an Ecological Economics.
Bioscience, 51(6), 459-468.

Costanza, R. (Ed.). (1991). Ecological Economics: The Science And Management Of Sustainability.
New York: Columbia University Press.

Costanza, R., & Cornwell, L. (1992). The 4P approach to dealing with scientific uncertainty.
Environment and Planning C-Government and Policy, 34(42), 12-20.

Costanza, R., Cumberland, J., Daly, H., Goodland, R., & Norgaard, R. B. (1997). An Introduction to
Ecological Economics. Boca Raton, Florida: International Society for Ecological Economics and St.
Lucie Press.

Costanza, R., d'Arge, R., Groot, R. d., Farber, S., Grasso, M., Hannon, B., et al. (1997). The value of
the world's ecosystem services and natural capital. Nature(387), 253-260.

Costanza, R., & Farley, J. (2007). Ecological economics of coastal disasters: Introduction to the
special issue. Ecological Economics, 63(2-3), 249-253.

Costanza, R., Farley, J., & Templet, P. (2002). Background: The Quality of Life and the Distribution of
Wealth and Resources. In R. Costanza & S. E. Jergensen (Eds.), Understanding and Solving
Environmental Problems in the 21st Century: Toward a New, Integrated Hard Problem Science.
Amsterdam: Elsevier.

Costanza, R., Fisher, B., Ali, S., Beer, C., Bond, L., Boumans, R., et al. (2007). Quality of life: An
approach integrating opportunities, human needs, and subjective well-being. Ecological Economics,
61(2-3), 267-276.

Costanza, R., & Perrings, C. (1990). A flexible assurance bonding system for improved environmental
management. Ecological Economics, 2, 57-76.



Int. J. Ecol. Econ. Stat.; Vol. 11, No. S08, Summer 2008 17

Daily, G. C., & Ellison, K. (2002). The New Economy of Nature: The Quest to Make Conservation
Profitable. Washington, DC: Island Press.

Daly, H., & Farley, J. (2004). Ecological Economics: Principles and Applications (1 ed.). Washington,
DC: Island Press.

Daly, H. E. (1990). Towards some operational principles for sustainable development. Ecological
Economics(2), 1-6.

Daly, H. E. (1992). Allocation, distribution, and scale: towards an economics that is efficient, just, and
sustainable. Ecological Economics, 6(3), 185-193.

Daly, H. E. (1997). Beyond Growth: The Economics of Sustainable Development. Boston: Beacon
Press.

Day, J. J. W., Barras, J., Clairain, E., Johnston, J., Justic, D., Kemp, G. P., et al. (2005). Implications
of global climatic change and energy cost and availability for the restoration of the Mississippi delta.
Ecological Engineering, 24(4), 253-265.

Dean, C. (2005, November 15). Lousiana's Marshes Fight for Their Lives. New York Times.

EPA. (2005). Summary of Assessments at Superfund National Priority List Sites: Response to 2005
Hurricanes (Publication. Retrieved August 6, 2007, from Environmental Protection Agency:
http://www.epa.gov/katrina/superfund.html

Erickson, J. D. (2002). The Future of Economics in the Century of the Environment. International
Journal of Applied Economics and Econometrics, 10(4).

Farley, J., Baker, D., Batker, D., Koliba, C., Matteson, R., Mills, R., et al. (2007). Opening the policy
window for ecological economics: Katrina as a focusing event. Ecological Economics, 63(2-3), 344-
354.

Farley, J., Erickson, J., & Daly, H. (2005). Ecological Economics: A Workbook in Problem Based
Learning. Washington, DC: Island Press.

Farley, J., & Gaddis, E. (2007). An ecological economic assessment of restoration. In J. Aronson, S.
Milton & J. Blignaut (Eds.), Restoring Natural Capital: Science, Business and Practice. Washington,
DC: Island Press.

Flatters, F., & Boadway, R. (1993). The taxation of natural resources: principles and policy issues,
The World Bank, Policy Research Working Paper Series.

Frank, R., & Bernanke, B. (2003). Principles of Microeconomics (2 ed.). New York: McGraw Hill.
Frickel, S. (2006). Our Toxic Gumbo: Recipe for a Politics of Environmental Knowledge

[Electronic Version]. Understanding Katrina: Perspectives from the Social Sciences. Social Science
Research Council Web Forum

Retrieved June 11 from http://understandingkatrina.ssrc.org/Frickel/.
Friedman, M. (1962). Capitalism and Freedom. Chicago: University of Chicago Press.

Georgescu-Roegen, N. (1971). The Entropy Law and the Economic Process. Cambridge, MA:
Harvard University Press.

Gilder, G. (1989). Microcosm: The Quantum Revolution in Economics and Technology. New York:
Simon & Schuster.

Goldenberg, S. B., Landsea, C. W., Mestas-Nufiez, A. M., & Gray, W. M. (2001). The recent increase
in Atlantic hurricane activity: causes and implications. Science, 293, 474-479.

Gowdy, J., & Erickson, J. (2005). The approach of ecological economics. Cambridge Journal of
Economics, 29(2), 207-222.

Green/Duwamish and Central Puget Sound Watershed Water Resource Inventory Area 9 (WRIA 9)
Steering Committee. (2005). Salmon Habitat Plan - Making Our Watershed Fit for a King: WRIA 9
Forum.

Gross, P. R., & Levitt, N. (1994). Higher Superstition: The Academic Left and Its Quarrels with
Science. Baltimore: Johns Hopkins University Press.



18 International Journal of Ecological Economics & Statistics

Gutro, R. (2006). NASA and NOAA Announce Ozone Hole is a Double Record Breaker [Electronic
Version]. Retrieved August 6, 2007 from
http://www.nasa.gov/vision/earth/lookingatearth/ozone_record.html.

Heinberg, R. (2003). The Party’s Over: Oil, War and the Fate of Industrial Societies. Gabriola Island,
British Columbia: New Society Publishers.

Heller, M. (1998). The Tragedy of the Anticommons: Property in the Transition from Marx to Markets.
Harvard Law Review, 111(3), 621-688.

Heller, M., & Eisenberg, R. (1998). Can Patents Deter Innovation? The Anticommons in Biomedical
Research. Science, 280, 698-701.

Jones, C. O. (1984). An Introduction to the Study of Public Policy, 3rd ed. Monterey, CA: Brooks/Cole.

Kahneman, D., & Tversky, A. (2000). Choices, Values, and Frames. New York: Cambridge University
Press, Russell Sage Foundation.

Kallbekken, S., & Rive, N. (2007). Why delaying emission reductions is a gamble. Climatic Change,
82(1-2), 27-45.

Kerr, R. (2005). Is Katrina a Harbinger of Still More Powerful Hurricanes? Science, 309(5742), 1807.
Kingdon, J. (1984). Agenda, Alternatives, and Public Policies. Boston: Little, Brown.

Knickerbocker, B. (2003, October 03, 2003). How economics may reshape green policy: Regulation of
the environment benefits the economy, says a White House report. Christian Science Monitor.

Knutson, T. R., Tuleya, R. E., & Kurihara, Y. (1998). Simulated increase of hurricane intensities in a
CO2-warmed climate. Science, 279, 1018-1021

Lackey, R. T. (2001). Values, policy, and ecosystem health. Bioscience, 51(6), 437-443.

Lawn, P. A. (2001). Scale, prices, and biophysical assessments. Ecological Economics, 38(3), 369-
382.

LCWCRTF and WCRA. (1999). Coast 2050: Toward a Sustainable Coastal Louisiana. Baton Rouge,
Louisiana: Louisiana Department of Natural Resources.

Lee, F. S. (2004). To be a heterodox economist: the contested landscape of American economics,
1960s and 1970s. Journal of Economic Issues, 38(3), 747-764.

Lindblom, C. E. (1959). The Science of 'Muddling Through.' Public Administration Review, 19, 79-88.
Lipton. (2006, June 27, 2006). 'Breathtaking' Waste and Fraud in Hurricane Aid. New York Times.

Lott, J. (2007). Freedomnomics: Why the free market works and other half-baked ideas don't.
Washington, DC: Regnery Publishing.

Louisiana Department of Natural Resources. (2005). Louisiana energy facts annual 2004. Baton
Rouge: Louisiana Department of Natural Resources, Technology Assessment Division.

Lubchenco, J. (1998). Entering the century of the environment: A new social contract for science.
Science, 279(5350), 491-497.

Malghan, D. (2006). On Being the Right Size: A Framework for the Analytical Study of Scale,
Economy, and Ecosystem. University of Maryland, College Park.

Masozera, M., Bailey, M., & Kerchner, C. (2007). Distribution of impacts of natural disasters across
income groups: A case study of New Orleans. Ecological Economics, 63(2-3), 299-306.

Meese lll, E., Butler, S., & Holmes, K. (2005). From Tragedy to Triumph: Principles Solutions for
Rebuilidng Lives and Communities [Electronic Version]. Retrieved August 6, 2007 from
http://www.heritage.org/Research/GovernmentReform/sr05.cfm.

Millennium Ecosystem Assessment. (2005). Ecosystems and Human Well-being: Synthesis.
Washington, DC: Island Press.

Molina, M. J., & Rowland, F. S. (1974). Stratospheric sink for chlorofluoromethanes: chlorine atomc-
atalysed destruction of ozone. Nature, 249(5460), 810-812.



Int. J. Ecol. Econ. Stat.; Vol. 11, No. S08, Summer 2008 19

Mooney, H., & Ehrlich, P. (1999). Ecologists, Advocacy and Public Policy: Response to Ecoessay
number 3. Santa Barbara, CA: National Center for Ecological Analysis and Synthesis.

Newell, R. G., Sanchirico, J. N., & Kerr, S. (2005). Fishing quota markets. Journal of Environmental
Economics and Management, 49(3), 437-462.

Nordhaus, W. D. (1994). Managing the Global Commons. Cambridge: MIT Press.
Norgaard, R. B. (1989). The case for methodological pluralism. Ecological Economics, 1(1), 37-57.

Norgaard, R. B., & Bode, C. (1998). Next, the value of God, and other reactions. Ecological
Economics, 25(1), 37-39.

Norton, B. G. (2005). Sustainability: A Philosophy of Adaptive Management. Chicago: University of
Chicago Press.

Pastor, M. (2003). Building Social Capital to Protect Natural Capital: The quest for environmental
justice. In J. Boyce & B. Shelley (Eds.), Natural Assets: democratizing environmental ownership (pp.
77-98). Washington, DC: Island Press.

Pearce, D. W., & Turner, R. K. (1990). Economics of Natural Resources and the Environment.
Hertfordshire England: Harvester Wheatsheaf.

Pouyat, R. V. (1999). Science and environmental policy - making them compatible. Bioscience, 49(4),
281-286.

Raffensberger, C., & Tickner, J. (Eds.). (1999). Protecting Public Health and the Environment:
Implementing the Precautionary Principle. Washington, DC: Island Press.

Revkin, A. C. (2004, October 19, 2004). Bush vs. the Laureates: How Science Became a Partisan
Issue. New York Times.

Romero, S., & Andrews, E. (2006, January 31, 2006). At Exxon Mobil, a Record Profit but no Fanfare.
New York Times.

Roodman , D. (1998). The Natural Wealth of Nations: Harnessing the Market for the Environment.
New York: WW Norton & Company.

Rykiel, E. J. (2001). Scientific objectivity, value systems, and policymaking. Bioscience, 51(6), 433-
436.

Schwartz, J. (2005, November 29). Category 5: Levees Are Piece of a $32 Billion Pie. New York
Times.

Seed, R., Abdelmalak, R., Athanasopoulos, A., Bea, R., Boutwell, G., & et al. (20086). Investigation of
the Performance of the New Orleans Flood Protection Systems in Hurricane Katrina on August 29,
2005. Draft report, May 22. Berkeley: CITRIS Center, University of California, Berkeley.

Shackley, S., & Wynne, B. (1995). Global climate change: The mutual construction of an emergent
science-policy domain. Science and Public Policy, 22(4), 218-230.

Simmons, M. (2005). Twilight in the Desert: The Coming Saudi Oil Shock and the World Economy.
Hoboken, New Jersey: John Wiley and Sons, Inc.

Simon, H. (1991). Organizations and markets. Journal of Economic Perspectives, 5(2).
Simon, J. (1981). The Ultimate Resource. Princeton, NJ: Princeton University Press.

Soros, G. (1998). The Crisis of Global Capitalism: Open Society Endangered. London: Little Brown
and Co.,.

Stern, N., Peters, S., Bakhshi, V., Bowen, A., Cameron, C., Catovsky, S., et al. (2006). Stern Review:
The Economics of Climate Change. London: HM Treasury.

Sterner, T. (2003). Policy Instruments for Environment and Natural Resource Management.
Washington, DC: Resources for the Future.

Stiglitz, J. E. (2002). Globalization and Its Discontents. New York: Norton.

Stiglitz, J. E. (2004). Capital-Market Liberalization, Globalization, and the IMF. Oxford Review of
Economic Policy, 20(1), 57-71.



20 International Journal of Ecological Economics & Statistics

Stokey, E., & Zeckhauser, R. (1978). A Primer for Policy Analysis. New York: Norton & Company.

Stone, D. (2002). Policy Paradox: The Art of Political Decision Making. New York: WW Norton and
Co.

Templet, P. (1995). The Positive Relationship between Jobs, Environment and the Economy: An
Empirical Analysis. Spectrum(Spring), 37-49.

Templet, P. (2003). Defending the Public Domain: Pollution, Subsidies and Poverty. In J. Boyce & B.

Shelley (Eds.), Natural Assets: democratizing environmental ownership. Washington, DC: Island
Press.

Templet, P. H. (1995). Grazing the commons: an empirical analysis of externalities, subsidies and
sustainability. Ecological Economics, 12(2), 141-159.

U.S. Army Corps of Engineers. (1961). Interim Survey Report. Mississippi River Delta at and Below
New Orleans, Louisiana. New Orleans: New Orleans District, USACE.

United Church of Christ. (1987). A national report on the racial and socio-economic characteristics of
communities with hazardous waste sites. New York: United Church of Christ, Commission for Racial
Justice.

United States National Library of Medicine. (2006). Toxmap Environmental Health e-maps
(Publication. Retrieved August 6, 2007: http://toxmap.nim.nih.gov/toxmap/main/index.jsp

Wagner, F. H. (1999). Analysis and/or advocacy: What role(s) for ecologists? Santa Barbara, CA:
National Center for Ecological Analysis and Synthesis.

Wagner, F. H. (2001). Freeing agency research from policy pressures: A need and an approach.
Bioscience, 51(6), 445-450.

Weber, J. R., & Word, C. S. (2001). The Communicative Process as Evaluative Context: What do
Nonscientists Hear when Scientists Speak? Bioscience, 51(6), 487-495.

Webster, P. J., Holland, G. J., Curry, J. A., & Chang, H. R. (2005). Changes in Tropical Cyclone
Number, Duration, and Intensity in a Warming Environment. Science, 309, 1844-1846.

Weimer, D., & Vining, A. (2005). Policy Analysis: Concepts and Practice (4 ed.). Upper Saddle River:
Prentice Hall.

Wilson, D. S. (2007). Evolution for everyone : how Darwin’s theory can change the way we think
about our lives. New York: Delacorte Press.

World Meteorological Organization. (2003). Scientific Assessment of Ozone Depletion: 2002. Geneva:
WMO/UNEP.



