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identifies 18 practical obstacles that routinely and predictably hinder U.S. progress on existing 
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regardless of whether an issue is controversial. Though the book focuses on the U.S., most of 
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Preface

Achieving real environmental sustainability will require bringing present 
environmental impacts within sustainable limits and preventing creation 
of new problems. Neither would be sufficient alone; both are necessary. 
This book is limited to one aspect of the challenge of bringing impacts 
within sustainable limits – better understanding of immediate obstacles 
that impede progress on existing problems. As we shall see, the same 
obstacles apply to both modest and momentous problems. I focus on the 
United States (US) because that is the country I know best. Most of the 
obstacles are applicable in similar cultural and political settings elsewhere, 
but additional obstacles are important in other circumstances, and some 
discussed here, such as resistance to perceived infringements on 
individual liberties, would be less important in other cultural settings.

I hope a compendium of obstacles to progress on existing 
environmental problems will be useful for three purposes. First, I hope  
to help readers better anticipate, and thus more readily overcome, 
obstacles they may encounter as they strive for environmental progress. 
Second, I hope to attract scholarly attention to the set of obstacles as 
related, mutually reinforcing phenomena that need to be better 
understood. Finally, I hope to help expand awareness of how opponents 
of environmental protection distort and exaggerate obstacles in efforts to 
manipulate public opinion.

All obstacles discussed here receive attention separately in the 
diverse literature of various academic disciplines, but I have not seen 
them considered together. Various books and articles by authors, from 
philosophers to statisticians to historians of science, address obstacles to 
detecting and understanding problems. Multiple exposés use narrative 
accounts to illuminate how opponents of environmental protection 
exaggerate scientific uncertainty to quell demands for action – prominent 
examples include the Ehrlichs’ Betrayal of Science and Reason (1996), 
Beder’s Global Spin (2002), Oreskes and Conway’s Merchants of Doubt 
(2010), Layzer’s Open for Business (2012), Jamieson’s Reason in a Dark 
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Time (2014) and Mayer’s Dark Money (2016). Some of these, as well as 
environmental law and policy textbooks, address political obstacles to 
action. In advance of the 2020 US presidential election and 2022 
congressional elections, the media gave much attention to efforts to 
suppress voting and otherwise stymie the will of the US majority. The 
adaptive management and socioecological resilience literature of C. S. 
Holling and his successors considers aspects of why responses to problems 
sometimes fail. I intend to add to these contributions by succinctly 
synthesizing all major immediate, practical obstacles to progress on 
existing environmental problems.

I focus on obstacles to progress on specific, individual problems. I do 
not address the reasons we cause environmental problems or propose any 
sort of theory of comprehensive solutions. This limited objective of 
addressing particular problems can be criticized as naïve because our 
environmental predicament cannot be overcome by attacking problems 
piecemeal, and many problems are interrelated.1 Moreover, efforts to 
alleviate one problem may cause or exacerbate others, and addressing 
existing problems may have no bearing on creation of new problems. 
However, the track record of environmental protection demonstrates 
problems can often be productively addressed one by one. Such piecemeal 
efforts cannot be sufficient but are necessary.

Even though attacking problems individually risks unintended 
consequences and, by itself, cannot achieve sustainability, we nevertheless 
must become better at overcoming obstacles to progress on existing 
problems because many problems exist. Moreover, when ignored, 
processes such as climate change, soil degradation, overharvesting and 
biodiversity loss not only persist but worsen. If we are to achieve real 
sustainability, rather than just win battles here and there yet lose the war, 
we must get systematically better at both preventing new environmental 
problems and bringing existing impacts within sustainable limits.

I perceive three broad categories of obstacles to environmental 
progress. Limits on our ability to understand the world around us and 
value systems that deprioritize environmental concerns comprise two 
deep, conceptual categories. Practical factors that repeatedly and 
predictably cause failure of environmental initiatives make up the third. 
The latter include obstacles to detecting and understanding environmental 
problems, deciding to respond, and responding effectively. 

For five reasons explained in the Introduction, this book focuses on 
the third category of practical obstacles to overcoming existing 
environmental problems, but the deeper, conceptual obstacles are 
ultimately at least as important. I find compelling the arguments of Aldo 
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Leopold, Jared Diamond and others that achieving real sustainability will 
require expansion of the range of questions considered matters of ethics 
and concomitant shrinkage of those considered merely on the basis of 
self-interest, or in other words, changes in value systems such that 
environmental sustainability enjoys priority. Meanwhile, I take solace in 
Martin Luther King Jr.’s paraphrasing of nineteenth-century Unitarian 
Theodore Parker, that ‘the arc of the moral universe is long, but bends 
toward justice’, and Aldo Leopold’s similar conclusion when he observed 
that in the three thousand years since Odysseus’s Greece, ‘ethical criteria 
have been extended to many fields of conduct, with corresponding 
shrinkages in those judged by expediency only’.2 I hope Leopold’s and 
King’s expectations for the future will be borne out, but I do not aspire to 
assess that question. In other words, though I believe real sustainability 
will require shifts in conceptual obstacles rooted in value systems and 
world views, not merely overcoming immediate, practical obstacles to 
individual problems as they occur, I neither attempt to advance broader 
discussions of what would be required to achieve justice, nor do I seek to 
provide a thorough road map to sustainability. This book’s objective is 
much more modest. 

The goal of sustainability places an emphasis on future generations, 
but environmental problems and injustices also harm people alive today. 
Those suffering from injustice or other hardships cannot reasonably be 
expected to focus their concern on the distant future. Therefore, justice 
and quality of life for present generations is not only an eminently worthy 
goal in and of itself, it is almost certainly a necessity for generating deep, 
broad support for viewing sustainability as an ethical matter. This subject 
is also, however, generally beyond the present scope, though some 
chapters necessarily touch on it.

Society will hopefully come to view harm to the environment as a 
matter of right and wrong, as Aldo Leopold admonished in his Land 
Ethic.3 If so, fewer rules and policies will be necessary. But that may take 
a while. I assume that for the time being, many environmental problems 
will continue to be addressed as policy matters. In other words, though 
few of us like to be told what to do, environmental protection will continue 
to do just that; policies will continue to seek to limit environmentally 
harmful activities and promote improved practice. I take it for granted 
that such policies are often necessary and desirable because, on balance, 
they do more good than harm. Thus, I concur with Gretchen Daily and 
Paul Ehrlich that in the near term it is most reasonable to expect people 
to behave more or less as they do now, rather than assuming everyone 
will become saints, and with David Orr that finding our way out of this 
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predicament will depend on informed, engaged citizens working through 
a democratically controlled government.4

Our environmental predicament can be addressed from various 
perspectives. Mine is rooted in a background in the natural sciences. My 
professional interests in obstacles to environmental progress first 
developed during college and graduate school, notably including when I 
had opportunities to teach ecology courses for Dartmouth College 
students in Costa Rica, where contrasts between environmental damage 
and protection are starkly visible across barbed wire fences. My interests 
expanded when I worked on industrial ecology with engineers at the 
National Academy of Engineering and have grown ever since while 
teaching environmental studies, environmental policy, ecology, ecosystem 
restoration and directing the Austin College environmental studies 
programme and Sneed Prairie restoration. 

Notes

1 Lazarus, ‘Environmental law after Katrina: reforming environmental law by reforming 
environmental lawmaking’, 2007.

2 Diamond, Collapse, 2005, 432–4, 523–4; King, ‘How long?’, 1965; Leopold, A Sand County 
Almanac, 1949, 202; Parker, Ten Sermons of Religion, 1853, 84–5.

3 Leopold, ‘The land ethic’, in A Sand County Almanac, 1949, 201–26. 
4 Daily and Ehrlich, ‘Population, sustainability, and Earth’s carrying capacity’, 1992; Orr, ‘Four 

challenges of sustainability’, 2002.
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1
Introduction 

We have a serious problem. We are beyond the carrying capacity of the 
planet. Carrying capacity is the population an environment can support. 
When a population is degrading its environment’s support potential, 
then, by definition, it is beyond carrying capacity and present practices 
cannot continue – they are not sustainable.1 

We are altering the composition of the atmosphere and the oceans, 
eroding soil, overharvesting fish and trees, depleting aquifers and non-
renewable resources, releasing persistent toxins, mixing up natural 
assemblages of species, all but eliminating some ecosystems, and driving 
species to extinction. All of these reduce the planet’s potential to support 
life. The longer this situation persists, the poorer an inheritance we will 
bequeath to our descendants. 

The scale of our enterprise is the root cause of our predicament 
because environmental problems result from too much or too little of 
something. If there were just a few of us, we would not have an appreciable 
impact. But there are nearly eight billion of us – nearly three times as 
many as when I was born – and many of us, myself included, consume a 
tremendous quantity of resources and produce a great deal of waste. The 
planet cannot continue to provide what we are asking of it, even though 
about half of humanity is presently unable to consume enough for a 
decent life.

Our descendants’ and other species’ well-being depends upon a 
successful shift to environmental sustainability – by which I mean acting 
in a manner that does not degrade the planet’s life-support potential. We 
have a great responsibility and a great challenge, but we also have the 
luxury of historical perspective, and the fortunate among us have access 
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to resources not previously dreamt of even by royalty. We owe it to future 
generations to use our awareness, ingenuity and access to resources to 
shift our trajectory. 

To achieve sustainability of an agricultural society is perhaps one of 
the most challenging problems humans have ever faced, perhaps the 
greatest problem given its implications for all future generations.  
The works of George Perkins Marsh, Tom Dale, Vernon Gill Carter, Clive 
Ponting, Jared Diamond and others suggest no agricultural civilization 
has achieved true sustainability.2 And our society is not merely 
agricultural, but industrial. 

The challenges are not only complex, but from the perspective of 
our evolutionary history they are also brand new. To quote E. O. Wilson, 
‘The real problem of humanity is the following: we have paleolithic 
emotions; medieval institutions; and god-like technology.’3

Whether our present systems of government are up to the task 
remains to be seen.4 Only time will tell. But progress is not only possible, 
it has happened before. A mere half a century ago the air and water in 
North America and Western Europe were much more polluted than today. 
The rivers in Buffalo, Chicago, Cleveland and Detroit were so 
contaminated with oil they often caught fire.5 Residents of Los Angeles 
teared up on bad-air days; wastes were disposed of in unregulated ‘dumps’ 
or even into waterways (Figure 1.1). 

Thanks to the nation’s major environmental laws, such as the Clean 
Air Act and Clean Water Act, and thanks to the preceding public demand 
for those laws, US air and water pollution have declined dramatically. 
Today, Los Angelenos can see clearly across their streets (though often not 
to the horizon). The last US river fire was in 1969. Dozens of fish species 
have returned to once flammable, fishless rivers. Following the directions 
in the photo at the top of Figure 1.1 could now land you in jail, and 
concentrations of major toxic air pollutants have plummeted (Figure 1.2).

The size of the annual Antarctic stratospheric ozone hole has been 
declining;6 many pesticides are less toxic than their predecessors; and 
many endangered species are recovering.7 Ecosystem restoration has 
become an academic subdiscipline and a growing industry. Colleges and 
universities were just beginning to teach these subjects when I was an 
undergraduate, but environmental studies and science programmes are 
now almost ubiquitous.

A longer view leaves an even greater impression of progress. One 
hundred years ago, smokestacks were a symbol of prosperity. Much city 
water was not fit to drink. Gaining title to a homestead required 
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‘improving’ property by clearing trees. As Aldo Leopold lamented, ‘A 
stump was our symbol of progress.’8 

Historical treatment of wildlife was shocking. During the sixteenth 
century, the English Parliament directed churchwardens to pay bounties 
for dead foxes, hawks, hedgehogs, jays, kingfishers, ospreys, otters, 
polecats, stoats, and weasels. Sixteen centuries earlier the Romans killed 

Figure 1.1: Top: Municipal sign instructing residents to dump garbage at 
the edge of a waterway. Source: unattributed, Reclamation Era, ‘Pollution 
Control Agency Welcomed to Interior’, 61. Bottom: Air pollution in Los 
Angeles, March 1960. Source: Charles E. Young Research Library, ‘Los 
Angeles Times Photographs Collection’.
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9,000 animals to celebrate the dedication of the Colosseum, apparently 
just to thrill the crowds.9 Environmental progress is not merely possible; 
it has been achieved. 

But all is by no means well. Since the 1990s, US federal laws passed 
earlier have been incrementally implemented, some states have made 
policy progress,10 and some renewable energy technologies, such as wind 
and solar power, have become more widely adopted. But there have been 

Figure 1.2: Declines in US atmospheric concentrations of the toxic air 
pollutants carbon monoxide (1980 to 2020) and lead (2010 to 2020). 
Carbon monoxide declined 81% from 1980 to 2020 while lead declined 
86% from 2010 to 2020. Data source: EPA, ‘National air quality: status 
and trends of key air pollutants’, n.d. The concentration of lead had 
already declined some 70 per cent from 2001 to 2010 (EPA, ‘Our nation’s 
air: status and trends through 2010’, 2012, 16). Pre-2010 lead data are 
not displayed here because the EPA changed protocols during 2009, so 
pre-2010 data are not directly comparable to later data (EPA, ‘AQS memos 
– technical note – lead data reporting to AQS’, n.d.).
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no new major, nationwide, successful environmental initiatives in the 
United States for twenty-five years; only a few modest laws have passed.11

Worldwide, air and water quality have improved in many places, but 
even in wealthy countries air quality suffers and many rivers are not fit for 
swimming, let alone drinking. Pollution is downright ghastly in some 
parts of the world. We continue to erode soil and deplete aquifers, 
fisheries and forests. I can walk into a big box store, buy neurotoxic 
pesticides, take them home and sprinkle them all over the yard or even 
inside my home if I so choose. Concentrations of greenhouse gases keep 
setting records.12 Our combination of habitat destruction, overharvesting, 
pollution, and transport of non-native species is responsible for the sixth 
mass extinction in the history of the Earth and tremendous damage to the 
planet’s life-support capacity.13 

Meanwhile, new problems continue to arise, including pollutants 
that mimic natural hormones, earthquakes caused by oil and gas 
operations, possible health hazards due to nanoparticles, striking declines 
in butterflies, other pollinators and perhaps insects generally, uranium in 
water supplies, releases of methane and other materials from below 
melting permafrost, and perhaps declines in human fertility.

These problems persist despite centuries of warnings. Rachel 
Carson’s Silent Spring warned about toxins in 1962. Thirteen years earlier, 
Aldo Leopold’s essay ‘The land ethic’, in his Sand County Almanac, 
explained why a new ethical relationship with nature was an ecological 
necessity. At the beginning of the twentieth century, Gifford Pinchot 
warned of the folly of destroying forests. During the middle of the 
nineteenth century, Henry David Thoreau advised that ‘in Wildness is the 
preservation of the World’, John Muir suggested we see ourselves as ‘a 
small part of the one great unit of creation’, and George Perkins Marsh 
tallied our impacts in Man and Nature, warning that we were ‘breaking up 
the floor and wainscoting and doors and window frames of our dwelling, 
for fuel to warm our bodies and seethe our pottage’.14 Thomas Malthus 
warned in 1798 that population growth would exceed agricultural 
capacity.15 Patrick Henry not only exclaimed, ‘Give me liberty or give me 
death’, but, speaking to the Virginia Assembly, apparently also stated, 
‘since the achievement of our independence, he is the greatest patriot 
who stops the most gullies’.16 Perhaps Henry had not only seen the sorry 
condition of Virginia, but had also read Plato’s 2,400-year-old description 
of the consequences of overgrazing in his Critias:

What actually remains is like our small and barren islands, and, 
compared to the land it once was, Attica of today is like the skeleton 
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revealed by a wasting disease, once all the rich topsoil has been 
eroded and only the thin body of the land remains … what we now 
call the Rocky Barrens were covered with deep rich soil. And in the 
mountains there were dense forests of which there still survives clear 
evidence. Some of our mountains can now grow just barely enough 
for bees, but it was not so long ago that [lofty trees grew there]. There 
can still be found intact rafters cut from trees that were felled and 
brought down to be used for the greatest building projects. And there 
were many trees that were cultivated for their fruit and they provided 
limitless fodder for flocks of sheep and goats. 

Every year there was a harvest of Zeus-sent rain. It was not lost, as 
it is now, as it flows off the hard surface of the ground into the sea, 
but the deep soil absorbed the rain and it stored it away as it created 
a reservoir with a covering of clay soil above it; and, as it distributed 
the water it had absorbed from the high places into its hollows, it 
produced an abundant flow of water to feed springs and rivers 
throughout every region of the country. There are even today some 
sacred monuments at these ancient springs that are evidence of the 
truth of what we are now saying about our country.17 

Despite Plato’s warning, Aldo Leopold was still alerting readers to 
the consequences of soil erosion 2,400 years later, explaining that muddy 
rivers were ‘…washing the future into the sea’.18 They still are, and 
Wendell Berry can still sum up our track record of care for the earth as 
like the three-legged pig – ‘too well loved to be eaten all at once’.19 

Millions of people have heard and heeded these and other warnings, 
thousands of organizations are working on solutions and support for 
policy change is widespread,20 but sustainability remains a distant goal. 
With so much warning, awareness, concern and effort, why do problems 
persist? What obstacles prevent faster progress? 

You can probably quickly think of several. I perceive three 
fundamental categories of obstacles. All three can block progress and are 
therefore critical. Deep, conceptual obstacles comprise two categories; 
the third is a set of more immediate, more practical obstacles. I hope 
better understanding of the various obstacles will foster acceleration in 
environmental progress.

Limits on our potential to understand and control the world around 
us comprise one category. These include constraints on our cognitive and 
perceptive faculties, mathematical limits on certainty, and factors that 
restrict our ability to direct global and smaller-scale physical, chemical, 
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biological, and social phenomena. Together, these render us unable to 
fully direct or even predict the future. When I teach introductory 
environmental studies, I use a simple exercise to introduce this topic.

I ask students to identify likely consequences of a fee intended to 
reduce vehicle fuel consumption. We quickly develop a cluttered diagram 
of one thing leading to another. I hope the exercise provides four insights. 
First, many changes will occur. Second, some of those changes would 
come as a surprise in the absence of intentional foresight. Third, though 
we may be able to anticipate that if A goes up B will go down (such as if 
gasoline prices go up substantially, discretionary driving will decline 
somewhat, at least initially), it would be much harder to determine the 
quantitative relationship between A and B. (How much will driving 
distances decline? Will the relationship between A and B be linear or 
nonlinear?) Fourth, we will fail to identify some consequences; 
unanticipated changes are almost certain despite our best attempts at 
anticipation.

Furthermore, even if we could anticipate every change, many 
relationships among variables cause changes so precisely dependent 
upon starting conditions that we cannot predict future details. The 
simplest such example I know is the behaviour of a double pendulum (a 
pendulum with a second pendulum attached to its lower end). If you spin 
a double pendulum, you can confidently predict that it will eventually 
come to rest, but no one can precisely predict how it will spin in the 
meantime.21 If we cannot predict the details of a simple device’s swing, we 
certainly will not be able to predict everything about the future, and if we 
cannot predict everything, some things, indeed many things, will happen 
that we did not anticipate. Some of those things will cause environmental 
problems.

Meanwhile, even when we can anticipate a consequence, we may 
lack the means to affect its trajectory. To take a trivial example, I would 
like to cause native species, such as a grass called big bluestem, to thrive 
where students, colleagues and I are trying to restore grassland to a 
former farm, but after twenty years its establishment has been spotty. We 
can easily disperse seeds, but we do not control the rain or numerous 
other variables important to the species establishment. 

More momentously, climate change sets in motion positive 
feedbacks (such as when floating ocean ice melts, leaving the ocean 
surface darker and thus causing it to absorb more heat that accelerates 
further melting). No matter how hard we try, we may not be able to 
precisely control such large-scale processes any more than we can 
precisely control the weather. Thus, factors that limit our capacity to 
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predict, understand, and direct the future comprise a set of conceptual 
obstacles to environmental progress.

World views, value systems, and perspectives that deprioritize 
protection of the planet’s life-support capacity comprise a second set of 
conceptual obstacles. I suspect our evolutionary roots bear much 
responsibility here. Social scientists could provide more nuance, but as a 
biologist, I perceive the situation as follows. We are descended from 
inconceivably long sequences of ancestors. During that time, natural 
selection favoured traits that fostered survival and reproduction. Every 
one of your ancestors – for billions of years22 – managed to survive until 
they reproduced, otherwise you would not be here. That means natural 
selection prioritized overcoming short-term problems, such as starvation 
and predator evasion. Once those ancestors evolved into hunting and 
gathering humans, they were critically dependent upon not only 
immediate surroundings but also the other members of their small group, 
and all of our ancestors were hunting and gathering humans for about 99 
per cent of human history. Thus, natural selection must have sculpted our 
brains to prioritize the near term, form close relationships with small 
groups of people, and be wary of those we do not know. But now we need 
to make good decisions about the long term for the sake of billions of 
people, including distant generations. 

The socio-cultural developments of the last ten or twenty thousand 
years have resulted in a current (and still rising) population of almost 
eight billion people with remarkably diverse and wonderful cultures, 
value systems, perspectives, and world views, but the legacy of natural 
selection that prioritized dependence on a small group for solving short-
term problems is not ideally suited to prioritizing the large-scale, long-
term life-support capacity of the entire planet. Consequently, some 
evolutionary tendencies that were well suited to prior circumstances are 
not necessarily helpful for enabling billions of people to collaborate on 
protecting that life-support capacity. Indeed, our values and perspectives, 
and therefore our actions (mine included), often damage rather than 
foster that capacity. (In contrast, many other cultural tendencies of 
hunting and gathering groups were and are conducive to sustainability, 
as discussed in Chapter 9. Those too were surely selected for.)

Those two types of conceptual obstacles – limited ability to predict 
and direct the future, and perspectives that prioritize the short term and 
nearby – are daunting, but they are subjects of other books, not this one. 
This book focuses on the third type: immediate, practical obstacles to 
progress on specific, existing environmental problems, such as scientific 
uncertainty about the existence of a problem or its causes, political 
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controversy regarding expenditure or priority, and inadequacies in the 
design or implementation of responses. 

The practical obstacles I focus upon are rooted in the conceptual 
obstacles. For instance, whether one would support a land-use restriction 
or budget for protection of an obscure insect species is likely to depend on 
one’s views of the relationship of humans to other species and the ethics 
of anthropogenically driven extinction. Other practical obstacles are 
rooted in the conceptual challenges of complexity and limits to our 
intellectual faculties, such as when our inability to disentangle and 
meaningfully interpret some numerical results constrains the design of 
experiments and thus the hypotheses we can test. 

Though the obstacles are interrelated and all three types are critical, 
this book focuses on the immediate, practical obstacles for five reasons. 
First, others have extensively discussed the importance of conceptual 
obstacles,23 but I have never seen the practical or immediate obstacles 
considered as a set of related phenomena to be systematically understood. 
Second, I suspect most people striving for environmental progress devote 
much of their time to overcoming these more immediate, practical 
obstacles. In other words, most of us have limited opportunity or potential 
to advance the boundary of predictive abilities or influence societal 
norms, but we do have opportunities to improve a recycling system, 
restore some ecosystem damage, increase the efficiency of a green 
technology, or help meet demands for contraception. Third, both novices 
and the larger society often fail to anticipate these practical obstacles, 
resulting in ad hoc, reactive responses where systematic anticipation and 
preparation might be more effective. Fourth, opponents of environmental 
efforts routinely cite one or more of the practical obstacles as the basis of 
their opposition. Such arguments lose impact if a compelling case can be 
made that the concerns are illusory, have been exaggerated, or otherwise 
can be overcome. Fifth and finally, I hope articulation of a set of practical 
obstacles and some suggestions for overcoming them will inspire others 
to refine the following descriptions; identify any omissions; advance 
understanding of each one; and further develop ideas about how these 
stumbling blocks may be dismantled or avoided, all so that environmental 
progress can accelerate.

Chapters 2–19 each focus on one practical obstacle. Those chapters 
fall into three subsets: obstacles to detecting and understanding problems 
and their causes, obstacles to responding, and obstacles to effective 
responses. I identify eighteen obstacles across the three groups. Often, 
practical and conceptual barriers are so intertwined that practical 
obstacles cannot meaningfully be considered in isolation. Thus, the 
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following chapters note connections when necessary. The final chapter 
offers some recommendations for tackling these obstacles, and describes 
contemporary examples of progress where obstacles have been creatively 
overcome.

The same obstacles apply to both modest and momentous 
challenges, from increasing recycling on a small college campus to 
preventing climate change. They apply both in cases when conceptual 
obstacles are also important and when conceptual obstacles either do not 
pertain or are of negligible consequence. For the sake of future generations 
– of our species and others – we must become better at overcoming all of 
them. 

To those familiar with US history, political roadblocks may 
immediately seem, and often probably are, most important, but various 
other hurdles occur even in the absence of political opposition. For 
example, if you have ever wondered about the risk of exposure to some 
potentially toxic chemical, you can probably think of several scientific 
challenges to determining whether a hazard exists, and if so, which 
compound or compounds are responsible. To take a simpler example, for 
years we have tried to produce an uncontaminated stream of recyclables 
on the Austin College campus, but contamination persists. There is no 
serious opposition to recycling, but we still have not achieved this goal. 
Indeed, this is a simple but common problem, as became apparent when 
China raised its purity standards for imported recyclables, leading to the 
breakdown of many municipal US recycling operations.24 Even though it 
is easy to specify materials a recycler will accept, it is difficult to prevent 
contamination.

At the federal level as well as in many states, proposed increases in 
environmental protection are often politically controversial. There are 
many reasons for controversy, including wariness about the potential of 
the federal government to effectively address problems and reluctance to 
allow increases in federal power. Today, Republicans often oppose 
government intervention in the market, or question the severity of 
environmental problems or the potential of the government to alleviate 
them, while Democrats generally hold the opposite views.25 Under such a 
circumstance, with a large group routinely opposed to further 
environmental protection, federal stalemate often ensues because the 
framers of the US Constitution, fearful of tyranny, designed a system 
intended to prevent increases in federal government power except when 
demanded by large majorities. 

Circumstances differed during the heyday of US environmental 
progress, from the passage of the Clean Air Act in 1963 through the Clean 
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Air Act amendments of 1990. Opponents of environmental protection 
were not yet organized; acrid smog, oily beaches and burning rivers 
inspired demand for action; and environmental protection enjoyed 
bipartisan support. Indeed, Republican presidents signed most of the 
nation’s major environmental laws (Figure 1.3). Since the 1980s, 
however, the political climate has polarized and opponents of further 
environmental protection have organized.26 

Consequently, federal stalemate has ensued. Old laws remain on the 
books, but few new federal laws have been passed. The lack of climate 
change legislation is the most obvious example. Bipartisan consensus was 
forthcoming when environmental problems were plainly visible to casual 
observers and opponents were not yet organized. Today, the parties are 
polarized and many problems, such as climate change, depletion of 
renewable resources, and spread of invasive species are neither as 
apparent nor as obviously undesirable to casual observers. Resumption of 
environmental progress will almost certainly require both widespread 
understanding of and support for action on these less apparent problems.

For me, it is helpful to keep in mind that people can learn, and 
political parties are malleable. It may seem the US is stuck in permanent 
partisan stalemate, and reports of irrational responses to evidence make 
for depressing reading, but party stances and cultures shift. Viewed from 
an ecological time scale, the partisan divide regarding environmental 
protection is a recent phenomenon. No law of nature dictates that political 
groups cannot evolve and cooperation cannot recover.

Indeed, party stances have recently shifted in other ways. For 
example, during the late twentieth century and early 2000s, presidential 
nominees from both parties were free trade enthusiasts, but during the 
2016 election the three leading presidential candidates, Hillary Clinton, 
Donald Trump and Bernie Sanders, all opposed a free trade agreement 
then under negotiation. That change, however, is almost trivial compared 
to the long-term shifts in the two dominant parties.27 

The partisan divide in the US is wide today, but preference for 
environmental protection seems to be growing again.28 Passive 
preferences will not suffice, however. Barriers to progress must be 
overcome.

I hope the following elucidation of predictable obstacles will not 
overwhelm but will forewarn and thus forearm. Articulation of obstacles 
risks causing despondency because we are never going to have complete 
predictive ability, deeply rooted values resist change, and many practical 
obstacles exist. I recommend keeping in mind that every case of 
environmental progress represents an instance of overcoming every 
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Figure 1.3: Major environmental laws passed per year during each 
presidential administration since the 1950s. Republican presidencies in 
red, Democratic presidencies in blue. Neither ‘environmental’ nor ‘major’ 
law is precisely definable. This graph includes the following laws: 1955 
National Air Pollution Control Act, 1956 amendments to the Federal 
Water Pollution Control Act of 1948, 1963 Clean Air Act, 1964 Wilderness 
Act, 1965 Motor Vehicle Air Pollution Control Act, Water Quality Act, 
1966 Endangered Species Preservation Act, 1968 Wild and Scenic Rivers 
Act, 1969 National Environmental Policy Act, 1970 Clean Air Act 
amendments, 1972 Federal Water Pollution Control Amendments, 
Federal Insecticide, Fungicide, and Rodenticide Act, Marine Mammal 
Protection Act, Coastal Zone Management Act, Marine Protection, 
Research, and Sanctuaries Act, 1973 Endangered Species Act, 1974 Safe 
Drinking Water Act, Forest and Rangelands Renewable Resources 
Planning Act, 1975 Eastern Wilderness Areas Act, Hazardous Materials 
Transportation Act, 1976 Resource Conservation and Recovery Act, Toxic 
Substances Control Act, 1977 Clean Water Act amendments, 1980 
Comprehensive Environmental Response, Compensation, and Liability 
Act, 1986 Emergency Planning and Community Right to Know Act, 1988 
Ocean Dumping Ban Act, 1990 Clean Air Act amendments, Oil Pollution 
Act, 1996 Food Quality Protection Act, Safe Drinking Water Act 
amendments, 2006 Magnuson-Stevens Fishery Conservation and 
Management Reauthorization Act, 2016 Frank R. Lautenberg Chemical 
Safety for the 21st Century Act.
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encountered obstacle. Forewarning of obstacles in other circumstances 
often enables preparation and fosters success. In that spirit, I hope this 
book will cultivate faster environmental progress by helping readers 
anticipate, understand and overcome obstacles, and by fostering scholarly 
interest in the obstacles as phenomena to be better understood. 

If progress does not accelerate, we will repeat a pattern of 
responding too slowly as problems worsen. We need to learn the lessons 
of tobacco and lead. Cigarettes were nicknamed ‘coffin nails’ seventy 
years before the US Surgeon General declared them harmful.29 Ben 
Franklin described lead hazards two hundred years before the US 
restricted its use in gasoline.30 Our track record on climate change is 
similar. Elisha Foote described the warming effect of carbon dioxide and 
other greenhouse gases in 1856. Forty years later, Svante Arrhenius 
predicted climate change. More than a century after Foote’s discovery, 
President Johnson’s Science Advisory Committee warned him about 
global warming.31 Yet, another half century later, the US still lacks a 
sustained national response. Indeed, during 2021, more than 160 years 
after Foote’s discovery of the greenhouse effect, and despite at least 55 
Gulf of Mexico oil spills in the wake of Hurricane Ida, a Biden 
Administration agency, the Bureau of Ocean Energy Management, sought 
to lease 30 million more hectares of the Gulf for new oil and gas 
production.32 We have been taking too long to overcome obstacles to 
environmental progress. 

Such examples can make prospects seem bleak, but these are not 
the first daunting problems. People have made great progress in other 
realms. Some 120 years ago, nearly one third of infants in Washington, 
DC died before their first birthday. Infant mortality is still too high, but is 
down 95 per cent since. Over the same period, workplace fatalities 
declined 95 per cent and tuberculosis, diphtheria, pertussis, polio, 
typhoid and dysentery were virtually eliminated.33 The oldest generation 
among us did all that while surviving the Depression and the Dust Bowl, 
outlawing child labour, winning World War II and making gains in civil 
rights. Perhaps present generations can make similar progress this 
century in preventing overharvesting, soil erosion, aquifer depletion, the 
spread of invasive species and emissions of toxins and greenhouse gases.34 
Maybe a grand challenge is just what the US needs.35 Got anything better 
to do?

The future depends on what we do in the present.
– widely attributed to Mahatma Gandhi
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Obstacles to detecting and 
understanding environmental 
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Problems cannot be prevented until they have been detected and their 
causes identified. Burning rivers are easy. When a river is on fire, both the 
problem and basic cause are obvious – flammable material on the water. 
Unlike a burning river, many present environmental problems are 
obscure, as are their causes. Challenges of detecting problems and 
understanding causes create the first seven obstacles to progress. 
Problems may go undetected either because no one is on the lookout or 
because evidence of the problem is hard to detect. Once problems are 
detected, four types of obstacles create barriers to understanding causes. 
Many potentially instructive experiments cannot be performed. Problems 
can hide in false negatives of statistical tests. Later, when cause-and-effect 
relationships have been documented with experiments, it can remain 
difficult to interpret the relevance of experimental data for more general 
circumstances. Finally, unreliable results of occasional shoddy or 
fraudulent science complicate understanding. Collectively, these 
obstacles often cause decades to pass between when a problem first 
occurs and when its cause or causes are understood. 
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2
No one on watch

Cleveland’s burning river and Los Angeles’s horrid air were plainly 
apparent to casual observers, and their causes were relatively 
straightforward. A few more recent environmental catastrophes, such as 
the 2010 BP Deepwater Horizon oil platform explosion in the Gulf of 
Mexico, the 2011 Fukushima nuclear reactor meltdown and the 2013 
Lac-Mégantic, Quebec explosion of a train carrying Bakken shale oil, have 
been similarly dramatic, but many present problems are obscure. Casual 
observers could detect a burning river, but cannot detect stratospheric 
ozone depletion, climate change, spread of non-native species or uranium 
in drinking water. Such inconspicuous problems can grow unnoticed for 
decades in the absence of intentional effort at anticipation or detection. 
Unfortunately, despite a history of unpleasant surprises, we lack a system 
to look out for new, obscure problems.1

New environmental problems frequently result from widespread 
adoption of technological innovations. The latest devices are often useful, 
profitable, enjoyable or even life-saving. Moreover, many provide 
environmental benefits, such as energy savings. However, many have 
undesirable, unintended consequences.2 Children play with a screen 
rather than outdoors. Parents check their phones rather than interacting 
with infants. Corporations seek to track our every move. Some experts 
fear artificial intelligence could turn against us. And where the 
environment is concerned, the manufacture, use and disposal of our vast 
array of products releases millions of chemicals of unknown toxicity and 
is changing the composition of the atmosphere and oceans. 

This chapter uses historical examples to illustrate the potential of 
new technologies to cause unintended environmental consequences and 
argues for learning to anticipate, and when possible, prevent such 
unpleasant surprises. Until we get better at doing so, obliviousness to new 
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hazards will serve as an obstacle to environmental progress because we 
do not devote effort to unrecognized problems. 

Legacy of unintended consequences

Stratospheric ozone depletion due to chlorofluorocarbons (CFCs) and 
related chemicals provides one of the most profound cases of an 
unintended environmental consequence of a new technology.3 CFCs and 
related compounds make excellent refrigerants, propellants and fire 
retardants, benefits recognized shortly after their invention. Not until 
fifty years later, however, did anyone realize they also destroy stratospheric 
ozone. 

CFCs were first synthesized in the 1920s. They replaced ammonia 
in refrigeration. An alternative refrigerant was desirable because 
ammonia can explode, spewing toxic fumes. In contrast, CFCs are 
nontoxic and relatively inert. In a 1930 article describing one of the first 
CFCs, Thomas Midgley and Albert Henne wrote, ‘Dichlorodifluoromethane 
is less toxic than carbon dioxide, as non-inflammable as carbon 
tetrachloride, and very satisfactory from every other standpoint.’4  

Not until half a century later, during the 1970s, did scientists begin 
to wonder whether escaped CFCs might affect the atmosphere. They 
knew relative inertness allowed CFCs to persist in the air, but the same 
low reactivity suggested the compounds were benign. Then, in 1974, 
Sherwood F. Rowland and Mario Molina discovered that CFCs destroy 
ozone (O3) in the stratosphere, the layer of atmosphere from about 10 to 
50 km above sea level.5 Once mixed to that elevation, the intense 
ultraviolet light at those high altitudes breaks CFCs into reactive, ozone-
destroying components. Bill McKibben, in his book The End of Nature, 
relates Rowland’s recollection of the day he realized this. ‘The work is 
going very well’, he told his wife, ‘but it looks like the end of the world’.6 
End of the world was an exaggeration, but by destroying stratospheric 
ozone, CFCs destroy one of the conditions necessary for life on land. 
Before the ozone layer developed, only aquatic creatures had evolved. 
Water blocks ultraviolet light, so marine organisms could survive before 
the ozone layer formed, but terrestrial creatures could not.  

Chemical reactions in the stratosphere produce ozone (O3) from 
oxygen gas (O2), the form of oxygen we breathe. For its first few billion 
years, Earth’s atmosphere contained little breathable oxygen. Then, 
roughly two billion years ago, the ancestors of today’s cyanobacteria 
evolved the ability to photosynthesize. They gave off oxygen gas as a 
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by-product. The stratospheric ozone layer eventually formed from 
atmospheric reactions of O2 produced by those early photosynthesizers 
and their descendants, algae and plants. 

The stratosphere blocked most ultraviolet light ever since. Once 
protected from ultraviolet radiation, life could spread onto land. Today’s 
cyanobacteria are most often visible as pond scum. Thus, we should give 
thanks to the ancestors of pond scum not only for the oxygen we breathe, 
but also for protection from carcinogenic ultraviolet radiation. 

Once the hazard of ozone depletion was widely appreciated, nations 
ratified the Montreal Protocol, a 1987 agreement to phase out ozone-
depleting chemicals. The agreement is widely considered the greatest 
example of international environmental cooperation. If countries comply 
with the Protocol, the ozone layer may recover as soon as 2050.7 We all 
owe a great debt to Drs Rowland, Molina and their colleagues. 

CFCs are just one innovation whose undesirable consequences 
became clear only decades after their widespread adoption. Paul Müller 
was awarded the Nobel Prize in Physiology and Medicine in 1948 ‘for his 
discovery of the high efficiency of DDT as a contact poison against several 
arthropods [insects and their relatives]’.8 DDT saved many people from 
malaria, but is not as safe as initially thought and some used it 
indiscriminately. Fish died in lakes sprayed for mosquitoes; bald eagles 
and other raptors failed to reproduce when DDT damaged their eggs; and 
there is reason for concern about long-term human exposure.9 Like CFCs, 
DDT seemed like a wonder chemical, but it too had undesirable 
consequences that went unrecognized for a long time – until after 
wallpaper laced with DDT was installed in babies’ nurseries (Figure 2.1) 
and children ran behind spray trucks, enjoying the cooling effect of the 
damp insecticidal mist on hot summer days.10 

CFCs and DDT are just two of many compounds once thought safe 
but now recognized as having undesirable side effects. Some other 
examples are remarkable. A 1930s soil erosion textbook instructs 
schoolchildren to kill gophers with strychnine. ‘To 1 gallon of sweet 
potatoes … add ¼ ounce of strychnine alkaloid, dusting it on the bait 
from a pepper box while the potato strips are being stirred.’ There is no 
mention of taking any precaution.11 Strychnine, which is sometimes 
called strychnine alkaloid, was until recently sold as Wilco Gopher Getter 
Ag Bait, but unlike the pure formulation recommended in the textbook, 
the Wilco product was only 0.5 per cent strychnine, merely 1/200th as 
strong as what the textbook recommended. Nevertheless, the product 
label read, ‘Product is a highly toxic poison. It should not be inhaled, 
ingested, or allowed to come into contact with open cuts. Convulsive 
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poison, fatal if swallowed.’ The instructions for physicians read, 
‘Administer 100% oxygen by positive pressure to provide as much 
pulmonary gas exchange as possible, despite seizures. Administer 
anticonvulsant drugs intravenously to control convulsions … Be prepared 
to maintain pulmonary ventilation mechanically. Tracheotomy may be 
necessary if seizures are prolonged.’ As of late 2021, the product is no 
longer available on the Wilco website, but only two years earlier the US 
Environmental Protection Agency (EPA) mandated the wearing of 
technically sophisticated respirators when working with the material.12

Older readers will remember pumping leaded gasoline. Tetraethyl 
lead boosted octane, but polluted air with a neurotoxin. Air-lead 
concentrations plummeted after elimination of leaded gasoline. Dr 
Midgley of chlorofluorocarbon fame has the dubious distinction of being 

Figure 2.1: June 1947 Women’s Day magazine advertisement for DDT-
containing wallpaper for babies’ nurseries. Source: Science History 
Institute, ‘Digital Collections’, n.d.
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responsible for the widespread use of both chlorofluorocarbons and 
tetraethyl lead, but in his day august organizations celebrated his 
innovations. He was elected president of the American Chemical Society 
and to membership in the National Academy of Sciences. 

Some abandoned technologies are so bizarre they sound like spoofs. 
During the early twentieth century, one could buy radioactive radium 
face creams, tonics, toothpaste, bread, chocolate and even suppositories. 
According to the manufacturer, the suppositories were ‘perfectly harmless’ 
and caused, ‘weak discouraged men’ to ‘bubble over with joyous vitality’.13 
Later, during the middle of the twentieth century, shoe stores measured 
feet with the X Ray Pedoscope, which avoided the need to remove one’s old 
shoes (Figure 2.2). The Pedoscope was really nutty, since old shoes needed 
to come off anyway to try on the new ones the stores sought to sell.14 

Figure 2.2: X-ray shoe-fitting device. The customer stood holding the bar 
while placing their feet in the dark opening. An X-ray source below the 
feet enabled the customer, salesperson, and a third person to view the 
foot bones from above. This particular machine was manufactured by the 
Pedoscope Company of London and is housed at the museum of the 
University Hospital of Lyon, France. Photographers: Roxanne Poudenas 
and Léo Lespets. https://commons.wikimedia.org/wiki/File:Podoscope_
par_The_Pedoscope_Compagny_01.jpg. CC BY-SA 4.0.

https://commons.wikimedia.org/wiki/File:Podoscope_par_The_Pedoscope_Compagny_01.jpg
https://commons.wikimedia.org/wiki/File:Podoscope_par_The_Pedoscope_Compagny_01.jpg
https://creativecommons.org/licenses/by-sa/4.0/
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In 1964 the US Congress requisitioned $17.5 million to study the 
potential of Operation Plowshares, which would have used ‘nuclear 
excavation’ to dig a second canal through Central America. The task 
would have required 20,000 times the energy of the Hiroshima bomb. 

Be it enacted by the Senate and House of Representatives of the US 
of America in Congress assembled, that the President is authorized 
to appoint a Commission … for the purpose of determining the 
feasibility of, and the most suitable site for, the construction of a sea 
level canal connecting the Atlantic and Pacific Oceans: the best 
means of constructing such a canal, whether by conventional or 
nuclear excavation, and the estimated cost thereof … There are 
hereby authorized to be appropriated such amounts as may be 
necessary to carry out the provisions of this Act, not to exceed 
$17,500,000.15

Thankfully, the commission decided Operation Plowshares was not a 
good idea. Virtually every environmental problem is an unintended 
consequence of a technological innovation. Tractors cause soil erosion. 
High-tech fishing boats deplete fisheries. Drills and pumps deplete 
groundwater. Fertilizer pollutes rivers, lakes and the ocean. Submarine-
detection sonar kills whales. Fossil-fuel combustion changes the climate. 
The technologies all have great value, but their side-effects are 
considerable. Indeed, Lehigh University political scientist Al Wurth notes 
that ‘side effect’ is a euphemism: given their importance, some side effects 
should be considered main effects.16 

These examples illustrate how widely adopted innovations 
sometimes have profound, unanticipated, undesirable consequences. By 
failing to systematically guard against such consequences, we proceed as 
if undesirable side-effects will not occur despite a track record to the 
contrary.17 We tend to ignore the precautionary principle. 

Lack of precaution

The precautionary principle counsels caution in the face of uncertainty, 
especially when catastrophic or irreversible consequences might occur. It 
captures the wisdom of old aphorisms such as ‘look before you leap’, ‘an 
ounce of prevention is worth a pound of cure’, ‘better safe than sorry’ and 
‘it’s hard to put the genie back in the bottle’. Critics argue the precautionary 
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principle would stifle innovation, but precaution need not mean inaction, 
be expensive or even interfere with action.

We routinely take precautions against familiar hazards. Moreover, 
such efforts are often effective and not burdensome. I have involved 
students in various activities that college administrators now classify as 
‘inherently hazardous’, such as working from small boats on large lakes or 
the ocean, scuba diving, hiking in rainforests at night and burning fields 
to restore grassland. Simple precautions dramatically reduce risks of 
these activities. We wear life jackets, obtain scuba certification and take 
numerous measures to ensure fires burn only where intended.18 

More generally, when we recognize a legacy of hazards, we 
eventually devise precautions. Neither bicyclists, ice hockey players, nor 
skiers wore helmets when I was young, but they do now. Few people need 
reminders to wear seatbelts. My sons cannot believe their grandmother 
sold a 1965 Ford Mustang for $250, but if she still had it, we would rarely 
drive it because today’s cars are much safer – the subsequent designs 
having incorporated numerous precautions. All of these precautions are 
effective but none of them are burdensome.

The cumulative effect of precautions in ship safety are especially 
impressive. Old shipwrecks litter coasts, but shipwrecks rarely occur 
today thanks to safety innovations that have neither prevented shipping 
nor rendered it unprofitable. Whereas past sailors died awful deaths and 
cargoes were lost, today lighthouses and buoys mark shallow water, ships 
are far more seaworthy, captains use multiple sensors to avoid groundings 
and collisions, and the Coast Guard stands ready. Commercial vessel 
fatalities are so rare they often make international news.

Meanwhile, we carry insurance against other familiar hazards, such 
as car accidents, house fires and (in some countries) medical expenses. 
Indeed, many consider gaps in US medical insurance coverage a national 
tragedy. Organizations take precautions too. Businesses analyse risks and 
make contingency plans. Intelligence agencies spy. Militaries play war 
games.

Many laws and regulations even require precautions. For example, 
the US Food and Drug Administration evaluates side effects before 
approving medicines (hence the ubiquitous advertisement disclaimers). 
Laws, regulations and agencies address the safety of aircraft, cars and 
electronic devices. The precautions are not perfect, but are effective. 
Flying is remarkably safe. Home appliances rarely electrocute users. 

As these examples illustrate, we expect precautions against familiar 
hazards. This is because, though not perfect and occasionally excessive, 
precautions often provide great benefits at modest cost. Indeed, 
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controversy abounds when the public perceives inadequate precaution, 
whether to prevent concussions, epidemics or climate change.

Existing environmental protections serve as precautions against 
some well-known environmental harms. The Federal Insecticide, 
Fungicide, and Rodenticide Act regulates sale and use of chemical 
compounds designed to kill. As the strychnine example illustrates, many 
herbicides and pesticides used prior to that law’s passage were exceedingly 
toxic. Today’s biocides are far from harmless, but their toxicities to some 
non-target organisms have been determined and container labels include 
warnings. Other laws, such as the Clean Air and Water Acts, regulate 
pollutant emissions from industrial facilities, motor vehicles, and other 
sources. Air and water remain polluted, but much less than before passage 
of these laws, as the photos in the introduction attest. 

In all these cases, precautions taken sooner would have reduced 
damages and suffering. Fewer sailors would have drowned. Fewer lives 
would have been lost in road or workplace accidents. Fewer athletes 
would have suffered concussions. Fewer people would have been harmed 
by pollution. Earlier precaution would have provided earlier benefits. 

Imagine if we became proficient at anticipating and avoiding 
potential harms. What if we acted upon the hazard of climate change 
when it was first widely recognized during the 1970s, or even when the 
greenhouse effect was first detected by Elisha Foote in 1856 or global 
warming was predicted by Svante Arrhenius in 1896? Surely, we would 
still have used fossil fuels, but we might not by now depend on them so 
heavily or waste them so often. Imagine how much easier the challenge 
of climate change would be if serious international action had begun in 
the 1970s. 

Faster detection and response would reduce suffering and 
environmental damage, but despite the legacy of unintended 
consequences, we generally do not take precautions, environmental or 
otherwise, until harms become broadly recognized. Widespread anxieties 
over location tracking, facial recognition and vulnerabilities of critical 
computer systems indicate contemporary concern over inadequate 
precaution. Perhaps these technologies could have provided the same 
benefits with less hazard if systematic precautionary efforts went hand in 
hand with technology development. Neither ships nor cars have become 
less useful as a consequence of innovative precautions. 

It took decades for society to appreciate the hazards of CFCs and 
DDT because there was no concerted effort to do so. Even today, with the 
benefit of hindsight, we do not systematically guard against the next 
undesirable unintended consequence. Do you know anyone employed to 
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anticipate future environmental problems? I do not, and I know many 
environmental professionals. Such flying blind is the environmental 
equivalent of operating sensitive computer systems while assuming no 
one will attempt to hack them, or conducting foreign affairs while 
assuming other nations do not spy and would never seek advantage.

Back in 1972, the US created the Office of Technology Assessment 
and charged it with anticipating unintended consequences of new 
technologies. Its staff produced hundreds of studies before being 
defunded in 1995, including a 700-page 1993 report warning of climate 
change. In theory, the Government Accountability Office took over 
responsibility for this work, but whereas the Office of Technology 
Assessment produced hundreds of reports during its brief tenure, the 
Government Accountability Office produced only about one technology 
assessment per year between 2000 and 2020.19

Thirty years ago, as a Fellow of the National Academy of Engineering, 
I heard early ‘industrial ecologists’ discuss questions such as whether steel 
or aluminium car parts would be better for biodiversity and which type of 
solder would best reduce the environmental impact of telephones. Today, 
a small cadre of analysts toil away making such evaluations. They publish 
articles in the Journal of Industrial Ecology and support each other’s 
efforts through the Society for Environmental Toxicology and Chemistry, 
but a few scientists and engineers at universities and progressive 
corporations cannot handle the magnitude of the challenge on their own. 

Many new technologies and their associated products will 
presumably have no serious undesirable consequences, but given the 
historical record, it seems safe to assume others will, at least as long as we 
make no concerted effort to anticipate and prevent them. Consider one 
relatively recent development.

Until the late-twentieth century, no one wore stain-resistant fabrics 
because such fabrics did not exist. Now millions of people wear them. 
Could the stain resistance have any consequences beyond aesthetics? For 
years, I purchased the same cotton trousers from a mail-order company; 
then they stopped selling untreated ones. Like so many others, I now 
frequently wear permanent-press, stain-resistant trousers. 

I found myself wondering about the chemicals and processes that 
impart stain resistance. Early non-stick cookware and furniture fabrics 
were widely treated with polyfluoroalkyl substances (PFAS), compounds 
now understood to be toxic and persistent in the environment.20 Since 
concerns about those materials have arisen, consortia with industry 
connections have begun testing fabrics for hazardous chemicals and 
labelling products that pass their tests,21 but as far as I can tell, the only 
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US regulations regarding clothing fabrics are summarized in a National 
Institute of Standards and Technology guide.22 That document describes 
a variety of regulations involving fire resistance and strangulation and 
choking hazards, but makes no reference to the materials used to impart 
stain or wrinkle resistance. Though millions of people have routinely 
worn these compounds for years, only since the early 2000s have 
researchers begun to investigate whether the treated clothing might be 
unhealthy.23 With any luck, modern clothing fabrics are safe, but what 
about other poorly understood chemical exposures, such as the cocktails 
of synthetic chemicals routinely detected in drinking water and blood 
tests?24 

Even anticipated hazards, such as spills from offshore oil drilling, 
sometimes receive minimal precaution. Commenting on the 2010 Gulf of 
Mexico Deepwater-Horizon oil platform disaster, former EPA 
Administrator William Reilly called clean-up technology ‘primitive’ and 
‘…wholly disproportionate to the tremendous technological advances 
that have allowed deep-water drilling to go forward’.25 That the drillers 
harboured a cavalier attitude to potential problems was obvious in BP’s 
memorable announcement that they would use a ‘junk shot’ to try to stop 
the Deepwater Horizon spill. The ‘junk shot’ was an attempt to clog the 
spewing pipe with plastic waste, knotted rope and golf balls.26 Predictably, 
it did not work. The situation may not have improved much since then. 
During 2021, aerial images detected at least 55 oil spills off the Louisiana 
coast in the wake of Hurricane Ida.27 

Systems perspective

All these cases of unintended consequences are examples of ‘system’ 
problems. We take action A because we desire result B, but we often 
overlook that A will have consequences besides B, and B will have its own 
consequences. We fail to ask: ‘Then what happens?’ To ponder what else 
will happen is to engage in systems thinking – trying to anticipate how 
one change in a ‘system’ (a set of interacting components) will cause other 
changes.28 

Horizontal drilling and hydraulic fracturing for oil and natural gas 
(‘fracking’) provide an opportunity to illustrate the insights of systems 
thinking. These technologies made accessible previously uneconomic oil 
and gas deposits, increased the amount of oil and gas ‘production’, and 
reduced prices and imports. A few years ago, this development was 
widely supported with a bumper sticker that read, ‘Drill baby, drill’. 
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Unfortunately, however, the techniques risk contaminating groundwater, 
disposal of their wastewater causes earthquakes, burning the fuel pollutes 
air and causes climate change, and the apparent abundance of supply 
fosters complacency about the necessity of developing alternative energy 
sources. The bumper sticker was evidently inspired by the intended 
benefit but ignored the many unintended consequences. 

A systems perspective is particularly useful in positive feedback 
situations. Here positive feedback refers not to encouraging critiques such 
as ‘good dog’, but to relationships where an increase in A causes an 
increase in B, which in turn causes another increase in A and so on. 
Positive feedbacks lead to runaway circumstances. A familiar example 
occurs when a microphone gets too close to a loudspeaker. The noise from 
the speaker reaches the microphone, is boosted by the amplifier and then 
the speaker emits a yet louder sound, at which point the cycle repeats 
uncomfortably until the holder of the microphone realizes what is 
happening and moves away from the loudspeaker. 

Similarly, traffic jams and road building often interact in positive 
feedback. Traffic jams lead to demands for larger roads, which attract 
more development to their immediate vicinity and thus attract more 
traffic, eventually causing larger traffic jams that lead to renewed calls for 
larger roads and so on. Houston now has 20-lane highways but terrible 
traffic jams. More lanes will temporarily help, but over time will only 
worsen the problem. This example of positive feedback is almost trivial, 
however, compared to the tragic positive feedback of population growth 
and increased agricultural production.  

Unfortunately, the long-term historical relationship between 
agricultural production and population growth has also represented 
positive feedback. As conservationist Peter Farb explained, ‘Intensification 
of production to feed an increased population leads to a still greater 
increase in population.’29 Despite agricultural innovations and 
international efforts to feed the hungry, the Food and Agricultural 
Organization of the United Nations estimated that the number of hungry 
people reached one billion for the first time in 2009. One billion people 
was the approximate population of the entire world when Malthus first 
raised concerns about whether agricultural productivity could keep pace 
with population growth.30 Viewed from a systems perspective, any real 
solution to hunger must break the cycle Farb described by alleviating 
present hunger without fostering an increase in future hunger. Fortunately, 
both the number of hungry people and the average global fertility rate 
have both fallen since 2009. (The average global fertility rate has been 
falling since the 1960s.)31



OBSTACLES TO ENVIRONMENTAL PROGRESS30

Relying on economic growth to overcome economic problems 
suffers the same positive feedback pitfall. Governments encourage 
increased economic production as a means of lifting the poor out of 
poverty and satisfying the demands of the rich, but the appeal of the 
resulting new products create new wants that get satisfied with new 
income generated from yet more production. In other words, people work 
to earn money to satisfy wants (and of course needs), but their effort 
results in production of goods, including new innovations, that, when 
marketed, increase others’ desires. Those others then work to satisfy their 
new wants, producing yet more goods marketed to others, and so on in a 
positive feedback that grinds away at the planet’s stock of resources and 
generates more waste and new types of wastes whose consequences we 
only partially understand. Reflecting on this circumstance, the wise 
gorilla Ishmael in Daniel Quinn’s novel of the same name describes 
modern humans as prisoners of a mother culture, employed in a prison 
industry – consuming the world.32 

As society becomes increasingly affluent, wants are increasingly 
created by the process by which they are satisfied.33 

Systems thinking is no magic bullet; just as engineers cannot 
precisely predict the failure of a spacecraft and physicians cannot precisely 
predict a patient’s future health, a systems perspective will not enable 
anticipation of all consequences of an action. But physicians and engineers 
enjoy valuable predictive abilities despite incomplete understanding. 
Likewise, we can predict some system consequences if we try, as the traffic 
and food production examples illustrate. In other words, even limited 
analysis frequently provides critical insights, thereby enabling alteration 
of plans and avoidance of some undesirable consequences. 

Rather than closing the Office of Technology Assessment, we could 
develop our abilities to anticipate ‘side effects’. We could expand 
precaution from familiar to unfamiliar circumstances. Rather than 
funding a few industrial ecologists and a few theoreticians at a non-profit 
institute in Santa Fe, New Mexico,34 we could employ a cadre of 
professional practitioners to apply systems perspectives broadly. Colleges 
and universities could create departments dedicated to prediction of 
unintended consequences. We could take Kurt Vonnegut’s suggestion to 
appoint a Secretary of the Future.35 Such efforts would avoid at least some 
otherwise unpleasant surprises. Until we become adept at doing so, our 
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failure to anticipate and prevent surprises will impede environmental 
progress because we do not address problems we have not perceived.
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3
Detection challenges

The previous chapter discussed unanticipated environmental problems. 
Once a problem is anticipated or imagined, the next step is to determine 
whether it is real. This is not always easy. 

Consider a newly manufactured chemical released into the 
environment. What health problems or ecosystem impacts might result? 
Might it compromise immune functioning, cause cancer, interfere with 
cardiovascular fitness or cause some other human ailment? If so, whose 
health should be monitored? What features of their health should be 
monitored? What if symptoms do not appear for years? 

If there is a concern regarding other species or ecosystem processes, 
what species or ecosystem processes should be monitored? Might some 
species be more sensitive than others? If so, which ones? What variables 
would you measure? How, where and for how long would you make those 
measurements? How would you determine whether measured variables 
had changed since before you started measuring? When would you have 
enough data to draw conclusions? Perhaps the new chemical is harmless. 
If so, how would one know?

Confirmation of new environmental hazards to human health face 
two routine challenges: determining whether an ailment has really 
become more common, as opposed to simply being detected more often, 
and detecting hazards that do not produce symptoms until many years 
after exposure. These same two challenges complicate detection of 
ecosystem problems, but in that arena they are joined by four others. 
First, unlike humans, other species do not self-report problems. Second, 
there are many fewer ecosystem experts than human health experts. 
Third, normal ecosystem functioning is not as well understood as normal 
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human health. And fourth, ecosystem monitoring involves more 
theoretical, logistical and financial constraints than human health 
monitoring.

Shrouded signals

Suppose there is concern that an ailment has become more common, 
such as an apparent cluster of cancer cases. Is there some new hazard in 
the environment? Just because some people have become sick does not 
mean there is a new problem. Most illnesses are not novel. People have 
always become sick. There may be little available data for comparing past 
and present prevalence of an illness, and even if such data are available, 
an apparent increase could be an artefact of better detection, or due to 
random variation or some non-environmental cause, not a result of a new 
environmental contaminant. 

The challenge of distinguishing increased frequency from increased 
detection is responsible for debates regarding whether important 
ailments, such as autism or low sperm counts, have become more 
common. Few health problems could have more implications for humans 
than infertility and yet, despite decades of reported sperm counts, there 
is still no consensus whether a real decline has occurred or only an 
apparent decline that is an artefact of changes in data-collection 
methods.1

When a problem becomes more common, evidence of its rise may 
be hidden in background variation from time to time, place to place or 
other ‘noise’ in the data. Analysts use statistical procedures to identify a 
signal amid a noisy background. The calculations depend on comparison 
of the frequencies of actual observations to random variation that might 
otherwise occur. Such techniques merely test whether an apparent 
pattern would be a likely result of chance. They cannot determine whether 
a pattern is actually due to chance in a particular case. Thus, they cannot 
determine with certainty whether an apparent cluster of cases is a mere 
coincidence. (Chapter 5 further considers the potential and limits of such 
analyses.)  

Detecting a problem amid natural background variation is even 
more challenging in ecosystem research than human health research. 
Imagine a decline in a fish harvest. Is the fish population declining? Did 
bad weather interfere with the year’s catch? Was the fleet simply unlucky? 
If a beetle outbreak kills some trees, is there a new problem? There have 
always been beetles in the woods and trees are not immortal. A few dead 
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trees would not be noteworthy. Is an observed dieback merely a case of 
random variation or an indication of something more serious?

Herpetologists documented widespread amphibian declines during 
the late-twentieth century, with many species endangered and others 
apparently already extinct. But a worldwide decline had been occurring 
for decades before experts realized the magnitude of the problem.2 With 
no one expecting a global decline, there was no system in place to detect 
a pattern across different ecosystems or continents. No one was 
responsible for monitoring the big picture. Likewise, around the end of 
the 2000s, biologists raised concerns about widespread insect declines, 
but again, limited historical data and few systematic measurements 
render the evidence ambiguous.3 

Another challenge occurs when many years pass between exposure 
and the onset of symptoms. In such cases, a cause may have come and 
gone long before the signal appears. For example, the horrible symptoms 
of mad-cow disease (bovine spongiform encephalopathy or BSE) take 
years to manifest, as do many cancers. Some nutrition specialists think 
sugar and grain consumption, especially wheat, may foster dementia, but 
dementia rarely strikes before old age. That hypothesis is controversial, 
and I am not qualified to offer diet advice, but if the hypothesis is correct, 
it will be too late for those who have consumed large quantities of 
conventional bread – ‘the staff of life’. 

Many ecosystem problems are so incremental they progress for 
decades or centuries before consequences become apparent. Erosion is a 
classic example. Anyone who sees farm soil blowing in the wind or 
watches the flow of a muddy stream can detect evidence of erosion, but it 
is more difficult to detect a resulting decline in crop production. Many 
crops are annuals – plants that complete their life cycle in one year. The 
roots of annuals typically reach only a fraction of a metre below the soil 
surface. Therefore, erosion of deep, fertile soil may not affect crop 
production until so much soil has been lost that the remaining, limited 
soil depth begins to constrain root growth, especially if fertilizers 
supplement soil fertility. Likewise, aquifers decline incrementally, 
deforestation advances incrementally and greenhouse gases accumulate 
incrementally. Critical consequences, such as wells running dry, lack of 
trees to harvest or obvious climate changes, may not become apparent 
until the responsible actions have occurred for hundreds of years or more. 
(The incremental nature of environmental problems also creates a 
different obstacle – lack of political urgency – the subject of Chapter 12.)

Climate change provides a familiar example of the challenge of 
detecting incremental change amid a noisy background. Multiple types of 
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observations provide evidence of contemporary, rapid, anthropogenic 
climate change, including rising air temperatures and sea levels, melting 
glaciers, loss of polar ice, increases in ice-free seasons of northern lakes, 
and perhaps most significantly, shifts in the ranges of species and the 
seasonal timing of their behaviours and life cycles. The preponderance of 
evidence has led most experts to conclude that human activities are 
altering the climate. But imagine this was a new question and you were 
tasked with determining whether climates are changing. 

How much data would you require? From how many locations 
would you require temperature measurements, with what frequency of 
measurement? How long a record would you require before you would be 
confident that present temperatures differ from past temperatures, and 
those differences are not just part of some natural cycle? What else would 
you want to know to determine whether a change is ‘natural’ or a result 
of human activity? How could you obtain these data?

Even simpler concerns face substantial detection challenges. 
Detection of a familiar problem in a new location, such as pollution of a 
stream, is often fairly simple, but not always. I occasionally receive 
requests from local residents to ‘test a water sample’. For what would 
I test? 

Imagine a river covered with dead fish. Is the water polluted or was 
the die-off natural? How would you determine whether water is polluted? 
Keep in mind that seriously polluted water may look crystal clear. The 
obvious option is to monitor for the pollutant, but which of thousands of 
potential pollutants would you seek? Would you test for all of them? Tests 
typically cost $20 to $500 per pollutant.4 Professor Hugh MacIsaac of the 
University of Windsor dreams of sticking a finger in water and being able 
to know everything about it,5 but he is unlikely to see his dream fulfilled.

Rather than seeking a particular pollutant, one can monitor for 
more generic evidence of ecosystem damage – some change that many 
pollutants could cause – such as a change in the acidity (pH) or oxygen 
content of water. Such measures are akin to human vital signs. Unusual 
values provide evidence of a problem, but it is possible to be gravely ill 
despite normal vital signs, and even when an abnormal vital sign occurs, 
the culprit remains to be determined. Dead fish, for example, could result 
from a pathogen, insufficient oxygen, one of many toxins or some 
combination of causes. The task is simpler if a pollutant is directly 
observable, such as oil on water, but what if the pollutant is released only 
intermittently? It may be far downstream before dead fish float to the 
surface. 
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Determination of which species are present and which are absent 
can provide evidence of pollution because some species are more 
pollution-tolerant than others.6 Pollution episodes often eliminate 
pollution-intolerant species, in which cases collections turn up only 
pollution-tolerant species. But compared to chemical measurements, 
biological analyses are generally more time consuming and harmful to 
ecosystems (because specimens die in the process), sample analysis 
requires experienced biologists who can identify a wide variety of species, 
and interpretation of results requires detailed information on the 
pollution tolerance of dozens of species. 

Lack of reference ecosystems

Complicating matters further, in many cases few or no examples of 
healthy ecosystems remain. It is as if doctors sought to determine whether 
a patient was healthy but had never seen a healthy person. Austin College 
students and faculty are working to restore native prairie to Clinton and 
Edith Sneed’s former farm. How will we know if we are successful? We 
need intact, healthy prairies for comparison. Fortunately, there is one 
three-hectare example of such a prairie a few kilometres away. That small 
remnant of the once vast Blackland Prairie of Texas persists because 
former Professor of Economics and tallgrass prairie expert Hugh Garnett 
recognized its unusual condition and purchased it for the sole purpose of 
its conservation. Dr Garnett had both the rare knowledge to recognize its 
stellar condition and the wherewithal to buy it with no expectation of 
financial return. If not for both of those circumstances and his interest and 
generosity, the last local example of intact prairie would almost certainly 
have been developed by now. The next closest example is about an hour’s 
drive away. In other words, over thousands of square kilometres, only a 
few tiny patches of healthy prairie remain.

In other cases, there are no local examples of intact ecosystems. For 
example, as a result of damaged watershed vegetation, all streams in 
Grayson County, Texas, where Austin College is located, suffer from an 
unnatural combination of extreme runoff after rain followed by low or no 
flow between rains. Many streams that historically flowed during all but 
the most severe droughts now only flow after rains. Indeed, my students 
and I have observed that the greatest biological diversity in local streams 
is immediately downstream from wastewater treatment plants. Those are 
the only creeks in the area with a reliable volume of water flow every day. 
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Shortage of specialists

Lack of healthy ecosystems for comparison is only one obstacle to 
detecting and understanding ecosystem damage. Another obstacle that 
may surprise non-biologists is lack of experts capable of identifying 
relevant species. As a graduate student, I had opportunities to work as a 
teaching assistant in Costa Rica. One evening while eating dinner at 
Monteverde Cloud Forest Reserve, one of the world’s most famous and 
heavily visited tropical preserves, I found myself talking with a young 
Costa Rican biologist. I no longer recall his name, but I remember the 
conversation. He was exceptionally modest, but knew all the tree species 
in the forest. Such ability is not unusual in a northern forest with a few 
dozen species, but a tropical forest can have hundreds of species in a few 
hectares, many with similar leaves and bark. I suspected few people could 
identify all of the Monteverde trees, but he claimed otherwise. When I 
pressed, he conceded that only three other people could identify the trees 
– his brother and two others. These are the trees of one of the most famous 
rainforest reserves in the world and only a few people could identify all of 
the trees, let alone know anything about the biology of the rarer ones.

Unfortunately, it is not unusual for only a small handful of people to 
have expertise in a given group of species. Like the trees of Monteverde, 
only a few specialists in North America and Europe can confidently 
identify tiny planktonic animals called rotifers – even though rotifers 
constitute an entire phylum, occur in virtually all fresh water and are an 
important food for young fish. Because almost no one knows what they 
are looking at, few would be capable of detecting a change in an 
ecosystem’s rotifers, even if the necessary water samples were available. 
I knew there were few rotifer experts, but I was not sure how few, so I 
checked with one of them, Ripon College Emeritus Professor of Biology 
Robert Wallace. He knew of just four people in all of the United States and 
Canada, including himself, the same number as those who could identify 
the trees of Monteverde. 

Perhaps you have seen a guide to the birds or trees of your area. 
Such guides include all local bird and tree species, but insect guides 
include only some species. Insect guides are not complete because for 
most places no one knows all the insects. For some ecosystems, even 
qualified ornithologists are rare. While surveying an Ecuadorian 
rainforest in 1993, the ornithologist Theodore Parker tragically died in a 
small plane crash. He could identify some four thousand tropical birds by 
song. Vegetation hides birds, but not their songs. No one else in the world 



DETECT ION CHALLENGES 39

could so readily identify the most diverse forests. The tragic death of just 
one biologist seriously complicated efforts to assess tropical rainforest 
biodiversity.7 

Except for the vertebrates (consisting of 63,000 described species of 
birds, mammals, reptiles, amphibians and fishes) and the flowering 
plants (with approximately 270,000 species), relatively little is 
collectively known about millions of kinds of fungi, algae and most 
diverse of all, the insects and other invertebrate animals. And that 
matters, a lot: These least understood minions are the foundation of 
the living world. They are the little things that run the Earth.8

Imagine if a patient was suspected of having liver disease but only a few 
pathologists in the entire world had the expertise to analyse a biopsy. If a 
tree species at Monteverde suffers from a disease, it may be difficult to 
find someone capable of even identifying the tree species, let alone 
diagnosing the disease or determining its cause. If a toxin decimates a 
lake’s rotifers few will be able to tell, even though rotifers are critical prey 
of the youngest fish. That so few people have these abilities is a tragic 
failure of societal investment.9

Minimal monitoring

Even with qualified professionals available, a change in a lake’s rotifers 
would go undetected unless someone had been monitoring their 
populations. Society has so far not chosen to fund much ecosystem 
monitoring. The consequence is a relative paucity of information on the 
condition of ecosystems and their species. Declines in the extent of native 
ecosystems, well-known species, and some taxa are obvious or becoming 
apparent, but the condition of individual locations and their species are 
often poorly known.10 For example, as of 2021, the EPA reports that states 
and tribes (the entities primarily responsible for water-quality monitoring 
under the US Clean Water Act) have assessed only about 20 per cent of 
streams and rivers, 40 per cent of lakes and 30 per cent of bays.11 Even 
more remarkably, many states rely upon volunteer-based water 
monitoring programmes that make only the simplest measurements of 
water temperature, turbidity, oxygen concentration and pH.12 Many 
pollutants have no effect on such variables, and if they do, the effect may 
be transitory and thus go undetected if sampling does not coincide with a 
spill or other pollutant discharge. Who would propose a similar medical 
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system? Individual and public health would depend upon a few widely 
scattered volunteers with stethoscopes and thermometers doing all they 
could, but reaching only a tiny fraction of the population. (Whether 
medical systems are adequate is obviously beyond our scope, but even the 
existing US system is far more intensive and extensive than ecosystem 
monitoring.)

At least monitoring is legal in most places. Incredibly, during 2015 
Wyoming passed a law that made it illegal to collect evidence of pollution, 
apparently even on public land and even by photograph. University of 
Denver law professor Justin Pidot noted that the law, ‘turns a good 
Samaritan who volunteers her time to monitor our shared environment 
into a criminal’, and correctly predicted the law would be found 
unconstitutional, but the statute demonstrated the extent to which some 
elected officials are willing to go to prevent detection of environmental 
problems.13 

Systems for tracking pollutant releases from industry provide 
further evidence of underinvestment in monitoring. Rather than hiring 
qualified, independent technicians to collect such data, industries are 
routinely allowed to report their own releases. The Toxic Release 
Inventory of the Emergency Planning and Community Right-to-Know Act 
requires annual reports to the EPA from states and industrial facilities that 
release any of 600 chemicals. 

Toxic Release Inventory reports are accessible online. One facility in 
my area reported releasing 1,954 kg of N-methyl-2-pyrrolidone during 
2019, another reported releasing 3,660 kg of styrene.14 Such data are not 
independently confirmed, even by spot checking, and provide no 
information on whether releases happened continually at low quantities 
or intermittently at higher quantities and therefore higher concentrations. 
Presumably due to staffing limitations, the EPA has only a rudimentary 
system for checking the data quality based on mechanisms like looking 
for large changes from one year to another and suspiciously low numbers 
for a given type of facility. Furthermore, Toxic Release Inventory 
regulations do not require reporting on toxins in products themselves and 
exempt many toxins and toxin sources, including agriculture.15 Though 
much better than nothing, the Toxic Release Inventory reflects minimal 
societal investment in rigorous pollution monitoring. 

Effective monitoring is yet more difficult when problems cross 
administrative boundaries or institutional responsibilities overlap or 
leave gaps. The implications of such mismatches are considered more 
thoroughly in Chapter 17. For now, consider how they complicate 
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detection of hazards, such as whether water quality is suitable for 
swimming. 

Lake Texoma, a large reservoir on the Red River along the border of 
Oklahoma and Texas, receives treated wastewater from several towns and 
small cities, is surrounded by thousands of homes with septic tanks and 
is in a watershed with extensive livestock pastures, all potential sources 
of contamination. Strong thunderstorms cause tremendous runoff into 
the reservoir’s tributaries. According to the US Army Corps of Engineers, 
Lake Texoma hosts no fewer than six million visits by swimmers, water 
skiers and others annually.16 

At least five state and federal agencies have some responsibility for 
Lake Texoma and three do some water-quality sampling, but no single 
agency is responsible for the safety of swimmers everywhere on the lake 
and all are distracted by other higher priorities. As a result, there is no 
monitoring system capable of detecting short-term water pollution events 
associated with heavy rains – the sort of events that cause beach closures 
elsewhere.17 The US Geological Survey has measured water quality at 11 
sites in the lake, but has not tested for bacterial contamination; it is not 
responsible for visitor safety.18 The Red River Authority measures the 
bacterium Escherichia coli (E. coli) and other indicators of sewage 
contamination quarterly at four sites, but not in response to rainfall 
events. They sample easily accessible and thus inexpensive locations, 
which is understandable since their mission focuses on water supply, not 
water safety.19 The US Army Corps of Engineers follows standard EPA 
protocols and federal regulations for detecting chronic contamination at 
the beaches they manage and requires some other beach operators to do 
the same, but does not have the funding to monitor all possible 
recreational sites or collect measurements in response to runoff events 
when significant contamination would be most likely.

It is not difficult to detect this type of pollution. An Austin College 
undergraduate, Nichole Knesek, quickly confirmed E. coli contamination 
in Lake Texoma because she collected samples following storms in 
locations where pollution seemed most likely. She singlehandedly 
detected evidence of an improperly operated municipal wastewater 
treatment plant. The state and federal agencies had not discovered the 
problem because they had not sampled where or when problems were 
most likely.20 In other words, a lone undergraduate looking where and 
when problems might be expected rapidly found problems undetected by 
three government agencies that had collected samples for years. This 
example demonstrates how even extensive monitoring can fail to detect 
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important problems if those responsible for the monitoring are focused 
on other concerns.

A worse situation results if those responsible for monitoring have an 
incentive not to find problems – like the mayor in the movie Jaws (1975) 
who does not want to close the beach after a shark sighting. Local 
politicians were dismayed when the Army Corps of Engineers closed Lake 
Texoma to recreation in 2011 during a bloom of cyanobacteria. In 
response, some officeholders undertook unprecedented monitoring 
efforts and argued that the Corps of Engineers had used excessively strict 
criteria for closing the lake.21 The same officials had previously displayed 
no apparent interest in water-quality monitoring. 

More recently, when Hurricane Harvey dumped 1,270 mm of rain on 
the Houston area during August 2017, damaged industrial facilities released 
some 18,260 tons of harmful chemicals. The US National Aeronautics and 
Space Administration (NASA) offered to fly a pollution-monitoring airplane 
above Houston, but EPA and Texas officials declined the offer, supposedly 
because they were concerned the additional data might cause ‘confusion’. 
Michael Honeycutt, the director of toxicology for the State of Texas told 
NASA officials, ‘… we don’t think your data would be useful’. According to 
the same Los Angeles Times report, Honeycutt had previously speculated that 
air pollution is good for human health.22 Meanwhile, Texas officials had 
removed 75 per cent of ground-based monitoring stations in advance of the 
hurricane, ostensibly to protect the units from damage. (Many of the 
industrial facilities are located in low-income neighbourhoods with 
populations dominated by people of colour, an issue addressed in  
Chapter 13.)23

A similar resistance to finding problems seems to occur in Canada, 
downstream from the tar sands mines in the Athabasca River watershed 
of Alberta. According to independent scientific reviews, the system for 
monitoring for water pollution there is woefully inadequate. A ‘community 
group’, the Regional Aquatics Monitoring Program, largely funded by 
energy companies, has repeatedly reported satisfactory water quality in 
the river, but independent reviews found those conclusions unwarranted 
and considered sampling deficiencies so severe that the programme has 
little hope of detecting water quality problems. Some reviewers have 
suggested that monitoring system is intended to fail to detect problems.24

Whereas it sounds straightforward to go out and check for a 
problem, problems can be difficult to detect because of uncertainty about 
what to look for, where to look, when to look, signals hidden in noise, a 
shortage of experts or a shortage of reference ecosystems to serve as 
models of health. The challenge is made vastly harder by society’s 
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reluctance to invest in ecosystem monitoring, relying instead largely upon 
volunteers, self-reporting by industry and other minimal approaches, 
including some with in-built conflicts of interest. Despite these challenges, 
many problems have been detected. The task then shifts to understanding 
their causes. 
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4 
Limits on experiments

Once detected, the next step is to understand a problem’s cause or causes. 
As we have seen, many problems are unintended consequences of new 
technologies, but most products are launched without evaluation of 
potential side effects. Consequently, causes of new problems are often 
unknown. Their determination requires scientific research. 

The record of science and technology in leading to flashy new 
products, from Mars rovers to smartphones and self-driving cars, may 
give the impression that scientists can quickly figure out anything. On the 
contrary, however, progress is often slow. If this were not the case, there 
would be little uncertainty regarding questions scientists have studied for 
years, such as the causes of honeybee colony failures or the risks of 
exposure to oestrogen-mimicking chemicals or solvent vapours. Perhaps 
most obviously, reporters would no longer ask which human diet is 
healthiest.1 

If science was easy, there would be no debate about ideal diets. But 
diet advice varies both over time and wildly at any given time. My mother 
notes that when she was young eggs were considered health food; later 
they were considered unhealthy; now a nutrition researcher I know 
considers eggs a ‘perfect’ food. Few scientific questions are more basic 
than which foods promote health, and yet eggs were good, then they were 
bad, and now are good again. The eggs themselves have not changed, but 
the evidence and its interpretation have.

If science were easy, we would know whether we should eat eggs, 
grains, butter or beef. Much diversity of opinion regarding these and 
similar issues is rooted in hucksterism or ulterior motives. But 
disagreement and controversy would fade more quickly if scientific 
conclusions were comprehensive and indisputable. Science provides a 
powerful route to understanding natural phenomena, but it is not 
automatic, takes time, sometimes errs and cannot eliminate uncertainty.
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Imagine the challenge of disentangling cause-and-effect 
relationships in a cluster of cancer cases where, as usual, dozens of 
contaminants occur in low concentrations in patients’ blood samples. The 
toxicity of most contaminants has never been studied. Moreover, analysts 
typically have limited information regarding patients’ exposures to 
sources of contaminants and little if any knowledge of the interactive 
effects of multiple contaminants.2 Furthermore, those contaminants may 
have had nothing to do with the cancers. Under such circumstances, how 
would you determine whether the cluster is a mere coincidence or 
evidence of a local cause? 

As every schoolchild learns, science is based upon testing hypotheses 
– conjectures – about relationships among variables. For example, a 
medical experiment might compare the effects of a new drug and a 
placebo on blood pressure. This is a powerful approach. If it did not work, 
bridges would collapse, spacecraft would miss targets and seeing a 
physician would be as likely to make you worse as better, maybe more so.

Science textbooks routinely illustrate the scientific method with 
some version of Figure 4.1, often in their first chapter. Though 
fundamentally correct, the diagram gives a false impression that the 
process of creating new scientific understanding is so straightforward 
that it is almost automatic. Reality is not so simple. If it were, eggs would 

Figure 4.1: A typical textbook diagram illustrating the steps of the 
scientific method. Figure by the author.
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not go from being good for us to bad for us to good again. Each step in the 
diagram presents challenges.

Sometimes it is easy to test a hypothesis and draw firm conclusions. 
For example, my first college chemistry course included a test of the 
hypothesis that salt reduces the freezing point of water. We prepared 
mixtures of water with different concentrations of salt and then viewed 
droplets of each mixture with a microscope while reducing the temperature. 
We noted the temperatures when ice crystals became visible. The higher 
the salt concentration, the lower the temperature required to freeze water. 
The effect is easy to observe and highly reproducible.  

Unfortunately, however, environmental problems do not typically 
lend themselves to such simple experiments. Determination of the 
freezing point of a water droplet is simple; determination of whether a 
newly  manufactured compound may harm human health, other species 
or ecosystem processes is not. Consequently, decades, or in the case of 
climate change even a century may pass between when a problem is first 
suspected and when experts confirm its existence and cause or causes. 

This chapter and the next three describe several obstacles to 
determining the cause or causes of problems, such as cancer clusters. This 
chapter reviews ethical, financial, analytical, temporal and technological 
constraints upon formal experiments. By formal experiment I mean a 
study in which one or more variables of interest are manipulated in an 
attempt to test for an effect on one or more other variables of interest. For 
example, medical researchers might give one group of subjects a new 
drug formulation and another group a placebo to test the hypothesis that 
the new drug reduces blood pressure. Such experiments, if otherwise well 
designed, can detect evidence of cause-and-effect relationships. Many 
other useful studies, such as epidemiological studies that check for 
associations among variables but do not manipulate any variables, or 
studies that confirm a change over time in the environment, are 
tremendously valuable but are not formal experiments. Because no 
variable has been intentionally manipulated, such studies can only test 
for associations (correlations) among variables. 

This chapter describes limitations on the types and scale of formal 
experiments (henceforth experiments) that scientists can perform. The 
next three chapters describe uncertainties associated with the use of 
statistical procedures to detect patterns in data, hazards of extrapolating 
from study results to more general circumstances, and confusion due to 
scientific errors. Collectively, these obstacles slow scientific progress and 
foster controversy by making science more challenging than implied by 
Figure 4.1. 
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Ethics

Ethical constraints preclude many potentially instructive experiments. 
The most obvious constraints are ethical restrictions against studies that 
might harm human subjects. Ethical scientists do not perform experiments 
that intentionally expose humans to suspected harms, such as potentially 
harmful chemicals. Therefore, researchers concerned about harm to 
humans can only run experiments on other species and extrapolate 
results to humans.3 Many people consider this a sensible compromise, but 
humans may be more or less sensitive than other species to any given 
toxin. Unfortunately, there is no accepted theory regarding how to 
extrapolate health consequences from other species to humans (an 
example of the challenges of extrapolation discussed in Chapter 6).

When many people or individuals of other species already suffer 
from an ailment, epidemiological studies provide an alternative to 
experiments. Epidemiological studies retrospectively test for associations 
between environmental factors and one or more ailments. For example, 
studies have documented correlations between asthma attacks and 
atmospheric ozone concentration, between autism and air pollution, and 
between leukaemia and benzene exposure.4 Epidemiological studies 
often provide the best available evidence, but uncertainties regarding 
individual exposures and undocumented differences among subjects 
complicate the interpretation of results. Furthermore, epidemiological 
studies are possible only after many people have been exposed to a 
potential hazard. The challenges of epidemiological studies are one 
reason for seesawing dietary recommendations. Analysts search for 
patterns of health or illness in groups with different dietary histories, but 
dietary histories are typically only one of many differences between study 
subjects, so effects of diets are difficult to disentangle from other factors. 

Ecosystem studies face fewer ethical restrictions, but ethical 
considerations nevertheless constrain potential experiments. For 
example, some of the most instructive data on the effect of acid 
precipitation have come from experiments that acidified entire lakes, but 
the decision to acidify an entire lake cannot be taken lightly because of 
the tremendous consequences for the lake and all of the creatures in it. 
Experiments of this sort have been considered acceptable because the 
insights have potential to inform management and protection of 
thousands of similar lakes, but few such experiments have been performed 
because of the financial constraints discussed in the next section of this 
chapter. 
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When Austin College began to restore prairie to an old farm, I proposed 
using a neighbour’s cattle as an analogue for the bison that historically grazed 
the area, but some colleagues were concerned that even carefully managed 
cattle would cause damage. They had observed many cases of damage due 
to poorly managed cattle. My colleagues eventually consented, but their 
reservations were reasonable and ethically based. Fortunately, the carefully 
managed cattle seem to be assisting the restoration.

Budgets

Experiments require expertise and equipment, but budgets are limited. 
Limited funding precludes innumerable potential studies. For example, 
the entire proposed 2018 US federal budget for basic research in natural 
sciences and the environment was $255 million, less than the cost of 
three F35 fighter airplanes and much less than one per cent of 
ExxonMobil’s 2012 profit.5 Larger budgets for equipment, staff and other 
expenses would allow more experiments, and those experiments could 
involve more replicates (subjects of study, such as patients in a clinical 
trial). More replicates generally make results more reliable. 

Funding limitations are apparent from the small scale of experiments 
that test major human health questions. For instance, a widely reported 
2014 human diet study found people lost more weight after one year on a 
high fat diet than a high carbohydrate diet. The results suggested that 
people should eat more fat and fewer carbohydrates, but the study involved 
only 120 people. Should millions of people consider altering their diets on 
the basis of one year of data for 120 others? The experiment may have had 
an otherwise impeccable design, but the authors would almost certainly 
have preferred a budget that allowed a larger, longer-term study.6 

As noted, society has not required toxicity testing before marketing 
millions of manufactured chemicals.7 In other words, no one has been 
willing to fund the necessary experiments. During the early 1990s, 
toxicologists estimated proper experiments would cost about $2 million 
per chemical tested. That sounds like a lot, but at that rate, after adjusting 
for subsequent inflation, the toxicity of all 85,000 chemicals inventoried 
for the Toxic Substances Control Act could be tested for about one fifth of 
the trillion dollar estimated lifetime cost of the F35 fighter jet programme. 
We have evidently been more interested in funding fighter planes than 
toxicity tests.8

Ecosystem experiments receive far less funding than human health 
experiments, and there are more possible cause-and-effect pathways in 



L IMITS ON EXPERIMENTS 49

ecosystems than individual humans.9 The diet study scale with 120 
subjects may sound small for an important study of human health, but 
120 replicates would be unprecedented for an ecological experiment. My 
most recent papers on zooplankton had 12 and 18 replicates respectively.10 
Neither has been criticized for inadequate replication because these are 
substantial numbers of replicates for ecological research. 

Other evidence of financial limitations is apparent in the modest 
scale of ecological experiments. The largest field experiments have 
acidified an entire small lake or contaminated a small lake with the active 
ingredient in human birth control pills, but these studies manipulated 
only one lake in each case. They did not manipulate multiple replicate 
lakes as one would test a new drug on multiple people, rather than just 
one person.11 Moreover, only a few research teams worldwide have 
sufficient budgets to perform such ‘whole ecosystem’ studies on even one 
lake, and even those have struggled to maintain funding.12 

Most researchers are relegated instead to studying small segments 
of ecosystems, or facsimiles of ecosystems. For example, the Austin 
College’s tallgrass prairie restoration experiment I manage occupies 40 
hectares, about 100 acres. We would run a larger study if we could have 
bought the adjacent property when it was for sale, but we lacked the 
$300,000 purchase price.

The US National Science Foundation’s Cedar Creek Ecosystem Long 
Term Research Station provides a much more prominent example. Cedar 
Creek scientists use replicate ‘fields’ of about 100 square metres to test 
fundamental hypotheses about the relationship between species diversity 
and ecosystem functioning (Figure 4.2).13 This is one of the longest-running, 
largest-scale and most respected ecosystem experiments in the world, yet the 
experiments are limited to replicates the size of a small yard for attempting 
to understand the most fundamental questions of ecosystem ecology. 

Further sense of the dearth of funding is apparent from the poor 
compensation of many ecological internships. For example, a state-
sponsored internship on Kure Atoll in Hawaii, advertised under the 
heading ‘Chance of a Lifetime’, requested the following experience, skills 
and abilities: native plant propagation; shorebird and seabird monitoring 
and identification; data management; carpentry; solar equipment 
maintenance; small boat experience; and knowledge of Hawaiian plants. 
Interns were expected to carry 20 kg equipment loads for 16 km per day, 
work long hours in hot and sunny or cold and rainy conditions, be able to 
swim, have perfect or perfectly corrected eyesight and be able to ‘bend or 
stoop for long periods of time’. Moreover, to avoid introducing invasive 
species, any shoes or other clothing brought to the site had to be purchased 
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new in Hawaii and frozen for 48 hours beforehand. Interns with these 
qualifications were expected to volunteer for this work, without pay. 
Announcements of other internship positions on the main email list for 
ecologists, ECOLOG-L, regularly seek similarly long lists of qualifications 
for unpaid work under challenging conditions.14

Indeed, such circumstances have raised the question whether 
conservation is becoming a privileged, rich-person’s career because of the 
lack of early-career funding and expectations that applicants for paid 
positions have a track record of unpaid internships.15 By comparison, 
during 2015 one of my eldest son’s undergraduate friends held an 
investment banking summer internship that required no heavy lifting and 
paid $25,000, while the Mars Curiosity Rover mission involved 500 
people in 12 countries supported by 7,000 others, all of whom were 
presumably working for pay, not merely volunteering.16 Excluding those 
who cannot afford to accept unpaid internships and expecting financial 
sacrifices of others who can is yet one more way that funding limitations 
hamper understanding of environmental problems and therefore serve as 
an obstacle to environmental progress.

Figure 4.2: Some of the small plots that serve as replicates for ecosystem 
experiments at the US National Science Foundation’s Cedar Creek Long 
Term Ecological Research station. Source: US National Science 
Foundation Long Term Ecological Network, ‘Cedar Creek Ecosystem 
Science Reserve’, n.d.
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Analytical constraints

Experiments test hypotheses, but just because a hypothesis can be posed 
does not mean a suitable experiment can be designed and executed. 
Many hypothetical experiments cannot be run because the complexity of 
their designs would render the results uninterpretable.

A few terms will be useful for understanding the analytical limits on 
designs of formal experiments. An independent variable might affect 
another variable but could not be affected by it. Conversely, a dependent 
variable is one that might be affected by an independent variable but 
cannot affect an independent variable.17 For example, salt can affect the 
freezing point of water but the freezing point of water cannot alter salt 
concentration, so salt is an independent variable and freezing point is a 
dependent variable. (Curiously, variables are deemed ‘dependent’ when 
an experiment tests whether they are affected by an independent variable, 
not because they are affected by an independent variable. Thus, dependent 
variables do not necessarily depend on tested independent variables.) 

A hypothesis is a conjecture about a relationship between two or 
more variables. A null hypothesis posits that an independent variable has 
no effect upon a dependent variable. An alternative hypothesis posits that 
an independent variable affects a dependent variable. In the case of the 
salt and freezing point experiment, the alternative hypothesis was 
supported – that salt affects the freezing point of water. 

Experiments are performed on individual subjects, or more formally, 
experimental units. A factor is an independent variable, such as salt 
concentration, whose quantity or condition is manipulated. Experiments 
test for effects of one or more factors on one or more dependent variables. 
A treatment is a particular level or condition of a factor. If an experiment 
involves more than one factor, a treatment may be a particular combination 
of levels of two or more factors. An unmanipulated treatment, in which all 
factors occur at natural levels, is a control. Replicates are experimental units 
to which the same treatment is applied. When individual humans serve as 
replicates, they are often called subjects.

Consider an example. If an experiment tests the effect of water pH 
(acidity vs. alkalinity) on the growth of individual fish in aquaria, pH is the 
manipulated factor. Each container of water whose pH is manipulated or left 
at the natural, control, value, is a replicate of a particular treatment (pH level). 

Such a study could also include other factors. For example, it could 
include multiple species of fish or manipulate other aspects of water 
chemistry besides pH. The simplest experiments test only two levels of 
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one factor. Complex experiments typically manipulate more than two 
levels of two or more factors. 

One dependent variable in the pH experiment could be the growth 
rate of individual fish. Researchers could also measure other dependent 
variables, such as survival, fat content or some other measure of fish 
health. Experiments often measure multiple dependent variables after 
manipulating one or more independent variables. 

Manipulated factors are not the only independent variables. Any 
variable whose state or magnitude cannot be affected by the manipulation 
of other independent variables is itself an independent variable. For 
example, in the pH experiment, the temperature and oxygen concentration 
of the water would be additional independent variables. 

While manipulating one or more independent variables, researchers 
typically hold others constant to avoid unwanted sources of variation in 
results. For example, a simple study of pH on fish growth would place 
individual fish in separate aquaria and expose each to a particular pH. To 
maximize the chance of detecting any effect of pH, some other variables 
held constant could include aquarium size, water source, water temperature 
and water oxygen concentration. Furthermore, the researchers might use 
a single size, sex and species of fish. Holding these other variables constant 
increases the chance of detecting any effect of pH on growth rate because 
these other variables might have their own effects. (Holding other 
independent variables constant is often referred to as ‘controlling’ those 
variables, but that use of the term ‘control’ should not be confused with a 
‘control’ treatment in which no variables are manipulated.)

But what if the effect of pH depends on the level of some other 
independent variable that has been held constant? For example, perhaps 
the effect of pH depends on the temperature of the water. In this case, if the 
experiment is performed at only one water temperature, the results could 
be misleading if applied to circumstances with other water temperatures. 

Data analysts use the term ‘interaction’ for the situation where the 
effect of one independent variable depends on the level of another 
independent variable. You are probably familiar with some such interactions. 
For example, my mother was prescribed a statin drug to reduce cholesterol. 
Her doctor instructed her to avoid grapefruit because compounds in 
grapefruit increase the effective dose of statins and therefore increase the 
chance of undesirable side effects. In the terminology of data analysis, 
something in grapefruit interacts with the effect of statins. Interactions are 
common. You have probably seen or heard warnings against consuming 
alcohol when taking certain medications or seen advertisements that list 
various contraindications for prescribing advertised drugs. 
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Interactions also affect ecosystems. For example, acid rain falling on 
a lake underlain by limestone bedrock has little effect, but the same acid 
rain can kill fish and other creatures in a lake underlain by granite. 
Limestone dissolves in and neutralizes acid but granite does not. One can 
observe this effect in cemeteries. Acid rain dissolves limestone tombstones, 
eventually rendering their inscriptions illegible, but granite tombstones 
resist the acid and thus still look new after a century or more. 

Multiple, independent environmental hazards often have additive 
effects that are worse in combination than individual threats alone. For 
example, salmon simultaneously face threats from fishing, diversion of 
water from rivers, migration barriers (dams), muddy logging runoff, 
pollution, and genetic contamination and parasites from aquaculture.18 
Amphibians suffer from non-native fungi, non-native predators, 
ultraviolet radiation, habitat loss, acidification and pollution.19 The 
decline in pollinating insects is apparently a result of the combined effects 
of multiple pesticides, parasites inadvertently brought from overseas, loss 
of native food plants and habitat loss.20

The potential for complex interactive effects is even greater in 
ecosystems than in individual humans because ecosystems have so many 
more components. Multitudes of species interacting in countless ways 
create circumstances where a single factor, such as a change in 
temperature or increase in ultraviolet radiation, can potentially affect 
hundreds of processes.21 For example, when acid deposition reduces the 
pH of lake water, effects could impact each individual of hundreds of 
species. Meanwhile, the acid will also alter the solubility of chemicals in 
the water. Those chemical changes may subsequently harm some species 
but not others. Imagine a predator and prey species in an ecosystem, such 
as a fish and a small aquatic insect. As Schindler and his colleagues found, 
a reduction in pH could be toxic to the insect, driving it extinct from the 
system, while the fish is not obviously directly harmed by the pH change. 
But the loss of the insect could doom the fish population through 
elimination of an important food source. Ecologists call the pH effect on 
the insect a direct effect and the effect of the pH change on the fish (by 
way of the insect) an indirect effect. Indirect effects are ubiquitous.22

Given the possibility of interactive, additive and even potentially 
synergistic or multiplicative effects of multiple hazards, it might seem logical 
to run experiments with every plausible combination of potential hazards. 
However, such massive experiments would face insurmountable logistical 
barriers and require unheard-of budgets. Even if the logistics were 
manageable and budgets were adequate, statistical complexities beyond our 
scope would render the results uninterpretable because a vast number of 
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interactions that cannot be disentangled could account for any given 
measurement of a dependent variable.23 Thus, it is not feasible to run 
experiments to test cause-and-effect relationships of combinations of 
multiple pesticides in a beehive or dozens of low-concentration, man-made 
chemicals in your bloodstream or mine. An exasperated doctor once told me 
of a patient – anonymously of course – who came to her after having been 
prescribed six different psychoactive medicines. The doctor exclaimed: ‘No 
one in the world knows the effect of combining these drugs.’ No one knows 
because the necessary experiments are effectively impossible to perform.

Because experiments with multiple factors are uninterpretable, 
expensive, and logistical nightmares, researchers rarely attempt 
experiments with more than a few treatments. For example, the US Centers 
for Disease Control Agency for Toxic Substances and Disease Registry 
reported only fourteen analyses of chemical mixtures as of October 2021, 
two more than it reported in 2013.24 That is 12 mixtures, not 12 per cent of 
all possible mixtures, and this is the case even though interactions between 
medications and environmental contaminants were first detected decades 
ago.25  With thousands of chemicals in use, the number of possible mixtures 
is astronomical. Consequently, we not only lack information on the toxicity 
of most chemicals acting alone, we have little information on their 
interactive effects. What is in your processed food, shampoo, body wash, 
deodorant, sunscreen or makeup? I hope it all is harmless, individually and 
in combination, but the fact is, in the vast majority of cases no one knows. 

Complex interactions create another barrier to experimentation. 
Experiments are designed to test particular hypotheses. Thus, hypotheses 
must be imagined before experiments are executed. When cause-and-
effect pathways are complex, the explanatory hypotheses may not have 
been imagined, just as chlorofluorocarbons were used for decades before 
anyone imagined a risk to stratospheric ozone. 

Consider an example. Several years ago, rare birds started washing up 
dead along the shores of the Great Lakes. Researchers eventually identified a 
complex cause-and-effect pathway that began with the introduction of small 
Eurasian molluscs called zebra and quagga mussels (Dreissena polymorpha 
and Dreissena bugensis). Biologists had raised concerns about these and other 
non-native species introductions, but the pathway to the bird deaths is so 
complex and circuitous that even experienced invasive-species biologists 
could not have been expected to imagine it. 

The mussels were inadvertently spread during the late 1980s from 
ships that had taken on mussel larvae in ballast water at Eurasian ports. 
Mussels feed by filtering planktonic algae from water. After multiplying 
in the Great Lakes, they filtered so much algae that the lakes’ waters 



L IMITS ON EXPERIMENTS 55

became clearer. Thanks to clearer water, more light reached the lake 
bottoms, which enabled the filamentous alga Cladophora to thrive 
attached to rocks. Sand stirred up by waves scrapes Cladophora off the 
rocks, after which it accumulates on beaches and in deeper water during 
calmer weather. Decomposition of accumulated Cladophora in deep 
water creates anaerobic conditions that foster growth of Clostridium 
botulinum, which produces a neurotoxin responsible for botulism. The 
Clostridium and its toxin disperse in the water. 

Mussels filter the Clostridium from the water and then are eaten by 
small (also non-native) fish called gobies. The gobies become paralyzed by 
the botulism toxin, rise towards the surface, and thus become easy prey for 
birds and larger fish. Both the larger fish and birds die and wash up on 
beaches, where yet other birds are poisoned by scavenging the dead fish. As 
of 2011, more than 90,000 loons, grebes and other waterfowl had died.26 
One might have anticipated increased growth of attached algae on rocks 
due to water made clearer by mussels’ filtering, but I am unaware of anyone 
anticipating botulism outbreaks or bird deaths, and botulism outbreaks are 
only one of several food web changes associated with the mussel invasion. 

Unfortunately, surprise shifts in food webs like the effect of these 
mussels on Great Lakes waterfowl are not unusual. The multitude of 
indirect effects in ecosystems has resulted in a track record of surprising 
ecological changes in response to human impacts and natural variation.27 
Experienced ecologists can predict that complex consequences will occur, 
but cannot reliably predict which complex consequences will occur or 
even imagine all of the reasonable possibilities, and therefore cannot be 
expected to run tests of unimagined processes. Rather, they are often 
limited to piecing together complex cause-and-effect pathways from 
disparate evidence, more like a detective solving a crime than a chemist 
synthesizing new compounds in a lab.

… no matter how intently one studies the hundred little dramas of 
the woods and meadows, one can never learn all of the salient facts 
about any one of them.28

Urgency

Time creates another constraint. Policymakers need information sooner 
rather than later. Even if one had replicate Earths with which to run 
climate-change experiments, a 100-year experiment would be little help 
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for informing policy now. The difficulty of studying slow processes, such 
as the growth of trees or whales, changes in soil or how childhood 
exposure to a potential carcinogen might cause cancer in the elderly, 
forces scientists to seek understanding from short-term experiments on 
related phenomena. One might, for example, fertilize a forest with carbon 
dioxide for a few years and measure tree rings to try to understand the 
consequences of higher atmospheric carbon dioxide concentrations, but 
it would be difficult to predict long-term consequences for an entire forest 
from such short-term experiments. Indirect effects might need more time 
to manifest and might be reflected in something other than tree-growth 
rates. Faster immediate growth might, for instance, deplete a soil nutrient, 
resulting in slower future growth. Or faster growth might reduce protein 
content of leaves, thereby reducing their nutritional value for caterpillar 
larvae. Fewer, smaller larvae could then impact birds, which could then 
affect dispersal of tree seeds, which could then affect the future 
composition of the forest, and so on. But these effects could require many 
years to manifest – time frames too long to inform policy now.

Technological and logistical constraints

Finally, lack of measurement technology or suitable systems to study 
preclude otherwise potentially instructive experiments. Some experiments 
are infeasible because necessary technology does not exist. Others are 
infeasible because the systems of interest cannot be studied as intact wholes.

Even if a biologist had proposed, in the Great Lakes example, that 
non-native mussels might lead to bird deaths from botulism poisoning, 
they would not have been able to test the complete cause-and-effect 
pathway in grand experiments because such experiments would be 
unethical, unaffordable and in any case infeasible because suitable study 
subjects do not exist. Scientists can manipulate a small lake, but not an 
entire Great Lake, and if they could, they would not. Rather, scientists are 
often limited to reductionist experiments that divide a system into 
components and test the effects of manipulations on those isolated 
components. For example, one could test whether zebra mussels clarify 
aquarium water, whether accumulations of Cladophora foster growth of 
Clostridium and whether fish poisoned by Clostridium are especially 
vulnerable to birds. But it would require a leap of faith to believe that the 
results of a suite of such reductionist experiments could suffice for 
predicting the actual effects of zebra mussel invasions, and even if they 
did, they would only support predictions regarding one effect of the 
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mussels. Such experiments would be like trying to anticipate the effects 
of a drug on a patient after only administering the drug to separate organs 
in isolation. The experiments would provide useful information and some 
resulting predictions may turn out correct, but any experienced analyst 
would be wary of undetected consequences not apparent from such short-
term reductionist experiments. 

In other cases, scientists do not have the measurement technology 
to track variables of interest and must settle for measuring other, less 
instructive variables. As noted, my friend Professor Hugh MacIsaac 
dreams of sticking his finger in a lake and knowing everything about it, 
like the Star Trek doctor who scans patients with what looks like a cell 
phone and provides an immediate diagnosis, but neither technology 
exists. (Moreover, modest budgets often prevent ecologists from using the 
most powerful technology that does exist.) Useful probes and sensors of 
various sorts are available, but they are expensive and cannot measure 
everything of interest.

Any experienced scientist could describe constraints posed by 
technological limitations. For example, it would be easier to track the 
progress of the Austin College prairie restoration if we could take aerial 
photographs and use computer software to automatically tally the 
abundance and locations of every plant, but aerial photographs do not 
have adequate resolution to identify all species, and image analysis 
software cannot make sufficiently subtle distinctions. Therefore, people 
capable of identifying plants must walk through fields and record 
observations. This produces data for dozens of locations in each field, but 
it takes days each year and only accounts for a fraction of plant species in 
a fraction of each field. 

To summarize this and the previous chapter, consider how 
monitoring challenges and constraints on experiments would collectively 
hinder diagnosis of a fish population crash in, for example, the Baltic Sea. 
The Baltic has been fished for hundreds of years and receives pollution 
from several nations. Since fish are unevenly distributed, mobile and not 
visible from the surface, a population crash will only be detectable if it is 
so pronounced that it appears in catch records or if researchers happen to 
have collected detailed, long-term measurements of fish abundance. 

If a decline is detected, many causes could be responsible, including 
overfishing, climate change, pollution, interactions among species 
(including newly arrived, non-native species) or a combination of these 
or other factors. Because researchers cannot set up replicate Baltics, and 
it would be unethical to intentionally manipulate the entire sea, 
experiments must investigate the problem indirectly, such as with 
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laboratory experiments on the effect of temperature or pollutants on 
species of concern. If researchers confirm a decline in abundance and 
narrow the cause down to, for instance, reduced reproduction because of 
pollution, they still must determine which of thousands of contaminants 
is responsible. Clearly, understanding the cause of such a fishery crash 
could be much more complicated than implied by simple diagrams like 
Figure 4.1. The diagram portrays the essence of science, but scientific 
progress is not as simple, fast or certain as the diagram suggests.

Problems cannot be prevented until their causes are understood. 
Determination of causes often requires experiments, but many potentially 
instructive experiments would be unethical, prohibitively expensive, 
analytically intractable, too slow to produce results or precluded by 
logistical or technological limitations. Thus, scientists often cannot test 
the hypotheses of greatest interest because they cannot perform the 
necessary experiments. They are therefore limited to testing related 
hypotheses with the best feasible experiments. Once results are available, 
appropriate conclusions often remain uncertain because of limitations of 
statistical analyses and the challenge of extrapolating from experimental 
conditions to general circumstances, the topics of the next two chapters.
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5
Probabilistic reasoning 

While the adage that ‘statistics don’t lie but liars use statistics’ draws 
attention to liars, it belies a misunderstanding of statistics. Statistics can 
lie – or at least fool. Statisticians understand this, but statistical novices 
often do not.

If statistics do not lie and scientists move methodically from 
observations to conclusions, then competent, honest, objective scientists 
employing statistical tests will quickly answer scientific questions. But, as 
we have seen, the scientific process is more complicated than simple 
diagrams imply. In practice, it is often difficult to detect problems 
(Chapters 2 and 3), identify causes (Chapter 4 and this chapter) and 
know what to infer from scientific results (Chapter 6). As we shall see in 
this chapter, statistical tests are useful for characterizing uncertainty, but 
they cannot eliminate uncertainty. 

Data complexity

Some processes are simple and their understanding straightforward, such 
as the effect of salt on the freezing point of water. One can easily obtain 
highly reproducible results demonstrating that effect. The resulting data 
would look like the left graph in Figure 5.1, with a lower freezing 
temperature as salt concentration increases. Simple cause-and-effect 
processes combined with precisely reproducible measurements from 
simple experiments often result in this sort of obvious relationship. 
Reasonable people agree about the correct descriptions of such patterns. 
For example, reasonable people would agree that the graph on the left 
shows that freezing temperature declines as salt concentration increases.

But the correct interpretation may be unclear when data result from 
more complex processes. Data for tests on the effect of water pH (acidity or 
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alkalinity) on the growth rate of fish might produce the middle graph. 
Repeated tests at a given pH would not give precisely the same results 
because different fish are not identical, genetically or otherwise, and 
therefore may respond differently to pH. Does the middle graph suggest an 
intermediate pH is optimal? That growth increases as pH increases? Or that 
there is no clear relationship between pH and growth rate? Reasonable 
people might disagree about how to interpret the middle graph. 

Consider the messier situation that would result from testing for a 
relationship between ozone concentrations and incidence of asthma 
attacks. Such data would not be based on a highly controlled experiment 
like a test of the effect of salt concentration on freezing point, or water pH 
on fish growth, but rather on ozone measurements in various locations 
combined with reports of asthma attacks from similar locations. 
Meanwhile individual asthmatics, like fish, are not identical. Data from 
such a study might look something like the graph on the right. Do you 
perceive evidence of a relationship between those variables? Here again, 
reasonable people might disagree. 

Statistical tests are useful when reasonable people would disagree 
about whether data show a pattern or about how a pattern should be 
described, because statistical tests provide an objective means of testing 
for evidence of a pattern and describing pattern features. 

Coincidence versus cause and effect

Statistical tests use probability theory to calculate the likelihood that a 
random process would produce a pattern at least as pronounced as an 
observed result. Statistical tests cannot distinguish random apparent 
patterns from actual relationships among variables, and they certainly 

Figure 5.1: Variation in clarity of patterns in hypothetical data. Figure by 
the author.
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cannot determine why variables may be related. Rather, they merely 
calculate how frequently a random process would produce at least as 
pronounced a pattern in data. 

Statistical tests are useful, but they cannot avoid two hazards. First, 
sometimes they fail to detect a relationship among variables. Second, at 
other times they suggest variables are related when an apparent pattern 
is actually coincidental. These hazards are intrinsic to statistical tests. No 
one has devised a means to prevent them.1 

Consider another hypothetical example. Imagine that five people 
who work in the same building develop frequent headaches. Assume 
these people have nothing in common except working in the same 
building. Does something about working in the building cause headaches 
or is the situation a mere coincidence? Without more information, you 
cannot be sure. Neither can a statistical test. After all, statistical tests 
merely apply calculations to numbers, producing other numbers. 

Consider a simpler, less fraught example. Imagine you saw two dice 
lying on a table as in Figure 5.2. Would you conclude that they landed 
that way randomly or that someone intentionally set them that way? 
You might be willing to bet whether the dice had been rolled or placed, 
but if the only available information is what you see in the photo, you 
simply could not know how the dice got that way. The best data analyst in 
the world has no way to overcome the same predicament. Without more 
evidence, there is no way to know for certain how the dice got that way or 
whether five cases of illness in one building are merely a coincidence. 

Figure 5.2: Did these dice land this way after being rolled, or were they 
set this way? Photographer: Peter C. Schulze.
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So what good are statistical tests? Would they be helpful for 
determining whether a building is carcinogenic? Recall that statistical tests 
do one thing: calculate the probability that random variation would lead to 
a pattern in data at least as pronounced as an observed pattern. If the 
calculated chance is high, analysts conclude they have insufficient evidence 
that the variables are related. In the headache example, they would 
conclude that the headaches could easily co-occur merely by coincidence2 
– in other words, the data are not sufficient for rejecting the null hypothesis 
that there is no relationship among the tested variables (headache 
occurrence and work location). On the other hand, if the calculated chance 
is low, analysts conclude the data are consistent with an alternative 
hypothesis – such as that the measured variables are related, or more 
precisely, the data are consistent with the hypothesis that the headaches 
result from something about the common experience of the patients.

How much chance is there of rolling two ones as in the photo? Each 
die has a one sixth chance of showing one dot. The probability of two 
independent events both happening is the product of their individual 
probabilities, so the likelihood of rolling two ones at once is one sixth 
multiplied by one sixth. Thus, we can expect a pair of ones in 1 of 36 rolls 
of two dice, or roughly three times in 100 rolls. Of course, because this is 
a chance process, it may happen more or less often if you test it by rolling 
dice. But if you roll a pair of dice thousands of times, you will get two ones 
about 3 per cent of the time.

How statistics work

The procedure for calculating the chance of rolling two ones is a simple 
case of the same procedure used in statistical tests. Statistical tests 
calculate how often chance alone would produce a pattern at least as 
strong as an observed pattern.

Such an after-the-fact calculation cannot enable one to determine 
whether dice in a photograph were intentionally placed or randomly 
rolled. For the same reason, a statistical calculation alone cannot enable 
determination of whether several cases of an illness are a coincidence or 
not. Such calculations merely estimate the frequency with which chance 
alone would produce as notable an observation. 

The end-product of such statistical tests is a p-value, the probability 
that a random process, such as rolling dice, would be expected to generate 
a pattern as strong as an observed pattern. Thus, the p-value for rolling 
two ones is one thirty-sixth, or about 0.03. Statistical tests such as 
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regression and analysis of variance require more complicated calculations, 
but they ultimately produce p-values ranging between zero and one. A 
p-value of 0.001 means there is one chance in a thousand of a random 
process producing as strong a pattern. A p-value of 0.50 means a random 
process would produce as pronounced a pattern one half of the time. 

Such calculations are so often misunderstood and misused that in 
2016 the American Statistical Association published a statement on 
proper uses of p-values, which was followed by an entire 2019 issue of 
American Statistician with further guidance.3 Interested readers should 
consult those sources. Here, I merely seek to explain how limitations of 
statistical procedures serve as an obstacle to understanding environmental 
phenomena and therefore an obstacle to environmental progress. 

Calculating a p-value for a group of people experiencing headaches 
is more complicated than for a roll of two dice. In the headache case, the 
calculation would need to consider factors such as the frequency of 
headaches in the larger population and the number of people in the 
building who do not get headaches. However, the basic result would be 
the same, a calculation of the likelihood that a random process would 
result in at least as strong a pattern as that observed. (In this case, ‘at least 
as strong a pattern’ would mean the chance of five or more people in the 
building experiencing frequent headaches.) 

After collecting data and making statistical calculations, researchers 
have three things on which to base conclusions. They have prior 
understanding of the general subject,4 the data for the case in question and 
a calculation of the likelihood that a random process would produce a 
pattern as strong as whatever they observed (a p-value). Analysts then use 
p-value calculations to determine whether a result is ‘statistically 
significant’. Statistical significance is shorthand for calling a pattern in data 
strong enough to consider it consistent with a hypothesis that the variables 
in question are related. For example, a statistically significant result 
regarding the headache cases would be consistent with the hypothesis that 
something the employees have in common is responsible for the headaches. 
Note that ‘consistent with’ by no means equals ‘is proof of’, as we shall see.

How strong a pattern should analysts require before attributing 
statistical significance? In other words, how small a p-value is sufficient 
to conclude data are consistent with a hypothesis of a relationship among 
the variables? Unfortunately, there is no theoretical basis for determining 
a correct answer to this critical question. Instead, merely by convention 
analysts have generally considered p-values of 0.05 and lower statistically 
significant. In other words, most analysts have considered results 
statistically significant if random processes would produce as pronounced 
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a pattern in no more than five per cent of cases. Of course, there is really 
little difference between a p-value of 0.04 and 0.08, let alone between 
0.049 and 0.051, but 0.05 has often been treated as a categorical 
threshold despite its definition and its basis only in convention. The 
American Statistical Association warns against such simplistic usage, with 
some authors advocating abandonment of the term ‘statistically 
significant’ because it has so often been interpreted to indicate so much 
more than it does.

Without getting into the nuances of p-value interpretation or 
whether to use the term statistically significant, the lower the p-value, the 
more reason to suspect the headaches have resulted from something 
patients have in common. On the other hand, the higher the p-value, the 
more reason to conclude present evidence is compatible with the 
hypothesis that the cluster of headache cases is mere coincidence. 

There are only two possibilities, either the patients have all been 
exposed to the same causative agent or the cases are coincidental. 
Without additional evidence, even the most expert analysts cannot draw 
certain conclusions about whether something about the building causes 
headaches. They cannot determine whether chance processes caused the 
observed pattern. They can merely conclude how likely such a pattern 
would be on the basis of chance alone.

False negatives

Perhaps you have recognized the two errors possible in every analysis 
based on a p-value calculation. Analysts can conclude a pattern is consistent 
with the hypothesis of some relationship among variables when there is no 
such relationship – the apparent pattern in data is mere coincidence – and 
analysts can fail to detect evidence of a relationship that does exist.5 
Statisticians call these ‘type I’ and ‘type II’ errors respectively, presumably 
so the rest of us will have difficulty remembering which is which. Table 5.1 
shows the four possible combinations of the real state of the world (top 
row) and analysts’ conclusions (left column) for any given hypothesis test. 

A type I error occurs when analysts conclude data support a 
hypothesis of a relationship among variables when, in fact, the variables 
are unrelated (the apparent relationship is coincidental). A type II error 
occurs when researchers fail to detect evidence of a relationship, but the 
variables are indeed related, as when for months during early 2020, the 
World Health Organization held that masks were not helpful for deterring 
the spread of COVID-19 because they erroneously concluded fine aerosols 
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did not transmit the virus.6 False positives result from type I errors. False 
negatives result from type II errors. In the absence of other evidence, 
analysts cannot know whether a p-value has led them to a correct 
conclusion or to type I or II error. 

Others have distinguished type I and II errors with the story of the 
boy who cried wolf. The boy first cries wolf when there is no wolf. The 
villagers believe him – committing a type I error. Later, when there really 
is a wolf, he cries wolf again, but they no longer believe him – committing 
a type II error. Type I errors conclude nothing is something. Type II errors 
conclude something is nothing. Type I and II errors are technical examples 
of a common, familiar phenomenon: false impressions.7

Risks of type I and II errors are a major reason why careful analysts 
qualify their conclusions. Returning to the headache cluster example, 
careful analysts would either state that data are consistent with the 
hypothesis that there is a common causative agent responsible for the 
headaches or that they have inadequate evidence that any apparent pattern 
is more than mere coincidence. Careful analysts will not write ‘We have 
proven there is a relationship between the variables’, or ‘There is no 
relationship between the variables.’ If the boy who cried wolf had been a 
good statistician, he would have run to the village screaming, ‘My 
observations are consistent with the hypothesis of a wolf.’ (If he had been 
a good biologist, he would not have been scared of a healthy wolf.)

The two possible circumstances regarding whether variables are related 
(top row) and the two possible results of a statistical test for evidence of 
a relationship (left column), giving four possible combinations of 
circumstances and statistical results, only two of which are correct.

Table 5.1: Possible outcomes of statistical analyses

Variables unrelated Variables related

Results consistent 
with alternative 
hypothesis of 
relationship among 
variables

Statistical result 
misleading:
type I error

Statistical result 
matches the true 
state of the world

Results consistent 
with null hypothesis 
of no relationship 
among variables

Statistical result 
matches the true 
state of the world

Statistical result 
misleading:
type II error
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The high bar of a low p-value.  Type I errors (false positives) are a 
problem for the progress of science in general, but type II errors (false 
negatives) are particularly relevant for our purposes because they cause 
hazards to go undetected. What is more, type II errors are common. To 
understand why this is so, first consider the choice of a p-value of 0.05 as 
the threshold for concluding data are consistent with an alternative 
(rather than null) hypothesis.

Why choose 0.05 as the p-value threshold? Why not use a higher 
p-value, such 0.1, 0.2 or even 0.5? The convention of requiring a low 
p-value before concluding data provide evidence of a relationship exists 
for a good reason – to avoid jumping to conclusions. Researchers agree 
not to conclude that data support a hypothesis of a relationship among 
variables until evidence is compelling. They set this high bar of a low 
p-value because research builds on prior research. One errant conclusion 
that a relationship exists could lead much subsequent research astray. 

When results are not ‘statistically significant’, researchers conclude 
they lack adequate evidence to support the hypothesis that the variables 
in question are related, which is correctly interpreted as, ‘We do not know 
whether the variables are related.’ Such a conclusion is unlikely to lead 
careful researchers astray because experienced researchers realize type II 
errors (false negatives) are common and thus the variables may indeed 
be related even though, by the criterion of a p-value, insufficient evidence 
supports that conclusion. If they are deeply interested in the question, 
they can study it further. 

In contrast, type I errors (false positives) can lead researchers 
seriously astray. Subsequent studies may accept such a conclusion and 
attempt to build upon it. In theory, someone else will test whether they 
can reproduce the same result – whether the result is reproducible – but 
in practice this may not occur. It is more fun to find something new than 
confirm something old; there may be no funding available to repeat 
someone else’s study; and new discoveries advance careers more than 
confirmation of others’ prior discoveries.8 

Consider one small example of how research relies on the correctness 
of prior conclusions. My master’s degree research analysed distributions of 
zooplankton in Lake Michigan.9 I drew conclusions about which zooplankton 
occur at which depths and proposed an explanation. Like practically any 
explanation, mine hinged not only on my data, but also on extensive prior 
understanding of a set of cause-and-effect processes established by others. 
Thus, my explanation required not only that I interpreted my data correctly, 
but also that several prior studies had all reached correct conclusions about 
relationships among variables. I found the equivalent of evidence of an 



OBSTACLES TO ENVIRONMENTAL PROGRESS68

association between A and H, but that conclusion hinged upon A causing B, 
B causing C, and so on to H. However, I only measured A and H. I did not 
study the six steps between. I had read published evidence consistent with 
the conclusions that A caused B, B caused C and so on, so I concluded the 
complete set of results were consistent with the hypothesis that A caused H 
by way of the intervening steps. 

My conclusion was reasonable – if all the prior authors drew correct 
conclusions. But if any of them had made a type I error, my explanation 
would have been wrong. Thus, I benefited from my predecessors guarding 
against premature conclusions. In other words, I benefited from my 
predecessors using a low p-value as a threshold for concluding they had 
evidence of a relationship among variables. (As far as I know, my chain of 
conclusions is still sound, but future research may reveal a type I error 
somewhere in the chain.)

Since new studies routinely depend on previous studies in this 
manner, careful researchers place a premium on avoiding hasty conclusions 
that variables are related. In other words, we wish to avoid type I errors. 
Thus, we agree to require a low p-value threshold for concluding data are 
consistent with a hypothesis of a relationship among variables. This makes 
sense for basic research, but it creates an obstacle to detecting hazards – an 
obstacle that might be called ‘the high bar of a low p-value’.

A low p-value threshold creates a low risk of type I error, but at the cost 
of increasing the risk of type II error (Figure 5.3). In much basic research this 
is not a tremendous problem. If I had failed to detect some influence on the 
depths of Lake Michigan zooplankton (that is, if I had made a type II error) 
no tremendous harm would have resulted. Someone else would eventually 
have collected more compelling evidence, and no great hazard would have 
existed in the meantime. No one would have died.

But what if I had been studying a new industrial procedure that 
harms workers, a newly manufactured chemical that damages 

Figure 5.3: Range of possible p-values. Note how much larger a range of 
p-values may result in a type II error (false negative) than a type I error 
(false positive). Figure by the author.
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stratospheric ozone or a new pesticide that inadvertently kills harmless 
endangered species? In these cases, if a hazard went undetected due to a 
type II error, serious harm could have occurred before some other study 
reached the correct conclusion. Moreover, if an initial study finds no 
evidence of a hazard, others might not bother to look harder, especially if 
they misinterpreted ‘no evidence of a relationship’ as meaning ‘no 
relationship’.10

Every conclusion that evidence is insufficient to support a hypothesis of 
a relationship among variables risks a type II error. Thus, all analyses that fail 
to detect evidence of a hazard risk type II errors because data analyses 
underlie such decisions (unless the decisions have even less basis), and 
practically any analysis of complex data will involve p-value calculations. 
In other words, decisions that processes are sufficiently safe rely upon an 
absence of type II errors, but type II errors are common and – without doing 
further research – analysts have no way to know when they have occurred.

Whereas we expect type I errors in roughly one in twenty statistical 
tests, type II errors are more likely. Their precise probability depends on 
four factors, the p-value threshold (which as we have seen is typically set 
at 0.05), the strength of the association between the variables, the 
amount of variation in measurements of the variables, and the number of 
replicates in each treatment or the number of samples in a correlational 
study. When strongly related variables are studied with methods that 
produce highly reproducible measurements in experiments with many 
replicates, the chance of type II error is low, but when weakly related 
variables are studied with imprecise measurements or in experiments 
with few replicates, the chance of type II error is high. For example, if an 
air pollutant causes a modest but relevant increase in asthma attacks, but 
the frequency of attacks is imprecisely measured and the study includes 
only a small number of patients, a type II error is likely – the study is 
unlikely to detect the effect of the air pollutant on asthma.11 On the other 
hand, if a drug has a dramatic effect on blood pressure, the study measures 
blood pressures precisely and the study involves many patients, the 
probability of type II error is low – the study will almost certainly detect 
the effect of the drug. 

Various analyses suggest studies with few replicates or other design 
problems often produce type II errors.12 Indeed, the chance of a type II 
error is typically several times larger than the five per cent chance of a 
type I error.13 Thus, the conventional choice of a low p-value as a guard 
against type I error causes a high probability of type II error. Those type 
II errors can cause environmental and health hazards to go undetected.14
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The possibility of type II errors is why careful researchers describe 
results based on p-values greater than 0.05 as providing insufficient 
evidence to determine whether variables are related. Unfortunately, the 
substantial possibility of false negatives may be overlooked when, as often 
happens, careful, nuanced conclusions are misreported as ‘no effect …’, 
as in these typical newspaper headlines ‘No toxic effect from controversial 
food packet chemical, say experts’, ‘[US Department of Energy] study: 
fracking chemicals didn’t taint water’, and ‘Regulators say injection wells 
did not cause earthquakes’.15 ‘No evidence of an effect’ should not be 
distorted into ‘no effect’ because a false negative may have occurred. In 
other words, absence of evidence is not evidence of absence. Evidence 
may be absent because the relationship in question does not exist or 
because the study failed to detect the relationship. If multiple, well-
designed studies fail to detect a relationship, lack of a relationship may 
eventually be concluded with some confidence, but even then, the 
possibility of a false negative exists. 

Because type II errors are especially likely in poorly designed studies 
with few replicates and imprecise measurements, a biased researcher 
who wishes to conclude that variables are unrelated need merely design 
a sloppy, inadequately replicated study that would enable detection of 
only the most massive effect.16 My father smoked for decades but did not 
get lung cancer. Imagine he was the focus of a study of the effect of 
smoking on cancer, but he was the only subject of the study. Such a study 
would have found no evidence that smoking causes lung cancer, but 
smoking does cause lung cancer. It is preposterous to think one would 
attempt to understand such an association from the study of one patient, 
but there are many insidious ways a biased researcher can design an 
experiment so that it is unlikely to detect an effect. As you read news 
reports, note how often there is no basis for assessing the actual design of 
an experiment and therefore no basis for determining whether the study 
had much chance of detecting an effect. And realize that if one does not 
want to find an effect, one can increase the likelihood of a type II error by 
running a poorly designed study with an inadequate number of replicates 
or other design flaws. 

The US Department of Energy fracking study mentioned above 
focused on a single well. Duke University biologist Rob Jackson, interviewed 
for the news report but not involved in the study, called the study useful 
and important but ‘wondered whether the unidentified drilling company 
might have consciously or unconsciously taken extra care with the research 
site, since it was being watched’.17 A study of one well would be a more 
ambitious undertaking than a study of one smoker, but it is still a study of 
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only one subject. A study of one smoker would not be reported, but this 
study of one well received a great deal of attention. There is no way to know 
whether false negatives occurred in this fracking study, but false negatives 
would have been of less concern in a study of 100 wells.

The significance of the high bar of a low p-value may be easier to 
appreciate if we imagine applying similar logic in other potentially 
hazardous circumstances. Imagine, for example, if investors bought stocks 
only when they were highly confident of price increases, if military leaders 
defended only against threats that they were highly confident would come 
to pass or if people bought insurance only against risks that impact 95 per 
cent of the population. Stock prices would plummet; military planning 
would be ineffective; and few would buy homeowners’ insurance. 

We routinely guard against familiar hazards, but not against 
unfamiliar hazards. Type II errors occur in studies of new questions – such 
as new and thus unfamiliar potential hazards. When problems are hidden 
behind type II errors, people will often worry about other things, with the 
consequence that undetected problems persist. 

Scientists will continue to insist upon a low p-value threshold to 
guard against premature conclusions in basic research. Therefore, those 
who seek to protect against environmental harms must understand the 
certainty of frequent false negatives and thus not equate absence of 
evidence of a harm with evidence of absence of a harm. 

The prevailing regulatory approach in the US is reactionary rather 
than precautionary. That is, instead of taking preventive action 
when uncertainty exists about the potential harm a chemical or 
other environmental contaminant may cause, a hazard must be 
incontrovertibly demonstrated before action to ameliorate it is 
initiated. Moreover, instead of requiring industry or other 
proponents of specific chemicals, devices, or activities to prove their 
safety, the public bears the burden of proving that a given 
environmental exposure is harmful.18

Notes

1 I am using so-called ‘frequentist’ statistical procedures for my examples. Some prefer ‘Bayesian’ 
statistical procedures, but these suffer from the same fundamental dependence on expected 
probabilities. Others prefer confidence intervals over p-values, but they suffer from the same 
fundamental problem, as explained by Van der Linden and Chryst, ‘Why the “new statistics” 
isn’t new’, 2015. 

2 Chance or randomness is actually a subtle concept. Here, I am equating random with stochastic, 
which means apparently random, that is to say lacking a detectable pattern. The two are 
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difficult to distinguish in practice. We think of coin flips as random, but the way a coin lands is 
determined from how it was initially held, precisely how fast and high it was flipped, the 
resistance of the air, the force of gravity, the stiffness of the surface on which it lands, etc. So, 
coin flips are not actually random, but stochastic. A sequence of coin flips will not be 
distinguishable from a truly random sequence, and therefore a coin flip is a fair way to 
determine which team starts with the ball even if the coin flip is not, strictly speaking, random. 
Likewise, when cards are shuffled the final order is strictly determined by the initial order and 
all of the steps that happened in the flipping process – how the deck was divided before 
shuffling, the sequence with which cards were released from the left and right hands, how 
many times that procedure was repeated, how the final deck was cut, and so on. As with a coin 
flip, the process is not truly random, but its products would be indistinguishable from stacks of 
cards whose orders were generated randomly. We use coin flips and shuffling to simulate 
randomness because true randomness is not feasible to generate in those circumstances.

3 American Statistician, ‘Statistical Inference in the 21st Century’, 2019; Colquhoun, ‘The 
reproducibility of research and the misinterpretation of p-values’, 2017; Wasserstein and Lazar, 
‘The ASA’s statement on p-values’, 2016.

4 Bayesian statistical procedures use prior understanding to estimate probabilities of various 
results. Interested readers are encouraged to read about the differences between Bayesian and 
frequentist statistical procedures. Those details are beyond our scope.

5 Lemons et al., ‘The precautionary principle’, 1997.
6 Mandavilli, ‘239 experts with one big claim’, 2020.
7 Phaedrus understood impressions could be mistaken long ago, when he wrote ‘Things are not 

always what they seem …’ The rapper, songwriter, and music producer T-Pain noted the same 
more recently when he observed, ‘people don’t think it be like it be, but it do.’ Plato, The Fables 
of Phaedrus, Book IV, Fable II, ‘The Weasel and the Mice’, 1887; T-Pain (musician Faheem 
Rashad Najm) 15 December 2016, Twitter, also attributed to baseball player Oscar Gamble.

8 M. Baker, ‘1,500 scientists lift the lid on reproducibility’, 2016, 452–4.
9 Schulze and Brooks, ‘The possibility of predator avoidance by Lake Michigan zooplankton’, 

1987.
10 Some courts have found that regulators can act when some studies suggest harm but others do 

not. However, that situation cannot occur until multiple research teams study the same 
potential hazard, which is unlikely unless initial studies provide reason for concern. 
Furthermore, other courts have concluded that conflicting scientific results are not sufficient 
basis for action. Jasanoff, ‘Science, politics, and the renegotiation of expertise at the EPA’, 1992, 
198; Salzman and Thompson, Environmental Law and Policy, 2014, 214-15.

11 Meanwhile, when studies with few replicates and imprecise measurements produce low 
p-values, in addition to a possible type I error, the magnitude of influence of an independent 
variable may be overestimated (as explained by Loken and Gelman, ‘Measurement error and 
the replication crisis’, 2017).

12 Reinhart, Statistics Done Wrong, 2015, 18–22; Tsang et al., ‘Inadequate statistical power to 
detect clinically significant differences in adverse event rates in randomized controlled trials’, 
2009.

13 Unfortunately, the probabilities of type I and II errors are inversely related. Reducing one – by 
shifting the p-value threshold – increases the other. A low p-value threshold reduces the chance 
of type I error but increases the chance of type II error, and vice versa.

14 Dayton, ‘Reversal of the burden of proof in fisheries management’, 1998; Hoenig and Heisey, 
‘The abuse of power’, 2001, 19; Lemons et al., ‘The precautionary principle’, 1997; Oreskes, 
‘Playing dumb on climate change’, 2015; Reinhart, Statistics Done Wrong, 2015, 21–2.

15 Begos, ‘DOE study’, 2013; Jka, ‘No toxic effects from controversial food packet chemical, say 
experts’, 2013; Mills, ‘Regulators say injection wells did not cause earthquakes’, 2015; 
Suryanarayanan and Kleinman, ‘Be(e)coming experts’, 2013, 3–4.

16 Bailar, ‘How to distort the scientific record without actually lying’, 2006, 219.
17 Begos, ‘DOE study’, 2013.
18 President’s Cancer Panel 2008–9 Annual Report, quoted in Reuben, ‘Reducing environmental 

cancer risk’, 2010, ii.



INFERENCE AND EXTRAPOLATION 73

6
Inference and extrapolation

Constraints on the designs of experiments, together with possibilities of 
type I and II errors, cause careful scientists to draw only provisional, not 
certain, conclusions. These are not the only reasons scientists draw 
provisional conclusions. Two other factors increase uncertainty. Research 
results may be mistaken (the topic of the next chapter), and it is never 
precisely clear how results of experiments apply more generally. 

Inductive reasoning

Some hypotheses can be tested by simply observing naturally occurring 
circumstances. In other cases, formal experiments are necessary. Either 
way, effective hypothesis tests result either in evidence consistent with a 
null hypothesis (such as variable X does not affect variable Y) or evidence 
consistent with an alternative hypothesis (such as variable X does affect 
variable Y).

The value of hypothesis tests depends upon inductive reasoning, 
which is inference from cases analysed to more general circumstances. 
For example, that one can observe the effect of salt on the freezing point 
of water is, in and of itself, trivial, but the inference that a bit of salt on icy 
roadways can prevent deadly accidents is not. Likewise, the results of a 
test of a promising drug that appears to lower blood pressure are 
interesting, not primarily because of effects on a small group of test 
subjects who took the drug, but because those results suggest the drug 
might help a multitude of others. But there is no guarantee results of a 
particular study will apply to broader circumstances. 

Philosopher of science Hans Reichenbach and others use the 
colour of crows to illustrate why inference based upon hypothesis tests 
cannot demonstrate with certainty that a circumstance always occurs.1 
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Consider the hypothesis that ‘all crows are black’. Even if one has seen a 
million black crows and never seen a crow of another colour, there is no 
guarantee that the next crow will be black. Even if one thinks one has 
seen every crow, one may be mistaken. Furthermore, one cannot see 
every future or past crow. Thus, no matter how many crows have been 
studied, even if all of them have been consistent with the hypothesis that 
all crows are black, there is no way to be certain, to prove, that all crows 
are black.2 Given the many crows I have seen and heard about, I am 
confident the great majority of crows are black, but I do not know for a 
fact that all crows are black. This is the inherent limitation of inductive 
reasoning. Even if all observed cases are consistent with a hypothesis, 
another case may differ. 

This limitation of inductive reasoning is not restricted to purely 
observational studies, such as analyses of the colour of crows. It also 
applies to results of experiments. Just because salt reduced the freezing 
point of water in one circumstance does not guarantee salt reduces the 
freezing point of water in all other circumstances. It is possible that some 
difference in circumstances could interfere with the effect of salt on 
freezing temperature. Just because a drug lowers the blood pressure of 
patients in a study does not mean it will lower the blood pressure of all 
future patients. Future patients may differ in some manner from studied 
patients. They may be older, younger, healthier or sicker, or carry genetic 
variants not present in the studied patients. One or more of these 
differences might alter the effect of the drug on blood pressure.

Consider an actual case of inference. Several years ago, my students 
and I were studying the zooplankton genus Daphnia (Figure 6.1) in the 
large reservoir mentioned earlier, Lake Texoma. Daphnia are tiny 
crustaceans, relatives of shrimp, about a millimetre long – roughly the 
size of the head of a pin. They are widespread in the world’s lakes, where 
they eat algae and are eaten by small fish.3 

We found only small or spiny Daphnia species in the turbid regions of 
the lake. This was surprising because small size and spines protect 
zooplankton from predation by fish that use vision to detect prey, but turbid 
water was thought to protect zooplankton from visually foraging fish. If so, 
smallness and spines would confer no advantage in muddy water.

On the basis of those observations, I suspected the fish could see the 
plankton despite the turbidity, and posed the hypothesis that only small 
or spiny Daphnia species would be found with fish in other turbid sites. 
Other students and I tested that hypothesis by sampling other turbid 
reservoirs. After we searched twelve sites and found no exceptions to the 
pattern, we gave up. We had seen twelve black crows and decided we had 
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invested enough time and gasoline dragging small boats to turbid lakes. I 
published a report on the observations and predicted only small and spiny 
Daphnia would be found with fish in typical turbid locations elsewhere.4

I wonder whether that prediction is correct. Some turbid lake that 
has never been studied might harbour large, non-spiny Daphnia coexisting 
with fish, just as the next crow you see might be white. But like people 
who would not spend their time searching for a non-black crow, I 
concluded there were better uses for our time than trying to find a large, 
non-spiny Daphnia with fish in yet another turbid lake. But I did not prove 
that never occurs. Inductive reasoning cannot do that. 

Because inductive reasoning, from specific cases to generalities, 
cannot guarantee all future cases will be like those so far observed, careful 
scientists draw only tentative conclusions. They do not conclude all crows 
are black or only small and spiny Daphnia occur in turbid reservoirs. 
Rather, depending on the evidence they conclude either, ‘The evidence is 
consistent with the hypothesis that all crows are black’, or ‘Available 

Figure 6.1: Daphnia giving birth to several young (one emerging from 
mother’s carapace). Photographer: Marek Miś. Accessed 11 November 
2021. https://commons.wikimedia.org/wiki/File:Rodz%C4%85ca_
dafnia.jpg#file. CC BY 4.0.

https://commons.wikimedia.org/wiki/File:Rodz%C4%85ca_dafnia.jpg#file
https://commons.wikimedia.org/wiki/File:Rodz%C4%85ca_dafnia.jpg#file
https://creativecommons.org/licenses/by-nc/4.0/
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evidence is consistent with the hypothesis that only small and spiny 
Daphnia occur in turbid lakes with fish.’ 

No matter how many times the results of experiments agree with 
some theory, you can never be sure that the next time the result will 
not contradict the theory … Each time new experiments are 
observed to agree with the predictions the theory survives, and our 
confidence in it is increased; but if ever a new observation is found 
to disagree, we have to abandon or modify the theory.5

The notion of only provisionally accepting a hypothesis may seem 
weak, but compared to arguments one hears on a daily basis, it is quite 
rigorous.6 Compare the basis for and cautious wording of such conclusions 
to the claims of salespeople, prosecutors and politicians. They generally 
mention only the positive features of their cars, reasons to find the 
defendant guilty and reasons to vote for them. Imagine how helpful it 
would be if car salespeople and politicians explained the reasons to 
consider a different car or candidate. 

As we saw in the discussion of experiments, controlling variables 
not intended for study makes it easier to detect the effects of factors of 
interest, but also limits the relevance of results. If one studies the effect of 
pH on only one fish species, then one does not know whether pH has the 
same effect on other species. Studies of multiple species would be more 
informative, but one cannot study everything. Thus, every experiment 
involves trade-offs between controlling variables to maximize the chance 
of detecting an effect of a factor and controlling so many variables that 
the relevance of the results to other circumstances is suspect. 

Fortunately, even though the logic of inference precludes concluding 
that all future cases will match those already studied, as a subject receives 
further attention, evidence accumulates. When corroborating evidence 
from different studies accumulates, experts gain confidence in whatever 
hypothesis the evidence supports. Thus, it is possible to imagine a 
continuum of certainty regarding whether – and if so, how – two variables 
are related. Before any theoretical analysis, observation or intentional 
study, a rational person would be entirely uncertain about whether two 
unfamiliar variables are related. Later, upon investigation, researchers 
may obtain evidence consistent with a relationship among variables or 
they may fail to find any evidence of a relationship. If scientists deem a 
potential relationship important enough to attract numerous studies, but 
no study detects evidence of a relationship, eventually most scientists will 
provisionally accept the null hypothesis that the variables are not related 
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and move on to other questions. Conversely, if multiple, unrelated studies 
consistently find evidence of a relationship among variables, most 
scientists will provisionally accept the hypothesis that the variables are 
related and may even make predictions on the basis of that relationship. 

When a hypothesis of a relationship among variables is repeatedly 
supported by evidence and the hypothesis has great explanatory power, 
it may eventually garner the status of a theory,7 or perhaps even a 
scientific law, as in the theory of evolution or the law of gravity. The 
theory of evolution and the law of gravity have so much empirical support 
that most scientists would consider it a waste of time to question whether 
their basic features are correct. That does not mean understanding cannot 
improve, but general predictions based on the theory can be made with 
great confidence. For example, I have no way to be absolutely certain that 
the effect of gravity will occur in every instance on the surface of this 
planet, but I have enough confidence in that prediction that a few years 
ago, while hiking with my family, I insisted we turn back rather than cross 
a steep snowfield for which we lacked proper equipment and where a slip 
and fall would have resulted in almost certain death – due to the effect of 
gravity. 

Likewise, when pest resistance genes were incorporated into widely 
planted crops, I was confident (as practically any biologist would have 
been) that more news reports of pesticide-resistant insects would soon 
follow, as they did. These predictions, based on the force of gravity and 
power of selection (natural or artificial) to drive evolution, represent 
instances of confident understanding that allows confident predictions, 
but in many other areas understanding is often much less robust, 
especially when a subject has only begun to be investigated.

Excessive extrapolation

The logic of inferential reasoning necessitates extrapolation when 
interpreting the implications of results. Experiments test particular 
conditions intended to approximate more general circumstances. Clinical 
trials test drugs on a few people to assess efficacy and safety for a larger 
population. Lab experiments expose a few fish to toxins to assess likely 
impacts on other fish, even other fish species. But one can extrapolate too 
far, as occurred when researchers concluded that DDT and 
chlorofluorocarbons were completely safe to use.8 

Excessive extrapolation is apparent when the US Food and Drug 
Administration approves a medicine on the basis of clinical trials but 
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subsequently withdraws that approval after the drug has been in 
widespread use. Problems that do not appear during trials sometimes 
become apparent later when a drug is given to patients who are younger, 
older, sicker or otherwise different from clinical trial participants, or 
when interactions between a drug and other factors are not detected in 
trials but become apparent when vastly more people take the drug. 

From 1980 to 2009 the Food and Drug Administration approved 
740 new pharmaceuticals and related products but withdrew approval for 
118 others.9 That some prior approvals are eventually reversed is 
understandable and to be expected. If the agency is too reluctant to 
approve new, safe medicines, patients who could have benefited suffer, 
but if they approve drugs too rapidly, patients may suffer from side effects 
hidden by type II errors or side effects that affect members of the 
population not represented among trial participants. In other words, the 
Food and Drug Administration must make decisions despite constraints 
on the designs of experiments, risks of type I and II errors and 
extrapolation from clinical trials to the larger population. This is a fate 
they share with all policymakers – having to make decisions based on 
imperfect information.

In retrospect, however, some withdrawals are consequences of 
experiment designs that controlled too many independent variables. 
Recall that it is easiest to detect effects of experimental factors if other 
independent variables are held constant. Doing so maximizes the chance 
of detecting the ‘signal’ (such as the effect of a drug) of the manipulated 
variable from the ‘noise’ of variation due to other factors (such as patient 
age) that might affect a dependent variable (such as blood pressure). 

Though it seems incredible in retrospect, until the 1990s drug tests 
routinely excluded women as test subjects. In other words, sex of the 
study subjects was held constant just as one might hold constant the 
temperature of aquarium water in studies of fish. The usual stated 
rationale for excluding females was concern that women’s greater short-
term hormonal variation would complicate results. You may be 
wondering, ‘Then how did anyone know whether the drugs were safe for 
women?’ The answer is that they did not know. They merely extrapolated 
from the data for men when approving the prescribing of the drugs to 
women. In other words, they assumed that if the drugs were safe for men, 
they would also be safe for women. 

Retrospective analyses of female patients have detected many drugs 
with different effects on women than men. For example, according to a 
Scientific American review, women have more difficulty quitting opioid 
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painkillers, are more sensitive to some sleeping pills and react differently 
than men to antidepressants and anti-anxiety medications.10 

Extrapolation pitfalls also plague efforts to understand chemical 
hazards. Because it is unethical to test suspected hazards on humans, 
experiments use mice or other species. Humans and other species 
sometimes respond similarly to toxins, but not always. For example, 
physiological differences make chocolate toxic to dogs but not humans.11 
What conclusions about hazards to humans would you draw from studies 
of mice? The relevant physiology for newly suspected toxins is generally 
unknown, and no accepted theory exists for extrapolating toxicity 
estimates across species.

Recognizing the uncertainty associated with extrapolation from one 
species to another, regulators employ safety factors so as to err on the side 
of caution. For example, if consumption of 1 milligram of a substance per 
kilogram of body weight is toxic to mice, human ingestion limits might be 
set to 0.01 or 0.001 milligram per kilogram. Imagine the controversy this 
creates. Some will consider such safety factors inadequate while others 
consider them excessive. 

The problem of how to extrapolate from other species to humans is 
just one hurdle to interpreting results of experiments on other species. 
People are exposed to low toxin concentrations for decades, but it is not 
feasible to run experiments so long. The public and policymakers desire 
answers promptly, and test animals are short-lived. Therefore, rather 
than exposing test animals to low doses for decades, researchers run 
shorter experiments with higher doses. Here again, there is no accepted 
theory for extrapolating from short-term, high-dose exposure to long-
term, low-dose exposure. Thus, assessing the implications for humans 
from toxicity experiment data for other species requires two types of 
extrapolation, from one species to another and from high-dose, short-
term experiments to low-dose, long-term exposure. 

Extrapolation is as uncertain and unavoidable in ecosystem 
research. For example, sewage treatment plants must periodically pass 
‘bioassay’ tests of whether the zooplankton Ceriodaphnia dubia survive 
for a standard period when grown in treatment plant effluent. If enough 
Ceriodaphnia survive, effluent is deemed acceptable. Bioassays are useful 
because any number of contaminants can kill Ceriodaphnia, alerting plant 
managers to a problem, but bioassays require substantial extrapolation 
when used as a tool for assessing the effectiveness of wastewater 
treatment. 

Effluent bioassays require an organism that is easy to transport and 
grow in laboratories (so test procedures can be standardized). 
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Ceriodaphnia are so tough that newborns can be sent through the mail in 
little vials of water and populations readily thrive in laboratory cultures. 
Other zooplankton species are much more sensitive. Perhaps the 
durability that enables Ceriodaphnia to survive transport and laboratory 
conditions also makes them relatively insensitive to some contaminants. 
If so, approving wastewater on the basis of Ceriodaphnia bioassays may 
doom more sensitive species downstream.12 But extrapolation of bioassay 
results is unavoidable because it would be infeasible to run tests on all 
potentially affected species. Bioassays are useful – they detect many 
circumstances of unsatisfactory water quality – but they do not ensure 
effluent water is harmless.

Inductive reasoning requires extrapolation, but one never knows 
precisely how much shift in circumstances can occur before extrapolation 
has gone too far. Meanwhile, as we have seen, there is no way to ensure 
against type I and II errors, and multiple factors constrain the experiments 
scientists can perform. For all these reasons, careful scientists draw only 
provisional conclusions about all but the simplest phenomena and make 
only guarded predictions. These limitations apply to even the best science. 
The situation is much worse when reported results are not reliable, the 
topic of the next chapter.  

Notes

1 Reichenbach, The Rise of Scientific Philosophy, 1951, 81–2.
2 Some other hypotheses about the colour of crows can be proven true or rejected with certainty. 

For example, the hypothesis that some crows are black can be confirmed with discovery of one 
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jumping of fleas.

4 Schulze, ‘Evidence that fish structure the zooplankton communities of turbid lakes and 
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6 Platt, ‘Strong inference’, 1964.
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methods’, n.d. 
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7
Scientific errors

Experiments that cannot be performed, statistical errors and excessive 
extrapolation are not the only barriers to certain scientific conclusions. 
Some scientific conclusions are simply wrong. Errant conclusions result 
from several causes: type I and II errors, hazards of inference, innocent 
but undetected errors that occur during studies, researcher incompetence, 
biases that affect study design, data collection, data analysis, decisions 
whether to publish data, and sometimes even scientific fraud. 

Traditional scientific procedures involve multiple safeguards against 
these errors. Of course, those safeguards do not work perfectly, and the 
hazards of type I and II errors and uncertainties of inference and 
extrapolation remain unavoidable. However, the set of precautions often 
work well, at least eventually. Astronomers no longer think the Earth is at 
the centre of the universe; microbiologists no longer think life arises 
routinely from non-living material; and geologists no longer insist the 
continents’ positions are fixed. Because science tends to arrive at correct 
explanations eventually, we can all routinely take for granted a multitude 
of scientific insights. That confidence is fostered by ten practices careful 
scientists employ to guard against reporting errant results (Box 7.1).

 Despite these various safeguards, errant conclusions are sometimes, 
perhaps often, published. False negatives or positives, hazards of 
extrapolation and undetected, innocent errors all produce errant 
conclusions on occasion. Such errors are essentially unavoidable. More 
disconcerting, however, are reports suggesting growing problems due to 
failure to rigorously apply the safeguards listed in Box 7.1, plus troubling 
carelessness, corner cutting, statistical incompetence, rush to publication, 
and various degrees of scientific malpractice, all leading to substantial 
percentages of irreproducible results, especially in some fields.1

Even errors in fields other than environmental research create an 
obstacle to environmental progress because they erode public confidence 
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Box 7.1: Conventional procedures for reducing the likelihood of 
errant scientific conclusions 

1 Undergraduate laboratory courses emphasize the importance of 
obtaining, recording and managing data with integrity and care. 

2 Standard experimental design approaches include randomization 
and other bias-prevention methods in assignment of treatments 
to replicates, independence of replicates, randomization or 
standardization of data collection procedures (such as locations, 
subjects, and identity of data collectors) and replication of 
experimental treatments.

3 Graduate students, if not undergraduates, learn to identify and 
consider multiple alternative hypotheses when designing 
studies, rather than pursuing the first one they imagine, lest they 
become emotionally attached to a ‘pet’ hypothesis.

4 Statistical training emphasizes assumptions, proper selection of 
tests and correct understanding of statistical calculations and 
their limitations.

5 Data analyses are typically subject to several iterations of review 
by disinterested parties before submission for publication. For 
example, results are often first presented to local audiences for 
critical review, then to a regional, national or international 
meeting audience, after which a written draft is circulated to 
local colleagues and other experts for further critique, all before 
being submitted to a journal for formal peer-review.

6 Following informal reviews, a revised report is submitted to a 
journal for anonymous peer review. Journal editors send suitable 
submissions to two or more reviewers whose primary purposes 
are to assess suitability for publication and identify necessary 
corrections or other improvements. 

7 If a report is important and produces surprising results, others 
may attempt to reproduce those results. Results that cannot be 
reproduced garner a great deal of attention. 

8 Journals encourage retraction or correction of previously 
published results when authors or others discover an error after 
publication.

9 The scientific community shuns authors found guilty of scientific 
fraud, such as fabricating or misrepresenting data. Clear 
evidence of such fraud ends careers.
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in science, as exemplified by a letter to the editor of the Dallas Morning 
News that displayed a remarkably inaccurate impression of the normal 
scientific process. ‘As everyone knows, scientists can and will find numbers 
to fit their conclusion …’2 If members of the public do not trust scientists, 
then warnings of environmental hazards will go unheeded, and the public 
will not demand environmental progress. This chapter describes causes 
of errant conclusions.

Innocent errors

Despite best intentions, undetected research errors sometimes occur. 
Devices can fail inconspicuously, producing values that appear sound. 
Workers may accidentally err when transcribing data, enter errors into 
formulae or unknowingly misunderstand the correct steps in a procedure. 
Such errors are rare because typical scientists are almost compulsively 
careful. They tend to be the types who double check that the stove is off 
when leaving home. But with lots of work performed, some innocent 
errors occur despite the best efforts and intentions.

Some such errors have been spectacular. The Mars Climate Orbiter 
spacecraft crashed into the red planet in 1999 because workers mixed 
imperial and metric units in calculations. The NASA Genesis probe 
crashed on return to Earth in 2004 because a sensor component intended 
to trigger the parachutes had been installed backwards. The Antarctic 
ozone hole grew undetected for several years because computers 
processing satellite data had been programmed to ignore extreme values. 
The programmers had assumed extreme values must be wrong.3

I once labelled a set of experimental containers incorrectly, then 
followed my errant labels when setting up the experiment. I wasted a 
week before realizing my error. Fortunately, that mistake was obvious 

10 Perhaps most importantly, scientists take a great deal of pride in 
being correct – for at least three reasons. First, they genuinely 
like to advance understanding. (If they did not, why would they 
embark upon careers that are relatively low-paying given the 
required schooling?) Second, it is a matter of pride not to steer 
others astray by publishing incorrect conclusions. Third, they 
themselves are the ones most likely to build upon their own 
research reports and therefore they have a strong incentive to 
avoid errors before proceeding.
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when I collected the data. I wonder whether I have made other, undetected 
mistakes. That something has gone wrong is obvious when a spacecraft 
crashes, but if errors do not leave obvious tell-tale signs, resulting data 
may be treated as sound and errant conclusions may result, as when 
ozone depletion went undetected for several years. 

Incompetence

Incompetence can cause errors in the design of experiments or the 
analysis of results. Either can lead to false conclusions. Sometimes peer 
reviewers can detect errors of incompetence before a report is published, 
but some such errors will not be apparent to reviewers. 

Errors in the design of experiments can produce meaningless results 
that may appear sound. For instance, intended treatments (such as drug 
versus placebo) should be the only systematic (consistent) differences 
among experimental units. Otherwise, apparent effects of treatments 
could be confounded with other differences (such as the average age of 
subjects in the various treatments). 

Numerous, often obscure, methodological details have potential to 
confound results. Many are sufficiently minor that they would not be 
included in published descriptions of experimental procedures. Imagine, 
for example, a test of whether plants grow faster if watered once or twice 
a week. Only watering frequency should differ between replicates in the 
two treatments because any other difference could confound effects of 
watering frequency. It would be easiest to put plants watered once a week 
in one location, such as on one side of a greenhouse, and plants watered 
twice a week in another location, such as the other side of the greenhouse. 
Then one could simply water one side twice as often as the other side. 
However, one side of a greenhouse might receive more sunlight, get 
warmer during the day or be superior or inferior in some other way. Thus, 
any difference between the two sides of the greenhouse could confound 
the results, either by creating the appearance of an effect from watering 
frequency when there was none, magnifying an effect of watering 
frequency, or reducing an effect of watering frequency. Arranging the 
plants into groups based on their treatments would ease the process of 
applying those treatments (watering the plants), but that easy procedure 
would ruin the experiment by confounding the results. 

If confounding occurs, data may be misinterpreted as evidence 
regarding treatment effects. Careful researchers go to great lengths to 
avoid confounding, but the details of the preventive procedures would 



OBSTACLES TO ENVIRONMENTAL PROGRESS86

not necessarily be included in published descriptions of methods because 
the necessity of avoiding confounding is so fundamental that competence 
in its avoidance is assumed, just as competence in calibrating instruments 
is assumed.4 

Even if an experiment is properly designed and implemented, 
incompetent data analysis may introduce errors. Nowadays anyone with 
a laptop and access to the internet can run statistical tests, but just because 
one can run a test or operate a machine does not guarantee that one 
knows what one is doing. Even the most competent data analysts cannot 
avoid the hazards of type I and type II errors, but those are not the only 
way statistical tests can lead to errant conclusions. Errant conclusions can 
also result if statistical tests are misapplied to data that do not meet the 
test’s assumptions or if p-value calculations are not preceded by 
statements of hypotheses. 

You may be aware of several types of statistical tests, such as analysis 
of variance (often simply called ANOVA), regression and correlation. The 
correct test in a given situation depends upon the design of the study and 
features of the data. For example, analysis of variance may be appropriate 
when independent variable values fall into discrete groups created by the 
researcher, such as drug v. placebo, while the dependent variable values 
span a numerical continuum, such as blood pressure. Regression may be 
appropriate if both the dependent and independent variables span a 
continuous range of values and the independent variable(s) were 
manipulated by the researchers. For example, regression might be 
suitable if subjects were given different amounts of calories per day, and 
changes in their weights were then measured after a year. Correlation 
may be appropriate if both variables span a continuous range but neither 
was manipulated by the researchers, such as when testing for evidence of 
a relationship between ozone concentrations and reported asthma 
attacks. 

I have written that these tests ‘may be’ appropriate because each test 
type makes assumptions about the nature of the input data. Often, 
however, a computer program will generate results even when data do 
not comply with a procedure’s assumptions. For example, a regression 
may be run when a correlation would have been appropriate. Experienced 
data analysts will not make these mistakes, but statistical novices may not 
realize their errors. In such cases, results may appear satisfactory and 
thus be treated as such but be meaningless. Peer reviewers will catch 
many such errors, but not every instance. 

Applying the wrong test is only one of many ways to use statistical 
tests incorrectly. Statistical analyses also require assumptions about 
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designs of experiments and about how measurements of dependent 
variables vary among replicates. Most statistical tests assume replicate 
measurements are independent of each other. Many also assume variation 
in dependent variables is normally distributed at each level of each factor 
and that those normal distributions have consistent standard deviations 
across treatments.5 If these assumptions are violated, calculated p-values 
are incorrect, but statistical analysis software often generates them 
anyway. The analyst must know better than to run inappropriate tests.

Yet other pitfalls befall novice data analysts. Recall that statistical 
tests produce type I errors (false positives) in 5 per cent of cases when 
variation in data is due to nothing more than random variation. Thus, if 
one calculates 20 p-values, one can expect at least 1 false positive. Some 
analyses produce numerous p-values. For example, an analysis that tested 
for effects of age, sex, diet and exercise regimens on blood pressure, 
resting heart rate and triglyceride concentration would generate at least 
12 p-values, more if the test also checked for interactions among variables 
or included more than two groups for any independent variable (such as 
testing three different diets or exercise regimens). Recognizing the higher 
chance of at least one type I error in such circumstances, competent 
analysts apply ‘multiple-comparisons tests’. Such procedures compensate 
for the many p-values, and thus many chances of type I error, by effectively 
reducing the p-value threshold for a finding of statistical significance.6  
A less experienced analyst might run tests without such compensatory 
corrections and consequently make frequent type I errors.

Perhaps the most common statistical mistake results from 
attribution of p-values to analyses that were not preceded by hypotheses. 
Proper attribution of statistical significance requires specification of 
hypotheses prior to initiation of a study. Tests preceded by prior 
specification of hypotheses are termed a priori (‘from the earlier’) because 
they were planned before data were collected. If one predicts a 
relationship, then collects appropriate data to test for evidence of a 
relationship, assuming other test assumptions are met, it is reasonable to 
calculate a p-value. 

On the other hand, one should not calculate a p-value or attribute 
statistical significance to data features not imagined until they were 
noticed after data were collected. Such post hoc (‘after this’) or a posteriori 
(‘in the aftermath’) observations are suitable sources of new questions 
that lead to new hypotheses to be tested in new studies, but p-values 
attributed to them are meaningless in the present study because many 
un-hypothesized apparent patterns result from mere coincidence, and 
innumerable coincidences occur all the time. Calculations of the 
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likelihood of any particular set of cars in a parking lot, vacationers on a 
beach or students in a class would generate minuscule p-values because 
each particular set is exceedingly unlikely, but we encounter many such 
coincidences every day. The great majority are just that – coincidences – 
not evidence of relationships among variables. Attributing p-values to 
unanticipated, a posteriori observations results in rampant type I errors. 
A variety of initiatives, such as pre-announcing planned hypothesis tests, 
have been proposed to guard against this problem.7 

Unfortunately, post hoc application of p-values is common in fields 
from financial advice to medicine – so common that Professor Uri 
Simonsohn of the University of Pennsylvania has even given it a name, 
‘p-hacking’. When false positives resulting from post hoc misuses of 
p-value calculations are contrasted with other correct reports that detect 
no evidence of a relationship among variables, the contrast gives an 
impression of tremendous scientific inconsistency. Some refer to this 
situation as statistical fog. P-hacking and other statistical errors appear 
responsible for many non-reproducible reports and thus much statistical 
fog, but most such concerns have arisen from fields other than 
environmental science.8

Decades ago, statistical errors were common in some areas of 
environmental research,9 but statistics have been integral to such research 
for some time, and extensive statistics coursework is typical in 
environmental fields. One hopes statistical errors in environmental 
research are rare today, but even if so, errors in other fields are still 
important because they reduce public confidence in all scientific 
conclusions. 

We now have a dismissive attitude toward news articles claiming 
some food or diet or exercise might harm us – we just wait for the 
inevitable second study some months later, giving exactly the 
opposite result.10

Bias and malpractice

Finally, errant scientific conclusions sometimes result from researchers’ 
biases or even scientific malpractice. A continuum of severity spans from 
the most innocent of biases that influence conclusions despite the best 
attempts to prevent them to more severe biases due to financial or other 
conflicts of interest and finally to outright scientific fraud, such as data 
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fabrication. Biases can influence a study not just in the interpretation of 
the results, but also in the choice of questions and hypotheses, details of 
study design and data interpretation, and decisions regarding whether to 
submit results for publication. Indeed, entire groups of scientists 
sometimes fail to objectively evaluate evidence, as Thomas Kuhn 
explained in his book on revolutions in scientific thought.11

Even when there are no financial or other conflicts of interest, biases 
may result from the hope that one’s proposed hypothesis is correct.  
A hypothesis is a type of prediction. Who does not want to make correct 
predictions? When scientists become emotionally attached to hypotheses, 
they may fail to objectively design studies or evaluate evidence.  

The most fundamental means of avoiding biases in research is to 
avoid attachment to a particular hypothesis. The standard means of 
attempting to do so is to develop multiple hypotheses at the outset of a 
study. If a researcher has created multiple hypotheses, only one of which 
can be correct, the researcher may avoid emotional attachment to a 
particular hypothesis because if any proposed hypothesis is correct, the 
researcher will have been correct. Indeed, the researcher has more chance 
to have posed a correct hypothesis in this case than if they have posed 
only one hypothesis, which may very well be wrong. Geologist Thomas 
Chamberlain identified this concern during the nineteenth century.

The moment one has offered an original explanation for a 
phenomenon which seems satisfactory, that moment affection for 
his intellectual child springs into existence; and as the explanation 
grows into a definite theory, his parental affections cluster about his 
intellectual offspring, and it grows more and more dear to him, so 
that, while he holds it seemingly tentative, it is still lovingly 
tentative, and not impartially tentative … To guard against this, the 
method of multiple working hypotheses is urged … The effort is to 
bring up into view every rational explanation of new phenomena, 
and to develop every tenable hypothesis respecting their cause and 
history. The investigator thus becomes the parent of a family of 
hypotheses: and, by his parental relation to all, he is forbidden to 
fasten his affections unduly upon any one.12

Nowadays Professor Chamberlain’s advice is routinely recommended 
during graduate student training, perhaps especially since it played a 
prominent role in Professor John R. Platt’s 1964 article, ‘Strong inference’, 
which, like Dr Chamberlain’s original, was prominently published in 
Science, the most prestigious US science journal.13
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The development of alternative hypotheses, rather than just one, 
has two major added benefits. First, the initial hypothesis that occurs to a 
researcher may be incorrect. If one fails to consider other possibilities and 
proceeds to test only that hypothesis, years or even decades could be 
spent on relatively unproductive work. Second, it is often possible to test 
multiple hypotheses in one experiment. All other things being equal, a 
test of several hypotheses at once is not only more likely to find support 
for a correct hypothesis, but also more efficient than a sequence of tests of 
individual hypotheses. 

The development of multiple hypotheses is tremendously useful for 
avoiding emotional attachments to any given idea, but when a practical 
problem motivates a study, even multiple hypotheses may not eliminate 
researchers’ hopes. Imagine one seeks to develop a better medical 
treatment or restore an ecosystem. Researchers attempting new 
treatments or restoration techniques will hope the methods work, even if 
unmotivated by fame, fortune or glory, simply because they seek improved 
treatments and more effective techniques. 

Thus, while multiple hypotheses are tremendously useful and 
certainly advisable, they do not guarantee elimination of emotional bias. 
Furthermore, biases may enter the scientific process before hypotheses 
are posed, as decisions are made about what to study. These earlier-stage 
biases cannot be eliminated by posing multiple hypotheses. (This 
complex, important topic is a focus of the discipline of science studies.)

Scientists use several additional methods besides posing multiple 
hypotheses to minimize the potential for bias to affect results or 
conclusions (see Box 7.1 above). Perhaps you are familiar with some 
particular methods, such as ‘double-blind’ studies. 

‘Double blind’ refers to experiment designs in which neither the 
human subject nor the data collector knows the subject’s treatment 
category. For example, in a double-blind test of a new drug, neither the 
patients nor the researchers who collect data know which treatment was 
assigned to which patient. When neither the patient nor the data collector 
has that information, their biases, subconscious or otherwise, about the 
outcome of the study will not systematically affect the study data. 

During graduate school, I agreed to participate in a study of a new 
decongestant at the university’s medical school. The nature of the 
experiment certainly necessitated double-blind methods. I took a pill. I do 
not know whether it was the drug being tested or a placebo. The 
technicians asked how congested I felt on a scale of 1 to 10. Imagine if the 
technician and I had known I had been given the drug. ‘Don’t you feel 
better today?’ ‘Oh, yes. This stuff is great. I’ve never been able to breathe 
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so well.’ Double-blind procedures prevent this problem. Because I did not 
know what I had taken, I had no reason to make biased judgments of 
congestion or lack thereof, and since the technician also did not know, 
they had no reason to steer me toward any particular response.

Double-blind study designs are not a panacea, however, for two 
reasons. First, blind designs are often infeasible. Second, data collection 
is only one step at which bias can affect a study. 

Studies of humans can be double blind, but only studies of humans 
need be double blind. When dependent variables are measured for other 
species or inanimate objects, a blind data collector would suffice. For 
example, if treatments of prescribed fire and livestock grazing are applied 
to experimental fields to test effects on the composition of vegetation, 
there is no concern about whether fields ‘know’ which treatment has been 
applied. However, if the data collectors know which treatments have been 
applied, that knowledge, combined with some hope or expectation 
regarding the outcome of the experiment, could bias data collection. 

Thus, the potential solution would be to use data collectors who do 
not know which treatment was applied to which field (blind data 
collectors), but this is often infeasible because treatments are often 
unavoidably obvious to data collectors. For example, a person studying 
the species composition of plants in two field treatments, one grazed by 
cattle and one not grazed by cattle, will routinely encounter obvious 
evidence of cattle in some fields but not others. Furthermore, I have never 
heard of an ecological research budget so luxurious that separate, 
qualified individuals were hired simply to serve as blind data collectors.

When blind data collection procedures are infeasible, subconscious 
bias in data collection must be combatted by other means. A variety of 
complementary techniques exist, such as avoiding measurements that 
require subjective judgements and randomly or systematically selecting 
sampling locations.14 For example, when my students and I measure the 
abundance of different plants in prairie restoration fields, we walk evenly 
spaced transects across each field and stop every 10 metres to collect 
data. This ensures the entire field is evenly represented in our samples. 
Then we determine precise sampling points by tossing a dart high and 
backward over a shoulder to one side of the transect, without first 
observing the landing area and without the thrower watching the dart 
trajectory. We then collect data from a specified radius around the dart. 
The sample spacing and dart throwing procedure minimizes the chance 
of subconsciously selecting specific sampling locations, such as spots with 
species we hope to find. 
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The method avoids bias in sampling locations, but measurements 
themselves could still be biased. A desire to avoid such biases informed 
our original selection of sampling methods. We considered dozens of 
potential vegetation and related measurements, tested about two dozen, 
and eliminated several due to imprecision, inaccuracy, or subjectivity. 
One potentially very useful measure was simply too subjective for 
confidence in unbiased measurements. 

Assessments of livestock range condition often note whether soil is 
covered by a ‘crust’. Perhaps you have seen dry, barren, soil with curling 
crust. Crust develops on dry clay soils after raindrops have repeatedly 
pounded bare soil. The rain breaks large soil particles into smaller 
fragments that then flow down into the soil with percolating water until 
they become lodged among pore spaces. Successively smaller pore spaces 
become filled until the soil surface becomes effectively sealed. In 
pronounced cases, pieces of crust can be pried up intact. Soil crust is 
undesirable because it prevents water infiltration, thereby reducing soil 
moisture and causing runoff and floods, and because it inhibits seed 
germination and plant establishment. 

Severely degraded fields have pronounced crusts, but in our case, 
few sample locations are in such poor condition, so we found ourselves 
trying to distinguish minimal crust from none at all. Even though one 
would ultimately want to classify soil condition correctly to advance 
understanding of restoration methods, because all of our methods are 
intended to be helpful, we hoped not to find crust. The risk of that hope 
interfering with objectivity, combined with the very subtle distinction 
between minimal crust and no crust convinced me we could not be 
confident of crust measurements. We therefore abandoned them in 
favour of more objective measures of prairie recovery.15 

Such understandable hopes for a particular result are biases of the 
mildest sort, and the data collection phase of a project is only one of 
several points where bias can affect conclusions. As noted, biases can also 
enter at every other stage, from choosing a topic to study, to choosing 
questions about the topic, through posing hypotheses to designing 
experiments, interpreting results and deciding whether to publish 
results.16 

Sometimes biases against finding evidence are even enacted into 
law. For example, from 1996 until at least 2018 the US Congress inhibited 
the ability of the Centers for Disease Control from studying the public 
health consequences of gun violence. As recently as 2015, the House 
majority report on the appropriations bill that funded the CDC read as 
follows: 
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The Committee reminds [the Centers for Disease Control] that the 
longstanding general provision’s intent is to protect rights granted 
by the Second Amendment [the US Constitutional amendment that, 
depending upon one’s interpretation, allows individuals to own 
firearms]. The restriction is to prevent … activities (to include data 
collection) for current or future research, including under the title 
‘gun violence prevention’, that could be used in any manner to result 
in a future policy, guidelines, or recommendations to limit access to 
guns, ammunition, or to create a list of gun owners.17

Experiment design details create other, subtler opportunities for 
bias. For example, a new drug could be tested against a placebo or against 
the best available drug. If it is effective at all, its efficacy will appear more 
impressive compared to a placebo than to another effective drug. 
Likewise, the choice of toxin concentrations can influence experimental 
results. Many compounds toxic at high concentrations have no detectable 
effect or may even function as micronutrients at low concentrations, just 
as people need salt and iron but should not consume too much of either. 
Thus, one who wishes not to find a toxic effect might simply test low 
concentrations. 

Once research results reach general audiences, experiment design 
details such as treatment concentrations and whether a drug is compared 
to a placebo or an alternative drug are often lost in the small print, if 
mentioned at all. Moreover, general audiences may not appreciate the 
significance of such details. Obviously, new drugs should be compared to 
other effective drugs and potential toxins tested at concentrations to 
which creatures might be exposed. Such experiment-design flaws should 
be caught by peer reviewers before results are published. However, as we 
shall see, proliferation of ‘predatory’ journals have increased the chance 
of results being published in a source that claims to be ‘peer reviewed’ 
without having actually been peer reviewed. 

Another source of bias is referred to as positive reporting. Positive 
reporting bias occurs when results that provide evidence of an association 
between variables are published but results that fail to find evidence of a 
relationship are not. Positive reporting bias is often referred to as the ‘file 
drawer’ problem. Published results are available for widespread 
consideration, but results left in a file drawer are not. Positive reporting 
bias leaves readers with a distorted impression of the complete set of 
evidence. 

Positive reporting bias can occur for either innocent or nefarious 
reasons. At the innocent end of the spectrum, if researchers find data that 
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support one hypothesis more interesting than data that do not support a 
different hypothesis, and are therefore more likely to find time to write up 
the former, the literature will disproportionately reflect positive results. 
Positive reporting bias also occurs if editors more frequently accept for 
publication reports that provide evidence of a relationship than results 
that do not provide evidence of a relationship. Such bias is real but 
relatively innocent if published data address different hypotheses than 
unpublished data, but other positive reporting bias is more nefarious, 
such as if reports of a drug’s efficacy are published but reports that detect 
no evidence of efficacy are not published. Positive reporting bias has been 
a concern for decades. Reviews have concluded that authors are more 
likely to submit, and journals are more likely to accept, reports of evidence 
of relationships among variables than reports of no evidence of 
relationships.18

Positive reporting bias is only one of several types of scientific 
malpractice that can result from conflicts of interest. Conflicts of interest 
occur if a researcher, or their funder, has a financial stake in a particular 
conclusion or another incentive beyond advancing knowledge (and the 
routine professional respect associated with doing so). In the worst case, 
conflicts are manifested as outright data fabrication. Fortunately, data 
fabrication appears to be relatively rare, but other forms of scientific 
malpractice are disconcertingly common.19 

Brian Martinson, Melissa Anderson and Raymond de Vries 
anonymously surveyed several thousand US scientists funded by the 
National Institutes of Health regarding their engagement in a wide range 
of inappropriate behaviours, from the worst, such as falsifying data, to 
the mildest, such as inappropriately awarding co-authorship credit. 
Fortunately, fewer than 1 per cent of respondents reported that they had 
falsified or ‘cooked’ data or failed to disclose the involvement of a firm in 
a study. However, 15 per cent reported that they had changed the ‘design, 
methodology, or results of a study in response to pressure from a funding 
source’, and 11 per cent reported that they had withheld methodological 
or results details from a publication or grant proposal.20 

Regrettably, reviews of published literature have concluded that 
biases associated with conflicts of interest distort the sum total of evidence 
and conclusions that reach readers. This may involve either positive or 
negative reporting bias – negative when a researcher or funder with a 
conflict has a reason to prefer a finding of no evidence of an effect (which 
they can then misrepresent as ‘no effect’). Sheldon Krimsky reviewed 
published analyses that compare industry-funded studies versus studies 
funded by non-profit organizations.21 That literature includes analyses of 
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pharmaceutical drugs, second-hand tobacco smoke and manufactured 
chemicals, such as bisphenol-A. Krimsky’s review found industry-funded 
studies are much more likely to report positive results for sponsors’ 
medicines and much less likely to find a hazard of exposure to bisphenol-A 
or second-hand smoke. 

Likewise, Shanil Ebrahim and colleagues reviewed published meta-
analyses of antidepressant research. They found reports whose authors 
were not employed by the drug’s manufacturer were 20 times as likely to 
include negative statements about the studied drug as reports whose 
authors included one or more employees of the manufacturer. Yet others 
have detected selective data suppression of results from industry-funded 
studies regarding numerous ailments.22 Theoretical calculations suggest 
positive-reporting bias combined with p-hacking may result in quite a few 
erroneous research reports, at least in some fields. Available empirical 
results are broadly consistent with such calculations. For example, the 
biotechnology company Amgen could only reproduce results of 11 per 
cent of studies of potential new cancer therapies.23

It is difficult to get a man to understand something, when his salary 
depends on his not understanding it!24

In theory, peer review before publication should prevent flawed 
studies from reaching audiences, but peer review, while generally 
excellent for what it can do, is not a panacea. It works as follows. A 
researcher submits an article for publication. A journal editor checks 
whether the article’s subject falls within the journal’s purview, and if so, 
whether the article superficially appears suitable. If so, they send the 
article to qualified but disinterested experts for evaluation (peer review). 
Ethical codes require invited reviewers to decline requests if they consider 
themselves unqualified or have a potential conflict of interest, such as 
being a close friend of, working with, studying under or not getting along 
with, one or more of a paper’s authors. When reviewers decline requests, 
editors find alternative reviewers. 

Reviewers evaluate whether readers are likely to be interested in the 
question, suitability of study designs, appropriateness of result 
descriptions and reasonableness of conclusions. Reviewers are normally 
anonymous and are not paid or otherwise compensated. Reviewers have 
no stake in whether a paper is published beyond that shared with all 
colleagues – maximizing the reliability of published reports and thereby 
advancing understanding.25
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Reviewers make detailed suggestions for improvements and 
recommend whether papers should be accepted, revised or rejected. 
Initial submissions are rarely accepted without at least some revision.  
Reviewers understand their role as gatekeepers of a process intended to 
maximize reliability of reports. It is not unusual for reviewers to 
recommend rejection of the majority of submitted papers. Lately, I have 
recommended rejection or major revision for almost 90 per cent of papers 
sent to me for review. (A paper rejected from one journal may later be 
accepted elsewhere. Journals vary in status; some are more selective than 
others.)

Peer review is primarily intended to evaluate whether a question 
would be of sufficient interest to a journal’s readers, whether study 
designs are adequate, results are appropriately presented and described, 
analyses are appropriate and conclusions are reasonable. However, 
whereas peer reviewers should be able to detect p-hacking and other 
basic methodological errors, there is no guarantee that they will do so. 
(Presumably many do not, otherwise papers based upon p-hacking would 
be less common and fewer irreproducible reports would be published.) 
Peer review assumes honesty and absence of scientific malpractice on the 
part of researchers. Moreover, peer review assumes authors are 
competent, careful and, aside from any subconscious biases, are motivated 
by a desire to advance understanding rather than by obvious conflicts of 
interest, such as a financial interest in the results. (Journals normally 
require authors to declare any potential conflicts.) Peer review is suitable 
for detecting errors of rigour, such as excessive extrapolation or flaws in 
the design of experiments, but is not suited to detecting data fabrication 
or any sort of data ‘cooking’. For example, a peer reviewer would have no 
way to know if a researcher submitted for publication only a subset of 
results, rather than all relevant results. Thus, while peer review is 
tremendously valuable, it cannot be expected to catch all flaws in studies 
or their conclusions.

Unfortunately, during the last couple of decades another problem 
with peer review has arisen in association with the proliferation of online, 
open access publications. Open access strives to make research and other 
writing available to everyone, which is precisely why this book is open 
access, but the value of articles and books is severely compromised if open 
access publications are not rigorously peer reviewed. Unlike rigorously 
reviewed, legitimate open access publications, ‘predatory’ journals claim 
to be peer reviewed but are not.26 They will publish virtually anything for 
a fee. Meanwhile, many have impressive sounding names that are often 
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almost identical to the names of established, rigorously reviewed, 
prestigious journals.

Whereas conventional peer review normally takes a few months for 
reports on all but the hottest topics, predatory journals accept papers in a 
few days or less, far too fast for serious peer review. John Bohannon ran 
sting operations to detect such journals. He received acceptances from 
more than half of the suspect journals to whom he submitted reports of 
intentionally flawed studies. For example, within 24 hours multiple 
journals accepted a report on an intentionally weak study, full of 
p-hacking, on the health consequences of eating chocolate.27 

The business model of predatory journals relies on readers’ and 
others’ inability to distinguish legitimate, rigorously reviewed journals 
from predatory journals that will publish more or less anything but give 
the appearance of and may even claim to be peer reviewed. Experienced 
authors within a given field will learn which journals are legitimate and 
which are not, but novices, those reading beyond their field, and those 
charged with evaluating job candidates outside their own areas of 
expertise may not. 

Why would authors pay to publish in predatory journals when 
legitimate journals garner more respect and notice and predatory journals 
often charge higher fees? The simplest explanations are that authors do 
not realize a journal is predatory or do not believe their report would be 
accepted for publication in a rigorously reviewed journal but desire 
publications for the sake of career enhancement or some other reason. If 
predatory journals only receive submissions from the most naïve authors 
or authors who do not believe their papers would be accepted elsewhere, 
predatory journals must disproportionately publish low-quality reports, 
and their existence must therefore reduce the average quality and 
reliability of the scientific literature. 

During the early 2000s, University of Colorado-Denver librarian 
Jeffrey Beall maintained a list of journals he considered predatory. He no 
longer maintains that website, but various other sites list hundreds of 
journals their website managers consider predatory, and scholarly 
literature on the phenomenon is proliferating.28 As noted, experienced 
researchers know the reputations of their fields’ journals and are unlikely 
to pay much attention to papers published in predatory journals, but 
novices, members of hiring committees who must evaluate candidates 
from other fields, and others reading outside their areas of expertise 
would, absent intentional scrutiny, have little basis for distinguishing two 
journals with impressive names that both claim to be peer reviewed.
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Moreover, once a paper is published in a shoddy journal, its author 
can then seek to interest media outlets in the ‘peer-reviewed’ research. It 
is not reasonable to expect reporters who cover many topics to know 
which journals are predatory, so they may accept results from predatory 
journals at face value. Some media then repeat each other’s reports, with 
the result that stories can travel the world at the speed of the internet 
without ever having been rigorously reviewed. For instance, major 
magazines and other media outlets rapidly and broadly publicized 
Bohannon’s fake chocolate study, as if to confirm the assertion (often but 
apparently incorrectly attributed to Mark Twain) that a lie can travel half-
way around the world while the truth is still putting on its shoes.29 

Because reporters without specialized knowledge have difficulty 
distinguishing reliable research from biased reports, products of 
p-hacking and articles that falsely purport to have been peer reviewed, 
both reliable and unreliable research reach the public through news 
media. The unreliable reports contribute to the public’s impression of 
conflicting conclusions on topic after topic. 

Fortunately, errant reports seem more common in other fields 
than in environmental research, but any science done badly creates an 
obstacle to environmental progress because errant reports erode public 
confidence in expert pronouncements. If the public reads that coffee, 
red wine, high-intensity exercise, sunshine or butter is good for them 
one year and bad for them the next, they may tend to expect the same 
flip-flopping regarding climate change, toxins in water, biodiversity loss 
or any number of other environmental concerns, and thus tune out 
rather than demand action.

Before rushing ahead with legal mandates [regarding greenhouse 
gas emissions], it would be useful to consider ‘scientific’ predictions 
from the past that have proven wrong. The government now wants 
to ban trans fats from our food, but 50 years ago people were told to 
switch from butter to margarine because it was thought the trans 
fats in margarine lowered cholesterol levels. Foods such as coffee 
and chocolate have either been good or bad for us, depending on 
the ‘scientific’ study of the moment.30

We have now considered seven obstacles to detecting and 
understanding environmental problems. Problems must first be detected; 
some are obvious, but others go unsuspected for some time. Even 
suspected problems are often difficult to confirm. Once a problem is 
detected, constraints on experiments, uncertainties inherent in statistical 
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procedures, and hazards of inference and extrapolation hinder efforts to 
understand causes and implications. Finally, reliable reports become 
mixed with unreliable reports, with the result that the public may lose 
confidence in expert pronouncements.

Despite these challenges, scientists have developed good 
understanding of many environmental problems, such as stratospheric 
ozone depletion and climate change. In the next part of the book I address 
obstacles to acting upon such problems, beginning with how opponents 
of environmental protection exploit scientific uncertainty to argue that 
understanding is insufficient to warrant action.
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Despite the challenges of detecting problems and understanding their 
causes, many problems are well understood. Smoking is bad for you. 
Chlorofluorocarbons destroy stratospheric ozone. Burning fossil fuels 
acidifies lakes and streams. 

Understanding the health consequences of smoking, the causes of 
acid rain and the effect of chlorofluorocarbons on stratospheric ozone 
eventually resulted in policies that discourage smoking, reduced acid rain 
and are healing the ozone layer. But this progress came only after drawn-
out battles between proponents of public health and environmental 
protection and their opponents, many of whom had profited from 
activities that cause harm and therefore had financial (vested) interests 
in preventing restrictions on those activities.

Many other problems have been understood for decades but have 
not received the attention they warrant. Nitrogen and phosphorus 
pollution from agriculture still causes eutrophication (excessive algae 
growth and oxygen depletion of waterways), but agriculture remains 
largely exempt from the Clean Water Act. Children can understand that 
an aquifer pumped faster than it is replenished will run out of water, yet 
we continue to deplete aquifers. Overfishing, soil erosion, habitat loss 
and species endangerment continue, and the concentration of 
atmospheric carbon dioxide sets a new record each year. These cases 
demonstrate that adequate progress requires more than scientific 
understanding; action must follow. 

It can be difficult and time-consuming to develop scientific 
understanding of environmental problems, but the largest barriers to 
progress are probably not failures of scientific understanding, but failures 
of political will and hurdles to effective action.1 Once an environmental 
problem is recognized and its cause or causes reasonably well understood, 
there are at least seven obstacles that must routinely be overcome for a 
response to occur. These are: 

• exaggerated impressions of scientific uncertainty
• resistance to restrictions on personal or organizational liberties 
• the assumption that the market will overcome problems on its own 
• monetary costs of, and biases against, financial investments in 

environmental progress 
• perceived lack of urgency 
• impediments to majority rule and passage of new laws 
• a tilted playing field of political debate that disadvantages proponents 

of environmental protection. 
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The chapters in this section consider these obstacles in turn.

… and you will observe with Concern how long a useful Truth may be known, 
and exist, before it is generally receiv’d and practis’d on.2
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8
Exaggerated impressions of scientific 
uncertainty 

Environmental progress requires reductions in activities that cause 
environmental damage, but those activities usually occur for some 
intentional purpose, often a worthy purpose such as providing food, 
clothing, shelter, comfort, recreation or convenience. Because the actions 
are intentional (though their environmental impacts generally are not), 
proposed restrictions often encounter resistance, especially from those 
who benefit from the offending activities. Facing such objections, 
policymakers generally do not restrict activities without widespread 
public demand to do so. Thus, it is not sufficient for specialists to 
understand a problem and its causes; public demand for environmental 
progress must overwhelm opposition to new restrictions on activities. 
Tremendous public demand was responsible for US environmental 
progress from the 1960s to the 1980s but has not generally been sufficient 
since.

Substantial delay often occurs between when experts conclude 
action is necessary and the public not only agrees but demands action. 
Much delay results from the public underestimating the rigour of scientific 
conclusions. For example, the most recent Pew survey comparing 
scientists’ views with the general public showed 87 per cent of scientists 
but only 50 per cent of the general public agreed with the statement, 
‘Climate change is mostly due to human activity.’1 The same circumstance 
was previously true for stratospheric ozone depletion, acid rain, and the 
health consequences of smoking. 

No one has time or experience to become an expert on every 
important technical issue, environmental or otherwise. Should we pay 
more for organic food or worry about toxins in lawn chemicals, air 
fresheners, tap water or any number of other sources? We have no choice 
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but to rely upon experts. But experts often equivocate, some almost 
always disagree with any consensus, and it is difficult for laypersons to 
identify objective, legitimate experts from charlatans.

Relying on expert opinion would be easy if experts made 
simultaneous, unanimous, definitive pronouncements, but they do not. 
As previous chapters have explained, careful scientists have several 
reasons to draw only provisional, tentative conclusions. They understand 
hypothesis tests can merely support, not prove, hypotheses, and they are 
aware of the limitations of experiments. They realize research may have 
involved undetected errors, including statistical errors. And they 
recognize the inherent uncertainties of extrapolation from experimental 
results to general circumstances. For all these reasons, careful scientists 
tend to draw tentative, provisional conclusions. 

A good scientist is never ‘certain’ … the good scientist will be ready 
to shift to a different point of view if better elements of evidence, or 
novel arguments emerge. Therefore, certainty is not only something 
of no use, but is in fact damaging, if we value reliability.2

Moreover, experts do not reach conclusions simultaneously, and by 
the time conclusions reach the public, cautious, well-grounded arguments 
of the most objective experts are mixed with minority opinions or even 
bogus pronouncements based on shoddy or even sham reports. Vested 
interests then use conflicting reports and opinions as evidence that the 
uncertainty is too great to justify action, while minority views receive 
disproportionate attention because the media often seeks to tell two sides 
of any story. 

For the same reasons that scientists hedge their conclusions, they 
also avoid making definitive predictions. Pity the poor expert asked to 
testify before Congress regarding the future climate or any other 
environmental concern. In day-to-day circumstances, anyone who claims 
to predict the future is dismissed as delusional, but our friendly scientist 
is expected to anticipate precisely what to expect with certainty. 

They will never state that there is no relationship between variables 
but rather will state that they know of no evidence of a relationship, 
recognizing that evidence could always be found later. They will not 
claim to have proven a cause-and-effect relationship but rather will 
describe evidence ‘consistent with’ the hypothesis of such a relationship. 
In other words, they will not offer definitive conclusions regarding 
existing data, nor make definitive predictions – they will hedge 
pronouncements. 
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This chapter describes how the mixture of cautious expert 
conclusions, contrasting minority, unreliable or intentionally deceptive 
claims, and exaggeration of the degree of disagreement among experts 
leaves the public with an impression of scientific confusion that can 
prevent demand for action.

Public expectation of certainty

Failure to understand why careful scientists draw cautious, hedged 
conclusions causes some members of the public to underestimate the 
rigour of scientists’ conclusions. Having seen a simplistic flow chart 
diagram of the scientific method almost annually in school (see Figure 
4.1, p. 45), people could be excused for expecting scientists to 
methodically prove unequivocal facts, and therefore interpret hedged 
statements as evidence of substantial uncertainty. The following 
conclusions read as substantial to experienced scientists but may sound 
equivocal to members of a public constantly bombarded by more certain 
but less well-substantiated claims of advertisers, salespeople, pundits, 
politicians and others (emphases mine):

Globally averaged precipitation over land has likely increased since 
1950, with a faster rate of increase since the 1980s.3

The comparison of the rate of carbon release suggests that the 
ensuing effects on ocean acidification and marine calcifying 
organisms will probably be more severe in the future …4

Children of mothers who live near agricultural areas, or who are 
otherwise exposed to organophosphate, pyrethroid, or carbamate 
pesticides during gestation may be at increased risk for 
neurodevelopmental disorders.5

Diversity of expert opinion

The public’s impression of substantial uncertainty is magnified by lack of 
simultaneity and unanimity of experts’ conclusions. Curiously, the public 
tolerates or even expects expert disagreement in other policy realms, but 
in environmental policy many people seem to expect both predictive 
certainty and expert unanimity or near unanimity before demanding 
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action.6 Bona fide experts do not speak with one unanimous voice 
because, while most scientists are highly sceptical in nature, they are not 
equally sceptical, and any two scientists will view the same evidence from 
different perspectives. 

Scientists’ different individual experiences, areas of specialization 
and conscious or subconscious biases delay achievement of consensus. 
Different experts do not have the same degree of familiarity or expertise 
with individual topics. A few are involved in any given study; others work 
on the same or related topics; yet others work in the same general field; 
and others study completely different subjects but have experience 
analysing data. Moreover, as mere humans, they can become emotionally 
attached to their own hypotheses, hope for a conclusion that would 
confirm their preferences or, if the study is their own or on a subject of 
their research, hope new data will confirm an earlier prediction they have 
made.7 In addition, publications can affect reputations, future job 
opportunities, promotions, or pay increases, so authors may find their 
own data more convincing than do others. Thus, differences in expertise, 
experience, levels of scepticism, degree of engagement in a study and, in 
the worst cases, conscious or subconscious biases prevent experts from 
reaching the same conclusion at the same time, with the consequence 
that unanimous conclusions are rarely reached and may not occur until 
evidence is overwhelming. 

Climate-change sceptics have for decades exaggerated and distorted 
the previous lack of scientific consensus. During the 1970s, climatology 
was not as advanced as today. Several different groups were studying 
different climate-related processes. One group focused on greenhouse 
warming. Another group noted a cooling trend from the 1940s to the 
1970s due to reflection of sunlight by smog. They projected worsening 
smog would cause further cooling. A third group realized the planet had 
been in a longer warm phase than those between the most recent ice ages, 
and therefore anticipated the next ice age. Finally, a fourth group 
speculated that nuclear war could lead to a ‘nuclear winter’ because dust, 
ash and other particles ejected into the atmosphere by nuclear explosions 
would reflect sunlight. 

Since then, thanks to laws like the US Clean Air Act, smog declined 
in many places so its cooling effect diminished, concerns about nuclear 
winter faded after the Cold War, and further study clarified how the 
warming effect of greenhouse gases can overwhelm effects of cycles in the 
planet’s orbit that cause ice ages. As a consequence, today qualified 
scientists are nearly unanimous in their agreement that greenhouse gases 
emitted by human activities are causing climate change. 
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Though far more peer-reviewed articles raised concerns about 
warming than cooling during the 1970s, both Time and Newsweek 
reported concerns about cooling. For decades thereafter, global warming 
sceptics distorted the record to suggest a consensus of concern about 
cooling in the 1970s had later morphed into a concern about warming. 
The supposed but fictional flip-flop was presented as evidence that 
climate science is unreliable, but there never was a consensus in the 
1970s, just different scientists separately studying different processes, 
each with its own potential to affect climate.8

Even once experts achieve substantial consensus regarding a cause-
and-effect relationship, they may not agree about likely future 
consequences. In other words, they may agree on data interpretation, but 
not on the resulting predictions. Consequently, some experts will be 
willing to make more precise, longer-term predictions than others. 

Imagine a new question about a complicated phenomenon, such as 
the situation during the 1950s and 1960s when a substantial number of 
scientists first became concerned about climate change. How would you 
expect scientific opinion to develop as evidence accumulates? Initially, no 
experts will be willing to draw even a tentative conclusion. As evidence 
accumulates, some experts will find the evidence compelling and 
recommend policy responses but others will be more reluctant to reach 
that conclusion. Throughout this process some honest disagreement will 
persist. As long as a substantial diversity of expert opinion persists, the 
public is unlikely to demand action, and until they do so, politicians will 
hesitate to impose restrictions on responsible activities. Thus, diversity of 
expert opinion serves as an obstacle to action. 

Experts’ policy aversion

Meanwhile, many experts avoid the policy fray. They may feel a sense of 
responsibility to engage, but also face strong incentives not to do so. In 
addition to being trained to be sceptical and understand why results are 
uncertain, experts also often avoid policy debates out of concern that 
becoming embroiled in political controversy will compromise their 
objectivity or others’ perceptions of their objectivity. Good scientists strive 
to be as objective as possible, but policy debates involve questions of what 
should be done – value questions. If I reach a conclusion about what 
should be done then I may subsequently, consciously or unconsciously, 
tend to interpret new data as supporting that conclusion. Because some 
scientists perceive taking a stand as incompatible with objectivity, 
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engagement in policy debates can cause one to lose status within the 
scientific community.

Within the scientific community, there is almost a code of honor 
that you will never transgress the red line between pure analysis 
and moral issues. But we are now in a situation where we have to 
think about the consequences of our insight for society.9

Columbia University epidemiologist Claire Wang explained her 
typical reluctance to engage in policy debates as follows:

Three years ago, I was invited to testify before the New York City 
Board of Health about a proposed law to cap the portion size of 
sugary drinks served in restaurants. This request didn’t come as a 
surprise … What did catch me off guard was my reaction: I was 
horrified at the thought of taking a public position …

In my field, public health and nutrition, as in many other fields of 
science, presentations tend to be rich with data and discussions of 
limitations and caveats, almost always closing with the phrase 
‘more research is needed’. Testifying before the Board of Health, I 
would have no such options. Rather I would have five minutes to 
stake out a clear position. Yes, I believed, as did virtually all of my 
colleagues, that sugary drinks threatened people’s health, but was 
my belief sufficient to justify policy action? Were a handful of 
longitudinal studies and two randomized control trials enough 
evidence?10

Moreover, scientists expect and many even enjoy spirited, good-
natured debate among peers, but prominent scientists engaged in public 
policy controversies must often endure something entirely different – 
aggressive harassment. For example, US climate scientists James Hansen, 
Michael Mann and others have been subjected to frivolous lawsuits, 
received mail containing mysterious powders and endured not only death 
threats but threats to their families.11 Such tactics will dissuade many 
from engaging in policy debates.

Far more mundane reasons also disincentivize engagement. 
Scientists’ first encounters with policy often come from reporters’ urgent 
requests that interrupt whatever work is in progress. The potential of such 
interactions is that public understanding might be advanced, but much 
can go wrong. Reporters expect brief explanations even though many 
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readers or listeners will have little background in the relevant issues. 
Complex problems do not lend themselves to brief explanations. 

In addition, reporters often lack relevant background knowledge 
and thus risk misunderstanding scientists’ answers without realizing they 
have done so. One of my colleagues tells reporters he will talk with them 
if they will give him 30 minutes. They usually call someone else. 

Misunderstanding is especially likely when comments are edited to 
sound bites because unqualified sound bites are often literally incorrect 
when published out of context. Such errors would not be as substantial a 
problem if sources could check reports before publication, but because of 
deadlines, reporters generally do not provide opportunities to do so. 
Moreover, television reporters do not normally provide questions ahead 
of time or reshoot answers if an interviewee stumbles. In the worst cases, 
inexperienced reporters make incredibly egregious errors. I was once 
quoted as stating something I did not say and would not have said. (The 
conversation was videotaped so there is no question about what I said.) 
When I objected to the published quote, the newspaper’s editor suggested 
it was no big deal. When I eventually reached the reporter, she told me 
that ‘I thought you would have said it’. 

Anecdotal evidence of disinclination to engage in policy debates 
comes from a Center for Biological Diversity request for signatures on a 
letter to the US Fish and Wildlife Service regarding a key passage in the 
Endangered Species Act. The law prohibits federal agency actions that 
would ‘result in the destruction or adverse modification of habitat’ critical 
to endangered species. Prior to 2014, the precise regulatory definition of 
‘destruction or modification of habitat’ had never been specified. Does the 
passage forbid destruction of any habitat or does it only forbid destruction 
of all habitat? It seems Congress must have intended to forbid destruction 
or modification of any critical habitat because successive, incremental 
damages would eventually drive any species extinct. Furthermore, a 
literal reading of the phrase clearly suggests Congress meant any habitat. 
But the Obama Administration proposed to interpret the passage to forbid 
only destruction or adverse modification of all habitat. Any ecologist 
understands that species only persist where habitat is suitable, so the dire 
consequence of such a definition to the survival of species would have 
been obvious to ecologists. 

The Center’s request for co-signers went to the then 18,000 US 
subscribers to the ECOLOG email distribution list, the easiest means of 
reaching the nation’s ecologists. Only some twenty recipients endorsed 
the letter.12 Even if one assumes half of the recipients disagreed with the 
letter (which seems highly unlikely), twenty responses from the other 
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9,000, amounts to 0.2 per cent. All one had to do was read a few pages, 
decide whether one agreed with the letter and reply with contact 
information. But for whatever reasons, more than 99 per cent of those 
who received the request did not allow their names to be added even 
though the proposed policy change would gut a key protection of the law. 

If scientists choose not to engage in the public debate, we leave a 
vacuum that will be filled by those whose agenda is one of short-
term self-interest. There is a great cost to society if scientists fail to 
participate in the larger conversation – if we do not do all we can to 
ensure that the policy debate is informed by an honest assessment 
of the risks. In fact, it would be an abrogation of our responsibility 
to society if we remained quiet in the face of such a grave threat [as 
climate change].13

Merchants of doubt

In stark contrast, vested interests fund scientists for the specific purpose 
of making pronouncements intended to turn public opinion against 
environmental protection. These hired guns argue hedged conclusions 
and lack of unanimous agreement among experts (and purported 
experts) demonstrate too much uncertainty to enact new environmental 
protections. They often work for think tanks or other organizations that 
portray themselves as objective entities akin to universities without 
students, when in reality they are funded by industry to advance a 
particular agenda.14 With no other professional responsibilities, think 
tank experts make themselves available to the media and spend their time 
writing opinion pieces for broad audiences and briefing papers for 
policymakers. 

 Naomi Oreskes and Erik Conway used the term ‘merchants of 
doubt’ to describe individuals employed to sow confusion about 
environmental issues.15 Merchants of doubt exaggerate diversity of expert 
opinion, question the reliability of opponents’ data and even have the 
audacity to question opponents’ integrity while they themselves are 
employed specifically to protect profits.16 

To advance arguments that evidence is too uncertain to act, merchants 
of doubt blur the distinction between actual experts and others who merely 
claim expertise. They also call for more research on behalf of ‘better 
understanding’. Who would oppose better understanding? They then argue 
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that as long as scientists are still studying a question, those scientists must 
not consider understanding sufficient to warrant action (as if research on 
lung cancer would halt just because cigarettes had been implicated as a 
cause).17 

Oreskes and Conway explain how this set of techniques has been 
repeatedly employed to exaggerate uncertainty and forestall policy. 
Merchants of doubt successfully prolonged debates over tobacco, acid 
rain, stratospheric ozone depletion and climate change, with many of the 
same individuals involved in the different issues.18 US Representative 
Sheldon Whitehouse of Rhode Island agrees, arguing that representatives 
of the fossil fuel industry adopted the tobacco industry playbook. ‘The big 
tobacco playbook looked something like this: (1) pay scientists to produce 
studies defending your product; (2) develop an intricate web of PR 
experts and front groups to spread doubt about the real science; (3) 
relentlessly attack your opponents.’19 

As we have seen, Congress passed almost all of the nation’s major 
environmental laws during the 1960s, 1970s and 1980s (see Figure 1.3, 
p. 12). Ever since then, arguments that evidence is not sufficient to require 
action have helped stymie sufficient political demand to pass major new 
environmental protections.20 One major obstacle to environmental 
progress is thus merchants of doubts’ effectiveness at exaggerating 
scientific uncertainty, confusing the public and thereby diluting demand 
for political action.

Merchants of doubt employ deceptive arguments that depend on 
the ability to fool audiences. They focus attention on a fraction of relevant 
evidence, obscure distinctions between bona fide experts and commenters 
with vested interests and between peer-reviewed literature and other 
documents, and exploit the desire of the media to ‘tell both sides of the 
story’, all to give the public the impression there is too much uncertainty 
to act.21

The first step is to call attention to selected evidence, thus distracting 
audiences from other evidence that may be more relevant. This data 
‘cherry picking’ is the equivalent of saying, ‘If smoking causes cancer, then 
how come my father, who smoked, did not die of cancer?’ Just because 
smokers sometimes die of other causes does not mean smoking does not 
cause cancer. 

An example of such cherry picking is the former focus of climate 
change sceptics on the fifteen or so years following 1998, a period as hot 
as any in recent history but that, until 2015, could be selectively portrayed 
as appearing to suggest a lull in warming. To make this argument, 
merchants of doubt carefully specified the start and end dates under 
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consideration, the last two periods indicated by blue lines in Figure 8.1, 
while ignoring all other evidence. Limiting one’s perspective to just the 
period of one or another blue line gives the impression of a lack of 
warming, but a longer view shows an increasing temperature trend. By 
focusing on one particular time period and only one of many types of 
evidence, merchants of doubt sought to distract audiences from more 
sensible interpretations of the complete collection of evidence (longer-
term temperature trends, changes in species’ ranges, melting glaciers, 
changes in sea ice and sea level, and the theoretical reasons to expect 
greenhouse gases to cause climate change). 

Other approaches are even less ambitious, such as calling attention 
to one snowstorm or a cool spell during summer. Perhaps the most 
infamous case of relying on a trivial anecdote occurred when Senator 
James Inhofe of Oklahoma brought a snowball onto the floor of the 
Senate to suggest a single snowstorm in Washington, DC refuted the 
evidence of climate change (Figure 8.2). This would have been almost 
comical, but at the time Senator Inhofe was the Chairman of the Senate’s 
Committee on Environment and Public Works. 

Cherry picking data is only one way merchants of doubt employ 
specious arguments. They also imply existing evidence is unreliable by 
calling for ‘sound science‘ (which means science with whose results they 
agree, not science that has been peer reviewed), focus criticism upon 
opponents’ most extreme statements, attack opponents personally rather 

Figure 8.1: Skeptical Science graph illustrating how focusing on a particular 
subset of data can give an erroneous impression. Source: Skeptical Science, 
‘The escalator’, n.d.



OBSTACLES TO ENVIRONMENTAL PROGRESS114

than their arguments, and dismiss ‘computer models’ as if complex 
calculations have no predictive value whatsoever, or that they have a 
better way of predicting the future. They also distract audiences from 
recognizing the folly of demanding certainty before acting when faced 
with possible catastrophe.

Producing ‘studies’ that sound good but are not peer reviewed, and 
funding scientists willing to take minority opinions heightens the 
effectiveness of cherry picking. The classic US case of combining these 
techniques is the so-called ‘Petition Project’ that began in 1998 and 
persists on the internet.22  

During 1998, project organizers mailed a slick packet of material to 
practically every scientist in the country. They sought signatories for a 
statement that it would be premature to act to prevent climate change. 
There was no effort to reach qualified scientists with expertise in climate 
science. Rather, the project was designed to swamp those voices with 
signatures from any PhDs who would sign on. The project garnered 
thousands of signatures by combining a bit of fraud, appeals to scientists’ 
characteristic scepticism and such a massive mailing that if only a small 

Figure 8.2: Image from US public service television channel C-SPAN 
showing Oklahoma Senator James Inhofe implying that a February 
snowstorm in Washington DC constitutes meaningful evidence that 
humans are not affecting the climate during a congressional debate on 26 
February 2015. Source: C-SPAN user clip: Inhofe Snowball. Accessed 11 
November 2021. https://www.c-span.org/video/?c4529935/user-clip- 
inhofe-snowball.

https://www.c-span.org/video/?c4529935/user-clip-inhofe-snowball
https://www.c-span.org/video/?c4529935/user-clip-inhofe-snowball
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proportion of recipients added their signatures, the number would appear 
impressive.23 

The packet of material included a letter from a past president of the 
National Academy of Sciences, Dr Frederick Seitz. Seitz was not a climate 
scientist, but his cover letter is probably a major reason why some 
recipients considered the request. Included with the letter was an article 
precisely formatted to emulate the distinctive appearance of papers 
published in the prestigious Proceedings of the National Academy of 
Sciences and an op-ed piece by the same authors from the Wall Street 
Journal. The article formatted to look like it was from the well-known 
journal included numerous examples of cherry-picked data and even a 
graph with no numbers on its vertical axis, in other words, a graph that 
was utter nonsense, but at a glance the article looked legitimate. The 
article is sufficiently complex that I have used it for student practice in 
detecting deceptive arguments. 

The article was published not in the Proceedings of the National 
Academy of Sciences but in the impressive sounding Journal of American 
Physicians and Surgeons (a curious choice for an article on climate 
change). Stephanie Mencimer, writing in Mother Jones, noted that other 
articles in that journal conclude abortion causes breast cancer, vaccines 
cause autism and illegal immigrants caused a leprosy epidemic. The 
journal’s editors are evidently less sceptical about some issues than 
others.24 

The petition project blurred the distinction between experts and 
merely purported experts. The authors were affiliated with the impressive-
sounding Oregon Institute of Science and Medicine, but its address is a 
sheet metal building on a farm in a remote rural area of that state. When 
last checked, its website listed eight ‘faculty’ members, two of whom are 
deceased and two of whom are the director’s sons. The Institute’s 2012 
Internal Revenue Service form 990 reported that the sons are also board 
members and each spends one half hour per week on institute business. 
The article’s third author derives his research funding from the petroleum 
industry and has failed to disclose conflicts of interest in at least eleven 
scientific publications.25 Despite debunking by the National Academy of 
Sciences and a large number of clearly bogus signatories (such as doctors 
from the television show M*A*S*H) climate change deniers referenced 
the petition signatories for years to argue that scientists substantially 
disagreed about anthropogenic climate change, even though consensus 
among qualified scientists was documented back at the turn of the 
century when the Petition Project was launched.26 Rather than relent 
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once there was virtually no question about a consensus among qualified 
scientists, the merchants of doubt seemed to only increase their efforts.27

Both sides of one-sided stories

News reporters’ desire to ‘tell both sides of a story’ further advances the 
impression of too much expert disagreement to act.28 Describing 
alternative perspectives is a valuable service in principle, but it elevates 
minority views. For example, of more than 3,500 hard news articles about 
global climate change published by the New York Times, Washington Post, 
Los Angeles Times and Wall Street Journal from 1988 through 2002, the 
majority covered both sides of the argument regarding whether humans 
were causing climate change even though a review of more than 900 
peer-reviewed articles on the topic from roughly the same period failed to 
find a single paper that disagreed with the scientific consensus that 
humans are changing the climate.29 The map in Figure 8.3 suggests that 
despite the consensus in peer reviewed research even back in 2002, two 
decades later merchants of doubt have remained remarkably effective at 
confusing the public. 

Figure 8.3: Yale Project on Climate Change Communication 2020 county 
map of estimated percentage of adults who believe most scientists think 
global warming is happening. (Map provided courtesy of Yale Program on 
Climate Change Communication. See also Howe et al., ‘Geographic 
variation in opinions on climate change at state and local scales in the 
USA’, 2015.) Source: Marlon et al., ‘Yale Climate Opinion Maps’.
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Hazard of inaction

Merchants of doubt argue that we should not act until we are certain, but 
it is foolish to demand certainty before acting. We do not wait to put on 
seatbelts until an accident is imminent. We do not wait to buy health 
insurance until we become ill or wait to fund fire departments until a fire 
occurs. Demands for certainty before acting fail to recognize that inaction 
is itself a choice – a decision to maintain the status quo, to keep doing 
whatever may be causing a problem. 

Robert Costanza and others use the type of diagram in Table 8.1 to 
illustrate the possible consequences of policy choices.30 The left column 
shows alternative potential true states of the future. The top row shows 
policy alternatives. The bold text shows possible outcomes. The diagram 
uses climate change as an example; it illustrates how the worst possible 
outcome is if climate change is real but there is no effort to prevent it. In 
other words, rather than being the cautious option, inaction in the face of 
uncertainty can be the most dangerous option. 

Table 8.1: Possible climate change realities, policy options and 
consequences

Attempt to prevent 
climate change

Ignore possibility 
of climate change

Climate change real Minimize damage Disaster

Climate change not 
real

Spend money 
unnecessarily

Lucky

Possible climate change realities are shown in the left column, policy 
alternatives in the top row, and consequences in bold type.

The success of exaggerating uncertainty as a reason to delay 
environmental protection is particularly impressive when one considers 
that the public does not expect predictive certainty or expert consensus 
before acting on other issues. We routinely make individual and societal 
decisions regarding diets, investments, tax policy, foreign policy, welfare 
policy and other matters despite tremendous uncertainty and expert 
disagreement. Imagine if unanimity among experts was expected before 
taking foreign policy action or unanimity among economists was expected 
before enacting tax policy. Such expectations would be hopelessly naïve, 
but they are not far from what seems to be expected before acting on 
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environmental policy. Perhaps many members of the public do not expect 
expert consensus on these other issues because they are not ‘scientific’ 
questions whose answers can be readily ‘proven’. 

As noted in the second chapter’s discussion of unintended 
consequences of new innovations, when harms are familiar, we act 
cautiously, even when those harms are uncertain. Thus, the US military 
budget is almost equal to those of all other nations combined, drivers are 
required to carry automobile insurance even if they have never had an 
accident, banks require homeowners’ insurance before granting 
mortgages, bridges are so strong they rarely fail, cars must pass safety 
inspections, and so on. But when environmental harms are uncertain, 
arguments against caution often carry the day, as is apparent in the 
contrast between the following examples described by Freudenburg, 
Gramling and Davidson. Facing uncertainty, the health task force choose 
precaution while the Forest Service concluded precaution was 
unnecessary.

On December 21, 2004, a US federal task force issued its final report 
on proposals to allow US citizens to import prescription drugs from 
Canada. Because the task force ‘could not be sure’ that the imported 
drugs were safe, its members recommended that the practice 
remain illegal.

The next day, a different federal agency, the Forest Service, decided 
it could not be sure that logging would be bad for the environment. 
It therefore eliminated the requirements for preparing 
Environmental Impact Statements in Forest Plans and for protecting 
‘viable’ species from destruction through logging.31

The provisional nature of scientists’ conclusions, failure of bona fide 
experts to simultaneously reach unanimous conclusions, intentional 
efforts to sow confusion and exaggerate uncertainty, and the inclination 
of the media to ‘tell both sides of the story’, all cause the public to 
overestimate the degree of uncertainty regarding environmental threats. 
As a consequence, members of the public may get the impression that for 
every PhD there is an equal and opposite PhD, even when for every 
merchant of doubt there may actually be 100 better-qualified PhDs who 
draw the opposite conclusion. Under such circumstances, the public can 
be forgiven for concluding that a topic is just too confusing to know what 
to do and turn their focus to other concerns. But when that happens, 
politicians will not act. 
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Since the 1990s, merchants of doubt have successfully blocked 
major US environmental protection initiatives, but their tactics eventually 
failed in the cases of cigarettes, acid rain and stratospheric ozone 
depletion. The flaws in their arguments eventually became clear to 
enough people that demand for action prevailed. A return to consistent 
environmental progress may well require convincing large majorities of 
the flaws in merchants of doubts’ arguments.
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9
One-sided perspectives on liberty

I do not like to be told what to do. Perhaps you feel the same way. But 
living together in society requires restrictions on what each of us may do. 
For example, we have chosen to restrict our impacts on the environment. 
We may not dump garbage in the local river, burn waste in a barrel, kill 
endangered birds or use outlawed pesticides. In all of these cases, we have 
agreed to restrict our individual freedoms as a means of protecting all of 
us from the harms those freedoms can cause. 

When new environmental protections are proposed, opponents 
argue that new rules would conflict with liberty, one of the tenets on 
which the United States was founded. Those opponents refer to the US 
Declaration of Independence, which reads, ‘We hold these truths to be self-
evident, that all men are created equal, that they are endowed by their 
Creator with certain unalienable Rights, that among these are Life, 
Liberty and the pursuit of Happiness’, and to the US Constitution’s 
preamble, which describes the objective of securing ‘the Blessings of 
Liberty to ourselves and our Posterity’. Not surprisingly, both major 
political parties espouse freedom. The Democratic Party platform 
perennially refers to working to expand rights, while Republican 
platforms highlight protecting freedoms. The Republican platform 
preambles of 2016 and 2020 stated, ‘We believe political freedom and 
economic freedom are indivisible. When political freedom and economic 
freedom are separated – both are in peril; when united, they are invincible. 
We believe that people are the ultimate resource – and that the people, 
not the government, are the best stewards of our country’s God-given 
natural resources.’1 In practice, both parties seek to expand some rights 
or freedoms and restrict others, but their official statements emphasize 
protection and expansion of freedom, not restriction. Thus, restrictions 
on environmental damage can be portrayed as being in conflict with not 
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only the goals of the Declaration of Independence and the Constitution, but 
also major political objectives. 

Freedom to versus freedom from

Opponents of environmental protection are partially correct. 
Environmental protection does restrict one sort of freedom. It restricts 
freedom to damage the environment. But that is only one consequence. 
Environmental protection restricts some liberties to protects others. 
When I am not free to smoke in a restaurant, you are free to dine without 
breathing my smoke. When I am not free to pollute the air, you are free to 
breathe unpolluted air. Environmental protection restricts freedom to 
damage the environment to protect freedom from a damaged environment. 
President Franklin Delano Roosevelt prominently articulated the 
combination of freedoms to and freedoms from in his address on four 
freedoms: freedom of speech, freedom of worship, freedom from want 
and freedom from fear.2 Environmental protection contributes to both 
freedom from want (continued availability of natural resources) and 
freedom from fear (avoidance of hazards due to environmental damage 
such as climate change, toxin exposure and loss of ecosystem services, 
which are the free goods that we require from ecosystems, such as oxygen 
generation, soil formation, pollination, water cycling and climate 
regulation).  Proponents of environmental protection must ensure that 
discussions of freedoms are comprehensive, including both freedoms 
foregone and freedoms protected. 

Blinkered appeals to freedom arise in all sorts of environmental 
debates. Among the most vociferous are land-use disagreements. For 
example, wealthy landowners on Massachusetts’s Cape Cod objected to 
proposed ‘Cape Wind’ offshore electricity-generating wind turbines 
because the machines would be visible from shore and therefore would 
interfere with the landowner’s freedom to enjoy a view of the ocean. 
Whereas you may perceive wind turbines as aesthetically pleasing, 
climate change-preventing, dynamic, modern techno-art, those Cape Cod 
residents perceived them as ugly industrial installations. The project was 
eventually abandoned. The wind farm developers blamed extended 
litigation from opponents.3 At least that disagreement was peaceful. 

Cliven Bundy grazed his cattle on federal land in Nevada for twenty 
years without paying the contracted grazing fees. Eventually, federal 
officials attempted to remove Bundy’s cattle, but they were met with 
armed resistance from Bundy and his supporters. His son Ammon 
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subsequently led another armed standoff at the Malheur National Wildlife 
Refuge in Oregon.4 In both cases, the notion of individual rights to exploit 
the environment were taken to an extreme; proponents claimed a right 
not only to use public lands, but to do so for free.

Even modest new restrictions encounter opposition. The railway 
industry objected to a requirement that they notify the US Department of 
Transportation when transporting more than a million gallons of volatile 
Bakken Shale oil – even after a fire from a Bakken oil train killed forty-
seven people in Lac-Mégantic, Quebec.5 Indeed, some objections are 
frankly preposterous. When the Berkeley, California city council drafted 
an ordinance requiring gasoline pumps to bear stickers noting that 
burning gas causes climate change, the Western States Petroleum 
Association complained about the plan, ‘imposing onerous restrictions on 
businesses and forcing unwanted speech in violation of the First 
Amendment [of the US Constitution]’.6 None of these objections noted 
the freedoms protected when other freedoms are restricted. 

Reproductive freedom

Population growth concerns raise perhaps the most acute conflicts, or 
apparent conflicts, between individual freedom and environmental 
protection. One indication of the subject’s sensitivity is the absence of any 
mention of it by prominent environmental organizations. For example, 
the Natural Resources Defense Council lists eight priorities, all noble: 
climate change, communities, energy, food, health, oceans, water and the 
wild. They make no mention of population.7 The Friends of the Earth 
website lists six priorities: climate and energy, democracy, finance and 
economic systems, food and agriculture, forests and oceans.8 The Sierra 
Club lists three major programmes: climate and energy; lands, air, water, 
and wildlife; and people and justice. Population issues and family 
planning receive attention only deeper in their webpages.9 Most 
remarkably, the environmental group formerly known as Zero Population 
Growth changed its name to Population Connection, apparently to create 
a more positive ‘brand identity’.10 At least they give explicit priority to 
population issues, as does the Center for Biological Diversity.11

That the issue of population size is sensitive does not reduce its 
critical importance. The product of population size and per capita 
environmental impact is the root of all environmental problems.12 Indeed, 
the most parsimonious hypothesis for the many examples of 
nonsustainability is that the planet cannot sustainably support so many 
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of us living as we do. Thus, efforts to achieve sustainability must grapple 
with the uncomfortable subject of population growth.

At least five reasons make this subject particularly delicate. (1) Any 
suggestion that a population is too large, or that population growth is 
undesirable, has potential implications for individual fertility choices, 
among the most personal of decisions. (2) Until recently, virtually every 
government effort to reduce population growth was an atrocious ethical 
disaster. (3) Contraception is controversial or forbidden in some cultures 
and by some religions. (4) Population concerns are sometimes used as a 
convenient cloak for racist and anti-immigrant motivations. (5) Finally, 
typical systems for funding retirees, such as the US Social Security system, 
depend upon an ever-increasing supply of new workers to support an 
ever-increasing number of new retirees. 

Writers since Aristotle have raised concerns about manageable 
population sizes, but Western attention did not galvanize until the 
publication of Thomas Robert Malthus’s 1798 Essay on the Principle of 
Population.13 Malthus wrote in response to other Enlightenment authors 
who postulated that social reform could overcome all deprivation. 
Perhaps most notably, the Marquis de Condorcet had suggested that ‘all 
will be able, by the development of their faculties, to procure the certain 
means of providing for their wants’, arguing that ‘nature has no fixed 
limits to our hopes’.14 

Malthus did not think social reform alone could prevent poverty and 
misery. Rather, he was concerned that exponential population growth 
could overwhelm any increases in agricultural production, resulting in 
widespread misery. He reasoned as follows: 

Through the animal and vegetable kingdoms nature has scattered 
the seeds of life abroad with the most profuse and liberal hand; but 
has been comparatively sparing in the room and the nourishment 
necessary to rear them. The germs of existence contained in this 
earth, with ample food, and ample room to expand in, would fill 
millions of worlds in the course of a few thousand years. Necessity, 
that imperious all-pervading law of nature, restrains them within 
the prescribed bounds. The race of plants and the race of animals 
shrink under this great restrictive law; and the race of man cannot 
by any efforts of reason escape from it.15 

He concluded that unless ‘preventative checks’ limited birth rates, 
the population would expand as fast as agricultural production, food 
would never be abundant relative to demand and every bad harvest 
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would cause famine. Some eighty years later, Cornelius Walford’s tally 
mentioned several hundred famines over the course of history, including 
more than 150 in Great Britain.16 Because contraception was not well 
developed and was widely considered immoral in Malthus’s day, the only 
available preventative check was delaying marriage and thus 
procreation.17 

Malthus sought to avoid misery, but his prescription for doing so 
was cruel. He advocated phasing out England’s Poor Laws. He thought 
the guaranteed support of the poor laws increased the number of births 
to parents who lacked the wherewithal to raise children, thereby 
increasing the number and proportion of individuals living in poverty. 

The poor-laws of England tend to depress the general condition of 
the poor in these two ways. Their first obvious tendency is to 
increase population without increasing the food for its support. A 
poor man may marry with little or no prospect of being able to 
support a family without parish assistance. They may be said, 
therefore, to create the poor which they maintain; and as the 
provisions of the country must, in consequence of the increased 
population, be distributed to every man in smaller proportions, it is 
evident that the labour of those who are not supported by parish 
assistance, will purchase a smaller quantity of provisions than 
before, and consequently more of them must be driven to apply for 
assistance.18

Malthus reasoned that without fear that their children would go 
hungry, some males would reproduce earlier than otherwise, population 
would rise faster, food prices would climb higher, malnutrition would 
spread to a larger proportion of the population and the taxation necessary 
to provide for the poor would push the poorest employed labourers onto 
government support, creating a positive feedback that would continually 
increase the proportion of the population in poverty and dependent on 
government assistance. Malthus realized that if the Poor Laws were 
eliminated, some children and their mothers would starve unless rescued 
by private charity, but concluded that this ghastly circumstance would be 
the price of less misery, suffering and starvation in the long run. He 
concluded: ‘If the plan which I have proposed were adopted, the poor’s 
rates in a few years would begin very rapidly to decrease, and in no great 
length of time would be completely extinguished.’19 Thus, the first 
prominent argument for government policy to reduce birth rates was 
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recognized, even by its proponent, as likely to cause suffering or even 
starvation.

Though not universally accepted, Malthus’s logic was widely 
appreciated and became a major influence on British thought and policy. 
Though the English Poor Laws persisted despite Malthus’s objections, he 
influenced Britain’s nineteenth-century administration of India. Malthus 
considered India’s long history of famines an inevitable consequence of 
relatively early marriage and attendant high birth rates, combined with 
crop failures during years of unfavourable weather.20 Malthus taught at 
Haileybury, the East India Company College that trained young men 
destined for work in the company’s administration in India. Some of those 
administrators applied Malthus’s logic, combined with Adam Smith’s 
enthusiasm for free markets,21 to argue that interfering with the grain 
market to alleviate famines would only make matters worse in the long 
run.  

Meanwhile, Britain began importing Indian grain. The new source 
of demand raised Indian market prices above what the lowest-paid Indian 
labourers could afford. When drought struck, millions starved.22 Thus, 
although Malthus intended to prevent starvation, Malthusian logic 
became associated with starvation in both Britain and India during the 
nineteenth century, not exactly an auspicious start for efforts to prevent 
population growth. Then the situation got worse before it got better. 

Food shortages continued after India gained independence in 1947. 
In response, Prime Minister Jawaharlal Nehru initiated the world’s first 
national family planning programme in 1951. The programme was 
initially based on encouragement, but eventually became coercive. 
Beginning in the 1960s, Indian women were encouraged to accept 
intrauterine device (IUD) implants. During the 1970s, mobile field 
hospital ‘vasectomy camps’ were introduced. Incentive payments were 
offered to adults who agreed to sterilization, but popular resistance grew 
as side effects of intrauterine devices and botched sterilization procedures 
became widely known. Nevertheless, in 1975 Nehru’s daughter, Prime 
Minister Indira Gandhi, further increased the pressure to accept 
sterilization, initiating ‘negative incentives’. In some states, food rations 
and other government benefits were withheld if families had more than 
three children or could not present official sterilization certificates. 
Objection to these policies led to Gandhi’s defeat in the election of 1977.23

Such disastrous, inhumane consequences of coercive national 
population control policies led to the 1994 United Nations International 
Conference on Population and Development, at which 179 nations agreed 
that individual rights and well-being, rather than numerical population 
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targets, should serve as the goal of development programmes. 
Unfortunately, despite the United Nations (UN) plan, practices in India 
have not met international standards. As recently as 2014, thirteen 
women died of complications when a surgeon performed over 80 
sterilizations in six hours, apparently repeatedly using nonsterile 
equipment. The women had been paid $23 to undergo the procedure. 
Only a year earlier some 100 semi-conscious women were left outdoors 
with no assistance following tubal ligations.24 Coercive sterilizations 
under inadequate conditions are not the only tragedy of modern Indian 
family planning. The natural human sex ratio at birth is about 1.05 males 
per female. As of 2021, India’s ratio was 1.11.25 The simplest explanation 
of such a skewed ratio is selective abortion or infanticide of females. 

Coercive policies have also skewed the sex ratio of Chinese 
newborns. China maintained a one-child policy from the 1970s until 
2016. When that policy was initiated, the sex ratio of Chinese babies was 
approximately 1.05 males per female. As of 2001 it was 1.17. In other 
words, by the late 1990s almost six Chinese boys were born for every five 
girls. During 2016, China abandoned the one-child policy. As of 2021, the 
ratio had declined to 1.1126 

Unfortunately, the US has its own horrible history of government-
run sterilization programmes, a topic reviewed in detail by Professor Paul 
Lombardo in his 2008 book Three Generations: No imbeciles, upon which 
the next three paragraphs are based. During the latter half of the 
nineteenth century, Francis Galton developed the study of eugenics – 
controlled breeding of humans to sculpt the genetic composition of future 
generations. The idea generated great enthusiasm, but the practice of 
eugenics took off with little attention to the rights of individuals or even 
much scientific basis for which characteristics of individuals were 
genetically determined. Various proponents used anecdotal evidence, 
such as a track record of criminality in a particular family, as the basis for 
concluding that undesirable behaviours were genetically based and used 
that reasoning as a rationale for advocating sterilization of individuals 
with characteristics deemed undesirable. The Carnegie Institute of 
Washington’s Station for Experimental Evolution at Cold Spring Harbor, 
New York undertook eugenics research in 1904. Dr Harry Laughlin 
became the managing director of the institute’s Eugenics Record Office 
and a leading proponent of eugenic sterilization. He encouraged states to 
adopt involuntary sterilization laws. One state to do so was Virginia, 
which passed the Virginia Sterilization Act of 1924. The Virginia law 
provided for involuntary sterilization of ‘feebleminded’ persons. 
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Virginia subsequently ordered Carrie Buck sterilized while she was 
a resident of the state’s institution for epileptics and the feebleminded. 
When 17, Ms. Buck had been committed to state care by her foster parents 
after their nephew raped her and she became pregnant. She was 
ostensibly committed for feeblemindedness, incorrigibility and 
promiscuity, not because she had been raped.

An infamous 8–1 Supreme Court decision upheld the 
constitutionality of the Virginia law in the 1927 case Buck v. Bell. Writing 
for the majority, Chief Justice Oliver Wendell Holmes wrote, ‘It is better 
for all the world, if instead of waiting to execute degenerative offspring 
for crime, or to let them starve for their imbecility, society can prevent 
those who are manifestly unfit from continuing their kind’.27 Prior to Buck 
v. Bell, 17 states had sterilization laws. After the ruling, 30 states 
eventually adopted sterilization laws. Based on a review of the eugenic 
Human Betterment Foundation’s surveys, geneticist Philip Reilly 
estimates state laws accounted for some 60,000 sterilizations.28 

Incredibly, non-consensual sterilization did not cease in the United 
States until the 1970s. The Relf sisters of Mississippi were sterilized 
without consent in 1973 at the ages of 12 and 14. After presiding over 
their lawsuit, Judge Gerhard Gessell estimated that US federal 
programmes had sterilized more than 100,000 low-income women. 
Moreover, those sterilization laws and coerced contraception policies 
disproportionately harmed women of colour.29 Given the track record of 
coercive, racist and sexist national birth control policies in the United 
States and elsewhere, it is no wonder any talk of government-organized 
population control policy encounters extreme wariness. 

Fortunately, since the 1990s the best national programmes have 
abided by the goals of the 1994 UN International Conference on 
Population and Development – increasing individual reproductive 
freedom by providing voluntary contraceptive choices to women who 
desire to limit their pregnancies. Various programmes have increased 
availability of contraception, but tremendous unmet demand remains.30 
Indeed, some 120 million unintended pregnancies per year substantially 
exceed the annual increase in global population of about 80 million. 
Those pregnancies result in about 50 million births and 70 million 
abortions.31 

Even entirely voluntary programmes are controversial. For example, 
though the American Academy of Family Physicians, the American 
Academy of Pediatrics, the American College of Obstetricians and 
Gynecologists, the Centers for Disease Control and the World Health 
Organization all recommend long-acting reversible contraceptive 
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implants for prevention of unintended pregnancies among adolescents, a 
successful Colorado programme based on satisfying demand for those 
contraceptives was so controversial it required funding from an 
anonymous foundation rather than the state.32 

Even when family planning programmes are not coercive or 
discriminatory, they face other cultural, religious or ethical objections. 
Some cultures favour large families and some religious doctrines consider 
contraception an affront to God’s wishes. Some people believe teaching 
children about contraception encourages promiscuity. Many consider 
abortion unacceptable in all or almost all circumstances.33 

As if those were not enough reasons to consider the issue of 
population too difficult to touch, two other complications remain. One is 
the relationship of immigration to population. Populations of nations 
obviously can grow from either births or immigration. Thus, one means 
of reducing population growth is to limit immigration. Nations routinely 
restrict immigration, but proposals to increase restrictions face resistance 
for several reasons. Immigrants wish to immigrate, so both they and their 
supporters favour immigration. Immigrants contribute to economies and 
enrich cultures. Some industries hire large numbers of recent immigrants. 
Finally, because calls to restrict immigration have often been racially 
motivated, opposition to such restrictions may be motivated by an 
assumption that those who wish to restrict immigration have racist intent. 
Unfortunately, the latter concern is justified because those who oppose 
immigration out of prejudice often couch their arguments in concerns 
regarding population growth.34

Population control efforts also complicate retiree funding systems, 
such as the US Social Security system. Many such systems fund current 
retirees with current workers’ contributions. If birth rates decline, then, 
for a few decades, the ratio of retirees to workers increases, leaving fewer 
workers to support each retiree. In such a circumstance, either workers 
must sacrifice more of their income to retiree funding, funding per retiree 
must decline, the retirement age must increase, or funding systems must 
borrow money.35 None of those options is popular, and the retiree funding 
problem is more immediate than population growth concerns. Thus, 
retiree funding tends to receive more attention. News headlines routinely 
express concern about short-term economic consequences of birth-rate 
declines, such as ‘Overpopulation isn’t the problem: it’s too few babies’, 
and ‘Fear of economic blow as births drop around the world’.36 But a 
positive feedback system of an ever-increasing number of retirees 
supported by an ever-increasing number of workers would require 
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continual – and because it would be exponential, continually accelerating 
– population growth. 

A halt to population growth compatible with care for retirees would 
require financial sacrifices during a period of adjustment. Thus, this 
presents another case of not simply reducing freedoms, but trading 
freedoms. Sacrifices in the near term would enable a more sustainable 
population in the long term – and therefore protect the freedom of future 
generations to enjoy a world not overcrowded. Ultimately, compared to 
continual population growth, reworking retirement systems would create 
less hardship, but short-term concerns about retiree support have so far 
taken precedence. 

We have considered five objections to intentional efforts to slow or 
prevent population growth: understandable extreme wariness of 
government efforts to influence personal reproductive choices; the 
despicable history of early national population programmes; cultural and 
religious resistance to contraception; concerns about motivations for and 
consequences of restricting immigration; and concerns about funding 
retirement systems. Meanwhile, the world’s population is now some 7.9 
billion, has gained 500 million since I wrote the first draft of this 
paragraph, and if I live to be 90 and present projections are correct, will 
have tripled over the course of my lifetime.

As nations have industrialized, child and overall mortality have 
declined, women’s rights and control over their own lives have expanded, 
access to contraception has increased and population growth rates have 
declined. Indeed, population growth has halted or nearly halted in many 
wealthy nations. This shift in industrialization, mortality rates and birth 
rates is referred to as the demographic transition. In theory, therefore, 
one way for the world’s population to stabilize would be for every nation 
to achieve an income level at which rich nation’s birth rates have fallen to 
or below the replacement level. However, many environmental scientists 
doubt the planet can provide the resources to provide so much wealth to 
everyone. 

The alternative is to achieve low birth rates in lower-income 
countries while respecting individuals’ reproductive rights. Figure 9.1 
shows that some countries have quite low fertility rates despite modest 
incomes. Nepal and Bhutan, for example, combine modest per capita 
gross domestic product (GDP) with relatively low fertility rates and, 
assuming programmes are implemented as described in policy documents, 
enlightened population policies.37 Such data suggest freedom of 
individual fertility decisions in the present is compatible with protecting 
future generations from runaway population growth. Indeed, Bhutan has 
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been so successful that their latest (2018) draft national population 
policy seeks to encourage an increase in fertility sufficient to avoid falling 
below replacement level.38

Freedom trade-offs

Whether the subject is a land-use dispute, an industrial procedure or even 
birth rates, advocates of freedom from environmental restrictions ignore 
a critical issue. Rather than simply sacrificing liberty for the sake of 
environmental protection, environmental protection trades freedom to 
damage the environment for freedom to enjoy an undamaged 
environment. Water pollution prevention laws replaced slaughterhouse 
owners’ freedom to throw pig carcasses into rivers with everyone else’s 
freedom from rivers of pig carcasses. The Clean Air Act restricted the 
freedom to pollute air with freedom to enjoy clearer skies.

Even in the case of individual reproductive decisions, enlightened 
policy can enhance freedoms. An absence of any policy theoretically 
maximizes the freedom of individuals to make their own reproductive 
decisions, but if those individuals lack access to contraception, they may 

Figure 9.1: Relationship of birth rates to average income for the 
world’s nations. Fertility data are 2021 estimates. Most GDP data are 
2019 estimates, with some from earlier during the 2010s. Data source: 
US Central Intelligence Agency, ‘Guide to country comparisons’, n.d.
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be free only in theory. On the other hand, if a government or some other 
entity provides access to contraceptives and no oppression or cultural 
barriers prevent their adoption, those who wish to limit their childbearing 
have the freedom to do so. 

 A special case of freedom trade-offs occurs between generations. 
Future generations benefit from advances made by ancestors, but they 
also suffer from damage done by ancestors. Might the freedoms of 
descendants be increased by restrictions on the freedoms of ancestors? 
Consider some examples.

Today’s Grand Banks fishers are not free to catch cod because 
previous generations were free to catch so many that the fishery is 
depleted. The same goes for many of the world’s other great fisheries. 
How much freer would today’s fishers be if their predecessors had not had 
the freedom to deplete large ocean fish by 90 per cent.39 Foresters in many 
areas are no longer free to harvest old growth trees because those trees 
were clear cut by their predecessors and those forests have not recovered. 
Today’s potential foresters must seek other work, and you and I have 
fewer flooring choices, many of which are plastic.40 More critically, we 
and other species lack the ecosystem service benefits healthy forests 
provide, to say nothing of the fate of the trees themselves. Likewise, 
unless future generations manage to rehabilitate a great deal of land, 
tomorrow’s farmers will not have the freedom to grow food in the 
astonishing three tons of soil per person that we are annually eroding 
away.41 I suspect they will try mightily to rehabilitate land because we 
have less than 0.2 hectares of cropland per person (less than one half of a 
football field each, see Figure 9.2), while the Food and Agriculture 
Organization of the United Nations estimates one in three people did not 
have adequate food in 2020.42

Nor will tomorrow’s farmers be free to fertilize their fields with 
guano from the exhausted mines of Nauru and other Pacific atolls. Past 
generations exhausted those supplies. Future generations are also 
unlikely to enjoy the freedom to enjoy a planet with today’s climate and 
sea level because of climate change set in motion by our freedom to burn 
fossil fuels. Instead, they will pay costs of that damage through 
expenditures on mitigation of and adaptation to climate change.

These examples represent a common phenomenon and a 
conundrum. We routinely understand the wisdom of foregoing some 
expenditures to save assets for the sake of children or grandchildren. Why 
is the wisdom of doing the same with ecosystem assets less well 
appreciated? Robert Costanza and others describe our current trajectory 
as depleting a ‘one-time inheritance of natural capital’, like a university 
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that depletes its endowment or a family that depletes its inherited wealth. 
We readily grasp the folly of eating into endowments or wasting an 
inheritance. It seems there is much less appreciation of the folly of 
depleting natural capital. Some will object that descendants would not 
enjoy advances developed by ancestors if those ancestors’ freedoms were 
restricted, but perhaps there is a happy medium where beneficial 
innovation and progress can occur without collateral damage to the life-
support potential of the planet.

Might any of today’s areas of chronic conflict be less troubled if past 
generations had better preserved the potential for plant growth? Is it a 
coincidence that sites of military conflict so often contain few growing 
plants? I do not mean to be simplistic about the causes of conflict or 
ecosystem damage, ascribe blame to people of any particular area (let 
alone the regions of the most ancient farming cultures), or imply I would 
have done any better, and I realize the productivity of US farmland has 
been degraded at astonishing rates, but what if desertified lands still 
enjoyed productive ecosystems? How much more freedom and 
opportunity might todays’ citizens of such places enjoy? 

In general, the freedom of earlier generations to unsustainably use 
a resource precludes subsequent generations from enjoying that same 

Figure 9.2: Worldwide arable land per person, 1961–2018. Data source: 
World Bank, ‘Arable land (hectares per person)’, n.d.
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freedom, but earlier generations do not always cause damage. The 
anthropological literature suggests many indigenous peoples at least 
implicitly understood the relationship between present and future 
freedoms. For example, the Dene, Cree, Naskapi, Inuit and other 
indigenous peoples of North America traditionally believe happiness and 
well-being depend on proper relationships with other species and the 
environment.43 The Quichua, Maasai, Samburu and indigenous peoples 
of the Philippines hold similar attitudes. An Amazonian indigenous leader 
noted their forest management is so careful that visitors mistake their 
managed forests for wild, natural habitat.44 Such norms are not surprising 
from the perspective of evolution by natural selection. Any indigenous 
culture that used its land unsustainably would have gone extinct before 
contact with people from distant lands.45 When today’s members of 
remaining indigenous cultures have the freedom to benefit from their 
environments, it may be because their ancestors did not assume the 
freedom to destroy those environments.

When you walk outside in an American city on a clear day, look up 
at the blue sky, recall the photo of Los Angeles in the introduction to this 
book and be thankful for the Clean Air Act, which, by restricting freedoms 
to pollute the air, has protected your freedom to breathe (relatively) clean 
air. But be prepared, meanwhile, for opponents of environmental 
protection to make appeals to freedom and liberty as a tactic for blocking 
further environmental progress. They will continue to do so until their 
audiences realize protecting freedom to damage the environment 
destroys the freedom of a healthy environment, and the net effect of 
environmental protection is often, and perhaps usually, an increase in 
freedom.

A person with less need for vigilance against poisoned food or toxic 
drinking water, a consumer who doesn’t have to spend hours or 
weeks making sure that the mortgage company is not corrupt, a 
worker protected from the risk that the industrial machinery could 
kill him – these are freer citizens.46
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10
Market freedom

A parallel of the misplaced notion that individual liberty is maximized by 
lack of rules and restrictions is that society and its individuals will be 
better off if individuals can participate freely in markets as they see fit – 
that people and markets should be entirely free. By restricting behaviours 
(of individuals and organizations), environmental protection restricts 
markets. Therefore, free market enthusiasts often oppose environmental 
protection. 

The most extreme free-market proponents frame environmental 
problems merely as cases of resource scarcity. They expect the economic 
logic of supply and demand, combined with freedom of entrepreneurs to 
produce innovations, to overcome any shortage, arguing scarcity causes 
price increases that reduce demand and inspire innovation. Innovators 
either find more of a resource, devise a way to extract previously 
technically or economically inaccessible stocks, or devise substitutes for 
the resource. In any case, entrepreneurs alleviate shortages by innovating 
in response to free market incentives.1 Historian David Wootton 
summarizes this perspective as follows: ‘The triumph of capitalism 
derives from its willingness not to plan but to venture into the unknown, 
trusting (perhaps unreasonably) that we will solve problems as fast as we 
generate them.’2

For example, when the price of oil rises, entrepreneurs have an 
incentive to devise better exploration and extraction technologies. These 
new technologies, like fracking and horizontal drilling, make previously 
inaccessible stocks accessible (thus maintaining the supply), provide 
profit for the entrepreneurs and counteract the earlier increase in the 
price of oil. If the price remains high, other entrepreneurs devise other 
innovations that provide the same service with less requirement for the 
resource (such as more fuel-efficient cars) or develop innovations that do 
not require oil (such as electric cars). Here again, the service in demand, 
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such as transportation, continues to be available without any need for 
government intervention in the market. Markets combined with 
entrepreneurship and technological innovation often do have these 
effects. For example, Teslas and other electric cars can run on electricity 
generated by solar panels or wind turbines. Extreme free marketers 
assume that such entrepreneurship and innovation will always overcome 
resource scarcities.

Enthusiasts apply the same logic to accumulation of wastes 
(pollution). If wastes accumulate to the point that people are burdened, 
those people will be willing to pay for clean-up of the wastes. Thus, 
entrepreneurs enjoy an opportunity to profit by developing clean-up 
mechanisms. Here again, innovations will satisfy market demand, solving 
the problem without requiring government interference.

Market fundamentalism

Perhaps the most extreme proponent of this view was Julian Simon, who 
channelled the Marquis de Condorcet’s argument from two hundred 
years earlier when Simon wrote: 

There is no physical or economic reason why human resourcefulness 
and enterprise cannot forever continue to respond to impending 
shortages and existing problems with new expedients that, after an 
adjustment period, leave us better off than before the problem 
arose. Adding more people will cause us more such problems, but at 
the same time more people will be available to devise means of 
tackling problems, ultimately leaving us with lower costs and less 
scarcity in the long run.3

A 2017 Wall Street Journal editorial reflected this perspective when 
the editors wrote: ‘The best form of climate-change insurance is a large 
and growing economy so that future generations can afford to adapt to 
whatever they may confront.’4 

This is an appealing vision because it avoids any need for regulations, 
bureaucracies to implement regulations, legal systems to resolve disputes 
regarding regulations or taxes necessary to operate bureaucracies. No one 
has to go out of their way to either overcome environmental problems or 
avoid causing them. Entrepreneurs and their collaborating engineers will 
more or less automatically take care of everything by responding to 
market forces. 
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Indeed, market fundamentalists argue, any interference in this 
process through regulations, taxes or other means will make the market 
less efficient, destroy incentives and reduce general welfare. The Cato 
Institute, a libertarian think tank, articulates free-market enthusiasts’ 
anti-regulatory perspective: ‘Environmental goods and services, to the 
greatest extent possible, should be treated like other goods and services 
in the marketplace. People should be free to secure their preferences 
about the consumption of environmental goods such as clean air or clean 
water regardless of whether some scientists think such preferences are 
legitimate or not. Likewise, people should be free, to the greatest extent 
possible, to make decisions consistent with their own risk tolerances 
regardless of scientific or even public opinion.’5 

The intellectual roots of such sentiments are often attributed to 
Adam Smith’s 1776 Wealth of Nations, in which he argued that the 
‘invisible hand’ of the market will ‘frequently’ cause individuals motivated 
by their own economic interests to take actions that benefit society at 
large. Enthusiasts often paraphrase Smith as if he said individual actors 
in free markets always benefit society, rather than claiming this ‘frequently’ 
occurs in one specific aspect of market activity, an aspect that true free-
marketers often abhor (preferring ‘the support of domestic to foreign 
industry’).6

Appeals to free markets provide convenient cover for those seeking 
to protect their own freedom to profit from environmentally damaging 
activities. They cannot argue that ‘we want to continue to make money 
from damaging the environment’, so they must make some other 
argument. Thus, they distort evidence to support the claim that scientists 
have not reached consensus that a problem exists, object to infringements 
on liberties restricted (while ignoring liberties protected), extol the 
wonders of the free market and its potential to create jobs while ignoring 
the potential of environmental protection to create jobs, and implying 
free markets can accomplish virtually anything (except tolerate 
environmental regulation). An internet search of ‘restrictions’, ‘jobs’, and 
a reference to any extractive industry, such as coal or logging, will return 
a multitude of examples like the following:7 

These newly mandated fees will add burdensome new costs on our 
independent producers, taking investments away from developing 
new American-made energy, much-needed job creation and 
economic growth.8

The war on coal is a war on jobs.9
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If we do the things they want us to do, cap and trade, you name it, 
how much will that change the pace of climate change vs. how 
much will it cost to our economy? … Scientists can’t tell us what 
impact it would have on reversing these changes. But I can tell you 
with certainty it would have a devastating impact on our economy.10

Compliance with the terms of the Paris Accord and the onerous 
energy restrictions it has placed on the US could cost America as 
much as 2.7 million lost jobs by 2025 according to the National 
Economic Research Associates.11

The Clean Air Act’s unduly stringent and extremely costly provisions 
could seriously threaten this nation’s economic expansion.12 

These arguments about environmental protection causing job losses 
not only tend to be exaggerated, they require two double standards. First, 
they tend to ignore simultaneous job creation in clean energy and 
environmental protection industries even though various estimates 
suggest many more jobs have been or will be created in those industries 
than lost due to environmental protection.13 Second, those who object to 
job losses due to environmental progress tend not to object to job losses 
due to business or technological innovation in non-environmental realms, 
as occurs when formerly popular products fall out of favour (such as 
digital versus film cameras, Uber and Lyft v. taxis, newspapers v. websites, 
news talk shows v. investigative reporting, today’s latest fad v. yesterday’s), 
nor do they object to workers being left unemployed by automation. 
Those cases are attributed to the creativity and ingenuity of the free 
market, the invisible hand or even ‘creative destruction’, and accepted 
under the assumption that their net effect will advance welfare. 

I do not wish to make light of the severe personal, family and 
community disruption associated with economic changes, but merely 
wish to highlight the double standard of objecting to job losses due to 
environmental protection but not due to other societal or market changes. 
(Ideally, effective interventions could minimize disruptions to lives and 
livelihoods in all such cases.) Where jobs are concerned, it is also 
important to recognize that losses in extractive industries such as mining, 
logging, and fishing, are inevitable when resource extraction depletes 
non-renewable supplies, renewable resources are harvested faster than 
those resources recover, or automation replaces workers. 

Proponents of markets free of environmental regulation justify their 
expectations by reference to the trend of increasing material welfare that 
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some have enjoyed for the last few hundred years. However, that argument 
requires assuming that trend can continue and spread to all. In other 
words, the missing fish, forests, soils, species, and ecosystem services will 
not matter because future people will enjoy other benefits due to ‘progress’ 
and thus have no need for fish, forests, soils or obscure species. 

Can free-market incentives really overcome all resource shortages 
and clean up wastes? If so, then why do environmental problems persist? 
When presented with evidence of persistent pollution problems or 
resource shortages, free-market enthusiasts argue the market would work 
its magic but has never had the opportunity because it has never been 
entirely free. Failures are the result of burdensome regulations and other 
interference. 

In contrast, sceptics of free-market responses to environmental 
problems not only note continuing shortages and accumulations of waste 
and pollutants such as greenhouse gases, but also point to environmental 
damage done by profit-seeking businesses as evidence that free markets 
do not protect the environment. 

Markets are remarkable. Combined with technological innovation 
(the origins of which have generally depended not on markets but on 
taxpayer-funded, government research),14 and massive supplies of natural 
resources, markets have provided a remarkable supply of goods to 
consumers who can afford them. That they have done so despite the 
attendant depletion of resources such as copper, phosphorus, forests, 
soils and aquifers superficially suggests we can count on market ingenuity 
to overcome resource depletion. Indeed, thanks largely to market 
freedom, humble college professors and many of their students enjoy 
luxuries unknown even to royalty of the past. Queens and kings of past 
ages could not travel in airplanes, eat fruit out of season or communicate 
immediately with people on other continents. But the existence of these 
luxuries does not guarantee eventual freedom from all scarcities for 
everyone. 

The presumption that a free market could provide such luxury to 
everyone indefinitely requires a leap of faith from the observation that 
free markets have overcome some shortages in the short term for some 
people to the conclusion that markets can overcome all shortages in the long 
term for all people (and also that overcoming those shortages would have 
no consequence besides meeting the immediate demands of human 
consumers). Professor Liam Heneghan refers to this sort of wishful 
thinking as a lullaby.15 My friend Kelby Archer refers to it as hopium. As 
far back as 1982, the President of Exxon Research and Engineering was 
also sceptical:
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But faith in technologies, markets, and correcting feedback 
mechanisms is less than satisfying for a situation such as [climate 
change]. The critical problem is that the environmental impacts of 
the CO2 buildup may be so long delayed. A look at the theory of 
feedback systems shows that where there is such a long delay the 
system breaks down unless there is anticipation built into the loop.16

Fundamentalists’ assumptions

In addition to common assumptions of basic supply and demand theory, 
such as that consumers are rational and have perfect knowledge of 
available goods, that trading involves no transaction costs, and that 
markets are competitive, the free-market fundamentalist argument 
depends upon optimistic assumptions about the potential of technology 
to extract previously unavailable resources and discover, extract or 
produce substitutes for exhausted resources, all without generating 
harmful quantities of pollutants or causing other undesirable 
consequences.17 It would be one thing to find substitutes for all resources, 
but the market argument must also assume technological substitutes can 
be developed for the free ecosystem services we require. Environmental 
scientists tend to be sceptical; many consider ecosystem services non-
substitutable because of their scale and complexity.18 

Furthermore, market enthusiasts tend to overlook the dependence 
of market miracles not just on relatively free markets, but also upon 
depletion of the planet’s life-support potential. In the course of generating 
monetary wealth, markets have depleted soils, old-growth forests, 
concentrated stores of elements such as phosphorus and copper, and 
perhaps most notably fossil fuels. What has been depleted cannot be 
depleted again. 

Consider the ingredients in a typical mass-produced cookie. They 
often include palm oil, which is largely harvested from trees planted in 
South-East Asia after first removing the native tropical rainforest. Thus, 
with each bite of such a cookie, one contributes to the destruction not 
only of the forest itself, but of indigenous societies, orangutans, birds of 
paradise and other species that have caused us no harm, and reduction in 
the production of ecosystem services. Markets alone have not produced 
the luxuries so easily taken for granted. Rather, that production caused 
environmental damage and depleted resources.19 
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It seems risky to bet future generations’ welfare on the assumption 
that the continual increase in production of marketed products, which 
some people in some places have enjoyed for a limited time, can spread to 
everyone everywhere forever when the production of those goods has 
depleted resources it has depended upon. Future generations might 
prefer we not make that bet.

When the Cato Institute writes that ‘People should be free to secure 
their preferences about the consumption of environmental goods’, they 
must mean that if you want to consume clean air at your factory and turn 
it into dirty air, you should be allowed to do so. Or if you want to use 
mountaintop removal mining to extract coal, then throw the overburden 
and other wastes into nearby valleys, you should be allowed to do so. 
Then if the neighbours do not like it, they can express their preferences 
about consumption of environmental goods by buying untainted property 
somewhere else. 

The technologically optimistic arguments of market fundamentalists 
also require no ethical prohibitions on doing whatever we want to the 
planet in the interest of finding resources to satisfy market demands. If oil 
extraction from the Arctic endangers Inuit hunting grounds, then the 
Inuit should express their preference by moving somewhere else. If palm 
oil plantations destroy the forest homes of the Dayak and other indigenous 
peoples of Borneo, that is just collateral damage in the process of making 
cookies and chocolates available to others. If mountaintop removal coal 
mining not only forces people out of valleys filled with mine spoils, but 
buries valley streams and the species that live in them, then so it goes. 
And if forest destruction drives other species extinct and destroys the 
production of ecosystem services, then that’s the price of progress. Some 
future innovation will solve the problem.

If pushed on these matters, market enthusiasts will argue that 
meeting demands for goods is often more important than the collateral 
damage. That might be the case in some instances when true needs are at 
stake and damages are minimal and temporary. But only the staunchest 
free market enthusiast would posit that future humans will not need the 
services provided by healthy ecosystems. Moreover, the market does not 
distinguish between meeting true needs and satisfying mere wants (and, 
in fact, converts mere wants into needs as we saw in Chapter 2’s discussion 
of systems perspectives). 
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Logical inconsistency

Curiously, extreme market fundamentalists assume market-driven 
technological innovation can overcome any resource scarcity and any 
waste problem, but fret about whether the same ingenuity and 
entrepreneurial spirit can overcome constraints of environmental 
regulation. This inconsistency has been noted by Nobel-Prize-winning 
economist and New York Times columnist Paul Krugman.

Normally, conservatives extol the magic of markets and the 
adaptability of the private sector, which is supposedly able to 
transcend with ease any constraints posed by, say, limited supplies 
of natural resources. But as soon as anyone proposes adding a few 
limits to reflect environmental issues – such as a cap on carbon 
emissions – those all-capable corporations supposedly lose any 
ability to cope with change …20

Market fundamentalists also tend not to explain when the market 
will achieve its miracles. If pressed, they argue political hurdles have 
interfered, as if a day will soon come when there are no political hurdles. 
One manifestation of this perspective occurs in the argument that there 
is plenty of food; people only go hungry because food is unevenly 
distributed. Such arguments routinely ignore that most food production, 
dependent as it is upon fossil fuels, soil erosion, fertilizer inputs and other 
non-renewable resources, is non-sustainable. Market fundamentalists 
would explain away this concern by arguing that technology will devise 
substitutes for shortages of those materials, as if a plant can just use more 
iron if it doesn’t have enough phosphorus (it cannot), meanwhile 
assuming it is fine for humans to grind up the planet however they see fit 
if doing so meets some market demand. In other words, non-sustainability 
itself would be a non-issue if we would just let the market work its 
wonders. It is difficult to find an adherent of this position who has an 
educational background that includes ecology, the requirements of 
chemical elements for the functioning of cells, or the thermodynamics of 
energy and material transformations. 

For our purposes, the critical point is that free-market purists will 
resist environmental protection, arguing that markets provide goods best 
when they are unrestricted. Thus, if trees become scarce, floors will be 
made with plastic boards that look like wood (forests only being good for 
making floors). If fish become scarce, people can eat beef, chicken or 
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synthetic meat (consequences for the ocean and the fish themselves being 
irrelevant). As Figure 10.1 illustrates, if wilderness and swimming holes 
become scarce, we will have Disneyland and swimming pools (wilderness 
being nothing more than a place for backpacking, which can always be 
substituted for with fake cliffs with built-in hand holds in shopping malls). 
And famously, if palm trees will not grow in the shallow soil of a highway 
median they can be replaced with plastic trees (since the only value of 
trees is to improve the view, and of course a fake tree is just as good as a 
real tree for that purpose).21 

Uncompromising market fundamentalism is probably rare. I 
suppose few people would argue soil erosion is of no consequence. But 
the default position that markets will work best when unfettered remains 

Figure 10.1: Top: A natural resource. Photograph by the author. Bottom: 
A market response to scarcity of places to swim. Photograph by Wade 
Morgen. Original photo cropped. Accessed 16 November 2021. https://
www.flickr.com/photos/lash9420/7505370490/. CC BY 2.0.

https://www.flickr.com/photos/lash9420/7505370490/
https://www.flickr.com/photos/lash9420/7505370490/
https://creativecommons.org/licenses/by/2.0/
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prominent, at least in public if not scholarly discourse, and proponents of 
these ideas strongly resist efforts to restrict environmentally damaging 
activities. When pressed, opponents of environmental regulation might 
admit that soil erosion is not desirable, but in practice we have done 
precious little about it.22 

Most members of the public presumably would not claim to be 
economic theorists, but many nevertheless implicitly subscribe to the 
assumptions of free-market enthusiasts through what Zachary Smith calls 
the Dominant Social Paradigm, ‘… those clusters of beliefs, values, and 
ideals that influence our thinking about society, government, and 
individual responsibility’. Smith writes, ‘The most important components 
of the [Dominant Social Paradigm] are free-market economics, faith in 
science and technology, the [economic] growth orientation common in 
Western democracies, and a sense of separation from the natural 
environment.’23 Some early expressions of faith in science and technology 
were quite remarkable, including the following.

The only thing we can be sure of about the future is that it will be 
absolutely fantastic.24

Our children will enjoy in their homes electrical energy too cheap  
to meter.25

Nuclear energy promises to restore the balance between the ‘have’ 
and ‘have not’ nations of the world by providing an abundant, 
virtually limitless source of energy, enough to raise the standard of 
living of every nation in the world to heights undreamed of. In 
addition, nuclear energy also offers the greatest promise in history 
to increase greatly the world’s food supply, to prolong life, to 
conquer disease, and, in general, to create a better life for the 
world’s millions everywhere.26

Machinery, the New Messiah.27

The assumptions of free-market enthusiasts create obstacles to 
environmental progress because members of the public who trust markets 
and technology to overcome environmental problems are likely to oppose 
further environmental protections that would restrict economic activities.

Jared Diamond, while discussing his book Collapse: How societies 
choose to fail or succeed, wondered about the thoughts of the person who 
cut down the last tree on Easter Island. He imagined these possibilities.
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‘This is our clan’s land.  Don’t tell us what to do.’

‘Restricting cutting would be premature. There may be more trees 
we have overlooked.’

‘I’m sure we will come up with a technological substitute for trees.’

‘Restricting cutting would hurt the economy and cause a loss  
of jobs.’28
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11
Paying for protection

Environmental protection often comes at a price. Moreover, its future 
benefits often incur present costs. Improving building insulation reduces 
environmental damage associated with future energy consumption, but 
the insulation must be paid for now. Preventing overharvesting protects 
ecosystems and future harvests but requires restricting today’s harvest 
and income. Installing pollution control devices reduces future pollution, 
but the devices must be purchased and installed now. We have no choice 
but to replace fossil-fuel-based energy infrastructure with cleaner, 
renewable alternatives, but doing so incurs substantial near-term 
expense. In other words, like a traditional investment, environmental 
protection often requires initial expenditures. Thus, a decision to increase 
environmental protection hinges upon an expectation that future benefits 
will justify their costs.  

Initial costs of environmental protection

Even if people agree that environmental protection is warranted, 
individuals or organizations may be unwilling or unable to make the 
necessary initial investment. This is often true even when financial 
benefits are certain or nearly so. For example, under many circumstances, 
the initial additional cost of better attic insulation, an electric car, or 
rooftop solar panels will be exceeded by long-term energy cost savings, 
but many who could afford to add insulation, purchase such vehicles, or 
install solar panels have not done so. Initial costs are an important barrier. 
Long-term cost savings are obscure, hidden in energy bills, but up-front 
cost premiums are certain, obvious and immediate. 

Overgrazing, excessive logging, overfishing and other non-
sustainable consumption of renewable resources involve the same conflict 
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of present benefits v. future costs. Too much present extraction reduces 
recovery of the resource and therefore future harvests. Despite the ease 
of understanding this trade-off and despite Plato’s warning thousands of 
years ago (see Chapter 1, p. 5) and many others since, overharvesting 
continues. 

Ranchers know restricting grazing now will produce more future 
grass. Loggers and fishing-boat captains understand an excessive harvest 
this year will reduce future harvests. But bills are due now. Those bills 
incentivize present overharvesting.

Discounting the future

Behaviours such as purchasing inefficient electrical appliances may occur 
either because people are unaware of alternatives, unaware of 
alternatives’ advantages, or value present cost savings more than future 
savings. People do not always behave as if they value the present more 
than the future, but they often do, especially with regard to market 
decisions. Such behaviour is referred to as discounting the future. 

Prioritizing the present over the future can be rational. Economists, 
psychologists and evolutionary biologists have identified several reasons 
one might do so.1 In acute situations, such as those with immediate life-
or-death consequences, unless the present is prioritized, the decision 
maker will have no future. Even when lives are not at stake, such as when 
a bill is due, paying the bill may make sense even if that choice requires 
borrowing money and thus having to pay a larger debt in the future. If the 
higher cost of paying back the loan seems preferable to the consequences 
of not paying the present debt, a loan may make sense. Meanwhile, where 
financial investments are concerned, present money often literally is 
worth more than future money because successful investments convert a 
smaller sum today into a larger sum tomorrow, so having one dollar now 
enables one to convert it into more than one dollar later. 

In general, present problems are immediate and certain, but future 
problems are uncertain and distant. That distance, moreover, affords time 
to find solutions, but acute present problems demand immediate 
solutions. We may even be genetically programmed to prioritize the 
present over the future. Those alive today are descended from billions of 
years of ancestors, each of whom successfully solved all of their short-
term problems and consequently survived until their offspring could fend 
for themselves. In contrast, potential ancestors who failed to solve 
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immediate problems left no descendants. Thus, evolution by natural 
selection may have predisposed us to favour present over future concerns. 

Of course, we do not always prioritize the present and we do not 
always behave as selected for in our ancestors. Many routinely forego 
present ease for the sake of the long term. People exercise, buy insurance 
and avoid junk food. Those who can, save for retirement. Indeed, many 
cultures hold in high regard the ability to defer gratification, presumably 
because doing so, just like overcoming immediate acute threats, has 
historically led to well-being. However, the foresight to make present 
sacrifices becomes more challenging as the future payoff becomes more 
distant or less certain. Indeed, long or uncertain delays before benefits 
accrue can lead to remarkable decisions with dire long-term 
consequences.2 Many would argue that US federal inaction on climate 
change is an example of such extreme future discounting.

Just as discounting the future encourages short-term exploitation, 
such as non-sustainable harvesting or production of greenhouse gases, it 
simultaneously discourages investment in long-term environmental 
benefits. A September 2016 Associated Press-University of Chicago poll 
found 71 per cent of Americans preferred federal government action on 
climate change, but only 57 per cent preferred action if it cost them $1 per 
month and only 2 per cent preferred action if it cost $50 per month.3

Thus, discounting the future serves as an obstacle to environmental 
progress because it encourages environmental damage and discourages 
investment in future environmental quality. Consuming copper to make 
wire now comes at the costs of having less copper available in the future. 
Deep well injection of hazardous waste now comes at the cost of potential 
future groundwater contamination. Buying less-expensive, inefficient 
appliances causes not just higher electricity bills, but more pollution from 
power plants. As long as the future is discounted, these activities are easy 
to rationalize, but future generations might object. 

Reasonable people will agree that actions should be worth their 
costs, but whether that will be the case is often difficult to determine 
because the future is uncertain and decisions have numerous 
consequences, only some of which are anticipatable and quantifiable. 
Moreover, differences in perspectives and value systems cause individuals 
to disagree about the relative importance of various consequences. Given 
all of these complexities and uncertainties, how might one predict 
whether the benefits of a decision will exceed its costs? 
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Cost–benefit analysis: basics

Rules restrict behaviour. People reasonably expect benefits of new rules 
to outweigh costs of such restrictions. But how can this be determined 
ahead of time? Any attempt to assess whether benefits will outweigh costs 
requires considering the collective effects of immediate and future 
consequences. In the case of government actions, those consequences are 
often numerous, disparate and unevenly borne by different people.

A calculation procedure called cost–benefit analysis provides a 
method for tallying present and future anticipated consequences of an 
action. The procedure, which is based upon assigning all consequences a 
monetary value, produces a precise result that projects whether benefits 
will exceed costs. Proposed environmental protections are often expected 
to pass such cost–benefit analyses.4 For example, the monetary value of 
the health benefits of pollution control might be expected to surpass the 
monetary costs of controlling harmful pollution. 

Given the apparent utility of the procedure, it is not surprising that 
many environmental laws mandate cost–benefit analysis of proposed 
regulations. Such analyses have been in favour for decades. For example, 
the Toxic Substances Control Act, the Safe Drinking Water Act and the 
Federal Insecticide, Fungicide, and Rodenticide Act of the 1970s all 
explicitly require comparisons of economic costs and benefits when 
developing regulations. Four decades after those laws were written, in 
2015, the Supreme Court determined that the Clean Air Act also requires 
monetary cost–benefit analysis.5 Moreover, every president from Ronald 
Reagan to Joe Biden signed or abided by an existing executive order 
requiring tallying costs and benefits of proposed regulations.6 

Many cost–benefit analyses conclude that environmental protection 
would be worth the cost. For example, Hope and Hope estimate the cost 
of carbon emissions as greater than $100 per ton whereas activities that 
prevent greenhouse gas emissions can be financed for about $20 per ton.7 
Analyses of other environmental concerns, however, sometimes reach the 
opposite conclusion – that environmental protection would not be 
warranted. Unfortunately, scepticism is warranted whenever a cost–
benefit analysis leads to the conclusion that environmental protection 
would not be worth its cost. This is because, as we shall see, six features of 
cost–benefit analysis bias it against environmental protection.8 

Cost–benefit analysis is based upon forecasting annual monetary 
costs and benefits of a potential project. A project’s ‘net present value’ is 
then calculated from those annual costs and benefits. The calculation 
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discounts future projected costs and benefits, then tallies the resulting 
discounted annual values. (Inflation does not affect such analyses because 
inflation affects costs and benefits equally.) 

Net present value is calculated as follows:

where
 NPV  = net present value (a unit of currency, such as dollars)
 bt  = benefits in year t (same currency)
 ct  = costs in year t (same currency)
 d  = discount rate (proportion per year)

When the estimated net present value is negative, the analysed 
action is projected to cost more than it returns.

Do you discount the future? Imagine I offered to give you either 
$100 now or some other amount a year from now. How much would I 
have to offer to give you next year for you to consider the offers equivalent? 
If you consider today’s $100 equivalent to $110 received next year, then 
you use a discount rate of 10 per cent per year (d = 0.1 in the above 
equation). 

The choice of discount rate has tremendous implications for net 
present value calculations. High discount rates severely reduce the 
present value of future benefits (and the present cost of future 
environmental damage), but have little effect on near-term costs. An 
increase in discount rate can thus shift a projected net present value from 
positive to negative.9 But just as there is no theoretical basis for choosing 
a correct p-value for statistical calculations, there is no theoretically 
correct discount rate (though there is a tremendous amount of academic 
debate about correct rates). 

Together, the choice of a discount rate, decisions regarding which 
costs and benefits to include in an analysis, and estimates of future 
monetary values dramatically affect net present value calculations. Thus, 
the assumptions and underlying decisions of cost–benefit analyses require 
careful scrutiny.10 In the worst cases, their manipulation is a complete 
sham, as in this example: 

EPA employees say that in mid-June [2017], as Mr. Pruitt [the 
agency Administrator] prepared a proposal to reverse the [Clean 
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Water Act] rule, they were told by his deputies to produce a new 
analysis of the rule – one that stripped away the half-billion-dollar 
economic benefits associated with protecting wetlands.

‘On June 13, my economists were verbally told to produce a new 
study that changed the wetlands benefit,’ said Elizabeth 
Southerland, who retired [in July 2017] from a 30-year career at 
the EPA, most recently as a senior official in the agency’s water 
office.

‘On June 16, they did what they were told,’ Ms. Southerland said. 
‘They produced a new cost–benefit analysis that showed no 
quantifiable benefit to preserving wetlands.’11

The Clean Water Act rule is only one example of the Trump 
Administration making a farce out of cost–benefit analyses. Whereas the 
Obama Administration concluded that a rule to limit mercury emissions 
would cost $9.6 billion to implement but provide $40–90 billion in annual 
savings due to reduced emissions of mercury and other pollutants, the 
Trump Administration recalculated that projection after arbitrarily 
excluding all benefits not directly attributable to reduced mercury 
exposure (in other words, excluding all benefits of simultaneous 
reductions in other associated pollutants). On that basis, the Trump 
Administration concluded the rule would provide only $4–6 million in 
annual benefits, or 1/10,000th of the benefits estimated by the Obama 
Administration. The Trump EPA later went on to formalize the same 
analytical procedure as a matter of policy – forbidding consideration of 
any benefits other than those directly attributable to reduced exposure to 
the target pollutant, even when the action that reduced the target 
pollutant also reduced other pollutants.12 During May 2021, the Biden 
Administration announced it had begun the process to repeal that Trump 
rule.13 This example illustrates how easily cost–benefit analyses can be 
manipulated by selection of what to include or omit from tallies. Imagine 
if engineering calculations were similarly manipulated. Bridges would 
collapse.

Cost–benefit analysis: biases 

Cost–benefit analysis is instructive for projecting estimated net present 
values of private investments, such as whether a new widget factory would 
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be profitable,14 but six features cause the procedure to overestimate costs 
and underestimate benefits of environmental protection. The method is also 
susceptible to gross manipulation, as the mercury example illustrates. 
Environmental protection is often deemed worthwhile despite these 
problems, but in other cases cost–benefit analysis leads to the conclusion 
that protection would not be worthwhile.15 Surely the disadvantages of 
some proposed environmental protections would outweigh the benefits, 
but, because of the six biases (outlined in Box 11.1), one should be wary of 
any such conclusion based upon a conventional cost–benefit analysis.

Whereas it is reasonable to expect an initiative to be worth the 
necessary investment, that is a broader question than whether a net 
present value calculation is positive. Cost–benefit analysis is not an 
adequate tool for judging the wisdom of major societal decisions because 
it is insufficiently comprehensive, requires numerous questionable 
assumptions, gives no consideration to the distribution of costs and 
benefits across a population, ascribes extreme priority to the present over 
the future, and is prone to manipulation. Its simple, precise results 
obscure these inherent biases and uncertainties, resulting in what 
Professor Mark Leighton calls masquerading precision. 

Cost–benefit analysis is useful for helping when individuals and 
organizations evaluate potential investments, while a variation on the 
procedure, cost-effectiveness analysis, can assist with comparing the most 
economically efficient means of achieving a given objective. But because 
of its six biases, cost–benefit analysis is not adequate for evaluating the 
wisdom of major societal decisions with long-term, potentially irreversible 
implications. It is like most tools, such as a hammer, useful for some tasks 
but not adequate for others. Hammers are useful for driving nails, but not 
for installing screws or windows; misused hammers can do serious 
damage. 

The method’s biases are presumably why Driesen concluded: 
‘Environmentalists generally oppose cost–benefit analysis (CBA) and 
regulated industry generally supports it.’16 Just as a skilled carpenter 
needs to understand the proper uses of tools, those who seek 
environmental progress must understand how cost–benefit analyses are 
biased against environmental protection, so they can defend against their 
uncritical or even intentionally biased use.  

Imagine if other societal decisions hinged upon net present value 
calculations. Few would suggest making decisions regarding gun control, 
reproductive rights, or public education on the basis of narrow monetary 
calculations that discount the future. What if society expected efforts in 
space exploration, medical research or foreign policy to be demonstrably, 
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Box 11.1: Six features that bias cost–benefit analyses against 
environmental protection 
(see Appendix, p. 294, for more complete explanations and references)

1. Discounting the future. Environmental protection typically provides 
long-term benefits but imposes short-term costs. Discounting reduces 
the value of distant benefits but not immediate costs, thereby 
prioritizing immediate costs. For example, at a modest 4 per cent 
discount rate, $100 of benefit that would accrue 100 years from now 
has a present value of less than $2. Thus, by the logic of cost–benefit 
analysis it would not be worth spending $2 today for the sake of $100 
of environmental protection 100 years from now, or to put it more 
tangibly, it would not be worth letting two fish go free today to enable 
harvest of 100 fish a century from now. Moreover, fish are not the only 
creatures whose future lives are devalued. Cost–benefit analyses often 
incorporate dollar values for human lives saved or lost; thus, at a 4 per 
cent discount rate two people alive today would be ascribed equal 
value to 100 people of some future generation. I cannot imagine those 
100 people would agree.

2. Cost–benefit analyses ignore who benefits and who pays. Costs and 
benefits are not evenly distributed across generations or populations. 
If the two fish in the above example are harvested today, the present 
generation enjoys all the benefits, but a future generation pays all the 
long-term cost. It seems unlikely that those who would have eaten the 
100 future fish would agree to sacrifice their consumption for the sake 
of two fish caught today. Similarly, the cost of environmental damage 
often affects the population as a whole while the benefits of the 
damaging activity accrue primarily to the owners and customers of 
select industries. Therefore, if a pollution control proposal, for 
example, is not enacted because it fails a cost–benefit analysis, the 
population at large will suffer from the resulting pollution (with the 
poorest members of the population often suffering the most) but the 
financial savings of avoided regulations will disproportionately accrue 
to the relevant industry and its customers. 

3. Overestimation of costs of environmental protection. Potentially 
affected industries routinely overestimate costs of compliance with 
proposed environmental protections. This happens for two reasons. 
First, those who would have to comply with a new policy have an 
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incentive to overestimate costs because that will strengthen their 
argument against the proposed requirements. Second, initial 
compliance cost estimates do not benefit from efforts to find the least 
expensive means of compliance. Once regulations are imposed, those 
who must comply have an incentive to minimize, rather than 
overestimate, costs. Consequently, actual costs are often lower than 
estimated costs, but the higher estimated costs serve as the basis for 
cost–benefit analyses.

4. Contingent valuation. Market prices provide the basis of cost–benefit 
analyses, but many environmental goods are not traded in markets 
and thus lack such prices. To enable their inclusion, analysts ascribe 
‘shadow’ prices. For example, a cost–benefit analysis of a plan to 
prevent a species’ extinction would need a shadow price for survival of 
the species, and an analysis of river pollution prevention would need 
a dollar value for an unpolluted river. What shadow prices should be 
ascribed to clean water or species survival? One might ask experts 
what they think, but typical cost–benefit analyses use a different 
procedure called contingent valuation – surveys of the general public 
regarding the value of environmental protection. The rationale for 
contingent valuation is that market prices are based on what consumers 
are willing to pay, so consumers should also determine shadow prices. 
In other words, people who may know nothing about a circumstance 
are asked to place a monetary value on it. We base other technical 
decisions on expert judgements, not surveys of laypersons. Would you 
use a survey to decide what medicine to take when you are sick or how 
much steel to use in a bridge? If we would not expect members of the 
general public to make informed decisions regarding other technical 
matters, we should not expect them to do so regarding environmental 
protection, but conventional contingent valuation does just that.

5. Underestimation or omission of environmental protection benefits. It 
is impossible to anticipate all future consequences of a present action 
(or inaction). Imagine cost–benefit analyses had been applied to 
whether to use chlorofluorocarbons for refrigeration or fossil fuels for 
energy. No costs would have been included for the destruction of the 
stratospheric ozone layer or climate change because these 
consequences were not appreciated when the technologies were first 
used. Cost–benefit analyses’ default assumption is an absence of 
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predictably profitable on the basis of a number at the bottom of a simple 
spreadsheet? Rockets would not be launched. Cures would not be found. 
Embassies would not be staffed. No one using cost–benefit analysis 
calculations would have built the beautiful stone house in Figure 11.1 
because its value after the first couple of decades would have been 
discounted to a present value of approximately zero.

Fortunately, we are not always so short-sighted. We staff embassies, 
cure diseases and launch spacecraft – because society judges these 
investments on a broader basis than net present value. The Romans built 
the beautiful Pont Julien so well that traffic still crossed it 2,000 years 
later (see Figure 11.2). Such appreciation of long-term value needs to 
extend to include protection of the planet’s life-support potential. Then 
we will be less inclined to discount the future.

The expectation that environmental protection proposals will pass 
a net present value test is like the expectation of 95 per cent statistical 
confidence before guarding against a hazard and an expectation of 
unanimity of experts before acting upon an environmental threat. All 
three apply unreasonable standards to environmental protection – 
standards not expected in other realms. 

In his essay ‘Goose Music’, the great ecologist Aldo Leopold asks 
what a wild goose is worth? Sixty years later, in response to the BP 
Horizon oil drilling platform explosion, Shamarr Allen’s song ‘Sorry Ain’t 
Enough No More’ asks the same question a bit more brutally when he 

unanticipated, undesirable environmental consequences, but such 
consequences are common. 

6. Price does not equal value. Because people are often irrational, price 
is not a good measure of value. For example, according to the market, 
heroin is worth more than water. Such a valuation mechanism may be 
acceptable for letting individuals or firms make their own purchasing 
and investment decisions (or mistakes), but it is not a good basis for 
societal decisions. Imagine if quantities that had been affected by 
irrational decisions were used as the basis of calculations in other 
circumstances. If experts used irrational inputs for their calculations, 
bridges would collapse, drugs would be administered at poisonous 
doses and spacecraft would blow up on launch pads. (This issue has 
tremendous implications beyond the realm of environmental 
protection.)
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Figure 11.1: A charming home whose durable stone construction would 
have failed a cost–benefit analysis. Discounting would have limited the 
estimated benefits to the home’s first few decades, overlooking its long-
term value. Photographer: Peter C. Schulze.

Figure 11.2: Romans built the Pont Julien in the Luberon region of 
southern France some 2,000 years ago. It remains durable and was used 
by modern vehicles until this century. Photographer: Peter C. Schulze.
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sings, ‘How much is this dead pelican worth?’17 I doubt either would have 
found a net present value calculation compelling. 

Leopold’s best-known essay, ‘The Land Ethic’, describes the history 
of ethics as beginning with relationships among individuals, then later 
extending to relationships between individuals and society.18  He explains 
how the realm of purely utilitarian decision making has contracted over 
the course of human history while ethical considerations have expanded. 
He advocates another extension of this process – using ethical rather than 
utilitarian criteria for evaluating actions that affect our relationships to 
other species and the planet itself.

Some progress has occurred since Leopold wrote, but society does 
not yet routinely base environmental choices in ethical considerations. 
Rather, we still often apply the biased, short-sighted approach of cost–
benefit analysis. Indeed, as we have seen, many US laws prescribe its use. 
Until Leopold’s dream of a land ethic is broadly adopted, those who seek 
environmental progress should understand not only the limited utility, 
but also the severe biases and potential for manipulation of cost–benefit 
analyses. Otherwise, assessments of net present value will serve as 
uncritically accepted, unreasonably high barriers to environmental 
protection, and the discounting that its calculations entail will exclude 
the needs and concerns of future generations, as well as the long-term 
future of all other species and the planet’s life-support potential.

The previous few chapters have described arguments that opponents 
use to deter environmental protection. They claim scientific evidence is 
too uncertain, environmental protection would infringe upon freedoms, 
free markets alone will solve environmental problems, and environmental 
protection would not be worth its cost. These arguments reinforce each 
other. If there is no real problem, then freedom from rules is desirable. If 
the free market alone can solve a problem, then restrictions on the market 
would be counterproductive. And if there is no hazard to avoid, there is 
no reason to invest in doing so. These same chapters have sought to 
explain the flaws in each of these arguments. The next three chapters 
describe related obstacles rooted in features of the US political system.
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12
Perceived lack of urgency

One rarely has the time or resources to do everything one wishes. 
Therefore, we do some things but not others. We choose. Moreover, our 
different perspectives and values create different priorities, and 
disagreement about the wisdom of alternative choices. One person may 
perceive an issue as important while another does not, or a choice as 
foolish that another considers wise.

Because of time and resource constraints, worthy concerns 
frequently receive little attention. I have hundreds of emails with little red 
flags next to them. I have meant to address them, but have not found or 
made the time to do so. I have prioritized other things. Like individuals, 
organizations must also make such choices. Well-run organizations set 
priorities. What should a college president prioritize – providing an 
excellent education, attracting students, attracting faculty, raising funds, 
balancing the budget, reducing the institution’s environmental impact? 
Likewise, government representatives contend with multiple worthy 
objectives, some of which compete with each other. City councils at the 
very least must simultaneously foster public safety, maintain local 
transportation systems and ensure water supplies and sanitation. Federal 
governments manage similar operations, plus others, such as immigration, 
foreign relations and national security. I imagine many people sympathize 
when Elton John sings that there is ‘more to do than can ever be done.’1

Meanwhile, leaders need supporters in order to retain their 
positions. College and university presidents seek to stay in the good 
graces of students, faculty, trustees, alumni and donors even while 
members of these different groups likely have different priorities and 
different perspectives on the wisdom of various choices. Likewise, chief 
executive officers depend on the support of corporate boards, and elected 
representatives depend on public support for re-election. All these people 
wish to be perceived as satisfying constituents’ concerns. Unfortunately 
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for those of us concerned about environmental problems, and for future 
generations and other species, environmental problems often seem less 
urgent than other concerns and are therefore susceptible to repeatedly 
deferred attention.

Gradualness of environmental problems

Environmental problems are problems of scale. They result from too 
much or too little of something. If only a few cars were on the road, their 
exhaust would not warrant concern. As the number of vehicles increases, 
so does their collective impact. Likewise, a little aquifer depletion, fishing, 
logging or release of greenhouse gases has little impact, but as the scale 
of these activities increase, they eventually overwhelm the regenerative 
capacity of the environment. Some environmental problems involve 
qualitative changes or critical thresholds, such as when overgrazing leads 
to desertification or when non-native species upend food webs, but 
gradual, incremental deterioration is common, especially before 
thresholds are reached. A little soil damage is undesirable but its effects 
are negligible. The same damage repeated for generations appears to 
have destroyed numerous ancient civilizations.2 

Environmental deterioration is not only often gradual, but often 
imperceptible to casual observers. Years or even decades may be 
insufficient for individuals to perceive damages like biodiversity loss, 
decline in soil fertility, aquifer depletion or desertification. In other cases, 
such as the effects of invisible water pollutants or unfamiliar invasive 
species, casual observers will not detect any change at all.3 These are 
perhaps among the quieter elements of the ‘quiet crisis’ that Secretary of 
the Interior Stuart Udall warned about in 1963 when he noted that Robert 
Frost’s ‘West-Running Brook’ had become an automobile junkyard.4 Even 
professionals often have difficulty detecting some problems. Climate 
change is an obvious example. Researchers with sophisticated 
measurement systems and vast data-collection operations took decades 
to confidently distinguish anthropogenic climate change from normal 
multi-year weather variation. 

The creeping, sometimes nearly invisible growth of environmental 
problems creates two related obstacles to action. First, because problems 
grow slowly, sometimes almost imperceptibly, public demand is often 
insufficient to achieve enough political momentum for action. Second, 
leaders desire tangible, objective, rapid progress with which to maintain 
constituents’ support, but effort devoted to avoiding a distant future 
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problem provides no such immediate improvement. Thus, it is difficult for 
those seeking re-election (or facing financial reporting deadlines) to incur 
short-term costs for the sake of benefits that will accrue years or decades 
later. Moreover, polls indicate that although most citizens express 
environmental concerns, electoral choices tend to be driven by more 
immediate concerns, such as the present state of the economy, healthcare 
or safety and security.5 ‘Re-elect me; I reduced your medical bills’ is an 
easier sell than, ‘Re-elect me; I ensured a toxin you have never heard of 
will not poison your unborn great-grandchildren.’ 

The policy process

Where federal and state governments are concerned, the decision 
whether, and if so how, to act depends on the outcome of struggles among 
competing interest groups (see Chapter 14) and proceeds through three 
basic phases: agenda setting, policy development and policy 
implementation. More detailed descriptions distinguish six stages: 
problem identification, agenda setting, policy formulation, policy 
adoption, policy implementation and policy evaluation.6 As this and 
subsequent chapters explain, success requires effective completion of the 
first five of these stages, and its confirmation requires completion of the 
sixth. 

Agenda setting refers to the choices and negotiations that establish 
political priorities. Proponents of action push to achieve sufficient public 
support. Such demand for environmental protection repeatedly 
overwhelmed opposition during the 1960s–1980s, the heyday of US 
environmental progress, but advocates of environmental protection have 
not had similar success since. 

Political scientists consider policy change likely only when three 
circumstances coincide – a problem is recognized, a solution is imagined 
and sufficient political will for action exists.7 They note that public interest 
is often fickle, with strong demand likely only during a narrow window of 
time when recognition of a new problem alarms people.8 For example, 
since the 1980s, the problem of climate change has been widely 
recognized and potential solutions identified, but in the United States 
sufficient public demand has not materialized. Using arguments described 
in the preceding four chapters, opponents have successfully dampened 
public demand, thereby rendering leaders’ collective political will 
inadequate to achieve substantial environmental policy change and 
allowing those leaders to focus upon other issues. Whether increased 
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attention of the late 2010s and early 2020s is the beginning of a sea 
change remains to be seen.

Roles of government branches

In combination with a perceived lack of urgency and narrow windows of 
opportunity for policy action, the division of power among the three 
branches of the US federal government (legislative, executive, and 
judicial) can further delay environmental progress because US national 
legislation requires support from all three branches. The legislative 
branch (Congress, made up of the House of Representatives and the 
Senate) passes legislation that authorizes agencies to develop and 
implement policy. The president, as head of the executive branch, signs 
or vetoes legislation and chooses leaders of the agencies responsible for 
implementing legislation. Together, Congress and the president set 
agency budgets. Once legislation is passed, the judiciary settles disputes 
about statutes’ constitutionality and policy implementation. 

Environmental legislation typically prescribes goals but leaves 
policy details up to agencies such as the EPA, the Bureau of Land 
Management or the Fish and Wildlife Service. For example, the Clean 
Water Act mandated a halt to the discharge of pollutants into the nation’s 
waterways but did not specify how to achieve that goal.9 Congress 
delegates such details to administrative agencies because it lacks expertise 
and because policy needs to be responsive to new information that 
becomes available after laws are passed. Also, it is easier to attract votes 
for legislation with ambiguous wording that allows legislators to claim 
their own preferred interpretations.10 This delegation of authority gives 
agencies great discretion and thus great power (see Chapter 18), but is 
limited by laws such as the Administrative Procedures Act.11 Agencies 
must, for example, describe a rational, factual basis for promulgating or 
altering rules. Even within the constraints prescribed by the Administrative 
Procedures Act, disagreement about Congress’s intent can delay 
environmental protection as subsequent presidential administrations 
apply different interpretations when developing policy, or the courts 
become involved in settling disputes about appropriate interpretations of 
Congress’s intent. 

When major US environmental laws were passed, champions of the 
legislation recognized that agencies would face pressure to develop only 
weak regulations and avoid aggressive implementation. To prevent that, 
legislators included ‘citizen suit’ provisions in many laws. Whereas one 
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cannot normally sue the federal government, such laws authorize citizens 
to sue federal agencies for failing to implement legislation as intended, 
follow required procedures, or provide a plausible basis for decisions. 
(The EPA employs many attorneys because it gets sued almost regardless 
of what it decides – either by those who consider policy too lenient or 
those who deem it too strict.)

For example, extended debate has surrounded the question of just 
what water falls under the jurisdiction of the Clean Water Act. Because 
water molecules cycle among the atmosphere, surface and groundwater, 
and the law repeatedly refers to protection of surface water and 
underground water, many (including me) conclude Congress must have 
intended to protect all of the nation’s water. Indeed, this is the 
interpretation the EPA applied during multiple administrations. However, 
the first statement of the law’s objective reads, ‘… it is the national goal 
that the discharge of pollutants into navigable waters be eliminated by 
1985’. Some interpret the specification of navigable waters to indicate 
that Congress only intended to protect waterways large enough for 
navigation. 

After years of debate, the Obama EPA developed regulations 
sympathetic to the traditional interpretation that the law was intended to 
protect all surface and groundwater. However, those regulations were 
soon rejected by the Trump Administration, which favoured a narrower 
interpretation. The Trump EPA was immediately sued for changing the 
interpretation. Then, after a few months in office, the Biden Administration 
began the process of restoring the stronger, previous policy.12 

Courts rescind rules when they determine agencies have failed to 
follow Congress’s intent, abide by required rulemaking procedures, or 
base rules on reasonable interpretations of relevant information. The 
Trump Administration announced some hundred environmental-
protection rollbacks and was sued dozens of times by organizations such 
as the Natural Resources Defense Council, the Center for Biological 
Diversity, and Earthjustice. By January 2020, the Trump Administration 
had lost most of the resolved suits.13 

Repeated deferral

Lawsuits regarding interpretation of statutes become relevant only after 
legislation has been passed into law. As we have seen, however, no major 
US environmental legislation has been adopted since 1990. Since then, 
interest groups opposed to new legislation have prevailed, assisted by the 
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various obstacles described in this and other chapters. Public demand has 
not been sufficient to overcome the obstacles to new federal environmental 
protection statutes. 

The gradual, incremental nature of environmental problems is 
partially, and perhaps largely, responsible for the inadequate public 
demand. Absent sufficient demand for attention to one issue, 
representatives and others authorities will prioritize others their 
constituents (or funders) consider more urgent (see Figure 12.1).

Although that short-term behaviour is understandable, it often 
leads to repeated deferral of action on critical but slow-moving problems, 
such as climate change, species extinction and the loss of productive 
ecosystems. Furthermore, even if many understand the necessity of 
action, if a problem worsens only incrementally, and especially if the 
worsening is difficult to perceive, it may seem acceptable to defer action 
temporarily while attending to other problems perceived as more urgent. 
But such deferrals may be repeated year after year as a situation worsens. 
Some problems eventually become insurmountable when irreversible 
damage occurs, as is the case for species extinction and may be the case if 
positive feedbacks cause runaway climate change. 

I don’t really think we want a commander-in-chief who’s battling 
climate change instead of terrorism.14

Ascribing priority to acute, easily understood problems such as 
terrorism risks relegating environmental problems to chronic low priority 
even as they worsen. If such situations persist long enough, consequences 

Figure 12.1: One way a member of Congress might perceive concerns, 
with the environment as just one of many. Figure by the author.
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are sometimes profound. Problems such as soil erosion and deforestation 
have persisted for millennia despite warnings since at least Plato. 
Consequently, large areas of the planet are desertified, their soils having 
been ruined. Even today, with so much hindsight, we continue to allow 
soil erosion.15 

Erosion provides an easily understood example of how repeated 
deferral makes problems worse. If erosion is halted next year, the soil will 
suffer more than if erosion had been halted this year, and overcoming its 
consequences will be harder. How much difference could one year make to 
a process as slow as erosion? According to the US Department of 
Agriculture, the country’s 180 million hectares of cropland lose some 1.6 
billion metric tons of soil per year, or almost ten metric tons per hectare per 
year.16 In other terms, the US is losing almost five metric tons of soil per 
person per year just from cropland. That statistic is hard to comprehend. It 
amounts to more than 13 kilograms of soil per person per day. Thus, for 
each pound of food grown, the US loses several pounds of soil. Imagine the 
consequences of doing that in a garden. Imagine also the benefits for future 
agricultural production if we had long ago limited the rate of soil erosion to 
the rate of soil formation. The same cost of delay applies to many other 
problems, such as aquifer depletion, biodiversity loss, deforestation, failure 
to recycle non-renewable resources and climate change. 

In contrast to Figure 12.1, a different perspective on priorities 
results from Herman Daly’s diagram (Figure 12.2), which accurately 
portrays the economy as a subset of the planetary ecosystem.17 Daly’s 
diagram avoids the error of portraying the environment as just one of 
many special interests, depicting it instead as the source of all material 
goods. But this view of the economy as a subsidiary of the environment is 
not yet dominant. As long as a perspective akin to that of Figure 12.1 
remains common, lack of perceived urgency may continue to stymie 
environmental progress. 

Many people and some members of Congress have consistently 
prioritized environmental protection, but since the 1980s an inadequate 
sense of urgency and associated inadequate political demand have 
prevented major new legislation. Meanwhile, attention has focused on 
other concerns, such as the economy, foreign relations and healthcare. 
The combination of the gradual nature of environmental damage plus 
effective opposition have kept environmental protection low on the 
political agenda. As a consequence, action has repeatedly been deferred. 
Sustainability cannot be achieved, or even approached, until this pattern 
is overcome – a challenge made even larger by circumstances described 
in the next two chapters. 



PERCEIVED LACK OF URGENCY 169

Notes

1 John, ‘Circle of Life’, 1994.
2 Dale and Carter, Topsoil and Civilization, 1955; Ponting, A New Green History of the World, 2007, 

67–86.
3 Likewise, we may not recognize declines in our expectations for what constitutes a precious 

natural setting. Aldo Leopold describes encountering paradise when he and his brother camped 
in the delta of the Colorado river in 1922: ‘…we had not for weeks seen a man or a cow, an axe 
cut or a fence’ (Leopold, A Sand County Almanac, 1949, 141). In striking contrast, during the 
1990s some local birdwatchers asked me to speak at a Bethlehem, Pennsylvania City Council 
meeting regarding a plan to convert a small, unmanicured pie-piece-shaped corner of a city 
park into a mown area with picnic tables. The birders preferred the area as it was because the 
unmanicured vegetation attracted birds. One speaker pleaded with the City Council not to alter 
the area, describing it as her ‘little piece of paradise’, tears streaming down her cheeks as she 
spoke. She loved that piece of the park, but it was a far cry from the Colorado delta Leopold 
described only 70 years earlier. (By the way, the delta of the Colorado is chronically bone dry 
now except during flood years – so much water having been diverted to Las Vegas, Los Angeles, 
Phoenix and elsewhere.)

4 Udall, The Quiet Crisis, 1963, vii–viii.
5 Z. Smith, The Environmental Policy Paradox, 2004, 20–4.
6 Rosenbaum, Environmental Politics and Policy, 2002, 46–9.
7 Kingdon, Agendas, Alternatives, and Public Policies, 2003, 165–70. 
8 Downs, ‘Up and down with ecology: the issue-attention cycle’, 1972, 38–44.
9 Salzman and Thompson, Environmental Law and Policy, 2014, 38–40. 

Figure 12.2: The economy as a subset of and wholly dependent upon the 
planetary ecosystem. Source: Beyond Growth by Herman E. Daly, 49. 
Copyright © 1996 by Herman E. Daly. Reprinted by permission of Beacon 
Press, Boston.



OBSTACLES TO ENVIRONMENTAL PROGRESS170

10 Salzman and Thompson, Environmental Law and Policy, 2014, 77–9. 
11 Breyer et al., Administrative Law and Regulatory Policy, 2017, 466–75 and 791–809.
12 Beitsch, ‘14 states sue EPA over rollback of Obama-era water rule’, 2019; Friedman, ‘Biden 

Administration to restore clean-water protections ended by Trump’, 2021; Friedman and 
Davenport, ‘Trump Administration rolls back clean water protections’, 2019; EPA, ‘About 
waters of the US’, n.d.

13 Earthjustice, ‘Three years battling the Trump Administration’s attacks on our health and 
environment’, 2020.

14 US Senator Rand Paul, quoted in Leber, ‘What’s Rand Paul’s position on climate change?’, 2015.
15 Dale and Carter, Topsoil and Civilization, 1955; Montgomery, ‘Soil erosion and agricultural 

sustainability’, 2007; Ponting, A New Green History of the World, 2007, 67–86; Reusser et al., 
‘Quantifying human impacts on rates of erosion and sediment transport at a landscape scale’, 
2015.

16 Lubowski et al., ‘Major uses of land in the US, 2002’, 2002, 5; Natural Resources Conservation 
Service, ‘2007 National Resources Inventory’, 2010, 1–2.

17 During 1986, when the global population was less than 5 billion, Vitousek et al. (‘Human 
appropriation of the products of photosynthesis’, 1986) estimated that humans were 
appropriating 41 per cent of terrestrial plant growth. By appropriation they meant not only the 
consumption of food, paper, fibre and construction materials, but also reduction of plant 
growth from converting land to human uses such as farms, roads and cities, and otherwise 
preventing plant growth through damage such as desertification, overgrazing and pollution. 
Assuming that, on average, per capita appropriation is the same today, with nearly 8 billion 
people, we must be appropriating more than 60 per cent of terrestrial plant growth. One 
hundred per cent is the absolute upper limit, but 100 per cent appropriation is not tenable 
because that would leave only human-dominated landscapes for the land-based provision of 
the ‘ecosystem services’ on which all life depends – oxygen generation, stratospheric ozone 
creation, air purification, water cycling, water purification, soil production, pollination and so 
forth. Indeed, the authors of the Millennium Ecosystem Assessment (Ecosystems and Human 
Well-being: Synthesis, 2005, 1) and Rockström et al. (‘Planetary boundaries’, 2009), conclude 
that our demands already exceed the planet’s support capacity.



FLAWED DEMOCRACY 171

13
Flawed democracy

If, despite obstacles already discussed, a large majority of US citizens 
demand action, they may not get their wish because the US system of 
government imposes many barriers to majority rule. The US is generally 
referred to as a representative democracy, but some citizens are much 
better represented than others and government policy often reflects 
minority, rather than majority, opinion. Therefore, even if most people 
prefer greater environmental protection, a small, determined opposition 
may thwart that desire. 

Numerous factors combine to afford some citizens better 
representation than others. Gerrymandering (strategically altering the 
boundaries of state voting districts to favour the party in power) 
disenfranchises supporters of states’ minority parties, while impediments 
to voting disenfranchise citizens of low socio-economic status and persons 
of colour. Meanwhile, lenient campaign finance laws afford wealthy 
citizens and organizations disproportionate influence, not only upon 
elections but also upon public opinion, legislation and the vigour with 
which agencies implement rules and regulations. Others have extra 
influence because they live in states with small populations (and thus 
disproportionate influence on the Senate), states with early presidential 
primaries (which are especially important to the viability of presidential 
candidates), or ‘swing’ states whose Electoral College votes could 
conceivably be won by either party (which causes such states to receive 
disproportionate attention from candidates). Given these many problems, 
it is not surprising the Economist Intelligence Unit does not include the 
US in its most robust democratic category, ‘full democracy’, with Canada, 
Ireland, Norway and the UK, but in its second tier, ‘flawed democracy’, 
with Argentina, Mongolia, the Philippines and South Africa.1

It is especially easy for a minority view to prevail when the minority 
objects to proposed legislation, such as a proposed new environmental 
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law, because the US Constitution imposes barriers to expansion of federal 
government power. Thus, although most citizens prefer higher taxes on 
the wealthy, stricter privacy laws and regulation of greenhouse gases, 
such policies have not been adopted.2 This chapter considers the many 
reasons majority support for environmental protection does not 
necessarily suffice to ensure action, first by reviewing the reasons some 
citizens have more influence than others and then by reviewing the 
hurdles to passing new laws. 

Disenfranchisement and environmental injustice

Life is more than fair to some and exceedingly unfair to others. One 
manifestation of unfairness is individuals’ unequal influence upon 
government. Socio-economic and sociocultural factors strongly advantage 
some over others. The situation has become so pronounced in the US that 
whereas many understand the nation’s democracy as based on the 
concept of one person, one vote, others have suggested a more accurate 
description is one dollar, one vote. Meanwhile, that wealth inequality has 
strong demographic patterns. For example, 2018 US Census Bureau data 
show households held by men have higher net worth than those held by 
women and households held by white individuals have an astonishing 
fifteen times the average net worth of households held by black 
individuals.3 The roots of the latter situation in systemic racism is 
receiving substantial political, media and scholarly attention, and 
injustices will hopefully be eliminated. Presently however, individuals 
experience extreme differences in financial wealth, and thus dramatic 
differences in potential to influence policy because those who are 
occupied making ends meet have little if any time or money to invest in 
influencing political decisions, whereas the wealthy can afford to make 
contributions and invest time influencing policy.

Extreme variation in financial wealth and political power not only 
interferes with majority rule, but also fosters, and prevents overcoming, 
unequal exposure to environmental harms. For example, persons of colour 
disproportionately live near facilities that handle toxic chemicals, and 
suffer exposure to high concentrations of pollutants.4 These patterns are 
rooted in a history of systemic racism, explicitly manifested in such policies 
as redlining (where banks refused to offer loans for persons of colour to 
buy properties in wealthier neighbourhoods) and zoning decisions and 
deed covenants that prevented persons of colour from purchasing homes 
in ‘white’ areas.5 Meanwhile, because those suffering from economic 
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hardship have little time or money to devote to influencing political 
decisions, they are often unable to prevent dirty industries from moving 
into their neighbourhoods, or to achieve the political power necessary to 
remedy disproportionate pollution exposure.6 These same people 
generally cannot afford to move to less polluted, more expensive areas.

Today, hundreds of studies conclude that, in general, ethnic 
minorities, indigenous persons, people of colour, and low-income 
communities confront a higher burden of environmental exposure 
from air, water, and soil pollution from industrialization, 
militarization, and consumer practices.7

Perhaps the most fundamental impediment to majority rule is the 
set of laws, policies and procedures that create barriers to voting. 
Incredibly, major efforts in various state legislatures seek to maintain or 
even raise those barriers. For instance, from January to October 2021, 19 
states enacted 33 laws that, according to the Brennan Center for Justice, 
impede voting.8

Several aspects of election procedures and voter eligibility rules 
make it more difficult for some citizens to vote than others. These include 
the number, locations and hours of polling places, obscurity of information 
on poll locations and procedures, identification requirements, proof of 
citizenship requirements, aggressive purging of registered voter rolls, and 
prohibitions against felons voting.9 Because members of some groups face 
more impediments than others, votes cast do not accurately represent the 
wishes of a representative cross section of eligible voters, and therefore 
do not reflect the will of the people. 

Limited voting hours create one impediment. For example, in many 
areas, polls are open from about 7 am to only 7 pm – shorter hours than 
are routinely offered even by many retailers.10 Relatively narrow time 
windows for voting have potential to disproportionately hinder hourly 
workers who would be penalized for absence from jobs. For instance, as 
a salaried college professor, I can leave campus to vote practically any 
time other than when my classes are in session. My compensation is not 
affected; I need not seek permission; and no one will object. In contrast, 
a daytime hourly worker, such as a roofer or landscaper, may lose pay and 
could be put in the uncomfortable position of seeking permission from a 
supervisor to be absent to vote. 

Restrictions on voting times are relieved somewhat by the option of 
early voting or voting by mail or online. According to the National Council 
of State Legislatures, as of late 2020, a handful of states provided mail-in 
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ballots to all registered voters and four fifths of states offered some sort of 
early voting. Still, only about two thirds of states allowed every registered 
voter who wished to vote by absentee (mail-in) ballot to do so. Other 
states require an excuse. Many states relaxed their rules and enabled 
more voting by mail for the 2020 election due to the coronavirus 
pandemic, and more and more states have been moving to convenient 
mail-in voting, but the ease of mail-in voting continues to vary from state 
to state.11

Once one arrives at a polling place, many states now require state-
issued photographic identification. Again, wealthier individuals face less 
hindrance. The most common form of such identification is a driver’s 
license, but only those who can afford to drive have a reason (besides 
voting) to obtain a license. States offer alternative forms of photo 
identification, but these are usually only available at central offices. 
Adults who cannot afford a car lack both their own means of easily 
travelling to such offices and the dual incentives of doing so to satisfy 
requirements for both driving and voting. Empirical analyses suggest 
strict voter identification laws disproportionately reduce voting by racial 
and ethnic minorities and benefit right-wing candidates.12

Photographic identification will not suffice, however, if one’s 
registration has been purged from the voter rolls. Many states have 
aggressively purged rolls, ostensibly to eliminate registrations of 
individuals who have died, moved, are registered under more than one 
name or are otherwise ineligible to vote in a given precinct. However, 
reviews have found the most aggressive purges have occurred in states 
with a history of racial discrimination that, until the 2013 Supreme Court 
Shelby County v. Holder (570 US 529 [2013]) decision, were required to 
obtain federal Department of Justice Civil Rights Division approval for 
changes to their voting procedures. Various authors who have examined 
the criteria for and timing of voter roll purges have raised concerns that 
the real motivation is often to suppress voting by members of visible 
minorities and other select groups.13 

Finally, many states do not allow those convicted of felonies to vote, 
in some cases even after completion of sentences. Though some 
restrictions on felon voting have been eased, six million Americans remain 
ineligible to vote because of felony convictions. This interferes with 
majority rule because felons are not a representative cross section of the 
population. Compared to the population at large, felons tend to be less 
able to afford private legal representation and more likely to be members 
of minorities who may be victims of racial profiling or other biases in the 
US justice system.14 (In Ferguson, Missouri, for example, police were 
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almost twice as likely to stop black drivers as white drivers and twice as 
likely to arrest black drivers as white drivers even though white drivers 
were found in possession of contraband 50 per cent more often than black 
drivers.)15 Prohibitions on voting by felons skews the rolls of eligible 
voters toward wealthier, whiter populations.

These various obstructions to voting disproportionately hinder 
members of groups who have traditionally favoured Democratic 
candidates, and they therefore advantage their Republican opponents. 
Thus, even if those most hindered are not motivated primarily by 
environmental concerns, the restrictions function as an obstacle to 
environmental progress because, as of the early twenty-first century, 
Republican candidates tend to oppose government efforts to increase 
environmental protection while Democratic candidates are more 
supportive.

Gerrymandering 

Gerrymandering refers to the process of drawing electoral district 
boundaries, especially boundaries of congressional districts, to favour the 
current majority party. Gerrymandering further reduces the match 
between the preferences of citizens and the positions of elected officials.

By law, Congressional district boundaries are arranged such that 
each representative has approximately the same number of constituents. 
Maintaining roughly equal populations per district requires adjusting 
boundaries as populations grow or decline. Each state is responsible for 
revising its districts on the basis of each decennial census. Independent 
commissions revise districts in some states, but in most states the 
legislature sets the boundaries.16

Gerrymandering occurs when dominant parties arrange districts to 
maximize their prospects of winning elections. Gerrymandered districts 
have boundaries that are carefully engineered either to divide the 
minority party’s likely voters thinly across many districts, none of which 
they can dominate (‘cracking’), or concentrate minority party voters in a 
minimum number of districts (‘packing’), thereby increasing the 
likelihood of wins by the majority party in the other districts. Many states’ 
district boundaries incorporate both packing and cracking.17 Nowadays, 
importing detailed census data into geographical information system 
mapping software enables precise gerrymandering. 

By disenfranchising supporters of the minority party, 
gerrymandering reduces the match between the composition of 



OBSTACLES TO ENVIRONMENTAL PROGRESS176

legislatures and overall support for a party among a state’s voters. In 
other words, it interferes with the ‘representative’ intention of democracy. 
Figure 13.1 provides an extreme example of a Texas district during the 
1990s. The situation had not noticeably improved as of 2021.18

Imbalances between the percentage of the vote received by each 
party and the percentage of elected officials from each party provide 
evidence of effective gerrymandering. For instance, in the 2016 US House 
of Representative elections, Republican candidates received 49 per cent 
of votes but won 55 per cent of seats while Democratic candidates 
received 48 per cent of votes but won only 45 per cent of seats.19 A 
difference of a few members has major consequences because a simple 
majority determines the outcome of House votes, majority-party members 
chair all committees and subcommittees, and the leader of the majority 
party controls which bills are brought up for a vote. Imbalances between 
vote totals and number of seats won also occurs in state legislatures. For 
example, 2018 Republican candidates for the Wisconsin House of 

Figure 13.1: The boundaries of the Texas 30th Congressional district 
created after the 1990 census. Source: Bush v. Vera (94–805), 517 US 952 
(1996), 987.
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Representatives received 48 per cent of votes and won 64 per cent of 
seats.20

The Supreme Court has ruled racially motivated gerrymandering 
unconstitutional, but has decided federal courts have no jurisdiction over 
partisan gerrymandering. On the other hand, the Court has decided 
voters can prevent gerrymandering by using state constitutional ballot 
referenda to shift districting power from the legislature to independent 
commissions.21 Several states, including Arizona and California, have 
created independent, non-partisan redistricting commissions. 
Comparison of Arizona and California election results to national 
averages suggests the commissions have created more competitive 
districts, as would be expected if their district boundaries are less 
influenced by gerrymandering. Establishment of nonpartisan redistricting 
commissions may become more common because both parties’ voters 
object to gerrymandering,22 but as long as legislatures set district 
boundaries, gerrymandering will presumably continue to prevent 
elections from representing the will of the voters.

Campaign finance

Running for office is expensive. The average senator elected in 2016 spent 
more than $10 million and the average winning candidate for the House 
of Representatives spent about $1.5 million. Hillary Clinton’s presidential 
campaign spent more than $700 million.23 A small fraction of candidates 
are independently wealthy and willing to fund their own campaigns. 
Others must raise funds.

Following the Federal Election Campaign Act amendments of 1974 
and the related Supreme Court decision in Buckley v. Valeo (424 US 1 
[1976]), individuals could give only limited amounts of money to any 
particular candidate in any election. This kept candidates from being 
heavily beholden to any particular supporter. However, a variety of 
Supreme Court decisions since, culminating with Citizens United v Federal 
Election Commission (558 US 50 [2010]) and McCutcheon v FEC (134 US 
1434, 1437 [2014]) effectively removed limits on donations, either from 
individuals or organizations. As a consequence, wealthy individuals, 
organizations and corporations can provide tens of millions of dollars in 
support of particular candidates. They may even do so anonymously.24 

Multimillion dollar donations interfere with majority rule in two 
ways. First, huge expenditures enable wealthy individuals and 
organizations to influence campaigns through advertising and other 
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publicity favourable to their preferred positions and candidates. Second, 
election winners are indebted to supporters. Elected ‘representatives’ are 
especially attuned to the concerns of major donors for multiple reasons. 
First, they may have a conscious or unconscious sense of gratitude or bias. 
Second, they may spend enough time talking with wealthy donors to be 
disproportionately influenced by donors’ views. Third, they may treat 
donations as quid-pro-quo arrangements (bribes), as if donors have 
implied that they expect a return on their investment and will provide 
more money in the future but only for as long as the candidate supports 
the donors’ preferred policies.

Such corruption of democracy seems to me an inevitable 
consequence of allowing large donations. Imagine how you would behave 
if you could make large donations and wished to influence policy. To 
which candidates would you send donations? Presumably to the ones 
who support your preferred policies. That’s what I do with my trivial 
donations. Now, if the recipients of your donations subsequently do not 
support your preferred policies, would you give them more money in the 
future? I would not. 

One may contribute directly to individual candidates’ campaigns, to 
any of various committees under the auspices of a candidate’s party, to 
political action committees (PAC) or to so-called Super PACs. Parties and 
political action committees can coordinate their actions with candidates 
and share resources. In theory, Super PACs cannot participate in such 
coordination, but as we shall see, that restriction is exceedingly weak in 
practice.

Table 13.1 lists the 2021–22 limits on contributions to and from 
various entities. (Super PACs are not included in the table because there 
are no limits on contributions to Super PACs, as explained below.) Even 
without contributing to Super PACs, wealthy individuals and 
organizations (functioning as political action committees) can give tens 
or hundreds of thousands of dollars per year to their preferred 
candidates and party. These amounts may influence candidates, but 
they pale in comparison to contributions that may be made to Super 
PACs.

Super PACs work on behalf of particular issues, parties and/or 
candidates, but are prohibited by law from coordinating their actions 
with candidates or parties. Their efforts are often referred to as 
‘independent expenditures’ because they are supposed to be made 
independently of any coordination or communication with a candidate or 
party, but decisions about what qualifies as ‘coordination’ have rendered 
this restriction almost meaningless. For example, Super PACs run by 
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candidates’ former aides or advisers have been set up to support those 
same individual candidates without objection from the Federal Elections 
Commission. Likewise, the Commission allows candidates to help Super 
PACs raise money as long as the candidate and Super PAC do not 
coordinate how that money is spent.25 

The Citizens United and McCutcheon decisions and their predecessors 
have created a situation where individuals, corporations and other 
organizations may contribute unlimited sums,26 either directly to Super 
PACs or to certain other types of non-profit entities that are not required 
to identify donors.27 The latter may directly advocate for policies or pass 
those anonymous donations on to super PACs.28 Super PACs must reveal 
their donors, but because donors to super PACs are not required to reveal 
their donors, individuals or organizations can anonymously funnel 
unlimited sums to super PACs. The Center for Responsive Politics 
estimates super PACs spent more than $5 billion to influence US elections 
between 2010 and late 2021, with more than $1 billion having come from 
undisclosed donors.29

Justices in the majority on these split Supreme Court decisions have 
defended the allowance of unlimited contributions on the basis of the free 
speech protection of the Constitution, arguing that electioneering is a 
type of speech that cannot be restricted by the government, and protection 
of free speech is a greater concern than the fear of undue influence of 
wealthy donors, but massive contributions provide wealthy individuals 
bullhorns that are unavailable to typical citizens. Dismissing the latter 
concern, Justice Kennedy seemed surprisingly certain when he wrote: 

Independent expenditures, including those made by corporations, 
do not give rise to corruption or the appearance of corruption. That 
speakers may have influence over or access to elected officials does 
not mean that those officials are corrupt. And the appearance of 
influence or access will not cause the electorate to lose faith in this 
democracy.30

Bill McKibben articulates an opposing perspective. He uses, as an 
example, a Congressional vote to expedite review of the proposal to build 
the Keystone XL tar sands pipeline. Oil companies favoured quick 
approval of the pipeline while most environmentalists favoured rejection. 
McKibben noted the 234 members who voted in favour of rapid review 
had received $42 million from the fossil fuel industry while the 193 who 
voted against rapid review had received $8 million. He concluded as 
follows. 



OBSTACLES TO ENVIRONMENTAL PROGRESS180

Ta
bl

e 
13

.1
: U

S 
po

lit
ic

al
 c

on
tr

ib
ut

io
n 

lim
it

s

R
ec

ip
ie

nt

C
an

di
da

te
 

co
m

m
it

te
e

Po
lit

ic
al

 a
ct

io
n 

co
m

m
it

te
e†

Pa
rt

y 
co

m
m

it
te

e:
 

st
at

e/
di

st
ri

ct
/

lo
ca

l

Pa
rt

y 
co

m
m

it
te

e:
 

na
ti

on
al

A
dd

it
io

na
l

na
ti

on
al

 p
ar

ty
co

m
m

it
te

e
ac

co
un

ts

D
on

or

In
di

vi
du

al
$2

,9
00

 p
er

 
el

ec
ti

on
$5

,0
00

 p
er

 y
ea

r
$1

0,
00

0 
pe

r 
ye

ar
 

$3
6,

50
0 

pe
r 

ye
ar

$1
09

,5
00

 p
er

 
ac

co
un

t, 
pe

r y
ea

r

C
an

di
da

te
 

co
m

m
it

te
e

$2
,0

00
 p

er
 

el
ec

ti
on

$5
,0

00
 p

er
 y

ea
r

U
nl

im
ite

d 
tr

an
sf

er
s

U
nl

im
ite

d 
tr

an
sf

er
s

M
ul

ti
ca

nd
id

at
e 

po
lit

ic
al

 a
ct

io
n 

co
m

m
it

te
e

$5
,0

00
 p

er
 

el
ec

ti
on

$5
,0

00
 p

er
 y

ea
r 

$5
,0

00
 p

er
 y

ea
r 

(c
om

bi
ne

d)
$1

5,
00

0 
pe

r 
ye

ar
$4

5,
00

0 
pe

r 
ac

co
un

t,
 p

er
 

ye
ar

Si
ng

le
 c

an
di

da
te

 
po

lit
ic

al
 a

ct
io

n 
co

m
m

it
te

e

$2
,9

00
 p

er
 

el
ec

ti
on

$5
,0

00
 p

er
 y

ea
r

$1
0,

00
0 

pe
r 

ye
ar

 (
co

m
bi

ne
d)

$3
6,

50
0 

pe
r 

ye
ar

$1
09

,5
00

 p
er

 
ac

co
un

t,
 p

er
 

ye
ar

Pa
rt

y 
co

m
m

it
te

e:
 

st
at

e/
di

st
ri

ct
/

lo
ca

l

$5
,0

00
 p

er
 

el
ec

ti
on

$5
,0

00
 p

er
 y

ea
r

U
nl

im
ite

d 
tr

an
sf

er
s

U
nl

im
ite

d 
tr

an
sf

er
s

Pa
rt

y 
co

m
m

it
te

e:
 

na
ti

on
al

$5
,0

00
 p

er
 

el
ec

ti
on

*
$5

,0
00

 p
er

 y
ea

r
U

nl
im

ite
d 

tr
an

sf
er

s
U

nl
im

ite
d 

tr
an

sf
er

s



FLAWED DEMOCRACY 181

We’ve reached the point where we’re unfazed by things that should 
shake us to the core. So, just for a moment, be naïve and consider 
what really happened in that vote: the people’s representatives who 
happen to have taken the bulk of the money from those energy 
companies promptly voted on behalf of their interests.

They weren’t weighing science or the national interest; they weren’t 
balancing present benefits against future costs. Instead of doing the 
work of legislators, that is, they were acting like employees. Forget 
the idea that they’re public servants; the truth is that, in every way 
that matters, they work for Exxon and its kin. They should, by rights, 
wear logos on their lapels like NASCAR drivers.

If you find this too harsh, think about how obligated you feel when 
someone gives you something. Did you get a Christmas present last 
month from someone you hadn’t remembered to buy one for? Are 
you going to send them an extra-special one next year?

And that’s for a pair of socks. Speaker of the House John Boehner, 
who insisted that the Keystone approval decision be speeded up, has 
gotten $1,111,080 from the fossil-fuel industry during his tenure. 
His Senate counterpart Mitch McConnell, who shepherded the bill 
through his chamber, has raked in $1,277,208 in the course of his 
tenure in Washington. 

Table 13.1
2021–22 limits on contributions to federal candidates and party committees from individuals, 
campaign committees, and political action committees (PACs). Except for a few omitted 
details, the information in this table has been reproduced verbatim from Federal Election 
Commission websites https://www.fec.gov/help-candidates-and-committees/candidate-
taking-receipts/contribution-limits/, and https://www.fec.gov/help-candidates-and-
committees/registering-pac/understanding-nonconnected-pacs/, accessed 30 December 

2021. Refer to Federal Election Commission websites for further details.

Notes to Table 13.1
*Additionally, a national party committee and its senatorial campaign committee may 
contribute up to $51,200 combined per campaign to each senate candidate.
† ‘PAC’ here refers to a committee that makes contributions to other federal political 
committees. Independent-expenditure-only political committees (sometimes called ‘Super 
PACs’) may accept unlimited contributions, including from corporations and labour 
organizations. 

https://www.fec.gov/help-candidates-and-committees/candidate-taking-receipts/contribution-limits/
https://www.fec.gov/help-candidates-and-committees/candidate-taking-receipts/contribution-limits/
https://www.fec.gov/help-candidates-and-committees/registering-pac/understanding-nonconnected-pacs/
https://www.fec.gov/help-candidates-and-committees/registering-pac/understanding-nonconnected-pacs/
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If someone had helped your career to the tune of a million dollars, 
wouldn’t you feel in their debt? I would. I get somewhat less than 
that from my employer, Middlebury College, and yet I bleed Panther 
blue. Don’t ask me to compare my school with, say, Dartmouth 
unless you want a biased answer, because that’s what you’ll get. 
Which is fine—I am an employee. 

But you’d be a fool to let me referee the homecoming football game. 
In fact, in any other walk of life we wouldn’t think twice before 
concluding that paying off the referees is wrong. If the Patriots make 
the Super Bowl, everyone in America would be outraged to see 
owner Robert Kraft trot out to midfield before the game and hand a 
$1,000 bill to each of the linesmen and field judges.31

The Supreme Court’s removal of limitations on contributions to 
political campaigns is why some commentators argue that democracy in 
the US is based on one dollar, one vote rather than one person, one vote. 
To the extent that this is accurate, huge political donations distort the 
ideal of equal representation for all citizens. 

Of course, the same anonymous, unlimited contributions can also 
be used to confuse public understanding regarding environmental issues, 
to argue that environmental protection restricts freedoms or would be too 
costly, or to resist the passage of proposed laws or rigorous implementation 
of policies. Freedom to speak is protected but freedom to be assured that 
public speech is accurate or even basically true is not, so unlimited sums 
can be spent on confusing the public and distorting their understanding 
of environmental issues. As we shall see in the next chapter, compared to 
proponents of environmental protection, opponents are generally able to 
bring substantially more funding to bear on such debates.

Disproportionate influence of selected states

While some individuals have disproportionate political influence because 
they are wealthy, others have outsize influence because of where they 
live. If voters in states with disproportionate influence are less motivated 
by environmental concerns than voters in other states, then elected 
representatives will be less motivated than the public at large. This creates 
an obstacle to environmental progress because of the disproportionate 
influence of rural states with small populations whose voters often oppose 
further environmental protection.32 



FLAWED DEMOCRACY 183

Small state voters have a tremendous influence on the Senate 
because each state has two senators but states vary widely in population. 
The most populous state, California, has one senator for every 20 million 
residents while the least populous state, Wyoming, has one senator for 
every 300,000 residents. In other words, a Wyoming voter has more than 
sixty times as much impact on the Senate as a California voter.

Efforts to halt debate and vote on legislation in the Senate have 
traditionally required not just a majority of 51 of 100 votes, but a 
supermajority of 60 votes. With few exceptions, unless 60 senators vote 
to halt debate, any single senator can filibuster – prevent the end of 
debate and thus prevent a vote on legislation.33 Therefore, 41 senators 
can prevent the passage of any legislation. For example, although the 
Capitol was invaded by a mob on 6 January 2020, a proposal to create a 
Senate commission to investigate the incident enjoyed majority support 
(54 of 100 possible senators) but not the 60 required to end a filibuster, 
and thus the proposal failed and the proposed commission was not 
formed.34 

As of 2020, the 21 least populous states – who between them can 
supply the required 41 senators to block a vote – collectively had about 37 
million residents, roughly 11 per cent of the national total and two million 
fewer than California alone. Thus, 41 senators representing about 10 per 
cent of the country and fewer people than the residents of California, 
could prevent the passage of any bill. That is unlikely, however, because 
the 21 least populous states’ senators are unlikely to vote as a block. On 
the other hand, the 21 least populous ‘red’ states (states in which the 
Republican presidential candidate won at least three out of four of the 
2004–16 presidential elections) could conceivably vote as a block. 
(Republican senators voted as a block 89 per cent of the time from 2000 
to 2016.)35 Those 21 states hold only 22 per cent of the national population 
but their representatives cast 42 per cent of Senate votes.36 Many of those 
states have economies heavily dependent on oil and gas, mining, logging, 
farming or ranching, and thus many residents who will be wary of any 
sort of environmental protection that involves restrictions on land use, 
ecosystem damage or greenhouse gas emissions. Thus, the power of small 
states in the Senate serves as an obstacle to environmental progress.

States with early presidential primaries also have special influence. 
In particular, Iowa, with the earliest primary, and New Hampshire, with 
the second primary, are most important.37 Strong performance in Iowa, 
New Hampshire or both has historically been critical to winning a party’s 
presidential nomination. For example, since 1996 only one major party 
candidate, Joe Biden, has won either party’s nomination without winning 
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Iowa or New Hampshire. During 2020, Pete Buttigieg, from nearby 
Indiana, won in a crowded Iowa field and Bernie Sanders, from 
neighbouring Vermont, won in New Hampshire. The eventual nominee 
from both major parties won at least one of these states in every other 
election since 1996.38 Presidential candidates therefore have a strong 
incentive to appeal to the concerns of Iowa and New Hampshire voters. 

The last major reason why some states have a disproportionate 
influence is the role of the Electoral College. The candidate who receives 
270 Electoral College votes becomes president. Because all states except 
Maine and Nebraska award all of their Electoral College votes to the 
state’s popular-vote winner, the Electoral College interferes with majority 
rule in two ways, both of which provide some states’ voters with 
disproportionate influence. 

First, presidential candidates pay disproportionate attention to 
voters in competitive states, practically ignoring states consistently won 
by one party or the other. Presidential candidates rarely campaign in 
reliably red or blue states, such as Wyoming or New York. They either take 
such states for granted or write them off as a lost cause, spending their 
time instead appealing to voters of ‘purple’ states – those that have not 
consistently been won by either party. 

Second, a candidate may win many states by narrow margins but 
lose others by wide margins, thereby losing the popular vote but still 
winning the Electoral College and becoming president. When Donald 
Trump defeated Hillary Clinton in 2016, he became the most recent of 
five presidents who have won the Electoral College while losing the 
popular vote. In 2000 George W. Bush also lost the popular vote to Al Gore 
but still became president. The three previous occasions were all in the 
nineteenth century.

Though Hillary Clinton received almost three million more votes 
than Donald Trump, Trump won the Electoral College because he won 
many states by narrow margins while losing others by large margins. 
Together, Clinton and Trump received almost 130 million votes, but if as 
few as about 40,000 voters had switched their votes in Michigan, 
Pennsylvania and Wisconsin, Clinton would have been elected. In other 
words, because most states award all of their Electoral College votes to 
the state’s popular-vote winner, Clinton lost despite receiving almost 
three million more votes nationwide and could have won if just 0.03 per 
cent of all voters had switched their votes.39

Together, the disproportionate influence of states with small 
populations, Senate filibusters, the timing of states’ presidential primaries, 
and the rules of the Electoral College give some states disproportionately 
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large influence upon US law and policy and therefore impede simple 
majority rule. Furthermore, because many small states are largely rural 
with economies heavily dependent on agriculture, ranching or extractive 
industries, representatives from these states tend to be especially wary of 
new rules or regulations that would impact those industries, and therefore 
often oppose new environmental protections. To the extent those 
representatives oppose strengthening environmental protection, 
differential influence of such states serves as an obstacle to environmental 
progress. A closely related obstacle derives from the many federal 
mechanisms that make it much harder to pass legislation than prevent 
passage of legislation.

The American political system has a variety of counter-majoritarian 
features, most importantly the Electoral College, the Senate, and a 
powerful appointed judiciary, that have few parallels in other 
democracies. These are meant to preserve minority rights against a 
tyrannical majority.

Gerrymandering and the bias of the Senate and the Electoral 
College, however, means that instead of protecting minority rights, 
they can enable minority rule.40

How a bill does not become law

Once the voting is done and representatives have been elected, those 
representatives may seek to alter existing laws and policy. Major 
strengthening of federal environmental protection requires passage of 
new laws or amendments that strengthen existing laws. Therefore, any 
hurdles to passing laws can function as obstacles to environmental 
protection. 

The nation’s founders’ wariness of government power led them to 
construct numerous constraints on expansion of that power. In addition 
to adopting the Bill of Rights to protect minorities from the tyranny of the 
majority, they enacted multiple hurdles to passing laws.

New laws must pass both houses of Congress and enjoy the support 
of the president, or pass both houses with supermajorities. Later, if 
challenged, their constitutionality must pass muster with the judiciary. 
Collectively, the necessity of supermajority support from two legislatures 
plus the support of the judiciary, or support from all three branches of the 
federal government, creates a substantial hurdle to passage of new laws. 
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Rules, traditions and customary procedures for debating legislation raise 
the bar much higher. Indeed, one scholar has concluded that the United 
States has the ‘most intricate lawmaking system in the world’.41

The Constitution does not specify House and Senate procedures; 
those procedures are somewhat malleable and evolve over time, but 
House bills generally proceed as follows.42 Introduced bills are assigned 
to one or more committees whose chairs typically refer them to one or 
more subcommittees.43 Committee or subcommittee chairs then decide 
whether to consider proposed legislation. This is a competitive process 
because Congress lacks time to address all bills. Most bills do not get 
considered – they ‘die in committee’.44 If a subcommittee does debate a 
bill, it may seek input from agencies, experts and the public at large. 
Subcommittee members modify bills, either of their own volition or on 
the basis of such testimony, then return the modified bills to their larger 
committees with a favourable or unfavourable recommendation, or a 
recommendation that the bill be tabled (not acted upon).  

The full committee may table a bill indefinitely, remove it from 
consideration or amend it further and report it to the full House. If a bill 
is reported to the House by all relevant committees, it is given a ‘calendar 
number’. Just getting this far is an accomplishment. During some 
congresses, as many as a hundred subcommittees have had jurisdiction 
over the EPA and thus an interest in environmental bills.45 

Bills are not necessarily considered in the order they reach the full 
House. Under the guidance of the Speaker of the House (the leader of the 
majority party), the Committee on Rules controls the order. If a bill does 
come up for consideration by the whole House, members debate it, often 
adding amendments. Some bills acquire as many as a hundred 
amendments. Finally, a vote may be taken.

The Senate employs similar procedures, except a supermajority is 
normally required to pass a bill. Senate convention, and only 
convention, dictates that 60 votes are required to end debate – that is, 
to stop a filibuster. Historically, and still today in some deliberative 
bodies, a filibuster occurs when a legislator speaks at great length, 
thereby preventing the close of debate and thus preventing a vote. 
Senators are not required to actually speak; merely announcing an 
intent to filibuster has the same effect. If one member threatens a 
filibuster, under normal procedures a bill will not come up for a vote 
unless 60 senators announce they will vote to end debate. Recognizing 
this, the Senate does not normally consider bills with fewer than sixty 
supporters. Few controversial bills enjoy so much support; therefore, 
many bills die just because one senator threatens a filibuster.46
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… the Senate’s treasured tradition is not efficiency but deliberation. 
One of the body’s central purposes is making new laws earn broader 
support than what is required for a bare majority in the House. The 
legislative filibuster does not appear in the Constitution’s text, but it 
is central to the order the Constitution sets forth. It echoes James 
Madison’s explanation in Federalist 62 that the Senate is designed 
not to rubber-stamp House bills but to act as an ‘additional 
impediment’ and ‘complicated check’ on ‘improper acts of 
legislation.’ It embodies Thomas Jefferson’s principle that ‘great 
innovations should not be forced on slender majorities.’47

Because the requirement of 60 votes to end debate is rooted merely 
in tradition, not specified in the Constitution, the Senate majority leader 
can waive the rule, a tactic often referred to as the ‘nuclear option’. During 
2013, when Republican senators routinely refused to approve Obama 
Administration nominees for agency posts, the Democratic leadership 
abandoned the requirement of 60 votes to close debate on nominees for 
all but the Supreme Court. During 2017, the Republican leadership 
abandoned it for approval of Supreme Court nominees.48 The future of 
the filibuster is presently under debate. 

A bill may pass in the House but not the Senate or vice versa. For 
example, 2010 legislation to address climate change was passed in the 
House but never voted upon in the Senate.49 Because the Senate never 
voted, the bill died.

A bill cannot become law until the House and Senate pass identical 
versions. When bills are originally introduced in the two chambers, 
ostensibly for the same purpose, they are nevertheless generally not 
identical. Furthermore, both bodies typically amend proposed legislation. 
Thus, similar bills are rarely identical when first passed in each chamber. 
A Conference Committee involving members of both the House and 
Senate seeks to resolve differences and agree on a common text, usually 
through compromises. Then both the full House and Senate must pass the 
revised bill.

Throughout this process, House and Senate leaders have 
tremendous power over which bills come up for a vote. Since the mid-
1990s, Republican speakers of the House have refused to allow a vote 
on any bill not supported by a majority of their party’s representatives. 
This is often referred to as the Hastert Rule after its initiator, former 
Speaker of the House Dennis Hastert.50 Insisting on majority support of 
the members of the party in power raises the bar for new laws yet 
farther and inhibits passage of legislation with broad bipartisan 
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support of moderate representatives from both parties but lacking 
support of the Republican party’s less moderate members. Together, 
the Hastert Rule in the House plus the Senate requirement of 60 votes 
to close debate are largely responsible for Congress’s recent decades of 
relative stalemate.

When both chambers pass the same bill, it is sent to the president, 
who then has ten days to sign or veto it. If the president signs the bill or 
takes no action for ten days (not including Sundays) it becomes law – 
unless Congress is not in session at the end of the ten days, in which case 
the bill is considered vetoed. (The latter is referred to as a ‘pocket veto’.) 
A vetoed bill may be sent back to committees, amended, passed in a 
modified form and returned to the president for reconsideration. 
Alternatively, the House and Senate may override the veto, but an 
override requires two-thirds majorities in both chambers. Controversial 
bills rarely garner such support.51 

Both legislatures can suspend rules to streamline processes, but 
they rarely do so for controversial bills or bills perceived as non-urgent.52 
Finally, a bill must complete this entire process during one Congress (two 
annual Congressional sessions of about 160 working days each). Any 
failed bill must return to the first step of subcommittee consideration 
during the next Congress. Given so many hurdles, it is not surprising the 
great majority of bills never become law.

Opponents of a new law need merely halt a bill at any step in either 
the House or Senate, but supporters must prevail at every step. Thus, it is 
much harder to pass new legislation than to prevent its passage. This 
creates a barrier to new environmental protections (and a barrier to the 
removal of existing environmental protection).

There is, in short, a strong structural bias within our existing 
lawmaking institutions in favor of government acting slowly and 
incrementally. Whatever their ideological bent, sweeping law 
reforms in response to new information or values are very difficult 
to accomplish without institutional change, yet those same 
institutions that need reform resist just that possibility.53

This chapter has explained why US government decisions do not 
always reflect majority preferences and how legislative procedures 
impose barriers to new environmental legislation. As we shall see in the 
next chapter, those wishing to pass new environmental protections must 
not only achieve sufficient demand for action, overcome impediments to 
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majority rule and prevail at each legislative step; they must win those 
battles despite being outspent by their opponents. 
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14
An endless uphill battle 

As we have seen, proponents of environmental protection encounter 
opposition. Both sides organize into groups. The two types of groups, 
those pushing for more environmental protection and those resisting new 
environmental protections, have various advantages. Those who seek 
further environmental protection may enjoy the moral high ground and 
have more supporters, but their opponents tend to have highly motivated 
supporters with livelihoods at stake. As a consequence, those opponents, 
drawing on the resources of well-established industries, can often raise 
more money for their cause. Moreover, for many battles, such as over 
resource extraction, they have another advantage. Opponents need win 
only once to gain access to a resource while protectors of a resource must 
win every time or the resource can be lost, in some cases forever. 

This chapter describes the two main types of groups engaged in 
environmental debates, the approaches that those opposed to further 
environmental protection use to influence legislators and the public, the 
funding disadvantage of those favouring environmental protection, and 
the need for those protecting the environment to win some battles over 
and over, not just once. Having to win over and over while out-funded is 
akin to playing ball uphill in a game that ends only if the opponent takes 
the lead. 

Interest groups

Various groups seek to influence US environmental policy. Dozens of 
organizations, such as the Center for Biological Diversity and the Natural 
Resources Defense Council, represent interests of those in favour of 
strong environmental protection. Meanwhile, dozens of others, such as 
the Competitive Enterprise Institute and the Heartland Institute, 
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represent those generally opposed to further, or even existing, 
environmental protection. 

Zachary Smith and others identify two general categories of interest 
groups, public non-economic groups and private economic groups. 
Private economic groups seek benefits that accrue primarily to their 
members, though they often cast their arguments as in the interest of the 
public at large. Public non-economic groups seek benefits that accrue to 
the public at large or to other species, not exclusively to their members. 
Private economic groups offer their members direct economic benefits 
while public non-economic groups only offer the benefit of supporting 
what they perceive as a public good. Public, non-economic groups cannot 
offer a financial return on membership. The expectation of a financial 
gain associated with membership provides private groups a fundraising 
advantage.1

Public non-economic groups often favour environmental protection 
while private economic groups oppose it. For example, the American 
Petroleum Institute favours drilling on the Alaskan North Slope while the 
Center for Biological Diversity opposes it. Private economic groups often 
seek to maintain the legality of resource extraction or other 
environmentally damaging activities. They have a financial incentive to 
do so.2 Conversely, members of environmental organizations generally do 
not have a personal financial stake in environmental debates. For 
example, many who advocate restrictions on coal burning do not work in 
related industries and thus have no direct financial stake in the outcome 
of that debate, so their incentives are not as acute as those of opponents 
whose incomes depend upon coal. Therefore, because of members’ 
financial motivations, groups that oppose environmental protection are 
often able to raise more funds than their opponents.3

Opponents of environmental protection routinely spend several 
times as much money as supporters of protection. For example, Monsanto, 
DuPont, Bayer CropScience, Dow Agrosciences, the Grocery 
Manufacturers Association and other agribusinesses spent $37 million to 
defeat a 2013 Washington State ballot initiative to label genetically 
modified foods (GMOs). Collectively they outspent proponents of 
labelling by more than 3:1. A year later, labelling proponents were 
outspent 20:1 during debate over a similar Colorado ballot initiative.4 

During 2009, when Congress was considering a bill to curb 
greenhouse gases, supporters of the bill spent $22.4 million on federal 
lobbying while the oil and gas industry alone spent eight times as much, 
$175 million, resisting the legislation. The bill passed the House but was 
never voted upon by the Senate. Over the longer period of 2000–16, 
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opponents of climate change action invested approximately ten times as 
much on lobbying as proponents.5 Spending by hedge-fund manager and 
2020 Democratic presidential candidate Thomas Steyer was an exception. 
Steyer has invested some $100 million advocating climate change action, 
but his contributions on behalf of environmental advocacy are 
unprecedented.6 The norm is for environmental groups to be substantially 
outspent by their opponents, as when oil industry interests outspent 
environmental activists 40:1 opposing a 2018 Colorado ballot measure 
that would have imposed new restrictions on oil and gas projects.7 

Manipulating political debate

Chapter 8 describes how opponents of environmental protection seek to 
confuse the public regarding the need for further environmental 
protection. They spend millions of dollars on such efforts, employing the 
latest public relations techniques, such as creating ‘front groups’ that 
falsely appear to be grassroots movements of ordinary citizens, and 
providing material for news outlets designed to appear as if reporters and 
editors had developed the material themselves. Such motivations are 
evident in an internal General Motors document that boldly explained, 
‘GM Public Relations helps to make GM so well-accepted by its various 
publics that it may pursue its corporate mission unencumbered by public-
imposed limitations or regulations.’8 Sharon Beder documents such 
tactics in detail in Global Spin: The corporate assault on environmentalism, 
on which the remainder of this section is based.9

Corporations and their trade organizations realize the public will be 
sceptical of obviously self-serving industry pronouncements, so they 
often use sophisticated public relations techniques to obscure their 
motivations and create the impression that grassroots, populist objections 
are responsible for opposition to new environmental protections. Beder 
describes one technique in which a radio talk show hosts gets listeners 
agitated about some issue, then during a commercial break a free 
telephone number is announced where callers can get more information. 
After callers speak with others who provide further information, they are 
patched through to their representatives’ offices to voice their opinions on 
the issue. The effect is to give their representatives the impression of 
spontaneous grassroots concern. This may fool representatives and, even 
if it does not, it may fool enough constituents to provide political cover for 
representatives opposed to environmental protection.10
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Knowing that politicians consider a constituent’s letter a stronger 
message than a phone call, public relations consultants and their clients 
also work to give the impression that members of the public have 
spontaneously chosen to write to their representatives. One public 
relations consultant, John Davies, claimed that his firm would even 
prepare handwritten letters after obtaining agreement from the sender 
over the telephone. ‘We hand write it out on “little kitty cat stationery” if 
it’s a little old lady. If it’s a business we take it over to be photocopied on 
someone’s letterhead. [We] use different stamps, different envelopes …’11 
Environmental groups also attempt to generate messages to 
representatives. For example, readers may be familiar with emails asking 
for signatures on electronic petitions. But a handwritten letter on kitty cat 
stationery will impress a politician much more than an electronic 
signature on a petition because the letter suggests a higher level of 
commitment on the part of the constituent. Email petitions are cheap; 
handwritten letters – in bulk – are expensive.

Trade associations go beyond giving the impression of spontaneous 
grassroots objections from individuals. They routinely create front groups 
– organizations intended to appear to be independent grassroots 
organizations but funded and organized by the trade associations or their 
public relations consultants. The names of front groups often suggest 
their goal is environmental protection when in fact their objective is the 
opposite. Some of the earliest front groups were particularly brazen in 
their choices of misleading names. For example, the Global Climate 
Coalition fought restrictions on greenhouse gas emissions while the 
National Wetlands Coalition defended the opportunities of fossil fuel 
companies to drill in wetlands. The latter’s logo was a duck flying over a 
wetland. 

Both of those groups have disbanded, but plenty of others remain. 
Citizens for Recycling First is funded by the coal industry to argue coal ash 
should serve as fill rather than be treated as hazardous material. Energy 
Citizens is funded by the American Petroleum Institute to oppose 
restrictions on greenhouse emissions. The National Center for Policy 
Analysis and the National Consumer Coalition both advocate for free 
market responses to public-policy problems – they oppose regulations. 
The Oregon Institute for Science and Medicine was the source of the 
petition project described in Chapter 8. Idaho for Wildlife holds ‘derbies’ 
to see who can shoot the most wolves and coyotes. The Center for Media 
and Democracy’s SourceWatch website describes these and dozens of 
other front groups.12 Clearly, the name of an organization is often no clue 
to the organization’s true objective.13
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In addition to conventional advertising, public relations consultants 
produce glorified press releases dressed up to look like reporting by 
independent journalists. They provide material the media can directly 
incorporate into stories or use without any editing, but not labelled as a 
press release. These materials give audiences the impression of being 
generated by independent news organizations. Approximately half of the 
material in US newspapers is based upon such disguised press releases.14 
Public relations offices also provide video material for use by local 
television stations who are often hard pressed to generate their own. 
Beder notes: 

It is popular nowadays to accompany the fully edited piece ready to 
be broadcast (A-roll) with unedited footage (B-roll) and a script so 
the television station crew can put together and edit the story as if 
they had shot it themselves, inserting their own journalist’s voice 
over or adding their own material.15

When you watch, listen to or read news, see if you can detect apparent 
press releases masquerading as products of independent reporting.

Public relations professionals also provide material for their 
supportive lawmakers to use as those lawmakers attempt to influence 
policy. Some letters from lawmakers, or key sections of them, have been 
written by industry public relations officers. For example, North Dakota 
Governor Doug Burgum and several North Dakota state legislators used 
text provided to them by oil industry representatives in letters to the 
Federal Energy Regulatory Commission advocating approval of a 
company pipeline.16

Now even Instagram ‘influencers’ are discretely employed for this 
purpose, publishing posts praising gas cookstoves with no indication they 
have been paid to do so and no indication the stoves can pollute indoor 
air to levels above outdoor standards. Indeed, various reports suggest the 
natural gas industry has been using entertainers to use the phrase ‘now 
we’re cooking with gas’ (which to a US audience means doing well) since 
the 1930s when homeowners were shifting from wood to either gas or 
electric stoves and ovens.17

When most of the major US environmental laws were passed during 
the 1960s and 1970s, public support for environmental protection 
prevailed, probably at least partly because private economic interest 
groups and public relations efforts were not as well-organized or effective 
as they have subsequently become.18 Since then, a few other federal laws 
have been passed, but for the most part financial advantages, combined 
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with sophisticated public relations efforts and numerous opportunities to 
prevent or derail new legislation, have enabled opponents to prevent 
major new environmental protection, such as a law addressing climate 
change.

Provisional protection

Despite disadvantages, proponents of environmental protection 
sometimes prevail, but they often achieve only temporary protection. 
They may have to wage the same battle again and again. In cases where 
environmental damage could be irreversible, protectors of the 
environment must prevail every time opponents seek access to a resource 
or authorization to otherwise modify the environment. As David Brower 
has noted, ‘All a conservation group can do is to defer something. There’s 
no such thing as a permanent victory. After we win a battle, the wilderness 
is still there and still vulnerable.’19 

The Alaskan National Wildlife Refuge provides an example of the 
need to repeatedly defend a particular resource. Congress debated 
drilling for oil in the refuge some fifty times over the course of decades. 
Anti-drilling forces prevailed over and over, but eventually lost when the 
Tax Cuts and Jobs Act of 2017 was passed (using the Senate budget 
reconciliation procedure to prevent a Democratic filibuster).20 None of the 
earlier victories were permanent. Those who wish to protect old growth 
forests, endangered species or any intact ecosystem face the same 
predicament. They must win every time. If they lose just once, the forest 
may be logged, the species may go extinct or the land may be ‘developed’ 
or otherwise damaged.

Like those who wished to drill in the Alaskan National Wildlife 
Refuge, those who wished to extract Albertan tar sands needed only 
achieve legal access once. But those who wished to protect the boreal 
forest above the tar sands would have had to deflect every attempt to 
allow mining because mining tar sands destroys the forest ecosystem. 
They failed to do so. The forest might perhaps recover over geological 
time, or a few trees may grow back, but the ecosystem will not be restored 
anytime soon. (Ecological restoration is a booming field, but its 
practitioners do not claim to be able to restore severely degraded 
ecosystems to full health.)21 

The same situation pertains for soil, wetlands, and perhaps climate 
change. Once soil is lost, its natural recovery is so slow that, for practical 
purposes, soil should be considered a non-renewable resource. Artificial 
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wetlands can be useful, but they are unlikely to have the complexity or 
biodiversity of natural wetlands or provide as many ecosystem services. 
Open space can be protected, but once it has been developed it is 
effectively lost. If greenhouse gases reach a concentration that initiates 
overwhelming positive climate feedbacks, as may already be occurring in 
areas losing permafrost, even a habitable climate may be permanently 
lost, at least in some regions of the globe.

We have now considered seven reasons why society may fail to 
respond to a newly understood environmental problem. Members of the 
public may not appreciate the strength of scientific evidence. Proposed 
protections will be portrayed as interfering with individual freedoms even 
though their net effect may be to expand freedoms. Efforts to influence 
the market will be resisted by those who believe markets should operate 
without hindrance. Costs of protection may be perceived as prohibitive. 
The incremental nature of problems may consign them to chronic low 
priority, as may voter disenfranchisement, especially in cases of 
environmental injustice. If an issue does achieve political priority, it is 
harder to pass new protections than block them, and financially motivated 
opponents of protection enjoy three advantages. They have more money, 
need block protection at only one stage in a lengthy process and if they 
fail, can try again. When, despite all these hurdles, a decision to protect 
the environment does occur, the challenge then turns to devising and 
implementing a successful response, the topic of this book’s third and 
final section.
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Even after a problem is detected, its causes are understood and those 
involved decide to take action, effective responses can be difficult to 
design, fund or implement. Effective action requires overcoming several 
challenges. It is often difficult to design responses that would reduce one 
problem without creating or exacerbating others. Compromises can 
doom the effectiveness of promising ideas. Boundaries of authority often 
do not match the geographical scales of problems. Intended responses 
may not be implemented correctly. Finally, and perhaps most importantly, 
other societal priorities may overwhelm the effects of new policies. 

Furthermore, those who oppose new environmental protections 
continue their resistance despite widespread support for a response. After 
new policies or procedures are adopted or new laws passed, opponents 
shift to resisting vigorous implementation. They will push for weak 
regulations in response to new laws and, once new federal regulations are 
implemented, will file lawsuits arguing new policies are excessive, or 
regulatory agencies have overstepped their authority.
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15
Devising effective responses 

The examples of environmental improvements mentioned in the 
introduction demonstrate that progress is possible. As we have seen, 
however, major progress does not come easily. Even when a problem is 
understood and society, or a relevant group, decides to act, means of 
effectively responding may not be obvious. 

Fortunately, the potential of some responses is obvious. Hazardous 
concentrations of lead in the atmosphere resulted almost entirely from 
burning leaded gasoline. A technical response, unleaded gasoline, was 
readily available, so the choice of response was straightforward: phasing 
out of leaded gasoline. EPA regulations created under the authority of the 
Clean Air Act reduced combustion of leaded gasoline by 95 per cent 
between 1980 and 1999, during which time atmospheric lead 
concentrations declined 94 per cent (see Figure 1.2, p. 4).

In other cases, problems result from multiple sources, each of whose 
contributions are imprecisely known, and the hazard may not be sufficient 
to justify banning all responsible activities. In this common situation, 
effective responses may be especially elusive. 

Consider a polluted stream. The obvious solution is to stop 
delivering pollutants to the stream, but what is polluting it? What are the 
sources of those pollutants? What specific change or changes would halt 
the pollutants’ release? Must all types of pollution be prevented, or are 
some far worse than others? Must all harmful pollution be prevented or 
is there some tolerable level?

Proposed responses must not only overcome obstacles discussed in 
other chapters, such as how to cover initial expenses and how to achieve 
success despite compromises, they must also achieve the desired changes 
while contending with five common challenges. First, imaginable 
technical solutions are often unavailable. Second, specialists may 
recognize only some, not all, causes of problems, and even where causes 
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are known, precise quantitative relationships among variables often 
remain uncertain, in which cases the relative importance of different 
causes also remains uncertain. Third, affected parties often seek 
exemptions from policies and regulations. Fourth, like new technologies, 
new environmental policies and procedures often have their own 
undesirable, unanticipated, consequences.1 Fifth, responses must avoid 
the unintended but often predictable consequence of overcoming a 
shortage for a small number of people in the short term by creating a 
shortage for more people in the long term. After considering two 
examples, this chapter discusses each of these challenges in turn.

Even relatively simple problems sometimes defy effective responses. 
For example, Austin College, where I work, strives to continually reduce 
its environmental impacts. Students of environmental studies write 
proposals to do so. Several students have envisioned a set of bicycles 
available for anyone to use on campus. The environmental motivation 
would be to provide a readily available, quick alternative to driving a car 
from a dorm on one side of campus, around the campus perimeter to a 
classroom on the other side, a few hundred steps away, thereby reducing 
emissions from cars. We have not, however, managed to design a suitable 
system. 

We could check bikes out like library books. They would then 
usually be secured and returned, but would be available only to whoever 
checked them out. This would be a valuable service for some students, 
but it would not substantially address the problem at hand. The obvious 
alternative is to make bikes freely available to the entire campus, but we 
have not identified a system that would prevent bikes from gradually 
disappearing when, for example, students take them off-campus but 
return by some other means, say in a friend’s car. Tracking devices exist, 
but the types designed for small objects, such as a set of keys, have 
inadequate ranges. We are unaware of tracking devices of reasonable 
cost, small enough to hide on a bike, with sufficient range. So far, we have 
not identified any way to make bikes available to everyone while 
preventing them from gradually disappearing. We are hardly trying to 
prevent global climate change and yet we have failed to design a promising 
solution. (Please send suggestions.)

The present state of US municipal recycling provides a more 
consequential example of an inadequate response to a problem. US 
municipal recycling is in near crisis, with some programmes closing, 
largely because of new restrictions on the amount of contamination that 
China and other nations tolerate in imported recycled materials. But why 
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are recyclables contaminated? Households typically have a recycling bin 
and a trash bin. What could be simpler? 

Though recycling sounds simple, many residents put contaminants 
(materials that sorting facilities are not designed to process and for which 
there is little or no recycling market) into recycling bins. This apparently 
occurs for three reasons. First, some people wishing to recycle as much as 
possible but, unsure precisely what is recyclable, place contaminants in 
bins. This is so common that it has a name, ‘aspirational’ recycling. (Please 
do not do it. Recycle only what you know to be acceptable to your recycling 
system.) Second, at least here in Sherman, Texas, some residents had 
been treating recycling carts as second trash carts rather than paying for 
an additional proper trash cart. Such people presumably did not realize, 
or perhaps care, that they were contaminating entire truckloads of 
otherwise recyclable material. (The perverse incentive in the city’s fee 
structure was eventually overcome by changing to an opt-in recycling 
system that charged residents the same fee for either one trash cart and 
one recycling cart or two trash carts.) A third group may not have realized 
that certain carts were for recyclable materials only. For example, new 
residents and those who do not speak English may not have understood 
the colour-coded lids the city used to distinguish recycling and trash bins 
(see Figure 15.1).2 

All three errors stemmed from design problems. The first and third 
resulted from inadequate investment in participant education. The 
second resulted from a perverse financial incentive for residents who 
produced large quantities of trash – to save money by contaminating the 
city’s recyclable material rather than paying for a second trash bin. Better 
participant education plus enforcement of bin contents or earlier 
implementation of the opt-in system would have reduced these problems. 
But education takes effort and costs money, and enforcement involves 
examining bin contents, which may be considered a privacy violation and 
therefore could create ill will between city officials and residents. The 
opt-in system avoided the privacy concern, but lost many participants 
who previously recycled correctly but did not continue to do so once they 
were required to opt in to the system. 

Because of these and similar problems in other cities, the nation’s 
municipal recycling systems are desperate to prevent contamination. 
System designers, myself included, made two errant assumptions: that 
people would understand what should and should not go in their carts, 
and that people would cooperate, not intentionally put trash in recycling 
carts. Those assumptions were invalid. 
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Successful, effective environmental protection programmes are 
important not merely for the fate of any particular project, such as 
ensuring recycling actually occurs, but also for receptivity to future 
proposed actions. In addition to failing to make progress on the immediate 
concern, ineffective responses engender cynicism regarding future 
proposals. Even small failures foster resistance to future initiatives. Austin 
College’s new science building achieved Gold certification from the US 
Green Building Council’s Leadership in Energy and Environmental Design 
programme, but early in the design phase several science faculty members 
were resistant to green design criteria. Some of their resistance resulted 
from a failure of earlier green technology on campus. In particular, a 
passive solar water heater plumbed to the school’s swimming pool had 
long occupied dozens of choice parking spaces but never worked properly. 
Those panels became a monument to a good idea poorly implemented. 
Memories of the failed pool heater made people wary of other new-
fangled green ideas.3

Figure 15.1: A Sherman, Texas household recycling bin, the visible 
contents of which consist entirely of contaminants – materials the sorting 
facility was not equipped to recycle. Photographer: Peter C. Schulze.
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Loans to the solar energy company Solyndra provide a more 
important example. A Department of Energy programme to spur clean 
energy development loaned Solyndra $535 million. Shortly thereafter, 
Solyndra went bankrupt. The Solyndra loan was only one of forty clean 
energy development loans, but the failure of that one loan was the big 
news and was even touted as the first financial scandal of the Obama 
Administration. Almost all other loans were repaid on schedule and the 
programme provided net revenue to taxpayers, but those other cases have 
received far less attention.4 Another failure, the horrific designs of 
twentieth-century national birth-rate reduction efforts described in 
Chapter 9 are probably responsible for the extreme reluctance of many 
people and organizations to even consider any intentional efforts to use 
government policy or programmes to foster low birth rates.

Failures of these sorts play into the hands of those looking for 
reasons to oppose greening efforts. Theirs is a weak argument of 
extrapolating from occasional failure to all future cases – equivalent to 
arguing that because some bridges fail, bridges are a bad idea – but weak 
arguments often have great influence. The lesson for those who would 
make environmental progress is that careful design of proposed responses 
is critical to both the immediate project’s success and receptivity to future 
efforts. Devising satisfactory solutions requires avoiding five design 
challenges.

Technical limitations

Just as my colleague Professor Hugh MacIsaac imagines learning 
everything about a lake by sticking a finger in the water, one can imagine 
amazing but non-existent technical solutions to environmental problems. 
Contamination of recycling would be a trivial matter if facilities that 
process material had inexpensive sorting robots. Controlling particulate 
air pollution would be much easier if sensors could automatically and 
inexpensively detect concentrations of all pollutants from all pollution 
sources. Preventing water pollution would be easy if industries could be 
fitted with devices that automatically removed all pollutants from their 
outflows. No such devices exist, and if they did they might cause other 
problems (see Chapter 2). Innovations occur and technology advances, 
but some technical challenges will remain thermodynamically or 
otherwise daunting, and those seeking environmental progress now must 
work with technology available today or in the near future. 
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Partial knowledge

Incomplete knowledge of relevant circumstances and processes routinely 
hampers the development of effective responses. Imagine the 
uncertainties involved in attempting to regulate a marine fishery 
sustainably. First, managers cannot directly see the fish so it is hard to 
determine how many are in the ocean. Next, they cannot know precisely 
the relationship between a harvested species’ population size and its 
population growth rate, let alone how that relationship is affected by 
interactions between the harvested species and other species. When some 
fish are caught, there is more food for others, so the remaining individuals 
may grow faster or have more offspring. But how much faster will they 
grow and how many more offspring will they have? Might the extra food 
be consumed by other species instead? Finally, fish often cross into 
international waters where no single nation has authority, or 
responsibility, to regulate harvests, so regulations imposed only in one 
nation’s waters are often insufficient, while international cooperation has 
repeatedly failed.5

In the face of this uncertainty, managers have the unenviable job of 
choosing such things as net mesh sizes, allowable fishing techniques and 
the means of limiting catches (such as direct catch quotas, season duration 
limits, catch permits or prohibitions on fishing in nursery areas). Then, a 
year or more may pass before it becomes apparent whether too large a 
catch has been allowed, so errors may be compounded before they are 
detected and corrected. Thus, it is no simple matter to regulate a fishery 
sustainably. Yet, compared to some other environmental management 
challenges, fishery management is relatively simple.

Consider the task of setting air-quality standards. Richard Lazarus’s 
excellent book on the history of US environmental law describes the 
challenge of managing airborne particulate matter: 

National ambient air quality standards for particulate matter … 
have to take into account not just one source of particulate matter, 
but all possible sources, both regulated and unregulated, natural 
and manmade. There are many types of pollutants that contribute 
to the presence of particulate matter in the atmosphere, and their 
respective contributions are highly dependent on the occurrence of 
chemical reactions between various chemical compounds in the 
atmosphere. Wind, temperature and atmospheric pressure are 
accordingly relevant. Moreover, the adverse impact of particulate 
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matter on human health depends on the size of the particle and the 
duration of the exposure. That impact, of course, varies considerably 
among persons with different susceptibilities rooted in personal 
physical and biologic differences, as well as lifestyle differences. The 
challenge for a government agency responsible for promulgating a 
national ambient air quality standard for particulate matter is to 
choose a legal standard that sensibly accounts for all these variables 
without being overwhelmed by the associated scientific complexity.6

Similar challenges occur in determining acceptable grazing pressure 
on federal grasslands, the extent and type of habitat necessary for the 
recovery of endangered species, quantities of pollution that can be 
withstood without diminishing water quality, atmospheric gas 
concentrations that will result in a given global temperature increase, 
risks of carcinogens, and sustainable limits for countless other variables. 

Regulators must act despite only partial understanding of problems. 
Even if regulators understand the hazard of inhaling fine particulates, 
they cannot possibly know the quantitative relationships between all 
plausible mixtures of particle size and chemical composition and the 
health consequences of those mixtures. But those regulators must still 
define acceptable concentration limits just as fisheries managers must set 
fishing restrictions, because the alternative – delaying action indefinitely 
– will allow harms to persist and the problem may even worsen.

Exemptions

Once regulators determine a maximum acceptable concentration of 
particulate matter in air, they must develop policies to bring concentrations 
below that limit. They could require installation of pollution control 
devices, limit allowable emissions from facilities, create pollution permit 
markets or use some combination of these or other approaches. Moreover, 
these choices must be made recognizing that as soon as new regulations 
or policies are promulgated, members of the regulated community will 
attempt to avoid having to comply, either by claiming they are exempt for 
some reason or by altering their operations to receive an exemption or 
otherwise reduce their regulatory burden.7 

The oil pipeline company Enbridge provides an example of a bold 
effort to skirt the intent of a regulation. President G. W. Bush’s Executive 
Order 13337 required that the State Department approve ‘… the 
construction, connection, operation, or maintenance, at the borders of 
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the US, of facilities for the exportation or importation of petroleum, 
petroleum products, coal, or other fuels to or from a foreign country’.8 The 
necessity of such State Department approval had delayed TransCanada 
Corporation’s proposed Keystone XL pipeline. Seeking to avoid the same 
delays, Enbridge announced plans to connect its Alberta Clipper pipeline 
to another of its pipelines, Line 3, just before Line 3 crosses into the US 
from Canada in eastern North Dakota, then reconnect Line 3 to the 
Alberta Clipper after crossing the border. Enbridge argued that this plan 
did not require State Department review because the flow in Line 3 would 
be within the already permitted limit. The State Department agreed the 
plan did not require a new permit and approved the plan.9 

… the greatest challenge in drafting regulations can lie in trying to 
fulfill the statute’s intent while knowing full well that the regulated 
community will act strategically to take advantage of any possibility 
of favorable treatment.10

Unintended consequences

Even if responses to environmental problems achieve their intended 
effects, they may have undesirable, unintended consequences that cause 
or exacerbate other problems, including other environmental problems. 
Some such consequences are unanticipated, while others are anticipated 
and accepted as necessary trade-offs. For instance, better air-pollution 
control requires landfilling of the toxic waste from air pollution control 
devices. Such conflicts are almost ubiquitous. Other examples include 
mining rare-earth metals in countries with lax environmental rules or 
perhaps even from the ocean floor to supply electric vehicle batteries, 
renewable fuel mandates that have led to clearing tropical rainforest to 
grow oil-palm monocultures, and harvesting of trees to make fuel pellets. 

I routinely encounter minor examples of such conflicts, as when 
cutting invading trees to foster prairie restoration, and attempting to 
restore native grass in the presence of established, invasive, non-native 
grasses. We could plough or poison the non-native grass and thereby 
assist establishment of seeded natives, but either procedure would hasten 
soil erosion until native species establish, and who knows what legacy 
effects the poison would have. Even the most modest efforts can involve 
such conflicts. For instance, trees in our yard partially shade solar panels 
on our roof. I want the panels to generate electricity, but not enough to 
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cut down the trees. The trees stay. That trade-off was easy to anticipate 
and is trivial. Others have been unanticipated and momentous.

A classic example occurred when Indonesia used DDT to control 
mosquitoes that transmit malaria. The DDT apparently also killed 
parasites of moth larvae. Freed from their parasites, moth populations 
increased and ate thatched roofs. The DDT also killed cats, fostering 
rodent outbreaks.11 

During the late 1960s and early 1970s, the US Department of 
Agriculture attempted to eradicate non-native fire ants by spraying 60 
million kilograms of bait poisoned with the pesticide Mirex over 45 
million hectares of the southern US. Subsequent analyses suggested that, 
while the Mirex initially killed ant species indiscriminately (as well as 
mammals, birds and fish), fire ants were the most aggressive recolonizers 
of the treated areas and, with other ant species suppressed, ended up 
more abundant than before Mirex had been sprayed.12 

The introduction of Nile Perch to Africa’s Lake Victoria during the 
mid-twentieth century provides yet another example. Nile Perch were 
apparently introduced to create a commercial fishery, but the large, 
predatory fish decimated smaller native fish that had served as the basis 
of an artisanal fishery and were one of the world’s most spectacular 
examples of evolutionary diversity.13 Similarly, early European Union 
(EU) requirements to use biofuels as a substitute for petroleum made 
profitable the destruction of tropical rainforests to grow oil palm and led 
to the cutting of forests to make wood pellets.14 Upon recognition of such 
unintended consequences, the European Union (EU) altered its policies, 
but some analysts believe the revised policies will also have unintended 
consequences.15 

Two of the saddest cases of unintended consequences resulted from 
digging wells to improve water supplies. Who would oppose provision of 
clean, reliable water supplies? The goal seems obviously worthy, but in 
these cases the unintended consequences have been catastrophic. 

During the 1970s, the United Nations Children’s Fund (UNICEF) 
and the Bangladesh Department of Public Health Engineering constructed 
wells as an alternative to consumption of polluted surface water that was 
causing tremendous infant mortality. But water from many of the wells is 
naturally contaminated with arsenic, often in carcinogenic concentrations. 
World Health Organization experts estimate that more than 70 million 
people are at risk from these wells. 

Even though the well digging was intended to improve water 
quality, the water was not tested for arsenic contamination because 
naturally occurring arsenic contamination was not yet recognized as a 



OBSTACLES TO ENVIRONMENTAL PROGRESS212

potential problem. Detection of arsenic in the water did not occur until 
residents developed symptoms a decade later. Even more tragically, once 
the arsenic contaminated wells were painted red, many people continued 
to use them because they lacked safe, alternative sources.16

A similarly tragic story occurred in the Sahel where nomadic 
pastoralists had subsisted for thousands of years by moving livestock in 
synchrony with seasonal rains. During the 1960s, international aid 
agencies constructed wells and clinics, while newly independent nations 
sought to restrict border crossings. Herders understandably remained 
near wells. Where the herders remained, livestock remained as well. 
Consequently, the livestock overgrazed the vegetation that was the 
backbone of the subsistence system. Without vegetation, the area 
desertified and both livestock and people starved.17 These Bangladeshi 
and Sahelian tragedies demonstrate that even efforts to ensure a goal as 
noble as a safe and reliable water supply can cause disastrous unintended 
consequences. 

Proposed environmental protection is a type of innovation, and as 
for any other innovation, a systems perspective may reduce the chance of 
undesirable, unintended consequences. As discussed in Chapter 2, a 
systems perspective will not permit perfect anticipation, but it probably 
would have resulted in awareness that big fish added to Lake Victoria 
might kill off little fish, cattle kept around Sahelian wells would kill the 
nearby grass, and a programme to dig wells for millions of people should 
test at least a subset of those wells for every plausible contaminant.

Perhaps the worst of all unintended consequences of an 
environmental ‘solution’ could come from ‘geoengineering’.18 
Geoengineering refers to altering major planetary processes to counteract 
an environmental problem. Geoengineering is most often contemplated 
to prevent climate change. One proposal would add white particles of 
sulphur dioxide to the atmosphere to reflect incoming solar radiation, 
thereby preventing warming. Another would add iron to areas of the 
ocean where lack of iron limits the growth of algae. The latter idea 
presumes faster growth would cause algae to take more carbon dioxide 
from the water. Natural physical equilibria would then replace that 
carbon dioxide with carbon dioxide from the atmosphere, in a milder but 
much more extensive reversal of the process of bubbles leaving a 
carbonated beverage. Some algae cells would sink to the sediments, 
where they would remain, sequestering carbon that had been in the 
atmosphere. This is an appealing notion. Sprinkle a little iron and get rid 
of global climate change. 
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If these ideas sound too good to be true, your intuition is probably 
correct. Side effects are almost certain. For example, sulphur dioxide, the 
compound that reflects solar radiation, is a primary cause of acid rain. 
Any number of other ‘side effects’ are also plausible. Adding iron to the 
ocean might shift competition among algal species, potentially altering 
the ocean food web in ways no one can predict, but that could include 
changing the abundance or species composition of the zooplankton that 
eat algae, which could potentially reduce the abundance of algae and 
thus the amount of carbon sequestered to the ocean floor. In other words, 
the effort might not only fail, but backfire. 

Perhaps some other reflective agent would not cause acid rain? 
Warming might be prevented, but what else would happen when light 
was blocked from reaching the surface? How would a reduction in 
sunlight affect other processes? Photosynthetic rates might decline, in 
which case plants would grow more slowly, counterproductively taking 
less carbon dioxide out of the atmosphere. If photosynthesis declines, 
crop growth could decline, native and domestic herbivores would have 
less food and ocean food chains might also become less productive. These 
are just a few plausible consequences. Any ecologist could list many more. 

The point is not only that unintended consequences of 
geoengineering are virtually certain, but also that no one can confidently 
predict which unintended consequences would occur or how severe they 
would be. For this reason, some refer to geoengineering scenarios as 
‘betting the planet’, a bet too big for many. Despite the stakes, as 
greenhouse gas concentrations keep increasing, more people seem to be 
seriously considering geoengineering.

‘Solutions’ that exacerbate problems

A qualitatively different sort of unintended consequence occurs when a 
perceived shortage is relieved by an increase in supply – as when roads 
are expanded to reduce traffic congestion. Adding lanes initially reduces 
congestion, but as discussed in Chapter 2, it attracts more traffic to the 
larger road and development to the surrounding area. Thus, the system 
responds by causing larger and larger traffic jams on larger and larger 
roads. In such circumstances, a short-term ‘solution’ worsens a long-term 
problem. Increase in supply seems like an obvious response to increase in 
demand, but the traffic example illustrates how such a response can 
create a positive feedback that makes the original problem worse. Positive 
feedbacks are not sustainable. Some are more critical than traffic jams.
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For example, water shortages often inspire reservoir construction. 
These may seem like obvious responses, and they help for a while, but a 
bit of reflection shows that, by themselves, they are likely to make problems 
worse in the long run. More water in an arid area allows local population 
growth and thus causes a future, larger population to depend on an ever 
more complex water system. 

Consider the example of southern California. The Los Angeles and 
San Diego metropolitan areas rely on an elaborate system of canals, pipes 
and pumps to deliver water from remote reservoirs, including the Shasta 
Reservoir, north of San Francisco, hundreds of kilometres away. One 
component of the system, the Edmonston Pumping Plant, uses fourteen 
80,000-horsepower pumps to lift water almost 600 metres over the 
Tehachapi Mountains. Each of those pumps is about a hundred times as 
powerful as the most powerful production Ferrari. This remarkable feat 
of engineering enables twenty million people to live in the southern 
California desert, but it has made that large population entirely dependent 
on a technologically complex, reservoir-based water-delivery system 
vulnerable to drought and climate change in an area known for 
earthquakes. A short-term ‘solution’ (finding water for a small population) 
has created a larger long-term problem (sustaining a water supply for a 
large population). 

That adding water supplies will facilitate population growth and 
thus eventually cause a water shortage for an even larger population is as 
easy to anticipate as a widened highway leading to larger traffic jams, but 
officials continue to propose supply increases anyway. For example, the 
Texas Water Development Board 2022 State Water Plan proposes 
numerous new reservoirs.19 Those new reservoirs will initially increase 
the water available per person, just as added lanes initially alleviate traffic 
jams. But they will also facilitate population growth, just as lanes increase 
traffic, until demand again exceeds supply. 

In the case of reservoirs there is another problem. Dams are often 
constructed in arid regions. Arid region streams are typically muddy 
because of sparse watershed vegetation and consequent soil erosion 
during rains, a problem exacerbated yet further when watersheds are 
overgrazed. Upon reaching a reservoir, muddy flows slow and sediment 
sinks. Thus, reservoirs slowly but surely fill with sediment, reducing their 
capacity and rendering them temporary, not permanent, means of storing 
water. Therefore, reservoir construction to meet water demand facilitates 
population growth, those new residents become dependent on the 
reservoirs, but the reservoirs represent only temporary supply increases. 
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Loss to sedimentation is substantial. Texas Water Development 
Board staff estimate sedimentation will reduce Texas reservoir storage 
capacity by some 100 million cubic metres per year by the middle of the 
twenty-first century. The US Geological Survey estimates average annual 
domestic water consumption as 100 cubic metres per person.20 By that 
estimate, Texas reservoirs will lose enough storage capacity each year to 
account for the household consumption of about a million people (see 
Figure 15.2).21

Figure 15.2: Photographs of a black and white Secchi disk suspended 20 
cm below the water surface of Lake Texoma (on the Texas–Oklahoma 
border). The top photo is from an upstream location near the Red River 
inflow while the bottom photo is from the downstream end of the lake 
near the dam. Except during floods, as water moves downstream through 
the reservoir, suspended material responsible for the turbidity in the 
upper image sinks to the lake bottom, thereby displacing water storage 
capacity. Photographer: Peter C. Schulze.
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In the (ecologically) relatively short term of a few decades, reservoir 
construction can alleviate perceived water shortages, but in the longer 
term of a century or so, reservoirs can make the problem worse by causing 
a much larger population to depend on what turns out to be a temporary 
and thus non-sustainable ‘solution’. This is fundamentally the same 
problem as increasing food production to meet increased demand without 
avoiding further population growth (see Figure 15.3). If the only response 
to hunger is increased food production, then alleviation of a critical, 
immediate problem may foster a larger long-term problem of even more 
hungry people in the future. Once the long-term problem is apparent, it 
becomes clear that future generations would benefit from more 
sophisticated responses that satisfy short-term needs without creating 
larger long-term problems. These are complex, dire issues and I do not 
wish to be simplistic, but public transit, bicycles, working from home, 
water conservation and universally meeting desired access to 
contraception quickly come to mind.

Imperfect understanding complicates the development of 
environmental protection mechanisms. Some apparently good ideas 
backfire, but others work. Air and water pollution have been reduced 
without causing serious undesirable side effects. Species have been kept 
from going extinct without causing disastrous side effects. Success is 
possible. But those who design responses to environmental problems 
should study the history of failures, learn to apply a systems perspective 
and do their best to anticipate and avoid serious, unintended, undesirable 
consequences. 

Figure 15.3: Three similar, nonsustainable positive feedbacks that result 
from attempting to overcome shortages by increasing supplies without 
considering system-level effects. Figure by the author.
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Failure to confirm success

Because policies are developed with imperfect knowledge, they may not 
have the intended effects. Therefore, once implemented, their effects 
should be monitored. Often, however, there is little or no effort to check 
whether a policy has been effective or has caused unintended 
consequences. In such cases, no one may know whether a policy has 
worked. This can occur because managers lack funding for follow-up 
studies or because managers are disinclined to track whether policy has 
been effective or has had undesirable, unintended consequences.22 

For several decades, the ecologist C. S. Holling and his colleagues 
have encouraged ‘adaptive management’ of natural resources.23 Adaptive 
management is predicated on the notion that environmental protection 
efforts may not have the intended consequences and are likely to have 
unanticipated consequences.24 Adaptive management tests for both 
intentional and unintentional effects of management and then adjusts 
procedures based on insights from those tests. A large adaptive 
management literature has developed, but practice has yet to catch up 
with theory. For example, wildlife management plans routinely espouse 
the benefits of adaptive management but do not actually include 
procedures for its implementation.25 Likewise, Bernhardt et al. determined 
that only about ten per cent of river restoration projects have been 
monitored to assess success.26 If the effects of management are not 
studied, or not adequately studied, then there is no way to be confident of 
success. Future projects should include the necessary investments to 
determine success or failure and detect unintended problems.  

These examples illustrate some of the many challenges of designing 
effective responses to environmental problems. Unfortunately, that is not 
the final hurdle to environmental progress. Responses must withstand 
political compromises, work when problems cross political boundaries, 
be implemented as intended and be compatible with other societal 
objectives, the topics of the following chapters.
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16
Compromises that doom responses

Even if it is possible to design a law or policy whose implementation 
would prevent an environmental problem, any law eventually passed, or 
regulation promulgated, is likely to differ from original proposals because 
of compromises. Compromises are often necessary to achieve agreements, 
but the same compromises can doom efforts to failure. 

Passage of practically any environmental law or development of any 
regulation will require identification of an acceptable limit of human 
impact. Management of public grazing lands requires limiting grazing. 
Air pollution regulation requires preventing pollutants from reaching 
harmful concentrations. Endangered species will survive in the wild only 
if sufficient habitat is protected. Whether the subject is fish catches, 
greenhouse gas emissions or pumping from an aquifer, knowledgeable 
specialists must identify a suitable level of protection.

As discussed, some who would have to comply with new laws resist 
their passage. If laws are passed despite objections, these opponents may 
then turn to resisting the development of strong implementation policies, 
arguing that proposed policies would be excessive.1 For example, in 
response to spills from trains transporting liquid fuels, the Obama 
Administration proposed retrofitting existing rail cars to standards set for 
new cars, but industry representatives contended that compliance would 
be too expensive. The same industry previously objected to using double-
hulled oil freighters and improving oil pipeline safety.2 Such complaints 
are routine. Some objections are remarkably farfetched, like the 
Petroleum Association’s complaint mentioned earlier about the ‘onerous’ 
requirement to put stickers on gasoline pumps. Any reader of the news 
can readily find similar examples of objections to proposed regulations. 
Objections often carry the day when laws are debated, in which case new 
laws are not passed. In other cases, objections result in compromises that 
render responses to problems inadequate to achieve their environmental 
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purposes. The exemptions mentioned in the previous chapter commonly 
result from such compromises.

Compromise between biologists’ recommendations and desires of 
land users routinely affect Endangered Species Act critical habitat 
designations. Timothy Beatley describes the US Fish and Wildlife Service 
process of designating critical habitats as a ‘negotiated process, typically 
involving compromise on all sides’. He explains, for example, how the Fish 
and Wildlife Service proposed to designate 440 square kilometres as 
critical habitat for the Coachella Valley Fringe-toed Lizard, but ended up 
designating only 50 square kilometres. ‘Despite the large area of 
potentially occupiable habitat, and a wide distribution of recorded 
sightings of lizards, the [Fish and Wildlife Service] chose to designate a 
relatively limited area of critical habitat. To many observers these 
boundaries were selected primarily to avoid areas slated for development 
and in direct response to vociferous local opposition [to designating a 
larger area].’3  

The map in Figure 16.1 shows how some habitat protected for the 
endangered northern spotted owl forms a checkerboard with unprotected 
habitat. Close inspection of satellite or other aerial images of the same 
area shows that the unprotected squares are subject to logging. I cannot 
imagine a biological basis for designating a checkerboard of critical 
habitat. Rather, as Beatley describes, the decision must have been a 
compromise. No doubt logging companies were unhappy to be restricted 
from one half of the area, but at the same time, if half of the land is not 
enough for the owl to persist, or if the fragmentation of suitable habitat 
caused by the checkerboard logging pattern harms the owl, then the 
policy may fail. 

The history of Clean Air Act implementation has been rife with 
compromises. When metropolitan areas are out of compliance with the 
laws and regulations, states must develop ‘state implementation plans’ 
designed to achieve compliance. State implementation plans result from 
compromises between states and the EPA. Often the EPA pushes for 
strong air pollution control measures and the states argue for weaker 
measures. (Chapter 18 explains why some state officials tend to be less 
enthusiastic about environmental protection than federal officials.) The 
Dallas-Fort Worth, Texas metropolitan area has chronically failed to 
achieve ozone standards despite dozens of state implementation plan 
revisions since 1972.4 The simplest explanation for that failure is that the 
plans have been too weak. The most obvious explanation for that 
weakness is that compromises have allowed too much pollution. 



COMPROMISES THAT DOOM RESPONSES 221

Another manifestation of compromise occurs when selected 
industries or types of facilities receive exemptions from laws or regulations 
that would logically apply to them. For example, ‘return flows’ from 
agriculture (water flowing from agricultural fields to waterways) are 
exempt from the Clean Water Act. Therefore, the nation’s premier water 
pollution control law does not appreciably address pesticide and nutrient 
runoff from agriculture. Likewise, the fossil fuel industry is exempt from 
various sections of the Clean Air Act, the Safe Drinking Water Act and the 
Resource Conservation and Recovery Act. Meanwhile, narrow 
interpretation of the word ‘facility’ and allowances for confidential 
protection of trade secrets exempt many aspects of oil and gas operations 
from Toxics Release Inventory requirements of the Community Right-to-
Know Act.5 Such exemptions typically result from compromises made 
when laws are written as their sponsors seek sufficient support for 
passage.

Though conventional air and water pollution in the US is better now 
than a few decades ago, in many locations water remains too polluted for 
drinking, or even swimming, while many live where air quality is 
chronically out of compliance with standards. These cases of 
improvements with lingering problems are evidence of a broader sort of 

Figure 16.1: Designated critical habitat for the northern spotted owl, 
Strix occidentalis caurina, in areas northwest and east of Azalea, Glendale, 
and Wolf Creek, southwestern Oregon, US. Source: US Fish and Wildlife 
Service, ‘Endangered and threatened wildlife and plants’, 2021.
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compromise. Society has been willing to expend some effort to reduce air 
and water pollution, but not enough to prevent harmful air and water 
pollution. 

Compromises also occur elsewhere. Describing the history of 
negotiations to prevent damage from acid deposition in Europe, Reis et 
al. write, ‘Inevitably, financial and political realities constrained 
negotiations with respect to scientific objectives.’6 European rain is less 
acidic than it was before control efforts began, but acid deposition 
remains a concern. On a yet larger scale, analysts conclude that nations’ 
Paris Agreement climate pledges are inadequate to prevent global 
warming beyond 1.5°C.7 Greenhouse gas concentrations continue to rise 
despite existing international agreements.

Consider a common circumstance in more detail. Imagine an 
unregulated fishing harvest has declined from 1,000 to 300 tons per year 
while fishing has intensified. A declining harvest despite increased fishing 
effort is strong evidence that the stock of available fish is declining – the 
fish are being overharvested. Now imagine that experts estimate the 
fishery can sustainably withstand harvests of only, say, 100 tons per year, 
and propose that limit. Industry representatives will object. The decline 
in yields that has already occurred will have reduced revenues, and 
operators will face hardship due to ship payments and other fixed 
expenses. Industry representatives will argue further yield restrictions 
will not be affordable.8 Proponents of higher catch limits may base their 
arguments on uncertainties in relevant data. Politicians or regulators 
then weigh the various arguments, compromise and set the catch limit at 
something more than 100 tons. After all, reasonable people routinely 
compromise, and politics is often referred to as the art of compromise.9

But what happens if the technical specialists are correct that the 
sustainable limit is 100 tons? In that case, the larger limit will cause more 
fish to be caught than the population can sustain, which will suppress the 
fish population further. If natural processes produce only 100 tons of 
harvestable fish per year, but the annual catch exceeds 100 tons, the fish 
population will decline whether regulators, politicians, members of the 
fishing industry or others like it or not.

The laws of Congress and the laws of physics have grown increasingly 
divergent, and the laws of physics are not likely to yield.10

Environmental processes have finite rates that such political 
compromises do not respect. As the cartoons show, big fish eat small fish 
that eat smaller fish. The number of big fish in the ocean is ultimately 
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limited by the abundance of their prey, which cannot exceed the amount 
supported by the abundance of their prey, all the way down to the 
phytoplankton and other microscopic organisms. Tyler Miller has 
described the same constraint on the growth of trout in a stream. 

Three hundred trout are needed to support one man for a year.  
The trout, in turn, must consume 90,000 frogs, that must consume 
27 million grasshoppers, that live off of 1,000 tons of grass.11 

Regardless of anyone’s wishes, the growth rate of fish in the ocean 
is limited, as are the growth rates of forest trees and pasture grasses, the 
rate at which aquifers recharge and the environment’s ability to break 
down pollutants. If compromises allow impacts greater than what the 
environment can withstand, that environment (and future harvests) will 
not be protected. For this reason, two of Herman Daly’s three guidelines 
for sustainability are that renewable resources should not be depleted 
faster than they are regenerated and wastes should not be released faster 
than they are assimilated (rendered harmless).12

Moreover, the relevant processes are more complicated than cartoons 
showing big fish eating small fish and more complicated than a balance 
between harvesting and regrowth. For example, if trees or fish are 
harvested, there is no guarantee the same species will grow back in their 
place.13 When the white pines of Michigan were logged, a beech-maple 
forest grew in their place. The white pines may never return. After 
overfishing decimated Canada’s Atlantic cod, the stock was only starting to 
recover 20 years later despite a moratorium on offshore fishing.14 An even 
scarier scenario may be brewing in the Amazon. Experts have estimated 
that the Amazon rainforest has so great a role in evapotranspiration, and 
thus regional rainfall and temperatures, that clearing some forest might 
doom the rest because reduced evapotranspiration could cause a decline in 
rainfall, thereby making the climate in that region more suitable for 
savanna than tropical rainforest.15 Imagine a decision to protect 20 or 30 
per cent of the Amazon. Surely conservation groups would prefer more 
protection, but they would celebrate protection of 20 or 30 per cent. After 
all, it is almost unprecedented to protect 20 or 30 per cent of an ecosystem. 
And yet 20 or 30 per cent might not be enough if projections about resulting 
rainfall and temperature changes are correct. 

Compromise about technical environmental matters is yet another 
example of a societal double standard in environmental decision making. 
We do not request compromises with technical recommendations of 
specialists in other realms. We would not expect engineers to compromise 
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on the amount of cement to use in a bridge or cardiologists to compromise 
on the number or arteries to bypass. But when it comes to acceptable air 
or water pollution concentrations, the number of fish to harvest from the 
ocean or the amount of water to pump from an aquifer, we strike a 
compromise between the recommendations of experts and the wishes of 
others, protecting the environment as long as it is not too much trouble. 

One of the most striking examples of this attitude occurred before 
the 1992 Earth Summit in Rio de Janeiro, when President G. H. W. Bush 
told critics worried about overconsumption: ‘The American way of life is 
not up for negotiations. Period.’16 Bush’s statement was repeated almost 
verbatim sixteen years later when, in response to concerns about 
greenhouse gas concentrations, Vice President Richard Cheney declared 
in 2008 that ‘the American way of life is non-negotiable’.17 The next year, 
President Barack Obama, in his first inaugural address, appeared open to 
negotiation on this point when he stated, ‘… we’ll work tirelessly to roll 
back the spectre of a warming planet’, but in the next sentence said that 
‘we will not apologize for our way of life, nor will we waver in its defense’.18 
When it comes to the magnitude of environmental impacts, these 
statement are like telling a doctor that ‘you may perform surgery on my 
clogged arteries as long as the surgery will be free, I will not be 
uncomfortable and I will not miss my afternoon golf game.’ 

We’d all like to save the environment, but maybe not when it costs 
hundreds of dollars per year.19

Ecosystem processes upon which all life depends operate at finite 
rates. Environmental problems result when we impact those processes at 
excessive rates, such as extracting fish from the ocean faster than they 
grow back or releasing greenhouse gases into the atmosphere faster than 
they can be removed by natural processes. Efforts to rein in excessive 
impacts fail when political compromises result in continued impacts 
above those that the ecosystem can withstand. 

I have an idea that a large number of us, including even a large 
number of politicians, believe that it is wrong to destroy the Earth. 
But we have powerful political opponents who insist that an Earth-
destroying economy is justified by freedom and profit. And so we 
compromise by agreeing to permit the destruction only of parts of 
the Earth, or to permit the Earth to be destroyed a little at a time – 
like the famous three-legged pig that was too well loved to be eaten 
all at once.20
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17
Mismatched or overlapping authority

Environmental problems often blow over, flow across or otherwise 
transcend political boundaries. As a consequence, the geographic scope 
of problems often does not match the jurisdiction of organizations with 
the potential to address them. Officials in whose districts problems are 
created face little pressure to tackle problems that only affect others 
downstream or downwind. Meanwhile, officials in downstream and 
downwind districts lack authority to alter the practices responsible 
upwind or upstream.1

Geographical mismatch

The distribution of US farm homesteads granted to pioneer settlers is a 
classic case of artificial boundaries not matching natural boundaries. 
Properties were allocated based on surveys with regular north–south and 
east–west boundaries, regardless of the lay of the land. This meant 
boundaries of homesteads were unrelated to boundaries of watersheds. 
Some homesteads were high and dry. Others were lower and wetter, but 
subject to flooding. Downstream landowners could not control erosion 
and runoff from upstream properties.2 Thus, an uphill landowner’s effects 
on the environment could harm another landowner downhill, but the 
lower landowner had no recourse. These nineteenth-century decisions 
have consequences to this day. For example, one of the most challenging 
problems for Austin College’s Sneed prairie restoration is erosive flash-
flood runoff from poorly managed upstream properties. 

Downstream homesteaders were in a similar, though less precarious, 
circumstance to the cities and towns to the southwest when Chicago stopped 
its river from draining east into Lake Michigan and diverted it west to the 
Mississippi River. By the late nineteenth century, water pollution in Chicago 
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had reached ghastly levels and threatened Chicago’s drinking water from 
Lake Michigan. To alleviate the problem, city leaders built a canal that 
rerouted the river water away from Lake Michigan, sending it instead to the 
Des Plaines River, a tributary to the Illinois River, which flows into the 
Mississippi (see Figure 17.1). As you might imagine, cities downstream 
along those rivers did not share Chicago’s enthusiasm for this project. The 
leaders of Joliet, Illinois, threatened to fill in the canal with soil. Missouri 
sought a court injunction.3 Missouri Attorney General Edward C. Crow 

Figure 17.1: The construction of the Chicago Sanitary and Ship Canal 
enabled the Chicago and Calumet Rivers to drain to the Des Plaines River 
(and thus eventually to the Mississippi River), rather than to Lake 
Michigan. Source: Unattributed Wikimedia Commons image, https://
commons.wikimedia.org/wiki/Category:Chicago_Sanitary_and_Ship_
Canal#/media/File:ChicagoRiver.svg, accessed 16 November 2021, 
redrawn from original source: Terrio, ‘Relations of changes in wastewater-
treatment practices to changes in stream-water quality during 1978–88 
in the Chicago area, Illinois, and implications for regional and national 
water-quality assessments’, 1994, 5.

https://commons.wikimedia.org/wiki/Category:Chicago_Sanitary_and_Ship_Canal#/media/File:ChicagoRiver.svg
https://commons.wikimedia.org/wiki/Category:Chicago_Sanitary_and_Ship_Canal#/media/File:ChicagoRiver.svg
https://commons.wikimedia.org/wiki/Category:Chicago_Sanitary_and_Ship_Canal#/media/File:ChicagoRiver.svg
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exclaimed in 1903, ‘The action of the Chicago authorities in turning their 
sewage into the Mississippi River for the people of St. Louis to drink is 
criminal, and Chicago knows it.’4

Fearing the Missourians would prevail in court and hoping for an 
engineering fait accompli to pre-empt any legal decision, Chicago sanitary 
trustees dynamited a dam that held back Lake Michigan while the canal 
was being built, causing water from Lake Michigan to push Chicago River 
pollution through the canal to the Mississippi River. Confident they would 
be perceived as local heroes, they even invited reporters to photograph 
the spectacle. Since then, the Chicago River has flowed not to Lake 
Michigan, but to the Mississippi River.5 

The project did protect Lake Michigan from Chicago’s sewage and 
improve Chicago River water quality. A New York Times headline at the 
time even declared with amazement, ‘Water in Chicago River … Now 
Resembles Liquid.’6 More than a hundred years later, that same canal 
serves as a conduit for invasive Asian Carp in the Mississippi River 
drainage to reach the Great Lakes and from there the lakes’ tributaries.7

Failure of environmental problems to respect political boundaries 
also pertains when geographical relationships are more complicated. 
Fishery management famously suffers from this problem because ocean 
fish do not respect national boundaries, crossing from near-shore, 
national waters into offshore, international waters where there is no or 
little regulatory authority capable of constraining harvests. Thus, once a 
collapse of its cod fishery was apparent, Canada sought to limit cod 
catches on the Grand Banks of Newfoundland, but could not prohibit 
vessels from Spain, China or any other nation from fishing just beyond 
their boundary in international waters. Restrictions in Canadian 
territorial waters may not enable recovery of the fishery as long as fishing 
continues across the boundary (see Figure 17.2).8 

The dynamics of fish stocks are far more complex than the previous 
paragraph implies,9 but with unregulated fishing in international waters, 
it is not surprising that the abundance of large marine fish declined 90 per 
cent since the advent of industrialized fishing methods, a classic tragedy 
of the commons.10 Similar examples of jurisdictional problems include air 
pollution from the United States that causes acid deposition in Canada, 
international acid deposition problems in northern Europe, stratospheric 
ozone depletion and climate change. 

The fundamental problem is that for many transboundary 
environmental problems no entity has authority to limit the offending 
activities. Recall the challenges inherent in determining the cause of a 
fishery decline in the Baltic Sea (Chapter 4). The Baltic receives the flow 
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of ten major rivers that run through nine industrialized countries.11 If the 
fishery decline is attributed to pollution from, for example, Polish 
factories, only Polish authorities could compel changes in Polish industry. 
Various EU and regional international agreements and organizations seek 
to manage and protect water quality, but the members of these 
organizations are sovereign nations with conflicting interests, and the 
mechanisms for dispute resolution have limited ability to enforce 
compliance.12 The World Wildlife Fund’s Baltic Sea Scorecard concludes 
that compliance with such agreements has been poor, describing the 
situation as follows: 

The Baltic Sea is in serious trouble. Despite a rich tradition of 
environmental stewardship, eutrophication, toxic pollution, over-
exploitation of fish stocks and irresponsible shipping practices 
continue to threaten the health of this unique and highly sensitive 
sea. Moreover, it threatens the quality of life of the entire region, 
which is home to around 90 million people. 

Figure 17.2: Collapse of the cod fishery off Newfoundland, Canada. 
Source: Millennium Ecosystem Assessment, Living Beyond Our Means: 
Natural assets and human well being, 2005, 18.
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The Baltic Sea is one of the most studied seas in the world. We have 
excellent scientific knowledge at our disposal, and the world’s oldest 
regional seas convention to guide us. Yet, despite innumerable 
international and regional agreements and conventions aimed at 
improving the management and conservation of the Baltic Sea, the 
situation continues to get worse. 

Too often, political statements urging action to protect the Baltic 
Sea have been countered with decisions taken by policy makers in 
defiance of scientific recommendations and based on short-term 
interests. Without strong leadership, many of these threats are 
going to become more, not less, of a problem in the coming years.13

Administrative buck passing

A  challenge similar to geographical mismatches occurs when multiple 
organizations share responsibility for environmental protection. While 
everyone focuses on their primary responsibilities, some obvious tasks 
may be neglected.

This situation seems responsible for the lack of a beach monitoring 
system suitable for warning the people who make the millions of annual 
visits to Lake Texoma. As explained in Chapter 3, several agencies have 
responsibility for some aspect of recreation on Lake Texoma, but no single 
agency has comprehensive responsibility for visitor safety, and public 
safety is not the primary responsibility of any of the agencies. The US 
Army Corps of Engineers is the ‘Nation’s number one federal provider of 
outdoor recreation’, but its mission is to ‘Deliver vital engineering 
solutions, in collaboration with our partners, to secure our Nation, 
energize our economy, and reduce disaster risk’, not test lake water for 
bacterial contamination. The Oklahoma Tourism and Recreation 
Department manages a state park on the lake. It promotes tourism. The 
Texas Parks and Wildlife Department operates a state park, guided by its 
mission to ‘manage and conserve the natural and cultural resources of 
Texas and to provide hunting, fishing and outdoor recreation opportunities 
for the use and enjoyment of present and future generations’. The US 
Geological Survey samples the lake water under its mission to ‘provide 
science about the natural hazards that threaten lives and livelihoods, the 
water, energy, minerals, and other natural  resources we rely on, the 
health of our ecosystems and environment, and the impacts of climate 
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and land-use change’. The lake is an impoundment of the Red River. The 
Texas Red River Authority analyses water samples, but its mission is ‘the 
orderly conservation, reclamation, protection, and development of  
the water resources throughout the Red River Basin for the benefit of the 
public’.14 

It may seem there is so much attention to the lake that its every 
aspect must be well studied, but in fact no agency tests the water for 
bacterial contamination when and where contamination is most likely to 
be a concern – at beaches after heavy rains. Indeed, public health is not 
the primary responsibility of any of these agencies. Given various agency 
missions, every agency employee may be doing a spectacular job, but 
because no agency has been charged with ensuring the lake is safe for 
swimming following heavy summer storms, no one runs the necessary 
tests. (You may recall from Chapter 3 that a lone undergraduate, Nichole 
Knesek, sampling when and where contamination would be most likely, 
detected a chronic pollution source in the lake.15 Her advantage was a 
focus on detecting any such source.) 

On a grander scale, the same problem of jurisdictional overlaps and 
gaps complicates environmental protection in mining. Various federal 
agencies share responsibility for US mining policy, including the Bureau 
of Land Management, the Forest Service, the Office of Surface Mining, 
the Geological Survey and the EPA. Despite all the attention, the EPA 
determined the metal mining industry was the nation’s largest toxic 
polluter, responsible for 47 per cent of national toxin releases, amounting 
to 3.4 billion pounds of toxic waste in 2000 alone – ten pounds of toxic 
waste for each person in the United States.16 

An EPA Office of Inspector General’s report explained that the 
relevant laws and regulations create obstacles that prevent the agency 
from preventing mining pollution, noting for example that ‘the 
Comprehensive Environmental Response, Compensation, and Liability 
Act largely allows the Agency to respond [only] after environmental 
damage has occurred; amendments to the Resource Conservation and 
Recovery Act exempt some mining wastes from regulation; and EPA has 
only an advisory role in the development of environmental impact 
statements for mining operations on Federal lands’.17

In yet another example, the US Government Accountability Office 
determined that the Bureau of Land Management, the US Forest Service 
and the Department of Energy (the three agencies responsible for 
uranium mining on federal land), do not know the number or locations 
of thousands of abandoned uranium mines, and maintain incompatible 
databases because of problems such as using different definitions of 



OBSTACLES TO ENVIRONMENTAL PROGRESS232

‘abandoned mine site’. It seems obvious situations like these should be 
reformed, with authority and responsibility given to a single entity, but 
that objective is replete with political challenges, one of which is that the 
various regulatory agencies have their own staffs and constituencies who 
will defend each agency’s historical authority.18 

Even if suitable policy exists, jurisdictional overlaps can cause 
problems because employees of one agency may assume their counterparts 
at other agencies will handle a problem. For example, tires thrown in a 
Texas ditch can simultaneously violate a city ordinance, a health nuisance 
law, an illegal dumping law and a water pollution law. Municipal code 
officers handle city ordinances. City health departments are responsible 
for health nuisances. Local police, district attorneys and Texas 
Commission on Environmental Quality officers investigate illegal 
dumping. With so much overlapping jurisdiction, busy employees might 
be excused for assuming a counterpart at another agency will handle a 
problem.19

Today’s most prominent mismatch between an environmental 
problem and political jurisdictions is global climate change, where the 
magnitude of a necessary response must be of planetary scale, requiring 
cooperation of dozens of independent nations. Efforts to reach 
international agreements began in earnest in 1992 with the United 
Nations Framework Convention on Climate Change, but three decades 
later the atmospheric concentrations of greenhouse gases continue to set 
records. Well-intended agreements have so far been too weak and partial 
to achieve their objective, largely because the United States’ response has 
been inconsistent and inadequate (because opponents of US action have 
successfully and repeatedly exploited obstacles discussed in this book). 
Whether developments associated with the United Nations Paris 
Agreement, especially successive strengthening of nations’ intended 
contributions to reducing greenhouse gas emissions, will halt the ongoing 
increase in greenhouse gas concentrations remains to be seen.20  

Mismatches between geographical scales of problems and political 
jurisdictions create challenges for environmental progress from the local 
to the global scale. Similar problems arise when responsible entities share 
overlapping, non-comprehensive responsibilities. If such problems are 
avoided, and compromises in the development of policy do not doom 
resulting efforts, environmental progress may yet be stymied if policies 
are not implemented as intended or if environmental protection efforts 
are overwhelmed by other, more-or-less unrelated societal efforts, the 
topics of the next two chapters.
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18
Breakdown in policy implementation

If you have ever encouraged simple resource conservation efforts, such as 
switching off lights or recycling, you may understand how even modest 
efforts can fail. A few years ago, Austin College students tallied substantial 
energy waste due to lights left on in unoccupied rooms. They posted 
stickers on switch plates to encourage turning off of lights when departing. 
The new stickers were placed directly over faded, fifteen-year-old stickers 
with the same message. If the earlier effort had created a pervasive 
culture of energy conservation, the new stickers would not have been 
necessary. Those earlier stickers, and whatever other effort went along 
with them, had not had their intended effect.

It is easy to understand the logic of turning off lights, and it is easy 
to turn lights off, yet lights get left on. Similarly, the town where the 
college is located, Sherman, Texas, halted its curb-side recycling 
programme during 2021 because of a drop in market prices for recyclables 
and excessive contamination of recycling bins. If the implementation of 
these relatively simple efforts can fail, more complex procedures surely 
can as well. As we shall see, many pitfalls exist along the way to effective 
implementation of environmental efforts. 

Numerous factors interfere with implementation. Some procedures 
are difficult to understand or implement; some interfere with other 
activities, many lack adequate funding, and perhaps most importantly, 
individuals and organizations often face disincentives to vigorous 
implementation. In the worst cases, those responsible for implementation 
may even object to policy goals or procedures. The same implementation 
hurdles hinder both modest and momentous efforts.

Consider the task of reducing a small college’s greenhouse gas 
emissions. Austin College is a signatory of the Second Nature Carbon 
Commitment (formerly the American College and University Presidents’ 
Climate Commitment). That commitment requires reduction of net 
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greenhouse gas emissions to zero. The college reduced its emissions by  
58 per cent from 2008 to 2020, but has not eliminated them despite a 
desire and commitment to do so. Why not? 

Several factors impede complete success. For example, individual 
behaviours and preferences impede energy savings and recycling. The 
college would emit fewer greenhouse gases if it used less natural gas to 
heat water and regulate building temperatures, but some students have 
reported taking forty-five-minute showers, and physical plant staff 
perceive strong resistance to adjusting building temperature settings for 
the sake of further energy efficiency. During warm seasons, buildings are 
air conditioned to temperatures that leave many occupants cold because 
staff are wary of complaints of uncomfortable warmth, while the same 
concerns keep winter temperatures well above what one would expect in 
a colder climate. Clearly, we have not convinced everyone on campus of 
the benefits of energy conservation. Likewise, emissions would be lower 
if all recyclable materials were diverted from the college’s solid waste 
stream, but despite instructions and ease of recycling, some people 
continue to put recyclables in the trash. (The college has made substantial 
progress. As noted, greenhouse gas emissions declined almost 60 per cent 
since 2008. Electricity and natural gas consumption per square metre of 
building space declined 25 per cent and 20 per cent respectively from 
2004 to 2015. Campus electricity is 100 per cent wind-generated, and in 
2019 Environment America determined that the college was second 
nationally in renewable energy use per student, but the goal of no net 
greenhouse gas emissions remains to be achieved.)1

Progress is primarily hampered by lack of funds. The college could 
achieve carbon neutrality by buying about $120,000 of carbon offsets per 
year. (Carbon offsets pay others to take actions that ‘offset’, or negate, the 
buyer’s greenhouse gas emissions.) That amounts to a little more than 20 
cents per person on campus per day2 (hardly the economy-destroying 
impact claimed by Senator Rubio during his 2016 presidential campaign).3 
The total annual cost of $120,000 is less than the highest-paid major-
league baseball player receives per game, but is also the cost of four 
substantial scholarships. The college’s climate action plan specifies 
ramping up to such purchases by 2035, but the necessary funds remain to 
be raised.4 Thus, Austin College has made much progress, but could make 
more if funding was more readily available. Similar hindrances interfere 
with more consequential state, federal and international environmental 
policies. 

Even with the best intentions, implementation may not achieve 
goals due to inadequate budgets, technical challenges or shifts in 
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priorities. The history of the Clean Water Act provides a clear example of 
a gap between ambition and implementation. The Clean Water Act 
amendments of 1977 gave the EPA six short years to provide for ‘the 
protection and propagation of fish, shellfish, and wildlife’, and ‘recreation 
in and on the water’, and (ridiculously) only eight years to eliminate all 
pollutant discharges into the nation’s waters. The law’s ambitious 
objectives provided excellent sound bites for politicians, but were not 
realistic. Success would have required making the nation’s waters safe for 
swimming and fishing less than twenty years after the Cuyahoga River 
last burned. The nation has made great progress in improving water 
quality, but plenty of polluted waterways remain even today. The history 
of the Clean Air Act is similar: great progress, but goals not met and 
deadlines extended to accommodate technical, political and budgetary 
hurdles. 

Perhaps the greatest challenge occurs when responsible officials 
disagree with the goals, methods or consequences of a law or policy. Once 
a law is passed or an organization adopts a policy, enthusiasm for its 
implementation may wane as new leaders are elected or appointed, 
priorities shift or the challenges of achieving the goal become clear. For 
example, it is relatively easy for one president to commit a college to 
achieving carbon neutrality. Once the easiest energy- and money-saving 
steps have been taken, however, it may be much harder several years later 
for another president to take the more challenging actions necessary to 
achieve the goal. More critically, because federal environmental laws 
specify broad goals and assign administrative agencies great discretion 
for determining how to achieve those goals, if agency leaders lack 
enthusiasm for those goals, implementation will suffer.5 The problem is 
loosely analogous to making a New Year’s resolution, keeping it for a few 
days, and then expecting someone else to keep it for you. It is easy to 
make such a resolution and may not be too difficult to begin its 
implementation. It can be much harder to keep a resolution and success 
would be unlikely if those subsequently responsible oppose the methods 
or objective.

What Congress and the President do with much fanfare can quickly 
and quietly slip away in the ensuing years. This is famously so for 
environmental law. Subsequent legislative amendments, limited 
budgets, appropriations riders, interpretive agency rulings, massive 
delays in rulemaking and simple nonenforcement are more than 
capable of converting a seemingly uncompromising legal mandate 
into nothing more than a symbolic aspirational statement.6
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Inadequate funding

Lack of sufficient funding often prevents achievement of environmental 
protection goals. Inadequate funding is common because motivation to 
fund efforts is often weaker than motivation to announce ambitious 
efforts, and challenges of environmental protection are often 
underestimated.7 For instance, during the late-twentieth-century era of 
strong public support for environmental protection, legislators pleased 
constituents by passing ambitious laws, but their constituents and 
subsequent representatives have not been equally motivated to provide 
necessary funding or impose regulations that have the potential to 
achieve the stated goals. The lack of enthusiasm for funding is apparent 
when the EPA budget is compared to others. For example, the budgets for 
the Departments of Agriculture and Transportation are both twenty times 
greater than the EPA budget.8

Moreover, as time passes, enthusiasm for environmental protection 
may wane as the worst problems improve, laws’ champions retire, the cost 
of environmental protection becomes clear, or the public and new 
legislators focus on other priorities. Finally, compared to members of 
Congressional committees who advance environmental legislation, 
members of Congressional appropriations committees who draft budgets 
may have less enthusiasm for environmental protection.9 

Expectations placed on individual workers make funding limitations 
apparent. For example, as of 2017 the US Pipeline and Hazardous 
Material Safety Administration had only 90 pipeline inspectors to ensure 
the safety of 4.5 million kilometres of oil and gas pipelines, or about 
50,000 kilometres of pipeline per inspector.10 Given the apparent 
condition of some pipelines (Figure 18.1), and NASA’s satellite detection 
of about one oil spill per day in American waters,11 it seems unreasonable 
to expect each inspector to take responsibility for 50,000 kilometres of 
pipe. Various other examples discussed earlier, such as the limited ability 
of the EPA to confirm Toxic Release Inventory reports, the minimal scale 
of water-quality monitoring and the inability of the EPA to run toxicology 
tests on chemicals proposed for manufacturing, provide yet more 
evidence of funding limitations. 

Lack of funding (or enforcement motivation) is especially common 
when state agencies implement federal laws.12 For example, the Texas 
Commission on Environmental Quality has a staff of about twelve 
criminal-enforcement officers, which leaves each officer responsible for 
an average of almost 60,000 square kilometres, or almost the area of West 
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Virginia. With more than 400,000 oil and gas wells in Texas, that is 
33,000 wells per officer.13 Unfortunately, inadequate funding is only one 
reason laws are not always vigorously implemented. 

Implementation disincentives

Environmental efforts can also fail when administrators face disincentives 
to fulfill mandates, a routine situation for US federal laws. US 
environmental laws leave much to the discretion of implementing 
agencies because Congress does not have the expertise or resources to 
tailor regulations to new understanding or case-specific circumstances, 
and because it is sometimes easier to generate votes for ambiguously 
worded statutes that allow supporters to claim their own preferred 
interpretations.14 For example, the Clean Air Act requires the EPA to set 
air quality standards ‘requisite to protect the public health’ while ‘allowing 
an adequate margin of safety’. Congress charged the EPA with deciding 

Figure 18.1: Minimal expenditure on pipeline safety. Oil pipelines at 
Hagerman National Wildlife Refuge, Grayson County, Texas, US. In 
wetter weather, water routinely flows over this road while large tree 
trunks float down the stream that floods this area. Photographer: Peter 
C. Schulze.
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which pollutants to regulate and how strictly to regulate them. Individual 
members who later consider regulations too strict or expensive can 
defend their votes in favour of the law with, ‘I didn’t have in mind that 
great a margin of safety’, or ‘Life is risky. We don’t need that much 
protection. The EPA has overreached.’ (Which pollutants would you 
regulate? How would you decide how much air pollution is compatible 
with protecting public health? What would you consider an adequate 
margin of safety?) Likewise, the ‘multiple-use’ mandate of the US Forest 
Service dictates national forests be managed sustainably for the 
competing interests of recreation, wildlife protection, preservation and 
logging. Forest Service administrators have a great deal of discretion (and 
face a real challenge) in determining how to balance those conflicting 
objectives.15 

As if the technical challenge of choosing an ‘adequate margin of 
safety’, or balancing wildlife protection and logging are not daunting 
enough, administrators work in a political environment. Once laws are 
passed, opponents attempt to prevent vigorous implementation (a 
relatively easy task if the dominant political party opposes regulations or 
the political agenda shifts to other issues). Such political pressure 
incentivizes weak implementation. 

Differences between Obama and Trump administration policies 
provide numerous examples of the power of administrative discretion. 
For example, whereas the Obama Administration valued carbon emissions 
at $50 per ton, the Trump Administration proposed to value the emissions 
at $1–7 per ton. The difference obviously affected cost–benefit analyses 
of pollution-control efforts. Similarly, the Obama Administration 
proposed to protect the Greater Sage Grouse over 3.6 million more 
hectares than what the Trump Administration proposed, a difference 
almost ten times the size of Rhode Island. These are just two of many 
discretionary differences. 

As of May 2020, the Trump Administration had planned to loosen 
100 environmental rules.16 Many such changes were defeated in court, or 
became moot after Trump lost his bid for re-election and the Biden 
Administration began reversing its predecessor’s changes, but these 
examples illustrate striking differences in law and policy implementation 
from one administration to another. 

The lawsuits in response to Trump Administration loosening of 
rules and regulations were based upon the ‘citizen suit’ provisions of 
environmental laws described in Chapter 12. Weak implementation is so 
common that environmental organizations such as the Center for 
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Biological Diversity and the Natural Resources Defense Council are kept 
busy filing, and often winning, such suits. 

The EPA’s historic reluctance to regulate greenhouse gases under 
the authority of the Clean Air Act provides a rich example of the effect of 
political disincentives on vigorous implementation and thus the 
importance of citizen suits. It also illustrates the influence of the courts.

The Clean Air Act requires the EPA to identify and regulate air 
pollutants that endanger public health. The agency has designated six 
such ‘criteria’ pollutants, carbon monoxide, sulphur dioxide, nitrogen 
oxides, lead, ozone and particulates. The legislators who drafted the law 
in the 1970s were focused on materials harmful to inhale. Greenhouse 
gases are not toxic at atmospheric concentrations, and during the 1970s 
few were concerned about climate change. But by the 1990s, concern 
about climate change had grown and members of the public began to 
push the EPA to regulate greenhouse gases. The agency declined to do so, 
however, apparently to avoid political controversy. (It may seem curious 
that an agency charged with environmental protection would seek to 
avoid such controversy, but that is understandable. If their implementation 
is more rigorous than most members of Congress prefer, the EPA risks 
retaliatory budget cuts and thus reductions in their ability to implement 
any laws.)

During 1999, a group of environmental organizations petitioned 
the EPA to set standards for greenhouse gases emitted by motor vehicles, 
arguing the gases endanger public health when rising temperatures raise 
sea levels and foster the spread of tropical diseases. The EPA rejected the 
petition four years later in a decision that hinged on subtle interpretations 
of the term ‘air pollutant’. The petitioners, plus several states, responded 
by filing a citizen suit. Because Massachusetts was the lead plaintiff, the 
case is known as Massachusetts v. EPA. A panel of three appellate judges 
in the District of Columbia Circuit upheld the EPA determination two to 
one in 2005, but the Supreme Court overturned that decision five to four 
in 2007. Writing for the majority, Justice Stevens found the EPA had 
authority to regulate greenhouse gases under the Clean Air Act and its 
decision not to do so had been ‘arbitrary and capricious’ (a legal 
designation for inadequately grounded in evidence or reasoning).17 

Having been ordered to do so by the Supreme Court, and soon 
under the more enthusiastic leadership of the Obama Administration, 
EPA staff developed a plan to regulate greenhouse gas emissions, the 
‘Clean Power Plan’.18 (This was no simple task. How would you regulate 
greenhouse gases given their multitude of sources?) That plan depended 
on a section of the 1990 Clean Air Act amendments that authorizes the 
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EPA to regulate ‘any air pollutant’ not regulated under other provisions of 
the law. However, the relevant text of the law contains two conflicting 
statements regarding when the EPA may impose regulations. Conflicting 
language is normally removed before bills become law, but Congress 
erred in this case and the president signed the bill as written, including 
the internal inconsistency. Some interpret the text passage from the 
House version as prohibiting the regulatory mechanisms of the Obama 
Administration’s proposed Clean Power Plan.19 

As you might imagine, environmentalists and industry 
representatives disagree about the proper interpretation of the statute’s 
conflicting language. Just as predictably, a group of states and companies 
sued to block implementation of the plan. Before the new lawsuit was 
litigated, the Supreme Court, in yet another five to four decision (but after 
a change in the membership of the Court), took the unprecedented step 
of ‘staying’ (halting) the plan’s implementation until after the lawsuit was 
decided. Before the case was resolved, the Trump Administration came 
into office and rejected the Obama Administration plan, thus rendering 
the stay moot.20 As this book went to press, the Supreme Court had just 
further limited the EPA’s climate policy authority in the case West Virginia 
v EPA.21 The court did not prohibit the EPA from regulating greenhouse 
gas emissions, but restricted the options for doing so. Precisely what will 
be allowed remains to be determined, but in the absence of new 
legislation, this most recent decision further constrains the EPA’s, and 
therefore any presidential administration’s, options for regulating 
greenhouse gases. This example not only illustrates the role of citizen 
suits, it also illustrates the conflicting pressures on regulatory agencies, 
the importance of regulatory discretion, constraints upon that discretion, 
and how much environmental authority rests with judges, presidents and 
political appointees, not scientists or technical experts.

The 1973 Endangered Species Act provides another example of how 
policy may falter, either because of limited resources or political 
disincentives against vigorous implementation.21 The Act is administered 
by two agencies. The National Marine Fisheries Service is responsible for 
marine species. The Fish and Wildlife Service is responsible for all others. 
The law is based upon ‘listing’ (designating) species, subspecies, or 
‘distinct population segments’ as threatened or endangered, and then 
developing plans for their recovery. When the law was passed in 1973, 
many members of Congress apparently had showy species like bald eagles 
and peregrine falcons in mind, but biologists have since documented 
endangerment of little-known plants, insects and other obscure creatures. 
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As of May 2022, the Fish and Wildlife Service website listed 2,367 
taxa as threatened or endangered.22 (Experts estimate perhaps ten times 
as many US species are in danger of extinction but have not yet been 
proposed for listing.23) Few listed species have gone extinct, but 
meanwhile few have recovered enough to be delisted.

Listings involve several required steps. First, a petition for listing is 
filed, often by an independent biologist or an organization whose mission 
includes protecting endangered species, such as the Center for Biological 
Diversity. The relevant agency then has three months to determine 
whether the petition warrants review. If a petition is deemed worthy of 
review, the agency has a year to make an initial determination. If that 
analysis finds the species is threatened or endangered, the species 
becomes a ‘candidate’ for formal listing. The agency then has another 
year to publish a proposed rule (announce in the Federal Register a 
tentative plan to list the species as endangered), hold public hearings and 
reconsider the proposed rule on the basis of public comments and any 
new evidence on the species’ conservation status.24 Listing proposals 
generate controversy because it is illegal to damage the habitat of listed 
species, and therefore listing restricts activities where species occur, 
including on private land. Consequently, the agencies face strong political 
pressure not to list species.

Historically, many species have remained at the candidate stage of 
evaluation for longer than a year. Species may linger at that stage either 
because agency staff simply have not had time to complete the formal 
listing process or because of a disinclination to make a listing decision. A 
disinclination to make a formal listing could be motivated by desire to 
avoid the controversy associated with enforcing the resulting land-use or 
other restrictions, or to give a species a chance to recover and not need 
listing. Several species have been deemed to have recovered while 
candidates, often as a result of state, local or even private conservation 
efforts that may have been inspired by the candidate status and its 
attendant threat that the species might be formally listed and regulated 
by the federal government. Such species are removed from listing 
consideration.25

By the early 2000s, hundreds of species awaited a final decision at 
the candidate stage, some having done so for decades. The Center for 
Biological Diversity filed suit to force the Fish and Wildlife Service to 
make listing decisions. The Center won its suit in 2011, and the court 
required the agency to make several hundred listing decisions by 2019, by 
which time the agencies had listed 292 additional species.26 
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The law also requires the agencies to identify critical habitats when 
doing so is ‘prudent and determinable’, but habitats have been designated 
for only about thirty per cent of listed species.27 Some delays are probably 
due to agency resource limitations, but it seems likely political resistance 
to land use restrictions is responsible for others. 

Anecdotal evidence of the power of administrative discretion is also 
apparent from the different rates at which species have been listed during 
different presidencies (Figure 18.2). Multiple factors could influence 
listing rates. For example, when a statute is adopted, the agency 
responsible for its implementation needs time to develop policy and 
procedures. That could potentially account for relatively few listings 
during the Nixon and Ford administrations when the law had only 
recently been passed. Later, once a species is listed as endangered, it is not 
available to be listed again. Such factors cannot, however, account for the 
variation in listing rates under the Clinton, G. W. Bush, Obama and Trump 
administrations. These seem most easily attributable to administrative 
discretion. 

The G. W. Bush and Trump administrations not only listed few 
species, they also changed or sought to change accepted definitions of key 
terms. The Endangered Species Act requires basing listing determinations 

Figure 18.2: Average annual number of taxa newly listed as threatened 
or endangered per year per US presidential administration from 1970 
through 2020. Data source: US Fish and Wildlife Service, ‘US federal 
endangered and threatened species by calendar year’.
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on whether a species is imperilled over a significant portion of its range. 
Prior to the G.W. Bush Administration, ‘range’ had been interpreted to 
mean the species historical range, but that administration redefined it to 
refer only to a species’ current range — the few remaining locations 
where an endangered species survives. Eliminating the bulk of the 
historical range from analysis and instead considering only where a 
species still exists substantially weakens the law. Under this curious 
definition, a species could have a healthy population in one small reserve 
but be extinct over 99 per cent of its former range, and be deemed not 
imperilled ‘over a significant portion of its range’, and thus not listed as 
endangered even though the species is indeed in danger of extinction. 
Unfortunately, the Obama Administration maintained the same narrow 
definition of ‘range’.28 Later, the Trump Administration sought to further 
weaken the Endangered Species Act by, among other things, considering 
economic costs when determining whether a species is endangered and 
restricting the definition of critical habitat.29 

Political interference with scientific conclusions

The history of the Endangered Species Act demonstrates not only how 
administrative discretion can influence the vigour of implementation, but 
also the potential for political interference with scientific conclusions. For 
example, Reagan Administration Fish and Wildlife Service officials in 
Washington, DC pressured the agency’s Portland, Oregon staff to conclude 
that northern spotted owls were not facing extinction, in direct 
contradiction to the agency’s own scientists. The Government 
Accountability Office’s review of that issue reads as follows:

[US Fish and Wildlife Service] management substantively changed 
the body of scientific evidence presented in the study team’s status 
report … The revisions had the effect of changing the report from 
one that emphasized the dangers facing the owl to one they could 
more easily support denying the listing petition.30

Such interference with science and scientific conclusions is 
unfortunately common.31 Officials from both the G. H. W. Bush and G. W. 
Bush Administrations watered down their scientists’ analyses of the 
seriousness of climate change.32 The Texas Commission on Environmental 
Quality deleted references to climate change in a report on Galveston 
Bay.33 Trump Administration officials pressured an independent scientist 
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to alter her planned Congressional testimony regarding dismissals of 
experts from the EPA’s scientific review board. The president simply 
explained that he did not believe his agencies’ scientists’ reports.34 Trump 
Administration officials also altered pesticide licence reviews, even in 
ways that staff scientists found nonsensical. Some career scientists 
refused to sign off on the finalized analyses.35 Even the Obama 
Administration overruled its own scientists’ advice when that 
administration decided not to designate wolverines as threatened, a 
decision later thrown out when Defenders of Wildlife sued.36 Interference 
in technical analyses often come from non-environmental offices, such as 
the Office of Management and Budget, and are fostered by appointing 
former industry officers to those agencies. Such individuals often 
eventually return to their industries through the ‘revolving door’ between 
government agencies and the industries they regulate.37 

When you mix science and politics, you get politics.38

Lax enforcement

Lack of enthusiasm for regulations can also result in lax enforcement. 
Decades of evidence of poor compliance suggest frequent lack of effective 
enforcement. For example, Bethlehem Steel violated the Clean Water Act 
more than 700 times during the late 1970s and early 1980s.39 Such 
repeated violations suggest either that the chance of a penalty was too 
low or the penalties were too weak to affect business practices, but that 
was decades ago.

Little seems to have changed. Oil and gas companies spilled salty 
oil-field brine 20,000 times from 2009 to 2014. Various industries 
violated environmental regulations some 10,000 times from 2011 to 
2015.40 Forty per cent of companies that mine and haul fracking sand in 
Wisconsin have broken state rules. Perhaps this is because it takes three 
rule violations before fines are issued, and some fines are only hundreds 
of dollars.41 During 2019, Formosa Plastics agreed to pay $50 million to 
settle a lawsuit for polluting Lavaca Bay on the Texas Coast. Judge 
Kenneth Hoyt found Formosa guilty of Clean Water Act violations daily 
for four years, calling the company a ‘serial offender’. Previously, the 
Texas Commission on Environmental Quality had fined Formosa a paltry 
$121,000, which amounted to $64 per violation.42 (The latter is not 
unusual. State fines tend to be especially low.43)
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We all make mistakes, but we do not repeat mistakes 20,000 times. 
Surely corporate managers could institute policies and procedures to 
prevent such violations if they chose to do so? The most logical explanation 
for lengthy records of persistent violations is that some businesses make 
intentional choices to violate laws and regulations, considering modest 
fines simply part of the cost of doing business. 

Just as funding constraints on implementation can be stronger at 
the state and local level than the federal level, so too political disincentives 
to enforcement are often stronger. State legislators are often less 
enthusiastic about new regulations than their federal counterparts 
because states and municipalities compete to attract business. Moreover, 
many states have less public support for environmental protection than is 
typical nationwide.44 

West Virginia provides one example. Tap water near the capital, 
Charleston, sometimes contains arsenic, barium, lead and manganese at 
concentrations suspected of damaging kidneys and nervous systems. 
Even though courts determined companies had illegally pumped 
chemicals into groundwater, those companies were never fined or 
otherwise punished.45 Texas provides another example. A 2018 analysis 
by Environment Texas found that the Texas Commission on Environmental 
Quality acted on only three per cent of unpermitted air pollution emission 
events from 2011 to 2018. Whereas the law would have allowed $2.3 
billion in fines for the violations logged, the agency collected only $1.3 
million, less than a thousandth of the allowed maximum and equating to 
just 4.5 cents per kilogram of unpermitted releases. As you may recall 
from Chapter 3, during Hurricane Harvey, when numerous oil and gas 
facilities caught fire in the Houston area, releasing 3.8 million kilograms 
of harmful chemicals, NASA offered to operate an air pollution monitoring 
plane in the area. Texas officials rejected the offer, arguing the extra data 
might cause ‘confusion’.46 In another instance, when the US Court of 
Appeals overturned an EPA rule intended to reduce thousands of 
premature deaths, the Texas Attorney General at the time, Greg Abbott, 
tweeted, ‘#EPA overlords suffer another defeat to #Texas: The power to 
regulate is the power to destroy.’ 47 Abbott was subsequently elected 
Governor. 

Unfortunately, West Virginia and Texas are not the only states with 
less than aggressive enforcement of environmental laws. Nationwide 
from 2004 to 2009, industrial facilities broke water pollution laws more 
than 500,000 times. In the great majority of cases the polluters were not 
punished.48 During 2014, attorneys general from at least a dozen states 



BREAKDOWN IN POLICY IMPLEMENTATION 247

worked with energy industry representatives to resist federal 
environmental regulations.49

Enforcement cannot be assumed at the local level either. 
Enforcement failures can result from lack of effort to detect violations, 
disinclination of local officials to enforce laws or prosecutors’ lack of 
familiarity with relevant statutes. District attorneys do not have the 
resources to prosecute every crime. Thus, they select which cases to 
pursue. Political pressure often infringes on these decisions. Other 
officials or members of the public may push for a focus on violent crimes 
or drug offences, or may pressure prosecutors to go easy on local 
employers. Furthermore, prosecutors are often more familiar with the 
procedures for prosecuting traditional crimes than environmental crimes, 
so they can make faster progress on the former.50 

Moreover, local officials live in the same cities, towns and even 
neighbourhoods as those subjected to laws and regulations, so they face 
the prospect of interfering not just with activities of businesses in the 
abstract, but with livelihoods of their neighbours and even friends. John 
Ockels, the Director of the Texas Illegal Dumping Resource Center, 
explains the problem as follows: ‘The closer you get to the local level, the 
greater the personal risk to individuals in charge of enforcing regulations 
and prosecuting violators. This creates resistance to enforcing 
environmental regulations and prosecuting environmental crimes 
because doing so can upset the apple cart, cause local controversy and 
animosity, and thus can create a political problem for whoever takes the 
initiative to enforce the law. It is understandable that poorly paid, low 
level government employees, such as sheriff’s deputies or city code 
enforcement officers, are reluctant to put themselves in such situations.’51 

Other failures of enforcement occur because potentially large 
penalties make fines controversial, especially when imposed on small 
companies or individuals, rather than giant corporations. For example, 
penalties for Resource Conservation and Recovery Act violations are 
often per day. A facility that has been found in violation for a long period 
could potentially face astronomical fines. Likewise, the Texas water code 
provides for fines of $1 million or more, prison terms of up to 30 years and 
civil penalties up to $25,000 per day for persistent violations. If a Texan 
dumps used motor oil on the ground, they can theoretically be sentenced 
to a year in jail, fined $50,000 or both, but it is hard to imagine a 
prosecutor pushing for such a sentence.52 Thus, small fines can result in 
chronic violations, while excessive allowable fines may influence decisions 
not to prosecute. 
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Meanwhile, overlapping jurisdictions can result in enforcement 
gaps. As explained in Chapter 17, tires thrown in a Texas ditch could 
simultaneously break four health and environmental regulations for 
which multiple agencies have investigative authority. It is easy to imagine 
staff of each agency being overworked and choosing to assume a colleague 
at another agency will handle a case.53

Industry capture

In the most extreme cases, agencies not only fail to vigorously enforce 
laws, but become so close to the regulated industries that they end up 
being ‘captured’ by those they are supposed to regulate. Captured 
agencies promote, rather than regulate, industry. Their decisions are 
often motivated not by public interest but by personal sympathies or even 
benefits, such as future employment opportunities in the regulated 
industry. 

Numerous agencies with environmental responsibilities have been 
accused of industry capture. Various analyses have concluded that the 
livestock industry has captured the Bureau of Land Management; the oil 
and gas industry the Office of Pipeline Safety; and in Canada, the tar 
sands oil industry the Alberta Energy Resources Conservation Board.54 
When he was a senator, Barack Obama concluded that the nuclear 
industry had captured the Nuclear Regulatory Commission.55 Author 
Norman Miller concludes that the EPA was captured during the 
Administration of President G. W. Bush, and the Trump EPA’s track record 
suggests capture under the leadership of Scott Pruitt, who made his name 
as Oklahoma Attorney General by suing the EPA on behalf of the oil and 
gas industry, and who appointed to his staff many former staff members 
of Senator James Inhofe, one of the Senate’s most prominent climate 
change deniers.56 Regulatory capture is also the simplest explanation for 
the reluctance of officials from the Texas Railroad Commission (the state’s 
oil and gas regulator) to accept that disposal of hydraulic fracturing 
(‘fracking’) wastewater caused earthquakes, even after the US Geological 
Survey, the Oklahoma Geological Survey and numerous independent 
seismologists had reached that conclusion.57

It is also hard to escape the conclusion that the former Minerals 
Management Service (now the Bureau of Ocean Energy Management, 
Regulation, and Enforcement) was captured by the oil industry when the 
Service approved BP’s Gulf of Mexico Deepwater Horizon drilling rig 
emergency plan. That plan included procedures to protect walruses in 
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case of an accident.58 Walruses live in the Arctic, not the Gulf of Mexico. 
This suggests the regulators did not even read the plan before awarding 
their approval. 

Shortly after the 2010 BP Deepwater Horizon spill, President 
Obama described the Minerals Management Service’s track record as 
follows: ‘Over the last decade, this agency has become emblematic of a 
failed philosophy that views all regulation with hostility – a philosophy 
that says corporations should be allowed to play by their own rules and 
police themselves. At this agency, industry insiders were put in charge of 
industry oversight. Oil companies showered regulators with gifts and 
favours, and were essentially allowed to conduct their own safety 
inspections and write their own regulations.’59 

President Obama broke up the Minerals Management Service and 
assigned its responsibilities to separate entities,60 but that reorganization 
did not solve the problem. During 2014, the Ninth Circuit Court of 
Appeals found in favour of Earthjustice and other plaintiffs who sued one 
of the newly created agencies, the Bureau of Ocean Energy Management, 
over its approval of Shell’s application to drill in Alaska’s Chukchi Sea. 
The court found the Bureau had based its projections of potential 
environmental harms on ‘the lowest possible amount of oil that was 
economical to produce’, and therefore based its analysis on minimum 
potential harms. The court agreed with the plaintiffs that the analysis was 
arbitrary and capricious. Those analyses, moreover, were so rushed that 
numerous Bureau employees complained of unreasonable time pressure 
and six quit or retired early in objection to the Bureau’s effort to complete 
its analysis in time for Shell’s open-water drilling season.61 

Finally, one of the more startling cases of apparent industry capture 
is the US Army Corps of Engineer’s historically routine permitting of 
‘valley fills’ associated with mountaintop coal mining. Section 404 of the 
Clean Water Act requires a permit from the Corps of Engineers for 
discharges of material into wetlands. A discharge is ‘categorically 
prohibited if it would significantly degrade water quality’.62 Mountaintop 
coal mining is based on dynamiting mountain tops above Appalachian 
coal seams, then pushing the exploded ‘overburden’ into adjacent valleys 
to gain access to the coal on the now flat, exposed plateau. It is hard to 
comprehend a conclusion that water quality is not significantly impacted 
when valley streams are buried under hundreds of metres of mining 
overburden, and yet until a few years ago the Corps routinely granted 
section 404 permits for stream burial. Such dumping impacted 6,700 
valleys between 1985 and 2001.63 During 2016, the Obama administration 
developed new regulations for protecting streams from mining waste, but 
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then in early 2017 President Trump signed a bill overturning the Obama 
era regulations.64

Environmental progress can falter if policies are not implemented as 
intended, such as if inadequate budgets or political disincentives hinder 
implementation. Given these considerable obstacles, and the many others 
discussed in previous chapters, it is remarkable that air and water in the 
United States are so much cleaner than a few decades ago. But it is not 
surprising that there has not been yet more progress, especially 
considering the final obstacle, the many ways that efforts to achieve other 
societal goals conflict with or overwhelm environmental protection.
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19
Conflicts with other societal 
objectives

Environmental problems result from an excessive scale of one or more 
actions. Too many greenhouse gas emissions. Too much aquifer pumping. 
Too much habitat loss. Consequently, environmental sustainability 
depends upon reducing the scale of harmful impacts, such as by avoiding 
logging adjacent to streams, shifting to clean renewable energy sources 
or reducing the nutrient content of treated wastewater. But even improved 
practices impact the environment. Therefore, if scales of activities 
increase more than the environmental impacts of those activities decline, 
cumulative environmental damage increases despite reduction of impact 
from the individual activities. For example, if average fuel efficiency of 
gasoline-powered cars improves but the number of miles driven by such 
cars increases even more, cumulative gas consumption and greenhouse 
gas emissions from cars increase despite improved fuel efficiency. 
Sometimes major design changes – such as electric cars run on renewable 
energy, efficient public transportation, or the ability of employees to work 
from home – achieve revolutionary reductions in the environmental 
impact of a good or service, but even then, the benefit of greening 
practices can be overwhelmed if the scale of activities increases 
dramatically. 

Increases in scale are a major obstacle to environmental progress 
because society routinely seeks to increase the scale of activities. In 
particular, efforts to increase wealth or welfare through increases in 
economic activity routinely and unintentionally have the ‘side-effect’ of 
increasing environmental impacts. Moreover, those who seek to protect 
the environment and those who seek to improve the functioning of the 
economy often fail to coordinate their efforts.1 
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Separate agencies, departments, and organizations specialize in 
energy, land, food, air, water, wildlife, economy, finance, building 
regulations, urban policy, technology, health, and transportation – 
as if each were unrelated to the others. So, one agency pushes hard 
to grow the economy while another is charged to clean up the 
resulting mess and so forth, which is to say that the right hand and 
left hand seldom knows – or cares – what the other is doing. The 
results are often counter-productive, overly expensive, risky, 
sometimes disastrous, and most always ironic.2

Economic growth

Need for jobs and desire for increased individual wealth and general 
welfare create demand for increased economic production. Those who 
lack employment or have inadequate employment need better 
employment. The poor need basic needs met. Others wish to satisfy more 
wants.

There are two ways to meet the material needs of the poor – transfer 
wealth among individuals or increase overall economic production. 
Wealth transfers are controversial because they depend upon drawing 
from some individuals (in the form of taxes or fees) to provide for others. 
Increased economic production, on the other hand, at least seems to have 
potential to make everyone wealthier.3 

A desire to meet basic needs is only one of several motivations for 
increased economic production. A perhaps more powerful force is 
demand for increased wealth from those whose basic needs have been 
met. Furthermore, corporations seek increased sales, both for the sake of 
stockholders and profits and because their ability to attract employees 
depends on offering prospects of rapid promotion up an expanding 
corporate hierarchy. Finally, population growth creates yet further 
motivation for economic growth lest a growing number of potential 
workers suffer unemployment and the same amount of goods and services 
be divided among more people. 

Economic growth has been associated with important improvements 
in quality of life, such as clean drinking water, effective sanitation systems, 
more comfortable housing, and reductions in toxic air pollutants (for the 
latter see Figure 1.2, p. 4). Many such changes resulted from prioritizing 
federal investment in public health aspects of environmental quality 
(thanks to environmental laws passed in the 1960s, 1970s, and 1980s).
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More generally, however, increased economic production has 
caused increased resource consumption and waste production. Edward 
Ayres illustrated why this is so with the example of a simple cup of coffee.4 

Consumption of two cups of coffee per day requires about seven 
kilograms of beans per year, or the combined output of 18 coffee plants. 
As with most other agriculture, natural ecosystems are largely or entirely 
removed to provide space for coffee bushes, so one impact of the coffee is 
loss of native vegetation, ecosystems, and their ecosystem services.5 
Conventional growers typically spray coffee bushes with pesticides several 
times per year, causing multiple undesirable consequences. Pesticides 
typically kill non-target organisms and may leach into waterways where 
they do more damage. Farmworkers may inhale them or otherwise be 
exposed, and their production pollutes air and water. Meanwhile, 
processing each kilogram of beans results in about two kilograms of pulp 
that may be dumped in a local river where its decomposition will foster 
eutrophication, deplete oxygen, and harm aquatic species. Later, 
freighters transporting beans burn bunker fuel, a particularly dirty form 
of fuel oil, while marketers and purveyors fly in airplanes and work in 
climate-controlled offices and cafés. The coffee itself is often sold in bags 
that have both plastic and metal layers, a combination that renders the 
bags unrecyclable. Brewing coffee consumes energy. The grounds make 
great compost, but some people dispose of them with trash, where they 
often end up in a landfill, decomposing anaerobically as microbes convert 
their carbon to methane, a strong greenhouse gas. Others dump grounds 
down garbage disposal units in kitchen sinks, converting them into water 
pollution or increasing the work of wastewater treatment systems.  
Finally, washing cups consumes detergent and energy to heat water, 
produces wastewater and, depending on the energy source, air pollution. 

As coffee consumption increases, so do all of these impacts. Coffee 
consumption is just one of countless products and processes that have 
increased with population and economic growth. A little reflection will 
identify similar lists of impacts from other products. (The relatively new 
fields of industrial ecology and [product and process] life-cycle assessment 
employ professionals who attempt to rigorously and quantitatively 
identify all environmental impacts of a product or process and use that 
information to inform efforts to devise less-damaging alternatives.)

Communities occasionally resist economic growth. For example, 
whereas cities often compete to attract the Olympics, Colorado voters 
opposed Denver’s bid to host the 1976 Winter Olympics due to concerns 
about added alpine infrastructure. On a smaller scale, residents of 
Petoskey, Michigan opposed local road expansions due to concerns about 
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attendant increases in traffic and environmental damage. Both areas 
sought to protect their environmental quality.6 Examples like these are, 
however, relatively rare exceptions to the rule.

Business leaders and politicians routinely advocate for, encourage, 
and in the case of politicians, often subsidize conventional economic 
growth. Individuals and political parties may disagree about the best 
policies to foster such growth, but the objective of growth generally 
receives strong bipartisan support – a dynamic that is not limited to 
capitalist democracies. Indeed, cities, states and even nations compete to 
attract businesses by offering tax exemptions, infrastructure and other 
incentives. This attitude was captured when presidential candidate John 
Kasich argued: ‘Economic growth is the key to everything.’7

As we saw in the discussion of a systems perspective (Chapter 2), 
efforts to increase economic production create a positive feedback where 
demand for more goods and services leads to the production of new goods 
and services, the marketing of which fosters further demand for yet more 
goods and services. For the purposes of this chapter, the key point is that 
increased production of all of those goods and services has historically 
caused increased resource consumption and waste production, and those 
increases can overwhelm simultaneous environmental protection efforts. 

Figure 19.1, for example, shows how greenhouse gas emissions per 
dollar of gross domestic product declined by 50 per cent since 1960 as 
processes became more fuel efficient and thus less carbon intensive, but 
the same figure shows today’s total greenhouse gas emissions are almost 
four times the 1960 quantity. In other words, consumption of materials 
and consequent production of greenhouse gases increased much more 
than the efficiency of that consumption and production improved.

The impacts of individual products, such as coffee, combined with 
increases in their production, result in strong correlations between 
economic output and environmental impacts.8 Figure 19.2 shows how 
greenhouse gas emissions from various economic sectors correlate with 
per capita economic production. As economies have grown, resource 
consumption and waste production have increased. 

As the coffee example illustrates, the wastes we personally throw in 
the trash are a small fraction of the waste our consumption causes. 
Individuals typically produce about two kilograms of garbage (or more 
technically, municipal waste) per day, but that does not include wastes 
produced in supplying raw materials or manufacturing, transporting, 
marketing, trading, consuming and recycling of products. The collective 
magnitude of those wastes is incredible but rarely estimated. 
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Two research teams independently tallied per capita US waste 
production around 1990.  Both estimated the sum as about 150 kilograms 
per person per day, not including water. Seventy-five per cent of that was 
overburden from coal mining, but even without coal mining, the average 
would have been more than 30 kilograms per person per day, or roughly 
one’s weight in waste every couple of days. A subsequent study that 
involved one of the same authors calculated some 180 kilograms per 
person per day as of 2000.9 

Major innovations sometimes dramatically reduce the 
environmental impacts of some types of production. For example, 
scientists at the Land Institute are working to grow perennial grains that 
would avoid the annual ploughing and soil erosion associated with 
growing corn, wheat and rice. Similarly, the Savory Institute, Holistic 
Management International, and others work on developing livestock 
grazing practices that restore, rather than damage, range vegetation and 
soil health.10 

In other cases, innovations reduce one sort of impact but increase 
another. Over a century ago, the shift from horses for urban transportation 
to internal combustion engines freed cities from tremendous quantities of 

Figure 19.1: Worldwide annual greenhouse gas emissions from burning 
fossil fuels and cement production (solid line) and the same variable per 
US dollar of 2015 gross domestic product (GDP) (dotted line). Data 
source: World Bank, ‘CO2 emissions (kt)’ (https://data.worldbank.org/
indicator/EN.ATM.CO2E.KT) and ‘CO2 emissions (kg per 2015 US$ of 
GDP)’ (https://data.worldbank.org/indicator/EN.ATM.CO2E.KD.GD). 
Emissions per dollar of GDP have declined but total emissions have 
nevertheless increased.

https://data.worldbank.org/indicator/EN.ATM.CO2E.KT
https://data.worldbank.org/indicator/EN.ATM.CO2E.KT
https://data.worldbank.org/indicator/EN.ATM.CO2E.KD.GD
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manure. However, the new motors caused different environmental 
impacts of their own. Sometimes such trade-offs represent an 
improvement. If today’s fleet of personal vehicles is completely converted 
to electric or hydrogen-powered engines run on solar energy, the number 
of cars on the road could increase while gas consumption, like horse 
manure before it, dramatically declines. But as with the shift from horses 
to internal combustion engines, other types of consumption will increase, 
such as the demand for, and environmental damage associated with, 
mining of rare earths and other metals used in electric motors and 

Figure 19.2: Greenhouse gas emissions (2001 tons of CO2 equivalent per 
capita) of various economic sectors in various countries as a function of 
per capita expenditures. Each point represents one nation. Source: 
Redrawn from the data used for Figure 3 of Hertwich and Peters, ‘Carbon 
footprint of nations: a global, trade-linked analysis’, 2009, 6418. Requests 
for further permission to reuse this figure or its contents should be 
directed to the American Chemical Society.
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batteries. (This shift seems necessary and desirable despite the 
environmental impacts of electric vehicles.)

In theory, modern economies could evolve to emulate natural 
ecosystems – running entirely on current solar energy and producing only 
materials that can be recycled, composted or directly returned to the 
environment in harmless form. Necessity dictates that we make this 
transition, and the sooner the better. The relatively young field of 
industrial ecology takes natural ecosystems’ dependence on solar energy 
and thorough material recycling as a model and goal. Industrial ecologists 
have achieved much in just a few decades, and their approach has 
tremendous potential for further progress, which will be necessary to 
break free from dependence on depletion of both renewable and non-
renewable resources, and non-sustainable waste production.  

While industrial ecologists, life-cycle analysts, and others help us 
emulate natural ecosystems’ reliance on current solar energy and 
comprehensive materials cycling, those of us interested in reducing 
environmental impacts must remember that as long as processes have 
harmful environmental impacts, increases in the scale of those processes 
have potential to overwhelm other environmental progress. In other 
words, improved efficiencies alone cannot achieve sustainability if the 
scales of activities increase faster than efficiencies improve.

Free trade

International trade is one contributor to increases in the scale of economic 
activity. The implications of international trade are complex and 
controversial, but, like economic growth, free international trade has 
been widely supported by proponents of various political philosophies. 
For example, prior to the Trump Administration, both Democratic and 
Republican presidents routinely worked to increase international free 
trade agreements. The motivations for international trade include 
potential for increasing economic production in trading countries and a 
chance that trading partners are less likely to go to war against each 
other.11 Meanwhile, individual economic actors, such as corporations, 
often favour free trade because trade can increase their markets and thus 
profits, and many economists favour free trade because they expect 
resulting competition among producers to improve the quality of products 
while reducing consumer prices. 

A thorough discussion of international trade and its implications is 
beyond our scope,12 but trade cannot be entirely ignored here because 
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international trade agreements create obstacles to national environmental 
progress. International trade is largely regulated by the World Trade 
Organization (WTO). WTO rules generally forbid imposition of tariffs 
due to production methods in exporting nations. For example, importing 
countries cannot impose tariffs on products from countries that employ 
child labour. The basic rationale is that such tariffs could be concocted by 
importing countries when the real motivation is protection of domestic 
industries from international competition.13

WTO rules create an obstacle to environmental progress because 
disallowance of tariffs based on production practices disincentivizes 
domestic environmental protection. If one nation proposes to protect, for 
example, its waters by regulating waste from factories, its manufacturers 
may argue the regulations would be unfair because foreign corporations 
would not have to meet the same standards and would therefore enjoy 
lower manufacturing costs. Those lower costs would enable foreign 
corporations to undercut domestic producers’ prices such that domestic 
manufacturers might go bankrupt, putting their employees out of work. 

The US Senate’s Byrd-Hagel resolution opposing the 1997 Kyoto 
Protocol exemplified this concern. The Kyoto Protocol set limits on 
greenhouse gas emissions for wealthy countries, but not ‘developing’ 
countries. That year, the Senate voted 95 to 0 in opposition to the Kyoto 
Protocol. The Senate resolution included the following passage.  

Whereas the [United Nations Framework] Convention [on Climate 
Change], intended to address climate change on a global basis, 
identifies the former Soviet Union and the countries of Eastern 
Europe and the Organization For Economic Co-operation and 
Development (OECD), including the US, as ‘Annex I Parties’, and 
the remaining 129 countries, including China, Mexico, India, Brazil, 
and South Korea, as ‘Developing Country Parties’ … Whereas the 
‘Berlin Mandate’ calls for the adoption, as soon as December 1997, 
in Kyoto, Japan, of a protocol or another legal instrument that 
strengthens commitments to limit greenhouse gas emissions by 
Annex I Parties for the post-2000 period … Whereas the ‘Berlin 
Mandate’ specifically exempts all Developing Country Parties from 
any new commitments in such negotiation process … the Senate 
strongly believes that the proposals under negotiation, because of 
the disparity of treatment between Annex I and Developing 
Countries and the level of required emission reductions, could 
result in serious harm to the US economy, including significant job 



CONFLICTS WITH OTHER SOCIETAL OBJECT IVES 261

loss, trade disadvantages, increased energy and consumer costs, or 
any combination thereof …

Byrd-Hagel Resolution 
105th Congress, 1st Session, Senate Resolution 98, 25 June 1997

The senators objected to the US being bound by commitments to 
reduce greenhouse gas emissions if developing countries were not also 
required to reduce emissions. They feared this disparity would give an 
economic advantage to other nations and therefore cause economic 
problems for the US. Even though a majority of senators had previously 
endorsed an earlier UN Convention that called upon signatories to 
develop policies to limit greenhouse gas emissions, no senator voted in 
favour of an agreement they perceived would disadvantage the US in 
international trade. 

Though the senators seemed confident that the protocol would have 
put domestic industries at a competitive disadvantage, whether strong 
domestic environmental policy generally has this effect is unclear. Strong 
environmental laws might actually benefit producers, for instance by 
spurring innovation that leads to resource use efficiency and therefore 
reduces long-term costs. Moreover, other factors, such as labour costs, 
government stability and transport costs may be more important to 
business finances. A 2015 review suggests various authors have reached 
disparate conclusions regarding how domestic environmental regulation 
affects competitiveness.14

For our purposes, the actual economic effect of international 
differences in environmental regulations may be less important than 
perceived differences because perceptions can serve as an obstacle to 
domestic environmental protection. Ten years after the Byrd-Hagel 
resolution, the US Chamber of Commerce argued that climate change 
legislation proposed by senators Lieberman and Warner (2007) would 
give an unfair advantage to corporations operating in other nations – 
precisely the same argument that had been made by the 95 senators who 
voiced their opposition to the Kyoto Protocol a decade earlier. Such 
sentiments consistently motivate opposition to anti-pollution efforts.15

The track record of WTO decisions reveals subtle distinctions 
regarding when the organization approves of domestic environmental 
regulations versus when it authorizes retaliatory tariffs in response to 
such rules. That leaves future WTO decisions hard to predict, which 
causes concern that new domestic environmental laws might result in 
retaliatory tariffs upon national exports. 
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An instructive WTO case involves tuna fishing methods. Bottlenose 
dolphins often school at the surface of the ocean above yellowfin tuna. 
Some boat captains, aware of this behaviour, fish for tuna in the vicinity 
of the dolphins. Dolphins end up being killed in their nets. In response to 
public concerns about dolphin deaths, the US imposed an embargo on 
tuna imports from nations that used this fishing technique. Mexico 
objected, arguing that trade rules prohibited import restrictions based on 
production methods. A 1991 decision by the WTO’s predecessor found in 
favour of Mexico, though the finding was never implemented because 
rules were being renegotiated at the time. Shortly thereafter, the US and 
several tuna-fishing nations entered into a separate multilateral 
agreement regarding tuna fishing methods and the US devised rules for 
labelling tuna ‘dolphin safe’. However, later in 2013 the US lost a 
subsequent WTO dispute with Mexico which concluded the US labels 
violated WTO rules. Yet later, after a subsequent US labelling change in 
2016, the WTO concluded the US was no longer out of compliance with 
WTO rules.16 The relevance of this example for our purposes is that labels 
are far weaker measures than import bans, so the WTO rulings weakened 
US policy intended to protect dolphins.

A similar consequence resulted in 1996 when the EU sought to ban 
imports of US beef from cattle treated with certain hormones. The WTO 
ruled that there was inadequate evidence to conclude the meat was 
harmful and awarded the US retaliatory tariffs of some $120 million. 
Subsequently, in 2003, the EU argued it had provided more and sufficient 
evidence of harm, but again the WTO deemed the scientific evidence 
inadequate and reauthorized the penalty. (Recall earlier discussions 
about scientific uncertainty and type II statistical errors.) Finally, in 2009 
the EU and the US agreed to a system where the EU would prohibit the 
imports but the US would impose retaliatory tariffs in compensation.17 
Here again, a WTO decision penalized national (or in this case EU) 
environmental protections. 

More recent WTO decisions have had the same basic effect of 
disincentivizing strong national environmental laws. During 2008, 
Canada objected to US laws requiring that pork and beef be labelled with 
their country of origin. The WTO panel found the label requirement 
amounted to a technical barrier to trade and was thus unacceptable. On 
appeal in 2012, an appellate panel confirmed the initial decision on the 
basis that the labelling requirement ‘has a detrimental impact on imported 
livestock because its recordkeeping and verification requirements create 
an incentive for processors to use exclusively domestic livestock’. In 2015, 
the WTO authorized Canada to retaliate. Thus, even though the US law 
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made no production process requirements, but merely sought to provide 
source information to consumers, the WTO found the law unacceptable 
due to the record-keeping burden.18 

Yet more recently, during 2019 the WTO ruled against a US state 
law designed to encourage domestic green energy production. Given its 
prior rulings, the WTO not surprisingly sided with India in their objection 
to a Michigan law that would have given renewable energy generators 
extra credit if they used Michigan labourers or equipment manufactured 
in the state.19

Recent WTO documents suggest sensitivity to the need to reconcile 
environmental protection and trade concerns, and describe a desire of 
some members for more emphasis on environmental sustainability,20 but 
the history of WTO decisions and the tentative nature of the more recent 
documents leave reason to wonder how WTO panels would rule in future 
cases. Thus, the risk of retaliatory tariffs continues to create an obstacle 
to domestic environmental protections. 

Other trade agreements also hinder strong domestic environmental 
policy. In particular, so-called ‘investor–state dispute settlement 
provisions’ in various bilateral and multilateral trade agreements (such 
as the former North American Free Trade Agreement and its successor the 
US–Mexico–Canada Agreement) allow foreign investors to sue importing 
nations if importing nations’ policies discriminate against foreign 
investors’ potential to profit. 

When the Obama Administration rejected the proposed Keystone 
XL tar sands pipeline, which was intended to move fossil fuels from 
Alberta in Canada to Texas in the United States, TransCanada, the 
corporation that planned to build the pipeline, invoked the North 
American Free Trade Agreement’s investor–state dispute settlement 
provisions to sue the US for $15 billion. That suit was dropped when the 
Trump Administration later approved the pipeline, but a new suit, again 
seeking $15 billion, was filed when the Biden Administration again 
blocked the pipeline. Commentators suspected the US would have lost 
the initial lawsuit as other nations have lost similar challenges.21 

Enthusiasm for trade agreements that disincentivize domestic 
environmental protection may be waning. The Obama Administration 
participated in negotiations to develop a trade agreement that, if finalized, 
would have been called the Trans-Pacific Partnership. The draft 
agreement included investor–state dispute settlement provisions. When 
those provisions gained publicity, tremendous opposition developed, at 
least partially out of concern for the effect of such provisions on domestic 
US environmental policy. By the time of the next presidential election in 
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2016, both major candidates, Donald Trump and Hillary Clinton, 
expressed opposition to the Trans-Pacific Partnership.22 The Trump 
Administration subsequently refused to sign the agreement and the Biden 
Administration’s trade representative, Katherine Tai, has called for 
focusing trade rules on climate change concerns.23

Imagine the potential environmental benefits if future WTO 
decisions and other international trade agreements allowed restrictions 
on trade for the sake of protecting the environment. Tariffs on products 
from countries with weak environmental laws would eliminate the cost 
disadvantages of industries in nations with strong regulations. Moreover, 
and perhaps even more importantly, allowing tariffs based on production 
practices might replace the ‘race to the bottom’ (forcing a focus on price) 
that WTO policy currently encourages with a ‘race to the top’ (privileging 
the best environmental practices) as nations that lack strong 
environmental protections improve their environmental standards to 
avoid more progressive countries’ tariffs. But such is not yet the case, and 
thus existing free trade rules create an obstacle to strong domestic 
environmental protection, both in the US and elsewhere.

In the long-term, when the environment collapses, economies 
collapse, as occurred on Easter Island and in Mesopotamia, the Indus 
Valley, the Roman breadbasket of North Africa, and elsewhere.24 In the 
short term, however, environmental protection routinely conflicts with, 
and is overwhelmed by, other societal objectives, especially economic 
growth. Therefore, those who propose further environmental protection 
must not only demonstrate reason for concern, marshal a consensus for 
action and devise suitable responses; proponents of protection must 
explain why further environmental protection is worth any trade-offs that 
restrict other societal objectives. Protection of whales must be worthwhile 
despite impacts on the Navy’s abilities to detect submarines. Restriction 
of the spread of invasive species must be worth encumbrances on 
international trade and travel. Protection of pollinators must be worth 
consequences for agricultural methods. More generally, restrictions on 
environmental impacts must be seen as worth any concomitant reductions 
in conventional economic growth because reducing per-unit 
environmental impacts will not suffice if those improvements are 
overwhelmed by increases in the cumulative scale of activities. 
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20
Recapitulation, reasons for optimism, 
and recommendations

Improvements in US air and water pollution since the 1960s demonstrate 
that major environmental progress is possible. But such success requires 
sustained effort to overcome numerous obstacles. As explained in 
Chapter  1, I perceive three sets of obstacles: limits on our ability to 
understand and control the world around us; obstacles rooted in value 
systems that deprioritize environmental protection, and the obstacles 
discussed in this book (those immediate, practical factors often held 
responsible when environmental efforts fail). Real progress will require 
addressing all three sets: advancing predictive and management ability 
towards their ultimate limits; shifting societal norms such that more and 
more people prioritize environmental protection and recovery; and 
systematically overcoming the immediate obstacles to progress on existing 
environmental problems. 

Recapitulation

The first requirement for progress on an existing problem is recognition 
that the problem exists, but so far, we have not been systematically on the 
lookout for new problems, and some problems are difficult to detect even 
when we try. Meanwhile, despite a history of unpleasant surprises such 
as stratospheric ozone depletion, we cavalierly continue to adopt new 
technologies with precious little analysis, only to later encounter 
unanticipated ‘side effects’.

Once a problem has been detected, its cause or causes must be 
identified, but this is often difficult. Complexities of human and ecosystem 
health; ethical, logistical and financial constraints on experiments; and 
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limitations of analytical procedures individually and collectively obscure 
causes. Meanwhile, controversy frequently surrounds appropriate data 
interpretation, especially when extrapolating from particular studies to 
general circumstances. Collectively, limitations on experiments, 
uncertainties of extrapolation and the possibility of scientific errors result 
in tentative conclusions, not certain predictions. Fortunately, despite 
these challenges, expert consensus eventually coalesces regarding the 
causes and significance of a new problem. 

Once such consensus develops, several political barriers then hinder 
action. Scientists’ hedged conclusions leave members of the public 
confused about whether a problem exists or its causes are understood. 
This is especially so because media reports, in seeking to tell both sides of 
the story, give disproportionate attention to minority judgements, and 
because those opposed to action exaggerate uncertainty. Meanwhile, 
proposed restrictions on activities engender resistance from vested 
interests and those who perceive such infringements as restrictions on 
freedoms. 

Free-market enthusiasts contend environmental protection is 
economically inefficient and unnecessary because an unfettered market 
can overcome almost any problem. Though such a default position is hard 
to defend, it will be made, either by true believers in unfettered free 
markets or by others whose real motive is to protect their ability to engage 
in profitable activities responsible for the problem at hand. In the course 
of such debates, environmental proposals will be critiqued with simplistic, 
biased cost–benefit analyses. 

Even if proposed efforts pass cost–benefit analyses, they may not be 
implemented if required funds are not forthcoming or other issues are 
perceived as more urgent and thus enjoy political priority. If an 
environmental issue does receive attention and a consensus for action 
develops, those interests that stand to be regulated will work to block the 
passage of new laws, an easier task than passing them. Moreover, 
opponents of environmental protection will usually enjoy much better 
funding than those who seek environmental progress.

Even when sufficient support for action exists despite the above 
obstacles, several other hurdles remain to be overcome. It is often difficult 
to design effective procedures or policies that would not have their own 
undesirable, unintended consequences. Once designs are proposed, 
opponents will seek to inject compromises that may doom effectiveness. 
Or, the geographical extent of the problem may not align with political 
jurisdictions, in which case there may be no entity with clear responsibility 
for and authority over the problem. 
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If potentially effective laws and regulations are passed and 
promulgated, inadequate implementation budgets, opposition to effective 
implementation, or political incentives for lax implementation or 
enforcement may cause breakdowns in implementation. Finally, 
environmental protection efforts often conflict with other societal 
objectives, especially efforts to foster traditional economic growth and 
international trade. So far, these other objectives have usually been given 
priority, often resulting in increasing scales of activities that overwhelm 
the benefits of new environmental protections or improved technical 
efficiencies. 

Reasons for optimism

Reading through the many obstacles could give an inaccurate impression 
of hopelessness, especially if one focuses on US federal policy since the 
1990s. Indeed, I know many students observe the record during their 
short lifetimes and struggle to resist the conclusion that problems are 
overwhelming. If you are inclined towards that conclusion, it may be 
helpful to remember that environmental problems had millennia to grow 
into today’s resource depletion, destruction of biodiversity, habitat loss, 
global-scale pollution, climate change and other problems.1 By contrast, 
it has been only about a century since popular support for environmental 
protection became widespread, and in the meantime, there have been 
two world wars and various other major concerns. Thus, the environmental 
sustainability that our indigenous ancestors apparently prioritized is 
effectively a new idea to be relearned by industrialized, agricultural 
societies. By the scale of a bristlecone pine’s lifetime, striving for 
environmental sustainability in an industrial society is a brand-new 
concept. 

Such a shift does not happen quickly, but it may be starting. Less 
than two centuries ago, the lifetime of an oak, a Pennsylvania railroad 
company commissioned George Inness’s painting of trains and factories 
belching smoke amid clearcuts as if to suggest prosperity (Figure 20.1). 
Only one century ago (not that long — my mother celebrated her one 
hundredth birthday the week I wrote this), Aldo Leopold noted that many 
still considered a tree stump a sign of progress.2 Early 1960s municipal 
guidance instructed citizens to dump refuse adjacent to a waterway 
(Figure 1.1, p. 3), while a prominent magazine recommended pouring 
used motor oil into the ground (Figure 20.2). Such actions are considered 
abhorrent today, only a few decades later. Indeed, wide majorities support 
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environmental protection, at least in principle.3 And the evolution of 
views and norms continues: we still send burned fossil fuel into the 
atmosphere, but that causes angst today and before long may be 
considered as ghastly as pouring oil on the ground or dumping at the 
water’s edge.

The present stalemate in Washington is discouraging, but federal 
policy is among the hardest to shift. A longer historical view and a more 
comprehensive assessment that includes other nations, selected US 
states, municipalities, corporations, industries and non-governmental 
organizations provides much more reason for hope. Worldwide, countless 
institutions and individuals have been overcoming all of the obstacles 
they have encountered and making inspiring progress. 

A bit of internet searching produces extensive lists of remarkable 
examples, such as the recipients of the Goldman and Tyler prizes.4 Any list 
of names I give will only be partial, but if you seek inspiration or 
encouragement, you could read about the successes of Jane Goodall, 
Kimiko Hirata, Sharon Lavigne, Gene Likens, Wangari Maathai, David 
Schindler, Greta Thunberg or countless others. These people persisted or 
still persist today despite any obstacles, as have those involved in the 
following, less-well-known cases with which I happen to be familiar. As 
with the people listed above, those involved in each of the following cases 

Figure 20.1: The Lackawanna Valley by George Inness c. 1856. Oil on 
canvas, 86 × 127.5 cm. Source: National Gallery of Art, Washington, DC 
(1945.4.1). 
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identified a problem and its causes, marshalled community cooperation 
and support for responding (including financial support), and then 
devised and implemented an effective response, overcoming each 
obstacle they encountered in the process. Moreover, I am not aware of any 
of these cases causing undesirable, unintended consequences.

As a young man, J. David Bamberger read Louis Bromfeld’s account 
of restoring a farm to its former productivity.5 Bamberger dreamt of doing 
the same for a degraded ranch. Five decades ago, he purchased the most 
damaged ranch he could find in the central Texas hill country and, with a 
few full-time employees and a handful of others, began working ‘with 
mother nature instead of against her’.6 Eventually donated to a non-profit 
foundation he created, the ranch preserve named Selah has grown to 
2,200 hectares and been transformed into one of the finest US examples 
of ecosystem restoration.7 

Figure 20.2: Early 1960s recommendation for motor oil disposal. 
Reproduced with permission of Popular Science magazine. Of course, the 
magazine would not recommend such a procedure today; many recent 
Popular Science articles explore more sustainable options. Source: Popular 
Science, ‘Hints from the model garage’, 1963, 166.
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Where the ground was formerly covered with caliche (mineral 
sediment exposed after soil erosion) and invasive ashe juniper trees that 
together caused most rain to run off, soil and native vegetation are 
recovering. With the return of deep-rooted, perennial grasses, the land 
once again captures rainwater. When Bamberger began there was no 
surface water, and seven 150-metre wells he drilled reached no water at 
all. He and his crew have worked constantly since then, among other 
things wearing out dozens of chainsaws removing the invasive trees.8 

Today, with the vegetation again capturing rainfall and enabling it 
to percolate, eleven springs feed several small lakes and ponds. Some 
springs flow even during the most severe droughts. The rainwater 
infiltration facilitated by restored grass has enabled the return of 
hundreds of species of wildlife, supplies the few families who live at the 
ranch and even contributes to the Austin, Texas water supply. More than 
150 bird species have returned, deer grow approximately twice as large 
as before, and the ranch has the potential to support twice as many cattle 
as previously (if Bamberger and his team chose to do so). Meanwhile, 
numerous scientists and thousands of visitors use the property as a 
research site and outdoor education centre each year.

This was all possible because Bamberger prioritized ecosystem 
restoration, identified the causes of ecosystem damage, attracted support 
for the project and devised and implemented creative, effective means of 
fostering vegetation recovery that did not require massive resource inputs 
or expense. Meanwhile, he was determined and therefore stuck with it, 
along the way accumulating a team of like-minded collaborators. 

Also in Texas, Dr John Ockels detected a problem (various types of 
illegal dumping), identified its causes (which were numerous), recognized 
that existing prohibitions were not being enforced, and devised an 
effective response. He saw an opportunity to clean up and prevent 
pollution by helping municipal officials and others learn and implement 
the state’s public health, nuisance and environmental laws. Virtually 
singlehandedly, and with a remarkable ability to quickly develop rapport 
with people from all sorts of backgrounds and perspectives, he created 
the Texas Illegal Dumping Resource Center and began teaching classes to 
anyone who would listen, from city managers, to county commissioners, 
police officers, sheriff’s deputies, prosecutors, local civic groups, oil 
company employees and others.9 Since developing his first course on 
illegal dumping in 1997, he has created a dozen related courses on 
environmental topics. 

Some fifteen thousand participants have attended those courses. 
His students include not only municipal officials all over the huge state, 
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but also many civic volunteers and employees of companies who wish to 
ensure their operations comply with regulations. All of his courses are 
approved for State of Texas continuing education credits. Given that he 
has educated thousands of people around the state on how to use existing 
laws to prevent and clean up various forms and sources of pollution, and 
most of these people have professional responsibilities to ensure such 
work is done, he may have done as much as anyone for pollution 
prevention in Texas (which has a population approximately equal to the 
Benelux countries but spread over an area larger than France).  
Like Bamberger, Ockels deserved to retire long ago, but he persists. Like 
Bamberger, he recognized a need and an opportunity, devised a creative 
response that leverages his own effort, developed a feasible and 
economical funding mechanism, and has never quit. Perhaps one of you 
will take over for him and ensure that his small but so effective 
organization continues to thrive and is replicated elsewhere.

A little farther north in Kansas, the Land Institute breeds perennial 
grains.10 This effort, the brainchild of Dr Wes Jackson, has the potential 
to transform agriculture, thereby reducing multiple environmental 
problems. Grains, especially corn, wheat and rice, provide the bulk of 
human calories.11 Because all three are annuals (completing their life 
cycle within one year), fields must be prepared and planted every growing 
season. That preparation often leaves bare soil exposed to wind and water 
erosion for many months each year. Even when annual grains are 
growing, their short, young roots do little to hold what soil remains, while 
leaving the plants vulnerable to drought. 

Jackson realized perennial grains could obviate the need for annual 
ploughing, planting and cultivating, thereby reducing fuel consumption. 
Meanwhile, deeper roots would hold soil and impart drought resistance. 
If grown with legumes, whose symbiotic bacteria capture nitrogen from 
air, perennial grains might even reduce the need for fertilizer. But wild 
perennials tend to produce much smaller seed crops than long-since 
domesticated annuals. 

Whereas generations of ecologists learned that a plant could 
maximize investment in seeds or roots but not both, Jackson realized that 
was only a broad generalization. Annual plants, such as corn, wheat and 
rice, have limited potential for both because they complete their life cycle 
within a single year. But long-lived perennials have the potential to grow 
extensive, deep roots and also produce large crops of seeds. He and his 
collaborators thus began hybridizing and selectively breeding various 
grasses and wildflowers, and have continued ever since. He has also 
masterfully advocated for this approach, and devoted his life’s effort to 
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making it happen. As a consequence, since the 1970s, the Land Institute 
has capitalized on his insight to experimentally breed perennials that 
produce large crops of edible seeds. Along the way, they have attracted 
both financial supporters and scientific collaborators all around the world 
who are multiplying their successes. 

When he spoke at Austin College, Jackson suggested one’s goals 
should be bigger than what one can accomplish in a single lifetime. He 
certainly set such a goal for himself – transforming agriculture. That task 
is not yet finished, but today one can bake bread with perennial grain 
developed at the Land Institute.12 Before long, foods from multiple 
perennial grasses and wildflowers may be widely available.

Yet farther north, in the area where Lakes Huron and Michigan 
meet, the dedicated volunteers and few staff of the Little Traverse 
Conservancy have protected more than 25,000 hectares of land of 
unusually high conservation value, largely by  working with  private 
landowners who donate or sell deed restrictions called conservation 
easements.13 Conservation easements transfer land development rights 
to a land trust, in this case the Conservancy, thereby preventing future 
real estate development and ensuring conservation of the properties even 
after they change hands. The Conservancy capitalizes on the combination 
of landowners’ interests in conservation plus tax reductions that result 
from easement donations, but the required formal documentation is 
substantial. The small but tireless group of Conservancy staff have helped 
landowners understand the potential and benefits of the easements, 
guided owners through the steps required for a donation, and in the 
process leveraged their modest budgets to conserve a tremendous amount 
of land in a manner affordable to its owners. In addition to conserving 
lands, the Little Traverse Conservancy has also provided their community 
with educational programmes for 150,000 students and almost 200 
kilometres of public hiking trails.

Also in the Great Lakes region, collaboration among Professors 
Hugh MacIsaac and Anthony Ricciardi, their colleagues, government 
agencies and shipping companies has stemmed the introduction of non-
native species. Environmental monitoring of the lakes detected numerous 
non-native species and identified various harmful effects on native food 
webs. Researchers considered the possible routes of introduction of non-
native species, quickly identified ballast water of oceangoing ships as the 
likely culprit, and detected such species in ballast water. Species were 
transferred when fresh water containing plankton and other creatures 
were pumped into ballast chambers at Eurasian ports then pumped out 
again at North American ports (and presumably vice versa as well). 
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Because most freshwater species cannot survive in salt water, an 
obvious potential solution was to flush ballast chambers with enough 
salty ocean water to kill any organisms in the tanks. Early 1990s 
regulations allowed ship captains to simply declare they were not 
transporting ballast water. Once research confirmed those requirements 
were inadequate – that substantial numbers of species continued to be 
introduced and ballast water or sediments were almost certainly 
responsible – Canada and the United States developed more rigorous, and 
rigorously enforced, requirements. Species transfers have since declined 
by some 85 per cent. This success depended on cooperation among 
university scientists, regulatory agencies, and companies that allowed 
tests on their ships, and even retrofitted one ship to facilitate experiments.14 

Here again, the keys to success included detecting an environmental 
problem, identifying its cause, designing a feasible, effective response, 
attracting community support by means of a compelling argument, and 
leveraging the effort and resources of supporters and collaborators. A 
common theme through all of these examples is persistence through 
whatever obstacles pertained until substantial progress was achieved. 
Thus, each example exemplifies one of Bamberger’s favourite sayings: 
‘The only place success comes before work is in the dictionary.’15

In addition to these and other examples like them, I have found the 
progress of many colleges and universities inspiring,16 especially because 
so much has been accomplished by students making their first efforts at 
influencing an organization. For example, Austin College students have 
convinced the administration to adopt some thirty different actions and 
policies to reduce the college’s environmental impact. The list includes 
many items that are routine today, but which were not routine, at least in 
our area, when they were first proposed a decade or two ago. They all 
involved overcoming obstacles, from identifying a problem or the cause 
of a problem to devising responses compatible with other community 
priorities and from funding any necessary expenditures to effective 
implementation and subsequent management of the response. In the 
process, the college has reduced all sorts of environmental impacts, 
including cutting greenhouse gas emissions some 60 per cent at a 
substantial net saving thanks to increased energy efficiency and great 
cooperation from people all across campus.17  

These are but a tiny fraction of some of the people and groups 
making progress despite obstacles. Paul Hawken estimates that, 
worldwide, there are between one and two million groups – not 
individuals, but groups – working towards the interdependent goals of 
ecological sustainability and social justice. He concludes that there has 
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never before been so large a collective effort of any kind.18 If you find 
these issues compelling and wish to get involved, you can probably find 
kindred spirits in your community. 

Are such examples the first few decades of a massive worldwide 
movement that will eventually accomplish the unprecedented task of 
bringing industrial societies into harmony with the planet’s life-support 
systems? Will success breed success? Will the expectations of Martin 
Luther King Jr., Aldo Leopold and others be borne out such that more and 
more issues will be considered ethical matters and justice will have more 
and more influence over human affairs? Will more and more people learn 
to resist the marketing that creates wants and then turns wants into 
perceived needs? Perhaps they will. The answers to these questions 
depend on decisions not yet made. 

We may not yet understand just how much change will be necessary 
to achieve sustainability, and only hindsight will tell whether such a goal 
is ever achieved, but as Aldo Leopold observed, over the course of history, 
‘ethical criteria have been extended to many fields of conduct, with 
corresponding shrinkages in those judged by expediency only’.19 If that 
trend continues, more and more people will perceive environmental 
damage as wrong and support for environmental protection and 
restoration will continue to grow, perhaps faster than you or I imagine. 

Assume, for the sake of discussion, that all environmental problems 
could be tallied under one measurement, such as a unit of planetary life-
support potential. Assume also that all activities can also be measured 
with the same unit, such that all environmental impacts represent either 
damage to or repair of that potential. (Ignore for the moment that harms 
suffered by a person or other creature at one time cannot be undone by 
preventing similar harms to others later.) Now imagine the historical 
trajectory of damages and repairs, and their cumulative effects. How 
would such a graph appear? 

Little can be predicted with precision at this broad scale, and any 
attempt at such a summary glosses over numerous critical issues and 
makes a plethora of assumptions, but a few observations seem safe. 
Damage began before repair. Repair is accelerating, if not yet keeping up 
with damage. Neither’s future has been determined; rates of both damage 
and repair will depend upon decisions yet to be made. 

I imagine trajectories something like Figure 20.3, with repair 
accelerating and damage slowing until the rate of repair exceeds that of 
damage such that, eventually, as much damage as possible has been 
undone. Such a future presumes major shifts in individual and societal 
priorities, plus tremendous advances in how to prevent and repair 
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damage, and may be unrealistic given the potential for runaway positive 
feedbacks of climate change or other processes not yet recognized. But 
such a trajectory seems an appropriate, necessary goal, and within the 
realm of possibility. Given the stakes – the future of the only place in the 
universe known to have any life-support potential at all – that goal seems 
worth the effort.

Achieving anything like the trajectory of Figure 20.3 will require 
much more than overcoming obstacles to progress on individual existing 
environmental problems, but overcoming those obstacles is necessary. 
Faster success in doing so could come from systematic lowering of the 
obstacles and from better procedures for overcoming obstacles as they are 
encountered. Here I offer a few suggestions that might be useful, not as 

Figure 20.3: Hypothetical potential trajectories of environmental  
damage to (negative values) and repair of (positive values) the planet’s 
life-support potential, showing some damage preceding the start of the 
industrial revolution, higher rates of damage than repair as of the early-
twenty-first century, but future reduction in damage rate and increase in 
repair rate until repair exceeds damage and society learns to avoid new 
damage (damage rate becomes zero). As that situation continues, the 
cumulative impact approaches zero but remains negative because some 
damage is never successfully repaired. Figure by the author.
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any sort of comprehensive list but in the spirit of encouraging others to 
correct, refine and expand upon these partial notions. 

Recommendations for systematically dismantling 
obstacles

Four societal changes that are warranted in their own right would also 
contribute to reducing the significance of the obstacles: (i) overcoming 
injustices that cause some to suffer greater environmental burdens than 
others and create tremendous inequities in political influence; (ii) greater 
investment in understanding environmental problems, their causes and 
how damage can be undone; (iii) improvements in the general level of 
critical thinking, especially with regard to understanding the nature of 
scientific evidence, making decisions despite uncertainty and detecting 
specious arguments; and (iv) aligning thresholds for action on 
environmental concerns to match thresholds in other realms, rather than 
applying double standards that raise the bar for environmental action. 

As many others have noted in a variety of contexts, contemporary 
US society suffers from extreme economic inequality, disenfranchisement 
of many citizens, legacy effects of, and continuing, discrimination, and 
tremendous structural obstructions to majority rule. The US Constitution, 
existing laws, economic advantages of some, and political power 
structures make overcoming these problems a formidable task, but doing 
so is nevertheless critical. Components of a solution include removing 
impediments to representative political participation, such as 
gerrymandering and structural racism, voter disenfranchisement, and 
unequal opportunity to influence political decisions rooted in existing 
campaign finance laws and grotesque economic inequality. It seems 
obvious to me that we should change campaign finance laws, eliminate 
the Electoral College, outlaw gerrymandering, alter the tax code to 
reduce disparities in wealth, and change procedures for presidential 
primaries, but others are much better qualified than I to identify societal 
changes that would most reduce unfairness and injustices and thus 
improve lives and strengthen US democracy. I can, however, offer 
somewhat more specific suggestions regarding a few changes that would 
reduce the significance of the obstacles discussed here. 

We should invest far more in anticipating consequences of new 
technologies, detecting environmental change, understanding the causes 
of environmental change, maximizing the reliability and public 
understanding of scientific results, and understanding how to undo 
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environmental damage. Such investments would almost surely enable 
avoidance of some potential problems before they occur and earlier 
detection and reduction of other problems as they arise. More investment 
in undoing environmental damage would hasten repair and recovery. 
Moreover, dissemination of the resulting improved environmental 
knowledge would foster increased demand for preventing and undoing 
damage.

In particular, we should fund a multiplication of efforts in systems 
thinking and predictive forecasting like those of the Santa Fe Institute, the 
New England Complex Systems Institute and others who use systems 
thinking to advance forecasting in environmental and other realms, such 
as Britain’s geopolitical prediction market, the Cosmic Bazaar.20 Such 
efforts would enable detection and prevention of some potential problems 
before they occur or grow. Systematic efforts of this sort might have 
anticipated consequences of well drilling in the Sahel, the use of lead in 
gasoline or perhaps even the effect of chlorofluorocarbons upon 
stratospheric ozone. We should not count on contemporary Ben Franklins, 
Elisha Footes or Sherwood Rowlands to happen upon such concerns, but 
rather should fund cadres of scouts on the lookout for unintended 
consequences of new technological developments and other changes. 
When those scouts identify potential concerns, well-funded, organized 
teams should immediately follow through with comprehensive 
evaluations.

Similarly, we should invest far more heavily in life-cycle analysis of 
products, potential products, activities and systems, and in related efforts 
to achieve green designs of products and systems. We should not only 
re-establish and expand the Office of Technology Assessment, but should 
make interdisciplinary programmes in systems dynamics, socio-
environmental forecasting, environmental design, industrial ecology and 
life-cycle assessment as ubiquitous at colleges and universities as 
environmental studies has become since the 1970s. Together, much 
greater investment in advancing and applying systems perspectives, life-
cycle assessment and environmental analysis of designs would surely 
improve anticipation and thus enable avoidance of some potential 
environmental problems. The same efforts could also identify available 
precautions against less certain potential problems, would advance 
nascent efforts to judge products and processes on the basis of their 
environmental impacts, would help consumers make environmentally 
friendly choices, and would reduce the frequency with which 
environmental efforts have unanticipated, undesirable consequences. 
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Meanwhile, we should dramatically increase investment in 
environmental monitoring and science so that the necessary data for 
detecting problems and determining their causes becomes available 
sooner. It is absurd that only a few people are able to identify rainforest 
tree species, that states depend on volunteers to monitor stream water 
quality, that the world’s finest ecosystem experiments are based upon tiny 
plots of land, that budding environmental scientists must often build 
credentials with unpaid internships, and that we rely upon industry to 
self-report pollution releases. I do not doubt that most report faithfully 
and accurately, but we do not expect drivers to self-report highway speeds 
even though most might do so accurately. 

Parallel efforts should seek to improve public understanding of 
scientific results. All elements of critical thinking should be emphasized 
throughout formal and informal education, including abundant practice 
in making decisions despite uncertainty, and detecting logical errors and 
specious arguments. Such improvements in critical thinking would 
benefit all sorts of societal problems, not only with regard to the 
environment. High school graduates should be able to explain why 
science is usually reliable but cannot be expected to eliminate uncertainty 
and sometimes errs, should understand the concept of a false negative, 
and should be able to distinguish between the value of statistical 
significance to a research programme and the wisdom of precaution 
against uncertain hazards. Improvements in critical thinking would foster 
better collective decision-making about environmental problems and 
would reduce the ability of merchants of doubt to deceive the public and 
thus reduce demand for environmental progress.21 

Such demand would probably also result from giving environmental 
science higher status in both high school and university education, rather 
than treating it as a low-priority elective subject once students have 
studied biology, chemistry, physics and ten or more years of mathematics. 
Any defenders of focus on traditional scientific disciplines rather than 
‘applied’ fields should recognize how environmental science provides 
outstanding opportunities for using math while bringing fundamental 
physics, chemistry and biology concepts alive and providing experience 
in how science actually works in realistic, complex circumstances. Given 
that our lives depend on an amenable climate and the provision of 
numerous other ecosystem services, students should not enter college 
without having heard of ecosystem services, being able to explain why 
Earth is cooler than Venus and warmer than Mars, or cavalierly assuming 
technology can substitute for anything in short supply. 
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Unfortunately, it seems that we also need to fund more deliberate 
efforts to reduce scientific errors and maximize the reliability of scientific 
results. Undergraduate and graduate science curricula should include 
formal study of scientific ethics, fraud and incompetence with the goal of 
helping students understand how much their lives depend on others 
behaving honourably, and on prevention of errors and ethical 
transgressions by both current and future scientists.22 Meanwhile, 
institutional structures should eliminate any perverse incentives to 
engage in such behaviours, as when hiring and promotion committees 
cannot readily distinguish legitimate from predatory journals. Expanding 
the small network of specialists who have taken it upon themselves to 
identify predatory publications and detect faulty scientific reports would 
increase the rate at which both are detected.23 Together, such efforts 
would foster public confidence in scientific results and obviate the need 
for individual scientists to independently evaluate the rigour of various 
publications.  

We should also eliminate five double standards in societal decision-
making that presently magnify various obstacles. Each of the five create 
higher thresholds for environmental protection than we apply in other, 
more familiar realms. First, we should apply precaution in environmental 
circumstances as we do elsewhere, learning the lessons of how modest 
safety measures such as seat belts and ships’ navigational aids often 
provides great returns. Safety features add to the cost of vehicles but 
reduce the chance of catastrophe. Similar opportunities exist where the 
environment is concerned. For example, carbon fees and dividends have 
potential to reduce the risk, rate, or magnitude of climate change for a 
modest cost.24 

We should also apply precaution when there is a risk of crossing 
uncertain but potentially catastrophic thresholds of environmental 
impact as we do in other realms. Sensible people would consider it crazy 
to use rope rated for 100 kg when lifting 80 kg overhead or build a bridge 
to hold just slightly more than the maximum expected vehicle weight. 
Stronger rope and bridges cost more but are worth the extra expenditure 
because they are so much safer. Yet, we routinely base resource 
consumption and waste production guidance on uncertain estimates of 
maximum sustainable limits. Thus, we estimate maximum stocking rates 
for ranches, harvest rates for trees and fish, and water withdrawal rates 
for aquifers. Moreover, we often exceed such rates. We know better than 
to make such errors in more familiar circumstances with faster and more 
familiar consequences, such as ropes and bridges. We should extend the 
same logic to our dependence on the planet’s life-support potential.  If we 
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did, we would set all such limits at some fraction of estimated sustainable 
maxima, especially because environmental limits are less certain than 
rope and bridge capacities, and because the most basic ecological theory 
indicates that exceeding maximum sustainable yields can drastically 
reduce future yields. 

Second, we need to overcome a tendency to expect certainty before 
taking environmental action when we know better than to expect 
certainty before acting in other circumstances. In other realms, we 
understand that an ounce of prevention is often worth a pound of cure, 
but we have not yet applied that wisdom to environmental problems. We 
should respect the cost of delay, understand why some disagreement 
among scientists is to be expected, and learn to distinguish real experts 
from charlatans. Better decision-making under uncertainty would result 
from more widespread understanding of why neither science nor 
statistical analyses can be expected to eliminate uncertainty, and why all 
scientists and purported scientists do not simultaneously reach identical 
conclusions. Such understanding would foster more appropriate 
considerations of the strength of evidence and the wisdom of precaution. 

Third, we need to eliminate the unreasonable expectation that 
environmental protection will turn a conventional profit by the sort of 
simple calculations businesses use when deciding whether to build a 
factory or manufacture a new product. This change will require 
widespread understanding of how such analyses discount the future, are 
biased against environmental protection, fail to consider who would 
benefit and who would suffer, and make no distinction between prices 
and values. 

We do not expect childhood education, cancer research, space 
exploration, foreign relations or military preparation to return the 
straightforward financial profits expected of a business venture. We 
evaluate such investments more broadly because we realize ‘profit’, 
understood purely in financial terms, is too narrow a criterion to serve as 
a sufficient basis for judging such activities. If we applied cost–benefit 
analyses to these activities, we would reject all of them, but we know 
better than to do that. We should use at least as sophisticated judgements 
for evaluating when to invest in protecting the planet’s life-support 
potential, recognizing that, like these other expenditures, environmental 
initiatives represent investments, not mere costs.

Fourth, we need to respect technical environmental determinations 
as we respect technical determinations in more familiar fields, such as 
medicine and engineering. We would never expect bridge builders to 
compromise the safety of designs to satisfy the wishes of untrained 
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laypersons, or survey the public regarding the appropriate dose of a 
medicine;25 we should likewise reject compromises between experts and 
uneducated lay persons regarding critical environmental decisions. We 
should be as wary of claims that conflict with environmental 
understanding as we are of quack medical cures or miracle diets. Experts 
make errors and science is not perfect, but bridges are generally safe to 
cross, almost all flights land safely, coronavirus deaths are lower among 
the vaccinated than the unvaccinated and professors of climate science 
probably know more about that subject than a relative who wonders 
whether those specialists have considered the effect of clouds. 
Environmental science is more complex than the physics of bridges or 
aircraft and has a shorter track record than experimental medicine, but 
we should respect the value of technical expertise nevertheless. I do not 
mean to suggest that decisions of what to do should be handed over to 
technical specialists, but specialists’ insights should serve as a starting 
point for informing societal value judgements and their resulting 
decisions. (Environmental experts, meanwhile, should be scrupulously 
careful to avoid exaggerating concerns just as an engineer or physician 
should not exaggerate beyond what evidence supports.26) When we give 
due consideration to environmental expertise, we will reject pure political 
compromise between environmental authorities and untrained lay 
persons just as we would reject political compromise on the amount of 
cement to use in a bridge or the composition of the material in a vaccine. 

Fifth, employment consequences of environmental initiatives 
should be treated like employment consequences of other societal shifts, 
not more harshly. Organized efforts to shift the economy for the sake of 
environmental goals, such as conversion to clean, renewable energy 
sources, should include meaningful consideration of those who suffer 
from employment consequences, such as coal miners with few or no other 
local employment options. However, we should not object to job losses 
due to environmental progress more harshly than losses caused by other 
economic changes, such as automation or innovation, and we should 
credit environmental progress for its job creation. I do not wish to treat a 
complex issue simplistically or ignore controversies associated with 
consequences of automation, and I lack appropriate knowledge and 
experience to propose specific responses to shifts in employment 
opportunities, but I see no reason to treat employment consequences of 
environmental progress as qualitatively different from employment 
consequences of other societal shifts. Meanwhile, we should recognize 
that depletion of nonrenewable resources destroys jobs, while 
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overexploitation of renewable resources destroys potentiallly sustainable 
jobs, such as in forestry and fishing. 

It will take time to lower obstacles to environmental progress 
systematically, because society will not immediately invest more heavily 
in systems analysis, environmental monitoring, research, and critical 
thinking skills, and will not immediately overcome double standards of 
decision-making. In the meantime, opportunities exist to overcome 
obstacles as they are encountered.

Suggestions for overcoming obstacles to specific projects

A given effort may encounter any or all of the obstacles discussed in this 
book. Precisely which pertain, and how best to avoid or surmount them, 
depends on the nature and scale of a project. Most generally, an effective 
initiative must have potential to provide environmental benefits; achieve 
support of those (or a substantial number of those) who will determine 
whether to proceed and whose support will be necessary for success; 
secure necessary funding or other resources; be effectively implemented; 
avoid substantial undesirable consequences; and not be overwhelmed by 
other simultaneous or subsequent actions. The following more specific 
suggestions are generally intended for students undertaking their first 
environmental initiatives and may be useful for other novices in similar 
situations. (I hope one or more groups that include people with a wide 
range of environmental and other experience and perspectives, including 
specialists in project development, implementation and management will 
develop more general, comprehensive guidance applicable to the full 
range of potential efforts.) 

The first step is to identify a problem and suitable goal. The goal 
might be, for example, to reduce contamination of a recycling system, 
restore a patch of an ecosystem, shift a building or organization to a 
cleaner energy source, divert organic waste from a landfill or create 
opportunities for commuting by bicycle. If you are committed, you will 
invest substantial time and effort, so carefully consider the precise goal at 
the outset. Write it down. Revise it until it is clear. Ask others to interpret 
what you have written so you can be sure their understanding matches 
yours, and clarify as necessary if it does not. Have you considered the 
problem from a systems perspective? Is your goal excessively broad or 
narrow? Is it realistic under the given circumstances? As you ponder these 
questions, distinguish what you hope to achieve from what you plan to 
do. If you plan to increase native vegetation on a campus, why? Water 
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savings? Improved pollinator habitat? Reduced fertilizer consumption 
and runoff? Environmental education? Perhaps you have several related 
goals. Would native plantings be the best way to achieve the goal or goals?

Is there any chance that achievement of your goal could be 
environmentally counterproductive, either by creating backlash in the 
community or causing undesirable, unintended consequences that exceed 
benefits? Might it have other, non-environmental undesirable 
consequences? Challenge yourself and your collaborators to identify 
potential unintended, indirect effects. Also consider whether pursuit of 
this goal seems likely to be the best way to leverage your environmental 
effort?

Once you have identified a goal, creatively explore options for how 
to reach it. At least one approach may have already occurred to you. What 
others exist? This stage is analogous to a scientist’s identification of 
alternative hypotheses. More than one option likely exists and the first 
one that occurs to you may not be most promising. 

Consider the list of obstacles discussed in this book in the context of 
your specific goal. Do some of the obstacles seem likely to be important? 
How could they be overcome? Will you need better information before 
proceeding? Will you need to convince the community of the wisdom of 
your objective or need funds for project implementation or maintenance? 
Could implementation or maintenance break down? How will you 
respond if future authorities are indifferent or raise objections?  

If you seek to reduce contaminants in a recycling stream, should you 
improve education about what is recyclable, develop guidelines for when 
custodial staff should reject the contents of bins, change the style or 
locations of containers, do something else or do all of these? If you decide 
that better education of the community will be necessary, how would you 
achieve that? Should you use postcards, notes left on doors, social media, 
bulletin boards, labels on bins, online quizzes, some sort of competition 
or prizes, volunteers who quiz passers-by, or some combination of these 
or other ideas? Should you attempt to simultaneously increase 
participation in the recycling programme or focus for the time being on 
reducing contamination? 

If you wish to expand native vegetation, which types of vegetation? 
Where? Current flower beds? Future tree plantings? Lawns? Would it 
make more sense to focus on only one or a subset of options? Should you 
use small pilot projects to demonstrate potential and foster community 
support, or should your initial effort be more ambitious?

Try to remain inspired while avoiding emotional attachment to the 
first approach to a problem that occurs to you. Seek others’ perspectives 
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regarding different options, especially from people who will ask hard 
questions and offer constructive criticism. Consider whether multiple 
simultaneous actions might be most effective. If this is not the first attempt 
at such a goal, what can you learn from earlier efforts at your location or 
elsewhere?27

Once you have a list of alternatives for how to achieve your goal, 
critically evaluate each to identify potential problems and weaknesses. 
Some potential responses may not be worthwhile. For instance, it would 
be helpful if all recycling bins on a campus were identical and thus easily 
identified, but indoor and outdoor bins need different features and 
manufacturing and transporting replacement bins would consume 
substantial resources and incur financial costs. Replacing bins would 
make environmental sense only if there were reason to believe doing so 
would substantially improve recycling for an extended period. Would it? 
How much more recycling can you reasonably expect to achieve if you 
purchase new bins? Is there a less resource-intensive way to improve the 
recycling system?

Additional challenges may arise in determining what information is 
necessary and how it might be obtained. What information would you 
need if you sought to reduce recycling contamination? Would some types 
of information complement each other or would they be redundant? Ideal 
information may be unobtainable. If so, consider whether alternative 
information would be adequate. If recycling contamination is the concern, 
would it be necessary to know the percentage of bins contaminated, the 
percentage of contents represented by contaminants, the types of 
contaminants or whether bins in different locations receive different 
contaminants? How should materials be categorized when collecting and 
analysing data? Who will collect the data? Precisely how will it be 
analysed? Will you need advice or guidance for designing the data 
collection or analysis? Who could help? 

Imagine the eventual graphs or other data displays you will need. 
What information and calculations will be required to achieve those? 
What concerns or confusion might arise during collection of the necessary 
data? For instance, when do workers empty bins? 

If new containers will be necessary, from whom might they be 
obtained? At what cost? Which design or designs would be best? 

As you develop, analyse and compare options, you may gain insights 
that require reiterating earlier steps, such as refining your goal, developing 
newly identified opportunities, seeking information you had not 
previously realized would be necessary or considering factors previously 
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overlooked. Do not be dismayed by setbacks. Persist. Meanwhile, seek to 
strike a balance between planning and ‘paralysis by analysis’.

Consider the community reception to any approach you consider. 
Who will be affected, either by the plan’s benefits or by its other 
consequences? Who will need to approve the plan? Would anyone have a 
reason for opposition? How would your plan affect community members’ 
workloads and daily experience? Could the plan be modified to eliminate 
one or more reasons for opposition, or could effective advocacy persuade 
anyone initially opposed? Might some opposition be rooted in 
misunderstanding? 

Consult early on with those who would be involved in 
implementation and maintenance of the project and those who must 
approve or fund it. These individuals’ responsibilities may require them 
to prioritize other concerns. How can your proposal be made compatible 
with competing priorities? Sometimes, other objectives provide ancillary 
benefits of an action, such as if improved recycling reduces the frequency 
of overflowing, unsightly trash bins or the cost of landfilling trash. In 
other cases, objectives may be in conflict, such as when one wishes to 
increase native plantings on a campus but native vegetation appears 
unsightly to the unfamiliar eye for several months of the year. 

If your project involves more than a small, tightly knit community, 
beware of bad-faith arguments against your plan motivated by people 
with ulterior motives, such as protection of profit-generating, 
environmentally damaging activities. As Oreskes and Conway and others 
have explained, merchants of doubt may exaggerate scientific uncertainty 
or make deceptive arguments regarding jobs, freedoms or costs. Keep in 
mind the specious argumentation techniques described in Chapters 8 
through 11 and the issue-priority dynamics described in Chapter 12, and 
be prepared to respond to such arguments and circumstances. Be ready 
to discuss freedoms from in addition to freedoms to, the biases of cost–
benefit analyses, the folly of basing technical decisions on laypersons’ 
opinions, the cost of delaying decisions, and the various double-standards 
in decision-making discussed earlier. Ensure that those with authority to 
approve your plan understand your critiques of any specious arguments. 
Unanimous support is not necessary for initiatives to proceed, but support 
of those with approval authority is necessary, as is support of those whose 
cooperation will be required. Ideally, such individuals will be receptive to 
compelling arguments.

If opponents fail to stop a new environmental initiative, they may 
seek to dilute plans, inject compromises that would cause failure, or 
interfere with implementation so that plans will later be perceived as 
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ineffective and therefore lose community support. Keep in mind that 
implementation often depends on a wide range of people in different 
roles. If some of those people are indifferent or opposed, a plan’s 
implementation may fail.28 Seek insights from critical personnel early in 
your proposal development and repeatedly as planning and 
implementation proceeds. Identify opportunities to alter plans as 
necessary in response to concerns that arise.

As you consider alternative approaches, scrutinize each regarding 
what could go wrong. Keep in mind the lessons of arsenic in Bangladeshi 
wells, desertification in the Sahel, and even disastrous national efforts to 
constrain population growth. Recall how efforts to relieve resource 
shortages risk causing larger future shortages. What could cause your 
approach to fail? What undesirable, unintended consequences might 
occur? This is another time to seek assistance identifying potential plan 
weaknesses or unintended consequences. Ask ‘Then what happens?’ as 
you consider the effects of various aspects of your plans. You may find that 
an apparently promising idea appears otherwise upon further inspection. 
Such conclusions are disappointing but provide critical insight and 
valuable experience.

Carefully guarding against inadequate plans provides two benefits. 
Identification and correction of weaknesses reduces the chance of failure 
and increases the chance of success. Avoiding failure also obviates a 
source of resistance to subsequent projects. Failure of one project can 
cause resistance to future projects, as was the case with Austin College’s 
failed swimming pool heater described in Chapter 15.

Having identified the most promising option, the next step is to 
develop detailed implementation protocols and make objective proposals 
to whichever authorities or community members must approve before the 
plan can proceed. Detailed plans should specify how to accomplish each 
necessary task, responsible personnel, and procedures for monitoring 
progress and detecting problems. The monitoring plan should specify 
data collection and analysis procedures. If the project will incur 
substantial financial costs, a detailed plan will enable development of 
budgets for implementation and operations, and foster identification of 
potential funding sources. 

Once plans are finalized, they will need to be presented to those 
with final approval authority and others whose participation and 
cooperation will be critical. Such presentations should be informative and 
objective, explaining both benefits and drawbacks. Failure to explain 
drawbacks could cause subsequent backlash as those drawbacks become 
apparent. As we have seen, backlash to one project can cause resistance 
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to future projects. Here again, when you identify potential drawbacks, 
audience members may raise helpful suggestions. Remain receptive to 
further plan refinements.29

Once plans have been approved and a budget is available, 
implementation may begin. Those responsible should ensure the project 
proceeds as intended while monitoring for necessary refinements and 
correcting any anticipated and unanticipated problems.  

Once a programme is implemented, is effective, and has not caused 
other substantial problems, the developer’s work is still not done. If those 
developers are students, they should work with more permanent staff and 
faculty to ensure programme continuation after their graduation. This is 
also a time to consider writing a report for those addressing similar 
concerns elsewhere or to help broader audiences understand the value of, 
and potential for, your project or environmental progress generally.

Even modest projects require substantial, sustained efforts, but 
successes are satisfying. Juliana Lobrecht Crownover did the work 
equivalent of one regular college course and as a result an entire small 
city began recycling. Nichole Knesek thought hard about where to look 
for E. coli in a reservoir, then collected key data that caused Texas state 
officials to correct a malfunctioning wastewater treatment plant. 

Moreover, such early successes often provide experience that 
informs later, more ambitious efforts (and successful undergraduate 
projects strengthen résumés). Anthony Swift developed a system for 
measuring prairie recovery. Not many years later, as an attorney for the 
Natural Resources Defense Council, he led the group of major 
environmental organizations who stopped the Keystone XL tar sands 
pipeline. Now he is working to improve Canadian forest policy. Maegan 
Fitzgerald wrote a proposal for a campus to use modular carpeting rather 
than carpet rolls that required replacing an entire room’s floor covering 
when one area was worn. (Modular carpet is routine today, but was not 
when Maegan wrote her proposal.) Before long she was advancing 
chimpanzee conservation in Africa. 

Maegan recently spoke on campus. I had forgotten she wrote the 
carpet proposal, but when she glanced at the floor before beginning her 
presentation, she was obviously delighted to be standing on modular 
carpet. Modest projects like Maegan’s do not merely provide incremental 
environmental benefits. They also serve as examples for others, help their 
developers evaluate potential career paths, and demonstrate abilities 
beyond conventional academic success (such as creativity, persistence, 
ability to persuade, and experience with project design, analysis, 
implementation and management). 
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Final comments

As Aldo Leopold argued, true sustainability of an industrial society will 
almost certainly require shifts in the ultimate, values-based obstacles that 
this book hardly addresses. I suspect an eventual, gradual reduction in 
population that results from freely made fertility decisions will also be 
necessary. Whether a few billion descendants of hunters and gatherers 
who are evolutionarily adapted to making decisions in small groups can 
learn to work in groups of millions or even billions, for the benefit of all 
people, including future generations, remains to be seen. In the meantime, 
any improvement in our proficiency at overcoming obstacles to 
environmental progress will help slow damage and accelerate recovery. 

Because there is so much to be done, if you are just embarking on a 
career or otherwise wish to get involved, you have many options, from 
working to detect or better understand problems, to engaging with the 
political system to encourage action, to devising and implementing 
effective responses. If you imagine a career in environmental work, but 
are not sure precisely what that might mean in your case, you might 
consider whether working on one or more of the obstacles described here 
seems compelling to you. If so, identify people who already do that work 
and contact them. Good luck.

One final thought. When I teach introductory environmental 
studies, we discuss John McPhee’s 1971 Encounters with the Archdruid. 
McPhee describes conversations during a backpacking trip through 
Glacier Peak Wilderness with conservationist David Brower and 
exploration geologist Charles Park. McPhee uses the essay as a vehicle for 
Brower and Park’s respectful debate about whether to mine a rich lode of 
copper under Glacier Peak. Brower, as you might imagine, opposed 
mining, even exclaiming the copper would have to be removed over his 
dead body. He earned his moniker ‘Archdruid’ because many considered 
his views radical. Park, the exploration geologist, appreciated the issues 
involved but favoured mining the copper. At the end of our discussions, 
half a century later, I ask the students what they think happened to that 
copper. A large majority of students always predicts that the copper has 
been mined. 

The copper is still in the ground. 
A December 2020 Ipsos poll found that almost 90 per cent of people 

worldwide and 79 per cent of people in the US agreed with the following 
statement: ‘I want the world to change significantly and become more 
sustainable and equitable rather than returning to how it was before the 
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COVID-19 crisis.’ Only 4 per cent strongly disagreed.30 Maybe it is not just 
that no mining company saw fit to mine Glacier Peak Wilderness even 
though they could have; perhaps, as Martin Luther King and Aldo Leopold 
anticipated, ideas like Brower’s are headed for the mainstream even 
though they were considered radical just a few decades ago.

This extraordinary time when we are globally aware of each other 
and the multiple dangers that threaten civilization has never 
happened, not in a thousand years, not in ten thousand years. Each 
of us is as complex and beautiful as all the stars in the universe. We 
have done great things and we have gone way off course in terms of 
honoring creation. You are graduating to the most amazing, 
stupefying challenge ever bequested to any generation. The 
generations before you failed … They got distracted and lost sight 
of the fact that life is a miracle every moment of your existence. 
Nature beckons you to be on her side. You couldn’t ask for a better 
boss. The most unrealistic person in the world is the cynic, not the 
dreamer. Hope only makes sense when it doesn’t make sense to be 
hopeful. This is your century. Take it and run as if your life depends 
on it.31
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thus reduce both conventional air pollution and the hazard of dramatic energy price shocks if 
fossil fuel supplies decline without adequate replacements available. Moreover, as the Austin 
College example shows, the added cost of slightly more expensive energy sources can often be 
more than compensated for with savings from easy energy conservation opportunities (Austin 
College, ‘Austin College sustainability plan’, 2018).

25 Well, I guess the coronavirus pandemic has shown that many do obtain medical advice from 
unqualified sources, but that unfortunately often ends badly.

26 The issue of exaggeration represents a related double-standard. Society seems to expect 
absolute integrity of environmental scientists’ pronouncements and have no tolerance for their 
exaggeration while opponents of environmental protection may exaggerate wildly with little 
apparent consequence. Thus, a politician opposed to climate change action can cavalierly 
pronounce that such action would destroy the economy with no basis for such a conclusion, but 
an environmental scientist cannot (and should not) make a similarly exaggerated opposing 
claim. This double standard puts a premium on avoiding excessively precise environmental 
pronouncements about the future. Thus, I cringe when I hear statements such as that we have 
X years to keep the sky from falling. The problem may be urgent; there may be a real risk of the 
sky falling, but if X years pass and the sky has not completely fallen, the next pronouncement 
from an environmental scientist will be treated with even more scepticism. 

https://secondnature.org/
https://secondnature.org/
https://www.epa.gov/greenpower
https://www.aashe.org/
https://www.aashe.org/
https://retractionwatch.com/
https://retractionwatch.com/
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27 If you happen to be working on reducing some aspect of the environmental impact of a 
university or similar organization, consult available resources from the Association for the 
Advancement of Sustainability in Higher Education (https://www.aashe.org/) and Second 
Nature (https://secondnature.org/).

28 During the late 1990s, after Austin College student Juliana (Lobrecht) Crownover had 
convinced the Sherman, Texas, city council that the citizenry desired curbside recycling and 
the city had obtained a State of Texas grant to hire consultants who designed a programme, 
some members of the council suggested an initial pilot implementation in a subset of the city, 
to be later evaluated by city staff. John Ockels of the Texas Illegal Dumping Resource Center 
counseled me to argue against a pilot programme. He noted that no pilot was necessary 
because thousands of US cities were already operating effective curbside recycling programmes 
and qualified, professional consultants had developed a tailored design, so little could be 
learned from a small-scale implementation. He further warned that a pilot programme would 
create an opportunity for any resistant city staff to make a minimal effort, declare the pilot test 
a failure and argue that the council should abandon the city-wide implementation plans. 
Fortunately, the council voted to adopted a city-wide programme.

29 Undergraduates and others with limited presentation experience may benefit from basic 
guidance such as Schulze and Barton, ‘How to give a good presentation’, n.d.

30 Ipsos, ‘Around the world, people yearn for significant change rather than a return to a “pre-
COVID normal”’, 2020.

31 Hawken, ‘Paul Hawken’s commencement address to the class of 2009’, 2009.

https://www.aashe.org/
https://secondnature.org/
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Appendix: the six anti-environmental 
biases of cost–benefit analysis 

Discounting the future

The first problem in applying cost–benefit analysis to environmental 
issues is the dependence of net present value calculations on discounted 
future values and the consequent short time frame of analysis. Discounting 
future values renders long-term consequences effectively irrelevant to net 
present value calculations, but long-term consequences are not irrelevant. 
This is but one of several anti-environmental biases of the procedure, but 
I consider it alone to be sufficient for rejecting cost–benefit analysis as a 
basis for informing what a society should do regarding environmental 
phenomena with long-term consequences.

Recall the formula used for calculating net present value.

where
 NPV = net present value (a unit of currency, such as dollars)
 bt  = anticipated benefits in year t (same currency)
 ct  = anticipated costs in year t (same currency)
 d  = the discount rate (proportion per year, such as 0.1)

The higher the discount rate, the shorter the time before discounted 
present values of future costs and benefits approach zero. There is no firm 
theoretical basis for a particular discount rate. Analysts use rates that 



APPENDIX :  THE S IX ANTI-ENVIRONMENTAL BIASES OF COST–BENEFIT  ANALYSIS 295

range from 2 per cent to 12 per cent or more. Lopez, to take one example, 
argues that the World Bank should use a discount rate of about 4 per cent 
for evaluating Latin American projects over a 100-year time frame.1 At 
that rate, $100 of benefit that accrues 100 years from now has a net 
present value of less than $2. In other words, based on such an analysis, 
it would not be worth spending $2 today to obtain $100 of benefits in 100 
years. Or, equivalently, it would make sense to harvest two fish today even 
if doing so meant that there would be 100 fewer fish to harvest 100 years 
from now. One suspects that future generations would object to such 
conclusions, but this approach is plausible if one makes the free-market 
enthusiasts’ assumptions (Chapter 10) that a shortage of fish will lead 
markets to develop fish substitutes, and that removing fish from the ocean 
will be of no consequence beyond the market price of fish. The latter 
seems unlikely to be true for ecosystems.

When the analysis is extended to a longer time horizon, the effect of 
discounting increases exponentially. For example, at a four per cent 
discount rate, 100 kilograms of fish caught 200 years from now would 
have a net present value of only 40 grams of fish caught today. As recently 
as 1999 the World Bank published analyses that used discount rates of 10 
or 12 per cent.2 At a 12 per cent discount rate, if a project, say a dam, 
caused the death of 100 fish one hundred years from now that loss would 
be considered equivalent to less than 1/500th of one fish today. This is the 
equivalent of concluding that catching one more fish today would be a 
good idea even if it reduced the catch one hundred years from now by 
more than 80,000 fish. (As of 2021, the International Energy Agency’s 
online comparison of the costs of various electricity generation methods 
allows users to select discount rates ranging from 3 to 10 per cent and 
defaults to 7 per cent.3) Such reasoning effectively treats distant 
consequences as worthless. In other words, long-term environmental 
damages and benefits are considered trivial because they have little if any 
effect on calculated net present value. (Intermediate years would be 
included in analyses, but that does not alter the basic lesson regarding the 
consequence of discounting for analysis of actions with long-term 
consequences.)

Future benefits of environmental protection are so heavily 
discounted (and the distant future is so hard to forecast) that cost–benefit 
analyses are often limited to a time frame of only 10 or 20 years. In these 
cases, more distant benefits of environmental protection, and costs of 
environmental damage, are literally omitted from consideration (and 
thus treated as equal to zero) in net present value calculations. 
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Back in the 1973, Colin Clark showed that when cost–benefit 
analysis is applied to questions regarding harvesting slow-growing 
renewable resources, such as whales, forests or soils, wiping out the 
resource and investing the money elsewhere will often be deemed more 
profitable than sustainably harvesting the resource forever.4 Incredibly, 
the same conclusion would pertain to the destruction of entire ecosystems 
or even catastrophic alteration of the climate. For example, analyses 
conclude that combustion of all available fossil fuels would cause, over 
the next few hundred years, all Antarctic ice to melt, thereby raising 
oceans dozens of metres, submerging the world’s coastal cities and 
plains.5 But cost–benefit analysis, because it so drastically discounts the 
future, would effectively ignore these long-term, potentially catastrophic 
consequences of fossil fuel combustion.

It is not in the interest of future generations to wipe out essential 
resources, submerge the world’s cities or destroy the potential of the 
planet to provide ecosystem services. The future is difficult to predict, but 
it seems safe to assume that future generations would prefer a planet 
whose ecosystems continue to sustain themselves and generate the 
ecosystem services we depend upon.6 

Who benefits? Who pays?

Costs and benefits do not necessarily accrue to the same individuals. 
Thus, net present value calculations ignore environmental justice issues 
both within and across generations. If I am allowed to catch 2 fish this 
year but doing so prevents others from catching 100 fish a century from 
now, I benefit but they suffer. In other words, if an activity generates 
short-term profits but causes long-term environmental damage one group 
will enjoy the profits while another group suffers the consequences. (The 
most extreme free-market enthusiasts would argue that allowing the 
present generation to catch more fish now will make society wealthier, 
which will result in investments in innovations that will make people 
better off in the future. The latter obviously occurs in some instances. I 
just do not think it should be relied upon where there is a chance of 
destroying or degrading processes essential to the planet’s ability to 
support life.)

Costs and benefits are not only unevenly borne between generations, 
but also among members of a given generation. If the use of a toxin is 
allowed, then those who profit from its sales will benefit, but those who 
are exposed to its toxic effects will suffer. Conversely, if a toxin is outlawed 
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then the manufacturers of the toxin will lose income but those who would 
have been exposed to the toxin will benefit. Cost–benefit analysis does not 
distinguish among individuals and thus ignores justice considerations 
regarding who benefits and who pays. 

Overestimation of costs of environmental protection

The third problem with cost–benefit analysis is that analysts routinely 
overestimate costs of compliance with new environmental regulations.7 
For example, analysts expected sulphur dioxide pollution permits to sell 
for $250–350 per ton, but when a permit market for sulphur dioxide 
emissions became established, the price fell to just over $100 per ton.8 
Permits did not reach the anticipated price until ten years after trading 
began and emissions had been reduced by about 40 per cent. Later, except 
for a brief price spike that caused heavy coal use in response to low 
availability of natural gas following Hurricane Katrina, the price fell even 
lower.9 Even regulatory agencies often overestimate costs.10 

It is not surprising that many costs are initially overestimated 
because cost estimates are often generated by the industry that may 
become subject to new regulations, and therefore the estimators face an 
incentive to overestimate costs to bolster their arguments that new 
regulations would not be justified. Also, when costs are estimated the 
industry has not yet had time or a compelling incentive to find ways to 
minimize them. When overestimated costs are used in cost–benefit 
analyses, they tend to bias net present value calculations against 
regulations or other actions that seek to reduce environmental damage.11

Contingent valuation

The next problem with using cost–benefit analysis for evaluating 
environmental proposals results from the challenge of specifying values 
for environmental damages and benefits. Since the procedure is based on 
tallying monetary costs and benefits, everything included must have a 
monetary value, but the benefits of environmental protection and costs of 
environmental damage generally do not have market values because they 
are not traded in markets. To be included, they must be assigned values. 
These ascribed values are called ‘shadow’ prices. 

Shadow prices are problematic for two reasons. One is the same 
reason that market prices are problematic as a basis for societal decisions 
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(see the last section of this appendix sub-headed ‘Price does not equal 
value’). The second reason is because they are often established using a 
procedure called contingent valuation, and contingent valuation is often 
based upon surveys of uninformed or minimally informed laypersons.

How can one know an appropriate shadow price? Sometimes one 
can estimate shadow prices from other available information. For 
example, some water-quality costs of a polluted river can be estimated 
from the costs to purify the polluted water for domestic consumption. 
(But what cost should be ascribed to other damages that result from the 
pollution, such as harm to aquatic species?) 

Costs of air pollution are sometimes estimated on the basis of lost 
wages of workers made ill. But lost wages are not the only consequence 
of illness, and children who stay home sick from school lose no wages. 
How shall we ascribe a price to the loss of a day of school for a child, or to 
the difficulty a child has sitting still in class because ozone alerts cause 
cancellation of recess? How to ascribe a ‘correct’ price gets even more 
difficult when momentous, irreversible consequences are possible, such 
as increasing the chance that a human life will be lost, a rare species will 
go extinct or the stratospheric ozone layer will be damaged.

Needing to ascribe shadow prices to impacts that lack market prices, 
analysts typically fall back upon the assumption that ‘correct’ prices are 
those the market will bear. This assumption justifies ascribing shadow 
prices by contingent valuation – surveying the public to ask what they 
would be willing to pay for an environmental amenity or willing to accept 
in compensation for environmental damage.12 

Survey respondents indicate what they would be willing to pay to, 
say, prevent the extinction of a species or reduce the presence of a 
pollutant in groundwater. But survey respondents often lack relevant 
technical knowledge. They may have no insight into the potential 
consequences of an action for themselves, their society, people elsewhere 
or other species. Where technical issues, such as the health consequences 
of a pollutant in drinking water or the importance of wolves to ecosystem 
functioning are involved, this procedure is analogous to choosing medical 
treatments by surveying laypersons rather than relying on medical 
experts. 

Another problem is that the whole process is hypothetical. Survey 
respondents know that no money is actually going to change hands. But 
because cost–benefit analyses need prices for these items, the procedure 
is common.

Contingent valuation surveys often attempt to overcome the 
problem of ignorant survey respondents by, for example, explaining the 
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consequences of environmental damage before asking respondents their 
willingness to pay, but the method remains based upon minimally 
informed laypersons’ judgement and hypothetical payments.13 Informing 
respondents before surveying them is analogous to educating laypersons 
about the benefits and side effects of medicines, then expecting them to 
make prescribing decisions. I suppose this would be preferable to asking 
people with no relevant knowledge to choose medicines, but it would be 
a far cry from having qualified physicians select treatments.

When our health suffers, we do not survey the public to decide what 
to do; we seek expert advice. Likewise, when a bridge is to be built, we do 
not ask laypersons where to put the supports and how much cement to 
use. But this is effectively what happens when contingent valuation is 
used as a basis for choosing shadow prices for cost–benefit analyses. 

Addition of shadow prices reached an almost absurd degree in Food 
and Drug Administration analyses of proposed new regulations regarding 
tobacco use and nutritional value information on restaurant menus. 
Those analyses included costs for foregone pleasure lost by smokers who, 
after quitting, no longer enjoy the pleasure of smoking, and a charge of 
$5.27 billion for ‘lost pleasure’ suffered by people expected to choose 
healthier food over junk food as a result of proposed nutritional 
information on menus.14 By the same rationale vaccines will soon fail 
cost–benefit tests because of the inclusion of costs for anxiety suffered by 
irrational anti-vaxxers and costs of lost income of medical workers who 
would have been paid for treating those who would have become sick 
without the vaccine.

Rather than being a rigorous analytical procedure, contingent 
valuation is akin to the US television game show Family Feud, or the 
British show Pointless, in which the objective is to identify the audience’s 
most common answer to a question, rather than making any attempt to 
identify a correct answer. That may be sufficient for a game show whose 
purpose is entertainment and whose questions are trivial, such as 
favourite colours, but it is a poor basis for making decisions about 
acceptable blood-lead concentrations, the risks of introducing a non-
native species or the fate of the stratospheric ozone layer. 

No measurement systems are perfect, but a measurement system 
with so many problems should not serve as a basis for deciding whether 
society should act to protect the environment upon which we all depend. 
Shadow price estimates can be useful for helping people understand that 
environmental damages have costs and they can be useful for informing 
policy choices when setting consumption fees designed to discourage 
environmental damage (such as a carbon tax, a topic beyond our scope 



OBSTACLES TO ENVIRONMENTAL PROGRESS300

here), but their shaky foundation should not serve as a basis for analyses 
intended to help society decide whether to prevent environmental 
damage. 

Underestimation of benefits of environmental protection

Sometimes, rather than attempting to estimate shadow prices with 
contingent valuation surveys, cost–benefit analyses simply omit 
consequences that lack market prices. Moreover, analysts cannot help but 
omit consequences they have not imagined. Because environmental 
benefits, such as reduced ozone concentrations or reduced emissions of 
greenhouse gases, are difficult to monetize, but costs of complying with 
regulations (such as costs of catalytic converters or costs of foregone fish 
catches this year) are easier to estimate, tallies disproportionately omit 
the benefits but include the costs of environmental protection.15 This 
creates yet another bias in net present value estimates. 

Analysts routinely note some omissions and explain that decision-
makers should take these omissions into consideration, but such details 
can get overlooked when soundbites focus on easily summarized 
quantitative results.16 Professor Laurence Tribe refers to the latter 
tendency as the ‘dwarfing of soft variables’, writing: 

‘Equipped with a mathematically powerful intellectual machine, 
even the most sophisticated user is tempted to feed his pet the food 
it can most comfortably digest. Readily quantifiable factors are 
easier to process – and hence more likely to be recognized and then 
reflected in the outcome – than are factors that resist ready 
quantification. The result, despite what turns out to be a spurious 
appearance of accuracy and completeness, is likely to be significantly 
warped and hence highly suspect.’17

As noted earlier, such a result suffers from what Professor Mark 
Leighton calls masquerading precision – its implied precision is illusory 
and distracts from inaccuracy. 

Consider a cost–benefit analysis of a proposed requirement for ships 
to avoid transferring species from one continent to another in ballast 
water. As we have seen, such ships appear to have been responsible for 
introducing dozens of species to the Great Lakes.18 Costs to the shipping 
industry of proposed control mechanisms are relatively simple to estimate 
since appropriate flushing or treatment of water in ballast tanks could 
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prevent transport of species. But how could one derive a monetary 
estimate of the benefits of such efforts? First, one would have to predict 
which new species would colonize in the absence of any control efforts. 
Then, for each expected colonizer, one would have to anticipate its 
particular potential impacts. 

Chapter 4 discussed some of the effects of zebra and quagga mussels 
on the Great Lakes ecosystem. Zebra and quagga mussels are just two of 
numerous species introduced to the Great Lakes from ship ballasts, and 
waterfowl deaths due to botulism is only one of the apparent food-web 
impacts of the mussels. Would these costs have been included in a cost–
benefit analysis? 

The effect of mussels on waterfowl was unanticipated and thus 
would have been omitted from a tally of the benefits of ballast-water 
regulation, as presumably would most of the other food-web impacts of 
the mussels and other introduced species. Moreover, the mussels have 
now spread from the Great Lakes as far as Texas, where, among other 
things, they are impacting the water supply for the Dallas-Fort Worth 
metropolitan area. Had they not been transported to the Great Lakes, 
they would not have had a foothold in North America. Thus, a 
comprehensive analysis of the benefits of ballast-water regulations should 
include the savings of not having to contend with zebra mussels in Texas. 
But in practice, a cost–benefit analysis of the hypothetical, future 
introduction of a new species would not include such downstream effects. 
It would not be reasonable to expect cost–benefit analyses to identify all 
relevant consequences of a proposed action or inaction, so it also is 
unreasonable to treat their results as if they are accurate tallies.

Underestimation of benefits can also occur if a proposed regulation, 
such as sulphur dioxide control, is motivated by one particular problem, 
such as acidification of water, but reduces other problems, such as 
particulate air pollution.19 For example, an early cost–benefit analysis 
intended to inform climate-change policy omitted other benefits of 
reduced fossil fuel use beyond greenhouse gas reduction, such as reduced 
conventional air pollution. The Nobel Prize-winning author wrote in the 
calm tone of a careful analyst that ‘the calculations omit other potential 
market failures, such as ozone depletion, air pollution, and research and 
development, which might reinforce the logic behind [greenhouse gas] 
reduction or carbon taxes’.20  These are major omissions.
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Price does not equal value

Price is only one measure of importance, but basing societal decisions on 
monetary costs and benefits requires the assumption that prices are good 
measures of value. Allowing prices to be set by the market has all sorts of 
benefits, but it creates problems when those prices serve as the basis for 
decisions regarding how society should respond to problems, such as a 
pollutant in drinking water. There are two problems here; the problem of 
setting shadow prices that was discussed above (‘contingent valuation’) 
and the problem of market prices being affected by preferences that 
themselves are grounded in the capricious whims of consumers. 

Prices often do not make sense because market participants are 
often irrational. Standard economic theory recognizes prices as 
manifestations of individual preferences and takes such preferences as 
givens.21 The logic is that if people want to pay more for heroin than clean 
water, or pay a million dollars for a place to park their car, then economists 
have no business questioning those choices.22 But such preferences are 
not rational, nor does their use achieve the value neutrality that some 
economists claim to seek.23 It may be fine to ignore the question of what 
consumers should prefer in some limited analysis, such as whether a 
company stands to profit by expanding a factory, but societal decisions 
regarding serious matters should not depend on irrational underpinnings 
in market prices.

Reliance on preferences avoids the issue of what value should be 
placed on a particular item, but ignoring that issue does not escape the 
problem that some items simply should have higher values than others. 
For example, people should consider clean drinking water more valuable 
than heroin. That some people do not is hardly relevant to what should 
be the case. 

My favourite example of market irrationality involves a dent and a 
dog. During 2004, my wife Helen and I paid $40 for as fine a dog as one 
can imagine. The dog, whose name was Sparky, did not jump up, growl at 
people, climb on furniture, beg for food or need a leash for a walk, and for 
several years functioned informally as a sort of therapy dog for restless 
elementary school children who patted her calmly while Helen read to 
their classes (Figure A.1). 

Sparky died several years ago, but while she was alive someone 
dented two door panels on one of our cars. A body shop quoted the cost 
of the dent repair at $2,200, which was the approximate value of the 
aging car. When I declined that offer, the shop representative offered to 
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pull the dents out for $200, explaining that the repair would not, however, 
be perfect. I noted that the rest of the car was hardly perfect anyway and 
agreed to have the dent pulled. Pulling the dent worked remarkably well. 
Afterward, the door panels were in fact almost like new. If you looked 
carefully, you could see that they were not quite perfect, but a casual 
observer would not have noticed anything wrong. 

I felt quite rational opting for the much less expensive repair, but 
according to market prices, after the dent was pulled for $200, the barely 
perceptible imperfection that remained had a market value of $2,000 – 
the difference between the market prices for the two repair options. So, 
according to the market, the remaining, almost imperceptible dent had 
the same value as fifty of the greatest dog I have even known. Clearly, 
prices do not equal values.

In summary, cost–benefit analysis is a useful tool for individuals and 
organizations attempting to maximize financial profits of investment 
decisions and for predicting the behaviour of market participants. (My 
colleagues and I have used it for the latter purpose.24) But we expect too 

Figure A.1: Ben and Matt Schulze with our adopted dog Sparky in 2005. 
Sparky allowed small children to climb on her, did not beg for food, did 
not jump on furniture, and could be walked without a leash. According to 
the market, a nearly imperceptible dent in a car door was worth 50 dogs 
like Sparky. Photographer: Peter C. Schulze.
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much if we rely upon cost–benefit analysis as a basis for judging the 
wisdom of major societal decisions because it is invariably biased against 
the future, fails to distinguish who benefits from who pays, fails to 
recognize that price is not equal to value and depends upon many 
judgement calls regarding shadow prices, how severely to discount the 
future and what to include or exclude from analysis. Cost–benefit analyses 
provide precise results, but that precision is a masquerade that comes at 
the cost of biased inaccuracy. The considerable logic of asking the more 
general qualitative, complex question of whether benefits are worth their 
costs all too easily devolves into simplistic net present value calculations 
that obscure underlying biases and assumptions and seduce with simple 
numbers at the bottom of a spreadsheet – numbers that are indeed simple, 
but also routinely misleading.
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