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PrefAce
The Almanac of Environmental Trends: 
Useful Facts for the  
Unconventional Environmentalist 
This Almanac of Environmental Trends is an example of the creative destruction of the 
marketplace, or, in the language of popular culture, a “reboot” of a stale franchise—the 
annual Index of Leading Environmental Indicators. Since 1994, the Index has reported 
highlights of environmental trends in the United States, most—though not all—of 
which have been steadily improving. 

For a long time this exercise was unique. Even as recently as the mid-1990s there was 
surprisingly little effort in the United States to develop environmental indicators, and 
not much effort to track year-over-year trends and report on conditions. In the early 
years of the Index, many of the raw data had to be gathered from thick, dust-covered, 
and largely unread reports and data tables produced by the Environmental Protection 
Agency.

The scene is now wholly changed. First, there has been a proliferation of efforts at 
the national and local levels, in both the public and private sectors, to develop sets of 
environmental indicators, such that today we almost need a set of indicators for the 
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indicators themselves. Second, as in so many spheres of information, the Internet 
has made copious amounts of data readily available, some of it in real time. No 
longer is it necessary to toil through printed data tables in the library. But the real-
time online nature of environmental information also makes old-fashioned printed 
periodicals like the Index something of a dinosaur—although, we hope, not a critically 
endangered species doomed to complete extinction. 

The dynamic nature of environmental data and the mobility of today’s information 
consumer argues for an interactive platform (there’s an app for this!) for trend 
information and analysis, and that is exactly what this Almanac will be. Be sure to 
bookmark www.environmentaltrends.org. Unlike The Old Farmer’s Almanac, which is 
our titular inspiration, the Almanac of Environmental Trends will not become an annual 
print publication. The publication you are holding in your hand (or reading online) 
should be considered to be a desk reference and the visible anchor for a web-based 
Almanac that will be updated on an almost constant basis—the hub around which 
can be found all the portals of the Web 2.0 world: e-mail updates, a Facebook page, 
Twitter feeds, discussion threads, and—yes—a smartphone app. Next time you are at a 
cocktail party and someone makes an assertion about the ozone layer, or rainforests, or 
some other hot-button issue, you will be able to check the data on the spot.

There is an additional reason for changing the character of our long-running trend 
program that goes beyond adapting to the changing cyberspace environment. A 
review of the burgeoning indicator sets and their underlying data makes clear two 
difficulties with judging environmental conditions and trends. First, there is a lack of 
consistent high-quality data for many environmental problems, even in the United 
States, and even for basic aspects of the environment such as water quality. This 
hampers our ability to draw firm conclusions in some areas of environmental concern, 
and these gaps contribute to policy confusion. 

Second, even where the data are of very high quality, as with air pollution in the 
United States, many controversies remain about how the data and trends should 
be interpreted. These difficulties compound when multiple layers of environmental 
conditions are considered, such as when we try to evaluate ecosystems at any scale or 
the linkages between environmental factors. Scientists and other academic specialists 
are pursuing ever more intricate investigations of environmental conditions, but the 
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more detailed the investigation, the less accessible to the general public are the results, 
and the less able we are to draw generalized conclusions.

A key paradox of science comes into play: sometimes the more we learn the less 
we know, or the less we can resolve controversies. This problem is not as important 
in particle physics or paleontology, because these areas of inquiry are not closely 
connected to large public-policy questions involving aggregate costs in the billions 
of dollars every year. Professor Daniel Sarewitz, columnist for Nature magazine 
and director of the Consortium for Science, Policy, and Outcomes at Arizona State 
University, offers a useful perspective on this problem:

[S]cience does its job all too well. . . . [N]ature itself—the reality out 
there—is sufficiently rich and complex to support a science enterprise 
of enormous methodological, disciplinary, and institutional diversity. 
. . . [S]cience, in doing its job well, presents this richness through a 
proliferation of facts assembled via a variety of disciplinary lenses, in 
ways that can legitimately support, and are causally indistinguishable 
from, a range of competing, value-based political positions. . . . In 
areas as diverse as climate change, nuclear waste disposal, endangered 
species and biodiversity, forest management, air and water pollution, 
and agricultural biotechnology, the growth of considerable bodies of 
scientific knowledge, created especially to resolve political dispute 
and enable effective decision making, has often been accompanied 
instead by growing political controversy and gridlock.1

In addition, environmental controversies contain a moralistic overlay: because humans 
cause many environmental changes, the question of human agency, a political and 
philosophical question, is hard to disentangle from pure science. 

Above all, surveys have consistently found a high degree of public ignorance or 
misinformation about environmental conditions. Because data for many kinds of 
problems are hard to come by, conclusive knowledge of complicated ecosystems will 
remain elusive. But even where data are incomplete or inconclusive, access to more 
data and analysis will help us gradually improve our understanding of the dynamics of 
environmental change.



“On what principle  
is it that, when we  
see nOthing but 
imprOvement  
behind us,  
we are tO expect 
nOthing but 
deteriOratiOn  
befOre us?”

    —Thomas BaBingTon macaulay, 1830
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A Retrospective on a Century of 
Environmental Progress: 
Another “Greatest Story Never Told” 

Quick: What’s the largest public-policy success story in American society over 
the last generation? The dramatic reduction in the crime rate, which has helped 
make major American cities livable again? Or welfare reform, which saw the 
nation’s welfare rolls fall by more than half since the early 1990s? Both of these 
accomplishments have received wide media attention. Yet the right answer might  
well be the environment. 

As Figure 1 displays, the reduction in air pollution is comparable in magnitude 
to the reduction in the welfare rolls, and greater than the reduction in the crime 
rate—both celebrated as major public-policy success stories of the last two decades. 
Aggregate emissions of the six “criteria” pollutants1 regulated under the Clean Air 
Act have fallen by 53 percent since 1970, while the proportion of the population 
receiving welfare assistance is down 48 percent from 1970, and the crime rate is only 
6.4 percent below its 1970 level. (And as we shall see, this aggregate nationwide 
reduction in emissions greatly understates the actual improvement in ambient 
air quality in the areas with the worst levels of air pollution.) Measures for water 
quality, toxic-chemical exposure, soil erosion, forest growth, wetlands, and several 
other areas of environmental concern show similar positive trends, as this Almanac 
reports. To paraphrase Mark Twain, reports of the demise of the environment have 
been greatly exaggerated. Moreover, there is good reason to believe that these kinds 
of improvements will be experienced in the rest of the world over the course of this 
century. We’ll examine some of the early evidence that this is already starting to occur.

The chief drivers of environmental improvement are economic growth, constantly 
increasing resource efficiency, technological innovation in pollution control, and the 
deepening of environmental values among the American public that have translated 
to changed behavior and consumer preferences. Government regulation has played a 
vital role, to be sure, but in the grand scheme of things regulation can be understood 
as a lagging indicator, often achieving results at needlessly high cost, and sometimes 
failing completely. Were it not for rising affluence and technological innovation, 
regulation would have much the same effect as King Canute commanding the tides.
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figure 1  
a comparison of crime rate, Welfare,  

 and air Pollution, 1970–2007
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The American public remains largely unaware of these trends. For most of the last 
40 years, public opinion about the environment has been pessimistic, with large 
majorities—sometimes as high as 70 percent—telling pollsters that they think 
environmental quality in the United States is getting worse instead of better, and 
will continue to get worse in the future. One reason for this state of opinion is media 
coverage, which emphasizes bad news and crisis; another reason is environmental 
advocacy groups, for whom good news is bad news. As the cliché goes, you can’t 
sell many newspapers with headlines about airplanes landing safely, or about an oil 
tanker docking without a spill. Similarly, slow, long-term trends don’t make for good 
headline copy.
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Improving Trends: 
Causes and Consequences
Most environmental commentary dwells on the laws and regulations we have adopted 
to achieve our goals, but it is essential to understand the more important role of tech-
nology and economic growth in bringing about favorable environmental trends. The 
best way to see this is to look at some long-term trends in environmental quality that 
predate modern environmental legislation.

To be sure, the earliest phases of the Industrial Revolution led to severe environ- 
mental degradation. But the inexorable process of technological innovation and  
the drive for efficiency began to remedy much of this damage far earlier than is  
commonly perceived. In addition, new technologies that we commonly regard as 
environmentally destructive often replaced older modes of human activity that were 
far worse by comparison. A good example is the introduction of coal for heating and 
energy in Britain. 

In their quest for firewood, Britons had nearly denuded the country of forests by the 
mid-17th century. Wood for any purpose in Britain had become scarce and expen-
sive. “This period in British history,” economist William Hausman wrote, “has been 
identified as containing the first ‘energy crisis’ of the modern era.”2 Coal emissions are 
certainly harmful, but the adoption of coal reversed the severe deforestation that had 
taken place. The environmental tradeoff of air pollution for forest and habitat preser-
vation was probably favorable in the short run.

In the fullness of time the environmental harm from coal smoke intensified as urban 
areas grew more densely populated and modern industry emerged. In the United 
States, the most infamous air-pollution event occurred in Donora, Pennsylvania, 
where a smog siege in October 1948 killed 20 people and sickened thousands.3 This 
era culminated in the great London “fog” of 1952, in which nearly 5,000 people, and 
uncounted hundreds of farm animals, died from coal smoke in a severe winter inver-
sion. It was this episode that led to the term “smog” to describe urban air pollution. 
Britain moved swiftly to restrict the use of coal and wood for urban fuel purposes; 
this step was possible only because efficient substitutes such as electricity and natural 
gas had become available. The kind of severe urban air crisis that used to plague  
British cities no longer occurs anywhere in modern industrialized nations.
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The health benefits from reducing high levels of urban air pollution were  
immediate and dramatic. Figure 2 shows the decline in wintertime bronchitis  
deaths in Manchester, England, following the decline of smog in that industrial  
city. Bronchitis deaths fell by two-thirds as ambient smoke concentrations fell  
by more than 80 percent.

figure 2 
air Pollution and Bronchitis deaths, manchester, england
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Similar improvements in urban air quality in American cities can be observed long 
before the first clean air acts were enacted at the federal and state levels. Although 
comprehensive data gathering about urban air quality did not begin until about 1970, 
there are a few datasets available that provide a good look at the long-term picture. 
Sulfur dioxide levels fell by a third in the decade before the first federal Clean Air 
Act. Figure 3 shows the trend for settleable dust in the industrial city of Pittsburgh 
between 1925 and 1965.4 The rapid decline in the early years between 1925 and 1940 
is attributable to the simple efficiency gains from industry’s upgrading its technology. 
The industrial drive for cost-saving efficiency typically leads to cleaner technology.

figure 3 
settleable dust in Pittsburgh
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An equally vivid example of the long-term role of economic growth and technologi-
cal progress can be seen in the trend of wood used for heating and fuel in the United 
States in the 20th century. At the turn of the century, nearly one-third of America’s 
heating was obtained by burning wood. As fuel oil, natural gas, and electricity became 
widely adopted starting in the early decades of the century, the use of wood for fuel 
began declining rapidly, as seen in Figure 4: from approximately five billion cubic feet 
in 1900 to less than 500 million cubic feet in 1970. 

Although there was no national “spot market” for fuel wood as there were for other 
commodities in 1900, the price for construction lumber can be taken as a reason-
able proxy. The inflation-adjusted price of lumber in 1900 was five times the price of 
lumber in 1970. It is worth noting in Figure 4 when wood use ceases to decline and 
heads back up again—during the Great Depression, when fewer people could afford 
new gas and oil furnaces, and when businesses reduced spending for capital equip-
ment.5 Here is a clear example of the effect of economic growth—or the lack of it—
on resource use and environmental quality. It is ironic to recall that during the “energy 
crisis” of the 1970s one of the favored popular remedies was a return to woodstoves, 
which would have represented a step backward for both air quality and forest habitat.
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figure 4 
the decline in Wood used for fuel in the united states
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Coal and wood smoke were not the only air quality hazards faced by our forebears in 
urban locations. At the turn of the century a primary mode of intra-city transport was 
still the horse-drawn cart or truck. There were about 1.4 million horse-drawn trans-
portation vehicles in the U.S. in 1900; New York City alone had more than 200,000 
transport horses in 1900. The transport capacity of horses was three-quarters as great 
as the transport capacity of the railroads in 1900; as late as 1911 the value of horse-
drawn transportation equipment produced was greater than the value of railroad 
equipment produced.6 The air and water quality hazards from horse dung are obvious; 
a single horse might produce 12,000 pounds of manure and 400 gallons of urine a 
year, much of which fell on city streets. According to one estimate, three billion flies 
a day hatched in horse-manure piles in American cities in 1900. In 1894 the Times of 
London predicted that by 1950 every street in London would be buried under nine 
feet of manure. In New York it was estimated that manure would reach a depth of 
three stories by 1930.7 The pollution control technology of that time was a broom. 
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Less obvious is the huge amount of cropland necessary to grow feed for the thou-
sands of draft animals needed for this mode of transportation and freight hauling. 
The average horse consumed about 30 pounds of feed a day, or five tons a year. The 
amount of land used for growing feed for horses and mules peaked at 93 million acres 
in 1915, an area nearly a third larger than the area of all U.S. cities today. (See Figure 
5.) Almost no land is used to grow feed for horses now (the U.S. government discon-
tinued this data series in 1961, because the acreage had shrunk almost to zero), and 
this decline in land use to produce feed for draft animals has doubtless contributed to 
the reforestation that has taken place in the United States.8 

figure 5 
amount of land used to grow feed for horses and mules
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So serious was the urban pollution problem of the day that the famous inscription 
on the Statue of Liberty—“huddled masses yearning to breathe free”—might be 
regarded as the first (unintentional) environmental manifesto for urban air quality in 
America. The substitution of the internal combustion engine for horse-drawn urban 
transport represented an environmental improvement, with lower amounts of urban 
particulate air pollution and water pollution from animal waste, as Scientific American 
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foresaw in an article that appeared in August 1900: “The streets of our great cities can 
not be kept scrupulously clean until automobiles have entirely replaced horse-drawn 
vehicles. At the present time women sweep through the streets with their skirts 
and bring with them, wherever they go, the abominable filth which is by courtesy 
called ‘dust.’ The management of a long gown is a difficult matter. Fortunately, the 
short skirt is coming into fashion, and the medical journals especially commend 
the sensible walking gown.” Transportation researcher Eric Morris concluded, “Per 
vehicle and per mile, it seems highly likely that the environmental problems caused 
by the horse were far greater than those of the modern car.”9

The rise of widespread fossil-fuel use in the early 20th century contributed signifi-
cantly to improvement in human health. Respiratory disease rates in the United 
States, for example, fell eightfold during the 20th century; this improvement is owing 
to many factors, of course, but lower pollution is certainly prominent among them.
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Environmental Performance and  
Economic Freedom
Most environmentalists now concede that we aren’t in imminent danger of running 
out of natural resources, a shift in thinking from the Limits to Growth days of the 
1970s. But pollution and the degrading of ecosystems remain a pre-eminent concern. 

The overuse of an ecosystem is relatively easy to observe on the local level. Good 
examples of unsustainable ecosystems in the U.S. might include Pittsburgh in the 
heyday of the coal and steel industry in the first half of the 20th century, Los Angeles 
as the smog worsened in the 1950s and 1960s, and the fouled waters of Lake Erie 
prior to the first Earth Day in 1970. The dramatic reversal of the environmental 
degradation of these local ecosystems shows the resiliency of nature and provides 
the basis for optimism that we can meet our environmental challenges. In advanced 
industrialized nations, many forms of pollution have been falling for decades, and 
although pollution is increasing in many developing nations, research and experience 
suggest that nations with growing economies can look forward to falling pollution 
rates over time. 

Yet the question remains whether the progress to date is sufficient in the aggregate, 
or whether the degradation of ecosystems in the developing world will overwhelm 
the progress being made in the developed world. Is the earth’s ecosystem as a whole 
being sustained? We currently lack systematic data and reliable metrics to answer this 
question definitively. 

The most useful effort at assessing environmental conditions on the global scale is 
the Environmental Performance Index (EPI), a joint effort of the World Economic 
Forum, the Yale University Center for Environmental Law & Policy, and the 
Columbia University Center for International Earth Science Information Network. 
The Environmental Performance Index, first produced in 2000 and updated at two-
year intervals, offers a performance score from 0 to 100 (with 100 being optimal 
performance) for 163 nations based on 25 indicators and 68 related variables. This 
methodology enables cross-national comparison of environmental progress.10 The 
EPI notes the limitations of its data and methodology: “The EPI uses the best 
available global data sets on environmental performance. However, the overall data 



IN
TR

OD
UC

TI
ON

introduction 13

quality and availability is alarmingly poor. The lack of time-series data for most 
countries and the absence of broadly-collected and methodologically-consistent 
indicators for basic concerns, such as water quality, still hamper efforts to shift 
pollution control and natural resource management onto more empirical grounds.” 
Hence the EPI no longer purports to be a measure of “sustainability.” 

That had been its initial goal. In fact, the first version of the EPI was called the 
“Environmental Sustainability Index.” But the aforementioned difficulties of defining 
sustainability in a consistent and rigorous way led the Yale team to change the 
framework to “performance” rather than “sustainability.” The EPI does not attempt 
to make aggregate judgments about the sustainability of the entire planet, noting 
in its 2008 edition that “While we accept the premise that politics, economics, and 
social values are important factors worthy of being sustained, we do not think that 
there is a sufficient scientific, empirical or political basis for constructing metrics that 
combine all of them along with the environment. . . . Scientific knowledge does not 
permit us to specify precisely what levels of performance are high enough to be truly 
sustainable, especially at a worldwide scale.” 

On the EPI scale for the year 2010, Finland came in first, with a score of 73.9, and 
Kuwait came in last, with a score of 23.9. One of the most notable findings of the 
2010 EPI is the poor ranking of the United States: The U.S. ranked 46th, with a score 
of 53.2. The EPI notes that extensive changes in methodology prevent a comparison 
of rankings with previous iterations of the report, meaning that changes in the 
rankings cannot be used to judge progress or regress from recent years. However, it is 
worth noting in passing that the ranking of the United States has fallen consistently 
with each iteration of the EPI, even though by many individual measures (such as air 
and water quality and forest cover) environmental conditions in the U.S. have steadily 
improved over the last decade. 

The U.S. ranked 11th in the first EPI, in 2000, with a raw score of 66. In the 2006 
EPI the U.S. ranked 28th, but it fell to 39th place in the 2008 EPI. This steady 
decline in the United States’ EPI ranking is a reflection chiefly of increased weights 
given to per capita greenhouse gas emissions. (Greenhouse gas emissions are assigned 
the second-largest weighting in the calculation of the latest EPI score.)
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Yale professor Daniel Esty, one of the lead designers of the EPI, notes an interesting 
irony on this point. When he presented the findings of earlier editions of the EPI 
that ranked the U.S. more highly, some American audiences asked how it was that 
the U.S. scored so poorly on the rankings (Americans being used to appearing near the 
very top of all international rankings of good things). In Europe, professor Esty says, 
audiences wondered how it was possible that the U.S. scored so well. Surely there 
must be some dreadful mistake in the methodology that gave the United States the 
unjustified high rank of 28th place in 2006! Sure enough, when the United States fell 
to 39th place in 2008, the New York Times celebrated with the headline, U.S. Given 
Poor Marks on the Environment. In both 2008 and 2010, the U.S. ranked last 
among the G-8 nations.

Global indices of this kind are always vulnerable to methodological critiques, 
but this should not detract from their ability to illuminate important issues and 
trends—the kind of general conclusions that methodological changes would not 
significantly affect. In the case of the EPI, the data make clear two critical aspects 
of environmental improvement: the correlation of wealth or prosperity (and hence 
economic growth) with environmental quality, and the centrality of property rights 
and the rule of law to environmental protection. The EPI makes this point in its own 
analysis of the data: “Wealth correlates highly with EPI scores. In particular, wealth 
has a strong association with environmental health results.” Figure 6 displays the 
correlation between per capita income and EPI scores. This is a graphic depiction 
of what economists call the “Environmental Kuznets Curve” (named for Simon 
Kuznets), according to which environmental quality degrades during the early stages 
of economic growth, but begins to improve after a certain level of income is reached.11 
(See sidebar “The Environmental Kuznets Curve.”)
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figure 6  
relationship between income and environmental Performance
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There is considerable variance in the data points (the correlation has an R2 value of 
0.37). The EPI notes and explains a crucial second-order factor: “But at every level 
of development, some countries fail to keep up with their income-group peers while 
others achieve outstanding results. Statistical analysis suggests that in many cases good 
governance contributes to better environmental outcomes” (emphasis added). While the 
EPI approaches “good governance” through particular measures of the effectiveness of 
government administration, it is useful to examine a key subset of “good governance,” 
namely, the status of property rights and the rule of law. 
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Two different cross-indices can be used to make this analysis. The first is the 
Fraser Institute’s Economic Freedom of the World (EFW) study, which ranks nations 
according to 42 metrics organized into five major categories (size of government, 
property rights and the rule of law, soundness of the monetary system, freedom of 
international trade, and regulation).12 The EFW study (2009 is the most recent year 
available) rates each country in each category on a scale of 1 to 10 and generates 
a composite score. Figure 7 displays the correlation between EFW scores and EPI 
scores, offering evidence that increased economic freedom is associated with better 
environmental performance.

figure 7  
relationship between economic freedom  

and environmental Performance
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A comparison of the EFW’s property rights and rule of law scores and the EPI 
yields a stronger relationship, as shown in Figure 8. Figure 9 breaks out the data 
by quartiles, showing a 20-point gap in EPI scores between nations in the lowest 
quartile of property rights protection and nations in the highest quartile of property 
rights protection.

figure 8  
relationship between Property rights Protection  

and environmental Performance
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figure 9  
relationship between efW Property rights Protection scores 

by Quartiles and ePi scores
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The Economic Freedom of the World metric for property rights protection and the rule 
of law employs seven variables that focus mostly on whether a nation’s legal system is 
independent and impartially enforces contracts and property law; these variables are 
drawn from several sources, including the World Bank’s comprehensive Worldwide 
Governance Indicators project. This project surveys 45 variables for its metric of the 
rule of law, which includes property rights protection. The difference in EPI scores 
by quartile is even more stark in the World Bank’s ratings than in the EFW ratings, as 
shown in Figure 10.
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figure 10  
relationship between World Bank rule of law scores  

by Quartiles and ePi scores
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These comparisons bolster the case that the best strategy for sustainability is 
not something new but something old: free markets and liberal democracy. Yet 
both points are matters of serious contention or confusion among many leading 
environmentalists. In the 1970s, during the “limits to growth” phase of popular 
environmentalism, many leading environmentalists were openly opposed to economic 
growth. The late David Brower once took out a full-page advertisement in the 
New York Times with the headline “Economics Is a Form of Brain Damage.” While 
this kind of crude anti-intellectualism has given way to a broader appreciation of 
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economic perspectives among most environmentalists, there is still a strong current 
of environmentalist sentiment for “steady-state economics” (a term used by Herman 
Daly and others), which explicitly rejects the idea of economic growth or substitutes a 
vague concept of “sustainable” growth that fails any real-world test of applicable rigor. 
At the very least, the idea of “sustainable” growth would require highly authoritarian 
government control of resources and individual economic decisions—a point some 
environmentalists, such as Paul Ehrlich, openly admit.

Emphasis on property rights is also anathema to many environmentalists. For 
example, one of the leading legal theorists of environmentalism, law professor 
Joseph Sax (pre-eminently associated with expanding the “public trust” doctrine), 
has written, “a quarter century of development in environmental protection is 
jeopardized by ill-conceived legislative proposals that purport to protect property 
rights.”13 Hostility to property rights is a popular theme among environmental 
bloggers, such as Planetsave.com’s Shirley Siluk Gregory: “Has it ever occurred to 
you that the whole concept of private property might be innately harmful to the 
natural environment?”14 (Gregory’s blogpost is headlined, “Is Private Property Anti-
Environment?”) Australian legal scholar Paul Babie asks on BraveNewClimate.com 
whether “private property is the solution or part of the problem.” 

Or might it be more appropriate, as Mike Hulme suggests, to “. . . see how 
we can use the idea of climate change—the matrix of ecological functions, power 
relationships, cultural discourses and material flows that climate change reveals—to 
rethink how we take forward our political, social, economic and personal projects 
over the decades to come.” Before we pin our hopes on it as a cure-all, we might 
ask first whether the liberal concept of private property is ripe for just such a 
reappraisal.15 (Emphasis in the original.) 

This represents an extraordinary myopia as regards one of the most powerful means 
of enhancing environmental values. Nor is respect for property rights just a means 
for wealthy nations and individuals. One good example of how property rights have 
played a positive role in a developing economy comes from Niger. In contrast to many 
other African nations, which are experiencing high rates of deforestation, Niger has 
experienced reforestation, and is now greener than it was 30 years ago. The New York 
Times reported on this story in 2006. “Millions of trees are flourishing,” the Times’ 
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Lydia Polgreen wrote; more than seven million acres of land have been reforested, 
“without relying on the large-scale planting of trees and other expensive methods 
often advocated by African politicians and aid groups for halting desertification.” 

What explains this turnaround? Polgreen explains:

Another change was the way trees were regarded by law. From 
colonial times, all trees in Niger had been regarded as the property of 
the state, which gave farmers little incentive to protect them. Trees 
were chopped for firewood or construction without regard to the 
environmental costs. Government foresters were supposed to make 
sure the trees were properly managed, but there were not enough of 
them to police a country nearly twice the size of Texas.

But over time, farmers began to regard the trees in their fields as 
their property, and in recent years the government has recognized the 
benefits of that outlook by allowing individuals to own trees. Farmers 
make money from the trees by selling branches, pods, fruit and 
bark. Because those sales are more lucrative over time than simply 
chopping down the tree for firewood, the farmers preserve them.16

There is academic literature showing that the example of Niger’s forests applies 
generally in the developing world. Economist Seth Norton conducted a cross-
national study of property rights and various measures of human well-being, and 
found statistical evidence that deforestation rates decline with increased property 
rights, while access to sanitation and clean water increases. Norton concluded: 
“Environmental quality and economic growth rates are greater in regimes where 
property rights are well defined than in regimes where property rights are poorly 
defined.”17

Another example comes from the greatest global commons of all—the oceans. It is 
not news that oceanographers are concerned that overfishing has already caused the 
collapse of several regional fisheries, such as North Atlantic cod, with some specialists 
warning of a total global collapse as soon as the year 2048. (Remarkably, there is no 
systematic database of global fish biomass, and yet this seems not to deter sweeping 
apocalyptic predictions.) But in a stunning example of the insularity of environmental 
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orthodoxy, Science magazine breathlessly reported in the fall of 2008 what market-
oriented environmentalists have known and proclaimed for twenty years: 
that applying property rights to fisheries was an effective way of protecting and 
enhancing fish stocks. “Privatization Prevents Collapse of Fish Stocks, Global 
Analysis Shows,” Science’s September 19, 2008, headline proclaimed. The magazine’s 
news summary of the actual journal article reported that “scientists have . . . taken a 
broad look at how fisheries are managed and come up with a more hopeful view,” as 
if the idea of applying property rights to fisheries were an intellectual and empirical 
breakthrough. In fact, Donald R. Leal of the Property and Environment Research 
Center (PERC), among others, has been writing and publishing data and case studies 
on this idea for years.18

To be sure, the actual Science article, “Can Catch Shares Prevent Fisheries Collapse?” 
is an important contribution to the literature on this subject. It offers a meta-analysis 
of global fish catch data going back to 1950, and it also, as a thought experiment, 
takes what is known about fishery conditions in the few places—chiefly Alaska, 
New Zealand, Iceland, and Australia—that have employed property-rights-based 
approaches to fisheries and extrapolates from that to generate an estimate of how all 
fisheries would have performed if they all had rights-based systems.19 The result is 
dramatic: global adoption of rights-based fisheries could have reduced fishery collapse 
by nearly two-thirds, from the roughly 26 percent we have experienced to about 9 
percent. The results of this thought experiment are shown in Figure 11.
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figure 11  
simulation of trends in fisheries with global itQs
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The authors were careful to control for selection bias and other statistical errors, 
generating a cautious result that “probably underestimates ITQ benefits.” The authors 
duly conclude that “Institutional change has the potential for greatly altering the 
future of global fisheries . . . as catch shares are increasingly implemented globally, 
fish stocks, and the profits from harvesting them, have the potential to recover 
substantially.”
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What Are the World’s Most Serious  
Environmental Problems? 
In the midst of the out-of-control Deepwater Horizon oil spill in the Gulf of Mexico 
in the spring and early summer of 2010, it became common hyperbole to describe 
the spill as the “worst environmental disaster in American history.” While the spill 
was undeniably significant, environmental experts chimed in to say that there is no 
objective way of determining what is the “worst” environmental disaster; ranking 
environmental problems is a partly subjective exercise. For example, a number of 
experts assign high rank to the 1979 Three Mile Island nuclear accident, for opposite 
reasons: nuclear power opponents point to it as a prime example of the hazards of 
nuclear power, while supporters of nuclear power point to it as the cause of shutting 
down further nuclear power development, which has increased America’s dependence 
on coal-fired electricity—a net loss for the environment. To their credit, a number of 
media outlets have offered useful perspective on this problem, including Newsweek, 
Foreign Policy, and the New York Times.20 The Washington Post’s Joel Achenbach 
captured the flavor of many of the skeptical views thus:

Doesn’t necessarily look to me as though it’s in the same category 
as the Dust Bowl, the destruction of the Everglades, or the many 
and various slow-motion environmental disasters involving habitat 
destruction, monocultural agriculture, toxic wastes, uglification 
of pastoral landscapes, etc. Some of this stuff has just become the 
baseline, and so we don’t pay much attention to it. It’s our wallpaper, 
our soundtrack.21
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With this caveat in mind, it is useful to highlight a 2008 report from the 
New York–based Blacksmith Institute and Green Cross Switzerland on 
The World’s Worst Pollution Problems.22 The top 10, listed alphabetically 
(or so the report says—doesn’t “Groundwater” come before “Indoor” and 
“Industrial”?) rather than by a qualitative rank, are:

1. Artisanal Gold Mining 
2. Contaminated Surface Water 
3. Indoor Air Pollution 
4. Industrial Mining Activities 
5. Groundwater Contamination 
6. Metals Smelting and Processing 
7. Radioactive Waste and Uranium Mining 
8. Untreated Sewage
9. Urban Air Quality
10. Used Lead Acid Battery Recycling

Two observations leap from this list and the text of the full report. First, 
greenhouse gas emissions and climate change are conspicuously missing 
from the list. From the sheer amount of media coverage, a casual reader 
would suppose that climate change is easily the most important global 
environmental problem. This leads to the second observation: these 
environmental problems are seldom seen in any significant way in the United 
States or any other wealthy nation; they are overwhelmingly problems of 
poor and developing nations, once again reinforcing the central point that 
economic growth and development is the essential pathway to environmental 
improvement. 
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Blacksmith and Green Cross recently updated their 2008 report with a sequel 
focusing on “solutions and success stories with 12 notable examples that have 
been effective in reducing pollution and improving health.” The authors 
acknowledge that their selections are partly subjective. That said, the list 
offered is congruent with the previous list in concentrating on the problems 
of developing nations:

Phasing Out Leaded Gasoline—Global
Disarming and Destroying Chemical Weapons—Global
Reducing Indoor Air Pollution—Accra, Ghana
Managing Mine Tailings to Protect Scarce Water Supply—Candelaria, Chile
Mitigating Nuclear Contamination—Chernobyl Affected Zone, Eastern 
Europe
Improving Urban Air Quality—Delhi, India
Removing Lead Waste—Haina, Dominican Republic
Preventing Mercury Exposure—Kalimantan, Indonesia
Mitigating Lead Exposures—Rudnaya River Valley, Russia
Disposing of DDT—Old Korogwe, Tanzania
Transforming an Urban Waterway—Shanghai, China
Removing Arsenic—West Bengal, India

The Blacksmith/Green Cross report commented in a manner that reinforces 
the main point of this Almanac:

In the past 40 years in the United States, Western Europe and 
similarly industrialized countries, the field of environmental 
remediation, combined with a renewed focus on environmental 
health, has nearly ended many of the daily life-threatening issues that 
many in developing countries face. All across developing countries, 
environmental legislation, enforcement and even trained engineers in 
hazardous waste removal are just beginning to emerge.
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Conclusion: 
“A global transition from poverty 
to affluence”
If the observations in the previous section about economic growth and property 
rights are combined with the notice taken here of the most serious environmental 
problems of poor nations, a clear conclusion emerges: the most serious environmental 
problem is not a particular phenomenon such as air pollution, oil spills, or even 
global warming, but the general lack of freedom and prosperity. It is worth noting the 
emphasis of UC Berkeley physicist Jack Hollander, author of the 2003 book The Real 
Environmental Crisis: Why Poverty, Not Affluence, Is the Environment’s Number One 
Enemy. As professor Hollander explains, “[T]he essential prerequisites for a sustainable 
environmental future are a global transition from poverty to affluence, coupled with a 
transition to freedom and democracy.”23 (emphasis in the original) This should be the 
mission statement of every 21st-century environmental organization.
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the environmental Kuznets curve

The relationship between economic growth and environmental conditions 
in developing nations such as China, India, Mexico, and Brazil is the 
focus of a controversial concept known as the “Environmental Kuznets 
Curve” (EKC). The EKC holds that the relationship between economic 
growth and environmental quality is an inverted U-shaped curve, 
according to which environmental conditions deteriorate during the early 
stages of economic growth, but begin to improve after a certain threshold 
of wealth is achieved. (See Figure 1.) 

The original Kuznets Curve was named for Nobel laureate Simon 
Kuznets, who postulated in the 1950s that income inequality 
first increases and then declines with economic growth. In 1991, 
economists Gene M. Grossman and Alan B. Krueger suggested that the 
Kuznets Curve applied to the environment as well.1 It was a powerful 
counterargument to the once-conventional view, popular during the 
Limits to Growth enthusiasm of the 1970s, that economic growth was the 
enemy of the environment. The EKC gained wide acceptance as a key 
development concept in the 1990s, including at the World Bank.2 
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figure 1  
stylized environmental Kuznets curve
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statistically robust, that it does not apply to the full range of environmental impacts, 
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While further empirical research will no doubt advance our understanding of the 
strengths and weaknesses of the EKC, China has emerged as a real-world test case. 
Several EKC studies conclude that sulfur dioxide pollution begins to decline at a per 
capita income level in the range of $5,000 to $9,000, and particulates begin to decline 
at a per capita income range from $5,000 to $15,000. China is still far away from the 
bottom of these ranges, with a current per capita income of about $3,500. However, 
by some measures, China’s SO2, ozone, and particulate levels may have already peaked 
and begun declining, offering preliminary evidence that the EKC is dropping and 
shifting to the left. Another example that should be encouraging for China and India 
is Mexico City, whose severe air pollution has been declining for more than a decade.4 
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Major Findings

 x The improvement in air quality is the greatest 
public policy success story of the last generation.

 x Virtually the entire nation has achieved clean 
air standards for four of the six main pollutants 
regulated under the Clean Air Act.  The 
exceptions are ozone and particulates.

 x In the cases of ozone and particulates, the areas 
of the nation with the highest pollution levels have 
shown the greatest magnitude of improvement.

 x The chief factor in the reduction of air pollution 
has been technology.  Regulations played a 
prominent role in some innovations, but many 
were the result of market forces and economic 
growth.

 x The long-term trend of improving air quality is 
sure to continue.
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Introduction
Air quality is the pre-eminent environmental concern, as we draw breath at every 
moment of our lives. The belching smokestack unsurprisingly had become the lead-
ing symbol of environmental degradation at the time of the first Earth Day in 1970. 
What is surprising is that the improvement in air quality since 1970—ranked in the 
Introduction to this Almanac as among the greatest public-policy success stories of the 
last generation—is so poorly perceived by the public, and even by many environmen-
tal specialists.

In Where We Stand: A Surprising Look at the Real State of Our Planet (AMACOM, 
2007) Seymour Garte relates a story of a professional conference in Europe, where he 
was struck by the data showing steadily declining air pollution trends. He was even 
more surprised to hear the speaker say, “Everyone knows that air pollution levels are 
constantly decreasing everywhere.”

“I looked around the room,” professor Garte writes (pp. 58-59):

I was not the only nonexpert there. Most of my other colleagues were 
also not atmospheric or air pollution specialists. Later I asked one of 
them, a close friend, if he had known that air pollution levels were 
constantly decreasing throughout Europe and the United States on 
a yearly basis. “I had no idea,” he said. It certainly was news to me. 
Even though I was a professor of environmental health and had been 
actively involved in many aspects of air pollution research for many 
years, that simple fact had somehow escaped me. . . . I had certainly 
never seen it published in the media.

One reason why the improvement in air quality has been unappreciated is that it has 
come in small, steady increments—on the order of 1 to 3 percent per year—rather 
than through any large breakthroughs. With a few notable exceptions, media coverage 
of air pollution is generally abysmal. Advocacy groups (“crisis entrepreneurs” might 
be more accurate nomenclature) distort air quality data to reinforce public anxiety. 
Although the EPA publishes a succinct and accessible annual report about air quality 
trends that touts the nation’s progress (see http://www.epa.gov/airtrends/2010/ for 
the most recent report), it never receives much media coverage.
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a review of the data reveals four main  
findings about air pollution trends:

•  Virtually the entire nation has achieved clean air standards for four of the six 
main pollutants regulated under the Clean Air Act (carbon monoxide, sulfur 
dioxide, nitrogen oxides, and lead). The only pollutants that still greatly 
exceed clean air standards are ozone and particulates.

•  In the cases of ozone and particulates, the areas of the nation with the 
highest pollution levels have shown the greatest magnitude of improvement. 
The declines in average ambient levels of pollution on the national scale 
understate the magnitude of improvement in the worst areas. On the flip 
side, the EPA’s regulatory structure systematically overstates the number  
of Americans exposed to unhealthy air.

•  The chief factor in the reduction in air pollution has been technological 
improvement, mostly in “process efficiency,” such as more complete fuel 
combustion, but also in control technologies that capture emissions, 
such as power-plant “scrubbers” and catalytic converters on automobiles. 
Regulatory mandates played a prominent role in prompting some of 
these technological changes, but many were the result of market forces 
and economic growth, as is evident in the reality that air pollution in the 
United States began dropping in the mid-1960s—before the passage of 
the first federal Clean Air Act.

•  The long-term trend of improving air quality is certain to continue. 
Government air quality models project significant decreases in emissions 
over the next 20 years as technology improvement and equipment  
turnover continue. 
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Table 1 displays the EPA’s calculation of the improvement in average ambient air 
quality and in emissions for the nation as a whole from 1980 through 2008 for the 
six main air pollutants targeted under the Clean Air Act. These reductions are all 
the more impressive when viewed in comparison with the increases in economic 
output, population, energy use, and driving since 1990, which the EPA displays in an 
illustrated graph (Figure 1). The six major types of air pollution are described in more 
detail in the next section.  

table 1  
change in national average ambient levels and emissions,  

1980–2008*

Ambient Emissions

Carbon Monoxide (CO) –79% –58%

Ozone** (O3) –25% –49%

Lead (Pb) –92% –96%

Nitrogen Dioxide (NO2) –46% –40%

Particulates (PM10), 1985–2008 –31% –46%

Fine Particulates (PM2.5), 1999–2008 –21% –36%

Sulfur Dioxide (SO2) –71% –56%

* Note different dates for PM10 and PM2.5

** The emission measure here is volatile organic compounds (VOCs), a principal 
ozone precursor 

Source: EPA
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comparison of growth measures and emissions
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The Air Quality Index

Another way of grasping the overall ongoing improvement in air quality is to look at 
the long-term trend of the EPA’s Air Quality Index (AQI). The AQI is the metric 
used for declaring days on which the air is “unhealthy” for sensitive people (typically 
children, the elderly, and people with respiratory disease) in local metropolitan areas 
(the threshold is 100 on the AQI scale). While this aggregate measure has some 
defects, it is still useful as a general indicator of air quality trends. 

For the 88 metro areas that calculate the AQI, the EPA notes significant declines in 
the number of days each year on which the 100 threshold has been reached over the 
last 18 years. The AQI trend comes in three versions—for all air pollutants, for ozone 
only, and for PM2.5 (because of the switch in measuring particle pollution from PM10 
to PM2.5, starting in 1999). All three variations, shown in Figures 2, 3, and 4, show 
that the lowest threshold “unhealthy” level of air pollution for “sensitive” people is 
experienced less than 10 percent of the time in American cities, and that the number 
of exceedances of the 100 threshold has declined substantially, especially in the last 
decade.1 

For all air pollutants, the cumulative number of exceedances has declined from a 
peak of just over 3,000 days in 1999 to 1,128 in 2008 (Figure 2). For ozone only, the 
number of AQI exceedances has gone from a peak of 2,700 in 1998 to 995 in 2008 
(Figure 3), and for PM2.5, the number of exceedances has fallen from a peak of 735 in 
2001 to 173 in 2008 (Figure 4).
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figure 2 
air Quality index trend for all Pollutants, 1990–2008 

(number of days each year the aQi exceeded 100, all metropolitan areas)
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 figure 3  
air Quality index trend, ozone only, 1990–2008

0 

500 

1,000 

1,500 

2,000 

2,500 

3,000 

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 

D
a
ys

 p
e
r 

Ye
a
r

Source: EPA



air Quality 39

AI
R 

QU
AL

IT
Y

 figure 4 
 air Quality index trend, Pm2.5 only, 1999–2008
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Main Types of Air Pollution and  
Their Long-Term Trends

carBon monoxide

Carbon monoxide (CO) is a colorless, odorless, and, at high levels, poisonous 
gas. Although trace amounts of CO occur naturally in the atmosphere, it is 
mainly the product of incomplete combustion of fossil fuels. Motor vehicles 
(cars and trucks mostly) account for more than 80 percent of the nation’s total 
emissions. 

Average national ambient carbon monoxide levels have fallen by 79 percent 
since 1980, and 83 percent since 1970, as shown in Figure 5. Figure 5 also 
displays the trend for the 90th percentile—locations with the highest levels of 
CO—which has shown a similar decline.

The EPA’s target level for CO is 9 parts per million (ppm). Now at an average 
national level of less than 2 ppm, ambient CO levels have fallen within the EPA’s 
target “good” range for the entire nation since 1993. It is noteworthy that these 
reductions occurred despite an 80 percent increase in vehicle miles traveled (VMT) 
and that they occurred at sites across all monitoring environments—urban, suburban, 
and rural.
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figure 5  
national ambient carbon monoxide trend,  

1980–2008
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The decline in CO emissions is a good case study in the effects of better technology. 
Autos in the 1960s emitted more than 80 grams of CO per mile; new autos today 
emit less than 4 grams per mile—a 96 percent reduction in emissions. Figure 6 
displays the declining trend in average auto CO emissions, and Figure 7 displays the 
76 percent decline in CO emissions from cars and trucks. Further reductions in CO 
emissions can be expected with turnover of the auto and truck fleet, as older models 
are retired and taken off the road.
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figure 6  
automobile carbon monoxide emission rate, 1968–2004
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figure 7  
total carbon monoxide emissions from cars and trucks, 

1970–2008

Source: EPA
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ozone

Ground-level ozone is the primary contributor to urban smog, although sulfur, 
nitrogen, carbon, and fine particulate matter contribute to smog’s formation as 
well. Ozone is not emitted directly into the air, but, rather, it forms when volatile 
organic compounds (VOCs—chiefly hydrocarbons from fossil fuels and chemical 
solvents, although there are many naturally occurring photosynthetic sources as well) 
combine in sunlight with nitrogen oxides (NOx). Because the extent to which these 
combinations form depends upon weather-related factors, it is difficult accurately to 
predict changes in ozone levels due to reductions in VOCs and NOx, and ozone is 
proving to be one of the tougher air pollution problems. 

Trends in ambient ozone concentrations are influenced by various factors: differences 
in meteorological conditions from year to year, population growth, VOC to NOx 
ratios, and fluctuations in emissions due to ongoing control measures. Ozone 
problems occur most often on warm, clear, windless afternoons.

Ambient national average ozone levels have declined 25 percent since 1980, as shown 
in Figure 8, which displays the average level and the level at the 90th percentile. The 
national average figure understates the magnitude of improvement, however, as ozone 
levels in the worst locations, such as Los Angeles, have fallen much more than the 
national average. The eight-hour peak ambient ozone level in Los Angeles has fallen 
61 percent since 1980 (Figure 9), and the number of days Los Angeles exceeded 
the older one-hour ozone standard fell from 167 in 1980 (nearly half the year) to 
just 15 in 2009, while exceedances of the new stricter eight-hour standard fell from 
200 days in 1980 to 113 days last year (Figure 10). Overall, the EPA classified 113 
metropolitan areas as “nonattainment” zones for the new ozone standard in 1997; 
today the number of nonattainment zones has fallen to 31.
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figure 8  
national ambient ozone trend  

(eight-hour standard), 1980–2008

Source: EPA
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figure 9  
Peak ozone levels in los angeles, 1973–2009
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number of days los angeles exceeded ozone standard, 
1973–2009
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As was the case with carbon monoxide, improvements in motor vehicles have been 
the major factor in reducing ozone-forming emissions of both VOCs and nitrogen 
oxides. Figure 11 displays the 79 percent reduction in VOC emissions from cars 
and trucks from 1970 to today, while Figure 12 displays the 99 percent reduction in 
tailpipe emissions of VOCs from individual cars and trucks since the late 1960s—
from more than 10 grams per mile in the late 1960s to 0.062 grams per mile today. 
As an example of the technological progress that has achieved these reductions, 
consider that a 1970 model car sitting in a driveway will have more VOCs evaporate from 
its carburetor than a 2010 model car driving at freeway speed.
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figure 11  
total voc emissions from cars and trucks, 1970–2008
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figure 12  
automobile hydrocarbon emission rate
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Particulates (Particle Pollution)

Particulate matter, or “particle pollution,” as the EPA now calls it, is the general term 
used for a mixture of solid particles, including pieces of dust, soot, dirt, ash, smoke, 
and liquid droplets or vapor directly emitted into the air, where they are suspended 
for long periods of time. Particulates can affect breathing, damage paints, and reduce 
visibility. These particles derive from stationary, mobile, and natural sources. Such 
sources include forest fires and volcanic ash; emissions from power plants, motor 
vehicles, woodstoves, and waste incinerators; and dust from mining, paved and 
unpaved roads, and wind erosion of natural dust sources. Indeed, some of the highest 
particulate levels in the nation are found in Inyo County, California, where the 
particles derive from dry lake-bed dust rather than man-made sources.

The classification of particulates has changed dramatically in recent years, with 
the threshold for monitoring and regulating particulates reduced from particles 10 
microns in size (PM10—about one-fifth the thickness of a human hair) down to 2.5 
microns in size (PM2.5—one-20th the thickness of a human hair, or one-36th the 
size of a fine grain of beach sand). The EPA also moved from an annual peak average 
concentration to a 24-hour peak concentration, measured in micrograms per cubic 
meter rather than parts per million. Monitoring for the new PM2.5 standard has been 
in place only since 1999, and monitoring for annual PM10 is being phased out.

Figure 13 shows that the average annual level of PM10 has fallen about 31 percent 
since 1990, while Figure 14 shows that the 24-hour average and 90th percentile 
PM2.5 levels have fallen 21 percent since 1999. Figure 14 also shows that the level at 
the 90th percentile today has fallen to the average of the whole nation in 1999.
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figure 13 
average annual ambient Pm10 levels
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figure 14 
average 24-hour Pm2.5 level
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The EPA threshold for an unhealthy level of PM2.5 is a 24-hour average above 35 
micrograms per cubic meter (μg/m3). As of 2008, 31 metropolitan areas recorded 
PM2.5 levels above this standard. 
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As is the case with ozone, the areas with the highest levels of particulates have 
experienced larger than average declines in particle pollution. Figure 15 shows that 
the number of days Los Angeles exceeded the PM2.5 standard fell from 120 in 2001 
to just 19 last year, while Figure 16 shows that levels of PM2.5 fell by more than twice 
the national average over the same time period (–43 percent on average, and –50 
percent at the 98th percentile level).

figure 15  
exceedances of Pm2.5 standard in los angeles, 1999–2009
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figure 16  
ambient levels of Pm2.5 in los angeles, 1999–2009
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emissions versus ambient air pollution

Air quality trends are measured in two ways: emissions and ambient 
levels. It is important to understand the distinction between these two 
measures. 

The term emissions refers to the amount of pollutants that human 
activities generate—in other words, the amount of stuff that comes out 
of a smokestack or automobile tailpipe or other source. Emissions are 
typically measured in pounds or tons. The term ambient level refers 
to the actual concentration of a pollutant in the air. Ambient levels 
are typically measured in parts per million or parts per billion. It is 
important to know that emissions are estimated, using sophisticated 
modeling techniques, while ambient air quality is monitored through 
several hundred sampling stations throughout the United States. 

While emissions are obviously important, since they are the source of 
pollution, the measure to focus on is ambient levels, since the ambient 
levels measure our actual exposure to pollution. The same amount 
of pollutant emitted will produce very different ambient levels—and 
therefore different human exposure levels—depending on geography, 
prevailing winds, temperature, humidity, and several other variables. 
Emissions are tracked chiefly as a measure of progress in efforts to 
reduce pollution input; ambient levels are tracked as a measure of 
human exposure and health risk.
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lead

Lead is a soft, dense, bluish-gray metal used in the production of pipes, batteries, 
weights, shot and bullets, and crystal. Of the six criteria pollutants, lead is the most 
toxic; when ingested through food, water, soil, or dust, or inhaled through the air, it 
accumulates in the body’s tissues and is not readily excreted. High concentrations 
and excessive exposure to lead can cause anemia, kidney disease, reproductive 
disorders, and neurological impairments such as seizures, mental retardation, and 
behavioral disorders. Today, the highest concentrations of lead are found in the 
areas surrounding ferrous and nonferrous smelters, battery manufacturers, and other 
stationary sources of lead emissions.

The decline in ambient lead concentration is the greatest success story in the efforts 
to reduce air pollution. As Figure 17 shows, in the United States, ambient lead 
concentrations decreased 97 percent between 1976 and 2008. Most of this reduction 
was achieved through the introduction of unleaded gasoline in the 1980s, the 
elimination of lead compounds in paints and coatings, and the reduction of emissions 
from point sources, such as smelters and battery plants.

Young children are the most vulnerable to blood lead, and high blood-lead levels 
in small children retard brain development and lead to lower IQs. Children, mostly 
in the inner city, who live in older housing that has lead-based paint are still at risk 
for high blood-lead levels, but the pervasive threat of lead from poor urban air is a 
problem of the past. Lead in blood samples is a much better indicator of the public-
health impact of lead than outdoor air quality. Between the late 1970s and 1991, 
the proportions of people who had more than 10 micrograms of lead per deciliter of 
blood declined from 78 percent to 4.3 percent. (See this Almanac’s section on Toxic 
Chemicals for more data on lead levels in humans.)
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figure 17  
national ambient lead levels, 1976–2008
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nitrogen dioxide

Nitrogen oxides (NOx) form naturally when nitrogen and oxygen combine through 
lightning, volcanic activity, bacterial action in soil, and forest fires. Nitrogen oxides 
also result from human activities, including high-temperature combustion of fossil 
fuels by automobiles, power plants, and industry, and the use of home heaters and gas 
stoves. 

Environmental agencies particularly track the light brown gas nitrogen dioxide (NO2) 
because it is a precursor (along with VOCs) in the formation of ozone. 

The national average for ambient levels of nitrogen dioxide decreased by 47 percent 
from 1980 to 2008 (53 percent for the 90th percentile), as shown in Figure 18. All 
monitoring locations across the country, including Los Angeles, currently meet the 
national NO2 air quality standard. Nonetheless, current regulatory efforts aim for 
large further reductions in NOx emissions in order to combat ozone.
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figure 18 
ambient nitrogen oxide levels, 1980–2008
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sulfur dioxide

Sulfur dioxide (SO2) is a colorless gas that forms from the burning of fuel containing 
sulfur (mainly coal and oil), as well as from industrial and manufacturing processes, 
particularly the generation of electrical power. Environmental factors such as 
temperature inversion, wind speed, and wind concentration also affect SO2 levels. SO2

can contribute to the formation of both ozone and fine particle (PM2.5) pollution. 
The average national ambient level of sulfur dioxide decreased 71 percent between 
1980 and 2008 (Figure 19), and the entire United States currently falls within the 
EPA’s “good” category. 

figure 19  
ambient sulfur dioxide levels, 1980–2008

Source: EPA
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Fuel combustion from electric utilities and industrial production accounts for more 
than three-quarters of SO2 emissions. As Figure 20 displays, SO2 emissions from 
these sources have fallen 58 percent since 1970, with most of that reduction occurring 
in the last 20 years.
 

figure 20 
so2 emissions from electric Power Plants 

and industrial Production
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Other Hazardous Air Pollutants

The Clean Air Act requires the EPA to regulate 177 other hazardous air pollutants 
(HAPs), such as benzene and formaldehyde, but because these compounds are 
emitted in such small quantities they are hard to monitor. Starting in 2003 the EPA 
has established 27 monitoring sites, but it supplements its data with state and local 
monitoring efforts. While the small number of monitoring sites limits the reliability 
of the data, the EPA concludes that ambient levels of most of the 188 air toxics (such 
as methyl chloroform, for example) declined by as much as 15 percent between 2000 
and 2005. 

Benzene, the most prevalent HAP, has declined 64 percent (68 percent at the 90th 
percentile level), as shown in Figure 21. California has monitored several air toxics 
since 1990; its data show a 60 percent reduction in ambient benzene levels from 1990 
to 2005, and similar reductions in three other principal air toxics.2 The only air toxics 
that appear to have increased are carbon tetrachloride and manganese.3
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figure 21  
ambient Benzene levels, 1994-2008
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Detailed and widespread monitoring of the kind necessary for the tracking and 
reporting of air pollution trends is a relatively recent phenomenon even in the United 
States, dating back only to the early 1970s. However, proxy sources of data that have 
emerged from climate research can tell us about some air quality conditions decades 
ago, in addition to EPA emission models that derive estimates of pollution levels 
from coefficients of fuel combustion. 
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One of the more interesting recent research results was a 2008 study published in 
the Proceedings of the National Academy of Sciences about toxic metal levels detected in 
Arctic ice.4 Working from Greenland ice core samples, researchers Joseph McConnell 
and Ross Edwards of the Desert Research Institute constructed estimates of monthly 
and annual levels of thallium, cadmium, and lead from 1772 to 2003. Their findings 
upended the long-held view that heavy metal pollution from fuel combustion (chiefly 
from coal) peaked in the 1960s or 1970s. To the contrary, the study found that levels 
of the three heavy metals were two to five times higher a century ago than in recent 
decades. Cadmium levels peaked in 1906, while lead and thallium peaked in 1915. 
The study warns, however, that heavy metal levels could increase again with rising 
coal use in Asia.
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most polluted cities in the u.s.  
and the world

The list of “Most Polluted Cities,” issued each year by the 
American Lung Association (ALA) and usually touted by the U.S. 
Conference of Mayors, is guaranteed to make news. The ALA 
ranks American cities according to ozone and particulate levels, 
the two most important and persistent pollutants. Seldom is any 
context provided, such as what the health risks of a given level of 
pollution may be to the general population, or what the local trends 
are. There will always be cities that come out at the bottom of our 
measurements of air pollution even if air pollution falls close to 
zero. So how do our cities compare with other cities in the world? 
Are pollution levels rising or falling in these cities? What is the level 
of health risk from the remaining levels of air pollution compared 
with other present health risks?  
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Tables 1 and 2 display the 10 worst American cities for ozone and particle pollution 
in 2010, according to the American Lung Association’s 2010 report, and give the 
change in the ambient levels over the period 1998–2007 for ozone and 1999–2007 
for fine particulates, as 1999 was the first year nationwide PM2.5 monitoring began 
(and 2007 is the most recent year for which EPA metropolitan-area data have been 
published). As the tables show, pollution levels have been falling in every one of the 
ALA’s lowest-ranked metropolitan areas.

table 1  
ambient ozone levels, 1998–2007

Los Angeles, CA –18.4%

Bakersfield, CA –20.2%

Visalia, CA –10.0%

Fresno, CA –23.2%

Sacramento, CA –17.0%

Hanford, CA N/A

Houston, TX –25.0%

San Diego, CA –11.2%

San Luis Obispo, CA –17.0%

Charlotte, N.C. –14.0%

Source: EPA 
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ambient Particle Pollution (Pm2.5) levels, 1999–2007

Phoenix, AZ –6.0%

Bakersfield, CA –10.0%

Los Angeles, CA –27.0%

Visalia, CA –26.1%

Pittsburgh, PA –4.3%

Fresno, CA –20.9%

Birmingham, AL –16.9%

Hanford, CA N/A

Cincinnati, OH –11.5%

St. Louis, MO –12.4%

Source: EPA 

No American city cracks the top 50 among the world’s worst cities for air pollution, 
according to a ranking by the World Bank based on data available as of 2006.1 (The 
World Bank has not yet updated this dataset.) In the World Bank’s ranking of 110 
world cities for particulate and sulfur dioxide pollution, the worst American city—
Los Angeles—comes in 64th for particulates, and 89th for sulfur dioxide, as shown in 
Tables 3 and 4. The average ambient level of particulates for Los Angeles is less than 
one-fourth the level for Cairo or Delhi, and less than one-half the level for Beijing 
and most other major Chinese cities. It is likely that the pollution gap between 
American and developing cities is widening. It should be noted that the World Bank 
measurement uses a standard, PM10—that is, particulates of 10 microns in size—that 
is largely obsolete in the U.S., which is now measuring and reducing PM2.5. Few 
world cities are even monitoring PM2.5. In addition, the World Bank reading for 
sulfur dioxide levels in U.S. cities is obsolete and possibly misleading, as SO2 levels 
have fallen sharply in U.S. cities since 2001. 
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Annual Mean PM10, μg/m3, 2004

1 Cairo 169
2 Delhi 150
3 Kolkata, India 128
4 Tianjin 125
5 Chongqing 123
6 Lucknow, India 109
7 Kanpur 109
8 Jakarta 104
9 Shenyang 101
10 Zhengzhou 97
11 Jinan 94
12 Lanzhou 91
13 Beijing 89
14 Taiyuan 88
15 Chengdu 86
16 Ahmadabad 83
17 Anshan, China 82
18 Wuhan 79
19 Bangkok 79
20 Nanchang 78
21 Harbin 77
22 Changchun 74
23 Zibo, China 74
24 Shanghai 73
25 Guiyang 70
26 Kunming 70
27 Quingdao 68
28 Pingxiang 67
29 Guangzhou 63
30 Mumbai 63
31 Sofia 61
32 Santiago 61
33 Liupanshui 59
34 Córdoba, Argentina 58
35 Tehran 58
36 Wulumqi, China 57
37 Nagpur 56
38 Istanbul 55
39 Mexico City 51

Annual Mean PM10, μg/m3, 2004

40 Dalian, China 50
41 Taegu, S. Korea 50
42 Pune, India 47
43 Ankara 46
44 Bangalore 45
45 Pusan 44
46 Singapore 44
47 Turin 44
48 Athens 43
49 Warsaw 43
50 Nairobi 43
51 Seoul 41
52 Vienna 41
53 Hyderabad 41
54 São Paulo 40
55 Tokyo 40
56 Katowice 39
57 Lodz 39
58 Manila 39
59 Madras 37
60 Osaka-Kobe 35
61 Kiev 35
62 Barcelona 35
63 Rio de Janeiro 35
64 Los Angeles 34
65 Amsterdam 34
66 Johannesburg 33
67 Zagreb 33
68 Accra, Ghana 33
69 Durban 32
70 Yokohama 31
71 Bogotá 31
72 Milan 30
73 Madrid 30
74 Quito 30
75 Kuala Lumpur 29
76 Brussels 28
77 Rome 28
78 Chicago 25

table 3  
most Polluted World cities, 2004, Particulates (Pm10)

(World health organization standard: 20 μg/m3)

Source: World Bank, 2007 World Development Indicators
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Daily Mean SO2, μg/m3, 
1995–2001

1 Guiyang 424
2 Chongqing 340
3 Taiyuan 211
4 Tehran 209
5 Zibo, China 198
6 Quingdao 190
7 Jinan 132
8 Rio de Janeiro 129
9 Istanbul 120
10 Anshan, China 115
11 Moscow 109
12 Lanzhou 102
13 Liupanshui 102
14 Yokohama 100
15 Shenyang 99
16 Beijing 90
17 Katowice 83
18 Tianjin 82

19
Taegu, S. 
Korea

81

20 Chengdu 77
21 Pingxiang 75
22 Mexico City 74
23 Cairo 69
24 Nanchang 69
25 Zhengzhou 63
26 Dalian, China 61

27
Wulumqi, 
China

60

28 Pusan 60
29 Guangzhou 57

Daily Mean SO2, μg/m3, 
1995–2001

30 Ankara 55
31 Shanghai 53
32 Kolkata, India 49
33 Seoul 44
34 São Paulo 43
35 Wuhan 40
36 Sofia 39
37 Budapest 39
38 Athens 34
39 Mumbai 33
40 Manila 33
41 Caracas 33
42 Zagreb 31
43 Durban 31
44 Milan 31
45 Ahmadabad 30
46 Santiago 29
47 Sydney 28

48
Lucknow,  
India

26

49 New York 26
50 Manchester 26
51 London 25
52 Delhi 24
53 Madrid 24
54 Kuala Lumpur 24
55 Harbin 23
56 Quito 22
57 Changchun 21
58 Lodz 21
59 Cape Town 21

Daily Mean SO2, μg/m3, 
1995–2001

60 Bratislava 21
61 Singapore 20
62 Brussels 20

63 Omsk,  
Russia 20

64 Dublin 20
65 Kunming 19
66 Osaka-Kobe 19
67 Johannesburg 19
68 Tokyo 18
69 Berlin 18
70 Toronto 17
71 Warsaw 16
72 Kanpur 15
73 Madras 15
74 Guayaquil 15
75 Vienna 14
76 Kiev 14
77 Chicago 14
78 Prague 14
79 Vancouver 14
80 Paris 14
81 Hyderabad 12
82 Bangkok 11
83 Barcelona 11
84 Zurich 11
85 Frankfurt 11
86 Amsterdam 10
87 Montreal 10
88 Bucharest 10
89 Los Angeles 9

table 4  
most Polluted World cities, 2004, sulfur dioxide 
(World health organization standard: 20 μg/m3)

Source: World Bank, 2007 World Development Indicators
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Even though most nations and urban areas in the developing world have much higher 
levels of air pollution than American or European cities, the good news is that air 
pollution levels are starting to fall—in some cases rapidly—in the developing world. 
The World Bank’s survey of PM10 pollution finds that on the national level, global 
PM10 levels fell 37 percent between 1990 and 2006. Some nations have achieved 
large reductions from shockingly high levels during the period; Armenia, for example, 
experienced an 87 percent reduction in PM10, from 453 μg/m3 in 1990 to 59.4 μg/m3 
in 2006. The average global level, as shown in Figure 1, is still above the level of Los 
Angeles (the worst U.S. city) and above U.S. and World Health Organization health-
based goals.

figure 1  
global average Pm10 level, 1990–2006
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Prospects for Further Improvement in 
the Developing World
Some older data indicate that air pollution in urban areas of Asia, including India and 
even China, may have peaked and be starting to decline, though the completeness 
and reliability of some Chinese data are open to doubt. When considering the 
prospects for improving air quality in the developing world, we may find it helpful to 
look at the case of Mexico, whose capital, Mexico City, is the third-largest city in the 
world and has long had one of the world’s worst air-pollution problems on account of 
its geography (high altitude accentuates atmospheric inversion layers) and low-tech 
industry. 

Mexico has adopted air quality standards the same as or close to the U.S. standards 
for the six “criteria” pollutants regulated under the U.S. Clean Air Act.2 The 
comparisons below match up Mexico City with Los Angeles, which generally has 
the highest air pollution levels among U.S. cities.3 While air pollution is still far more 
severe in Mexico City than in the worst locations in the United States, Mexico City 
has now attained the air quality standards for four of the six criteria pollutants (lead, 
sulfur dioxide, carbon monoxide, and nitrogen oxides). Like the U.S., Mexico City 
still has problems with ozone and particulates. It still violates the one-hour ozone 
standard more than 250 days per year; Los Angeles exceeded the one-hour ozone 
standard less than 30 days per year in 2004 and 2005, down from 195 days in 1977.

Figures 2 and 3 show how Mexico City has followed the path of the United States 
in reducing airborne lead—chiefly through the introduction of unleaded gasoline—
and carbon monoxide. (A caveat about the comparison in Figure 3: For CO, Mexico 
reports peak levels at the 95th percentile, while the EPA reports peak levels at 
the second-highest daily maximum. While these metrics are similar, they are not 
identical. Under either measure, though, both Los Angeles and Mexico City meet 
their respective air quality standards for CO.)

Figure 4 displays trends in sulfur dioxide (SO2) levels for Mexico City, Los Angeles, 
and Pittsburgh (the U.S. city that now has the highest SO2 levels). The studies 
consulted for this report did not explain the abrupt sharp decline in SO2 levels in 
Mexico City starting in 1993. Most likely a combination of fuel switching and the 
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introduction of emissions control technology accounts for the change, though a 
change in monitoring might have occurred.  

figure 2  
ambient lead in the u.s. and mexico
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figure 3 
ambient carbon monoxide in the u.s. and mexico
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figure 4  
ambient sulfur dioxide for mexico city,  

los angeles, and Pittsburgh
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Figure 5 compares eight-hour maximum ozone levels in Los Angeles with eight-
hour 95th-percentile levels in Mexico City. Since these metrics are not identical, 
this comparison should be used only to illustrate relative trends and not as an exact 
head-to-head comparison. (It is unlikely that Los Angeles actually had higher peak 
ozone levels from 1986 to 1989.) From its worst reading, in 1991, peak ozone levels 
in Mexico City have fallen by more than one-third.

figure 5  
Peak ozone levels in los angeles and mexico city
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Figure 6 displays trends in particulate levels for Mexico City and Los Angeles. 
Mexico City has been monitoring 24-hour PM10 peak levels only since 1995, so the 
comparison is limited. 

figure 6  
24-hour Pm10 levels in los angeles and mexico city
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Finally, Table 5 shows the percentage declines in ambient air pollution for Los 
Angeles and Mexico City from the late 1980s through 2003. Keep in mind that 
Los Angeles has been after the problem much longer than Mexico, such that head-
to-head percentage comparisons can be misleading. This table is offered more as 
an illustration that the magnitude of air quality improvement in Mexico City is 
substantial.

table 5  
trends in ambient air Pollution 

 los angeles and mexico city, 1986–2003

Los Angeles Mexico City

Lead (annual average)  –76%   –90.5%

Ozone  –39%   –16.7%*

Sulfur dioxide  –29.4%**   –84%

Carbon monoxide  –57.9%   –49.8%

* If measured from the peak year of 1991, Mexico City’s ozone level has declined 
36.5 percent.
** Comparison with Pittsburgh instead of Los Angeles.

Mexico City can look forward to further substantial declines in ozone in the decade 
ahead, simply through turnover of its auto fleet. As of 2002, almost a third of Mexico 
City’s auto fleet consisted of pre-1980-model cars; only about 10 percent of the auto 
fleet had up-to-date electronic ignition and fuel injection systems, which are standard 
on all American autos today, and barely 30 percent had catalytic converters. As these 
older cars, which can emit 10 to 20 times as much pollution as new models, are 
retired and replaced, there will be rapid progress in reducing ozone.
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flashback:  
air Quality trends before 1970

Reports on air quality trends typically begin with 1970, with the passage 
of the first federal Clean Air Act and the beginning of systematic 
monitoring of emissions and ambient levels of air pollution. Data from 
early monitors and evidence from air quality models, however, show that 
many forms of air pollution started to decline—in some cases rapidly—
before the Clean Air Act of 1970.

For sulfur dioxide, data from 21 urban monitors show that the average 
ambient level fell approximately 40 percent between 1962 and 1964, as 
shown in Figure 1.1 This set the stage for progress after the Clean Air 
Act; the national average has dropped 66 percent since then. Local data 
for New York City show that ambient sulfur dioxide fell by almost 60 
percent between 1964 and 1970, as shown in Figure 2.2 Fragmentary data 
also show that carbon dioxide levels were falling in the mid-1960s.
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figure 1  
ambient so2 levels, mean annual average, 1962–1997
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figure 2  
ambient so2 concentrations in new york city, 1963–1972
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What accounts for the decline in air pollution before national regulations were 
enacted? There are several factors, including state and local efforts to reduce pollution 
before the federal government acted. By the time of the Clean Air Act in 1970, 
about half the states and more than 100 metropolitan areas operated air pollution 
control agencies. In some cases, such as smoke in Pittsburgh, local private sector and 
government efforts to reduce pollution went back decades. 
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The role of economic growth and technological progress is perhaps more significant, 
however. Figure 3 shows the trend for “settleable dust” (which would be very large 
particulates) in Pittsburgh between 1925 and 1965.3 The rapid decline in the early 
years between 1925 and 1940 is attributable to the simple efficiency gains from 
industry’s upgrading its technology. The industrial drive for cost-saving efficiency also 
typically leads to cleaner technology.

figure 3  
settleable dust in Pittsburgh
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London offers a more dramatic long-term example. British environmental scientist 
Peter Brimblecombe developed a model to estimate air-pollution levels in London as 
far back as the 16th century. 4 His study shows that levels of both sulfur dioxide and 
smoke peaked more than 100 years ago and declined steadily throughout the 20th 
century, with London air today cleaner than it was 400 years ago. (See Figure 4.)

figure 4  
long-term air Pollution trends in london, 1580–1990
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stratospheric Ozone

One trend that has received little attention is the area where ozone 
levels are going up—but this is the kind of increase that is good news: 
it involves stratospheric ozone. (The EPA has a shorthand mnemonic 
to help keep straight the difference between ground-level and upper-
atmospheric ozone: “Good up high, bad nearby.”1) Stratospheric 
ozone refers to the “ozone layer,” which filters harmful incoming 
ultraviolet (UV) radiation from the sun. The ozone layer was the subject 
of intense concern starting in the 1970s and culminating in the 1987 
Montreal Protocol, which began the phase-out of a family of man-made 
chemicals (chiefly chlorofluorocarbons—CFCs) that contributed to 
stratospheric ozone depletion. 

The phase-out of CFCs accelerated in the late 1990s and into the past 
decade. The EPA’s 2008 Report on the Environment draws our attention 
to data from the U.S. National Oceanic and Atmospheric Administration 
(NOAA) and the World Meteorological Organization (WMO) showing the 
progress being made on reducing levels of ozone-depleting substances 
(ODS) in the atmosphere, and the corresponding halt in the decline of 
stratospheric ozone. Figure 1 displays the approximately 12.9 percent 
decline in the amount of chlorine compounds in the atmosphere from 
1992 through 2009. Figure 2 displays the deviation from the long-term 
average level of stratospheric ozone over North America between 
1964 and 2008. As can be seen in Figure 2, the steep decline of the 
late 1980s and early 1990s halted and reversed later in the 1990s. 
Because CFCs and related compounds tend to be long-lasting in the 
atmosphere, recovery of the ozone layer will be a slow process.2
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figure 1  
global effective equivalent chlorine concentrations,  

1992–2009
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figure 2 
fluctuations in total ozone levels over north america, 

1964–2008
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energy

Major Findings

 x Fossil fuels (oil, natural gas, and coal) are becoming 
more, not less, abundant, and their long-term prices 
are relatively stable.

 x Growth in fossil fuel use in the United States is 
modest; the increase in consumption of energy is 
overwhelmingly occurring in the developing world.

 x The largest amount of new energy in the United 
States since 1980 has come from existing nuclear 
power plants and new coal plants—not renewable 
energy sources such as wind, solar, and biomass. 

 x Energy efficiency has increased at a steady rate both 
in the United States and in the world.

Primary SourceS
 
U.S. Department of 
Energy, Energy Information 
Administration

International Energy Agency
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Introduction
Energy is rightly called “the master resource,” because it makes possible nearly all 
forms of human activity and advancement, as well as driving the economy. As the 
only species on earth that makes controlled use of fire (the first form of converting a 
resource into energy), human beings, in fact, could rightly be called Homo igniferens—
Man Who Uses Fire.

Many misconceptions and gross oversimplifications prevail about energy and its 
relationship to environmental quality. There are four main points to grasp. First, 
energy is not a unitary phenomenon; in other words, energy comes in many different 
forms and has many different purposes. It is a mistake to think of energy in common 
or universal measurements such as British Thermal Units (BTUs) alone. People also 
regularly lump the majority of our energy consumption together under the label of 
“fossil fuels” (oil, coal, and natural gas) versus “renewable” energy, and this too is 
misleading. 

The most basic distinction to keep in mind is that energy is mostly consumed in 
the form of combustion for transportation and in the form of electricity. About 
two-thirds of total American energy is consumed in the form of electricity, which 
can be generated by a variety of means (coal and natural gas, to be sure, but also 
nuclear and “renewables” such as wind, solar, and hydroelectric power), and one-third 
is used for transportation, which depends overwhelmingly on liquid fuels refined 
overwhelmingly from oil. Although cars are moving slowly toward electric power, 
battery storage technology is still vastly inferior to petroleum-based liquid fuels and 
therefore limited.

Second, fossil fuels are not growing scarce, contrary to a popular misconception 
going back to the first “energy crisis” of the 1970s, and continuing today under the 
banner of “peak oil.” In fact, global proven reserves of oil, coal, and natural gas have 
all increased over the last 30 years. Proven oil reserves have increased 111 percent 
since 1980 (Figure 1), while natural gas reserves have increased 157 percent (Figure 
2). Long-term coal reserves data are inconsistent, but existing reserves will last more 
than 125 years at current rates of usage, or about 60 years if coal use continues to 
grow at the current rate of about 2 percent a year. 
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figure 1  
growth in Proven World oil reserves, 1980–2010
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figure 2  
growth in Proven World natural gas reserves, 1980–2010
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One reason for the misperception of fossil fuel scarcity is that the markets for these 
fuel sources experience periods of volatility typical of most commodities; everyone 
recalls $4-a-gallon gasoline in the summer of 2008. In fact, demand for fossil fuels 
has grown only modestly in the United States—up about 10 percent since 1980, even 
though the economy has grown much more than that. Globally, oil use has grown 
33 percent since 1980, while, as noted, reserves have grown 111 percent. Growth in 
oil use has been flat or falling in Europe and other mature industrialized nations. 
Demand has been driven overwhelmingly by the developing world. Figure 3 displays 
the growth in the use of oil in the United States, Brazil, China, India, Indonesia, and 
South Korea. 
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figure 3  
growth in consumption of oil, 1980–2009
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Figure 4 displays long-term real (inflation adjusted) prices for coal, natural gas, and 
oil. Although all three fossil fuels show some price volatility, oil has experienced the 
widest price swings. 

figure 4  
real (2005 dollars) Prices of fossil fuels by Btu content, 
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The United States differs in one respect from the global trends: U.S. proven oil 
reserves have declined 36 percent since 1980, though this may be more the effect of 
political constraints on domestic exploration and production than intrinsic supply 
constraints. The potential oil in the Alaska National Wildlife Refuge, for example, 
is not counted among U.S. proven reserves. U.S. natural gas reserves, on the other 
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hand, have increased 21 percent since 1980. More significant is that U.S. reserves, 
after declining between 1980 and 2000, have rebounded by 46 percent since 2000—a 
reflection of the boom in interest in “unconventional” gas, found in shale formations 
and in coal beds. (See Figure 5.) As with oil, U.S. consumption of natural gas has 
grown slowly, up just 14.9 percent since 1980. This, along with new supply, explains 
the growing “gas glut” in America. The largest increase in fossil fuel use in the U.S. 
has been of coal, not oil or natural gas: coal consumption has increased 59.6 percent 
since 1980, while the consumption of oil has increased only 9.5 percent, as shown in 
Figure 6. 

figure 5  
growth in Proven u.s. natural gas reserves, 1980–2010
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the top five environmental issues we don’t Know 
enough about

Despite our burgeoning datasets and increasingly sophisticated monitoring capabilities (such 
as earth-observation satellites), large gaps remain in our data and our understanding of many 
key environmental issues. Many specific uncertainties are presented in the analysis of indicators 
and datasets throughout this Almanac, but here are the top five environmental areas where our 
knowledge and understanding are inadequate:

1. The oceans—especially the deep oceans. The United States spends vastly more on space 
research than on ocean research, even though surprising discoveries from the deep oceans 
continue to roll in whenever we look closely. NASA’s 2010 budget is $18.3 billion, while the 2010 
budget of NOAA, the National Oceanic and Atmospheric Administration, is $4.7 billion. Part of 
this difference occurs because satellites cost much more than ocean-exploration equipment, but 
part of it is due to the neglect of our own unexplored frontier. 

2. Biodiversity. No one doubts that species extinction—along with its main drivers, such as 
habitat fragmentation—is occurring on a scale larger than some “natural” or background rate of 
extinction. Scientists are making rapid progress in cataloguing species, but large uncertainties 
remain about how biodiversity works on the ground, and even how to define ecosystems.

3. Arctic conditions. Everyone knows about retreating ice sheets and melting tundra, but it is not 
clear that these changes are the result of human-caused global warming. Several peer-reviewed 
studies have identified long-wave changes in upper-air wind patterns, deep ocean currents, and 
minor pollutants such as “black carbon” as likely factors in the observed changes. Underneath 
the ice cap is another realm of mystery, made more important by the likelihood of large mineral 
resources (especially oil and gas) that several nations are now rushing to claim and exploit.

4. Chemical exposure. We use thousands of synthetic chemicals in our daily lives, but many 
compounds have never been thoroughly tested or examined for potential harm to humans or 
ecosystems. And even for chemicals tested and monitored, there are large ranges of uncertainty 
about what level of exposure might be harmful. However, we do have a good understanding of 
basic chemical families that are hazardous. Meanwhile, chemical anxiety—chemophobia—is 
often whipped up by activist groups. 

5. Invasive species. Non-native species introduced through human trade or migration are 
considered a priori to be ecologically harmful. This assumption requires more thought. Science 
writer Ronald Bailey points to evidence that many non-native or “exotic” species appear to 
have increased overall biodiversity in the areas where they were introduced (http://reason.org/
news/show/invasion-invasive-species). Some species, such as the zebra mussels that have 
proliferated in the Great Lakes, are obviously pests, but the blanket condemnation of invasive 
species should be reconsidered.
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figure 6  
change in u.s. energy consumption by fossil fuel source, 

1980–2008
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The increase in U.S. consumption of coal, however, pales next to global coal 
consumption, up 78 percent since 1980. Moreover, most of the increase has occurred 
in China, where coal consumption has increased 387 percent since 1980; India’s coal 
use has grown 453 percent. (See Figure 7.)
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figure 7  
coal consumption, 1980–2009
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Third, fossil fuels dominate American energy production, and will continue to do so 
for decades to come. From television and print advertisements, one might form the 
impression that the United States is experiencing substantial growth in renewable 
energy sources, especially wind and solar power. Wind power, for example, can boast 
of a 3,000 percent increase since 1990. But wind and solar power start from a very 
low (almost non-existent) base, such that the increases are tiny when measured 
in units of actual energy output such as BTUs. Even with the heavy emphasis on 
renewable energy over the last 30 years, today the United States still generates 83 
percent of its total energy from fossil fuels, and only 8 percent from renewables, a 
figure that includes hydroelectric power. 
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Non-hydro renewables (wind, solar, and biomass) account for only 3 percent of total 
electric power generation in the U.S., despite billions of dollars in subsidies and 
years of policy encouragement (Figure 8). Moreover, since 1980, nuclear power has 
increased its energy output more than twice as much as total output from renewables, 
without adding a single new facility, and coal has also produced more energy growth 
than renewables (Figure 9). 

figure 8  
u.s. total energy mix, 2009
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figure 9  
net growth in energy output by source, 1980–2009
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The simple reason why coal and natural gas will continue to predominate over 
wind and solar power for future energy supplies is displayed in Figure 10, the 
U.S. Department of Energy’s calculations of the levelized cost (that is, total life-
cycle factors, including capital cost and operating costs). Even with efficiency 
improvements in renewables, wind power still costs one-third more than coal-
fired electricity, and twice as much as advanced gas-fired electricity, while solar 
photovoltaics cost almost four times as much as coal. 
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figure 10  
levelized cost of new electric Power generation
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The fourth main point to understand about energy is that the long-term trend in 
the United States and the world is toward ever-increasing energy efficiency. In the 
United States, energy consumption per dollar of economic output (the definition of 
“energy intensity”) has declined at an average annual rate of about 1.7 percent for the 
last 60 years. 

Since 1980, world energy intensity has declined 36 percent; in the U.S, energy 
intensity has declined 43.6 percent, as shown in Figure 11. (See the Climate Change 
section for a discussion of carbon intensity, similar to but not identical with energy 
intensity.) Because the economy and the population have both grown at a more 
rapid rate than the improvement in energy intensity, total energy consumption has 
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continued to rise, by 53 percent since 1970. If the U.S. had made no improvements in 
energy efficiency since 1970—that is, if we still used energy with the same efficiency 
as in 1970—energy use would have increased more than 200 percent by now  
(Figure 12). 

figure 11  
energy intensity for the World and the u.s., 1980–2008
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figure 12 
 actual versus Potential energy consumption, 1970–2008
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clImAte chAnge:
Indicators and Outlook

Major Indicators: Conditions 

 x Global Mean Temperatures

 x Precipitation Trends

 x Tropical Storm Activity

 x Sea Ice Extent

 x Sea Level

Major Indicators: Policy

 x Ambient Greenhouse Gas Concentrations

 x Greenhouse Gas Emissions 

 x Greenhouse Gas Intensity

Primary SourceS

National Oceanic and 
Atmospheric Administration

National Climatic Data Center

National Hurricane Center

National Snow and Ice Data 
Center

Energy Information 
Administration

University of Colorado at 
Boulder
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Introduction
Because the controversy about climate change concerns the long-range future, it is 
difficult to construct definitive indicators (as opposed to endless computer models) of 
the present that do not get sucked into the acrimony about the models and theories 
of human-caused global warming. Too much of the public discourse on climate 
change is conducted through “signs and wonders” such as drowning polar bears, 
migrating armadillos, and unusual weather events—strong storms, heavy rainfall and/
or drought, unseasonable temperatures. Such “signs and wonders” do not constitute 
data, and they can be misleading. 

For example, the eastern United States basked in record warm temperatures in the 
winter of 2006–07—this after Buffalo experienced its sixth-heaviest snowfall in 
history , in October. Growers in California suffered $1 billion in citrus crop losses due 
to the coldest weather in 70 years. In the winter of 2009–10, this pattern reversed 
itself, with the eastern United States experiencing bitter cold with heavy snowfall, 
while the western U.S. enjoyed mild temperatures. A few months later, the pattern 
reversed again, with the eastern U.S. suffering a hot summer, while the Pacific Coast 
had one of its coldest summers in decades. Climate change, perhaps, but man-made 
global warming? It is useful to keep in mind that these often interchangeable terms 
are not necessarily co-terminous.

The earth’s climate changes constantly, usually on time scales that are much longer 
than the average human lifespan but relatively short in geological terms. The 
historical record suggests that climate shifts can happen suddenly, for reasons that 
remain unclear. The argument that currently observable climate changes are outside 
the range of normal climate variability is a key tenet of the climate campaign, and 
despite the incessant refrain about the “consensus” that “the debate is over,” this core 
question is far from settled. In an interview with the BBC, professor Phil Jones, the 
director of the Climatic Research Unit at the University of East Anglia, which was at 
the center of the “Climategate” controversy in late 2009, concurred:

BBC: When scientists say “the debate on climate change is over,” 
what exactly do they mean, and what don’t they mean?
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Jones: It would be supposition on my behalf to know whether all 
scientists who say the debate is over are saying that for the same 
reason. I don’t believe the vast majority of climate scientists think 
this. This is not my view. There is still much that needs to be 
undertaken to reduce uncertainties, not just for the future, but for 
the instrumental (and especially the paleoclimatic) past as well.1 
(emphasis added)

Also worth noting are the views of professor Judith Curry, head of the School of 
Earth and Atmospheric Sciences at Georgia Tech and one of the few scientists 
convinced of the potential for catastrophic global warming who are willing to engage 
skeptics seriously. Curry wrote last spring: “No one really believes that the ‘science is 
settled’ or that ‘the debate is over.’ Scientists and others that say this seem to want to 
advance a particular agenda. There is nothing more detrimental to public trust than 
such statements.”2 For her willingness to break from the enforced “consensus” of the 
climate campaign, Curry has been excoriated. 

Meanwhile, the political campaign to have the United States adopt serious 
constraints on fossil fuel energy through an emissions trading scheme (“cap and 
trade”) has come to an ignominious end, probably for good, while efforts to promote 
“green” energy are in retreat.

The controversy over both science and policy responses is not going to be resolved 
any time soon, if ever. Therefore, indicators of climate change should be divided into 
two categories that are largely (though not wholly) uncontroversial: direct indicators 
of observable changes in the global climate such as average temperature, changes in 
Arctic and Antarctic sea ice, and sea levels; and policy indicators, i.e., the factors that 
governments have chosen to track for purposes of affecting the human influences on 
climate change, chiefly ambient greenhouse gas (GHG) concentrations and human-
caused greenhouse gas emissions. Data series are available for these variables, though 
significant methodological arguments remain about potential instrument errors or 
inaccuracies in the collection of raw data, and about the complex statistical techniques 
used to process and interpret the data. 
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Temperature
Bearing these caveats in mind, let’s look at the data. Figure 1 displays the global 
average temperature anomaly—that is, the deviation from the average temperature of 
the period from 1971 to 2000—starting in 1901. The 1971–2000 period was chosen 
because it offered the most data points from which to calculate an average. 

figure 1  
global temperature anomaly, 1901–2008
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Source: National Climatic Data Center

Much is made of the period between 1980 and 1998, when the global average 
temperature rose by about 0.6 degrees Fahrenheit. But as Figure 1 shows, had the 
trend data from 1910 to 1940 been available in 1940, there might have been great 
worry about the sharp rise in global average temperature during that period, which 
preceded most of the increase in human-generated greenhouse gas emissions. In fact, 
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there is thought to have been another period of sharp temperature rise between 1860 
and 1880, but the raw data records are incomplete. Then between 1940 and 1980 
global temperatures were flat or slightly declining, before resuming an upward trend 
from 1980 to 1998.

The picture begins to grow more complicated with Figure 2, which shows the 
temperature anomaly for the land area of the contiguous United States only. Here 
the long-term trend is of larger magnitude than that for the globe as a whole—not 
surprising, since temperatures over land are higher than temperatures over the oceans. 
It is much less consistent, however, as it shows a number of high temperatures in 
the 1930s. In the contiguous United States, 1934 may actually have been the hottest 
year of the 20th century—warmer than 1998, which is displayed in this series at the 
hottest year.

figure 2 
contiguous united states temperature anomaly, 1901–2008
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One of the ongoing controversies concerns the discrepancy between ground-based 
thermometer data and satellite radiosonde data, considered more accurate. Both 
show a similar warming pattern, but the satellite data are consistently lower than the 
ground-based data, as shown in Figure 3.3

figure 3  
ground-Based and satellite temperature data trends,  
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These comparisons provide the necessary backdrop for appreciating the controversy 
that arises from the global temperature trend of the last decade, shown in Figure 4. 
Temperatures were flat or slightly declining between 2002 and 2008, before ticking 
up slightly in 2009; 2010 is expected to rival 1998 as the hottest year of the last two 
decades, although we should note that 2010, like 1998, was an El Niño year, which 
is typically associated with higher temperatures. On the other hand, if one removes 
1998 as an anomaly within the anomalies, then the long-term upward trend of 
temperatures would appear to be more intact. Observers should be cautious about 
drawing firm conclusions from the data of the last decade.

figure 4  
global temperature anomaly, 1997–2009
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Precipitation
One of the most common misperceptions of global warming is that a warming planet 
will be a drier planet, with increasing drought conditions. While this may make 
intuitive sense to the layperson, it is exactly backwards: a warmer planet will see 
increased precipitation, as warmer temperatures will increase water evaporation and 
thus rainfall, though this will not be uniform, and changing weather patterns may 
result in droughts in some areas. Data from 1901 to the present show only a slight 
increase in global precipitation (1.9 percent) and no discernible correlation with the 
temperature record. Note in Figure 5 that global precipitation increased in the 1950s, 
when global temperatures were falling (compare with Figure 1). 

figure 5  
global Precipitation anomalies, 1901–2008
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For the contiguous United States precipitation has increased 6.1 percent since 1901, 
as shown in Figure 6. There is considerable regional variability, however. The greatest 
increases came in the South (10.5 percent), the Northeast (9.8 percent), and the 
Eastern North Central climate region (9.6 percent). A few areas such as Hawaii and 
parts of the Southwest have seen a decrease.

figure 6  
contiguous united states Precipitation anomalies, 1901–2008
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Tropical Storm Activity
Whether hurricanes and tropical storms are becoming more frequent and severe in 
intensity is highly contested at the moment, with leading scientists publishing studies 
on both sides of the issue. “Tempers Flare at Hurricane Meeting,” Nature magazine 
reported in May 2006. Meanwhile, in November 2006 the World Meteorological 
Organization issued a “consensus statement” that reads: “Though there is evidence 
both for and against the existence of a detectable anthropogenic signal in the tropical 
cyclone climate record to date, no firm conclusion can be made on this point.” 

The basic theory—that warmer ocean waters lead to stronger storms—seems 
intuitively sensible; the difficulty is a lack of reliable data to confirm both long-term 
ocean temperature trends and tropical storm intensity. Various proxy techniques to 
estimate storm dynamics decades ago are vulnerable to the usual statistical critiques. 
Even estimating the number of tropical storms beyond 25 years ago is subject to 
uncertainties, as we did not have satellite coverage of the entire ocean area; without 
such coverage, many tropical storms form and then dissipate before detection.

The series displayed in Figure 7, from the National Hurricane Center, shows only a 
modest rise—if any—in tropical storm activity in recent decades. Figure 8, also from 
data reported by the National Hurricane Center, displays tropical storms that made 
landfall in the U.S.; these data suggest no trend of increasing storm activity affecting 
the United States.
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figure 7 
atlantic and Pacific hurricane activity, 1945–2005
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figure 8  
tropical storms making landfall in the u.s. by decade
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Sea Ice
In addition to air and ocean temperatures, the other real-time climate indicator 
that receives a lot of attention is the vexing question of the size of ice masses at the 
North and South Poles (and Greenland)—vexing because multiple datasets evoke 
contradictory interpretations. (Go to the National Snow and Ice Data Center’s 
website for a roundup of sea ice datasets.4) Most climate specialists like to focus 
on Arctic ice extent for the month of September, which is when the Arctic ice cap 
reaches its late-summer minimum. 

Late in 2007 and at the beginning of 2008, the climate community was in full cry 
about the sharply lower level of Arctic ice in September 2007. There were predictions 
that 2008 might see the first totally ice-free Arctic, though some cautious voices 
suggested that the drop in 2007 might be a one-year anomaly rather than evidence 
of accelerating ice loss. The cautious voices were probably correct. Arctic sea ice data 
for September 2008 and 2009 show upticks from 2007; there was another slight 
downtick in 2010, as shown in Figure 9. It should be noted that polar and sea ice in 
Antarctica has increased over the last 30 years, though this is actually consistent with 
most global warming computer models.
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figure 9  
september arctic sea ice anomaly, 1979–2010
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Climate scientists dispute whether greenhouse gases are the cause of the Arctic 
warming observed over the last 30 years. Findings in the peer-reviewed scientific 
literature continue to suggest that wind patterns and ocean currents play a larger role 
than greenhouse gases. In a complicated 2008 article in Nature, “Vertical Structure 
of Recent Arctic Warming,” five scientists at the University of Stockholm noted a 
number of anomalies in the pattern of warming in the Arctic atmosphere, and ruled 
out greenhouse-gas-induced amplifying feedbacks as the cause of Arctic warming. 
The authors instead identify changing wind patterns at high altitudes as the chief 
driver of recent Arctic warming; these winds were measurably lighter in 2008. “Our 
results do not imply,” the authors were careful to hedge, “that studies based on 
models forced by anticipated future CO2 levels are misleading when they point to the 
importance of snow and ice feedbacks. . . . Much of the present warming, however, 
appears to be linked to other processes, such as atmospheric energy transports.”5
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Sea Level
The sea level has been rising at a steady rate since reliable tidal gauges have been 
generating data—about 200 years. In fact, the sea level is thought to have been 
steadily rising since the end of the last Ice Age 10,000 years ago. Measuring sea level 
is not simple, as subsidence and geological movement of the continental plates will 
corrupt data from tidal gauges. High-quality satellite data has been available only 
since the early 1990s—not a very long record for a time series. For a good discussion 
of the issue and the methodological difficulties, see http://tidesandcurrents.noaa.gov/
sltrends/mtsparker.html.

Figure 10 displays average global sea level relative to a mean period from 1993 to 
2000, as calculated from satellite data by climate researchers at the University of 
Colorado at Boulder. While this slope looks alarming because of the short x-axis, it 
represents an average increase of about three millimeters a year, or about one foot per 
century.
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figure 10 
global mean sea level anomaly, 1993–2008
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Is there evidence that the rate of sea-level rise is currently accelerating on account of 
climate change? Some recently published research indicates that it is not. In a 2007 
article in Geophysical Research Letters, S. J. Holgate of the Proudman Oceanographic 
Laboratory in Liverpool, England, examined tidal records from nine gauges thought 
to have consistent and reliable data going back to 1904.6 (Three of the nine gauges 
are located in the United States.) Holgate concluded that “the high variability in 
the rates of sea level change observed over the past 20 years [was] not particularly 
unusual. The rate of sea level change was found to be larger in the early part of last 
century (2.03 ± 0.35 mm/yr 1904–1953), in comparison with the latter part (1.45 
± 0.34 mm/yr 1954–2003). . . . Over the entire century the mean rate of change 
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was 1.74 ± 0.16 mm/yr.” Holgate’s finding, it should be noted, is at odds with the 
conclusion of the 2007 report of the Intergovernmental Panel on Climate Change 
(IPCC), which found that sea level rise had accelerated substantially in recent 
decades. Holgate’s findings for the amount of sea level rise and the rate of sea level 
rise are shown in Figures 11 and 12. 

figure 11  
cumulative sea level rise, 1904–2003
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figure 12:  
global average rates of sea level change, 1904–2000
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Climate Policy Indicators
Scientists and commentators point to nearly everything as an indicator of climate 
change. Starting with the 12th edition, the Index of Leading Environmental Indicators, 
the Almanac’s predecessor, tracked three main policy-relevant indicators for climate 
change. They are: levels of ambient global greenhouse gases (principally carbon 
dioxide and methane), greenhouse gas emissions, and greenhouse gas intensity  
(i.e., the amount of greenhouse gases emitted per dollar of GDP). This latter metric, 
a measure of the change in energy efficiency relative to economic growth, is arguably 
the most important for policy purposes.

Figure 13 displays the trend in global CO2 concentrations in the atmosphere, taken 
from the monitoring series of the Mauna Loa Observatory in Hawaii. The global 
CO2 concentration increased by 1.78 parts per million in 2009, an increase of 0.46 
percent over 2008. This is a slight decrease over the rate at which CO2 has been 
accumulating for the last 20 years. This time series is often shown on a narrow 
x-axis scale, such that the increase in CO2 appears steep and rapid—“alarming” even. 
Sometimes very long-term CO2 levels are depicted on a logarithmic x-axis scale that 
produces even more dramatic but misleading imagery. Here the trend is displayed 
on a wider x-axis scale with two benchmarks to note: the pre-industrial level of 
atmospheric CO2, and the level representing a doubling of CO2 (about 550 ppm), 
which has become the arbitrary benchmark target for carbon stabilization at some 
future point, beyond which it is presumed—though far from proven—that dramatic 
harm to the planet will occur.
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figure 13  
atmospheric co2 concentration, 1959–2009
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Figure 13 makes evident an important fact typically left out of discussion: It has 
taken 200 years to go a little more than one-third of the way toward a doubling 
of CO2 levels in the atmosphere. The rate has increased only slightly since global 
economic growth started accelerating in the 1980s. At these rates, it will be well into 
the 22nd century before the CO2 level reaches twice its pre-industrial level. Most of 
the IPCC projections of high temperature increase from greenhouse gases assume 
that this trend will break sharply upward very soon—that the rate at which CO2 is 
accumulating in the atmosphere will more than double from the long-term historical 
trend. Intense controversy followed these projections, as discussed extensively in the 
Index starting with the ninth edition in 2004. Numerous economists and energy 
experts suggest that future emissions are being vastly overestimated because of faulty 
economic analysis.
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Roger Pielke Jr., Tom Wigley, and Christopher Green offered a notable contribution 
to this ongoing debate in the spring of 2008 with an analysis arguing that the IPCC 
forecasts significantly underestimate future greenhouse gas emissions; the authors 
point to data showing that the rise in GHG emissions in the first half of this decade 
came in far above the existing high-end projections.7 They argue that this makes the 
IPCC’s chief policy prescription—steep reductions in future GHG emissions—less 
likely to be attained, because the IPCC’s policy analysis has underestimated the 
technological challenge involved. In one sentence, Pielke and his team believe the 
IPCC’s emissions goals are not achievable.This is not a new critique. NYU physicist 
Martin Hoffert and a large number of colleagues published a challenging critique 
of the IPCC’s energy assumptions in Science magazine in 2002, igniting an earlier 
chapter of this controversy.8

Figure 14 displays U.S. CO2 emissions from 1980 to 2009, while Figure 15 displays 
the year-over-year change. One aspect to note in Figure 14 is that growth in CO2 
emissions was slow in the last decade even before the recession. CO2 emissions grew 
by 13 percent over the course of the Clinton Administration and about 3 percent 
during the Bush years before the recession began. Figure 15 in particular shows the 
effect of the severe recession of 2008–09 on emissions: U.S. CO2 emissions fell back 
to a level last seen in 1995.



Almanac of Environmental Trends124

figure 14  
u.s. co2 emissions, 1980–2009
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figure 15  
annual change in u.s. co2 emissions, 1991–2009
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The next level of refinement in this analysis is to consider measures of greenhouse 
gas intensity; that is, the amount of greenhouse gases emitted per dollar of economic 
output.  Whether to measure and compare energy and economic output on a 
purchasing power parity (PPP) basis or by market exchange rates (MER) is a subject 
of controversy among climate economists. Most lean toward using PPP, although 
Figure 16 uses MER. In any case, the figure shows that U.S. CO2 intensity, which is 
really a proxy for energy intensity, has declined 46 percent since 1980.
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figure 16  
u.s. greenhouse gas emissions intensity, 1980–2008
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The common but misleading view is that the United States is vastly less energy 
efficient than European nations. Figure 17 indicates that U.S. CO2 emissions 
intensity is about one-third higher than EU-15 emissions intensity. In fact, when 
measured on an output-adjusted basis, American GHG intensity is only slightly 
higher than the figures for the wealthy EU-15 nations. The American climate is 
warmer than Europe’s, and the larger geographical size of the U.S. requires us to use 
more energy transporting goods and people. When these differences are normalized, 
American and European energy use is more nearly equal.
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figure 17  
co2 emissions intensity, 2008
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Going forward, the most useful metric to watch will be the rate of change in CO2 

emissions intensity. Here, the record of the United States is enviable. Since 1991—
the year after the Kyoto Protocol benchmark was set—U.S. GHG intensity has 
declined by 28.8 percent, compared to 28.9 percent for the EU-15. (See Figure 18) 
Over the last five years, the improvement in U.S. GHG intensity appears to have 
been accelerating. The improvements in GHG intensity that Germany and the UK 
experienced are due partly to one-time extraordinary circumstances; in the case of the 
UK, decisions made prior to 1990 to make a transition from coal to natural gas for 
electricity generation accounts for much of the improvement, while Germany owes 
much of its improvement to the expedient of shutting down old inefficient facilities 
in the former East Germany after unification in 1991. By contrast, the comparable 
U.S. performance represents continuous improvements in efficiency.
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figure 18  
change in co2 emissions intensity, 1991–2008
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EPA, Wadeable Streams Assessment

U.S. Geological Survey, Water Quality 
Assessment Program and National 
Stream Quality Accounting Network

U.S. Department of the Interior, Fish 
and Wildlife Service

UC Davis, Tahoe Environmental 
Research Center 

Long Island Sound Study

Chesapeake Bay Program

Maryland Department of Natural 
Resources

Environment Canada

Major Findings:

 x Although water quality has improved substantially 
over the past 40 years, the federal government 
lacks good nationwide monitoring programs for 
assessing many basic water quality issues. Partly, 
this is due to the complexity and diversity of water 
pollution problems, which make a uniform national 
program methodologically difficult. Partial datasets 
and snapshots of particular areas provide a sense 
of where the main challenges remain.

 x Total water use in the United States has been  
flat for the last 30 years, even as population,  
food production, and the economy have  
continued to grow. In general the U.S. has 
improved water use efficiency by about 30  
percent over the last 35 years. 
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Major Findings Continued:
 x There is no inherent danger of a water shortage in America. In the average 

year, the United States uses only about 8 percent of the total amount 
of water that falls as precipitation within our borders. Regional water 
shortages and allocation issues will remain a challenge.

 x More than 90 percent of the American public is served by public water 
supply systems that do not violate any of the EPA’s increasingly strict 
contamination standards, up from 79 percent in 1993.

 x Wetlands are now increasing in the United States, after having declined for 
more than two centuries before the 1990s.

 x The Great Lakes, the largest freshwater bodies in the world, have complex 
water issues. One important set of measures—trace amounts of toxic 
chemical pollution—has shown sharp declines over the last 40 years, and 
some wildlife measures show significant rebounds.

 x The Chesapeake Bay and Long Island Sound both have shown significant 
progress in reducing many forms of environmental degradation, especially 
hypoxia (“dead zones”), while the Gulf of Mexico has gotten worse.
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Introduction
Along with the air we breathe, the water we drink and use for other purposes is the 
most important environmental asset on earth. Along with the belching smokestack, 
the June 22, 1969, fire on the Cuyahoga River in Cleveland is one of the iconic 
images of modern environmental consciousness (see sidebar for the little-known 
background of the Cuyahoga story). And next to the Clean Air Act, the Clean Water 
Act (and its related laws) is the most far-reaching environmental legislation on the 
books. 

Since 1970 the United States has spent more than $1 trillion on behalf of water 
quality. However, we lack reliable, systematic measurements of general water quality 
trends to match our consistent trend data for air quality. As the EPA notes, “The 
extent of surface waters and many key stressors [i.e., pollutants] are not currently 
tracked by national indicators. . . . Without consistent monitoring and assessment 
methods in place, EPA and states cannot compare data over time to identify trends 
in water quality.” In area after area of water quality, the EPA’s assessments begin 
with caveats such as “While information exists about many individual water bodies, 
consistent national indicators for recreational waters are not yet available.” Or, “There 
are no consistent national indicators for many aspects of ground water condition 
or extent.” But without a consistent, systematic means of measuring water quality 
trends, it is difficult to judge the returns from our large investment in water quality 
improvement, or determine what the next priorities should be.

Measuring water quality is more difficult than measuring air quality because of what 
might be called the Heraclitus problem. The ancient Greek philosopher wrote that it 
is impossible to step into the same river twice; because water moves and flows, when 
you stick your toe back in the water, it is a different river. Unlike air quality, where six 
major pollutants can be measured in a consistent, standardized way with a network 
of electronic monitors, water quality is difficult to assess comprehensively. There are 
not just six but dozens and dozens of different pollutants and pathogens that threaten 
water. The task is further complicated by the wide variety of water conditions to be 
measured—rivers, streams, wetlands, lakes, groundwater, and so forth—along with 
seasonal variations in water flows and the varying uses to which water is put. 
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The EPA rightly notes, “One of the challenges in assessing the extent and condition 
of water resources is that a single data collection method is rarely perfect for 
every situation.” Moreover, it is becoming clear that water quality issues will be 
best managed and monitored at the level of watersheds, and efforts at developing 
localized, watershed-specific management regimes are proceeding apace. But even 
contiguous watersheds, unlike the large urban airsheds that are the focus of air quality 
regulation and monitoring, can have quite different conditions. 
 
Despite these caveats, there is little doubt that water quality has improved since 
the first Earth Day, in 1970. It is commonplace to hear people say, “The Cuyahoga 
doesn’t catch fire any more,” and, as former EPA administrator William Ruckelshaus 
once put it, even if our waters are not all swimmable or fishable, at least they’re not 
flammable. This chapter will review a number of partial datasets and snapshots of 
water quality and review some of the numerous signs of the increasing sophistication 
of water quality protection and improvement across the country. 
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National Water Quality Indicators

WadeaBle streams assessment

For two decades the chief source of national water quality assessment was the 
National Water Quality Inventory (NWQI), which every two years collected 
data from the 50 states that rated surface waters according to whether they were 
“swimmable” or “fishable.” However, even limited to these two modest criteria, the 
NWQI was not a useful assessment; the quality and consistency of the state-collected 
data were so poor that the EPA always discounted the NWQI’s usefulness, stating 
in 2004 that “It is not appropriate to use the information in this database to make 
statements about national trends in water quality.” 

The EPA finally gave up on the NWQI, and it has launched the Wadeable Streams 
Assessment (WSA) in its place, describing it as “the first statistically defensible 
summary of the condition of the nation’s streams and small rivers.”1 (Small, 
“wadeable” streams and rivers account for 90 percent of river and stream miles in the 
United States.)

For the first time, the EPA and its partners in state government agencies are using 
a random sampling method to gather data from more than 1,300 streams and 
small rivers across the 48 contiguous states (efforts are underway to include Alaska 
and Hawaii in future iterations of the WSA). Aimed primarily at determining 
the biological, chemical, and physical condition of streams and rivers according to 
hundreds of measurements in more than 20 categories of water conditions, the first 
assessment breaks out the general condition of the nation’s streams according to the 
number of miles rated as being in “good,” “fair,” or “poor” condition. For the nation 
as a whole, the first assessment finds 41.9 percent of river and stream miles to be 
in “poor” biological condition, 24.9 percent in “fair” condition, and 28.2 percent in 
“good” condition. (See Figure 1)
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figure 1  
Biological condition of Wadeable streams—national
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Source: Wadeable Streams Assessment

The findings showed significant regional variations, as displayed in Figure 2. Western 
rivers and streams were in better condition than waters in the central plains and in 
the Eastern. The leading contaminants of streams are nitrogen and phosphorus, 
found in the typical runoff from agricultural activity.



Water Quality 135

W
AT

ER
 Q

UA
LI

TY

figure 2  
regional Breakdown
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Two points should be kept in mind. First, the designation of a “poor” condition covers 
a wide swath of problems—some of them naturally occurring (such as erosion)—
and should not necessarily be taken as a certain indicator of human pollution, or 
as meaning that the degradation of the river is severe. (See the sidebar “Mother 
Nature as Polluter?” for animal sources of water pollution.) It is also worth noting the 
internal structure of the WSA, in which a substantial majority of streams and rivers 
are ranked as being in “good” condition on individual indicators of stress; it is only 
when the cumulative effect of many different stressors is aggregated that the report 
yields the composite finding that 42 percent of the nation’s streams are in “poor” 
condition. 

In other words, relatively few streams are comprehensively polluted or degraded. This 
more detailed assessment will help policymakers better tailor individual measures 
for local problems. Second and more importantly, the WSA has established a 
baseline against which follow-up surveys can be made in order to judge trends and 
progress, allowing, for the first time, policies to be measured more precisely for their 
effectiveness.2 
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U.S. Geological Survey
The U.S. Geological Survey (USGS) produces the most extensive datasets on water-
related issues. The most notable are the stream-flow trend data, measurements of 
pesticide concentrations in rivers and streams, and the National Stream Quality 
Accounting Network (NASQAN). The USGS data tend to be unwieldy, broken 
down by region, or discontinuous (i.e., methodological changes interrupt time series), 
making national trend generalizations difficult to render. 

Two USGS datasets in particular are worth highlighting. The first is the 
measurement of high and low stream flows. Changes in stream flows are important, 
as ecosystems have evolved or adapted to normal seasonal variations in water 
levels. Many natural and man-made factors can affect stream flow, including dams, 
surface or groundwater withdrawals, and land cover changes such as deforestation 
or urbanization. The USGS has maintained stream flow gauges in some rivers and 
streams from as far back as the 1940s, permitting long-term trends to be plotted. 
The USGS and the Heinz Center for Science, Economics, and the Environment, 
through its ongoing State of the Nation’s Ecosystems project, constructed a stream flow 
series that uses the older stream flow data from 1941 to 1960 as a baseline to track 
changes starting in 1963, by which time the stream flow monitoring network had 
been expanded enough to provide national coverage. The USGS also divides streams 
into “reference” and “non-reference” categories, with “reference” streams being those 
that have not experienced any man-made changes such as dams or diversions. The 
USGS’s reference group totals about 700 streams, with about 1,000 in the non-
reference group.

The stream flow data are broken out in several different ways, but the most 
significant finding from the perspective of long-term trends is that flow variability 
(both high and low) has decreased since the early 1960s, as shown in Figures 3 
and 4. Figure 3 shows that on average fewer than 15 percent of both reference and 
non-reference streams experienced a greater than 30 percent increase in stream flow 
during the period, while slightly less than 7 percent experienced a greater than 60 
percent increase. 
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Figure 4 shows an increase, though only a modest one, in the streams experiencing 
decreased flow. The EPA comments: “Except for a few brief periods in the mid-1960s 
and again around 1980, decreased flow variability has been much more common 
than increased variability. Reference and non-reference streams have shown similar 
patterns in variability over time, although reference streams were slightly less likely 
to experience changes overall.” The similarity in trends between reference and non-
reference streams suggest that man-made changes to watersheds have had only a 
modest effect on overall stream flows. The spikes visible around the early 1960s and 
1980s in these two figures represent higher than average precipitation periods. (For a 
more comprehensive review of stream flow data, see the EPA’s summary in its Report 
on the Environment.3)

figure 3 
increased stream flow, 1961–2006
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figure 4  
decreased stream flow, 1961–2006
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Total Water Use
Water, along with sunlight, is the ultimate renewable resource; it falls from the sky 
somewhere every day. The stream flow data in the previous section, however, raise the 
common-sense question of whether our water use diverts too much water from lakes, 
streams and rivers, and groundwater aquifers, which store 30 times as much water as 
surface freshwater bodies. 

Long-term data on the amount of water used in the United States are displayed in 
Figures 5–8 below. Several observations emerge from the data:

 D After rising steadily from 1940 to 1980, total water use has leveled off over 
the last 30 years (Figure 5); per capita water use has declined 30 percent 
since 1975 (Figure 6).

 D The largest share of water used in the United States is for electric power 
generation, followed by agricultural irrigation (Figure 7). And in electric power 
generation most of the water is used to drive steam turbines. To be sure, 
much of the water used in the process of generating electricity is used for 
cooling (especially in nuclear power plants) and then returned to lakes and 
rivers. Use by industry and for residential consumption is far below these 
uses. Water use for electricity has been flat since the late 1970s, while total 
electricity generation has increased more than 50 percent since 1980—
another reflection of increased resource efficiency. Likewise, water use 
for irrigation is also flat since about 1980, while irrigated crop yields have 
continued to increase.4 (Overall food production in the United States is up 
35 percent since 1980, as measured by the World Bank’s Food Production 
Index.)

 D Sustainable use of groundwater remains a major concern: are we using up 
groundwater faster than aquifers can recharge? The short answer is, no one 
knows: our monitoring and models of groundwater supply are not adequate 
to give a reliable answer to this question.5 Leonard F. Konikow and John 
D. Bredehoeft’s 1992 paper “Ground-Water Models Cannot Be Validated” 
remains a seminal review of the limitations of current methodology.6 Figure 8 
displays long-term water withdrawal trends from surface and groundwater 
sources, showing that the amount of water drawn from both sources has 
been flat since 1980, after having nearly doubled in the previous 30 years. 
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 D One way of putting water use in perspective is to compare water with solar 
energy, as both ultimately come from the sky. It is popular to point out 
how little of the sun’s energy we are able to capture or convert (the best 
solar panels usually convert less than 20 percent of the sun’s energy into 
electricity). A similar analysis is seldom conducted for water. According 
to the World Bank’s World Development Indicators from 2006, the United 
States receives an annual average of 6,100 cubic kilometers of water from 
precipitation and uses 478.3 cubic kilometers for all purposes, or about 7.8 
percent of the total amount of precipitation. In other words, 92 percent of 
the precipitation that falls on the United States each year is not appropriated 
directly for human use. This suggests that in general the United States is not 
in danger of a water shortage.

 D Incidentally, according to the World Development Indicators, the global 
average for water productivity—that is, economic output per unit of water 
used—is $8.60 per cubic meter of water (measured in year 2000 dollars). 
For the United States, the figure is $20.90 per cubic meter of water.

 D Once again, the EPA notes deficiencies in our data about groundwater: 
“[T]here are currently no national indicators of ground water extent. 
Comprehensive national data do not exist, particularly in terms of real-time 
water level monitoring.” The EPA adds: “Although aquifer depletion can 
have serious effects, the opposite, far less common problem—too much 
ground water—can also be detrimental. Too much ground water discharge 
to streams can cause erosion and can alter the balance of aquatic plant and 
animal species, as has been reported in association with some mining sites.” 
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figure 5  
total Water used in the u.s., 1940–2005
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figure 6  
Per capita Water use in the u.s., 1940–2005
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figure 7 
major end uses of Water in the u.s., 1940–2005
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figure 8  
sources of Water supply, 1950–2005
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Drinking-Water Quality
The quality of drinking water is naturally of primary concern since, as with air, we 
must consume it to live from day to day. The EPA tests public water supply systems, 
which provide drinking water to more than 90 percent of the American population, 
to detect possible violations of the very strict health-based standards for contaminant 
levels of several hundred potentially harmful chemical compounds. Figure 9 shows 
that the proportion of the population served by public water systems with no 
violation of any contaminant standard rose from 79 percent in 1993 (the year national 
reporting began) to 94 percent in 2008. New, stricter standards were adopted for 
several contaminants (most famously arsenic) in 2001; about 2 percent of all water 
systems falling short of the new standards (shown in the colored bars in Figure 9) 
would have passed under the old standards. 

One of the EPA’s notes about limitations of this dataset is worth mentioning: “Some 
factors may lead to overstating the extent of population receiving water that violates 
standards. For example, the entire population served by each system in violation is 
reported, even though only part of the total population served may actually receive 
water that is out of compliance. In addition, violations stated on an annual basis may 
suggest a longer duration of violation than may be the case, as some violations may be 
as brief as an hour or a day.”
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figure 9  
u.s. Population served by Public Water systems  
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a primer on hypoxia

Hypoxia refers to oxygen deprivation in water; it occurs when the level of 
dissolved oxygen falls below two to three milligrams per liter. At this level 
fish and many mollusks die, leaving only bacteria behind. (A complete lack 
of oxygen is known as anoxia.) Hypoxia imposes substantial losses on 
coastal fishing industries in the Gulf of Mexico and elsewhere. There are 
typically large seasonal variations in hypoxia, and differences in annual 
precipitation levels also affect hypoxic events significantly. In addition to 
the Gulf of Mexico, other coastal and inland water bodies that experience 
persistent hypoxia include the Chesapeake Bay, Long Island Sound, Lake 
Erie, and—an outlier in many respects—the coastal waters off Oregon and 
Washington. 

The hypoxia in Oregon and Washington coastal waters is peculiar, as 
these waters are more remote from the major human pollution sources that 
cause hypoxia in most other areas (the Scientific Assessment of Hypoxia in 
U.S. Coastal Waters says directly that “hypoxia off Washington and Oregon 
is unique in that it is due to natural sources rather than anthropogenic 
sources”), prompting speculation that it may be the result of changing 
ocean currents, possibly related to the Pacific Decadal Oscillation (PDO).9

So not all hypoxia is man-made, though human activities often aggra-
vate naturally occurring hypoxia. The Scientific Assessment of Hypoxia 
notes that “naturally occurring oxygen depletion does occur, as in oceanic 
oxygen minimum zones, fjords, some stratified seas (e.g., the Black Sea), 
lakes and ponds, and swamps and backwaters that circulate poorly and 
have large loads of natural land-derived organic matter.”

National efforts to track and reduce hypoxia-causing pollution have been 
underway only since the late 1990s.
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NASQAN
The U.S. Geological Survey’s National Stream Quality Accounting Network 
(NASQAN) is a network of more than 600 monitoring stations located on major 
rivers nationwide. NASQAN is not designed to provide a statistical sample of overall 
water quality, but it is useful in tracking the progress of point-source pollution reduc-
tion, particularly from municipal sewage treatment plants, as well as providing data at 
several levels—local, regional, and river basin—for dozens of heavy metals, chemical 
compounds, and pesticide residues.7

Several NASQAN datasets provide useable trend information for some key water 
quality concerns, especially hypoxia (the “dead zone”) in the Gulf of Mexico and oth-
er areas. A recent federal government report finds hypoxia in American coastal waters 
to have risen sharply over the last 40 years, though some of this increase is the result 
of stepped-up detection efforts—we went looking where we hadn’t looked before.8

NASQAN monitors nitrate and phosphorus levels in the four largest river basins in 
the continental United States—the Mississippi, Columbia, Susquehanna, and St. 
Lawrence. These four rivers account for 55 percent of all fresh water flowing into 
the ocean from the continental United States; the Mississippi alone accounts for 40 
percent. Because all four of these river systems are in the heart of major agricultural 
production, they all bear the brunt of runoff of fertilizer and other chemicals. Nitro-
gen and phosphorus compounds especially contribute to the annual hypoxia in the 
Gulf of Mexico (shown in Figure 10), as well as degrading the water quality in the 
rivers themselves. 

Figure 10 displays trends in nitrate levels in the Mississippi River from 1955 through 
2004, showing an upward trend reflecting increased exposure to nitrogen-based 
fertilizers. (The years with the notable spikes—1983 and 1993—were years with well 
above normal precipitation, which increases runoff from farms and fields.) Figure 11 
displays the trends for the other three river systems, where the data over a shorter 
time span show only modest long-term changes in nitrate levels, and levels far below 
those observed in the Mississippi.
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figure 10  
nitrate levels in the mississippi river Basin, 1955–2004
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figure 11  
nitrate levels in the columbia, susquehanna,  

and st. lawrence river Basins, 1974–2002
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The trends for phosphorus are less adverse than for nitrates. Figure 12 displays phos-
phorus levels for the Mississippi, and Figure 13 displays phosphorus levels for the 
other three major river basins. The USGS has also produced assessments of nitrate 
and phosphorus levels in smaller streams and in agricultural watersheds, but the sam-
pling did not begin for some bodies of water until 2000, so there are no long-term 
trend data yet available.10

figure 12  
Phosphorus levels in the mississippi river Basin, 1975–2003
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figure 13  
Phosphorus levels in the columbia, susquehanna,  

and st. lawrence river Basins, 1971–2002
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figure 14  
extent of hypoxia in the gulf of mexico, 1985–2010 
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Pointing to the rising amount of nitrogen compounds that contribute to Gulf of 
Mexico hypoxia, as displayed in Figures 10 and 14, leaves unanswered the question of 
why these levels are rising when most other resource inputs and pollution measures 
are falling. (Other coastal areas of the U.S. that experience hypoxia, particularly Long 
Island Sound, are mostly experiencing improvement in their conditions.) One factor 
is perverse incentives in well-meaning but ill-designed subsidy and conservation 
programs in the Mississippi River basin farm belt, especially subsidies for ethanol-
related corn production. In the absence of ethanol subsidies, less corn would be 
produced and less fertilizer used. 
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A 2008 study published by the National Academy of Sciences observed that 
“Nitrogen leaching from fertilized corn fields to the Mississippi-Atchafalaya 
River system is a primary cause of the bottom-water hypoxia that develops on the 
continental shelf of the northern Gulf of Mexico each summer.” The study concluded 
that our current ethanol production goals will increase dissolved inorganic nitrogen 
(DIN) flowing into the Gulf by as much as 34 percent, and could make it impossible 
to achieve the federal targets for reducing Gulf hypoxia:

Generating 15 billion gallons of corn-based ethanol by the year 2022 
will increase the odds that annual DIN export exceeds the target set 
for reducing hypoxia in the Gulf of Mexico to >95%. Examination 
of the extreme mitigation options shows that expanding corn-based 
ethanol production would make the already difficult challenges of 
reducing nitrogen export to the Gulf of Mexico and the extent of 
hypoxia practically impossible without large shifts in food production 
and agricultural management.11
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figure 15 
 nitrogen loading into long island sound
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figure 16  
area and duration of long island sound hypoxia
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case study: long island sound

Long Island Sound presents a useful contrast with the Gulf of 
Mexico, because Long Island Sound has experienced significant 
improvement in hypoxia over the last 15 years, while gulf hypoxia 
has worsened. Back in 1985 the EPA set in motion the Long Island 
Sound Study (LISS), which has developed 40 indicators of environ-
mental conditions in and around the sound, while state and local 
efforts in New York and Connecticut were directed at remediating 
specific causes of the sound’s water quality problems.12 

A few highlights from the LISS are worth noting. The region has 
been making slow but steady progress in its goal of reducing 
nitrogen discharge from all sources by 58 percent by the year 2014 
(Figure 15). Hypoxia levels, which are worst in the western reaches 
of the sound—that is, the waters that are closest to New York City 
and where there is the least circulation of ocean currents—show 
wide year-over-year variability (a reflection of rainfall variation more 
than pollution levels), as shown in Figure 16. Chlorophyll levels 
have displayed a sharp spike in recent years after more than a 
decade of steady decline (Figure 17).
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figure 17  
long island sound chlorophyll levels
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Wildlife indicators show a mixed picture. The number of nesting osprey tripled 
between 1984 and 2001 (the most recent dataset available; see Figure 18); this trend 
tracks the similar upward trend in osprey seen around the Great Lakes. The number 
of piping plovers has begun to increase in recent years after being flat from 1984 
through 2000. The number of nesting least terns, on the other hand, has declined 
about 25 percent since 1985; however, the 2006 LISS reports encouraging signs of a 
turnaround in recent years: “What is extremely encouraging is the increase in young 
fledged per nesting pair, which in Connecticut was 1.32 during 2004 compared to 
0.11 in 2000. From Connecticut’s 239 pairs in 2000, only 26 young were fledged. 
However, in 2004 the number of young fledged from 158 pairs was high at 209.” 
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case study: the chesapeake bay

The Chesapeake Bay is another of America’s great interstate estuaries and coastal 
waterways, with its watersheds and coastlines comprising 64,000 square miles in 
six states. The jewel of the mid-Atlantic offers an embarrassment of riches when it 
comes to monitoring and remediation efforts. By our count, the bay is the subject of 
study by eight federal agencies, 13 state government agencies, and 15 academic 
research initiatives. In addition, three significant public-private partnerships produce 
synoptic assessments—the Chesapeake Bay Program, the Chesapeake Bay 
Foundation, and Chesapeake EcoCheck (a partnership of the National Oceanic and 
Atmospheric Administration and the University of Maryland Center for Environmental 
Science). In addition, by one count, there are 73 voluntary Chesapeake Bay 
watershed organizations—Tocqueville would smile.

The Chesapeake Bay Program tracks trends for 19 primary indicators (and many 
more subsidiary indicators), as well as producing a composite index (the Bay 
Barometer) of the health of the Bay, and it offers its work on a very user-friendly 
website, http://www.chesapeakebay.net/status_factorsimpacting.aspx. The 
Chesapeake Bay Foundation (www.cbf.org) produces an annual report card, the 
State of the Bay (SOTB), based on 13 primary indicators of the bay’s ecological 
health.13 The SOTB uses a scale of 1 to 100 for each indicator, allowing relative 
conditions and progress to be judged, and it assigns letter grades for the current 
year’s progress and overall score. The 2008 SOTB gives an overall score of 28, up 
from a low point of 23 in 1983, but down from 29 in 2006. (The goal is to reach a 
score of 70 by the year 2050, which the Chesapeake Bay Foundation believes will 
represent the level at which the bay can be judged to have been “saved.”) On the 
individual indicators, the SOTB gives five Fs, four Ds, two Cs, one B, and only one A 
(for rockfish population). Although the bay is near the threshold of improvement on 
the CBF’s scorecard, at the present time the CBF judges the Bay to be “dangerously 
out of balance.”

Fish trends are equally mixed. Winter flounder numbers are down significantly since 
1984, but the summer flounder population has increased sharply over the past five 
years. Striped bass have made a major comeback. Overall fish biomass has held steady 
or increased slightly over the last decade. Aquatic vegetation (especially eel grass) has 
notched major improvements.

figure 18  
nesting adult osprey
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State and local governments, along with private conservation organizations, have 
undertaken an ambitious Habitat Restoration Initiative. Efforts at restoring coastal 
wildlife habitat are only at 28 percent of the region’s goal, but efforts to improve fish 
passageways reached the 2008 target two years early, and are on course to reach the 
new 2011 target (Figures 19 and 20). Figure 21 shows the trends in coastal wetlands 
in Connecticut, where efforts to reverse wetland loss and create new wetlands 
stalled out in 2003 (the most recent year for which data are reported) after steady 
improvement for the prior decade.

figure 19  
coastal habitat restoration
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figure 20  
fish Passageway restoration
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figure 21  
connecticut Wetland trends
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The Long Island Sound Study, along with the protection/restoration efforts it enables 
us to measure, is a model of state and local cooperation on behalf of the environment. 
Above all, the LISS indicators show that despite the significant population pressures 
of the region (nine million people live in the Long Island Sound watershed), the area 
is far from being in a state of ecological collapse. To the contrary, the LISS indicators 
suggest a picture of a region long assailed by development pressures that is turning a 
corner toward sustained improvement. 



Water Quality 163

W
AT

ER
 Q

UA
LI

TY

case study: the chesapeake bay

The Chesapeake Bay is another of America’s great interstate estuaries 
and coastal waterways, with its watersheds and coastlines comprising 
64,000 square miles in six states. The jewel of the mid-Atlantic offers an 
embarrassment of riches when it comes to monitoring and remediation 
efforts. By our count, the bay is the subject of study by eight federal 
agencies, 13 state government agencies, and 15 academic research 
initiatives. In addition, three significant public-private partnerships 
produce synoptic assessments—the Chesapeake Bay Program, the 
Chesapeake Bay Foundation, and Chesapeake EcoCheck (a partnership 
of the National Oceanic and Atmospheric Administration and the 
University of Maryland Center for Environmental Science). In addition, 
by one count, there are 73 voluntary Chesapeake Bay watershed 
organizations—Tocqueville would smile.

The Chesapeake Bay Program tracks trends for 19 primary indicators 
(and many more subsidiary indicators), as well as producing a composite 
index (the Bay Barometer) of the health of the Bay, and it offers its work 
on a very user-friendly website, http://www.chesapeakebay.net/status_
factorsimpacting.aspx. The Chesapeake Bay Foundation (www.cbf.org) 
produces an annual report card, the State of the Bay (SOTB), based on 13 
primary indicators of the bay’s ecological health.13 The SOTB uses a scale 
of 1 to 100 for each indicator, allowing relative conditions and progress 
to be judged, and it assigns letter grades for the current year’s progress 
and overall score. The 2008 SOTB gives an overall score of 28, up from a 
low point of 23 in 1983, but down from 29 in 2006. (The goal is to reach 
a score of 70 by the year 2050, which the Chesapeake Bay Foundation 
believes will represent the level at which the bay can be judged to have 
been “saved.”) On the individual indicators, the SOTB gives five Fs, four 
Ds, two Cs, one B, and only one A (for rockfish population). Although the 
bay is near the threshold of improvement on the CBF’s scorecard, at the 
present time the CBF judges the Bay to be “dangerously out of balance.”
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The Bay Barometer offers more detailed metrics that allow for greater appreciation 
of the substantial progress being made, while not shortchanging the difficult 
problems remaining. The Bay Barometer offers two summary metrics also on a 
scale of 1 to 100—one for overall Bay Health, comprising several measures of 
water quality and benthic activity, and the other for Restoration and Protection 
Efforts, comprising several efforts at pollution reduction and ecosystem protection 
and restoration (such as reforestation and wildlife protection). In 2009, Bay 
Health clocked in at 45 percent, up from 37 percent when the Bay Barometer 
was launched in 2006, while Restoration and Protection Efforts registered at 64 
percent of the goal. Both of these are noticeably higher assessments than those in 
the Chesapeake Bay Foundation’s State of the Bay report card (Figure 22). 

Chesapeake EcoCheck also produces a 1–100 report comprising six benthic 
and water quality variables. EcoCheck’s overall Bay Health Index stood at 46.2 
in 2009, very close to the Bay Barometer’s Bay Health score of 45. EcoCheck’s 
Health Index time series, however, extends back to 1986, and therefore offers 
a longer perspective (Figure 23). The Eco-Check series shows an essentially 
flat trend for the 23 years it covers, which can be read both optimistically 
(further deterioration has been halted despite continued population growth) 
and pessimistically (little progress has been made despite large investments in 
water quality in the region). EcoCheck notes “the variability of Bay health scores, 
and how this inter-annual variation corresponds to changes in rainfall or river 
discharge. During wet years the Bay’s health deteriorates and during dry years 
it improves. This is particularly noticeable in the 2000 to 2003 period when 
successive dry years resulted in one of the highest BHI scores, 54, but the wet 
condition of 2003 resulted in a rapid decrease to one of the lowest on record, 36.”14
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figure 22  
chesapeake Bay Barometer
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figure 23  
chesapeake ecocheck Bay health index
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A few of the “internals” of both the Bay Barometer and the EcoCheck 
metrics illuminate how extensive are the exertions on behalf of restoring the 
Chesapeake Bay, along with how slow and difficult it is to achieve progress. 
The region has made costly efforts to reduce nutrient runoff from wastewater 
treatment facilities and agricultural sources. The Bay Barometer’s metrics 
show substantial progress in implementing pollution reduction plans, with 
some locally significant success stories. 

For example, a September 2010 report from the U.S. Geological Survey 
noted that “Total phosphorus from the [Patuxent River] watershed declined 
by 75 percent from 1978 through 2000, and was essentially unchanged from 
2000 through 2008. Nitrogen decreased by about 26 percent from 1978 
through 2000 and an additional 15 percent from 2000 to 2008.” Other main 
watersheds have shown either slight declines, or slight increases. The long-
term trend in nitrogen and phosphorus levels in the bay have declined only 
slightly, with variance in water flow affecting the year-over-year variation 
more than efforts to limit human-generated pollution (Figures 24 and 25).
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figure 24  
trends in chesapeake Bay nitrogen loads  

and average river flow
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figure 25  
trends in chesapeake Bay Phosphorus loads  

and average river flow
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Other indicators have shown more substantial progress, including a strong rebound 
in rockfish and blue crab populations (Figure 26), and strong growth in underwater 
grass beds (Figure 27). 

figure 26  
estimated total Blue crab Population in the chesapeake Bay
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figure 27  
chesapeake Bay submerged aquatic vegetation
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Yelling “fire” in a crowded river: 
the cuyahoga story

The Cuyahoga River fire continues to be a prominent and compelling image 
of man’s relationship to the natural environment. Immortalized in song (Randy 
Newman’s “Burn On” and R.E.M’s “Cuyahoga”), and fodder for countless 
Cleveland-bashing jokes from standup comics, the incongruously short-lived 
fire (it was put out in about 20 minutes, causing a mere $50,000 in damage to 
a railroad trestle) burns on in memory. “You would think that people would 
forget about it after all this time—but no,” Jim White, executive director of the 
Cuyahoga River Community Planning Organization, told the Cleveland Plain 
Dealer. “I had a visitor here from Russia recently and the first thing he wanted 
to see was where the river burned.”1

Much of what we think we know about the Cuyahoga River fire is myth, as 
Jonathan Alder noted in the most detailed scholarly survey of the episode, 
and the deeper story about the Cuyahoga offers important lessons about 
familiar patterns of environmental thought that need revising to meet new 
circumstances.2 “The conventional narratives, of a river abandoned by its local 
community, of water pollution at its zenith, of conventional legal doctrines 
impotent in the face of environmental harms, and of a beneficent federal 
government rushing in to save the day, is misleading in many respects,” Adler 
wrote in “Fables of the Cuyahoga.” “For northeast Ohio, and indeed for many 
industrialized areas, burning rivers were nothing new, and the 1969 fire was less 
severe than prior Cuyahoga conflagrations. It was a little fire on a long-polluted 
river already embarked on the road to recovery.” 

The Cuyahoga and other rivers had experienced more severe fires repeatedly 
over the decades stretching back into the 19th century; indeed, a 1936 fire 
on the Cuyahoga River burned for five days.3 Over in Chicago, waste from 
the meatpacking industry so fouled an urban arm of the Chicago River that 
it became known as “Bubbly Creek.” Upton Sinclair memorialized it in his 
muckraking exposé of the meatpacking industry, The Jungle:
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“Bubbly Creek” is an arm of the Chicago River, and forms the 
southern boundary of the yards: all the drainage of the square 
mile of packing houses empties into it, so that it is really a great 
open sewer a hundred or two feet wide. One long arm of it is 
blind, and the filth stays there forever and a day. The grease and 
chemicals that are poured into it undergo all sorts of strange 
transformations, which are the cause of its name; it is constantly 
in motion, as if huge fish were feeding in it, or great leviathans 
disporting themselves in its depths. Bubbles of carbonic acid 
gas will rise to the surface and burst, and make rings two or 
three feet wide. Here and there the grease and filth have caked 
solid, and the creek looks like a bed of lava; chickens walk about 
on it, feeding, and many times an unwary stranger has started 
to stroll across, and vanished temporarily. The packers used to 
leave the creek that way, till every now and then the surface 
would catch on fire and burn furiously, and the fire department 
would have to come and put it out.4

By 1969 local efforts to improve water quality in Cleveland were starting to 
make headway, but they were ironically impeded by bureaucratic red tape. As 
Adler explained:

Cleveland had embarked on a long and costly cleanup effort 
before the Cuyahoga became a national symbol. Subsequent 
federal efforts received more attention—and far more credit—
but it appears the tide was turning well before Congress enacted 
the 1972 Clean Water Act. One problem Cleveland faced was 
that the Cuyahoga was treated as an industrial stream, and state 
permits inhibited local cleanup efforts. Public nuisance actions 
and enforcement of local pollution ordinances, in particular, 
were precluded by state regulation, while federal laws protecting 
commercially navigable waterways went largely unenforced.5
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Local efforts to reverse the Cuyahoga’s pollution prior to the 1969 fire 
included a $100-million bond issue to finance river cleanup, litigation 
against polluters, and greater enforcement of state water pollution control 
statutes—measures that received much of their support from the Cleveland 
business community. The federal government provided “not one dime” of 
assistance, despite the Cuyahoga’s role as one of the main polluters of Lake 
Erie, a major interstate body of water. Cleveland had also enacted one of 
the toughest local air pollution laws before the federal Clean Air Act.

The Cuyahoga River fire of 1969, along with the contemporaneous Santa 
Barbara oil spill, is said to have been an impetus behind the passage of the 
federal Clean Water Act and other landmark legislation near the time of 
the first Earth Day—legislation widely considered to mark the beginning 
of serious efforts to clean up our air, water, and other resources. As Adler 
shows, this conventional narrative has numerous defects, omissions, and 
counterintuitive conclusions—points that other scholars have amplified 
in recent years.6 The enhanced federal role in environmental protection 
and the founding of the EPA in 1970 are certainly important and have 
had large positive effects, but a balanced view will keep in mind additional 
dynamic factors in the story—especially whether the top-down model of 
the 1970s should still be the default model for environmental protection in 
the 21st century.

Meanwhile, how is the Cuyahoga River doing 40 years later? The Cleveland 
Plain Dealer reports that when the Ohio state EPA began assessing fish 
populations in the Akron-to-Cleveland stretch of the Cuyahoga in the 
1980s, their field biologists would often come back with a count of 10 
fish or less. Not 10 species, but 10 actual fish total. But when biologists 
visited the same stretch last summer, they found 40 different species now 
thriving in the Cuyahoga, including steelhead trout and northern pike. 
Steve Tuckerman of the Ohio state EPA told the Plain Dealer: “It’s been an 
absolutely amazing recovery. I wouldn’t have believed that this section of 
the river would have this dramatic of a turnaround in my career, but it has.” 
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Indeed, the Cuyahoga is expected this year to meet the Federal Clean Water 
Act’s stringent standard for healthy habitat for aquatic life. Quite a contrast 
from the early years after the 1969 fire, when a federal report found that “The 
lower Cuyahoga has no visible signs of life, not even low forms such as leeches 
and sludge worms that usually thrive on wastes.” 
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case study: lake tahoe

The gradual decline in the legendary crystal clarity of Lake Tahoe in the 
Sierra Nevada has long been an environmental concern. For a generation 
it has been the focus of major efforts to reduce surface runoff into the lake, 
which have cost more than $500 million over the last decade. Researchers 
at the Tahoe Environmental Research Center (TERC) at the University 
of California at Davis have conducted a long-term, detailed monitoring 
effort, measuring numerous variables related to water quality (nutrient 
and pathogen levels, precipitation, lake levels, even forest fire effects) and 
working on understanding what levels of controls over pollution and runoff 
will be necessary to restore the lake’s historical clarity level, which still 
prevailed as of a half-century ago.15 

The variables listed above are among the multitude of important factors 
affecting Lake Tahoe, but the clarity of the lake is not only the most 
accessible measure but is also the best proxy for the cumulative effect 
of most of the other metrics. The long-term trend from the late 1960s to 
today shows a decline in clarity of about one-third, as shown in Figure 28. 
(Lake Tahoe clarity is measured by what is called the “Secchi depth,” the 
depth at which a white dinner-plate-sized disk disappears from sight at the 
surface.) There are signs that the degradation of Lake Tahoe clarity may 
have been halted over the last decade, and that the lake may be poised 
for recovery. The latest TERC State of the Lake report (2010) notes that 
“In the last nine years, Secchi depth measurements have been better than 
predicted by the long-term linear trend. Statistical analysis suggests that 
the decline in Lake Tahoe’s clarity has slowed.” The report goes on to note 
that the slight reversal seen over the last two years is probably the result of 
higher precipitation levels.
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figure 28  
lake tahoe Water clarity

0 

20 

40 

60 

80 

100 

120 

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 

F
e
e
t 

Source: TERC



Almanac of Environmental Trends178

Wetlands
The reversal in wetlands loss is one of the larger success stories in the environment 
in the last generation. In the 1950s the United States was losing about 500,000 acres 
of wetlands a year (about 780 square miles—more than twice the size of the five 
boroughs of New York City).16 The most recent wetlands report of the Department of 
the Interior’s Fish and Wildlife Service (2006) plots the steady reversal of this trend 
decade by decade, as shown in Figure 29. The Fish and Wildlife Service’s finding that 
the U.S. is gaining back about 32,000 acres of wetlands a year is corroborated by a 
separate dataset from the Department of Agriculture’s National Resources Inventory 
for 1997–2002, showing a net gain in wetlands of 26,000 acres a year.

figure 29  
Wetlands loss, mid-1950s–2004
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The Great Lakes
As the largest freshwater bodies in the world, containing 18 percent of the world’s 
total supply of fresh water, the Great Lakes are a pre-eminent environmental concern. 
At the time of the first Earth Day, in 1970, it was popular to say that Lake Erie was 
“dead,” especially since the Cuyahoga River—the one that caught fire in Cleveland—
drained into it. 

Today the level of the Great Lakes is about 18 inches below average—the result of 
several years of below-average rainfall and snowfall in the region. While the Great 
Lakes continue to face significant environmental challenges, there are, as with the 
Chesapeake Bay, many signs of significant progress. The EPA has developed a 
framework for tracking conditions and trends in the Great Lakes with more than 
100 indicators, although many of these lack adequate data for drawing firm conclu-
sions. The annual report State of the Great Lakes nonetheless provides a wealth of data 
enabling policymakers to identify areas of progress and the conditions that remain 
problematic.17 Among the highlights of the EPA’s State of the Great Lakes draft report 
for 2009 (the most recent one available):

 D The overall quality of the finished drinking water in the Great Lakes basin 
can be considered good. The potential risk of human exposure to the noted 
chemical and/or microbiological contents, and any associated health effect, 
is generally low.

 D The EPA judges several indicators of benthic conditions to be “mixed” and/
or “deteriorating,” chiefly because of low or declining numbers of proxies 
such as Diporeia (a macroinvertebrate that looks like a tiny shrimp) and 
Aquatic Oligochaetes (a species of freshwater worm).

 D Levels of phosphorus runoff have been flat or declining slowly in most of the 
Great Lakes, though the runoff into Lake Ontario—the lake with the highest 
levels in 1970—has declined more than 75 percent.

 D Populations of salmon and trout have increased more than tenfold since 
the mid-1960s; meanwhile, contaminants in Great Lakes fish have fallen to 
levels such that the fish are safe for eating most of the time. As recently as 
the late 1980s, contaminant levels were such that advisories against eating 
any fish were in widespread effect. Since the early 1980s levels of dioxin-
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related compounds have fallen more than 90 percent in most waters of the 
Great Lakes, though some local areas of elevated levels remain. The EPA 
judges the level of contaminants in the Great Lakes fish population to be 
“improving.”

 D Heavy metal and toxic chemical concentrations have been monitored in 
lakebed sediments, bird eggs, multiple species of fish, and even snapping 
turtle eggs. Table 1 displays the declines detected in lakebed sediment 
samples in two survey periods: 1968–1972 and 1997–2002. Figure 30 
shows the major decline in levels of DDE (Dichlorodiphenyldichloroethylene, 
a breakdown product of DDT) in herring gull eggs from samples drawn at 
Toronto Harbor on Lake Ontario, the Great Lake with the highest historic 
pollution levels. DDT and its breakdown compounds such as DDE cause 
some birds, including bald eagles and herring gulls, to lay eggs with 
abnormally thin shells, which hinders reproduction.  

table 1  
estimated Percentage decline in sediment concentrations  
in great lakes and lake st. clair, 1968–1972 v. 1997–2002

Lake 
Ontario

Lake 
Erie

Lake 
St. Clair

Lake 
Huron

Lake 
Superior

Mercury 73 37 89 82 0

PCBs 37 40 49 45 15

Dioxins 70 NA NA NA NA

HCBs 38 72 49 NA NA

Total DDT 60 42 78 93 NA

Lead 45 50 74 43 10

Source: Environment Canada



Water Quality 181

W
AT

ER
 Q

UA
LI

TY

 D Trends in bird populations are decidedly mixed. Out of 18 species of wetland 
birds such as terns, wrens, and blackbirds, only six are experiencing 
increases in population, while the rest are deteriorating. However, 
populations of bald eagles, osprey, and cormorants have seen major 
rebounds. Figure 31 displays the growth in the population of nesting double-
crested cormorants in Lake Ontario. In a release titled “Winning the War 
on Contaminants,” Environment Canada (Canada’s EPA) comments: “The 
cormorant disappeared as a nesting bird on Lakes Michigan and Superior 
and only about 10 pairs remained on Lake Ontario. From 1973 to 1993, 
however, the cormorant population increased over 300-fold to more than 
38,000 pairs. The cormorant is now more numerous on the Great Lakes 
than at any time in its previously recorded history.”18 (Emphasis added.) 
Figure 32 shows the growth in osprey populations between the 1960s and 
the early 1990s.

figure 30  
dde levels in herring gull eggs, toronto harbor
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figure 31  
double-crested cormorant nests (Breeding Pairs)  

on lake ontario
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figure 32  
reproductive success of great lakes osprey

Source: EPA
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The Great Lakes now serve as an example of how the ecological balance can be dis-
rupted less as a byproduct of industrial and agricultural activity and more as a byprod-
uct of our interconnected world. The most significant threat to the ecological balance 
of the Great Lakes no longer comes mainly from industrial pollution or toxics, but 
from biological imbalances. The proliferation of zebra mussels, a non-native species 
that has entered the Great Lakes region chiefly in the ballast water of cargo ships, 
currently presents one of the more significant environmental challenges for the Great 
Lakes. The zebra mussel is only one of more than a hundred non-native or “exotic” 
species now found in the Great Lakes. These exotic species crowd out habitat of 
indigenous species. Yet the Great Lakes Initiative and many environmental activists 
continue their crusade against chlorine and other synthetic chemicals that no longer 
pose a serious threat. 

Professor Bill Cooper of Michigan State University comments: “If one wished to 
allocate scarce monetary and human resources so as to maximize the reduction in 
ecological risk per unit of resource expended, one would do more good by regulating 
and/or limiting the introduction of exotics than by obtaining marginal reductions in 
trace levels of existing toxicants.” Michigan and other states have developed aquatic-
nuisance management plans, and ships transiting the Great Lakes now face a bevy of 
requirements designed to eliminate the discharge of biologically contaminated water.
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the everglades:  
restoration lagging

There is less encouraging news to report about Florida’s Everglades 
restoration effort. The National Research Council’s Second Biennial Review 
of Progress toward Restoring the Everglades was released in 2008, and 
this 271-page review essentially concludes that there has been little or 
no progress.19 Despite the commitment of billions of dollars in state and 
federal funds and enthusiastic support for the project from Florida’s state 
government, “The Comprehensive Everglades Restoration Plan (CERP) has 
made only scant progress toward achieving restoration goals and is mired in 
budgeting, planning, and procedural matters.” Although the CERP was set 
in motion back in 2000, “as of mid-2008, the first components of the project 
have not been completed,” including the development of protocols and 
baselines for performance measures. The report warns that without greater 
“political leadership to align research, planning, funding, and management 
with restoration goals, the Restoration Plan could become an abbreviated 
series of disconnected projects that ultimately fail to meet the restoration 
goals.” The report speculates further that the entire effort will lose public 
support.

As it took decades to degrade the Everglades ecosystem, it will surely take 
decades for a remediation effort to pay off. There are a few signs of small 
progress, including the reversal of the channelization of the Kissimmee River 
and plans for the state of Florida to acquire nearly 180,000 acres of land 
currently used for unnecessary sugar cane production. Overall, however, 
the Biennial Review paints a picture of a procedural and bureaucratic 
morass—not a model of effective environmental restoration. A reform of the 
paperwork-and-meeting–to–effect ratio probably needs to be undertaken, 
moving toward a simpler and more direct approach to the problem. An 
Everglades “czar” perhaps?
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toxIc chemIcAls
and Other Environmental Health Risks

Primary SourceS  

Environmental Protection 
Agency, Toxics Release 
Inventory

Department of Agriculture, 
Pesticide Data Program

Centers for Disease Control, 
National Report on Human 
Exposure to Environmental 
Chemicals

Food and Drug Administration, 
Pesticide Monitoring Program

Major Findings:

 x The total amount of toxic chemicals used in American 
industry is steadily declining—a measure of resource 
efficiency.

 x Hazardous waste is declining. After a slow start, 
human exposure to toxic chemicals at Superfund 
sites has declined by more than 50 percent over the 
last decade.

 x Levels of most heavy metals and synthetic chemicals 
in human blood, tissue, and urine samples are either 
very low or declining.

 x Dioxin compounds in the environment have declined 
more than 90 percent over the last two decades.

 x After rising steadily for several decades, cancer rates 
peaked in the early 1990s and have been declining.
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Introduction: 
Thinking about Chemical Risks

Pop quiz: 
Which is more dangerous to you, your pet dog or the chemical 

trichloroethylene in trace amounts in your drinking water? 

The answer may surprise you.

Perhaps no area of environmental concern generates more anxiety among the public 
than the risk from toxic chemicals. Unlike dirty air or water, toxic chemicals are 
usually unseen; we worry that they may even be in our food, from chemical additives 
and pesticide residue. Unlike air and water quality, where we have consistent 
measures of the trends, it is difficult to get a sense of what progress we are making in 
reducing risk from toxic chemicals. What trend data we do have, such as the Toxics 
Release Inventory, are not that helpful in conveying a sense of relative risk. Moreover, 
chemical risks are frequently blown out of proportion in the news media and by 
activist groups with an agenda. Such episodes are always effective in raising the 
anxiety level of the public. 

Few things are more frightening to an ordinary citizen than a vague threat from a 
hard-to-pronounce chemical compound. The story line could run as follows: “Did 
you know, neighbor, that XYZ Corporation down the street currently releases 10,000 
gallons a day of a substance called di-hydrogen oxide? This is a totally unregulated 
substance that kills more than 4,000 people a year!” Di-hydrogen oxide, however, is 
simply another name for plain old ordinary water. 

On the other hand, people tend to treat some chemical risks in a more casual manner. 
When a ban on the sweetener saccharin was announced years ago because it was 
thought to pose a tiny cancer risk, consumers responded by rushing to the stores to 
buy up existing supplies before the product disappeared.

To deal with toxic risks, Congress has enacted over the years an alphabet soup of laws 
and regulations. The methods the government currently uses to evaluate and regulate 
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chemical risks are extremely complicated, and are likely always to be so. Because there 
is uncertainty about our scientific estimates of risk from various chemicals, current 
regulations aim for a wide “margin of safety.” Because “toxic” substances in minute 
amounts are not harmful, however, it makes little sense to adopt a standard of “zero 
exposure.” (For one thing, many toxic chemicals occur naturally. For example, the 
cassava root, a major food crop in Africa and South America, contains cyanide, but 
the amount is so small that it poses no threat to humans.) 

The basic method used is to test a chemical on laboratory animals (typically rats) 
to find the highest amount of exposure at which no harmful effect occurs. Then 
this amount is divided by 100 or more to generate a margin of safety for human 
exposure. If a chemical has been found to cause cancer in rats, the government uses 
a safety factor that seeks the maximum protection for humans against getting cancer 
from a lifetime’s worth of exposure to the chemical. There is no specific safety factor 
mandated by law, but the EPA sometimes raises the red flag at a one in one million 
risk threshold—i.e., a chemical may be banned or heavily restricted if it poses a one in 
one million risk that a lifetime’s worth of exposure might cause cancer.

This level of risk regulation is out of all proportion to the regulation of other kinds 
of risks citizens face in their lifetimes. The statistical margin of safety applied to 
chemicals is higher than the margin of safety applied to any other kind of risk we 
face. It is not unusual for this one-in-one-million risk threshold to lead the EPA to 
propose banning a substance that will, according to the statistics, prevent one death a 
year. Yet about one death per year results from someone ingesting a toothpick—a fact 
that a federal appeals court noted in rejecting an EPA proposal to ban some asbestos 
products that posed an even lower statistical risk than toothpicks.1 According to the 
National Safety Council, the lifetime risk of being killed by a dog is one in 700,000, 
and most dog-related fatalities happen to children. Dogs, toothpicks, common 
bathroom cleaners, airplanes, automobiles, and a host of other ubiquitous products 
and activities would be banned or heavily regulated if we applied the same statistical 
safety threshold the government uses for chemicals.

A related anxiety about chemicals and pesticides is that they may be somehow 
“bioaccumulative”—i.e., while no single chemical may be harmful in small amounts, 
the combination of many synthetic chemicals over time may pose a serious risk. Some 
chemicals have been found to be both harmful and bioaccumulative; the element 
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mercury is a good example. The most harmful of the man-made chemicals, such as 
polychlorinated biphenyls (PCBs), have already been eliminated from production 
and use, and the EPA continues to study the issue. Meanwhile, evidence suggests 
that both humans and wildlife have considerable resiliency in dealing with chemical 
residues. Figure 1 displays the decline in DDT residues in human tissues that 
followed the phaseout of DDT in the early 1970s. DDT, it should be pointed out, 
was not found to be a carcinogen, but was banned because of its harm to wildlife. 

Finally, there is the well-established reality that many toxic chemical compounds 
occur naturally in the foods and other products we consume routinely, from coffee 
to mushrooms to broccoli. The irony of an imaginary “pesticide-free” world is that 
humans might be exposed to higher amounts of toxic chemicals, because plants 
produce their own chemical defenses against fungus, mold, and insects that are often 
more potent than man-made pesticides. For example, as incredible as it may sound, 
“naturally” pest-resistant celery, popular with organic-food consumers, contains 6,200 
parts per billion of the carcinogen psoralens, while regular celery contains only 800 
parts per billion.2 Organic celery should not be a cause for food anxiety, however; the 
body’s natural defenses are effective at processing toxic compounds, whether natural 
or synthetic, in minuscule amounts.
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figure 1 
ddt residues in humans in the u.s., 1970–1983
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Toxics Release Inventory
The leading source of trend information about toxic substances is the EPA’s Toxics 
Release Inventory (TRI), launched in 1987. The TRI tracks “releases” of more than 
600 different chemical compounds for more than 20,000 business and industrial sites 
around the nation. The TRI has slowly added more chemicals and more facilities that 
must report chemical use over the years, finally including the federal government’s 
own chemical use at its facilities, which is considerable (especially on military bases). 
These additions make long-term tracking of trends difficult. However, the EPA 
helpfully reports the long-term trends in the 225 core chemicals it has tracked since 
the beginning, which does allow for a long-term review. Figure 2 shows a 65 percent 
reduction in “releases” since 1988. Most of this reduction has come from the chemical 
and petroleum-refining industries, both of which have increased their overall output 
of final products significantly over this time period.

The TRI has a number of limitations and cannot be used as even a rough measure of 
exposure to environmental risk. First, the term “release” in the name of the dataset is 
misleading. While the “releases” tracked do include compounds released into the air, 
they also include chemicals disposed of in hazardous-waste facilities, and chemicals 
that are recycled on the premises—in other words, in ways that entail no or minimal 
exposure for ecosystems or for humans in the surrounding community. The EPA em-
phasizes that “This information does not indicate whether (or to what degree) the pub-
lic has been exposed to toxic chemicals. Therefore, no conclusions on the potential risks 
can be made based solely on this information (including any ranking information).”3 It 
would be more accurate to call the TRI the “Toxics Use Inventory,” and as such it is in 
some ways more useful as a measure of increasing industrial resource efficiency.

Professor George Gray of Harvard University’s Center for Risk Analysis puts the 
problem more bluntly: “Chemical use does not equal chemical risk. . . . Simply know-
ing how many pounds are used provides no information about health or environ-
mental risks.”4 Gray points out that supermarkets can be required under the TRI to 
report their use of acetic acid as a “toxics release,” even though the acetic acid may be 
in the form of vinegar used in salad dressing. Better, Gray argues, to replace chemi-
cal use reporting with chemical risk reporting. “Risk evaluations should be certified 
by independent agents, just like financial data are certified by accounting firms. This 
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would provide firms with strong incentives to reduce risk and would provide firms 
and citizens both with useful information. . . . We must focus on how chemicals are 
used, not whether they are used.”

figure 2 
toxics release inventory, 1988–2008 

0.000 

0.500 

1.000 

1.500 

2.000 

2.500 

3.000 

3.500 

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 

B
ill

io
n
 T

o
n
s 

Source: EPA



Almanac of Environmental Trends194

Hazardous Waste
An important related dataset is hazardous waste specifically designated by the 
Resource Conservation and Recovery Act (RCRA) to be disposed of in hazardous-
waste facilities rather than ordinary landfills. (This would include household items 
such as paints, solvents, and fluorescent light bulbs, which contain mercury.) As 
shown in Figure 3, the total amount of hazardous waste declined 23 percent between 
1999 and 2007. 

figure 3 
total amount of hazardous Waste generated, 1999–2007
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Human Exposure at Superfund Sites
When the legislation establishing the Superfund program was enacted in late 1980 
in the aftermath of the overblown Love Canal scare, it was assumed that the federal 
government would move quickly to clean up contaminated sites around the nation. 
The program instead turned into a bureaucratic morass and litigation magnet, 
delaying meaningful cleanup in some cases for more than 20 years. Over the last 
decade, however, rapid progress at cleanup has finally begun to occur. Of the 1,714 
high-priority Superfund sites, the number where potential ground- or surface-water 
contamination is within EPA tolerances has increased from 37 percent in 2000 to 96 
percent in 2008 (Figure 4).

figure 4 
high-Priority superfund sites with  
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Human Exposure to Environmental 
Chemicals
For more than two decades the Centers for Disease Control has participated in 
a health study known as the National Health and Nutrition Examination Survey 
(NHANES), designed to quantify and track health hazards from diet and exposure to 
the most prominent known environmental health hazards such as lead. In 1999 the 
CDC decided to expand the scope of NHANES to begin tracking a broader range 
of heavy metals and synthetic chemicals widely present in the environment, such as 
organophosphate pesticides, and phthalates. The CDC’s first report in this series 
was released in March 2001, covered just 27 chemicals of interest, and was limited 
to a small sample size. Subsequent iterations of the report expanded the number of 
tracked chemicals to nearly 200, along with 12 heavy metals, and the CDC released 
the fourth iteration of its Human Exposure to Environmental Chemicals in 2009. 

This data series is very useful in enabling health officials to determine whether 
human exposure to chemicals is increasing or decreasing over time. What the trend 
data alone cannot do is judge health risk. The CDC study determines chemical 
levels in human blood and/or urine samples. The CDC is quick to point out that 
“Just because people have an environmental chemical in their blood or urine does 
not mean that the chemical causes disease.” One reason that we have begun tracking 
these compounds in human tissues and fluids is that our analytical methods are now 
advanced enough to allow us to detect extremely small traces of these chemicals. 

For many of the chemicals tracked, the concentration levels are so low that no clear 
trends can be discerned, and even with our sensitive detection techniques many 
chemicals are below the level of detection in human blood or urine samples. The EPA 
further cautions about the results of these data: “Biomonitoring data currently have 
limitations as indicators of exposure. Because biomonitoring data do not include the 
sources of exposure, these indicators alone do not indicate whether measured levels 
are related to environmental exposures.”

The results from the first four iterations of the CDC screening suggest that the 
amounts of chemicals detected in humans are stable or declining. For many of 
the chemicals tracked in the CDC study, medical knowledge remains insufficient 
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to set an unsafe level of human exposure. No health standards yet exist for many 
organophosphate pesticides or for phthalates, though testing is underway to 
determine if a health threshold is warranted. There are, however, health-based 
exposure standards from the Occupational Safety and Health Administration 
(OSHA) and the EPA for a few of the heavy metals tracked in the CDC study. 
The CDC findings show that levels of four heavy metals (lead, cadmium, cobalt, 
and uranium) are far below the threshold of health risk. Some of the more notable 
findings of the Human Exposure report are summarized here.

mother nature as polluter?

The Washington Post reported in September 2006 on a number of studies 
of watersheds in Virginia and Maryland that drain into the Potomac River. 
These studies found that waste from geese, muskrats, deer, raccoons, 
and other wild animals accounts for a substantial amount of the water 
pollution detected in those watersheds. One study found that humans are 
responsible for less than one-quarter of the water pollution in the Anacostia 
and Potomac Rivers. According to the data in this study, wild animal waste 
would need to be reduced by 83 percent to achieve statutory clean water 
standards. Since wild animals can’t be trained to use commodes connected 
to wastewater treatment plants, the alternative would be to thin their 
populations drastically, which does not seem plausible. 

“That leaves scientists and environmentalists struggling with a more 
fundamental question,” wrote Post correspondent David Fahrenthold. “How 
clean should we expect nature to be? In certain cases, they say, the water 
standards themselves might be flawed, if they appear to forbid something as 
natural as wild animals leaving their dung in the woods.” 

“If you were here when Captain John Smith rode up the Anacostia River 
[in 1608], and you tested the water,” said Robert Boone, president of an 
environmental group called the Anacostia Watershed Society, “it would 
probably have a good bit of coliform in it” because of wildlife.

See David A. Fahrenthold, “Wildlife Waster is Major Water Polluter, Studies Say,” 
Washington Post, September 29, 2006.
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Lead

In the case of lead, we now have more than 25 years of data, which show a major 
decline. In the late 1970s, 88 percent of children aged one to five had blood-lead 
levels above the threshold where harm to cognitive development is feared (10 
micrograms per deciliter of blood); in the latest data, only 1.2 percent of young 
children exceed the threshold—a 98 percent decline in 30 years (Figure 5). Most of 
this improvement traces to a single factor—the decline in airborne lead from leaded 
gasoline, phased out starting in the late 1970s. Children living in inner-city housing 
with high amounts of old lead-based paint still face elevated risk of high lead levels.

figure 5  
children ages one to five with  
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Mercury

The other heavy metal that generates a lot of attention and controversy is mercury 
(including mercury compounds), which can cause a range of serious neurological 
problems in adults and developmental disabilities in children. Pre-natal exposure 
is especially harmful. The two principal sources of airborne mercury are coal-fired 
power plants (about 52 tons in 2005) and other heavy industrial processes (about 
24 tons in 2005, one-third lower than in the 1990s). Municipal waste incinerators 
were once a major source, but mercury emissions from this source have declined by 
95 percent since the early 1990s. Overall, total mercury emissions have fallen by 
58 percent between 1990 and 2005 (Figure 6). Other sources of mercury exposure 
include fish such as salmon and tuna.

figure 6  
mercury emissions, 1990–2005
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Average mercury levels in blood among the people the CDC screened are extremely 
low, about 1/100th the level of the threshold of health risk. Women of childbearing 
age (16–49), however, have reason for concern. In the CDC’s 2000 screening, a 
small proportion of them (about 8 percent of the sample) recorded levels of mercury 
in blood samples above the government’s very strict “reference dose level.” The 
reference dose level of 5.8 micrograms per liter of blood is set to allow for the most 
extreme uncertainty about the effects of low-level exposure, and to serve as a tripwire 
for determining which populations are potentially at risk and whether exposure is 
increasing. There is reason to doubt that any women or their unborn children face 
significant risk at this low level, but abundant concern warrants planting a caution 
flag.5 The good news is that subsequent CDC screenings have found almost no cases 
of women recording blood-mercury levels above the reference dose. Figure 7 displays 
the trend for women of childbearing age at the 95th percentile—that is, the 5 percent 
of the sample with the highest blood-mercury levels.

figure 7 
Blood-mercury levels in Women ages 16–49  
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For the seven other heavy metals covered in the report (barium, cesium, 
molybdenum, platinum, thallium, tungsten, and antimony), average exposure levels 
and exposure levels at the 90th percentile fell for five of the seven and rose slightly 
for antimony. Platinum was present at such low levels that it proved undetectable. 

The latest CDC report also contains a third set of data points for the family of 
chemicals known as phthalates. There is at present no health-risk threshold or 
even agreement about whether phthalates are potentially harmful to human health. 
(Phthalates have raised the usual red flags in animal tests, which is why some 
environmental groups have put phthalates on their target list.) Of the eight different 
varieties of phthalate compounds tracked in the CDC study, four are at such low 
levels as to be undetectable in urine samples. Of the remaining four, two showed 
slight declines, while two (mono-ethyl phthalate and mono-isobutyl phthlate) 
showed an increase.
 
The CDC study also screened for 40 different PCB and dioxin compounds, finding 
in almost every case that any incidences in human samples were below the level 
of detection. In a few cases, a detectable amount showed up at the 90th percentile 
(the 10 percent of the sample with the highest levels), but future data points will be 
necessary to see if there is cause to believe human exposure is increasing.6

The first CDC study screened for only six organophosphate pesticides, of which 
only three were found in detectable levels in the entire sample. The levels fell 
sharply for all three in the new study, and were undetectable in one. The new study 
expanded its scope to include 25 organochlorine pesticides and 12 other herbicides 
and pesticides, including DEET, a mosquito repellent popular with people who 
engage in outdoor activities. DEET turned out to be undetectable in humans at 
any level, because the body quickly and fully processes and expels it. Good news 
for barbeque season. As with phthalates, there are currently no health standards 
for many organophosphate pesticides, though testing is underway to determine if a 
health threshold is warranted.

A substance that is known to last long in human tissue is hexachlorobenzene 
(HCB), banned in the United States in 1984 because of its proven toxic effects in 
humans. Although HCB can last in human fatty tissues up to 15 years, the CDC 
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study found no detectable levels of HCB. The CDC screening still detects DDT—
another long-lasting organochlorine—but notes that the level in humans is about 15 
times lower than it was in 1976. The CDC points out:

Finding a measurable amount of p,p’-DDT, o,p’-DDT, or p,p’-DDE 
in serum does not mean that the level of the chemical causes an 
adverse health effect. Biomonitoring studies on levels of DDT and 
DDE provide physicians and public health officials with reference 
values so that they can determine whether people have been exposed 
to higher levels of DDT or DDE than are found in the general 
population. Biomonitoring data can also help scientists plan and 
conduct research on exposure and health effects.7 

The CDC also reports:

Epidemiologic studies of children with environmental exposure to 
DDT and DDE have not demonstrated neurologic or developmental 
abnormalities. . . . Several reviews of cancer epidemiologic studies 
have concluded that a link between DDT and breast cancer is 
inconclusive. . . . Studies of DDT exposure and pancreatic cancer, 
lung cancer, and leukemia have also been inconclusive.8

Likewise, the CDC finds that the level of cotinine (a metabolite of nicotine, and 
therefore a marker for second-hand tobacco smoke) in children’s blood has fallen 
75 percent over the last decade. Whether second-hand tobacco smoke is a genuine 
health hazard is hotly debated, but the data are nonetheless useful because they show 
the resilience of the human body.

Dozens of categories of synthetic chemicals are worthy of study but not yet 
included in the CDC study—including a few, such as polybrominated diphenyl 
ethers (PBDEs), that show some signs of being persistent, bioaccumulative toxics. 
Meanwhile, the CDC effort to study human chemical exposures closely will help 
dispel public chemophobia. 
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Dioxin Decline

Dioxin has become a household term almost as evocative of chemo-dread as arsenic, 
though in fact dioxin is not one chemical but a family of 17 compounds that share 
certain combinations of chloride. Toxicity levels among these different dioxin 
compounds vary widely, and because dioxin has some significant natural sources, 
including volcanoes and forest fires, we shall never live in a world without detectable 
amounts of dioxin. In fact, trace amounts of dioxin have been found in archeological 
sites.

Most people associate dioxin with chemical dumps, municipal trash incinerators, and 
large-scale industrial processes, which was partly accurate in the middle decades of 
the last century. Today, however, the EPA estimates that more than half the dioxin in 
the environment comes from backyard trash fires. And although dioxin in the food 
chain caused dioxin levels in humans to rise substantially in the middle decades of the 
20th century, the health risk of this phenomenon is still hotly debated. 

In recent years, however, the amount of dioxin in the environment and detected in 
human tissues has fallen sharply as efforts to control dioxin have taken effect. Because 
the toxicity of different dioxin compounds varies by as much as a factor of 10,000, 
dioxin is not measured by simple volume or weight. Instead, the EPA measures 
dioxin through a complicated measure called “toxic equivalents,” or “TEQ.” Figure 8 
displays the 92 percent decline in dioxin over the last two decades. As has been the 
case with DDT, the large decline in dioxin in the environment translates to an equally 
large decline in the amount of dioxin detected in human tissues. Two multinational 
studies conclude that levels of dioxin in human tissues have fallen by more than 90 
percent since 1970.9 

One of the remaining dioxin controversies concerns the use of sewage sludge as farm 
fertilizer. After a five-year study, the EPA recently concluded that dioxin levels in 
such sludge used as fertilizer are too low to pose a health risk.10 
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figure 8  
dioxin emission trend, 1987–2003
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Pesticide Residue

Aggregate measures of chemical use such as the TRI are not especially helpful, as 
the EPA notes, in judging health risks for either individuals or communities. Of 
more immediate concern to many Americans is whether artificial chemicals are 
present in the food supply. One dataset bears on this question. The Food and Drug 
Administration (FDA) tests about 10,000 food samples annually for residues from 
more than 400 different pesticides, determining whether residues are present and, if 
so, whether they exceed the tolerance level set by the EPA.  

Figure 9 displays the trend in the proportion of samples that showed no pesticide 
traces. On average, between one-third and one-half of food samples were free of any 
pesticide traces. The decrease in samples showing no traces that appears after 2003 
may be in part the result of better testing methods. The EPA notes: “These trends 
in number of detections have occurred at the same time that analytical limits of 
detection for various compounds have been decreasing, allowing the instruments to 
pick up ever smaller concentrations.” In other words, the 1994 to 2003 figures may 
have missed pesticide traces not detectable until after 2003.
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figure 9  
food samples with no detectable level of Pesticides
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A more important measure is the proportion of samples where detected levels of a 
pesticide exceed EPA tolerance levels. Figure 10 shows a rising trend over the last 
15 years, but note that at its peak the level is one-half of one percent. Washing food 
before eating is usually sufficient to remove pesticide residues.
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figure 10  
samples exceeding one or more tolerance levels
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Cancer Rates

While scientists and government agencies will continue the difficult task of trying to 
determine whether many common synthetic chemicals pose risks to human health, 
and at what levels, one general data trend shows little evidence to conclude that 
health risks are increasing cancer rates. After rising steadily from 1975 to the early 
1990s, both the incidence rate and the mortality rate of cancer have declined since 
1992. The cancer incidence rate has declined by 9.6 percent, while the mortality rate 
has declined by 17.2 percent (Figure 11).11

figure 11  
cancer rates, 1975–2007
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Much of this decline reflects the decline in cigarette smoking, other lifestyle 
changes, and early detection and prevention efforts, rather than lower exposure to 
environmental chemicals. The risk of cancer from environmental sources other than 
tobacco smoke is generally overstated. New York Times health and science reporter 
Gina Kolata has reported that “most scientists think that only a tiny fraction of 
cancers might be caused by low levels of environmental poisons.” She cites Dr. 
Richard Peto of Oxford University, co-author of one of the largest epidemiological 
studies of cancer in the early 1980s: “Pollution is not a major determinant of U.S. 
cancer rates.” Kolata also reported on a study carried out by the National Institute of 
Environmental Health Sciences and the EPA: a study, begun in 1993, of chemical 
exposure of 55,000 Iowa and North Carolina farmers and their families. So far 
the study has found little sign of increased cancer risk from common agricultural 
pesticides and chemicals.12 
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 x Although data on the global scale are inconsistent 
and incomplete, the rate of deforestation appears 
to be steadily declining. Between 1995 and 
2005, Asia dramatically reversed its deforestation 
trends; it is now reforesting rapidly. Africa and 
South America still experience the highest rates 
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 x Brazil, which along with Indonesia had the highest 
net loss of forests in the 1990s, has significantly 
reduced its rate of loss. Recent data suggest that 
Indonesia’s rate of deforestation is also slowing.

 x Forestlands in the United States have been 
expanding rapidly over the last 30 years.

 x The rate of soil erosion on U.S. farmlands has 
been steadily declining for the last 25 years, the 
result of improved farming and conservation 
practices.

Primary SourceS

UN Global Forest Resources 
Assessment, 2010

UN Food and Agriculture 
Organization

World Bank

U.S. Forest Service, Forest Inventory 
and Analysis National Program

National Institute for Space 
Research (Brazil)

U.S. Department of Agriculture, 
National Resources Inventory



Almanac of Environmental Trends212

Introduction: 
Global Deforestation Trends
Deforestation is a pre-eminent environmental concern, as loss of forestland 
contributes to fragmenting or destroying habitat and thereby is a major factor in 
species extinction. Deforestation also often degrades water quality. In addition, 
deforestation is among the most highly visible forms of environmental change: few 
sights are more stark than a burned-out or clear-cut swath of forest. Precisely for this 
reason we tend to perceive deforestation as having greater magnitude than the data 
suggest. 

The popular perception is that we are at risk of “running out of trees,” and sometimes 
elites have this perception, too. Examples of extreme deforestation, such as England 
in the late Middle Ages, lend credence to this anxiety. In 1905, President Theodore 
Roosevelt warned that “a timber famine is inevitable,” and the New York Times ran 
headlines in 1908 proclaiming “The End of the Lumber Supply” and “Supply of 
Wood Nears End—Much Wasted and There’s No Substitute.” During the 18th and 

19th centuries, Americans did indeed cut down large areas of the nation’s forests. A 
full two-thirds of the deforestation that has occurred in the United States took place 
between 1850 and 1910. Commercial logging, however, was not the primary cause. 
Rather, trees were cut in order to clear land for agriculture.

The 2002 National Report on Sustainable Forests notes that “Surveys have also 
indicated that Americans often have misperceptions about the current status and 
trends for forests in the United States. For example, many think our forests are 
declining in extent, while in reality the total area of forests nationally has been fairly 
stable since about 1920 and actually increased slightly between 1990 and 2002. Also, 
many think we are harvesting more trees than we are growing, while in reality net 
growth in U.S. forests exceeds removals by a large margin.”

Data on the extent and condition of forestland have several limitations. There are 
methodological disputes about whether certain kinds of marginal forestlands (such as 
scrublands and thinly treed areas) should be classified as forested. Some classifications 
do not include mono-cultural timber plantations in forest area calculations, even 
though timber plantations have many environmental benefits. Many nations do not 
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track their forestlands carefully enough to be confident of the accuracy of the reported 
data, and satellite remote sensing surveys, though rapidly expanding and improving, 
are still far from complete. 

The UN conducts a review of forest data every five years. Consider some facts from 
the latest review, Global Forest Resources Assessment 2010 (GFRA 2010):

 D The world’s total forested area is more than 4 billion hectares, or about 16 
million square miles. This represents about 31 percent of the earth’s surface 
area. For reference, the continental United States is 3.1 million square miles; 
in other words, the earth’s total forested area is about five times the size of 
the continental United States.

 D Estimates differ on the rate of deforestation at the global level, but all 
analyses conclude that the rate is declining. The World Bank’s calculation of 
global forested area (3.9 billion hectares) is slightly lower than the calculation 
in GFRA 2010, but it excludes timber planted as a crop, and trees in urban 
areas and parks, thus understating total forested area. Nonetheless, the 
World Bank’s data series of global forested area (Figure 1) shows the rate 
of deforestation declining from 0.22 percent per year in the early 1990s to 
about 0.18 percent in the last few years—from about 8.8 million hectares 
(about 34,000 square miles) to about 7.3 million hectares (about 28,000 
square miles) per year.1 These numbers mean that if not a single new tree 
were planted and grown starting today, it would take nearly 550 years to cut 
down the world’s forests. This is beyond the lifecycle growing range of most 
kinds of forests; in other words, the fear of literally “running out of trees” is 
not well founded.
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figure 1  
global forested area, 1990–2007
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 D The Global Forest Resources Assessment 2010 reports larger overall 
numbers, but a similar magnitude of decline in the deforestation rate: from 
about 16 million hectares per year in the early 1990s to about 13 million 
hectares per year today. Both the World Bank and the GFRA 2010 use the 
same raw data sets from the UN Food and Agriculture Organization (FAO) 
for their analyses, but different methods of estimating and adjusting data. 
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 D The limitations and inaccuracies of the UN forest estimates can be seen  
by comparing the UN’s figures for deforestation in Brazil, and Brazil’s own 
data generated from satellite imagery. The UN FAO data show Brazil losing  
forest at a constant rate of 31,000 square kilometers per year since 1990  
(Figure 2).2 Brazil’s own data show deforestation at a rate close to the 
FAO estimate only twice in the last 21 years, and an average rate about  
half the FAO’s estimate.

figure 2  
un estimates of forested area in Brazil, 1990–2007
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figure 3  
Brazil’s estimates of deforestation, 1988–2009
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Source: National Institute for Space Research (Brazil)

 D In the case of Indonesia, new data estimates from the GFRA 2010 suggest 
that the deforestation rate is lower than the FAO had estimated in its State 
of the World’s Forests 2009 report. State of the World’s Forests 2009 
estimates that Indonesia has lost forest at a constant rate of 18,000 square 
kilometers a year since 1990 (Figure 4). But Indonesia’s own data show 
that its deforestation rate has slowed dramatically over the last decade, 
to between 3,000 and 6,000 square kilometers per year (Figure 5). Some 
of this difference may reflect different classifications of forestlands, but 
regardless of methodology it suggests that the overall global deforestation 
estimates of the World Bank and the FAO displayed in Figure 1 are too high.  
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figure 4  
estimated forested area in indonesia
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Forest Trends in the 
United States
The United States has about the same 
amount of forestland it had 100 years ago, 
but less than was estimated to have existed 
at the beginning of European settlement 
in the 17th century, contrary to a popular 
cliché that the U.S. has more forests now 
than at the time of the Mayflower. Figure 
5 displays the long-term trends of forested 
area; the U.S. currently has about 72 percent 
of the total forested area that existed 
before European settlement. What is not 
obvious from Figure 5 is that forestland 
has been expanding rapidly over the last 
two decades—by 20 million acres since the 
late 1980s (Figure 6), according to the U.S. 
Forest Service.3 

Three factors explain most of this increase: 
the more than 50 percent decline in timber 
harvesting on public lands in the Western 
United States over the last 25 years; the 
return of agricultural land to forestland, 
especially in the Northeast; and the long-
term increase in timber planting, shown in 
Figure 7. At about 2 million acres a year, 
this is twice the amount of land developed 
for urban and suburban use each year. Put 
simply, we are growing more trees than we 
are harvesting. Figure 8 shows the Forest 
Service’s estimates of the amount of forest 
biomass growth (measured in cubic feet) 
versus the amount harvested.

private land trusts on 
the rise

The Land Trust Alliance (www.lta.
org) released in late 2006 a census of 
private land trusts in the U.S. showing 
a dramatic rise in private conservation 
activity in recent years:

• Over the period 2000–2005, total 
acres conserved by private land trusts 
increased 54 percent, to 37 million 
acres. This is an area more than 16 
times the size of Yellowstone National 
Park. There were, as of the end of 2005, 
1,667 private land trusts in the U.S., an 
increase of 32 percent since the year 
2000. Further, more than $1 billion has 
been set aside in private endowments 
for the support and management of 
land trusts.

• Private conservation efforts are 
growing increasingly sophisticated, 
with a burgeoning of online tools and 
resources to assist landowners in 
exploring the range of conservation 
options. One of the best is http://
privatelandownernetwork.org/, a 
project of Resources First Foundation 
(motto: “Private Sector Solutions 
for the Environment”), http://
resourcesfirstfoundation.org/. 

• The Land Trust Alliance has 
announced that a new land trust census 
will be conducted in January 2011.
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figure 5  
forested area in the united states  
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figure 6  
change in u.s. forested area, 1977–2007
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more wilderness than we think?

One reason to doubt the accuracy of sophisticated models of 
humanity’s “ecological footprint” comes from a major and widely 
publicized study from Conservation International’s Center for Applied 
Biodiversity Science. The study, published in 2003 as Wilderness: 
Earth’s Last Wild Places, found that 46 percent of the earth’s land 
area is still wilderness—a much higher percentage than is commonly 
supposed. One news report noted that the unexpected finding was 
“a surprising cause for optimism.” “A lot of the planet is still in pretty 
decent shape,” said Harvard primatologist Russell Mittermeier, the lead 
author of the study. “We should be happy about that.” 

Nearly 200 prominent environmental scientists participated in the 
study, which defined wilderness as an area of at least 10,000 square 
kilometers—a little larger than Yellowstone National Park—populated 
by an average of less than one person per square kilometer, and 
containing at least 70 percent of its original vegetation. The total area 
of wilderness the participants identified came to 68 million square 
kilometers, a land area more than seven times the size of the United 
States. Only 144 million people, or 2.4 percent of the total world 
population, live on this land area.

The study’s authors note that only about 7 percent of the wilderness 
they identified is permanently preserved, and they call for additional 
conservation measures. Large wilderness areas are necessary to 
prevent habitat fragmentation, the leading cause of species extinction. 
The larger inventory of wilderness than previously supposed suggests 
that the strategy of preserving biodiversity “hot spots” (a subject 
discussed in the seventh edition of this report’s predecessor, the Index 
of Leading Environmental Indicators) can proceed without significantly 
impinging on human development needs.
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figure 7  
area of timberland Planted annually in the u.s., 1928–2003
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figure 8  
u.s. forest growth and harvest, 1952–2006
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A couple of observations qualify the general trend data:

 D Studying the mere size of forestlands in the United States does not answer 
questions about the health or “sustainability” of our forestlands. Not all 
trees and forests are created equal, so to speak, and considerations such 
as forest fragmentation, among other variables, are not yet systematically 
measured. America’s 750 million acres of forestland comprise more than 
850 species of trees in at least three broad types of forest (broadleaf, conifer, 
and mixed oak, pine, and cypress). They are home to 419 native mammal 
species, 281 reptile species, 240 amphibian species, and more than 650 
species of birds and 800 or so of freshwater fish.

Donald Floyd, author of Forest Sustainability: The History, the Challenge, the Promise, 
writes that “trying to define sustainability and sustainable forestry is like trying to 
define ‘justice’ or ‘democracy.’”4 Sustainable forestry, according to the U.S. Forest 
Service, “is an evolving concept.” The Dictionary of Forestry defines sustainability 
as “the capacity of forests, ranging from stands to ecoregions, to maintain their 
health, productivity, diversity, and overall integrity, in the long run, in the context of 
human activity and use.”5 But like the general term “sustainable development,” this 
definition provides no specific guidance for evaluating individual forest areas. The 
aforementioned National Report on Sustainable Forests offers this general observation: 
“If net growth on timberland compared with removals is acceptable as a measure of 
sustainable removal of wood products, then removals of wood products in the U.S. are 
currently sustainable.”

 D A 2006 book, Forests in Time: The Environmental Consequences of 1,000 
Years of Change in New England, edited by David R. Foster and John D. 
Aber (Yale University Press), adds important details about general forest 
trends. The book notes that forest cover in New England had declined to 
about 40 percent of the area’s landscape by 1850, but has recovered to 
between 60 and 90 percent of total land area today. For the eastern half of 
the United States as a whole, land cleared for farming and grazing in the 
19th century has been reverting back to forestland at a net rate of 1 million 
acres a year since about 1910—in other words, since the beginning of 
the automobile age, when cars and trucks began to replace horse-drawn 
transport. 
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No less an environmental authority than Bill McKibben noted back in 1995 that this 
trend was “the great environmental story of the United States, and in some ways of 
the whole world.” Most important, as one reviewer noted, Forests in Time explains 
that “current forests are not stable or natural but are partially, if not largely human 
artifacts. . . . Consequently, the concept of a pristine, pre-contact landscape frozen in 
time and space as a sort of base point from which to measure anthropogenic (usually 
European immigrant) change—so beloved of romantics, environmentalists, and even 
some anthropologists—is simply a fiction.”6

Forest Fires
The issue of forests became more salient in recent years with the occurrence of more 
frequent severe wildfires in the Western states. Our century-long history of forest-
fire suppression has now come full circle. In the early decades of the 20th century, 
it was not unusual to experience forest fires that burned 30 million acres or more a 
year—roughly equal to the size, at the time, of every city and suburb in the nation 
combined. In 1930, a staggering 52 million acres burned—an area half the size of 
California. (The majority of the forest area burned in these fires was in the South—
not the arid West as might be supposed.) More aggressive fire suppression following 
that catastrophic year brought the average annual burned area down to about 4 mil- 
lion acres by the early 1960s.

As is now widely acknowledged, fire suppression without active forest management 
has led to overgrowth in many forests, setting up conditions for unnaturally 
catastrophic fires. In recent years the area burned by fires in the Western states has 
increased substantially; in 2002, nearly 6 million acres had burned by August 1—
more than in the entire decade of the 1960s. Figure 9 displays the trends in the 
number of wildfires and the area burned. While the number of fires has declined, the 
area burned has increased in recent years. The Forest Service estimates that as much 
as 190 million acres of public land are at increased risk of catastrophic fire because 
of overgrown conditions. There is no breakdown of the fire data between public 
forestland—the majority of Western forestlands are public—and private forestland, 
where more aggressive thinning and management practices can proceed without legal 
and bureaucratic interference. Fires that begin on overgrown public forests often 
spread to private land. 
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figure 9  
number of forest fires and area Burned, 1960–2005
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A November 2002 article in Scientific American noted that “Since the early 1960s 
fires have become consistently hotter and bigger.”7 This is chiefly because fires in 
overgrown forests tend to be crown fires that hop from treetop to treetop, easily 
jumping over firebreaks and even wide rivers. The Rodeo fire in Arizona in 2002 
spread in one day from 800 acres to 46,000 acres; the Hayman fire in Colorado was 
five times larger than any previous fire in the state’s history, and Oregon’s 471,000-
acre Biscuit fire was the largest in that state’s history. 

Crown fires, once rare, are now the prevalent type of fire in the West, and they can 
utterly devastate Ponderosa pine forests, the predominant type of Western forest. 
Scientific American relates that “a 1977 crown fire near Mount Elden [Arizona] 
burned so hot that the thin volcanic soil was sterilized, and even now few Ponderosa 
pines have reemerged.” And the National Report on Sustainable Forests adds that 
“The fires of 2000 have also created large areas where conditions are favorable for 
a buildup of bark beetle populations in fire-damaged trees, especially Douglas-fir 
beetle and spruce beetle. These populations could move into unburned stands and 
cause additional tree mortality.” Needless to say, catastrophic fires destroy habitat for 
numerous species, many of them on the endangered list.
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tropical deforestation Overestimated?

Potentially the most significant news is that our assumptions about 
tropical forest trends may be wrong. Such forests in equatorial 
regions are widely thought to be in absolute decline, but recent 
indications show that regrowth of so-called “secondary forests” 
may be substantially greater than the decline of “virgin” tropical 
forestland. Elizabeth Rosenthal reported in the New York Times 
a 2009 estimate from Smithsonian Institution research in Central 
America suggesting that “for every acre of rain forest cut down each 
year, more than 50 acres of new forest are growing in the tropics on 
land that was once farmed, logged or ravaged by natural disaster. 
. . . The new forests, the scientists argue, could blunt the effects 
of rain forest destruction by absorbing carbon dioxide, the leading 
heat-trapping gas linked to global warming, one crucial role that 
rain forests play. They could also, to a lesser extent, provide habitat 
for endangered species.”8 The next sentence, however, has a 
drearily predictable beginning: “The idea has stirred outrage among 
environmentalists,” not because it might be untrue, but because it 
might weaken support for “vigorous efforts to protect native rain 
forests.” 

A 2008 study published by the National Academy of Sciences 
reviewed the data inconsistencies for tropical forests and cast doubt 
on the accuracy of estimates of net tropical deforestation, noting 
that each successive revision of previous data reported a declining 
deforestation rate, based on changes in statistical design and 
new data.9 British geographer Alan Grainger concludes that “the 
evidence for [tropical forest] decline is not as clear as commonly 
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assumed, even since the 1970s, by when as much as 300 million 
hectares of tropical forest may have already been cleared since 
1860 alone.” One time series Grainger identified actually finds 
a long-term rising, not declining, trend for tropical forest area, a 
phenomenon Grainger calls “forest return.” 

The chief point of Grainger’s review is not to challenge 
categorically the conventional wisdom about tropical 
deforestation, but to direct our attention once again to the 
inadequacy of our datasets and analytical techniques. We have 
three decades’ worth of satellite imagery, and yet many of our 
land assessments on the global scale still use low-resolution 
images with a high margin of error. Studies using high-resolution 
imagery often find statistically significant differences from the 
standard assessments of forested area and land conditions—and 
the high-resolution images are often less alarming. Too many 
conclusions are based on “expert judgment,” always prone to the 
errors and biases fostered by conventional wisdom groupthink 
and activist anecdotes. Grainger concludes: “Our analysis 
does not prove that tropical forest decline is not happening, 
merely that it is difficult to demonstrate it convincingly using 
available tropical forest area data, despite the dedication of all 
who collected them. Global generalizations about tropical forest 
trends should therefore be more cautious until better global data 
are obtained.”
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Soil Erosion in the United States
Soil erosion is another leading environmental concern—the EPA once listed it as 
one of the five most important national environmental issues—with “running out 
of topsoil” rivaling “running out of trees” as a popular fear. As Figure 10 shows, the 
rate of soil erosion on non-federal agricultural land has fallen 43 percent since 1982, 
when the Department of Agriculture began nationwide assessments. (The National 
Resources Inventory survey is conducted every five years.)

Figure 10 displays erosion from wind, along with sheet and rill erosion. Sheet erosion 
refers to the removal of thin layers of soil, chiefly from surface water flow and rainfall, 
while rills are small channels affected by tillage operations. The round numbers in 
Figure 10—1.7 billion tons of soil lost to erosion in 2007—sound large. One ton of 
soil per acre, however, is equal to an average depth of 0.007 inches (0.18 mm). At an 
average of one ton lost per acre per year, it would take 143 years to lose an inch of 
topsoil. Water erosion (sheet and rill) on cropland dropped from 4.0 tons per acre per 
year in 1982 to 2.7 tons per acre per year in 2007; wind erosion rates dropped from 
3.3 to 2.1 tons per acre per year over the same time period.
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figure 10  
annual erosion of cropland, 1982–2007
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It is difficult to say whether current levels of soil erosion are sustainable or dangerous. 
Some degree of soil erosion is natural. Indeed, it is valuable for, among other things, 
the recharging of naturally eroding coastal areas with sediment delivered from land 
upstream. Thus, zero soil erosion is not an appropriate target. In order to assess 
whether or not soil loss is adequately controlled, the USDA Natural Resources 
Conservation Service (NRCS) uses a “T value,” or tolerable soil loss level, which 
is the level of soil erosion above which significant long-term productivity losses 
are likely to occur. In 2003, 72 percent of all cropland was eroding at or below this 
tolerable level, compared to only 60 percent in 1982. But the T values are thought 
by most experts to be questionable at best as an adequate measure. The NRCS 
assessment also addresses problems only at the point of origin of soil loss; it does 
not address the problems associated with eroded sediments downstream—such as 
the silting up of surface water bodies, disruption of aquatic habitat, and transport of 
chemicals that tend to stick to the sediments. 

What is behind the declines in soil erosion rates? In response to the Dust Bowl 
conditions of the 1930s, the federal government began conducting research and 
instituting policies to address soil conservation. In the 1985 Food Security Act, the 
federal government required farmers on land classified as “highly erodible” to engage 
in conservation efforts in order to receive government payments, as a strong incentive 
to encourage practices that limit soil erosion. 
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Major Findings:

 x Data on the national and global scales are 
severely limited, making it impossible to draw 
definite conclusions about the magnitude and 
nature of species loss.

 x Narrower measures in the United States show 
stable or improving fish and bird habitats.
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Introduction
Diminishing “biodiversity” and the loss of wildlife habitat are the most serious 
environmental problems facing modern civilization. Polluted air and water can be 
cleaned up, contaminated land can be remediated, and forests can re-grow, but an 
extinct species cannot be brought back to life. Problems of biodiversity, however, do 
not lend themselves to the ordinary legislative or regulatory approaches. 

Current policy toward species preservation in the United States, especially the 
Endangered Species Act, tends to be marginally effective (if at all), while maximizing 
political conflict and economic cost, which is why the current approach could well 
be considered—to borrow a familiar environmental term—unsustainable. Setting 
aside large swaths of habitat would seem to be the common-sense remedy (and this is 
happening on an increasing scale throughout the world), yet even this step does not 
automatically ensure that an equilibrium of biota will be preserved. Even seemingly 
pristine areas such as Yellowstone National Park can become badly out of ecological 
balance when managed politically, as numerous scholars have documented. 

The problem is additionally shrouded by large uncertainties in the state of our 
knowledge about biodiversity. The EPA states, “For several aspects of biological 
diversity, there are no consistent national indicators. These include major groups 
of animals such as amphibians, reptiles, and mammals; plants; and the numbers of 
threatened, endangered, and invasive species.” Writing in a 1997 National Academy 
of Sciences report on biodiversity, Australian scientist Nigel Stork noted: “attempts to 
determine how many species there are in total have been surprisingly fruitless. . . . We 
cannot say how widespread species are, we do not know the size of the species pool, 
and we do not know how specific species are to a particular habitat, type of soil, type 
of forest, or, in some cases, a species of tree.”1 

Estimates of the total number of species worldwide range by two orders of 
magnitude, from as few as 2 million to as many as 100 million; even the estimates of 
discrete families of species, such as insects, range from 1.5 million to as many as 30 
million. There are currently no reliable empirical data by which to confirm estimates 
or determine a trend or changes in trends. The UN Convention on Biological 
Diversity, which committed 188 nations to achieving a “significant reduction” in the 
loss of biodiversity by 2010, lacks any benchmarks or even a framework for judging 
progress.
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The salient question is whether we are in the midst of a man-made extinction spasm, 
generated by the rapidly rising population of the last century and the transformation 
of the land that population growth has entailed. Thomas Lovejoy, Edward O. 
Wilson, and other scholars who have toiled on this subject for years conclude that 
between 10 and 40 percent of existing species are at risk of extinction over the next 
generation—a rate 100 to 1,000 times higher than the pre-human “natural” rate of 
species extinction. 

These estimates are based chiefly on models. The most popular models of species 
extinction are based on the idea of a “species-area curve,” in which declines in habitat 
area translate into sharp declines in the number of species that can thrive in the 
shrunken space.2 In the most basic calculation, deforestation statistics are multiplied 
by a factor derived from a species-area curve to generate an extinction estimate. 
While these models are likely to be generally right, they may often prove to be 
specifically wrong, and may not account for the resiliency of nature, or the robustness 
of some species as compared to others. In addition, the models may not have 
sufficient elasticity in the direction of species proliferation to allow for biodiversity 
gains from re-forestation or other habitat recovery, which is taking place on an 
increasing scale.

The man on the street, meanwhile, wants to know why we can’t get rid of some 
species—such as cockroaches—despite our best efforts to destroy them, while others 
perish despite our best efforts to save them. There is also the ironic problem of too 
much biodiversity in the form of non-native or invasive species that crowd out native 
species. According to one government report, there are more than 4,500 non-native 
species of plants and animals in the United States, a number that may be a large 
underestimate. 

Above all, there is currently a dearth of reliable empirical data by which to confirm 
estimates or determine a trend or changes in trends. Some of the most extreme 
forecasts of species extinction made 20 years ago, such as Norman Myers’s estimate 
that 40,000 species a year are going extinct, have been discredited, but they 
linger on in the hyperbole of environmental discourse. It is not unusual to hear 
environmentalists claim that the extinction of half of the world’s species is imminent 
in the next generation. 
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The IUCN Red List
The most widely cited metric for tracking potential species extinction is the Red List 
compiled by the International Union for Conservation of Nature (www.iucnredlist.
org). The Red List was last updated in 2008, with slight upward revisions of the 
number of threatened species from previous years. The 2008 Red List reports 
16,698 endangered species worldwide, up from 12,259 in 2003, out of a database 
of about 1.5 million “described” species; so about 1.1 percent of known species are 
listed as endangered (Figure 1). The United States has 1,192 species on the Red 
List, an increase of 49 since 2006. Much of this increase reflects new and better 
information—it is not necessarily an indication of an actual change in species’ status.
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iucn red list of threatened species

0

4,250

8,500

12,750

17,000

1996/98 2000 2002 2003 2004 2006 2007 2008

N
u

m
b

e
r 

o
f 

T
h

re
a
te

n
e
d

 S
p

e
c
ie

s

Source: IUCN



Biodiversity 237

BI
OD

IV
ER

SI
TY

An important caveat should be kept in mind. Since estimates of the total number of 
species that exist in the world begin at 2 million and vary by two orders of magnitude, 
the Red List numbers suggest that only a tiny fraction are endangered. This, however, 
is an indicator of the limits of the Red List itself. It is evolving into a tool for 
assessing sub-categories and geographical areas rather than trying to be a general 
indicator of global trends. Other techniques generate much higher percentages of 
biota thought to be at risk of extinction. For example, State of the Nation’s Ecosystems 
2008, a report from the Heinz Center for Science, Economics, and the Environment, 
identifies almost 4,000 plant and animals species in the United States that can be 
considered imperiled or threatened to some extent—about 2 percent of the total 
known and named species of plants and animals in the nation.

Fish Stock Sustainability Index
A growing number of datasets in the United States and other nations track individual 
species that are of interest, especially migratory birds and amphibians, along with the 
burgeoning land conservation efforts underway globally. One dataset of interest is a 
report from the National Marine Fisheries Service (NMFS), Status of U.S. Fisheries 
Report; the 2009 edition was published in May 2010.3 The NMFS assesses more 
than 500 discrete fish stocks in  the coastal waters of the nation. While nearly 100 
fish stocks are considered overfished or potentially overfished at present, the general 
finding of the annual report is that U.S. fisheries are improving at a steady pace. 

Since 2000 the NMFS has calculated a quarterly Fish Stock Sustainability Index 
(FSSI), which measures 230 key fish stocks in U.S. waters.4 This indicator is 
complicated, but basically it determines a fish stock to be sustainable if it is at or 
above 80 percent of its long-term average biomass range. Since the launch of the 
FSSI in 2000, the index has risen 60 percent, from 357.5 in 2000 to 582.5 (out of 
a possible high score of 920), by the end of the third quarter of 2010, as shown in 
Figure 2. The Report concludes: “The 60 percent increase in the FSSI in 9 years 
represents significant progress in improving our knowledge of stock status and 
sustainably managing our fisheries.”
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figure 2  
fish stock sustainability index, 2000–2010

0

225

450

675

900

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

357.5 369.5
413.5 431.5

456.0
495.5 506.5

531.0
555.5 573.0 582.5

Source: NMFS



Biodiversity 239

BI
OD

IV
ER

SI
TY

Bird Populations in the United States
Data abound on individual bird species, but one compilation in particular offers a 
broad-spectrum look at bird population and habitat trends: the North American 
Breeding Bird Survey, conducted since 1966. Trends have been computed for 
observed populations of 418 bird species for the 1966–2003 period. The National 
Audubon Society took these data and categorized each species according to its 
primary habitat—grassland, shrubland, woodland, urban, and water and wetlands—
producing the summary of changes displayed in Figure 3. In four out of five habitat 
types (the exception is grasslands), increasing or stable bird populations were more 
predominant than declining populations. 
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figure 3  
changes in north american Bird Populations  
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the dozen best modern books about the environment

The most famous or most widely favored books about the environment are usually tendentious (Earth 
in the Balance), scientifically incorrect (Silent Spring), cliché-ridden and boring (Our Plundered Planet), 
or all of the above (The Limits to Growth). A trip down the environment/earth sciences aisle of the local 
bookstore is usually a tour of titles that cover the narrow range from dismay to despair. Titles predicting 
decline, decay and disaster are just as numerous in the real estate, economics, and social science 
shelves (although, ironically, not so much in the religion racks). The main difference between ecodoom 
and economic doom is that the inventive American mind can always find the upside to the downside 
when there might be a business opportunity; hence the popularity of titles such as How You Can Profit 
from the Coming Crash in _________ [fill in the blank]. Modern environmentalism has made a fair bid to 
trump economics as the truly “dismal science.”

A number of fine books, however, run counter to the main trend, or at least offer an unconventional 
perspective on environmental conditions or their remedy. Bjørn Lomborg’s 2001 blockbuster The 
Skeptical Environmentalist is perhaps the best-known contrarian view of global environmental trends; it 
belongs on every bookshelf. Here are 12 more nominees for better insights into the environment from 
authors generally considered within the conventional environmental camp:

• Aldo Leopold, A Sand County Almanac, and Sketches Here and There (2001).

• Gregg Easterbrook, A Moment on the Earth: The Coming Age of Environmental Optimism (1995). 

• Charles C. Mann and Mark L. Plummer, Noah’s Choice: The Future of Endangered Species (1995). 

• Alston Chase, Playing God in Yellowstone: The Destruction of America’s First National Park (1986). 

• Terry L. Anderson and Donald R. Leal, Free Market Environmentalism (2nd edition, 2001). 

• Daniel B. Botkin, Discordant Harmonies: A New Ecology for the Twenty-First Century 
   (1990; new edition forthcoming). 

• Jack M. Hollander, The Real Environmental Crisis: Why Poverty, Not Affluence, 
   Is the Environment’s Number One Enemy (2003). 

• Matthew Connelly, Fatal Misconception: The Struggle to Control World Population (2008). 

• Fred Pearce, The Coming Population Crash and Our Planet’s Surprising Future (2010).

• Indur M. Goklany, The Improving State of the World: Why We’re Living Longer, Healthier, 
   More Comfortable Lives on a Cleaner Planet (2007). 

• Ted Nordhaus and Michael Shellenberger, Break Through: From the Death of 
   Environmentalism to the Politics of Possibility (2007). 

• Seymour Garte, Where We Stand: A Surprising Look at the Real State of Our Planet (2007). 

For more detail on each book, see Appendix.
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PuBlIc oPInIon ABout 
the envIronment 
Notable Shifts in Recent Years

Environmental protection is a “motherhood and apple pie” issue: everyone 
is for it. Surveys asking specifically about the environment usually return 
supermajorities in favor of strong safeguards for the environment. Concern 
for environmental protection is clearly a settled value among Americans, 
with public opinion polls showing consistent support for it regardless of 
economic conditions, and across partisan lines and political ideologies. 

However, noticeable shifts in public opinion about environmental issues 
have started to show up in recent surveys, especially the annual surveys 
from Pew and Gallup (Gallup’s is probably the most useful because it 
tends to ask the same questions year after year, making trend comparisons 
possible). This suggests that a moment of “punctuated equilibrium” may 
have arrived in which Americans are adjusting their opinions about 
environmental issues. Among the key findings of recent survey data are: 
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 D In general, surveys consistently show that the public ranks the 
environment (and global warming in particular) very low as a 
priority relative to other issues. When surveys ask the public to 
name the most important issues facing the country in an open-
ended way (that is, not offering a list of issues from which to 
choose), the environment has seldom topped 5 percent (as it 
did in a Gallup poll in 2007). For the last two years the number 
has hovered between 1 and 2 percent.

 D The Pew Research Center survey on public priorities for 2010 
found that global warming came in last among 20 top issues. 
Only 28 percent said it should be a top priority, ranking below 
immigration and “lobbyists,” and down from 38 percent three 
years ago. (See Figure 1.) Pew’s report comments: “Dealing 
with global warming ranks at the bottom of the public’s list of 
priorities; just 28 percent consider this a top priority, the lowest 
measure for any issue tested in the survey. Since 2007, when 
the item was first included on the priorities list, dealing with 
global warming has consistently ranked at or near the bottom.”

 D European public opinion tracks the Pew results closely, with 
only 4 percent of Europeans in the EU-27 nations selecting the 
environment as one of the two most important issues facing 
the continent. As in the United States, the economy is the 
leading issue; even immigration tops the environment in the 
Eurobarometer 72 poll (Figure 2).1
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figure 1  
global Warming a cool issue
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figure 2  
european opinion (eu-27 nations):  

“What do you think are the two most important issues  
facing our country at the moment?”
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 D Gallup’s most recent annual poll on environmental issues (March 2010) 
found that the public ranked global warming last out of eight issues from 
which respondents could choose, with only 28 percent saying they “worry 
a great deal” about global warming, down from a high of 41 percent in 
2007. (See Figure 3.) It is interesting to note that Gallup stopped offering 
acid rain as a choice after 2008; acid rain was often the highest-ranking 
environmental concern in surveys in the late 1970s. 

figure 3  
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 D Surveys in the 1980s and 1990s found that as many as three-quarters of 
Americans considered themselves to be either active environmentalists 
or sympathetic to environmental concerns. But an ABC News polling 
series shows significant diminution in public self-identification with 
environmentalists in recent years, suggesting declining enthusiasm 
for environmentalism. On the question, “Do you consider yourself an 
environmentalist, or not?” the “nots” have overtaken the “yes” respondents 
over the last few years, as shown in Figure 4.2
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 D One of the more notable findings of the annual Gallup survey is the large 
shift in opinion about whether environmental protections should take 
precedence over economic growth. As Figure 5 shows, the public has 
chosen the environment over the economy by as much as three to one over 
the last 25 years, a margin that narrowed only slightly in previous recessions. 
Over the last two years, the positions have reversed. Some of this shift is 
probably due to the severity of the current economic downturn, although 
the swing in opinion is much larger than has been observed in previous 
recessions.

figure 5  
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 D Extreme environmental pessimism may be on the wane. Gallup presents 
a notable recent shift in public sentiment about whether environmental 
quality in the United States is getting better or worse. Figure 6 shows 
the narrowing of the spread between the proportion of respondents who 
believe the environment is getting worse and the proportion who believe 
the environment is getting better. As in Figure 5, the shift coincides with the 
onset of the current recession, which bolsters the view that environmental 
sentiment correlates with prosperity.

figure 6  
do you think the Quality of the environment in the country  
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is green the neW Blah?

These survey findings indicate that public opinion may have become jaded about 
environmentalism, perhaps suffering from what some observers have called 
“apocalypse fatigue.” Numerous anecdotes in the major media also suggest public 
weariness with green dreariness. The New York Times reported in July 2008 that 
the marketing industry was picking up signs of a public backlash: “The advertising 
industry is quicker than most to pick up on changing consumer tastes and moods, 
and it seems to have grasped the public’s growing skepticism over ads with 
environmental messages. The sheer volume of these ads—and the flimsiness of many 
of their claims—seems to have shot the messenger. At best, it has led consumers 
to feel apathetic toward the green claims or, at worst, even hostile and suspicious 
of them.”3 Another New York Times story described the changing public mood as a 
reaction to “green noise”: “‘What we’ve been seeing in focus groups is a real green 
backlash,’ Ms. [Suzanne] Shelton [of the Shelton Group advertising agency] said. 
Over the last six months, she added, when the agency screened environmentally 
themed advertisements, ‘we see over half the room roll their eyes: “Not another green 
message.”’”4
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APPendIx
The Dozen Best Modern Books  
about the Environment
• Aldo Leopold, A Sand County Almanac, and Sketches Here and There. First published 
in 1949, this memoir by the great Wisconsin naturalist Aldo Leopold makes a lyrical 
case for what he called the “land ethic.” “That land is a community is the basic 
concept of ecology,” Leopold wrote, “but that land is to be loved and respected is 
an extension of ethics. That land yields a cultural harvest is a fact long known, but 
latterly often forgotten.” But Leopold was no pure romanticist. He recognized the 
importance of prosperity, and the fact that a modern economy was necessary for any 
environmental ethic to flourish. “These wild things,” he wrote on the first page of A 
Sand County Almanac, “had little human value until mechanization assured us of a 
good breakfast.”

• Gregg Easterbrook, A Moment on the Earth: The Coming Age of Environmental 
Optimism (1995). While Easterbrook’s subtitle has still not come true 15 years later, 
this magisterial book (745 pages!) looks at nature from the point of view of nature, 
surveys all the hot-button issues of our time from acid rain to polluted water, and 
offers an “Ecorealist Manifesto.” Some of Easterbrook’s issue discussions are out 
of date, but many of his general axioms are not. Among his refreshingly heterodox 
recommendations:

Skeptical debate is good for the environmental movement. The 
public need not be brainwashed into believing in ecological 
protection, since a clean environment is in everyone’s interest. Thus 
the environmental movement must learn to entertain skeptical debate 
in a reasoned manner or [it] will discredit itself, as all close-minded 
political movements eventually discredit themselves.

It is pointless for men and women to debate what the “correct” reality 
for nature might have been before people arrived on the scene. There 
has never been and can never be any fixed, correct environmental 
reality. There are only moments on the Earth, moments that may be 
good or bad. (emphasis added)
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• Charles C. Mann and Mark L. Plummer, Noah’s Choice: The Future of Endangered 
Species (1995). This splendidly written tour of the frontiers of species extinction 
begins with beetles; follows the Karner blue butterfly in the Northeast; revisits the 
snail darter, which almost stopped the Tellico Dam project in the Tennessee Valley 
in the 1970s; and ends up with practical suggestions for reforming the dysfunctional 
Endangered Species Act. The book is worth it just for the story of Edward O. 
Wilson’s stunning experiment of exterminating with pesticides every moving thing 
on a small island to study how life re-emerged and how equilibrium levels related 
to geographical area (answers: faster and more completely than expected, and also 
confirming that size matters). 

• Alston Chase, Playing God in Yellowstone: The Destruction of America’s First National 
Park (1986). Published two years before the catastrophic fires that burned most of 
Yellowstone’s trees, Chase explores how an area seemingly so beautiful can in fact be 
an ecological disaster area because of our hubristic belief that it could be “scientifically 
managed.” It is a good counter to our casual belief that government bureaucrats are 
good at protecting the environment. Chase’s prose is bracing: “As a wildlife refuge, 
Yellowstone is dying. Indeed, the park’s reputation as a great game sanctuary is 
perhaps the best-sustained myth in American conservation history, and the story of 
its decline perhaps one of our government’s best-kept secrets.”

• Terry L. Anderson and Donald R. Leal, Free Market Environmentalism (2nd edition, 
2001). “Free market environmentalism” might seem like an oxymoron to conventional 
environmentalists, and indeed it still gives some a case of the vapors. “Economics is 
a form of brain damage,” the great environmentalist David Brower once proclaimed. 
But Anderson and Leal, Montana economists and sportsmen, relate through 
numerous case studies how the basic economic concepts of incentives, property rights, 
and common law—as opposed to bureaucratic regulation—are no less important 
to environmental protection than to any other sphere of social life. This “Berlitz 
course,” as Anderson and Leal describe their book, does not offer answers for every 
kind of environmental problem, but it has been influential in getting conventional 
environmental leaders and organizations to rethink their views about the role of 
economics in environmental protection.
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• Daniel B. Botkin, Discordant Harmonies: A New Ecology for the Twenty-First Century 
(1990; new edition forthcoming). Botkin, an award-winning ecologist and wildlife 
biologist, challenges the common view that nature and ecosystems would persist in 
a stable equilibrium in the absence of disturbances from humans, and contends that 
this misperception, often embedded in accepted scientific models and government 
policy, is an impediment to real progress in environmental knowledge. Botkin’s 
splendidly written narrative combines provocative reflections on prominent human 
perspectives on the natural world from Lucretius through Roderick Nash, along 
with illuminating case studies of African elephants and North American wolves and 
moose.

• Jack M. Hollander, The Real Environmental Crisis: Why Poverty, Not Affluence, Is the 
Environment’s Number One Enemy (2003). Hollander, a physicist at the University of 
California, Berkeley, challenges the view of many old-school environmentalists such 
as Paul Ehrlich that technology and affluence are the enemy of environmental quality. 
To the contrary, Hollander argues that “the essential prerequisites for a sustainable 
environmental future are a global transition from poverty to affluence, coupled with a 
transition to freedom and democracy.” (Emphasis in the original.)

• Matthew Connelly, Fatal Misconception: The Struggle to Control World Population 
(2008). Connelly, a historian at Columbia University, gives an exhaustive account of 
the rise and decline of the global population control movement. This book is most 
valuable for the light it shines on the political corruption and instinct for centralized 
authoritarianism that inevitably accompany these world-saving enthusiasms. The 
“population bomb” can be seen as a precursor to the global-warming crisis of today, 
and as far back as the early decades of the 20th century the population crisis was 
put forward as the justification for global governance and coercive, non-consensual 
rule. Connelly recounts one of the first major international conferences on world 
population, held in Geneva in 1927, where Albert Thomas, a French trade unionist, 
argued: “Has the moment yet arrived for considering the possibility of establishing 
some sort of supreme supranational authority which would regulate the distribution 
of population on rational and impartial lines, by controlling and directing migration 
movements and deciding on the opening up or closing of countries to particular 
streams of immigration?” Connelly also describes the 1974 World Population 
Conference, which “witnessed an epic battle between starkly different versions of 
history and the future: one premised on the preservation of order, if necessary by radical 
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new forms of global governance; the other inspired by the pursuit of justice, beginning 
with unfettered sovereignty for newly independent nations.” (emphasis added)

• Fred Pearce, The Coming Population Crash and Our Planet’s Surprising Future (2010). 
Paul Ehrlich’s The Population Bomb (1968) was one of the most famous and best-
selling doomsday books of modern times, projecting mass starvation and ruin for 
the world. But a funny thing happened to the exponential population growth that 
Ehrlich forecast: it stopped. Global population is still growing, but fertility rates have 
been falling so fast—everywhere—that long-term projections now call for a peak 
in global population in another few decades, followed by a slow decline in global 
population that will be evident by the end of this century. 

British environmental writer Fred Pearce offers a powerful counterpoint to Ehrlich, 
with a conclusion as optimistic as Ehrlich’s was pessimistic, representing yet another 
nail in the coffin of Malthusianism. He offers a synoptic history of the gradual 
unraveling of the “limits to growth” thesis, and, like Connelly in Fatal Misconception, 
Pearce is rightly scornful of the coercive and authoritarian measures the population-
control movement promoted. Pearce is still worried about some of the headline issues 
such as climate change and resource scarcity, but he cannot escape an optimistic view 
of the planet’s future. 

• Indur M. Goklany, The Improving State of the World: Why We’re Living Longer, 
Healthier, More Comfortable Lives on a Cleaner Planet (2007). Goklany takes up the 
mantle of the late Julian Simon, offering reams of data and analysis chiefly refuting 
Paul Ehrlich’s central axiom, the I = PAT equation, where I is human impact on 
the planet as a function of P (population), A (affluence), and T (technology). The 
implication of I = PAT is that there need to be fewer, poorer, and less well-equipped 
human beings. Goklany painstakingly reviews the data, showing how human 
well-being is improving throughout the world, and how technological innovation 
and economic growth are the foundations for the transition to better social and 
environmental conditions in developing nations in the decades to come.

• Ted Nordhaus and Michael Shellenberger, Break Through: From the Death of 
Environmentalism to the Politics of Possibility (2007). Nordhaus and Shellenberger 
represent a generational shift within the environmental movement. The authors scorn 
the apocalypticism that has dominated environmental discourse, seeing its essential 
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pessimism as a hindrance to political and social success. They also acknowledge 
and repudiate the misanthropy that often comes to the surface in environmental 
agitation; they remind us that humans and what we make are a part of the planet’s 
environment, too. The old-style environmentalists “see in housing development only 
the loss of nonhuman habitat—not the construction of vital human habitat. Thus, the 
vast majority of environmental strategies aim to constrain rather than unleash human 
activity.” And Nordhaus and Shellenberger reject environmental romanticism, noting 
that, like other forms of political romanticism, it is highly dangerous: “Environmental 
tales of tragedy begin with Nature in harmony and almost always end in quasi-
authoritarian politics.” While the authors’ recommendation that the environmental 
movement reconstitute itself within a broad-spectrum “progressive” movement may 
be doubtful, the serious self-criticism from within the environmental movement is a 
refreshing and positive development.

• Seymour Garte, Where We Stand: A Surprising Look at the Real State of Our 
Planet (2007). Garte’s book can be viewed as a sequel to Lomborg’s The Skeptical 
Environmentalist. Garte, professor of environmental and occupational health at the 
University of Pittsburgh School of Public Health, relates the story of attending 
a professional conference in Europe. He was struck by the data presented by one 
speaker showing steadily declining air pollution trends. 

Garte argues that excessive pessimism about the environment undermines good 
scientific investigation and distorts our understanding of important environmental 
challenges. He criticizes anti-technological biases prevalent among environmentalists, 
but is also skeptical that market forces alone will suffice to continue our 
environmental progress in the future. He is guardedly optimistic that the creativity 
and adaptability of the human species will enable us to confront surprises and new 
problems. “We should pay attention to our successes as well as our failures,” Garte 
writes, “because in order to know where to go next, it is just as important to know 
where (and how) we went right as it is to know where we have gone wrong.”
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