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Figure 6.  The brown haze of air pollution is pernicious in and around many cities, and causes at up to 6 
million deaths each year. Pictured is the smog accumulating south of San Francisco, California, on a cool 
winter day.
Source: EA Hadly.

increasing the agricultural footprint, it is feasible to increase food production adequately in an 
environmentally sound way through (Ausubel et al., 2012; Foley et al., 2011): (a) improving yields 
in the world’s currently less productive farmlands; (b) more efficiently using the water, energy, and 
fertilizer necessary to increase yields; (c) eating less meat; and (d) reducing food waste through 
better infrastructure, distribution, and more efficient consumption patterns – some 30% of the food 
currently produced is discarded or spoiled. Adapting crop strains to changing climate will also be 
required to maximize yields (Lobell et al., 2008; Walthall et al., 2012). In the oceans, solutions lie 
in enhanced fisheries management; sustainable aquaculture that focuses on species for which farm-
ing does not consume more protein than is produced; and reduction of pollution, especially along 
coasts (Naylor et al., 2000, 2009).

It will be necessary to avoid losing more land to suburban sprawl through emphasizing develop-
ment plans that provide higher-density housing and more efficient infrastructure in existing built-
up areas, rather than carving new communities wholesale out of less disturbed surrounding lands.

Climate change will affect all places on the planet – those that are currently little impacted by 
humanity, as well as those now intensively used for agriculture or cities and towns – and the effects 
will be more pronounced with greater amounts of warming. Avoiding global ecosystem transfor-
mation will therefore also require keeping climate change to a minimum.

Pollution

There are few, if any places on Earth where human-produced environmental contaminants are not 
being deposited. Traces of pesticides and industrial pollutants are routinely found in samples of soil 
or tree bark from virtually any forest in the world, in the blubber of whales, in polar bear body tis-
sues, in fish from most rivers and oceans, and in the umbilical cords of newborn babies (Dodds, 
2008; Hoekstra et al., 2010). Smog in many cities is far above levels considered safe (WHO, 2011) 
(Figure 6). In the worst cases – such as in Beijing during January 2013 – polluted air can be seen 
from space. Other air pollutants, such as greenhouse gases and ozone, are invisible but cause seri-
ous global-scale problems, notably climate disruption. Oil spills routinely contaminate oceans and 
coastlines, as well as inland waters and land areas. Nuclear waste, and especially radioactive con-
tamination from accidents at nuclear plants, is a growing problem, as is the ubiquity of hormone-
disrupting or cancer-causing chemicals such as bisphenol-A (commonly known as BPA) (Guillette 
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and Iguchi, 2012). Activities such as mining, manufacturing, and recycling of electronic equipment 
have not only concentrated dangerous pollutants locally, but also distributed them worldwide, 
notably harmful substances such as lead, chromium, mercury, and asbestos (Qiu, 2013; Staff, 
Blacksmith Institute, 2012).

Causes for concern

•• Health impacts. The health costs of pollution are enormous. At least 125 million people 
are now at direct risk from toxic wastes produced by mining and manufacturing (Staff, 
Blacksmith Institute, 2012). As of 2010 air pollution caused up to 6 million premature 
deaths per year (Lim et al., 2012; WHO, 2011). Environmental exposures are thought to 
contribute to 19% of cancer incidence worldwide (Staff, Blacksmith Institute, 2012). 
Millions of people drink groundwater contaminated with cancer-causing arsenic or 
harmful microbes (Fendorf et al., 2010). All total, as of 2010, the number of years lost 
through illness, disability or early death (disability-adjusted life years, or DALYS) from 
environmental hazards is probably greater than those lost to malaria, tuberculosis, and 
HIV/AIDS combined (Lim et al., 2012). An emerging concern is the effect of hormone-
simulating chemicals, such as endocrine disruptors, which may be affecting human 
growth, development, and health on a large scale. For instance, endocrine disruptors 
have been linked to earlier onset of puberty and obesity (Guillette and Iguchi, 2012). The 
latter also leads to increased incidence of heart disease and type II diabetes (Newbold 
et al., 2009).

•• Dead zones. Excess nitrogen from farm fertilizers, sewage plants, livestock pens, and coal 
plants eventually ends up in waterways and makes its way to the oceans, where it stimulates 
prodigious algal growth. Decay of the dead algae then sucks all the oxygen out of the water 
(Dodds, 2008; Hoekstra et al., 2010). The result is a dead zone where marine life is greatly 
reduced. Most coasts of the world now exhibit elevated nitrogen flow, with large dead zones 
occurring near major population centers (Diaz and Rosenberg, 2008; NASA, 2010) (Figure 
7).

•• Environmental devastation. Greenhouse gas pollutants – primarily human-produced carbon 
dioxide (CO2), nitrous oxide (NO), and methane (CH4) – are the causes of one of the biggest 
environmental problems, climate disruption (IPCC, 2007). Herbicides, pesticides, and vari-
ous chemicals used in plastic production contaminate many waterways directly, and then are 
taken up by organisms and bioamplified through food chains. Virtually all human beings on 
Earth carry a burden of these persistent chemicals, many of which are endocrine disruptors. 
Pharmaceuticals meant for humans or livestock, and subsequently flushed into drains or 
otherwise finding their way into rivers and lakes, disrupt growth and development of 
amphibians and fish. Sewage and excess fertilizer contribute significantly to damaging 
more than half of the world’s coral reefs, and in some ecoregions, up to 90% of reefs (Dodds, 
2008; Hoekstra et al., 2010).

Solutions

The pollution problem is not a new one. The sources of environmental contamination generally are 
well known, especially for the worst sources, such as lead-battery recycling, lead smelting, mining 
and ore processing, tannery operations, municipal and industrial dumpsites, product manufacturing, 
chemical manufacturing, petrochemical industry, electronic waste, agricultural pesticides and excess 
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fertilizers, and greenhouse gases (Dodds, 2008; Hoekstra et al., 2010; Staff, Blacksmith Institute, 
2012). Viable prevention and cleanup solutions are available for most pollutants, but are often not 
employed because of cost. Significant reductions in pollution from manufacturing can be found in 
better regulation and oversight of industries using and producing hazardous wastes; better industry 
practices in controlling hazardous wastes and substances; educating local communities and hazard-
ous industries in adverse effects of pollutants; enhancement of technology for management and 
treatment of pollutants; and minimizing location of potentially hazardous industries near population 
centers. Reducing air pollution (including greenhouse gases) requires phasing out coal-fired power 
plants and high-emissions vehicles immediately, and over time replacing fossil-fuel sources of 
energy with clean energy. Minimizing agricultural pollution requires maximizing efficiency in 
application of fertilizers, pesticides, and antibiotics.

Even more promising than these traditional approaches is to use our current scientific under-
standing of the mechanisms of toxicity to guide synthetic chemistry toward a new generation of 
inherently safer materials. This is now eminently feasible, and it promises to reward entrepreneurs 
who adopt these green chemistry approaches in the market (Schug et al., 2013).

Population growth and resource consumption

There are two aspects to the population problem. One is how many people are on Earth (Figure 8). 
The other is the wide disparity in the ‘ecological footprint’ among different countries and societal 

Figure 7.  World distribution of dead zones in the ocean caused primarily by nitrogen pollution.
Source: NASA (2010).
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sectors, with a relatively small proportion of humanity inefficiently using and impacting an inordi-
nately large proportion of ecological resources (Figure 9).

Today there are more than 7 billion people on the planet. Demographic projections of popula-
tion growth indicate that some 2.5 billion more people may be added to the world population by 
2050 (PRB, 2012; UNDESA, 2011), when today’s children will be reaching middle age (see the 
population growth chart, Figure 8). How population actually changes in coming decades depends 
largely on what happens to fertility rates (the average number of children born per woman in the 
population in her lifetime), as well as mortality rates. If the global average fertility rate stayed at its 
present level, there could be 27 billion people on Earth in the year 2100, but that is extremely 
unlikely. If fertility changed worldwide to ‘replacement rate’ (in which parents just ‘replaced’ 
themselves in the next generation – about 2.1 children per woman) and mortality rates were those 
typical of developed countries, then there would be 10.1 billion people in 2100. With a global aver-
age fertility rate of ½ child above replacement rate, the population would reach 15.8 billion in 
2100, and a rate of ½ child below replacement would lead to an early peak in population size and 
a decline to about 6.2 billion people by 2100.

There are very wide differences in fertility between countries today. At the low end, rates are 
just 1.2 or 1.3 in several developed countries, including Latvia, Portugal, South Korea, and 
Singapore. Some countries with slightly higher fertility rates now show declining rates, including 
Russia, Germany, and Japan. Virtually all developed countries and a number of developing coun-
tries, including China, Brazil, and Thailand, now have below-replacement fertility, and their popu-
lations are on track to stop growing within a few decades at most. By contrast, many very poor 
developing countries still have fertility rates as high as six or more children per family: e.g. Zambia, 
Somalia, Burundi, and Afghanistan, among others. It is the high fertility in these regions that may 
keep the world population growing for a century more unless population policies lower their fertil-
ity sooner rather than later.

Figure 8.  If the fertility rate in all countries rapidly changes so each family on average has one daughter, 
population will crest by 2050, then stabilize around 10.1 billion. 
Source: Data from UNDESA (2011).
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Figure 9.  Consumption varies dramatically among countries, as illustrated by this graph of average 
barrels of oil used per person per year in some of the top oil-consuming countries compared with other 
representative nations. Numbers in parentheses give world rank in oil consumption. Numbers at right 
are barrels used per person per year. The challenge is bringing down per-capita consumption rates in 
countries in which rates are now too high, while allowing for growth in developing countries that are 
now at low consumption rates. In the case of fossil fuels, scaling up of renewables and new technological 
innovations will be required to solve the problem.
Source: Data from Central Intelligence Agency (CIA), 2013: ref. 115.
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Causes for concern

Each of the 7 billion people now on Earth contributes at some level to climate disruption, extinc-
tions, ecosystem transformation, and pollution. The actual contributions of course vary from region 
to region, country to country, and between rich and poor (Figure 9), with the general pattern being 
a much larger per capita footprint in highly industrialized, wealthier countries, and a lower per 
capita footprint in developing, poorer countries. Although each individual contribution to the 
global-change footprint can be tiny, when multiplied by billions, the effect becomes inordinately 
large. Among the key ways population growth contributes to world problems are the following.

•• Climate disruption. On average each person on Earth produces about 4.9 tonnes of CO2 per 
year, as of 2011 (Olivier et al., 2012); thus, as population grows, greenhouse gases and con-
sequent climate disruption increase proportionately.

•• Extinctions. Direct causes of extinction (habitat destruction, overexploitation) can be 
expected to increase as billions more people occupy and use more and more of the planet 
(Hoekstra et al., 2010). Further extinctions are likely to result from climate change. In addi-
tion, there are serious indirect impacts, notably the amount of net primary productivity, or 
NPP, that humans consume or co-opt. (NPP is a measure of the ‘natural energy’ available to 
power the global ecosystem. It is technically defined as the net amount of solar energy con-
verted to plant organic matter through photosynthesis.) Humans now appropriate about 28% 
of all NPP (although estimates range from 23% to 40%) (Haberl et al., 2007; Running, 2012; 
Smith et al., 2012; Vitousek et al., 1986, 1997b). There are limits to the amount of NPP that 
can be produced on Earth, so the more NPP that humans use, the less is available for other 
species. That means that as the human population grows, populations of other species inevi-
tably go extinct (unless special conservation measures mitigate the losses) because of global 
energy constraints. Calculations that assume no change in human consumption patterns 
indicate that the amount of NPP required by 20 billion people – which would occur by the 
year 2085 if fertility rates stayed the same as they are now – would cause the extinction of 
most other species on Earth (Maurer, 1996). Clearly, a human population of that size is 
untenable.

•• Ecosystem transformation. A little less than 2 acres of land has already been converted for 
each person on Earth (Barnosky et al., 2012; Foley et al., 2011; Vitousek et al., 1997b). If 
that per capita rate of land conversion continued, adding 2.5 billion more people to the 
planet means that the majority of Earth’s lands – a little over 50% – would have been 
changed into farms, pastures, cities, towns, and roads by 2050. Continuing to use land at the 
rate of 2 acres per person would mean that 85% of Earth’s lands would have to be used – 
including inhospitable places such as deserts, the Arctic, and the Antarctic – if the popula-
tion hit 15 billion. Such unworkable scenarios underscore that population cannot grow 
substantially without reducing the human footprint.

•• Pollution. All of the most dangerous sources of pollution result from per capita demand for 
goods and services and, given current practices, will increase proportionately with the num-
ber of people on Earth. Additionally, there is the problem of treating and disposing of human 
waste (sewage and garbage), which multiplies roughly in proportion to numbers of people.

An important consideration is that basic needs – a place to live, food, water, and adequate 
healthcare – are difficult to provide even for the 7 billion people already alive today. Although 
international programs have been making significant gains in bringing these basic needs to more 
people and places, about 80% of the world’s population still lives below poverty level (i.e. on less 
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than US$10 per day; 1.4 billion people still live on less than US$1.25 per day) (Shah, 2013); 2.6 
billion people lack basic sanitation services (more than one-third of all the people on the planet) 
(Shah, 2013); 1.1 billion people have inadequate access to water (Shah, 2013); about 870 million 
people (1 in 8) lack enough food (FAO, 2012a); and 1 billion people lack access to basic healthcare 
systems (Shah, 2011). Addition of 2.5 billion more people by 2050, and more after that, would 
make these already-challenging problems even more difficult to solve, particularly since the high-
est fertility rates currently are in the poorest countries. For example, despite an overall decrease in 
malnourished children from 1990 to 2011, the number of underfed children in Africa – where 
populations have grown substantially and most countries are relatively poor – rose from about 46 
million to 56 million in those two decades (WHO, 2013b).

Solutions

Two strategies will be required to avoid the worst impacts of population growth. The first involves 
recognizing that sustaining at least the quality of life that exists today while still adding some bil-
lions of people will require reducing the per capita human footprint – for example, developing and 
implementing carbon-neutral energy technologies, producing food and goods more efficiently, 
consuming less, and wasting less. This amounts to a dual challenge of reducing the per capita use 
of resources in economically developed countries, while still allowing growth in quality of life in 
developing countries. For example, the average US citizen used about 22 barrels of oil per year in 
2011, whereas the average person in China and India used only about 3 and 1 barrels, respectively 
(Figure 9) (CIA, 2013). Evening out such disparities while still preserving quality of life will 
require a transformation of energy and resource-consumption regimes in both rich and poor nations, 
as well as major technological breakthroughs in some areas. Especially in the energy sector, policy 
changes will be needed to ensure that developing countries can ‘leap-frog’ over outdated technolo-
gies, as occurred with the mobile phone industry. Overall, per capita consumption can be reduced 
by using state-of-the-art science for designing, developing, and commercializing the materials that 
are used by billions of people.

The second strategy involves ensuring that the lower population-growth projections are the ones 
that prevail (Brown et al., 2011; Ehrlich et al., 2012). The medium-fertility variant worldwide (on 
average one daughter per family) would stabilize world population at about 10 billion; that would 
actually entail a large increase in fertility in all developed countries plus China and dozens of other 
developing countries. Therefore the 10-billion benchmark clearly can be improved upon. Today, 
about 40% of the population lives in countries where fertility is already near replacement, and 
another 42% lives in countries where the fertility rate is significantly lower. The ‘low’ projection 
(Figure 8) is achievable and should be the goal. Ending world population growth at about 8 billion 
requires bringing down fertility rates in the 18% of the population (UNDESA, 2011) that live 
mostly in economically disadvantaged countries, where people still lack ready access to education 
and healthcare. Raising levels of education, particularly among women, and providing access to 
safe and effective means of contraception to those who want it, have been proven to reduce fertility 
rates substantially (Ehrlich et al., 2012; Speidel et al., 2009).

Interactions

While climate disruption, extinctions, ecosystem transformation, pollution, and population growth 
all are serious problems on their own, they interact with each other in ways that make their total 
effects much more than simply the sum of their parts. For example, pollution leads to local losses 
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of biodiversity, which in turn leads to major ecological changes. Cutting down old-growth rainfor-
ests permanently transforms local climate by making it effectively drier, which in turn permanently 
changes the local ecosystem from forest to grassland. At the same time global climate disruption is 
magnified as a result of removing a major source of carbon sequestration. Scaling up, as global 
climate reaches critical thresholds of change, rapid disappearance of whole biomes, such as boreal 
forests (Scheffer et al., 2012), may result. Some pressures are tied intimately to others: for instance, 
increasing human population size, and especially increasing per capita consumption, multiplies the 
impacts of all four of the other problems.

Causes for concern

Interaction effects markedly increase the chances that crossing critical thresholds will lead to irre-
versible change (Peters et al., 2009; Scheffer et al., 2009) (Figure 10). That means that multiple 
global pressures can combine to cause undesirable changes to occur more unexpectedly, faster and 
more intensely than what would be predicted from considering each pressure separately (Folke 
et al., 2011; Lenton, 2011; Rockström et al., 2009; Steffen et al., 2011; Wang et al., 2012). Such 
unanticipated changes in essential resources – food, water, climate predictability, biodiversity – are 
likely to result in social strife.

The pressures of each dangerous trend on its own, combined with the multiplying effect of 
combining them, makes it highly plausible that disruptive societal changes would occur within 
decades if business as usual continues (Barnosky et al., 2012; Rockström et al., 2009; Steffen et al., 
2011). Even taken individually, the current trajectories of climate change, extinctions, ecosystem 
transformation, pollution, and population growth are faster and greater than the planetary pressures 
that triggered so-called ‘planetary state-changes’ in the past (Barnosky et al., 2012). Essentially, 
those were times when the Earth system hit a ‘tipping point’, that is, suddenly switched to a new 
condition that precipitated abrupt, major, and permanent changes, including losses of species and 
shifts in ecological structure and ecosystem services that affected all places on the planet. The last 
time this happened was nearly 12,000 years ago, when the last glaciation ended. In general, 

Figure 10.  The interactions between climate disruption, population growth and consumption, ecosystem 
transformation, pollution, and extinction greatly magnify the potential for undesirable global change.
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‘tipping points’ are characteristic of how biological systems respond to continued pressures, and 
they are well documented at a variety of spatial and temporal scales (Scheffer et al., 2001, 2009).

Solutions

Minimizing the chances that unanticipated global changes will result from interaction effects 
requires flattening the trajectories of all five dangerous trends. An important part of the solution 
lies in relieving the global pressures that have the strongest interaction effects, namely popula-
tion growth, per capita resource consumption, and greenhouse gas emissions. These affect con-
ditions in all parts of the planet, because the extent of ecosystem transformation, extinctions, and 
pollution inevitably multiply as population grows, as people consume more, and as climate 
changes, and climate disruption becomes more pronounced as more people use energy derived 
from fossil fuels.

While the science is clear that continuing the negative trends of climate disruption, extinction, 
ecosystem loss, pollution, population growth and growing per capita consumption are harmful to 
humanity, actually solving these problems will require recognition of their urgency by people and 
governments at all levels. The technological expertise is available to mitigate many of the harmful 
impacts, but ultimately, science and technology only provide the tools; it is up to society to decide 
whether or not they want to use them. Therefore, a crucial next step in diffusing these problems is 
societal recognition of their urgency and willingness to commit human ingenuity and resources 
towards implementing solutions (Ehrlich and Ehrlich, 2013). This will entail enhanced education 
about these issues at all levels, including schools, businesses, the media, and governments, and 
sustainable development goals that acknowledge that human wellbeing depends on planetary well-
being (Griggs et al., 2013).

The window of time for this global effort to begin is short, because the science also demon-
strates that with each passing year of business as usual, the problems not only become worse, they 
become more expensive and difficult to solve, and our chances of avoiding the worst outcomes 
diminish. Put another way, starting now means we have a good chance of success; delaying even a 
decade may be too late.
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