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THE PLA NET O F NO R ET UR N
HUMAN RESILIENCE ON AN ARTIFICIAL EARTH
ERLE ELLIS

O

ver the last several decades, a consensus has grown among scientists that
humans have become the dominant ecological force on the planet.
According to these scientists, we are now living in the Anthropocene, a new
geological epoch shaped by humans1. While some have hailed this forwardlooking vision of the planet, others have linked this view with the perennial
concern that human civilization has exceeded the carrying capacity of Earth’s
natural systems and may thus be fundamentally unsustainable.2 In this article,
I argue that this latter notion rests upon a series of assumptions that are inconsistent with contemporary science on how humans interact with ecosystems, as
well as with most historical and archeological evidence.Ever since early humans
discovered fire and the benefits of collaborative systems such as collective hunting and social learning, human systems, not the classic biophysical limits that
still constrain other species, have set the wider envelope for human population
growth and prosperity. It was not planetary boundaries, but human system
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boundaries that constrained human development in the Holocene, the geological epoch that we have just left. We should expect no less in the Anthropocene.
Humans have dramatically altered natural systems — converting forests to
farmlands, damming rivers, driving some species to extinction and domesticating others, altering the nitrogen and carbon cycles, and warming the globe —
and yet the Earth has become more productive and more capable of supporting
the human population.3 This process has dramatically intensified in recent centuries at a rate unprecedented in Earth’s (and human) history,4 but there is little
evidence to date that this dynamic has been fundamentally altered. While the
onset of the Anthropocene carries new ecological and social risks, human systems such as agriculture have proven extraordinarily resilient to environmental
and social challenges, responding robustly to population pressures, soil exhaustion, and climate fluctuations over millennia, from a global perspective.
Though the sustainability of human civilization may not be at stake, we
must still take our responsibilities as planetary stewards more seriously than
ever. As the scale and power of human systems continue to increase at accelerating rates, we are awakening to a new world of possibilities — some of them
frightening. And yet our unprecedented and growing powers also allow us the
opportunity to create a planet that is better for both its human and nonhuman
inhabitants. It is an opportunity that we should embrace.

1.
Long before the Holocene, Paleolithic human systems had already evolved powers beyond those of any other species, managing to engineer ecosystems using
fire, to innovate collective strategies for hunting, and to develop other tools and
techniques that revolutionized human livelihoods from hunting and foraging.5
The extinction of megafauna across most of the terrestrial biosphere demonstrates the unprecedented success of early human engineering of ecosystems.6
Those extinctions had cascading effects (trophic downscaling) caused by the
loss of dominant species, leading to forest loss in some regions and forest regrowth in others.7 Paleolithic humans, with a population of just a few million,
dramatically transformed ecosystems across most of the terrestrial biosphere
and most coastal ecosystems,8 demonstrating that population size is not the
main source of the transformative power of human systems.
The onset of the Holocene, which began with the end of the last ice age,
roughly corresponds with the start of the Neolithic Age of human development.
During this period, agricultural human systems began to displace earlier
Paleolithic human systems,9 and human systems became dependent upon the
entirely novel, unambiguously anthropogenic process of clearing native vegeta38/
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tion and herbivores and replacing them with engineered ecosystems populated
by domesticated plant and animal species.10 This process allowed available land
and resources to support many more people and set the stage for massive and
sustained human population growth way beyond what was possible by
Paleolithic systems. In ten millennia, the human population surged from just a
few million to billions today.11
While the warm and stable climate of the Holocene is widely credited with
enabling the rise of agriculture, more complex forms of human social organization, and the general thriving of human populations to a degree far exceeding
that of the prior epoch, it was not these new climatic and biophysical conditions
themselves that brought the Paleolithic era to an end. Rather, Paleolithic human
systems failed to compete with a new human system built upon a series of profound technological innovations in ecosystem engineering.12
The dramatic, sustained rise of agricultural populations, along with their
eventual success in dominating Earth’s most productive lands, demonstrates
that the main constraints on these populations were not environmental.13 The
Malthusian model holds that populations are ultimately limited by their environmental resources — primarily the ability of a given area of land to provide
adequate food.14 But this model makes little sense when engineered ecosystems
have long been the basis for sustaining human populations.
Throughout the world, food production has risen in tandem with the density of agricultural populations. Populations work harder and employ more
productive technologies to increase the productivity of land only after it becomes a limiting resource. This results in a complex interplay of population
growth, labor inputs, technology adoption, and increased productivity — a
process of agricultural intensification that still continues in many developing
agricultural regions today.15
Until the widespread commodification of agricultural production over the
last century or so, agriculturalists — and likely their Paleolithic hunting and
foraging predecessors — used the minimal amount of labor, technologies, and
other resources necessary to support their livelihoods on the lands available to
them.16 In most regions, yield-boosting technologies, like the plow and manuring, had already been developed or introduced long before they became
necessary to overcome constraints on local food availability for subsistence populations.17 Improving agricultural productivity facilitated rising population
growth and density and placed greater pressure on food production, which, in
turn, induced the adoption of more productive agricultural technologies.
While this steady increase in the productivity of land use in tandem with
population seems to conflict with the environmental degradation classically ascribed to human use of land,18 the theoretical explanations for this are simple
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and robust. The low-density populations of early farmers tended to adopt longfallow shifting cultivation systems (rotations of 20 years and longer), progressing
through short-fallow shifting cultivation, annual cropping, multiple cropping,
and the increasing use of irrigation and fertilizers as populations grew and land
became scarce.19
Cultivation of agricultural land has resulted in all manner of environmental
degradation at local scales. Although agricultural productivity inevitably declines
after land is first cleared for agriculture and in agricultural systems without intensive management, there is little evidence of declining long-term productivity
in agricultural lands that have been managed intensively for millennia.20 Indeed,
the overwhelming trend is quite the opposite.21 Increasing demands upon the
productivity of agricultural lands have resulted in an increasing demand for
technological inputs (and labor, in the preindustrial era) in order to maintain
and increase productivity, which continues to rise in most agricultural regions.

2.
The long trends toward both the intensification of agricultural cultivation and
the engineering of ecosystems at increasing scope and scale have accelerated as
more and more of the world transitions from rural and agricultural societies to
urban and industrial ones. The exponential growth in population, resource use,
technologies, and social systems over the past half-century marks the most rapid
and powerful transformation of both Earth and human systems ever.22
In the past two centuries, fossil energy has mostly replaced biomass for fuel
and substituted for most human and animal labor,23 revolutionizing the human
capacity for ecosystem engineering, transport, and other activities. Large-scale
industrial synthesis has introduced artificial compounds almost too numerous
to count,24 including a wide variety used to control undesired species.25 Synthetic
nitrogen fertilizers have helped to both double the amount of biologically reactive nitrogen in the Earth system and have largely replaced the use of native soil
fertility in sustaining human populations.26 Genetic engineering has accelerated
gene transfer across species.27 The waste products of human systems are felt almost everywhere on land, water, and air, including emissions of carbon dioxide
rapid enough to acidify the oceans and change the climate system at rates likely
unprecedented in Earth’s history.28 Wild fish and forests have almost disappeared,29 receding into the depths of our ancestral memory.
At the same time, advances in hygiene and medicine have dramatically increased human health and life expectancy.30 Industrial human systems are far
more connected globally and evolve more rapidly than prior social systems, accelerating the pace of social change and interaction, technological innovation,
40/
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material exchange, as well as the entire tempo of human interactions with the
Earth system.31 Over the last two centuries (and especially the past fifty years)
most humans have enjoyed longer, healthier, and freer lives than we ever did
during the Holocene.
There is no sign that these processes or their dynamics are slowing down in
any way — an indication of their resilience in the face of change.32 As far as
food and other basic resources are concerned, we remain far from any physically
determined limits to the growth and sustenance of our populations.33 For better
or for worse, humans appear fully capable of continuing to support a burgeoning population by engineering and transforming the planet.

3.
While human societies are likely to continue to thrive and expand, largely unconstrained by any hard biophysical boundaries to growth, this trend need not
be inconsistent with conserving and even restoring a solid measure of our ecological inheritance. As populations, consumption, and technological power
advance at an exponential pace, industrial systems appear to be evolving in new
directions that tend to reverse many of the environmental impacts caused by
agriculture and prior human systems.
Urbanization, perhaps the most powerful global change process of the industrial age, is rapidly concentrating human populations across the world into
the market-based economies of cities, decoupling most of humanity from agricultural livelihoods and direct interactions with rural lands.34 And while
urbanization is nothing new, its current scale and rate are unprecedented.35
Urban economies of scale, particularly in human interactions and infrastructure, accrue as a result of population density and lead to improvements
and additional advantages in nearly all aspects of human systems, including better health care, incomes, housing, access to markets, transportation, and waste
treatment among many others.36 Urban populations also tend to experience
much lower and declining birth rates.37
Yet the greatest global effects of urbanization may be realized outside of
cities, which occupy less than one percent of Earth’s ice-free land. Rural-tourban migration leads to the depopulation of rural landscapes, and massive
urban demand for food and resources leads to the upscaling of agricultural systems.38 The process is complex, but such trends tend to concentrate production
in Earth’s most productive agricultural lands, boosting agricultural yields in
these areas through intensive use of inputs and technology by large-scale farming
operations.39 Depending on whether governance systems are in place to take
advantage of these transformative powers of urbanization, large-scale forest rePLANET OF NO RETURN
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coveries can and have taken place in response to the widespread abandonment
of marginal agricultural lands.40
As a result, massive urbanization may ultimately prove yet another stage in
the process of agricultural intensification. In this case, increasing human population densities in urban areas drive ever increasing productivity per unit area
of land, while at the same time allowing less productive lands to recover.
Multifunctional landscape management may then support both intensive food
production and habitat recovery for native and other desirable species.41

4.
With urbanization shaping the Industrial Age, and as we move rapidly into the
most artificial environments we have ever created, the decisions we must make
are ever clearer. Indeed, even as urbanization drives advances in some forms of
agricultural productivity, the trend is rapidly spelling an end to some of the
most ancient and productive agricultural human systems the world has ever
seen — the ancient rice paddies of Asia are being transformed into factory
floors. As we did at the end of the Paleolithic, most of humanity is defecting
from the older ways, which will soon become hobbies for the elite and nostalgic
memories for the rest of humanity. Just as wild forests, wild game, and soon,
wild fish disappear, so do the human systems associated with them.
While there is nothing particularly good about a planet hotter than our ancestors ever experienced — not to mention one free of wild forests or wild fish
— it seems all too evident that human systems are prepared to adapt to and
prosper in the hotter, less biodiverse planet that we are busily creating. The
“planetary boundaries” hypothesis asserts that biophysical limits are the ultimate
constraints on the human enterprise.42 Yet the evidence shows clearly that the
human enterprise has continued to expand beyond natural limits for millennia.
Indeed, the history of human civilization might be characterized as a history of
transgressing natural limits and thriving. While the Holocene’s relatively stable
conditions certainly helped support the rise and expansion of agricultural systems, we should not assume that agriculture can only thrive under those
particular conditions. Indeed, agriculture already thrives across climatic extremes
whose variance goes far beyond anything likely to result from human-caused
climate change.
The Earth we have inherited from our ancestors is now our responsibility.
It is not natural limits that will determine whether this planet will sustain a
robust measure of its evolutionary inheritance into the future. Our powers may
yet exceed our ability to manage them, but there is no alternative except to
shoulder the mantle of planetary stewardship. A good, or at least a better,
42/
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Anthropocene is within our grasp. Creating that future will mean going beyond
fears of transgressing natural limits and nostalgic hopes of returning to
some pastoral or pristine era. Most of all, we must not see the Anthropocene
as a crisis, but as the beginning of a new geological epoch ripe with humandirected opportunity. /
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