What is the Earth’s Carrying Capacity?
An AGR Thought Piece

Introduction
Several hundred years ago Thomas Malthus, a British scholar, convinced English nobility that
civilization had surpassed the Earth’s carrying capacity and that famine was imminent. Since
this first declaration that the world may have a limited capacity to support its growing
population, there have been episodes of recurring concern that the world has approached and,
by some estimates, far exceeded its carrying capacity.
Carrying capacity is “the maximum population of a given species that can survive indefinitely in
a given environment.”1 The maximum population of earth depends on several factors, many of
which surround the use—and exploitation—of limited non-renewable resources that create
“pinch points.”
In this video below, Hans Rosling shows a
remarkable statistical illustration of the
progress that has been made in the last
200 years around the world in terms of life
expectancy and wealth and the further
progress that is highly probable in the
future. This progress will continue to be a
secular demand driver for the agriculture
and food industries.
AGR Partners’ investment approach
Source: YouTube –
reflects our concern for the issue of the
earth’s carrying capacity, and our proactive http://www.youtube.com/watch?v=jbkSRLYSojo
stance toward confronting it. The following
thought piece details the influences shaping the earth’s carrying capacity and the challenges we
face in extending it.
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Malthus and Goods Movement
Malthus underestimated the ability of mankind to adapt and invent new solutions to solve the
imminent issue of resources versus population. Global transportation prevented Malthus’s
predictions from materializing as this innovation in transportation allowed agriculture
production in the Americas to begin feeding Europe, thus increasing the food supply available
to the growing European population.
Over time, the world has faced many challenges related to resource scarcity and we have
responded with innovative approaches to sustain the present and future population.
Transportation continues to play an integral role in expanding the world’s carrying capacity.
Imports and exports of food and yield-enhancing technologies have become increasingly
important as the world population has grown. In this model of global transportation, however,
food prices are linked to the price of the fossil fuels required for transportation, which has led
to significant food price fluctuations over time.
The Power of “Elemental” Innovation
Advances in technology have allowed the planet to support a much larger population than that
predicted by Malthus in the late 18th century. But how did we move from an agrarian society to
the one in which we now exist, where dozens of ports around the world ship more than a
million tons of goods each year? John Browne, an author and former group chief executive of
British Petroleum, takes a look at this question. By his assessment, technological advances (and
as such, the expansion of the world’s carrying capacity) is a function of a few basic elements.
In his book, Seven Elements That Have Changed the World, John Browne identifies seven
chemical elements that, in his view, "have most powerfully changed the course of human
history." Those elements are: iron, carbon, gold, silver, uranium, titanium and silicon. The book,
in Browne's words, "traces the story of how they have enabled progress as well as destruction,
of the power they give humans to do good and evil, and of their capacity to shape our future.”2
Iron was selected because it is "the backbone of all industry since the eighteenth-century
Industrial Revolution"3; carbon, because "no energy source has been more potent" 4; silver,
because of its role in the invention of photography; gold, "as a store of value and medium of
trade"5; titanium, because of its early use as a metal in supersonic aircraft and deep-diving
submarines, but even more because of its usefulness as a whitening agent; uranium, because it
unleashed the nuclear bomb as well as a carbon-free source of energy; and silicon, because of
its importance in powering computers.
As the book reveals, man has used these elements to enable progress and shape our future. 6
Iron and carbon, for example, can be attributed with having disproved Malthus’ theory that the
Earth was running out of carrying capacity. These two elements, together, provided the cargo
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ships and the energy to transport massive quantities of grains and other goods from the
Americas to Europe and Asia in the early 19th century.
The graphic below shows the global grain flows, notice how the Americas supply the
populations of Europe and Asia:
World Map: Grains and Oilseeds

Source: Rabobank [Note: The width of flows indicate the volume of trade, the colors indicate types of
grains.]

AGR senses some irony in our society regarding how we use these powerful elements to
increase the world’s carrying capacity. Society seems eager to embrace some innovations while
rejecting others, for example, yield-enhancing technologies for plants or animals, including
genetic modification of organisms, also known as GMO. Why the dichotomy? AGR Partners
observes that technological innovation in the actual food people consume is generally
“unpalatable.” The GMO discussion is often guided by emotion rather than logic and facts. This
complicates the challenge of resolving the discrepancy in supply and demand for the earth’s
current 7 billion people as well as the next several billion that will be added to the world’s
population. Will hybrid seeds continue to be accepted? What about GMO? Will unforeseen new
technologies be embraced?
In the face of widespread starvation and malnutrition in Africa, AGR finds it startling that GMO
technology has been largely rejected by those countries, following the lead of European
countries. However, as of recently, it looks like those restrictions may finally be loosening.
"There is growing recognition that African countries will need to use a range of modern
technologies, including biotechnology, to adapt crops to new ecological conditions," Calestous
Juma, a Kenyan professor of international development at Harvard University in the United
States told Reuters.7
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AGR does not take a position for or against a specific technology; we believe that people should
be free to choose. If solid science supports a technology as safe, we believe that government
agencies should back the peer-reviewed research. A scientist working to develop a solution to a
disease that kills citrus trees recently commented that the biggest challenge facing a GMO
solution is public opposition based on emotions, rather than facts. We can only hope that the
facts and truth eventually win the debate.
Range of Projected Carrying Capacity
Was Malthus’ prediction incorrect? Or is it merely delayed? What are the scarcity “pinch
points” in the future that mankind will need to overcome?
Depending on the metrics used, estimates of the earth’s carrying capacity can range from as
small as a half a billion people to as large as 14 billion people.8,9 Why the dramatic disparity?
Some estimates don’t account for resources and innovations that have become staples in
today’s world. For example, the “organic” carrying capacity, meaning without the use of
chemical fertilizer, is estimated to be about 2.4 billion people. 10,11 The expansion of our global
food supply and carrying capacity has been inextricably linked to the mining and fabrication of
three fertilizers: nitrogen, phosphorous and potassium. However, due to finite supply and
environmental ramifications, we may not be able to rely forever upon the bounty that these
fertilizers enable (more on this topic below). The high estimates of the earth’s carrying capacity,
on the other hand, reflect an optimistic view of humans’ ability to resolve challenges of scarcity
and environmental factors through technological innovation.
Ultimately, the earth’s overall
carrying capacity is a function
of many factors, including
quality of life (social carrying
capacity).12 In this thought
piece, however, we will focus
on what is known as the
biophysical carrying capacity
of the world, in other words,
the maximum population
that can be sustained by the
resources of the planet at a
specific level of technology.13
We will profile a few of the
main resource scarcity points Source: United Nations, Institute for Lifecycle Environmental Assessment
(or contributing factors)
below—arable land, water, fossil fuel, fertilizer, and climate change—as examined by several
different studies.
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Arable Land
Arable land, an integral resource, is one of the most important scarcity points to look at when
profiling the earth’s carrying capacity. While some countries have no arable land, others have
an abundance of it. However, relative to total land area on the planet, arable land makes up a
comparatively low percentage. For example, only 17.5 percent of land area in the United States
is considered arable. 14 As the world population grows, there is an increasing demand for
agricultural production, which depends on the availability of arable lands to produce food.
Growing populations also create a greater demand for housing, which removes arable land
from agricultural production to create growing cities that have no choice but to consume more
arable land. The scarcity of land demonstrates the inherent tension between supply and
demand as the world’s population grows.
Double the People – Double the Carrying Capacity of the Earth
Global Population & Land Available
Agricultural Land Resources

Source: Rabobank

All arable land, however, is not created equally. High quality land is able to produce more
abundant yields. Quality of land is determined by soil health and availability of water. Soil
health is a function of ecology, but also of human use. Intensive farming eventually depletes
soil nutrients and renders the land unproductive, in turn creating a serious scarcity point. Water
is also required for productive crop yields. With the development of irrigation, land productivity
is significantly enhanced (the 20 percent of land that is irrigated in the world produces 40
percent of the world’s food supply 15), however, irrigation can also impact land quality by
disrupting natural soil composition, increasing sodium levels in the soil, altering nutrient
reactions between the soil and the crops, and causing negative effects on the osmosis process.
Technology, however, can help negotiate a solution to our decreasing supply of arable land and
our increasing demands of it. Even with less available land to farm and diminishing quality,
advances in fertilizers have made the land infinitely more productive. It is estimated that
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without the use of synthetic nitrogen fertilizer, only 40 percent of the world’s population or
about 2.4 billion people could be sustained by agriculture production. 16
Fertilizer
In 1960, the world population was three billion. In the last 57 years, we have added more than
four billion more people to the planet. Meanwhile, arable land has only grown four percent,
compared to a population growth of 85 percent over the same time frame.17 In the absence of
expanded acreage to farm, farming has grown more intensive. In an effort to reap more from
the soil, however, the land is being sapped of the nutrients required to be productive.
Technology, of course, has risen to this challenge and we’ve been able to restore soil nutrients
with fertilizers, namely nitrogen, phosphorus and potassium.
In 1997, Canadian geographer Vaclav Smil calculated that were it not for the industrial fixation
of nitrogen, the world’s population would probably not have exceeded 4 billion people — 3
billion fewer than are alive today.18
How dependent are we upon synthetic nitrogen fertilizer? Vaclav Smil says the question is
difficult to answer, but found that about 40% of all nitrogen taken up by crops is synthetic
fertilizer. And since those crops “furnish—directly as plants and indirectly as animal foods—
about 75 percent of all nitrogen in consumed proteins (the rest comes from ﬁsh and from meat
and dairy foodstuffs produced by grazing), about one third of the protein in humanity’s diet
depends on synthetic nitrogen fertilizer.”19
As the world’s preferences to consume meat proteins rise, so will our reliance on synthesizing
nitrogen fertilizers. But this implies a significant environmental cost. When nitrogen fertilizers
leach into the soil, it infects the water supply with nitrates, which have been known to cause
“blue baby” disease and some kinds of cancer. Furthermore, nitrogen fertilizer that ends up in
lakes, ponds, and oceans cause algae proliferation that puts fish populations at risk. 20
Phosphorous also bring challenges to the table. “Phosphorus is one of the building blocks of all
life. Every living cell requires it. Plants need phosphorus to grow as much as they need water.”21
To meet agriculture’s growing demand for phosphorous, phosphate rock is increasingly mined
to distribute on agricultural lands. Though the US mines its own supply of phosphorous, there is
growing environmental concern over the waste created by the extraction of phosphate, whose
supply is most abundant in Florida. The largest international exporters of phosphorous are in
the Western Sahara and Morocco, both areas of tenuous political stability. In the absence of
phosphorous exports from that region, the world’s food supply would be in jeopardy.
The biophysical challenges to the earth’s carrying capacity loom large, but history has
demonstrated that human innovations in technology have been able to raise the bar on our
ability to support an ever-swelling population, despite previous forecasts. Certainly, the world’s
bioengineers and agronomists have a big, important job ahead of them. As investors, our job is
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to support the innovative work of our science community through smart investments in
companies that operate and apply the best available technology to develop sustainable
solutions.
Water
The shortage of water and its effects on agriculture production is a pressing issue. In the Central
Valley of California, where AGR is located, the issue is at the forefront of those facing farmers.
However, the ramifications of the scarcity of this finite resource are not limited to California or
even the United States. The shortage of water, and the increasing demand for it, is a major
factor in the world’s carrying capacity. Although our planet is comprised of 70 percent water,
approximately 1.1 billion people do not have access to
clean, potable water.22 Another 2.7 billion live with
scarce water at least one month out of the year.23
That means that almost half of the Earth’s population
is lacking a sufficient supply of water, either for
irrigation or for safe, potable consumption, which is
cause for concern in looking at our world’s carrying
capacity. Earth’s population depends on water for a
number of endeavors: agriculture, industry,
household maintenance and more. According to
statistics, we dedicate 70 percent of water to
irrigation, 20 percent to industry, and 10 percent to
domestic uses.24
In the last century, water use has increased at twice
the rate of the population and shows no signs of
slowing down. The population is expected to grow
by about 80 million people annually for the next
several decades. In terms of water, that translates
to an increase in demand of 64 billion cubic meters,
or approximately 17 trillion gallons, annually. 25 It is
also predicted that water withdrawals will increase
by 50 percent in developing countries and 18
percent in developed countries by 2025. 26 To put
this increase into perspective, Sydney Harbor in
Sydney, Australia, contains about 400,000 acreSource: UN Water
feet27, or 130 billion gallons, of water and Lake Tahoe
in California, contains about 37 trillion gallons of
water (more than 110 million acre-feet).28 This means that the annual increase in the world’s
water demand would be more than 100 “Sydharbs” (the size of Sydney Harbor) or almost half
the size of Lake Tahoe (the second largest lake in the United States).
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Fossil Fuel
Due to the fact that fossil fuels supply over 80 percent of the world’s energy, fossil fuels are a
main “pinch point” that could, in the near future, cause a decline in the carrying capacity of the
world. 29 This dependence on fossil fuels has allowed the short-term carrying capacity to
increase; however, the short-term increase is unsustainable. Since fossil fuels are nonrenewable resources, we will eventually reach the end of our fossil fuel reserves and the Earth
will no longer be able to support the current and future population.
By some estimates crude oil reserves could be depleted by 2050 or 2075. 30 An alternative to
fossil fuel is ethanol, which, despite some controversial studies, has been proven to have a
positive net fossil energy value when derived from sugar cane or corn, meaning that less fossil
fuel is used in the making of ethanol than energy present in ethanol. 31 This makes ethanol a
possible energy source for part of our fuel needs but its growth will be limited going forward
due to competition for land to produce food or feed crops. There are also other alternatives,
like solar power, that may prove to be better resources. The verdict is still out on which form of
energy will be the most sustainable. AGR Partners is confident that many talented scientists
are working creatively to determine solutions to the world’s eminent demand for alternative
and renewable energy sources.
The graphic below shows the consequence of not pushing for conservation and technology
advancements in fuel and food production. If the rest of the world develops consumption
habits like we have in North America, this is unsustainable. We don’t have five earth’s worth of
resources to satisfy such a demand.

Source: 8020 Vision

All rights reserved, AGR Partners, September 2013

8

Climate Change
While meeting the resource demands of a swelling population bears its own challenges, there
are also significant environmental hurdles with which to reckon. With global temperatures
rising, glaciers melting, and weather patterns growing more extreme, the tension that exists
between population growth, resources, and the environment gets knocked sideways. What
happens, for example, if/when the Himalayan glaciers melt? It will upset supplies of fresh water
on which 1.3 billion South Asians and Chinese (and, of course, that number is rising) depend for
food production. 32
“Next to no research has assessed the likely impacts of human-caused climate change,
ecosystem disruption, or energy and resource scarcity on the two main determinants of
demographic change: births and deaths,” wrote Robert Engelman, president of the Worldwatch
Institute.33 United Nations’ predictions that the world population will reach 10 million by the
end of the century assume no demographic influence from climate change.
However, with the destabilization of the food system and soaring food prices, some leading
scientists are starting to take a closer look. Experts say that “in coming decades, farmers need
to withstand whatever climate shocks come their way while roughly doubling the amount of
food they produce to meet rising demand.”34 And farmers need to accomplish this feat in a way
that is sustainable for the environment and their bottom line.
With dramatically shrinking groundwater reservoirs, forecasts of less rain, and diminishing
glacial storage, the world water situation is dire. And things are getting hotter. As Dr. David
Lobell of Stanford University told the New York Times, “there’s been an under-recognition of
just how sensitive crops are to heat, and how fast heat exposure is increasing.” 35 Furthermore,
as water and temperature patterns change, so do habitats for pests and diseases, which expose
both crops and people to a host of unfamiliar epidemics.
Confronting climate change impacts will require revolutionary innovation. A June 2011 New
York Times article points to successes like the Green Revolution in Mexico as a silver lining of
hope. The movement was led by Dr. Norman Borlaug, an American who went on to be the only
agronomist to win a Nobel Peace Prize. He is credited with saving a billion people from
starvation through innovations in wheat that dramatically increased yield to bring bread to the
hungry masses. While Borlaug earned many accolades for his revolutionary wheat innovation,
he also earned plenty of criticism from the environmental communities. AGR finds it ironic that
anyone could criticize developments that help feed the world.
Finding solutions to the impending magnitude of our climate change problems might just have
to look more like a revolution than an evolution.
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Conclusion
While many of the studies paint a concerning picture for potential resource scarcity in the
future, there are several positive factors to reflect upon: 1) Mankind has historically found
solutions to its seemingly catastrophic problems, 2) Technological innovation that harnesses
the power of the earth’s elements (as illuminated by John Browne in his book, Seven Elements
That Have Changed the World) is most likely to continue resolving current and future scarcity
points, 3) Currently, only about 40 percent of arable land is in efficient production in the world
today; we can do better, 4) While the supply of arable land is thought to be a finite resource,
Brazil has shown the world that it may be able to cultivate land that was once thought to have
no agricultural value (demonstrated by the transformation of the Brazilian Cerrado36), and 5)
Approximately one third of the food we produce is not consumed due to spoilage and other
waste along the value chain.
The chart below shows 10 different researchers who have published their predictions on the
range of the Earth’s carrying capacity. As you can see below, the predictions are highly varied –
it is up to us to allocate our personal or investment capital to greater conservation and
efficiency, yield advancement, and sustainable businesses; all using research that is backed by
solid peer reviewed science.
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About AGR Partners
AGR Partners is a private equity firm that cultivates long-term growth in companies seen as
indispensable assets of the agriculture and food value-chain. AGR facilitates late-stage growth,
strategic acquisitions, and ownership transitions via non-controlling investments in private and
public companies. AGR targets mature companies in investment grade countries, equity or
convertible debt structures, and an investment target size of $10-75 million. The firm is
headquartered in Visalia, California, but its team and Advisory Board are represented across the
globe.
AGR Partners:
113 North Church Street, Suite 510
Visalia, CA 93291
phone: 1.559.677.7073
email: info@AGRpartners.com
www.AGRpartners.com
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