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Predic'ons of a global food crisis — that the world's food produc'on would not
be able to keep pace with popula'on growth — have a long history. In the 18th
century the English cleric Thomas Robert Malthus hypothesized that gains in
per capita resources would inevitably be outstripped by popula'on un'l food
supplies finally acted as a barrier to further growth.¹

Such predic'ons have con'nued well into the 20th and 21st centuries; in his
controversial 1968 book The Popula+on Bomb, Paul Ehrlich argued that global
popula'on would con'nue to grow un'l the point of mass starva'on.²

Both Malthus and Ehrlich should be surprised to see the current state of the
world. Today, we can support a global popula'on of around 7.4 billion (and
growing), with many consuming far in excess of requirements.³

There are a number of scien'fic and technological innova'ons which have
allowed for rapid growth in crop produc'vity, par'cularly in the second half of
the 20th century. None of these had a more drama'c impact than the ability to
produce synthe'c nitrogen fer'lizer.

In fact, it's es'mated that nitrogen fer'lizer now supports approximately half of
the global popula'on. In other words, Fritz Haber and Carl Bosch — the
pioneers of this technological breakthrough — are es'mated to have enabled
the lives of several billion people, who otherwise would have died prematurely,
or never been born at all.⁴

It may be the case that the existence of every second person reading this
a\ributes back to their 20th century innova'on.

Atmospheric alchemy:
making fertilizer from air
Understanding the significance of nitrogen fer'lizer requires a brief explana'on
of its role in global crop produc'on. In addi'on to water and sunlight, crops
need three key nutrients to grow: nitrogen, phosphorous and potassium.
Nitrogen is o_en the nutrient that is limi'ng to further crop produc'on, despite
Earth's atmosphere containing more than 78 percent. This is because in the
atmosphere, nitrogen exists in its largely unreac've N₂ form, rather than in a
reac've form which plants can u'lize.

For millennia, agricultural crop had to rely on the limited quan'ty of reac've
nitrogen which was naturally occurring in soils and ecosystems.⁵

This remained the case un'l 1908 when the German chemist Fritz Haber
developed a process by which atmospheric N₂ could be converted into
ammonia (NH₃) – a form of reac've nitrogen which plants can use.⁶

Carl Bosch, another German chemist and engineer, was able to take Fritz
Haber's laboratory-scale process and develop it at an industrial scale. The
combined "Haber-Bosch process" remains the primary industrial method for the
produc'on of synthe'c nitrogen fer'lizer.

How many people does
nitrogen fertilizer feed?
In simple terms, crops typically respond posi'vely to nutrient inputs. As we
explore in detail in our entry on Crop Yields, crop yields and fer'lizer
applica'on typically show a strong posi've rela'onship . Fer'lizer applica'on,
combined with other produc'vity factors such as improved crop varie'es,
gene'c breeding, irriga'on and mechaniza'on led to a significant inflec'on in
crop yield trends across the world in the 20th century. It should be noted that
this growth in agricultural output — from both industrial and organic farming —
has undoubtedly  resulted in important ecological and resource pressures.
However, as we cover in detail in a recent blog post, organic farming (that is,
agriculture without synthe'c inputs) can o_en have a greater environmental
impact than conven'onal agriculture.

So, how many people does synthe'c nitrogen fer'lizer actually feed? Below we
draw upon several published es'mates, which tend to converge on a similar
share of the global popula'on. Results published by Erisman et al. (2012) in the
scien'fic magazine Nature are shown in the chart.⁷

These results also 'e closely with Vaclav Smil's widely-quoted es'mates, which
we discuss later.⁸

In the chart we see the actual global popula'on trend as the top line —
growing from around 1.65 billion in 1900 to almost 7.4 billion in 2015.

The bo\om line represents es'mates of the number of people fed by
synthe'c nitrogen fer'lizers. As we see, nitrogen fer'lizers only became
available following the commercializa'on of the Haber-Bosch process from
1910 onwards. Since then, Erisman et al. es'mate it has supported 42
percent of global births over the past century. This amounts to 44 percent of
the global popula'on in 2000 being fed by nitrogen fer'lizers, rising to 48
percent in 2008. Here we have extended this es'mate to 2015 with the
con'nua'on of the assump'on that 48 percent of the global popula'on are
fed by nitrogen fer'lizers. Since the share supported by the process
con'nues to rise, this may in fact be a conserva've es'mate. This means
that in 2015, nitrogen fer'lizers supported 3.5 billion people that otherwise
would have died.

The middle line represents the size of the global popula'on which would
therefore be supported without the use of nitrogenous fer'lizers. This is
shown simply as the actual popula'on minus the number of people reliant
on them for food produc'on. Without this innova'on, global popula'on
may have been reduced to only 3.5 to 4 billion people.
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How can we estimate the
number of people fed?
Firstly, it's important to note that these es'mates are understandably difficult
to derive with a high degree of certainty. This difficulty arises for several
reasons. Notably there have been a number of addi'onal contributors to
produc'vity gains in agriculture throughout the 20th and 21st centuries,
including crop breeding, irriga'on, mechaniza'on, and farm management
techniques — untangling the individual role of nitrogen fer'lizers alone is
challenging. Secondly, the global food system is complex and geographically
highly unequal: high-income countries have moved beyond the stage of aiming
to meet basic nutri'onal requirements from food produc'on, and now dedicate
a large share of food produc'on to meat (which is a much less efficient nitrogen
converter) and bioenergy produc'on.⁹

Nonetheless, general es'mates tend to converge on a figure in the range of 40-
50 percent of the popula'on. Let's look at three widely cited es'mates:

U'lizing a range of long-term evalua'ons, spanning a total of 362 seasons of
crop produc'on, of crop yields and nutrient budgets across the world,
Stewart et al. (2005) concluded that between 30-50 percent of yield
increases could be a\ributed to synthe'c fer'lizer inputs (and typically even
higher in the tropics).¹⁰
Smil (2004) reached similar conclusions, sugges'ng with high confidence
that global crop harvests would be approximately half of current levels
without nitrogen fer'lizer inputs.⁸ Vaclav Smil derives his calcula'ons based
on the use of nitrogen crop, livestock and human protein (of which the
building blocks are nitrogen) balances. His nitrogen balance concluded that
85 percent of all nitrogen in food protein for humans is derived from
cropland; the remainder came from seafood or livestock on grazing land.
Since nitrogen fer'lizer provided around half of the nutrient in this
harvested crop, he es'mated that it provided 40 percent of dietary protein
in the mid-1990s. He concluded that 40 percent of the global popula'on in
2000 were dependent on food produc'on from synthe'c fer'lizers.

Erisman et al. (2012) have since updated these es'mates to the year 2008,
es'ma'ng a similar (but slightly higher) share of 44 percent in 2000 and 48
percent in 2008.

The complexi'es of the global food system make it challenging to provide a firm
figure, however, it's likely that just under half of the global popula'on is
dependent on synthe'c nitrogen fer'lizers. This is further shown in the chart.
As a result, the Haber-Bosch process will likely have enabled the lives of at least
3 to 3.5 billion people today.

Could we have achieved the same
without synthetic nitrogen?
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If Fritz Haber had not discovered how to make synthe'c nitrogen, would we
have found alterna've solu'ons to support a popula'on as large as today's?

Addressing this ques'on partly relies on retrospec've guesswork about
whether, in the absence of synthe'c nitrogen fer'lizer, we would have
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World population with and without synthetic nitrogen fertilizers
Es'mates of the global popula'on reliant on synthe'c nitrogenous fer'lizers, produced via the Haber-Bosch process for food
produc'on. Best es'mates project that just over half of the global popula'on could be sustained without reac've nitrogen
fer'lizer derived from the Haber-Bosch process.
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Best es'mates project that just over half of the global popula'on could be sustained without reac've nitrogen fer'lizer derived
from the Haber-Bosch process.

Se{ngs

1900 2015

Data source: Erisman et al. (2008); Smil (2002); Stewart (2005) – Learn more about this data
OurWorldinData.org/fer'lizers | CC BY

Table Area

1900 20151920 1940 1960 1980 2000
0

1 billion

2 billion

3 billion

4 billion

5 billion

6 billion

7 billion

8 billion

Popula'on fed by
synthe'c nitrogen
fer'lizers

Popula'on supported
without synthe'c
nitrogen fer'lizers

Related: How many people does synthe'c fer'lizer feed?

Our World
in Data Browse by topic Data Insights Subscribe DonateResources About Search for a topic, chart or ar'cle...

https://ourworldindata.org/
https://ourworldindata.org/fertilizers
https://ourworldindata.org/team/hannah-ritchie
https://ourworldindata.org/world-population-growth/
https://ourworldindata.org/food-per-person/
https://en.wikipedia.org/wiki/Fritz_Haber
https://en.wikipedia.org/wiki/Carl_Bosch
https://ourworldindata.org/crop-yields
https://ourworldindata.org/grapher/cereal-crop-yield-vs-fertilizer-application
https://ourworldindata.org/yields-and-land-use-in-agriculture/#yields-in-the-uk-over-the-long-run
https://ourworldindata.org/is-organic-agriculture-better-for-the-environment
https://ourworldindata.org/subscribe
https://creativecommons.org/licenses/by/4.0/
https://ourworldindata.org/faqs#how-can-i-embed-one-of-your-interactive-charts-in-my-website
https://ourworldindata.org/donate
https://global-change-data-lab.org/
https://creativecommons.org/licenses/by/4.0/
https://github.com/owid/owid-grapher/blob/master/LICENSE.md
https://ourworldindata.org/faqs
https://ourworldindata.org/#all-topics
https://ourworldindata.org/search
https://ourworldindata.org/data-insights
https://ourworldindata.org/latest
https://ourworldindata.org/sdgs
https://ourworldindata.org/teaching
https://ourworldindata.org/about
https://ourworldindata.org/organization
https://ourworldindata.org/funding
https://ourworldindata.org/team
https://ourworldindata.org/jobs
https://ourworldindata.org/faqs
https://ourworldindata.org/atom.xml
https://ourworldindata.org/atom-data-insights.xml
https://x.com/ourworldindata
https://www.instagram.com/ourworldindata/
https://www.threads.net/@ourworldindata
https://facebook.com/ourworldindata
https://www.linkedin.com/company/ourworldindata
https://bsky.app/profile/ourworldindata.org
https://github.com/owid
https://ourworldindata.org/subscribe
https://ourworldindata.org/privacy-policy
https://ourworldindata.org/cookie-notice
https://ourworldindata.org/organization#legal-disclaimer
https://github.com/owid/owid-grapher/blob/master/LICENSE.md
https://ourworldindata.org/feedback
https://books.google.co.uk/books/about/An_Essay_on_the_Principle_of_Population.html?id=kY0VAAAAYAAJ&printsec=frontcover&source=kp_read_button&redir_esc=y#v=onepage&q&f=false
https://ourworldindata.org/hunger-and-undernourishment/#global-number-of-individuals-undernourished
https://ourworldindata.org/famines/
http://www.bbc.co.uk/programmes/p04f77rg
http://www.palgrave.com/us/book/9781137286949
https://www.nature.com/articles/ngeo325
https://mitpress.mit.edu/books/enriching-earth
https://dl.sciencesocieties.org/publications/aj/abstracts/97/1/0001
https://ourworldindata.org/how-many-people-does-synthetic-fertilizer-feed/
https://creativecommons.org/licenses/by/4.0/
https://ourworldindata.org/grapher/world-population-with-and-without-fertilizer
https://ourworldindata.org/fertilizers
https://creativecommons.org/licenses/by/4.0/
https://ourworldindata.org/grapher/world-population-supported-by-synthetic-nitrogen-fertilizers
https://ourworldindata.org/how-many-people-does-synthetic-fertilizer-feed/
https://ourworldindata.org/
https://ourworldindata.org/search
https://ourworldindata.org/data-insights
https://ourworldindata.org/donate

