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Abstract The world population will reach 7 billion in late 2011, a demographic
milestone that is causing renewed attention to the challenges caused by population
growth. This article looks at the last 50 years of demographic change, one of the
most extraordinary periods in demographic history. During this period, world
population grew at rates that have never been seen before and will almost surely
never be seen again. There were many concerns about the potential impact of rapid
population growth in the 1960s, including mass starvation in countries such as India,
depletion of nonrenewable resources, and increased poverty in low-income
countries. The actual experience was very different. World food production increased
faster than world population in every decade since the 1960s, resource prices fell
during most of the period, and poverty declined significantly in much of the
developing world. The article considers the economic and demographic explanations
for the surprising successes of this important period in demographic history. It also
looks at regions that have been less successful, especially Africa, and at the lessons
for dealing with the important challenges that still remain.
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Introduction

The world’s population is projected to reach 7 billion in late 2011 (United Nations
Population Division 2011). This important demographic milestone is motivating
renewed interest in the challenges posed by population growth. It was only 12 years
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ago, in 1999, that there was similar attention to world population reaching 6 billion.
With a population of 7 billion, and another billion projected in less than 15 years, the
world faces daunting challenges, including global warming, a recent rapid increase
in food prices, and more than 1 billion people living in extreme poverty.1 As we
think about the challenges facing the world as these billions of people are added, it is
instructive to look back at the last 50 years of world population growth. In this
article, I argue that the last 50 years represent one of the most extraordinary periods
of demographic history the world has ever seen. Looking at what happened to food
production, resource scarcity, and poverty during this exceptional period can provide
us with valuable lessons about our capacity for dealing with the many difficult
challenges yet to come.

In the 1960s, as today, there were optimists and pessimists among those looking
at the challenges of population growth. Indeed, there have been optimists and
pessimists about population and the economy since at least the time of Thomas
Malthus. Malthus’s (1803/1960) “Essay on the Principle of Population,” which
argued that economic growth tends to be choked off by the population growth that
results from rising incomes, was a challenge to the optimistic utopianism of writers
like William Godwin (1793/1798).2 William Stanley Jevons (1866), another
important early economist, predicted in 1866 that England’s economic growth was
unsustainable because England was running out of coal. The debate between
pessimists and optimists looking at population and resources has gone on for
hundreds of years and will surely continue for hundreds more. The debate may have
reached a peak in the 1960s, with plenty of things for pessimists to worry about.

In this article, I will consider what the world looked like in the 1960s as
researchers and policy makers considered the demographic challenges ahead. My
characterization will be much more broad than deep, incorporating data on a wide
range of economic and demographic outcomes. I will touch on several issues, any
one of which would be impossible to do justice to in a article of this length. My goal
is to look at the big picture of the last 50 years of economic and demographic
change, recognizing that this inevitably allows only a superficial look at many
complex issues.

Concerns About Population in the 1960s

In 1960, the world’s population reached 3 billion. This received considerable
attention at the time, including a January 1960 cover story in Time Magazine under
the banner “That Population Explosion” (Time Magazine 1960). Even more
important than the population of 3 billion was the unprecedented rate of population
growth. The increase from 2 billion to 3 billion took about 35 years,3 whereas the
increase from 1 billion to 2 billion took about 125 years and the addition of the first

1 These trends will be documented and discussed in more detail later in the article.
2 For a history of the debate between Malthus and Godwin, see Petersen (1971).
3 McEvedy and Jones (1978) estimated that world population reached 2 billion in 1925, roughly consistent
with other estimates compiled by the U.S. Census Bureau (2011) and the United Nations Population
Division (1999).
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billion took from the beginning of the human race until about 1800. The annual
growth rate of world population reached 2.2% in 1962 (U.S. Census Bureau 2010).
This may have been the first time in human history that the world’s population grew
at 2% per year, since, as discussed later, 2% growth requires an unusual set of
demographic conditions. It is easy to see why there was concern about population
pressures and what they might mean for our future.

Concern about population growth was widespread in academic circles and the
media in the 1960s. The University of Michigan’s Population Studies Center was
founded in 1961. Many other U.S. population centers were also founded in the
1960s, a reflection of the interest in population among the foundations that funded
the centers and among the researchers that created them (Caldwell and Caldwell
1986; Donaldson 1990). Numerous books and articles expressed concern about the
dangers posed by rapid population growth. These concerns are typified by Paul
Ehrlich’s 1968 book The Population Bomb. The words on the cover of the paperback
edition, “Population control or race to oblivion” (Ehrlich 1968), give a sense of the
book’s alarmist tone. Many other books and articles sounded the alarm about
population growth, although The Population Bomb continues to be the best-known
book on population from the period.4

How Unusual Was the Demography of the 1960s?

Was the demographic experience of the 1960s unusual enough to deserve the
attention it received? One way to look at this is to examine doubling times of world
population. World population increased from 3 billion to 6 billion between 1960 and
1999, a doubling time of 39 years. The previous doubling time—the time it took the
world to grow from 1.5 billion to 3 billion—was about 70 years.5 The doubling
before that took about 150 years, the one before that about 500 years, and the
doubling before that about 1200 years (see Fig. A1 in Online Resource 1). The
sequence of doubling times from AD 1 to 1999, then, is something like 1,200 years,
500 years, 150 years, 70 years, and 39 years. My undergraduate students are good at
“what is the next number in this sequence?” problems, so I have them guess the next
doubling time—the time from 1999, when the world had 6 billion people, until the
world population reaches 12 billion. Given the choice of 20, 30, 40, 60, or
100 years, most students choose 20 or 30 years, with almost none choosing 60 or
100. The correct answer is almost surely more than 100 years, as will be discussed
later in the article. Those who have worked on population projections might even
prefer an answer like more than 500 years or perhaps even “forever,” since it’s very
plausible that the world will never reach a population of 12 billion.

How can we say that world population won’t double in the next 100 years, given the
doubling from 1960 to 1999 and given uncertainty about future fertility and mortality?
Figure 1 shows the U.N. Population Division’s population projections to 2100 using

4 Other frequently cited books that raised concerns about population growth include Famine 1975!
(Paddock and Paddock 1967) and the Club of Rome’s Limits to Growth (Meadows 1972).
5 The doubling times in this paragraph are rough estimates based on the U.S. Census Bureau’s (2011)
compilation of a number of historical estimates of world population.
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their high-, medium-, and low-variant projections.6 According to the medium-variant
projection, world population will reach 9.3 billion in 2050. That’s another 2.3 billion
people, a sobering increase. But it is an increase of 33% in the next 39 years, far from
the 100% increase that occurred between 1960 and 1999. The U.N. medium-variant
projection reaches 10 billion in 2083 and 10.1 billion in 2100. The addition of 3
billion people in 72 years can be compared to the addition of 3 billion in just 39 years
between 1960 and 1999. Using the high-variant projection, which assumes slower
fertility decline, world population will reach 10.6 billion in 2050 and 12 billion in
2065. Using the low-variant projection, which assumes faster fertility decline, world
population reaches a maximum of 8.1 billion in 2046, then falls to 6.2 billion by 2100.
None of these scenarios predicts a doubling in anything close to 39 years.

Other projections have reached similar conclusions. Lutz et al. (1997, 2001,
2004), using models of probabilistic population projections, have argued for some
time that the world population growth rate will approach zero by 2100. Their median
forecast predicts that world population will peak in 2070 at a level of 9 billion
people, with an 85% chance that the world will reach population stability by 2100.
While it is difficult to make precise forecasts of world population, a great deal of
information can be garnered from analyzing the current age distributions in different
countries and recent trends in fertility and mortality (Bongaarts and Bulatao 2000). It
is virtually certain that world population will never again double in 40 years, making
the 1960–2000 experience absolutely unique in human history.

To understand why world population will not double again by 2100 or even by
2200, it is useful to look at population growth rates. Population growth was very
slow before the industrial revolution, although there may have been short periods
with annual growth rates above 1% (Lee 2003). Figure 2 shows annual growth rates

6 The main source of population estimates and projections in this article is the 2010 Revision of World
Population Prospects (United Nations Population Division 2011). Details about the assumptions in the
low-, medium-, and high-variant projections are available at the United Nations Population Division
(2011) website.
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and projections from various sources from 1900 to 2100. The growth rate probably
reached 1% around 1925. Better estimates are available starting in 1950 and show
the growth rate rising in the 1950s. Census Bureau estimates show a dramatic drop
in 1959, the result of increased mortality and decreased fertility in China’s Great
Famine. According to the Census Bureau, the peak annual growth rate for the world
was 2.2% in 1963, implying a doubling in 32 years if this rate stayed constant.
Interpolations from the U.N.’s five-year estimates imply a peak annual growth rate
of 2.03% in 1968. The big picture is that population growth rates reached just over
2% per year in the 1960s and have fallen rapidly since.

The 2011 growth rate is estimated at 1.1%. If this rate stayed constant, world
population would double in 60 years. But there is little doubt that the growth rate
will continue to fall. The growth rate is as high as it is only because of population
momentum, with many women at childbearing ages because of earlier population
growth. Figure 2 shows growth rates to 2100 for the U.N.’s high-, medium-, and
low-variant projections. The 2050 medium-variant growth rate is 0.38%, implying a
doubling time of about 175 years. The 2100 medium-variant growth rate is 0.05%,
implying a doubling time of 1,400 years. Although these projections, especially
when taken to 2100, must be interpreted with caution, it is clear that the world
population growth rate is falling rapidly. These growth rates demonstrate why the
world population is unlikely to reach 12 billion in the foreseeable future or even the
unforeseeable future.

Why Was the Demography of the 1960s so Unusual?

Clearly, the last 50 years represent an exceptional period in demographic history.
The 2% growth rates of the 1960s really were a population explosion by historical
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standards, almost surely never seen before and never to be seen again. To understand
the consequences of these growth rates, we first need to understand why they
happened. This is best done with a quick tour through the demographic transition,
which is fundamental to understanding what we’ve been through.7

It is beyond the scope of this article to discuss the demographic transition in
detail, but a few points are important for an understanding of what caused the
exceptional demographic history of the last 50 years. The demographic transition
begins from a regime with high birth and death rates that are roughly equal, implying
little or no population growth. The transition starts with a decline in death rates, resulting
in a period of population growth. This is followed with some lag by a decline in birth
rates, reducing the population growth rate. The transition ends with a new equilibrium
characterized by low birth and death rates that are once again roughly equal, returning to
low or zero population growth. This stylized description provides quite an accurate
picture of the recent demographic history of most developing countries.

Figure 3 shows the case of Southeast Asia, a fairly typical pattern that
demonstrates a number of key points (data are from U.N Population Division
2011). Southeast Asia had the highest population growth rate in the world in the
1950s, the result of rapid mortality decline that was already well underway. The
crude death rate (CDR) in the 1950s was 23 per 1,000, well below the crude birth
rate (CBR) of 45 per 1,000. It is important to keep in mind that these are simply
births and deaths as a proportion of the total population and are very sensitive to the
large changes in age structure that take place during the demographic transition. The
rate of natural increase—the difference between the CBR and the CDR—was about
20 per 1,000, or 2% per year, in Southeast Asia in the early 1950s, reaching a peak
of 2.5% in the 1960s. Rapid declines in the birth rate caused the growth rate to fall to
1.2% in 2010, a rate that is as high as it is only because of the continuing large
numbers of women at childbearing ages. Reaching a gap between birth and death
rates of 25 per 1,000 requires the unusual conditions that occur during that fairly
brief period in which the death rate has fallen but the birth rate is still high. We
see that this gap existed for only about a decade in Southeast Asia—roughly the
1960s—and is very unlikely to return.

One reason we won’t see population growth of 2.5% again in Southeast Asia is
that the CDR is already below 10 per 1,000, with little room to fall further. In fact,
CDRs are leveling off or rising in most countries that are well advanced through the
demographic transition. This is not because of a leveling off in life expectancy but is
the result of population aging. Life expectancy actually increased by 8 years in
Southeast Asia between 1985 and 2010, but the aging of the population meant there
was only a slight decline in the CDR.

The demographic transition since 1950 for Latin America looks very similar to
Southeast Asia in terms of magnitudes and timing, evidence of the similar
demographic change across the developing world in the last 60 years.8 South Asia

8 The demographic transition for other regions and the world as a whole since 1950 are presented in Figs.
A2 and A3 in Online Resource 1.

7 I use demographic transition to refer to empirical patterns in birth rates, death rates, and population
growth rates, as in Lee (2003). For a discussion of the demographic transition as a theory of demographic
change, see Kirk (1996).
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is also quite similar, although its population growth peaked in the 1980s rather than
the 1960s. Sub-Saharan Africa exhibits some important differences, however, with a
later and slower fertility decline. In the 1950s, sub-Saharan Africa had a CBR of 48
per 1,000 and a CDR of 26 per 1,000, generating a natural increase of 2.2% per year.
The CBR had declined to only 46 by the early 1980s, while the CDR had fallen to
17, generating the highest annual growth rates observed for any region—just under
3%. Sub-Saharan Africa has nonetheless experienced declines in fertility and a
resulting decline in the population growth rate since the 1980s, with a current CBR
around 36 and a CDR around 13, for an annual rate of natural increase of 2.4%.

The demographic transition for the world looks similar to that of Southeast Asia.
The CDR was already well below the CBR in 1950. The gap between them
increased to cause the 2% growth rate of the 1960s, and then narrowed to cause
growth rates to fall. Trends in the CDR help explain why the world is unlikely to
ever again see population growth rates of 2% per year. The current world CDR is
about 8 per 1,000, permitting little room for further decline, with a leveling and an
eventual increase projected as a result of population aging. The current world CBR is
about 19 per 1,000. Reaching 2% annual growth, given current death rates, would
require a CBR of 30 per 1,000, a rate last seen in the early 1970s.

Dramatic changes in age structure are an intrinsic feature of the demographic
transition (Lee 2003) and are a key component of demographic change in the last
50 years. The rapid growth resulting from declines in infant and child mortality
caused very young age structures in developing countries in the 1960s and 1970s. In
1975, the proportion of the population under age 15 was 40% in Brazil, 43% in
Thailand, and 50% in Kenya, creating enormous pressure on schools. Declining
fertility eventually caused declines in cohort size, reductions in the size of the
school-aged population (Lam and Marteleto 2008a), and the “demographic
dividend” of a population concentrated in working ages (Bloom et al. 2003). The
current concentration of women at childbearing ages creates continued population
growth even in countries with near-replacement fertility. Rapid growth of the elderly
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population is already emerging as a challenge in many developing countries
(Kinsella and Velkoff 2001).

What we learn from looking at the demographic transition from 1950 to 2010 is
that the period of rapid population growth was relatively short and is quickly coming
to an end. A doubling of world population in 40 years has never happened before
and will almost surely never happen again. The concern that population was growing
at unprecedented rates in the 1960s was unquestionably correct. However, the rate
had already reached a peak by the mid-1960s, shortly before the publication of The
Population Bomb, and was already beginning a rapid decline.

Three Big Concerns of the 1960s

Observers in the 1960s worried about a number of potential challenges created by
rapid population growth. In this section, I focus on three of the most important areas
of concern. First, and perhaps the biggest concern, was that we would not be able to
feed everyone, especially in the poorest and fastest growing countries. Second, we
were worried about depletion of many critical, nonrenewable resources. Third, we
were concerned that levels of poverty, already high in Asia, Africa, and Latin
America, would increase. In the subsequent sections, I address each of these three
issues, drawing on data from a number of sources. As we will see, the big lesson is
that the world survived the challenges of the population bomb amazingly well.

Food Production

Concerns that the population will grow faster than food production have been
fundamental to the population debate since Malthus, who argued that while
populations tend to increase geometrically (or, we would say, exponentially), food
production increases only linearly. Because of this, these arguments suggest,
population growth will eventually lead to starvation and will thus be checked by
increased mortality (Lee 1997). Many pessimistic statements were made about the
world’s ability to feed the rapidly growing population in the 1960s. One famous
quote from Paul Ehrlich in The Population Bomb reads, “The world, especially the
developing world, is rapidly running out of food . . . . In fact, the battle to feed
humanity is already lost, in the sense that we will not be able to prevent large-scale
famines in the next decade or so” (Ehrlich 1968:36).

Figure 4 presents indices of population and food production from 1961 to 2009
for the world using the U.N. Food and Agriculture Organization’s (FAO) food
production index, with 1961, the first year of the index, set to 100 (FAO 2011).9

Looking first at the period from 1961 to 1980, we see that the world did quite well in
food production in the 1960s and 1970s. World population increased by 44% but
food production increased by 59% from 1961 to 1980, resulting in per capita food
production being 10% higher in 1980 than it was in 1961. I mention the 1961–1980

9 The food production data are based on the production index for food from the FAOSTAT online database
(FAO 2011), converted to a base of 1961=100. As of June 2011, the index covered the period 1961 to
2009. The population estimates are from the United Nations Population Division (2011).
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period first because concerns about food production continued to be voiced during
this period, including some pessimistic predictions for the 1980s. Lester Brown
argued in a 1981 Science article, “As the 1980s begin, the growth in world
production is losing momentum and its excess over population growth is narrowing”
(Brown 1981:1001). However, Fig. 4 shows no evidence of such a slowdown in the
1980s, and the growth of world food production continued to be impressive in the
following decades. Food production in 2009 was 3.1 times its 1961 level, while
population was 2.2 times its 1961 level, implying that that per capita food
production increased 41% between 1961 and 2009.

These numbers are for the world as a whole. It might be argued that the real
concern in the 1960s was with particular countries or regions. India was the focus of
a great deal of concern in the 1960s and was a particular focus in Ehrlich’s The
Population Bomb. He quoted the agricultural economist Louis Bean, who said, “My
examination of the trend of India’s grain production over the last 18 years leads me
to the conclusion that the present 1967–1968 production . . . is at a maximum level”
(Ehrlich 1968:41). This was one of the reasons Ehrlich and others predicted mass
starvation in India in the 1980s.

Figure 5 shows food production and population for India. Looking at the 1960s,
we see that the pessimistic predictions for India had some basis. India’s food
production was fairly flat through the mid-1960s, with per capita production falling
by 7% between 1961 and 1967. Around that time, Green Revolution hybrid seeds
were first used, leading to large increases in yields in the late 1960s (discussed in
more detail later in the article). Food production grew impressively in the 1970s and
1980s, and by 1990 was 2.3 times its 1961 level. India’s population also grew
rapidly during this period, reaching growth rates of 2.3% per year in the 1970s. Its
1990 population was 1.9 times the 1961 level. As a result, per capita food production
declined in the 1960s, remained roughly flat in the 1970s, and then rose in the
1980s. Per capita food production in 1990 was 20% higher than its 1961 level.

There were concerns in the late 1980s that the impressive gains of the Green
Revolution had played themselves out. In The Population Explosion, a 1990 sequel
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to The Population Bomb, Paul Ehrlich and his wife Anne Ehrlich made the following
pessimistic forecast about Indian food production: “Since 1983, India’s rising grain
production has lost momentum . . . . the country appears to be facing a catastrophic
problem in the 1990s” (Ehrlich and Ehrlich 1990:70). But as seen in Fig. 5, Indian
food production continued to increase in the 1990s, growing at an average rate of
2.3% per year.10 In 2009, Indian food production was 3.6 times its 1961 level, while
population was 2.6 times its 1961 level. The net result is that per capita food
production in 2009 was 37% above its 1961 level.

Looking at Fig. 5, it is important to note that there were bad years as well as good
years. For example, 2002 saw a sharp decline in food production. One of the lessons
of a 50-year record like this is not to focus too much on 1 or 2 years. The overall
record of food production in India is one of impressive increases in output, far from
the pessimistic predictions.

At the regional level, sub-Saharan Africa has lagged behind the rest of the
developing world in both economic growth and fertility decline. Sub-Saharan
Africa’s record for food production is actually quite impressive, however. As shown
in Fig. 6, its total food production in 2009 was 3.4 times the 1961 level, a larger
increase than for the world as a whole during the same period. Africa’s problem is
that population increased even faster, with 3.6 times more people in 2009 than there
were in 1961. Although per capita food production fell by about 7% since 1961, the
African situation is far from being a total disaster. Food production has grown faster
than population since about 1995, although the modest increase in per capita food
production since then has not occurred fast enough to offset the declines of the
1970s and 1980s.

Before discussing other outcomes, it is worth noting the famous statement that
“it’s difficult to make predictions, especially about the future”—an observation that
has been attributed to many people, among them Yogi Berra and Neils Bohr, and is
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relevant to this article. A corollary is that it is easy to look back and find inaccurate
predictions, especially from 40 to 50 years ago. We can all be glad that we didn’t
make any predictions for others to look back and scrutinize. But, as we’ll see in the
next section, some people’s predictions were a lot better than others’.

Resource Depletion

I now turn to the concern that rapid population growth would cause depletion of
essential nonrenewable resources. To economists, the best place to look for evidence
of increasing resource scarcity is in resource prices. Non-economists don’t always
agree with this view, but to economists, it’s hard to develop a model in which a
resource that is about to be depleted has a price that is declining, especially a
resource owned by private individuals or governments. So in this section I will look
at what’s happened to resource prices during the last 50 years.

In discussing population and resource prices, it is useful to bring up Julian
Simon. Simon, who died in 1998, regularly attended the annual meetings of the
Population Association of America (PAA) when I started attending in the early
1980s. He was a gadfly, always taking provocative positions, and he had a
substantial impact on the population-resource debate. His 1981 book, The
Ultimate Resource, was filled with graphs of things like the price of coal and
copper over time. The overall pattern was of falling prices, although with lots of
short-term volatility. The cover of the paperback, second edition of The Ultimate
Resource says “Every trend in material welfare has been improving—and promises
to do so, indefinitely” (Simon 1996). You can’t get much more optimistic than that.
Simon is certainly the poster child for optimism about the world’s ability to survive
the population bomb. The “ultimate resource” of the book’s title is human ingenuity,
which Simon argued is never in short supply and always generates solutions to the
pressures created by population growth.

The Ultimate Resource included predictions that were in many ways more
audacious than the predictions Ehrlich and Brown made about food shortages.
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Simon offered to bet that the price of any mineral would decline in the future (Simon
1981:27). Ehrlich and some Stanford colleagues famously took Simon up on his bet,
choosing five metals—chromium, nickel, copper, tin, and tungsten—and the future
date of 1990 (Tierney 1990). It was essentially a futures contract in which Simon bet
that the amount of the five metals that could be purchased for $1,000 in 1980 would
cost less than $1,000 in 1990, adjusting for inflation. They began with $200 worth of
each metal. The inflation-adjusted price of each metal declined between 1980 and
1990. The amount of tungsten one could buy for $200 in 1980 cost $86 in 1990,
adjusted for inflation. The amount of tin, copper, nickel, and chromium that could be
bought for $200 in 1980 fell to $56, $163, $193, and $120, respectively. The total
cost of the five metals fell from $1,000 to $618, a 38% decline. Ehrlich wrote Simon
a check for the difference. It’s worth remembering that world population increased
by 28% during these 10 years, an addition of 830 million people.11

The big picture of commodity prices is a bit more complicated than this 10-year
bet implies. Figure 7 tracks the real price of these five metals from 1960 to 2010,
setting 1980 values at 100 (data are from Kelly and Matos 2010). The “average cost”
is the inflation-adjusted cost of the $1,000 worth of metals in the Ehrlich-Simon bet,
indexed to 1980 = 100. Prices rose in the 1960s and 1970s (the average almost
doubled), perhaps the reason the Ehrlich team picked them. Prices fell in the 1980s
(except for a spike around 1989), and fell still further in the 1990s. The bundle
purchased for $1,000 in 1980 cost only $415 in 2000 (in 1980 prices). We also see a
lot of volatility: these are traded in commodity markets with lots of speculation and
short-term price movements. Figure 7 also shows the recent increase in commodity
prices. Simon would have lost $200 if the bet had ended in 2007 (prices were about
20% higher than 1980), although evidence of the volatility is that he would have
won $200 if the bet had ended in 2009 (prices were about 20% lower than 1980).
The big picture is that these important nonrenewable resources cost about the same
today as they did 50 years ago, despite the addition of 4 billion people.

Expanding the analysis from these five metals, Fig. 8 shows indexes for three
broad sets of commodities: food, non-energy, and energy, taken from the World
Bank Global Economic Monitor Commodity Indices (World Bank 2011). Much
attention has been devoted to the spike in food prices in 2008 and 2010, and the
general increase that began around 2005. It is striking, however, that food prices are
about the same as they were in 1960. They were much higher in 1974, a result of the
OPEC oil embargo. Food prices in 2000 were roughly half of their 1960 level, an
important fact to put the recent increases in perspective. An index of all non-energy
commodities, of which food is one component, looks very similar to the food price
index. Energy prices are dominated by the rise of OPEC in the 1970s, followed by
price declines in the 1980s, then large increases in recent years. Energy prices are so
dominated by OPEC’s market manipulations, however, that they provide little
information about actual resource scarcity.

The big picture in commodity prices has something for both pessimists and
optimists. For pessimists, there is the fact that non-energy prices more than doubled
since 2000. For optimists, we have the fairly amazing fact that while world
population doubled from 1960 to 2000, the price of non-energy commodities fell

11 Ehrlich’s perspective on this bet can be found in Ehrlich and Ehrlich (1996).
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almost 50%. These two facts roughly offset each other, with the price of non-energy
commodities in 2009 almost exactly at its 1960 level.

Poverty

I now turn to the concern that rapid population growth would lead to increased
poverty in low-income countries. The World Bank has invested considerable
resources in trying to make consistent estimates of poverty across countries and
across time, going back to 1981 (Chen and Ravallion 2010). Angus Deaton’s 2010
presidential address to the American Economic Association (Deaton 2010) is a
cautionary tale about comparisons of poverty across countries and about the World
Bank’s poverty line, but it leaves some room for believing that the World Bank’s
estimates of trends in poverty represent real trends.
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Fig. 8 World Bank index of real commodity prices, 1960 to 2010. Data are from World Bank (2011)

Fig. 7 Real prices of metals, 1960 to 2010. Data are from Kelly and Matos (2010)
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Figure 9 shows the World Bank’s estimates of poverty from 1981 to 2005 for all
low- and middle-income countries and for separate regions (Chen and Ravallion
2010). Using a poverty line of household per capita consumption of $1.25 per day,
the World Bank estimates that the percentage of the population in poverty in low-
and middle-income countries fell from 52% in 1981 to 25% in 2005. Based on a
poverty line of $2.00 per day, there was a decline from 69% to 47% (see Fig. A4 in
Online Resource 1). Large declines in poverty in China play a major role in the
aggregate picture. If we leave out China, the poverty rate for all low- and middle-
income countries fell from 40% to 28% (see Fig. A4).

The success in reducing poverty varies greatly by region, as seen in Fig. 9. The
pattern for East Asia is dominated by the experience of China and shows a
remarkable decline in poverty from 78% to 17% based on the $1.25 poverty line.
Estimates for China separately show a decline from 84% in 1981 to 16% in 2005
(Chen and Ravallion 2010). Latin America had much lower poverty in 1981, at a
little over 10%, and has had modest declines since then. Poverty in South Asia,
dominated by the experience of India, declined from 59% to 40%. Estimates for
India separately (not shown) indicate a decline from 60% to 42%. Sub-Saharan
Africa has been less successful in reducing poverty, with a slight decline from 53%
in 1981 to 51% in 2005.

Given the rapid population growth during this period, we might wonder whether
the declines in poverty rates were large enough to cause a decline in the absolute
number in poverty. For all countries at the $1.25 poverty line, the answer is yes. The
absolute number in poverty is estimated to have declined from 1.9 billion in 1981 to
1.4 billion in 2005 (see Fig. A5 in Online Resource 1). Based on the $2.00 per day
poverty line, the number increased until 1999 and then declined to about the same
level in 2005 as it was in 1981. The large decrease in poverty in China once again
has a big impact on the numbers. If we leave out China, the absolute number in
poverty at the $1.25 poverty line increased from 1.1 billion in 1981 to 1.2 billion in

Fig. 9 World Bank estimates of percentage in poverty for all low- and middle-income countries and by
region, poverty line per capita household consumption less than $1.25 per day, 2005 U.S. dollars. Data are
from Chen and Ravallion (2010)
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2005, although the recent trend is downward. Given the relatively constant poverty
rate and rapid population growth in sub-Saharan Africa, the number living below the
$1.25 per day poverty line in the region is estimated to have increased from 214
million in 1981 to 391 million in 2005.

How Did We Survive?

In the previous sections, I have tried to make the case that the world really did have a
population explosion, that we are well through the worst of it, and that we have
made it through in remarkably good shape, with increased per capita food
production, declines in commodity prices during the period of most rapid growth,
and declining rates of poverty. As I’ve noted, not every indicator is positive, and at
the end of the article I will return to some of the challenges that remain. Still, it is
surely worth marveling at the fact that we did not experience mass starvation given a
doubling of world population in 39 years. So how did we do it? Obviously, many
factors were involved. At the risk of greatly oversimplifying a complex period of
rapid economic and social change, I will highlight six factors, three of which I have
labeled economic and three of which I have labeled demographic. A common theme
throughout this section is the adaptations made by individuals, firms, and policy
makers in response to the pressures created by rapid population growth. Arguably
the biggest mistake made by the pessimists of the 1960s was in underestimating the
impact of these adaptations.

Economic Factors

I will begin by discussing the three economic factors, which I have identified as (1)
market responses, (2) innovation, and (3) globalization. These are far from cleanly
separable, but each captures some important economic forces that deserve credit for
understanding how we survived the population bomb.

Market Responses

By market responses I mean things like the fact that when food prices go up, farmers
grow more food. We have already seen evidence of market responses in the
preceding discussion. The fall in the prices of the five metals in the Simon-Ehrlich
bet is explained by factors such as cartels falling apart because of market pressures
and producers switching to alternative materials. While the magic of the market may
not seem all that magical in the current economic crisis, we should not lose sight of
the powerful positive force the market can be. Economic agents all over the world,
from small farmers to seed producers to clothing manufacturers to parents sending
children to school, have responded to economic incentives created by population
growth. In some cases, there have been dramatic changes in incentives, with exactly
the results that economists would predict.

Consider the case of food production in Vietnam. Total food production in
Vietnam in 2009 was 5.5 times its 1960 level (see Fig. A6 in Online Resource 1).
Vietnam’s population increased 2.6 times during the same period, implying that per
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capita food production in 2009 was more than double its 1960 level. While many
factors were involved in this success story, one of the most important is the market
liberalization reforms that took place between 1981 and 1989. The well-known Doi
Moi reforms began in 1986, but reforms that decollectivized farms and gave
farmers more incentive to increase output began in 1981 (Che et al. 2006; Pingali
and Xuan 1992). These reforms helped stimulate a huge increase in food production,
with output more than doubling between 1990 and 2010. Vietnam went from one of
the world’s largest rice importers to the second largest rice exporter in the world
(FAO 2011).12

Market reforms have also played a critical role in China, India, and many
other countries. GDP has been growing at rates of 10% per year in China and
6%–7% per year in India, growth that has led to substantial declines in poverty.
When we see growth rates of food output or GDP of 7% and 10% per year, it
becomes clear how countries like Vietnam, China, and India outraced the
Malthusian devil in recent decades. The point is not that population growth does
not create challenges for economic development, but that these challenges can be
overcome when forces like market liberalization lead to this kind of rapid
economic growth.

Innovation

It’s a bit arbitrary to separate innovation from market responses, since innovation
is one of the most important kinds of market response. But I want to distinguish
between what economists would call movements along a production possibility
frontier—choosing among known technologies as prices change—and outward
shifts of that frontier—developing new technologies that produce more from a
given quantity of inputs. Food production is certainly one area where innovation
has played a major role. Gale Johnson (2000:2) put it this way in his presidential
address to the American Economic Association: “What made it possible for the
world to escape from . . . the Malthusian trap? The answer is simple: the
creation of knowledge.”

There is no better poster child for innovation in agriculture than Norman Borlaug,
the American agronomist often called the “father of the Green Revolution” and
winner of the 1970 Nobel Peace Prize. Borlaug developed new varieties of wheat in
Mexico in the 1940s, 1950s, and 1960s, taking them to India and Pakistan beginning
in 1965.13 The results of the hybrid varieties developed by Borlaug and others were
spectacular. As Bongaarts (1996) pointed out, increased yields are by far the most
important factor explaining increased food production, with increased cropland and
crop frequency playing much smaller roles. FAO data can be used to analyze
agricultural productivity per hectare of land since 1961 (FAO 2011). For the world
as a whole, rice yields were 2.2 times higher and wheat yields were 2.8 times higher

13 For a history of Borlaug’s life, see Hesser (2006). For overviews of the Green Revolution technologies,
see Beddington (2010), Brown (1970), Cohen (1995), Dyson (1996), Evenson and Gollin (2003), and
Glaeser (1987).

12 The latest milled rice exports by country from the FAOSTAT online database trade statistics are for
2008.
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in 2009 than in 1961 (see Fig. A7 in Online Resource 1). In India, rice yields made
impressive increases, although not quite as fast as the rest of the world. Wheat
yields, however, increased even faster in India than in the rest of the world,
with yields increasing 60% between 1967 and 1972, the early years of Borlaug’s
high-yield wheat, and more than tripling between 1961 and 2009.

Data on yields provide evidence for pessimists as well, however. Yields have
leveled off since 1990, and especially since 2000. And the Green Revolution has
certainly had its critics. The high-yield hybrid seeds require intensive use of
fertilizers and irrigation, raising concerns about environmental consequences such as
soil degradation, aquifer depletion, and chemical pollution (Cohen 1995; Evenson
and Gollin 2003). Recent problems in food production and rising food prices have
been the focus of influential articles in publications such as The Economist (2011)
and the New York Times (Gillis 2011). Many factors affect current food prices, some
of them with disturbing implications for the future. There have been major crop
failures in recent years in several countries, possibly related to global warming
(Beddington 2010). Increased demand for meat in fast-growing countries like China
is also playing a role, as is the diversion of 30% of the U.S. corn crop into ethanol
for automobiles (Beddington 2010; The Economist 2011).

Looking back, we can see that impending famine in India, Pakistan, and other
countries was a legitimate concern in the mid-1960s. It is understandable that the
dramatic increases in crop yields following the introduction of Green Revolution
varieties around 1967 seemed almost miraculous at the time, producing recognition
such as Borlaug’s 1970 Nobel Peace Prize. It’s important to recognize that these new
varieties and the technology that accompanied them did not just appear overnight.
They were the result of decades of research supported by major funding from the
Rockefeller Foundation, the U.S. government, and other organizations (Evenson and
Gollin 2003; Hesser 2006). The lesson from the great success in food production in
the last 50 years is not that we should be complacent and assume that current
pressures on food supply will take care of themselves, but rather that we need to
recognize the challenges and invest in the research and sound public policy
necessary to meet those challenges.

There have also been many other innovations in the last 50 years: computers, cell
phones, the Internet, and more efficient ways of producing almost everything.
Although some of these innovations were the result of good luck, many of them
were a response to population growth and actual or anticipated resource pressures.
The idea that population growth would induce technological change has been
suggested by, among others, Boserup (1981) and Simon (1986). Lee (1988) presents
a formal model synthesizing this “Boserup” effect with standard Malthusian
diminishing returns, and Kremer (1993) found empirical evidence that larger
populations lead to faster technological change using historical population data.
Many of the innovations of the last 50 years, including Green Revolution
innovations in agriculture, are arguably examples of population-induced technolog-
ical progress. These innovations are also part of the market response. There is a lot
of money to be made in selling high-yield variety seeds and a lot of money to be
made by farmers in growing them. Although the many technological advances of the
last 50 years do not guarantee that we will come up with equally successful
innovations in the future, they are certainly a reason for optimism.
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Globalization

The third economic factor I want to highlight is globalization: the increased economic
integration of countries through international flows of goods and capital. Globalization
has many critics, but there is no question that it has led to increased efficiency in
production and distribution.14 World Bank data on exports and imports show that
exports as a percentage of GDP more than doubled between 1960 and 2008 in high-
income countries, rising from 12% to 29%, declining recently with the global recession
(see Fig. A8 in Online Resource 1).15 The increase was even larger in low- and middle-
income countries, where exports as a percentage of GDP more than tripled between
1970 and 2008, from 10% to 33%. This is a big change from the protectionist policies
many of these countries had in the 1960s. Increased trade is linked to increased
fragmentation of production (Jones et al. 2005). A single product may now use
components from all over the world. This has lowered the costs of products while also
shifting jobs to places like India and China, a key factor driving poverty reduction in
those countries. While not all countries have benefited from globalization, some of the
big winners have been the very countries we were most concerned about in the 1960s.

India is in many ways the embodiment of all of the economic factors I have
discussed. In the 1960s, it was the focus of many of the concerns about the potential
for disastrous consequences from rapid population growth, including mass
starvation. As we have seen, the actual experience was very different, with food
production growing faster than the population and with rapid economic growth
leading to significant declines in poverty. India was one of the primary beneficiaries
of innovation in the form of Green Revolution agriculture and the development of
computers and the Internet as a vehicle for economic growth in international
provision of services. It is also an excellent example of the success of market
reforms in producing rapid and sustained economic growth. Finally, India has
benefited greatly from globalization, with its call centers and software industry being
some of the best-known examples of globalization in the service sector.

Demographic Factors

Demographic change has also played a key role in explaining how the world
survived the population bomb. I focus on three demographic factors: (1)
urbanization, (2) fertility decline, and (3) investment in children. Although
investment in children is closely linked to fertility decline, I will discuss it as a
factor in its own right because of its fundamental importance.

Urbanization

The world in 2011 is much more urban than it was 50 years ago. The 4 billion
people that have been added to the world since 1960 have mainly been absorbed in

15 Data on exports of goods and services as percentage of GDP are taken from World Development
Indicators in the World Bank’s online World DataBank (World Bank 2011). Data on imports for these
large aggregates of countries look almost identical.

14 For a broad discussion of the debate regarding globalization, see Bhagwati (2007) and Stiglitz (2002).
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urban areas. Figure 10 shows U.N. projections of urban and rural populations to
2150.16 The medium-variant estimate for the total population, as noted earlier,
reaches 9.3 billion in 2050. The urban population is projected to reach 6.4 billion, or
69% of the total. The rural population was overtaken by the urban population around
2009, and is projected to decline after 2020. Of the 4 billion more people in the
world in 2011 compared with 1960, 65% are in towns and cities.

The population explosion, then, has mainly been absorbed in cities and towns, not
in rural areas. This is partly because rural areas grew to become urban. But it’s also
because of rapid rural-urban migration, a response by individuals to the economic
and educational opportunities in cities and the decreased need for rural labor as a
result of increased agricultural yields. Urbanization is one of the challenges of
population growth, but it is also one of the important ways that the world was able to
absorb a doubling in 40 years without mass starvation or increased poverty. Why did
putting people in cities help us survive the population bomb? Economist Edward
Glaeser’s (2011) recent book, The Triumph of the City, argues that cities are one of
our greatest inventions, allowing us to make and trade things more efficiently and to
interact with others to develop new ideas. Similar points are made in the National
Research Council’s overview of urbanization in developing countries (Panel on
Urban Development, National Research Council 2003). Cities have been fundamen-
tal to economic progress in the last 50 years, and most low-income countries would
do well to encourage rather than discourage increased urbanization.

Fertility Decline

Fertility decline was obviously fundamental to surviving the population bomb, since
it is the reason world population growth has declined rapidly since the 1960s.
Figure 11 shows U.N. estimates of the total fertility rate (TFR) for the world and
major developing regions. The decline in the world TFR is quite remarkable, falling
from 5.0 births per woman during her lifetime in the early 1950s to 2.5 births in 2010.
This is a decline of 50%. If, as my late colleague Ronald Freedman liked to do
(Freedman and Blanc 1992), we make the benchmark not zero but replacement fertility
of 2.1, the decline is 85% of the decline necessary to reach replacement fertility.

Looking at the TFR for different regions in Fig. 11, East Asia, led by China, had
the largest declines, falling to below replacement fertility by the 1990s. Latin
America and Southeast Asia had declines almost as fast, both having a TFR in 2010
of around 2.3. The TFR in South-Central Asia, dominated by India, fell to 2.8 by
2010. Africa has had a later and slower decline, with a TFR around 5 in 2010. The
period from 1960 to 2010 was surely the fastest fertility decline the world will ever
see. With the important exception of Africa, women in developing countries moved
from having around six births during their lifetime to having closer to two births.
This fertility decline alone would make the last 50 years one of the most exceptional
periods in demographic history, even in the absence of the historically unprecedented
population growth.

16 These combine the proportions rural and urban in the most recent U.N. urbanization projections (United
Nations Population Division 2009) with the 2010 population projections (United Nations Population
Division 2011).
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Why Did Fertility Fall so Rapidly?

How do we explain this rapid fertility decline? Many distinguished researchers have
contributed to answering the question, and there is no single answer or clear
consensus. One of the most important factors is surely the rapid declines in infant
and child mortality that were the main cause of the population explosion. As Karen
Mason (1997) argued in her 1997 PAA presidential address, mortality decline is
fundamental in understanding fertility decline. The fertility response to falling infant
mortality was surprisingly fast, taking place in most countries within one generation.
In this sense, the cause of the population explosion also helped bring about its end.

Fig. 11 Total fertility rate for world and regions, 1950–2010. Data are from United Nations Population
Division (2011)
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Declining infant mortality caused populations to grow, but it also helped drive the
fertility reductions that brought growth rates back down.

Although mortality decline is fundamental in understanding the fertility decline of
the last 50 years, it is certainly not the whole story. Many would argue that access to
contraceptives and family planning programs was essential for women to achieve a
goal of smaller families. Others, especially economists, would focus on determinants
of the demand for children, including income, wages, and the education and
employment opportunities of women.

One approach to the question of what caused the fertility decline is to look at
whether it resulted from a decline in women’s desired fertility or from women’s
improved ability to achieve their desired family size. The latter emphasizes the role
of increased access to contraceptives, while the former emphasizes the role of
change in the demand for children. One way of looking at the issue is Lant
Pritchett’s (1994a) comparison of total fertility rates with various measures of
wanted or desired fertility.17 Pritchett’s paper used World Fertility Surveys and
Demographic and Health Surveys (DHS) from the 1970s and 1980s. We now have
much more data covering a longer period of time.18

Table 1 shows the TFR along with the “wanted total fertility rate” developed by
Bongaarts (1990), using 185 DHS surveys for 74 countries (Demographic and
Health Surveys 2011), a much larger set of surveys than Pritchett used. The wanted
fertility measure counts only births of women who say they want another birth, with
an adjustment for incomplete childbearing. Note that it is not a question about “ideal
family size,” and it is not based on ex post statements about children being wanted. It
assumes only that women who want more children must have wanted all their
previous children. Column 1 shows the means for both variables, with the mean TFR
almost exactly 1 birth higher than the mean wanted TFR. In other words, on average,
about one birth in the TFR for each country is due to unwanted fertility. The
regression coefficients in column 1 are almost identical to Pritchett’s earlier results
(as is the scatterplot, shown in Fig. A9 in Online Resource 1). Pritchett’s
interpretation was that while there is unwanted fertility in virtually every country,
the variation in the TFR across countries is almost entirely explained by variation in
wanted fertility. The regression coefficient implies that a one-birth increase in
wanted fertility leads to a 0.98 increase in the TFR. The R2 implies that 83% of
cross-country variation in the TFR is explained by cross-country variation in wanted
fertility. In other words, while unwanted fertility exists almost everywhere, there is
little evidence that some countries have higher fertility because they have a larger
gap between actual fertility and wanted fertility.

When Pritchett wrote his paper, only a few countries had more than one DHS, so
it wasn’t possible to look systematically at the relationship between changes in
wanted fertility and changes in actual fertility. With the wealth of DHS data in the
last 20 years, we can look more directly at changes in fertility. The means and
regression coefficients based on annual changes are in column 2 of Table 1 (the

17 Pritchett’s paper generated considerable debate. See, for example, Bongaarts (1994), Casterline and
El-Zeini (2007), Knowles et al. (1994), and Pritchett (1994b).
18 This section has benefited from helpful discussions with John Casterline, who also provided his
estimates of the fertility measures used here.
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scatterplot is shown in Fig. A10 in Online Resource 1). The first thing to note is that
while wanted fertility declined by an average of 0.038 births per year, the TFR
declined by 0.060 births per year. Clearly, changes in wanted fertility cannot explain
all of the change in the TFR. The regression coefficient implies that a one-birth
decline in wanted fertility is associated with a 0.83 decline in actual fertility. This is
reasonably close to 1, providing support for Pritchett’s argument that changes in
wanted fertility drive fertility decline. But many countries experienced fertility
declines that were considerably larger than their declines in wanted fertility. Given
the mean annual decline in wanted fertility of 0.038 and the regression coefficient of
0.829, the predicted decline in the mean TFR is 0.031, 53% of the actual decline.19

The analysis of changes in fertility gives a considerably different picture than we
saw in the cross-sectional relationship between wanted fertility and actual fertility.
Declines in wanted fertility explain 53% of the mean decline in TFR. The remaining
47% of the decline occurs without any change in wanted fertility, implying that
women are now better able to reach their fertility targets. This could be due to
improved family planning services, although a closer match between wanted fertility
and actual fertility could occur without any change in access to family planning. It
could indicate that women are better able to use the services that were previously
available, perhaps because of increased education. It could also occur if women feel
more strongly about their stated fertility objectives in more recent surveys, an
indication of how difficult it is to disentangle fertility desires from the ability to meet
those desires.

Level Annual Change

(1) (2)

TFR, Mean (SD) 4.45 −0.060
(1.49) (0.076)

Wanted TFR, Mean (SD) 3.47 −0.038
(1.39) (0.063)

Number of Observations 185 111

Number of Countries 74 48

OLS Intercept (SE) 1.067 −0.028
(0.122) (0.006)

OLS Slope Coefficient (SE) 0.976 0.829

(0.033) (0.085)

R2 .830 .466

Predicted Mean 3.39 −0.031
Predicted Mean/Actual Mean 0.76 0.53

Table 1 Ordinary Least
Squares (OLS) regressions
of total fertility rate (TFR)
on Bongaarts’s wanted TFR
using Demographic and
Health Surveys

19 Or, equivalently, the intercept of −0.028 means that 47% (0.028 / 0.060) of the decline in the TFR
would have occurred in the absence of any decline in wanted fertility. Using the Casterline and El-Zeini
(2007) measure of wanted fertility to decompose fertility change into a wanted and unwanted component
for 44 countries, Casterline (2010) found that the median estimate is that 46% of the decline is due to a
decline in wanted fertility, a result roughly consistent with the results in Table 1.
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While economists have emphasized demand-side determinants of fertility decline,
with considerable supporting evidence, it is certainly consistent with economic
models of fertility that women would take advantage of being better able to control
their fertility. Joshi and Schultz (2007) showed that the Matlab family planning
program not only reduced fertility in Bangladesh but also improved the lives of
women and their children up to 20 years later. In Brazil, on the other hand, family
planning programs seem to be a very minor factor explaining that country’s rapid
fertility decline (Lam and Duryea 1999; Martine 1996; Potter et al. 2002). There is
obviously no one explanation for the incredible fertility decline of the last 50 years.
In terms of understanding the enormous economic progress of the last 50 years, one
key dimension of the fertility decline is that it has gone hand in hand with increased
investments in children.

Investment in Children

I have listed investment in children as a third demographic factor explaining how we
survived the population bomb. This is arguably just as much economic as
demographic, and it is inextricably linked to fertility decline. It is so fundamental,
however, that it merits discussion in its own right. In documenting the accomplish-
ments of the last 50 years, I might well have included increases in education. To give
just two examples, Fig. 12 shows the percentage of each cohort with primary
schooling in Brazil and Thailand, using 2000 census data (via IPUMS-International;
Minnesota Population Center 2011). Each cohort is plotted against the year it was
age 10, roughly matching the years it was in primary school. In Thailand, the
percentage of males with primary schooling rose from 18% in 1950 to 95% in 1990
(the 1980 birth cohort, the last cohort with complete schooling data in the 2000
census). Female schooling increased even more, starting at a primary completion rate
of 7% in 1950 and catching up to the 95% rate of males by 1990. During the 1960s,
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the population aged 7–14 was growing as fast as 4.5% per year, doubling between
1950 and 1970.

Brazil’s education performance was not as good as Thailand’s, but it was still
impressive. The percentage of males completing primary school rose from 20% in
1950 to 64% in 1990. Female schooling increased even more and surpassed male
schooling in the 1960s, with more than 70% of girls completing primary school in
1990. During much of this period, the school-aged population grew at a rate of 3%–
4% per year. The population aged 7–14 almost doubled between 1960 and 1990, a
period in which the proportion of girls finishing primary school more than doubled.

We find similar patterns all over the world. Even in Kenya, a country with
disappointing economic performance and slow fertility decline, the percentage of
girls finishing primary school increased from 9% in 1950 to 71% in 1990,
eliminating the gender gap. This is especially impressive considering that half of
Kenya’s population was under 15 in the 1970s. This is one of the most remarkable
accomplishments of the last 50 years—providing more and more schooling at a time
when the number of children was growing at historically unprecedented rates. It is
also important to point out that these increases in schooling, especially for women,
are likely to produce further declines in fertility and increased investment in children
in the future, given the considerable evidence that better-educated women have
lower fertility and invest more in children’s health and education (Lam and Duryea
1999; Schultz 1993).

Why Did Schooling Increase so Rapidly?

We don’t have a Norman Borlaug of education to point to in explaining how
schooling increased so much during a period in which school-age populations were
growing by 3%–4% per year. Many actors get the credit: governments building
schools and hiring teachers, parents sacrificing to send their kids to school, and
young people doing their homework and staying in school. Market incentives also
play an important role, since the returns to schooling in both earnings and
employment have been very high in most countries.

Evidence from South Africa illustrates the determination of young people and
their families to become educated. I’ve been involved in the Cape Area Panel Study
(CAPS), an NICHD-funded longitudinal study of young people in South Africa
conducted in collaboration with researchers at the University of Cape Town (Lam et al.
2008). Although South Africa’s young people face many challenges, an important
finding in CAPS is the persistence of young people in trying to finish secondary
school. As an illustration, we find high enrollment rates among black (African)
respondents aged 18 and older who have not yet finished secondary school. In 2005,
67% of black 19-year-olds, 45% of 20-year-olds, and 30% of 21-year-olds who had
not completed grade 12 were still enrolled in secondary school (see Fig. A11 in
Online Resource 1). This is not an entirely positive picture. Results from CAPS
demonstrate the problems with the high rates of grade repetition that delay
completion of secondary school (Lam et al. 2011), including the problems caused
by having 21-year-olds in the same grade as 16-year-olds (Lam et al. 2009). But the
good news is that young people show incredible persistence in trying to complete
secondary school. As further evidence, 60% of our 18-year-old female respondents
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with a child were enrolled in secondary school. Our results suggest that these young
people are doing the right thing: finishing secondary school substantially increases
earnings and the probability of finding a job (Lam et al. 2010a,b). South African
youth clearly understand these incentives and respond by staying in school.

One reason schooling increased so much during a period of rapid growth in
the school-age population is declining family size. As Letícia Marteleto and I
have shown, many countries in recent decades experienced declines in the family
size of school-aged children simultaneously with increases in the size of the
school-aged population (Lam and Marteleto 2008a). Family size fell because of
declining fertility, while cohort size grew because of population momentum—that is,
the growing numbers of women of childbearing age due to earlier population
growth. It is the link between declining family size and increased schooling that I
believe is fundamental.

The Transition From Quantity to Quality

Declining fertility and increased investments in children go hand in hand. A key
point I want to emphasize is that the shift from couples having large families and
making small investments in their children to having small families and making
large investments in their children is one of the fundamental dimensions of economic
development. This is one of the most dramatic changes of the last 50 years, and it is
essential in understanding how we survived the population bomb. Economists think
of this as trading quantity of children for quality of children, drawing on the
pioneering theoretical work of Gary Becker (Becker and Lewis 1973) and Robert
Willis (1973).

Several factors influence this shift. Declining infant mortality makes it rational to
invest heavily in a small number of children. Rising incomes lead couples to increase
their demand for “high-quality” children with good health, lots of schooling, and
high consumption, a goal achieved by having fewer children. Suzanne Duryea and I
have argued that increased education gives parents greater ability to produce well-
endowed children, inducing a switch from quantity to quality, an argument for which
we found strong empirical support in Brazil (Lam and Duryea 1999).

A quantity-quality model assumes that fertility and children’s education are
outcomes of the same decision process, making it impossible to interpret one as
causing the other. With that important caveat, it is interesting to look at the
relationship between family size and children’s schooling during the demographic
transition in Brazil. In Fig. 13, I use census data for Brazil to look at the relationship
between the schooling of 16- to 17-year-olds and the number of children ever born
to their mothers. I focus on 16- to 17-year-olds because they are old enough to
exhibit considerable variation in schooling but young enough to be living with the
mothers, allowing us to have data on their mother’s fertility. The vertical axis is
years of schooling of 16- to 17-year-olds. The horizontal axis is the number of
children born to their mother—the family size experienced by the child. The figure
shows a significant negative relationship between schooling and family size.
Looking at the 1960 census, children whose mother had two children had 4 years
of schooling, while children whose mother had nine children had 2 years of
schooling. The negative relationship between family size and children’s schooling is
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fairly similar across years, with the slope becoming somewhat more negative over
time. Increased schooling in Brazil clearly involves more than just reductions in
family size, however. For example, children with 10 siblings in 2000 had more
schooling than children with 1 sibling in 1960.

It is instructive to look at mean family size and mean schooling in every year,
shown by the x, y dots in Panel A of Fig. 13. The dot for 1960 shows that mean
family size was 8.5 and mean schooling was 2.3 years.20 Looking at the combination
of mean family size and mean schooling for each year, the movement up and to the
left shows that family size decreased and schooling increased over time. Schooling
of 16- to 17-year-olds increased by 4.3 years between 1960 and 2000, while their
family size fell by four children. Brazil has moved from large families in which
children received little schooling to small families in which children receive
considerably more schooling.

Increased schooling is not simply due to couples having smaller families,
however. We can compare movements along the curves, indicating that children in
smaller families get more schooling, with upward shifts of the curves, indicating that
children of a given family size get more schooling over time. This approach is
shown in Panel B of Fig. 13. If we take the curve for 1960 and move everyone to the
2000 mean family size of 4.5 (moving from Point A to Point B), schooling increases
by about 1 year, about 25% of the overall 1960–2000 increase. When we then shift
up to the 2000 curve (moving from Point B to Point C) schooling increases by
3.3 years, about 75% of the 1960–2000 increase. So a simple decomposition is that
smaller family size accounts for about 25% of increased schooling between 1960
and 2000, with the remaining 75% due to a host of factors affecting both schooling
supply and schooling demand.
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Fig. 13 Years of schooling of 16- to 17-year-olds, Brazil, 1960–2000. Estimates based on census data for
each year accessed via IPUMS-International (Minnesota Population Center 2011)

20 If it seems odd that mean family size was 8.5 at a time when the TFR was about 6, the explanation is
provided in Sam Preston’s classic paper on family size of women and family size of children (Preston
1976). As Leticia Marteleto and I have shown, a good rule of thumb is that the mean family size for
school-age children is about 40% larger than the TFR around the same time (Lam and Marteleto 2008b).
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The increase of 4.3 years of schooling for 16- to 17-year-olds in Brazil between
1960 and 2000 is a substantial increase, especially in light of the rapid growth of the
school-aged population during this period. Schooling growth in many other
countries was even more impressive, with a general pattern in the developing world
of today’s young people being much better educated than their parents. This
improvement in education helps explain the economic progress of the last 50 years
and is another reason for optimism about the decades to come.

Have We Really Survived?

In the preceding sections, I provided evidence of a number of positive—in many
ways remarkably positive—developments during the last 50 years. Many of these
can be viewed as direct responses to the pressures and incentives created by
declining mortality and rapid population growth. There are many less-positive trends
that I have not discussed, however, including environmental problems such as
climate change. Although it is impossible to do justice to the many complex
environmental challenges we currently face, I will briefly touch on a few issues.

Global Warming and Pollution

Looking at one piece of evidence on global warming—mean global annual
temperature—recent temperatures are 2 degrees Fahrenheit above their 1880–1920
level, with about a 1-degree increase since 1980 (Fig. A12 in Online Resource 1).21

It is beyond the scope of this article, to discuss global warming in detail, but two
points deserve emphasis. First, it is no surprise to economists that some things have
worked out better than others as world population has increased. In domains with
ownership of resources and well-functioning markets, as with food and most other
commodities, market pressures and price signals induce increased supply, behavioral
change, and innovation extremely well. In domains without markets and resource
ownership, problems are much more likely. With a few exceptions, there is no cost to
polluting the air or oceans—no market mechanism to make polluters bear the costs
of the externalities they impose on their neighbors or the world. This was a key
conclusion of the 1986 National Research Council Working Group on Population
Growth and Economic Development: population growth is more likely to create
environmental damage when externalities are important (National Research Council
1986). As the report pointed out, the problem is not population growth per se, but
the fact that environmental resources are common property. The challenge is to find
solutions that address the problem of externalities.

Second, there are some environmental success stories. Sulfur dioxide emissions,
the major cause of acid rain, increased from 1900 until about 1970 in the United
States (data based on Smith et al. (2011) are shown in Fig. A13 in Online Resource
1). Emissions decreased sharply starting around 1970 because of better technology,
use of lower-sulfur coal, and regulation. The 1990 Clean Air Act created the Acid

21 These data are from the U.S. National Aeronautics and Space Administration’s Goddard Institute for
Space Studies (NASA 2011).
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Rain Program, a very successful market-based cap-and-trade system. The result is
that U.S. sulfur dioxide emissions in 2005 were less than half their 1970 level and
were below the 1910 level. Another success story is the massive reductions in
chlorofluorocarbons (CFCs)—a leading cause of the hole in the ozone layer—
resulting from the 1987 Montreal Protocol (Guus et al. 2007). These examples must,
of course, be weighed against the many environmental problems with which we
have not achieved similar successes. But they do suggest that environmental
problems do not always get worse and that there are frameworks for solutions in the
presence of adequate commitment.

Are Consumption Levels Sustainable?

Rising incomes in countries like China and India have increased the demand for
food, automobiles, air conditioning, and the kinds of consumption that have
contributed to the high commodity prices and environmental challenges we currently
face. With more than 2 billion people in China and India alone, and with
consumption levels in these countries sure to increase in the future, many are
understandably worried about whether the world’s level of consumption is
sustainable. There is no question that these are difficult challenges and that we
will need the creativity of many future Norman Borlaugs to meet them. I do not want
to minimize the magnitude of those challenges. But I do want to emphasize how
amazing it is that in 2011 we are worried about the problems resulting from such
rapid increases in consumption in India and China. Imagine someone writing in
1961 that in 50 years we would be worrying about how fast per capita
consumption is growing in India and China, rather than worrying about mass
starvation in those countries.

Conclusions

There is much to worry about in the coming decades. Between 2011 and 2050, the
world will add 2 billion people, the equivalent of two more Indias. Evidence of
flattening crop yields, increasing food prices, and climate change provides plenty of
cause for concern. But the lesson of the last 50 years is that the world survived
challenges that were in many ways much more daunting. Instead of adding 2 billion
people in 39 years, we added 3 billion people in 39 years. Rather than the 30%
increase that’s projected between 2011 and 2050, we increased by 100% between
1960 and 1999. The world is projected to reach 10 billion people by 2083. The
challenge of adding 3 billion people in 72 years seems somewhat less challenging
when we keep in mind that we added 3 billion people in 39 years between 1960 and
1999, an increase of 100% rather than the 43% from the next 3 billion.

We have seen that during the last 50 years of historically unprecedented
population growth, we experienced substantial increases in food production per
capita, declines in resource prices during the period of most rapid growth, and
decreases in poverty rates in developing countries. School-age populations grew
faster than they will ever grow again, yet we saw the largest increases in schooling
we’ll ever see. Given all this, I remain in the camp of the optimists. I’m sure that by

1258 D. Lam



the time of the 2050 PAA annual meeting, the world will still face important
challenges, but I also expect that it will have improved in many ways, including
lower poverty rates, higher levels of education, and plenty of food to go around. I’m
optimistic not because the problems posed by continued population growth are
simple or because they will take care of themselves, but rather because the last
50 years have demonstrated our capacity to recognize the challenges and to tackle
them with hard work and creativity. I’m confident that the members of PAA will
continue to make important contributions to these efforts by collecting the data
necessary to track demographic and social change, by rigorously analyzing those
data, and by having lively debates about what the results mean.
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