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THE ECONOMICS OF THE MALTHUSIAN TRAP

Figure 1 below shows the “hockey stick” graph that summarizes global economic history
in the last millennium: between the 11th and the 17th century, standards of living
around the globe (measured here as GDP per capita) remained more or less constant.
From then onwards, many economies have experienced constant improvements in their
living standards. The ideas of Thomas Robert Malthus (1766-1834), an English cleric and
scholar, provide us with a model of the economy consistent with the flat part of this

“hockey stick”.
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Figure 1. History’s hockey stick: GDP per capita in 5 countries (1000-2015)

Malthus’ perspective on economic and demographic development was extremely
pessimistic. According to his model, resources in an agricultural economy (land,
primarily) are limited and the population exerts a constant pressure on them. If the
population grows beyond available resources, the economy does not produce enough
food, catastrophes (famines, wars or epidemics) ensue, and the population falls back to

the point in which the available food is the bare minimum to guarantee subsistence.
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Thus, humans are condemned to have a standard of living close to the physiological

minimum or subsistence level.

With this in mind, Malthus called for the introduction of fertility controls in order to

avoid catastrophes:

“All the children born, beyond what would be required to keep up the
population to this level, must necessarily perish, unless room be made for them
by the deaths of grown persons. (...) To act consistently therefore, we should
facilitate, instead of foolishly and vainly endeavouring to impede, the
operations of nature in producing this mortality; and if we dread the too
frequent visitation of the horrid form of famine, we should sedulously
encourage the other forms of destruction, which we compel nature to use.
Instead of recommending cleanliness to the poor, we should encourage
contrary habits. In our towns we should make the streets narrower, crowd more
people into the houses, and court the return of the plague. In the country, we
should build our villages near stagnant pools, and particularly encourage
settlements in all marshy and unwholesome situations. But above all, we

should reprobate specific remedies for ravaging diseases..."

Thomas Malthus, An Essay on the Principle of Population (1826, 6" ed.)

As the “hockey stick” figure above shows, Malthus’ ideas seem to be consistent with the
evolution of populations, technology and living standards during many centuries:
historians estimate that per capita income in Greece in 400 BC was similar to that in
Great Britain in 1850. According to the historian Livi-Bacci, between 1-1750 global
population grew very slowly (at an approximate annual rate of 0.06%). Furthermore,
wages and population levels were negatively correlated: as we will see, negative shocks

to population size, such as the Black Death, lead to increases in real wages.

Ironically, humanity was starting to overcome the trap described by Malthus at the same
time as he elaborated his theory. The cyclical collision between population and
resources he described is consistent with the evolution of economies until the 17th and
18th centuries, but it cannot describe the economic and demographic growth that has

since taken place.
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How did economies break the link between population levels and available resources?
Answering this question is the objective of the present session. To do this, we will
analyze the assumptions upon which the Malthusian model rests and the conclusions
derived from them. We will begin, however, by briefly describing the determinants of

demographic growth.

1. Demographic growth

Human populations change relatively slowly throughout time. However, as we will see
later, periods of quick demographic growth alternate with others of population
decrease. Population growth, be it positive or negative, can be described with a simple
formula. In a given period, the increase in population (P) will be the number of births
minus the number of deaths (we do not consider migrations for now). Therefore, the
rate of demographic growth (RDG) in a year will be the difference between the birth rate

(B) and the mortality rate (M).!
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Let’s see this with an example. In a country where 20 children are born each year per
1000 inhabitants, and 10 people per 1000 inhabitants die, the annual rate of
demographic growth will be 1% (10 people per 1000 inhabitants). According to this, in
any given year the population will increase if there are more births than deaths.
However, if we want to observe changes from one generation to the next, not all deaths
have the same impact: from a demographic perspective, a person dying at age 50, after

having four children, is very different from someone dying childless at 20.

! The birth rate (B) of a population in any given year is the number of births per thousand people. The
mortality rate (M) is the number of deaths per thousand people.
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In this regard, the demographic potential of a population can be expressed in terms of

two variables that capture reproductive and survival capacity:

I.  The number of children per woman (or fertility rate): the average number of
children that women of a particular generation have throughout their
childbearing period.

Il.  Life expectancy at birth (eo): the average number of years lived by people of a

particular generation.

Let’s analyze these two variables more closely. The number of children per woman
depends on a range of social and biological factors. The most important cultural factor
in this regard is the age at marriage. In some societies, the average age of marriage for
women is 15 years old, at the end of puberty; in others, the average age of marriage

exceeds 25 years old.

Concerning life expectancy at birth, survival curves help us understand the effect of
mortality on demographic growth. Let’s see how. The survival function reflects the
progressive disappearance of a generation, from birth until the death of its last member.
Figure 2 shows the survival curves of a generation of females in three societies, with low
life expectancy (high mortality, eo=20.7 years), medium life expectancy (eo= 50.8 years)
and high life expectancy (low mortality, eo = 83 years). The vertical axis shows the
number of surviving women and the horizontal axis shows their age. In the low mortality
society, almost 100% of women reach the beginning of their childbearing period (point

A); in the high mortality society, less than half of the women reach this age.

To measure the reproductive capacity of a society we must know how many women
survive until the end of their childbearing period (around 50 years of age, point L). The
area in AEFL determines the maximum number of fertile years for a given generation
(from a strictly theoretical standpoint, the number of years lived by women after their
childbearing period has no impact on fertility rates). In the high mortality society
(e0=20.7), as many women die before the end of their childbearing period, women live
only 29.2% of the total possible fertile years. As life expectancy grows, the survival curve
moves upwards and this percentage grows. In the low mortality society (eo=83), for

example, women live 98.2% of the total possible fertile years.
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Figure 2. Survival curves of the female population in
three societies (Livi-Bacci 2017, p. 15)

The demographic transition model shows that societies go through three phases (Figure
3) depending on the values of these two variables (number of children per woman and
life expectancy at birth). In the first and third phases, demographic growth is low. In the

first phase (point a), mortality and fertility are high. In the third phase (point c), mortality

and fertility are low.
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Figure 3. The demographic transition model (Livi-Bacci 2017, p. 122)
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As we see, different combinations of these two variables can lead to the same growth
rate. Pre-industrial societies and wealthy contemporary societies, for instance, grow at
similar rates (close to an annual 1% rate), but exhibit very different demographic
patterns. In rural pre-modern societies, without effective birth-control methods and
medical advances, women who completed their childbearing period had between 5 and
8 children. However, life expectancy was below 40 years of age so many of these women
did not complete this period. In the wealthiest contemporary societies, in contrast, the
average number of children per woman has fallen to one, but life expectancy is above

80 years of age so a great majority of women completes the childbearing period.

The second phase of the model, known as the demographic transition phase, takes place
between points g and c. In this phase, mortality decreases faster than fertility, which
leads to rates of population growth above 2% (point b) that last one or two generations.
This explains the spectacular demographic growth experienced by some countries
during the 20th century.? Medical advances that improve life expectancy and the
progressive introduction of effective birth-control methods characterize societies
undergoing this transition phase. The duration of this phase and the peak rate of
demographic growth vary greatly between countries, however. The French transition
lasted 185 years, during which the population multiplied by 1.6, whereas the Mexican

transition lasted 80 years and the population multiplied by 7.

2 As a point of reference, a population that grows at an annual rate of 4% doubles its size in 17-18 years.
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2. The assumptions of the Malthusian model

Once we have analyzed the determinants of demographic growth, we will describe a
theory that describes a specific behavior of these variables: the Malthusian theory of
population. According to Malthus, population grows in geometrical progression (2, 4, 8,
16, etc.) while food production grows in arithmetical progression (1, 2, 3, 4, etc.) (see

the left part of Figure 4).
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Figure 4. The Malthusian trap: population and resources

In this scenario, if population grows excessively, there is not enough food, famines, wars
and epidemics ensue, and mortality increases. Destructive events that increase
mortality and restore demographic balance are known as positive or repressive checks.
When repressive checks come into play, population levels fall back to the point in which
there is enough available food to cover the physiological minimum of those who survive.
As a consequence of these dynamics, standards of living oscillate around the subsistence

level (see the right part of Figure 4).

This theory rests on two simple assumptions. The first Malthusian assumption is the
diminishing average product of labor or diminishing labor returns. Imagine an
agricultural economy that produces just one good, grain. Suppose that grain production
is very simple—it involves only farm labor, working on the land. In other words, ignore
the fact that grain production also requires spades, combine harvesters, grain elevators,

silos, and other types of buildings and equipment. Labor and land (and the other inputs
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that we are ignoring) are called factors of production, meaning inputs into the

production process.

We use a further simplifying ceteris paribus assumption: that the amount of land is fixed
and all of the same quality. Imagine that the land is divided into 800 farms, each worked
by a single farmer. Each farmer works the same total hours during a year. Together,
these 800 farmers produce a total of 500,000 kg of grain. The average product of a

farmer’s labor is:

Total output

Average product of labor =
gep f Total number of farmers

500,000 kg
800 farmers

= 625 kg per farmer

To understand what will happen when the population grows and there are more farmers
on the same limited space of farmland, we need something that economists call the
production function for farming. This indicates the amount of output produced by any
given number of farmers working on a given amount of land.? In this case, we are holding
constant all of the other inputs, including land, so we only consider how output varies

with the amount of labor.

Figure 5 represents the production function of this agricultural economy. In point A, 800
farmers produce 500,000 kg of grain: the average product of labor is 625 kg per farmer.
In point B, 1,600 farmers produce 732,000 kg of grain: the average product of labor falls
to 457.5 kg. The slope of the ray that goes from the origin to each point in the curve
reflects the average product of labor for a number of farmers (the greater the slope the

greater the average product).

3 The production function shows the amount of output produced by different combinations of inputs. In
other words, it shows the different technologies that can produce one same item.
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Figure 5. Agricultural production function: diminishing average product of labor

Two conclusions can be drawn from this production function:

e Labor combined with land is productive. The more farmers there are the more
grain is produced; at least up to a point beyond which adding another farmer will
not increase output.

e Diminishing labor returns: as more farmers work on a fixed amount of land, the

average product of labor falls.

This second idea is what worried Malthus. To see why, imagine that, a generation later,
each of the 800 farmers has had several children, so that instead of a single farmer, there
are now two farmers working on each farm. The total labor input into farming was 800,
but is now 1,600. Total production increases, but instead of a harvest of 625 kg of grain
per farmer, the average harvest is now only 457.5 kg, and the real income of these

farmers falls.

Figure 6 summarizes the effects of the diminishing average product of labor. In the

simplified economy that we are using as an example, the average product of farmers
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determines their real wage, which, in turn, is a measure of their standard of living.* With
a medium-sized population (Pop medium) farmers’ real wage is at subsistence level (Wage
Low): the economy is at point A. If the population is smaller (Pop Low) the average product
per farmer is larger and, consequently, real wages are higher (Wage nigh): the economy

is at point B.

Real wage

Real wage

Wage

High

Wage

(subsistence)

POP  POPin Population

Figure 6. Wages depend on the size of the population

The diminishing average product of labor, by itself, cannot explain the flat portion of the
“hockey stick”. This assumption tells us that living standards depend on the size of the
population, but it does not tell us why living standards did not improve for long periods.
We need to add Malthus’ second assumption to complete the model: if living standards

increase, population increases.

According to Richard Cantillon, an Irish economist, “men multiply like mice in a barn if
they have unlimited means of subsistence.” Likewise, Malthus regarded people as being
not much different from other animals: “Elevated as man is above all other animals by
his intellectual facilities, it is not to be supposed that the physical laws to which he is

subjected should be essentially different from those which are observed to prevail in

4 Real wages are nominal wages adjusted for inflation, so that they measure the quantity of goods and
services that the worker can purchase. The formula to calculate the real wage is w/P, where w is the
nominal wage and p is the price index. In our simplified model of the economy, a falling real wage implies
either that the nominal wage has fallen or that food prices have increased.
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other parts of the animated nature.” By this logic, if people had more resources than
were necessary for their subsistence, they married earlier and had more children; like

the mice in Cantillon’s barn.

Is this assumption realistic? If children are a normal good people will have more children
as their income increases.> Moreover, people with more resources take better care of
their health and that of their children, leading to lower mortality. Therefore, it seems
reasonable to assume that an improvement in living standards will lead to an increase
in population. However, this does not mean that humans reproduce like mice. In pre-
industrial societies, increases in living standards were linked to higher demographic
growth but, as we will see later, this growth tended to stop before reaching the limit

imposed by available resources.

Figure 7 reflects this second assumption. If real wages (vertical axis) are high,
demographic growth (horizontal axis) is positive and population increases. If real wages

are low, demographic growth is negative and population decreases.

Real wage
Population
rising
Population
falling
: 0 " +
negative positive

Population growth

Figure 7. Demographic growth depends on the standard of living

> In economics, normal goods are goods for which demand increases when income increases, and demand
falls when income decreases but price remains constant.
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3. Subsistence equilibrium

Malthus’ model results in an equilibrium in which income is just sufficient to allow
consumption for subsistence. Why? Imagine that the equilibrium is modified thanks to
an exceptionally good harvest: the income of farmers increases and the price of food
decreases (because the supply of food increases), resulting in an increase of real wages.

As a consequence of the increase in living standards, population increases.

What happens next? The following generation has more farmers working the same
amount of land so, if the harvest returns to its normal yield, the average product per
farmer will decrease and prices will increase, leading to a fall in real wages. As living
standards fall, population decreases. Real wage keeps falling until they are back at the
level of subsistence and the population reaches its initial size. In short, if conditions
change, population size and standards of living can change temporarily but, in the long-

term, the economy returns to the subsistence equilibrium.

Consequently, two variables do not change in this equilibrium:
e The size of the population.

e Income per capita.

Figure 8 explains this process combining the figures from the previous section. At point
A, on the left, the economy is in equilibrium (with real wages at subsistence level and a
medium-sized population). If we plot real wages on the right part of Figure 8 (A’) we

obtain zero demographic growth.

Imagine now that an epidemic causes the economy to move from point A to point B:
population falls and real wages increase. If we plot this on the right side of Figure 8 we
see that, with the new real wage (B’), demographic growth is positive (fertility has
increased and mortality has decreased). However, as population grows the average
product per farmer and real wages decrease, bringing the economy back to the

subsistence equilibrium in A (with a medium-sized population and subsistence wages).

12
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Figure 8. The economy returns to subsistence level

4. Technological progress in the Malthusian model

Most regions of the world experienced technological improvements prior to the
Industrial Revolution, but these did not translate into a substantial boost of living
standards. Can the Malthusian model explain this? Yes, it can: diminishing labor returns
and the demographic growth that followed improvements in living standards meant
that, in the long run, technological improvements were unable to increase per capita
incomes. Leading technological countries (like China) had comparatively larger
populations, but they did not enjoy higher living standards. As Adam Smith (1776)
pointed out, the most conclusive sign of prosperity for a country was the increase of its

population.

Figure 9 summarizes these dynamics. Parting from the subsistence equilibrium, the
development of a new technology (better seeds, for instance) improves average output
per farmer. The rise in farmers’ real incomes increases population growth and, as we
add more farmers to a fixed quantity of land, the average output per farmer, and thus
the real wage, falls. In the long run, real incomes fall to the starting point, at subsistence
levels, but with a higher population. In short, technological improvements allow society

to feed more people at subsistence levels.

13
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Figure 9. The impact of a technological improvement in the Malthusian model

Why do wages not increase in the new equilibrium if the economy uses more productive
techniques? Average production per farmer is now larger for a given number of farmers,
but not for population at its new level as a whole. Let’s go back to Figure 5: if with the
old technology 1,600 farmers produced 732,000 kg of grain; with the new technology
those same 1,600 farmers will produce more than 732,000 kg. If population remained
constant, the income per capita would now be larger, but this contradicts Malthus’
second assumption: if real wages exceed what is necessary for subsistence, people

marries earlier and has more children, and population rises.

Figure 10 summarizes this combining the graphs from Malthus’ two assumptions.
Parting from the subsistence equilibrium in A, a technological upgrade increases the
average product for any number of farmers (the line representing wages, in the left part
of the graph, moves upwards). Wages rise and the economy moves to point D. Looking
at the right side of the graph we get point D’, where population growth is positive. As
living standards exceed the subsistence level, population rises; and, due to diminishing
labor returns, as population rises real wages decrease. The economy moves downwards

along the new wage curve, from D to C, until real wages reach subsistence level and

14
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there is no population growth. In this new equilibrium, real wages remain at the level of

subsistence, but the economy supports a larger population (from Pop medium to POp wigh).
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Figure 10. The impact of a technological improvement in the Malthusian model

This offers a plausible explanation for the flat portion of the “hockey stick”. Humanity
adopted new techniques that improved workers’ incomes for some time, but this
reduced mortality and caused people to marry earlier and have more children.
Therefore, in the long run, population increased and real wages fell back to subsistence

levels.

5. Great Britain 1300-1600: an economy in the Malthusian trap

This section describes a historical case that matches the patterns stablished in Malthus’

model, but it introduces some qualification to the model as seen in previous sections.

Figure 11 shows the evolution of real wages (vertical axis) and population (in millions,
horizontal axis) in Great Britain between 1280 and 1600. During more than three
centuries, population and real wages were negatively correlated: when real wages rose,
population decreased; when real wages fell, population increased. After doubling

between 1280 and 1500, real wages returned to their initial level in 1600.

15
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Figure 11. The Malthusian trap: real wages and population in Great Britain (1280-1600)

This fits with the model described in previous sections: the economy was bounded by
Malthusian limits so, in the long run, living standards reverted to their initial level.
However, our simplified model ignores some relevant aspects. First, political factors can
reinforce Malthusian dynamics or hold them back. For instance, considering what we
have seen until now, if an epidemic kills part of the population, surviving workers will
see an increase in their real wages. However, if big landowners increase repression over
rural workers, the increase in real wages could be much lower. Relatedly, the economic
and social structure of pre-industrial economies was not fixed and the economic
distance between social classes fluctuated. Malthusian mechanisms did not have the

same effect over landlords and peasants, for instance.

Figure 12 shows the evolution of workers’ living standards in Great Britain from another
point of view. As we have already seen, by 1600 the real wage had returned to its level
in 1300. The bottom part describes the causal relations behind this evolution, combining

the assumptions of the Malthusian model and political developments.
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Figure 12. The Malthusian trap: political and economic factors

After three centuries of population growth, at the end of the 13™ century subsistence
crisis became more frequent: without major technological improvements, the
production of food was constrained by the use of less fertile lands and unfavorable
weather conditions. These subsistence crisis could have been a temporary occurrence
until the equilibrium between population and resources was reestablished, but in the
middle of the 14t century a disaster with very long term consequences took place: the

Black Death.

The Black Death killed close to one third of the European population from 1349 until the
end of the 14" Century. The decline in the number of available workers raised

agricultural productivity, in accordance with the principle of diminishing labor returns.
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Consequently, whether they owned their own plot of land or paid a rent to a landlord,
the living standard of rural workers increased. To attract workers from rural areas

employers in the cities were forced to offer higher wages too.

In 1351, King Edward passed a law (the Statute of Laborers) to try to restrain wage
increases. The law established a maximum salary and prohibited peasants from leaving
the land in search for better conditions. In spite of these measures, economic factors
(the reduced labor supply) trumped politics: the law could barely be applied and, as
peasants exerted their increased bargaining power, real wages continued to rise. The
Peasants’ Revolt in 1381 epitomizes the exigencies of the peasantry for more freedom

and lower taxes.

The reduction in the labor supply and the increase in the bargaining power of peasants
kept wages at relatively high levels during the 15% century. However, in line with what
we have learned from the Malthusian model, the improvement in the living standards
led to a gradual increase in population size. The availability of land allowed workers to
marry earlier and have more children. The resulting rise in labor supply reduced both
peasants’ productivity and their bargaining power against agrarian elites. During the 16
century, population recovered and real wages fell. By 1600, living standards were back

to their level before the Black Death.

These mechanisms did not affect all economic actors equally. In the Malthusian model,
when population increases the demand for food grows and the land (which is a limited
factor) increases its value. Thus, while real wages fall, the income of the landlords grows
and inequality increases. The case of Great Britain confirms these predictions. The
increase in population during the 16th century cut real wages, increasing the gap
between workers and landowners: in 1600 the ratio between the incomes of landlords
and the wages of unskilled workers was five times higher than in the decades following

the Black Death.

6. Escaping from the Malthusian trap

How did the economies escape from the Malthusian trap? The causal scheme shown

below presents a simple summary of the Malthusian model for the case in which the

18
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population decreases (as a consequence of the Black Death, for example). The numbers
indicate where the two assumptions of the Malthusian model intervene. Observing the
role played by these two assumptions gives us clues as to what had to happen for

economies to break the link between population and resources.
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Figure 13. Causal scheme of the Malthusian model (after a population decrease)

Regarding the first assumption (decreasing labor returns), as we have seen, a one-time
technological improvement is not enough to raise living standards permanently:
population increases to the limit set by available resources, returning the economy to
the equilibrium of subsistence. However, if technology is able to make resources grow
faster than population, living standards can rise permanently above the level of

subsistence (as shown in the left part of Figure 14).

Regarding the second assumption (the uncontrolled growth of the population), if the
society reduces its fertility rate and stops population growth before reaching the
ecological limit, that is, if it applies preventive checks, available resources will suffice to
establish a higher than subsistence living standard (as shown in the right part of Figure

14).
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Figure 14. Escaping the Malthusian trap: technological change (left) & preventive checks (right)

The following sections describe these two possibilities in more detail.

6.1.1 Technological progress

Historians distinguish three main technological periods: hunter-gatherer societies, the
agricultural period (beginning with the Neolithic Revolution) and the industrial period
(from the Industrial Revolution onwards). Transitions between these periods brought
down long-lasting equilibriums between population and natural resources, and entailed
a significant change in living standards. Nonetheless, as we have seen, population

growth has been irregular within each of these technological periods too.

The Neolithic Revolution (10,000 years BC) allowed humans to have more control over
the supply of food: the expansion of agriculture raised the limits imposed by natural
resources and hunter-gatherers became sedentary farmers in more densely populated
societies. However, the supply of energy was restricted to plants and animals so,
ultimately, energy availability was dependent on land availability. Hence, pre-industrial
societies were frequently close to the limits imposed by technology and available

resources. This is, in essence, the world Malthus describes.

Were technological advances ineffective towards improving living standards? According
to the Malthusian model, technological progress is wasted increasing the size of
populations — it cannot boost per capita incomes. However, the economist Ester
Boserup (1910-1999) argued that population growth precedes and drives technological

development: population increases are the cause, not the consequence, of technical
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progress. Boserup's theory predicts that food grows proportionally to population,
avoiding Malthusian catastrophes (see Figure 15). According to this hypothesis, small
populations limit economic specialization, trade and investment. As population grows,
the division of labor is more efficient and economies of scale can be exploited: the
complexity of societies increases. For example, a population must reach a minimum size

to invest in an irrigation system.

Quantity
Boserup

“Malthusian
Catastrophe”

Time

Figure 15. Ester Boserup’s hypothesis

However, Boserup's ideas do not explain the escape from the Malthusian trap.
Demographic pressure led to the adoption of more intensive agricultural techniques
(fallow periods, for example) that made possible feeding larger populations, but these
methods required longer working hours and, in the long term, economies run into the
Malthusian ceiling.® Technological progress cannot increase the productivity of a limited
resource (such as land or oil) indefinitely. Therefore, Boserup's theory describes the
moderate growth of pre-industrial populations, but it cannot account for the

demographic explosion of the last three centuries.

Unlike previous innovations, the technologies associated with the Industrial Revolution
decoupled economic growth from the limits imposed by land availability and lead to
demographic growth rates never seen before. The technological revolution of the

second half of the 18th century and the creation of machines for the conversion of

8 Intensive agricultural practices increased land productivity (the production obtained from a given plot),
but they reduced the production per hour worked. Labor was still subjected to diminishing returns.
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inanimate matter into energy stretched available resources exponentially. In the most
advanced pre-industrial societies, energy consumption per person per day was less than
26,000 calories. In the first stages of the Industrial Revolution, fossil fuels increased it to

70,000 calories and, in some contemporary societies, it reaches 200,000 calories.

In short, the Malthusian model cannot explain the improvement in living standards of
the last three centuries. Industrial economies are subject to continuous technological
innovations and use resources that, unlike land, are renewable or substitutable. Thus,
human labor does not present diminishing returns in combination with the factors that

drive economic growth.

This does not mean that natural boundaries have disappeared forever. The limits to
growth seem diffuse because resources are substitutable or their exhaustion is distant,
but nothing guarantees that humanity will not come near them again. The speed with
which it approaches this limit - and its capacity to respond - will depend, as we have

seen, on demographic growth, technological change and cultural and social norms.

6.1.2 Preventive checks

Population growth depends on two types of factors. So far, we have stressed restrictive
mechanisms, that is, those beyond human control: the climate, the availability of land,
diseases, etc. These factors tend to change slowly, at least in relation to the duration of
human life. However, human beings do not passively observe these mechanisms - they
try to adapt and anticipate to the limits imposed by the ecosystem instead. The choices
of human beings, preventive checks, have a decisive influence in demographic growth

too.

The main adaptation mechanism during almost all of human history was the one
described in the first section: delaying the age of marriage or an increase in singleness
decreased fertility rates. In addition, until the extension of the voluntary control of
reproduction (which has been the main instrument of control since the 18" century),
sexual taboos, the duration of lactation, abortion or infanticide conditioned fertility
rates too. Migration in search of better living conditions has been another adaptation in

many places and historical periods.
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Reproductive behaviors have also varied according to the estimated costs and benefits.
In hunter-gatherer societies, continuous geographic displacements raised the cost of
transporting children, so births were spaced until the children could fend for
themselves. With the switch to sedentary agriculture, the contribution of children to
domestic work and in the field became more valuable and the fertility rate increased.
Industrial society increased the costs associated with reproduction again: compared to
agricultural economies, children took longer to obtain a salary and demanded more

investments in health and education.

The inclusion of these factors modifies the Malthusian model as we have described it so
far. If people evaluated the cost of having children, it is reasonable to expect that they
would stop population growth before exhausting resources (instead of reproducing like
the mice in Cantillon’s barn). Malthus himself recognized this possibility: becoming
aware of the vicious circle associated with population growth could lead societies to
encourage celibacy or, at least, delay the age of marriage. These preventive checks could
prevent the population from growing to the ecological ceiling, thus (i) limiting the impact

of restrictive-catastrophic checks, and (ii) raising living standards.

According to Malthus, the destiny of populations depended on which mechanism
prevailed: irresponsible reproduction (which led to repressive checks) or virtuous
containment (that is, preventive checks). The frequency and intensity of mortality crises
prove that, historically, repressive checks dominated preventive checks. This does not
mean that people lived permanently on the verge of dying of hunger. To a greater or
lesser extent, pre-industrial societies applied preventive brakes that allowed them to

have incomes higher than those needed to feed themselves.

What Malthus did not predict, beyond his defense of moral restrictions, is the absolute
domination of preventive over repressive checks. In the second half of the 18" century,
the reduction in mortality rates increased the pressure on resources. This led to the
reduction of fertility rates through two mechanisms: a reduction in the marriage rate
(something Malthus contemplated) and, more importantly, deliberate efforts to limit
the number of births (something Malthus did not contemplate). Socio-economic

developments contributed to these changes: the increasing cost associated to having
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children, the gradual relaxation of religious influence and improvements in

communications extended the voluntary control of reproduction.

Some countries in northwestern Europe acquired a preventive bias before the Industrial
Revolution. Beginning in the 16™ century, England, Sweden or Belgium, among others,
progressively modified their reproductive patterns: the age of marriage was delayed,
the fertility rate was reduced and living standards were stabilized above the subsistence
threshold. Historians suggest several causes for the emergence of this European pattern
of marriage: women’s right to inherit, the predominance of marriages by mutual
consent and the extension of labor markets (which allowed more women to access a
paid job). Be that as it may, the increase in per capita income led to an increase in saving
and investment rates, which helps to explain the accumulation of capital that opened

the door to modern economic growth.
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