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Abstract. The sustainability debate concerns whether the world will experience stable or
improving living standards for the foreseeable future, or whether the current trajectory will
overtax the natural environment, leading to a ‘crash’ in living standards. This paper selec-
tively reviews relevant research, focusing on both ecological concerns and technological
progress, and asks whether sustainability would be problematic without rapid population
growth. I suggest that continued demographic transition to lower fertility is the primary
requirement for achieving sustainable development. This is, effectively, a modern transla-
tion of Malthus (1798). The paper also discusses the role of the Malthusian cycle in human
evolution. JEL classification: Q56, J10

Durabilité: Malthus revisité? Le débat sur la durabilité pose la question à savoir si le monde
va faire l’expérience d’un accroissement des niveaux de vie dans un avenir prévisible ou
si la trajectoire présente va vite pressurer l’environnement naturel et engendrer une chute
des niveaux de vie? Ce texte fait une revue sélective de la recherche pertinente, mettant
l’accent sur les problèmes écologiques et le progrès technologique, et se demande si la
durabilité serait problématique si l’on n’avait pas une croissance démographique rapide.
L’auteur suggère que la transition démographique continue vers une fécondité plus faible
est le prérequis primordial dans la quête d’un développement durable. Il s’agit d’une
version moderne de Malthus (1798). Ce texte discute aussi du rôle du cycle malthusien
dans l’évolution humaine.

1. Introduction

When I began my graduate work in economics in the mid–1970s, two major eco-
nomic themes dominated intellectual and political debate in much of the academic
world. The seemingly more important of these themes concerned the ideological
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battle between communist central planning and market capitalism. The other
theme, underscored by the oil price increases of the mid-1970s, concerned the
sustainability of the natural environment. Put more directly, the question was:
‘Are we running out of natural resources?’ At present, some 30 years later, I am
surprised to observe the first theme consigned to the ‘dustbin of history’ (para-
phrasing Leon Trotsky), as only small remnants of central planning remain.
Concern about the natural environment, on the other hand, has continued to
grow in importance, and encountering the term ‘sustainability’ on a regular basis
has become an unavoidable feature of academic life.

This paper seeks to provide a current assessment of the resource sustainability
debate – a debate that many believe is of fundamental importance to the future
of human civilization. While there is a range of opinion regarding sustainability,
many participants in the discussion are readily identifiable as either ‘sustainability
optimists’ or ‘sustainability pessimists.’ One prominent optimist (and a convert
from the pessimist camp) is Bjørn Lomborg, whose influential book, The Skep-
tical Environmentalist, asserts: ‘We are actually leaving the world a better place
than when we got it . . . mankind’s lot has vastly improved in every significant
measurable field and . . . is likely to continue to do so’ (Lomborg 2001, 351).

One of the best–known pessimists is Lester Brown, founder of the Worldwatch
Institute, who writes: ‘Our global economy is outgrowing the capacity of the earth
to support it, pushing our early twenty–first century civilization ever closer to
decline and possible collapse . . . [W]e are consuming renewable resources faster
than they can regenerate. Forests are shrinking, grasslands are deteriorating,
water tables are falling, fisheries are collapsing, and soils are eroding’ (Brown
2006, 3).

There is no doubt that humans beings were, on the whole, much better off
at the end of the 20th century than at the beginning, and much more numerous.
The disagreement between sustainability optimists and pessimists concerns the
likelihood of a ‘turning point’ in human living standards in the 21st century, or
perhaps slightly further in the future. Thus, the central question in the sustain-
ability debate concerns whether the world as a whole is on a trajectory in which
living standards can be improved or at least maintained into the indefinite future,
or whether the current trajectory is likely to overtax the natural environment and
lead to a consequent downturn or ‘crash’ in living standards.

This question was largely anticipated by Thomas Malthus (1798) in his fa-
mous ‘Essay on the principle of population,’ where he expressed concern about
a possible tendency of human populations to grow more rapidly than can be
accommodated by arable land and other components of the resource base, thus
sowing the seeds of their own decline. In his first chapter, Malthus wrote: ‘the
great question now at issue [is] whether man shall henceforth start . . . towards . . .

hitherto unconceived improvement; or be condemned to a perpetual oscillation
between happiness and misery.’

Malthus recognized that he was writing at the dawn of a great burst of inno-
vation and improvement in living standards, but questioned whether this would
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generate permanent progress or whether it was just another cyclical upturn that
would lead to a subsequent crash. The power of demography was identified by
Malthus as a force favouring the cyclical outcome (or ‘oscillation,’ as Malthus
put it) rather than continuing improvement. Specifically, Malthus suggested that
humans tend to respond to increases in food availability with increases in fertility
that would, in per capita terms, tend to offset and often overshoot the underlying
output increase.

Malthus is perhaps best known for stating that unchecked population tends
to grow ‘geometrically,’ while food supply would grow at best arithmetically. He
also observed that population growth could not remain unchecked indefinitely
but would be checked by malnutrition, disease, violent conflict and other forces
so as to meet food availability constraints. Formal representation of this structure
may or may not give rise to cycles (or ‘overshooting’) in population and living
standards, depending on model details, but my reading of Malthus is that he had
the overshooting case in mind for most of his analysis, as the previous quote
suggests.

The modern sustainability debate differs from Malthus primarily in its focus on
ecology, including important phenomena (such as global warming) that Malthus
could not have anticipated. However, it is important to ask whether modern
concerns about sustainability would be significant in the absence of the of the still
rapid population growth that is currently occurring. Accordingly, one important
question is whether the core of the sustainability debate is primarily a matter of
revisiting Malthus.

Malthus remains among the most commonly mentioned economists in in-
troductory and intermediate textbooks in economics, although this honour is
somewhat muted by the fact that most such textbooks assert that Malthus was
wrong. For example, Pindyck and Rubinfeld (2001, 187) write that ‘Malthus be-
lieved that the limited amount of land on the globe would not be able to supply
enough food as population grew . . . Fortunately, Malthus was wrong.’

From the first time I read such statements I have felt that this was an inaccurate
or at least premature judgment of Malthus. First, the argument provided by
Malthus is deeper and more subtle than he is typically given credit for. Second,
even the simplified view normally attributed to Malthus performs rather well
when compared with the historical record. In writing his essay at the end of
the 18th century Malthus was looking back on approximately 5,000 years of
recorded history. In most places and at most times the world has been resolutely
Malthusian.1 The period from the beginning of the industrial revolution to the
present (i.e., the last 250 years or so) has, on the other hand, apparently been a
strikingly non-Malthusian period, at least for part of the world. However, this is
a short period by historical standards.

Malthus was very familiar with the population history of Western Europe.
Hinde (2003, 2) notes that in the centuries preceding Malthus ‘periods of growth

1 As noted, for example, by Galor and Weil (1999, 150): ‘This Malthusian framework accurately
characterized the evolution of population and output per capita for most of human history.’
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(for example, the 12th, 13th and 16th centuries) alternated with periods of stagna-
tion (the 15th and 17th centuries) and one period of spectacular decline (the 14th

century).’ According to Hinde (2003), England had a population of slightly over
1.5 million in 1086, which grew to between 5 and 7 million by 1300. In the fol-
lowing century, English population was diminished by a famine in 1315, killing
perhaps 10% of the population, the Black Death epidemic of 1348–50 which
killed perhaps 40% of the population, and the ‘100 Years’ War’ of 1337–1458
which caused substantial mortality directly and contributed to malnutrition and
the spread of disease in both England and France. The population of Western
Europe fell dramatically in the 14th century, quite possibly by more than 50%.
As noted in the (on-line) Wikipedia entry for Medieval Demography: ‘A classic
Malthusian argument has been put forward that says Europe was overcrowded. . .

the catastrophes were Malthusian checks on a population too large for its avail-
able resources.’

Prior to the population crash of the 14th century, the medieval population
expansion in Europe lasted approximately 300 years, considerably longer than
the time from Malthus (1798) to the present. If we were to take the (very) long
view and were fortunate enough to have a data set spanning all of human history,
a suitable Malthusian specification would have impressive power in explaining
variations in population and real income.

Recent work has shown formally that Malthusian demographics in the pres-
ence of renewable resources can give rise to cycles in living standards and popu-
lation. This exercise was carried out by Brander and Taylor (1998) to explain the
history of Easter Island, which did go through a ‘rise and fall’ of the Malthusian
type. Starting from first discovery of the lushly forested and uninhabited island
about 500 A.D., population grew rapidly and a rich and complex Polynesian cul-
ture developed, but the forest resource was gradually depleted. A turning point
was reached about 1400 A.D., by which time the forest stock was largely gone.
Loss of forest stock deprived the Islanders of their most important resource –
trees from which to build canoes for fishing, and it also reduced rainfall and wa-
ter retention. Population declined sharply, internecine warfare became common,
and there is evidence of cannibalism in this period. The economy reverted to the
near subsistence level that was observed by Europeans at first European contact
in 1722. This tendency for human societies to revert to near subsistence where, as
Hobbes put it, life is ‘nasty, brutish and short’ is referred to as the ‘Malthusian
trap.’

The central sustainability question can be restated as asking whether the world
as a whole is like Easter Island writ large or whether a major cyclical downturn can
be averted. Barring nuclear war, collision with a sufficiently large meteor, or other
cataclysmic event, it seems unlikely that human beings could lose the major gains
that have been made in the past two centuries. Malthus himself did not regard the
Malthusian trap as inevitable and did suggest that ‘moral restraint’ could lead to
a modification of the traditional pattern. Malthus was sufficiently discouraging,
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however, that his essay led Thomas Carlyle to dub economics as the ‘dismal
science.’ Malthus suggested that significant improvement in the general human
condition was, in his words, ‘possible, but not probable.’ Translating Malthus to
modern terminology, he would have hoped but not expected that the gains he saw
starting to emerge in the late 18th century would be sustainable, and he would
have believed that sustainable improvements would require a significant change
in fertility dynamics.

The Malthusian cycle of abundance and privation, leading to population ex-
pansions and declines, is a fundamental aspect of human history. This cycle has
probably played an important role in human evolution. If we have finally left the
Malthusian cycle behind, this would have important evolutionary implications
for the human species.

Section 2 of this paper provides a brief overview of the intellectual history
of the sustainability concept. Section 3 provides a formal theoretical framework
that can be used to address sustainability issues, and section 4 presents evidence
related to current debates concerning sustainability. Section 5 deals with some
normative or philosophical questions that are important to the sustainability
debate, and section 6 contains a discussion of the role of the Malthusian cycle in
human evolution. Section 7 is devoted to concluding remarks.

2. A brief intellectual history of sustainability

The modern sustainability research agenda has grown out of three related but
distinct topics that gained prominence in the 1960s. One such topic was ‘over-
population,’ as emphasized particularly by Paul Erlich (1968). Another was en-
vironmental degradation, especially air and water pollution, as first raised to
prominence as a modern issue by Rachel Carson (1962), and the third was the
resource depletion problem as set out, for example, by Meadows, Meadows, and
Randers (1972) in Limits to Growth.

2.1. The overpopulation school
The ‘overpopulation’ school is directly descended from Malthus and focuses on
population growth as the driving force behind environmental degradation and
resource overuse. Within this school of thought, reducing fertility to replacement
levels is seen as fundamentally important. The overpopulation topic is consider-
ably less significant in academic and public debate today than it was in the 1960s,
as emphasis has shifted away from population growth per se and become more fo-
cused on ecological problems and resource overuse. Those in the overpopulation
school tend to see this shift as focusing on the symptoms (albeit very important
symptoms) rather than on the underlying causal problem.

There are at least three reasons why concerns about population growth
have retreated over the past 30 or 40 years. One reason is the ‘demographic
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transition,’ which refers to the idea that at sufficiently high incomes, fertility
tends to fall, owing to voluntary family size decisions. Fertility has fallen signif-
icantly in those parts of the world where most academics live – North America,
Europe, and East Asia. This demonstrates that fertility rates can decline sharply.
In fact, fertility levels among highly educated groups (like academics) in North
America, Europe, and East Asia are below replacement level, creating some con-
cerns about insufficient fertility rather than the reverse. Thus, academics live
primarily in local environments of low fertility and do not directly observe the
fastest growing populations on a day-to-day basis, even though population for
the world as a whole is still growing rapidly.

A second reason for reduced concern about population growth can be termed
‘technology optimism.’ One version of technology optimism, associated partic-
ularly with Boserup (1981) and Simon (1981), holds that increasing population
is a positive force on living standards, largely because of induced innovation
arising from population pressure. A more widely accepted version of technol-
ogy optimism does not focus on whether population pressure causes innova-
tion, but simply concludes that technological progress has essentially solved the
Malthusian problem and will stay ahead of population growth.

A third reason for the diminished profile of the population debate relates
to political or ideological considerations. Population concerns are often in con-
flict with the strongly pro–natal positions of several major religions, particularly
with the fundamentalist elements that have grown in influence over the past few
decades. Any explicit approval of birth control in a research program or policy
initiative is enough to alienate some important constituencies. There is also a ‘left-
of-centre’ critique. Fertility rates are currently very high in Africa and relatively
high in South Asia2 and much of the Islamic world. In populations of European
or East Asian descent around the world, fertility rates are low, approximately at
or below replacement levels. When academics of European or East Asian descent
suggest the need to reduce high fertility rates, it sounds to some as if they are
saying ‘there are too many of you and not enough of us.’ The underlying ethnic,
religious, and nationalist sensitivities make focusing on population issues an un-
comfortable approach3 in many contexts. Focusing on sustainability rather than
population allows for incorporation of concerns related to population growth
while respecting, or at least side-stepping, these various sensitivities.

2.2. Resource degradation
Concern about environmental degradation, especially air and water pollution,
and concern about depletion of natural resources like forests and oil reserves

2 South Asia refers to the Indian subcontinent, including Bangladesh, India, Pakistan, and some
smaller countries.

3 Even an organization like ‘Planned Parenthood’ has, in its fundraising, shifted its focus to
‘providing choice’ rather than emphasizing aggregate population issues. Similarly, the
organization ‘Zero Population Growth’ changed its name to ‘Population Connection’ in 2002.
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arose as separate areas of study. This is reflected in two distinct (although heav-
ily overlapping) fields within economics: environmental economics and resource
economics. However, both environmental damage and resource depletion derive
from the same fundamental questions regarding the interaction of economic ac-
tivity and the natural environment. Furthermore, we can choose to regard air
and water as natural resources in themselves. Thus, important natural resources
include environmental resources such as air and water; agricultural resources
(the main resources considered by Malthus) in the form of arable land and soil;
renewable (i.e., biological) resources such as forests, fisheries, and wildlife; and
non-renewable resources such as oil and various metals and minerals. In this pa-
per, I will normally combine overuse problems relating to all of these resources
into a single category referred to as resource degradation. Global warming (and
the associated climate change) is a somewhat distinct topic, although it inter-
acts closely with environmental, agricultural, and renewable resources and is an
important cause of resource degradation in all three of these areas.

2.3. The limits to growth
Probably no single modern contribution has been more influential in the sustain-
ability debate than Limits to Growth (LTG) by Meadows, Meadows, and Randers
(1972). The authors of this work described themselves as a group of ‘systems scien-
tists and computer modelers,’ and had relatively little background in economics.
They built what was at the time a sophisticated simulation model that, in essence,
extrapolated resource use for a number of key resources for many decades into
the future. The primary conclusion (repeated in Meadows, Meadows, and Ran-
ders (2004)) was as follows: ‘If the present growth trends . . . continue unchanged,
the limits to growth on this planet will be reached sometime within the next 100
years [i.e., by 2072]. The most probable result will be a sudden and uncontrollable
decline in both population and industrial capacity.’

One striking effect of LTG was the extent to which it unified economists in
critiquing the analysis. One primary criticism was that the simulation model
lacked prices. As a result there was little allowance for economic behaviour in
the model. Economists pointed out, for example, that if oil availability declined,
this would cause prices to rise, which in turn would cause substitution away
from oil and thus reduce the rate of oil consumption. Yet in the LTG model oil
consumption rose relentlessly, driven essentially by simple extrapolation, until an
ultimate crash occurred. Some critics asserted that the LTG model did little more
than convert the prior beliefs of the authors into formal ‘predictions.’

The overall predictions of the LTG model might still turn out be correct (and
2072 is a long way off) but the model has not tracked economic realities very well
for the past 30 years, with deficiencies that correspond closely to what economists
anticipated.4 Interestingly, LTG had much in common with the other major theme

4 Assessing the accuracy of the predictions in LTG has become a small industry in itself, with
widely varying interpretations. My reading of the evidence is that LTG predictions have not
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mentioned at the beginning of this paper – central planning. Like a central plan-
ning model, the LTG model relies on connections between sectors given by pro-
duction coefficients based on engineering data and lacks price-based incentives
and the associated economic responses.

The LTG study and subsequent debate did bring to light some of the
weaknesses of traditional economic modelling. Most economic growth models,
macroeconomic models, and economic policy simulation models dealt with eco-
logical constraints by ignoring them. It was a rare growth model that explicitly
incorporated the ecological realities of resources such as forests, fisheries, soil,
and water. I recall my personal dissatisfaction with some of the policy simulation
models developed in the 1980s to assess the proposed Canada-U.S. Free Trade
Agreement (implemented in 1989), as most such models predicted responses in
areas such as forestry, agriculture, energy, and fisheries that failed to account for
underlying ecological constraints.5

One outcome of the exchange following publication of LTG was the devel-
opment of ecological modelling as a serious field of study. A new journal titled
Ecological Modeling was started in 1975 and Ecological Economics was started in
1989. These journals have a significant commitment to modelling that includes
both economic and ecological components.

2.4. Defining sustainability
Following the Limits to Growth debate, the term ‘sustainability’ became widely
used in discussions of resource use. Unfortunately, the term was used in a variety
of different ways, leading to significant semantic confusion. Modern use of the
term in resource economics derives from the concept of ‘sustainable yield,’ which
has been used in forestry at least since Carlowitz (1713). Simply put, the sustain-
able yield approach suggests harvesting a forest resource such that the harvest
rate can be maintained indefinitely. On a year-to-year basis (or over whatever time
horizon is appropriate) sustainability can be achieved if the harvest or ‘yield’ is
equal to the underlying growth of wood fibre, thereby keeping the overall stock
constant.

Extending this sustainable yield concept to an entire economy is difficult.
Applying sustainable yield on a resource-by-resource basis is not very satisfactory.
For one thing, the concept cannot apply to non-renewable resources. Petroleum
that is used up cannot be replaced by new petroleum, at least not over relevant time
scales. However, we might try to apply a sustainable yield concept to the energy
sector as a whole, asking whether investment in appropriate infrastructure can
replace the energy yield of oil and other non-renewable energy sources as they

performed well at the quantitative level and that even the qualitative predictions have a mixed
record.

5 It is not obvious whether incorporating ecological constraints would increase or decrease
implied gains from trade liberalization. See Brander and Taylor (1997a,b) for some analysis of
international trade in the presence of natural resource constraints.
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are used up. Such infrastructure might include facilities to produce hydroelectric
power, solar energy, wind energy, and so on. We might aggregate even further and
not worry about sustainability in a particular sector (like energy) and ask only
that we be able to generate a steady or increasing flow of per capita consumption
or utility. However, if we aggregate all the way to overall utility we tend to lose
sight of the underlying ecological issues.

My 1998 Canadian Oxford Dictionary provides two meanings for ‘sustainable,’
the first of which is ‘that conserves an ecological balance by avoiding depletion of
natural resources.’ I find this a good working definition for the word ‘sustainable’
in a resource management context. The second definition is the more traditional
‘that may be maintained.’

There have been attempts to provide a formal index of sustainability that seeks
to measure the robustness of the components in an eco-system to random per-
turbations in various parameters. A system is more sustainable if it has a higher
probability of remaining in the current regime (i.e., returning to the initial equi-
librium or steady state) in the face of a perturbation, rather than moving toward
a new and very different equilibrium or ‘regime.’ See, for example, Pawlowski
et al. (2005).

The word sustainable focuses attention on ‘conservation’ or ‘maintenance’
rather than on actual improvement in the human condition. Reconciling the sus-
tainability concept with economic development objectives has led to the concept
of ‘sustainable development.’ The most commonly given definition of sustainable
development, due to the Brundtland Report6 (1987), is as follows. ‘Sustainable
development is development that meets the needs of the present without com-
promising the ability of future generations to meet their own needs.’

Many economists find this definition unsatisfactory, in part because they are
less comfortable with the concept of ‘needs’ than with preferences or utility.
Presumably such things as music, literature, enjoyable meals, attractive clothing,
comfortable accommodation, and most other things we enjoy on a day-to-day
basis are not true ‘needs,’ not to mention items like cars, consumer electronics,
and the like. Surely, we want both present and future generations to do more
than just meet basic needs. Furthermore, any implementation of the definition
would seem to require knowing what the needs of future generations will be. This
definition also has very little direct connection to the ecological concerns that
underlie the modern focus on sustainability and has also been criticized simply
for being too vague and imprecise.

Another popular and, in my view, much better definition is provided by the
United Nations Environmental Program (UNEP), which suggests in ‘Caring for
the Earth’ (1991, 9) that sustainable development means ‘improving the quality
of human life while living within the carrying capacity of supporting ecosystems.’
This definition has the advantage of being recognizable as a generalization of the

6 The Brundtland Report, titled Our Common Future, was a report of the World Commission on
Environment and Development, originally set up in 1983 by the United Nations.
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original sustainable yield concept and as therefore being related to underlying re-
source degradation issues. It also recognizes a greater objective than just meeting
basic needs.

There are many other proposed definitions. One reason for this proliferation
of definitions arises from attempts to ‘piggyback’ on the sustainability concept
to give more credibility to other objectives. My assessment is that ‘sustainable
development’ should refer to improvement in living standards that is consistent
with ‘ecological balance’ as given by the Oxford definition of ‘sustainable.’ This
implies something very close to the UNEP definition. While this definition might
not be entirely precise or operational as it stands, it seems to convey the important
central ideas with admirable economy.

2.5. Ecological footprint analysis
One recently developed tool in the sustainability toolbox that has generated con-
siderable interest is ‘ecological footprint analysis.’ The term ‘ecological footprint’
refers to the amount of representative land and water area that a human pop-
ulation would need, given existing technology, to provide supporting resources
and absorb wastes on a sustainable basis. The concept is due to Wackernagel and
Rees (1996). The ecological footprint was originally used to estimate the full area
required to sustainably support an urban area. The intuition is that an urban area
has high population density and obviously requires a substantial ‘hinterland’ to
grow food, to provide a watershed to accumulate water, to absorb and recycle
carbon dioxide and other waste products, and to provide various other goods
and services that must be imported into the city. The ecological footprint of the
city is therefore much bigger than its jurisdictional boundaries.

An organization called the ‘Global Footprint Network’ provides much in-
formation on ecological footprints and estimates the current footprint for all
human activity at about 1.2 times the size of the Earth. This means that hu-
mans are currently consuming more than the Earth can sustainably support.
(See www.footprintnetwork.org.) As the Network puts it, we are ‘liquidat[ing] . . .
ecological capital rather than living off annual yields.’

Footprint analysis can be applied at the individual level. The Network provides
a footprint quiz at the URL just given. The quiz asks some lifestyle–related
questions then provides an estimate of how much representative area is required
to support that lifestyle. In my case, the estimated area was 10.8 hectares and I was
informed that, if everyone on earth lived as I did, it would require approximately
six planets like Earth to support the associated consumption on a sustainable
basis. While I suspect this might be a slight overestimate in my case, footprint
analysis provides a sobering reminder of what it would take to bring the rest of the
world’s population to anything like North American living standards. Footprint
analysis can also be used as a policy tool, asking how specific policy choices (like
building a rapid transit line) would affect the ecological footprint of a particular
population.
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One problem with footprint analysis is the difficulty of doing the calcula-
tions accurately. Among other difficulties, it is not clear how best to handle
non-renewable resources. Also, economists would argue that footprint analysis
does not provide much indication of likely responses to changing prices and
changing economic incentives. It is therefore not clear whether large footprints
reflect fundamental problems or whether they can be changed relatively easily by
plausible price and technology changes.

Residents of North America have large ecological footprints for several rea-
sons, including high per capita energy and water use. Pricing in both these areas
is, in my view, seriously distorted and should be changed. Gasoline is under-
taxed (in view of the associated externalities), and water is underpriced as a
matter of (misguided) public policy. Correcting these distortions would reduce
average footprint size. In a world with less distorted prices we might spend more
time walking and less time driving Sport Utility Vehicles, and irrigation of near-
desert agricultural land would be reduced, but such changes are not difficult to
contemplate.

2.6. Global warming, climate change, and the eco-system perspective
In recent years, many concerns about specific renewable or non-renewable re-
sources have been subsumed by the ‘eco-system’ perspective. This perspective
emphasizes the linkages among different components of the eco-system. The re-
sources we depend on are seen as part of a complex integrated system in which
the linkages are often more important than the direct consumption losses arising
from degradation of one particular resource stock. For example, deforestation
in the Amazon has the direct effect of reducing the forest stock. Its indirect ef-
fects include loss of habitat for wildlife populations, reduced rainfall and water
retention, changing weather patterns over a broad area, and reduced carbon ab-
sorption and oxygen production. Thus, Amazon deforestation has far-reaching
effects, as have other areas of resource use or overuse. The eco-system perspec-
tive focuses on sustainability of the eco-system itself rather than on stand-alone
resource stocks. From an economist’s point of view, the eco-system point of view
seems to be largely a matter of recognizing externalities and implies that, with nat-
ural resources, externalities are often more important than direct consumption
effects.

The eco-system perspective has been made particularly relevant by global
warming. Global warming is caused largely by intensive use of fossil fuels,7 and
is by now having significant measurable effects on the global eco-system. Global
warming could have some benefits, as it makes some agricultural land more

7 This sentence presumes as fact what is still subject to some dispute. However, my reading of the
scientific evidence linking fossil fuel use, release of greenhouse gases, global warming, and
climate change is that these linkages have been established with sufficient confidence to be
referred to as ‘fact.’ While there are alternative views, and some scientific uncertainties, my
interpretation of the ‘dispute’ is that it is primarily political in nature.
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productive. However, the dominant effects seem clearly negative. Perhaps the most
important short-run effect is increased variability of weather, which increases the
incidence of floods, droughts, hurricanes, and so on. Other highly significant
effects include changes in rainfall patterns, as some heavily populated area are
now suffering continuing water shortages, and small but significant changes in
ocean temperature that dramatically change ocean life ecology. Overall, global
warming affects fish stocks, forest stocks, soil erosion, water tables, and many
other important elements in the modern world economy. In the very long run,
the most important negative effect of global warming is likely to be melting of
polar ice caps, a consequent increase in sea level,8 and corresponding reductions
in agricultural (and other) land.

3. A Malthusian model with ecological constraints

In order to address the relationship between the sustainability debate and Malthus
it is helpful to use a formal model of Malthusian demography in the presence
of ecological constraints. One such model was provided by Brander and Taylor
(1998). The important elements in the model are the stock of environmental capi-
tal, human use of environmental capital, and population growth (or net fertility).
Environmental capital, denoted S, is capable of growth or renewal. Without hu-
man use of the environment, soil would be replenished, air would be refreshed,
water tables would rise, forests and fish stocks would grow, and so forth. Follow-
ing common practice for modelling resource stocks, this growth or renewal of
environmental capital is given by a logistic growth function:

G(t) = r S(1 − S/K), (1)

where G(t) is the growth of the environmental stock at time t. Variable r is re-
ferred to as the ‘intrinsic growth rate’ and K is the ‘environmental carrying ca-
pacity’ or maximum possible size of the environmental stock. If environmental
stock S reaches a level equal to carrying capacity K, then G = 0 and no further
growth occurs. If the environmental stock is small relative to carrying capacity
(but positive) then S/K is negligible and G = rS, implying exponential growth at
rate r.

An important aspect of the model is that use or ‘harvesting’ of environmen-
tal capital is derived from underlying maximizing behaviour in the presence of

8 The United Nations Environmental Programme estimates that sea level has risen between
10 cm and 25 cm in the last 100 years and is likely to rise a modest 20 to 100 cm more by 2100.
(See www.grida.no/climate/vital/19.htm.) This is manageable but is, metaphorically at least,
only the tip of the iceberg. If the Greenland ice-sheet were to melt completely, this would raise
sea level by a catastrophic 7 m (23 ft). However, the time horizon for such melting is expected to
be at least 1000 years and probably longer. See, for example, Gregory, Huybrechts, and Raper
(2004).
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market-clearing prices that evolve over time. Details of this structure are not given
here but are available in Brander and Taylor (1998). This derived harvest function
is given by H(t) = aSP, where a is a parameter reflecting harvesting technology,
and P is population. This harvest function implies, plausibly, that environmental
use increases, other things being equal, if population is larger or if the stock of en-
vironmental capital is larger. The differential equation for environmental capital
is therefore

dS/dt = G(t) − H(t) = rS(1 − S/K) − aSP. (2)

Population growth is given by

dP/dt = nP + B(S,P). (3)

Variable n is a base level of net fertility (fertility minus mortality) that applies
in the absence of effects related to the stock of environmental capital. The sec-
ond term captures effects of environmental capital on net fertility. In a simple
linear Malthusian formulation B(S,P) = bSP, where b is a positive constant.
Thus, holding P fixed, a higher value of the environmental stock implies higher
population growth. This corresponds to the Malthusian intuition that if environ-
mental resources are more abundant, food will be more plentiful, and fertility
will therefore be higher and mortality lower.

A Malthusian model of resource use and population dynamics is given by the
dynamic system consisting of the two equations of motion (2) and (3) in which a,
K, n, and r are constants and B(S, P) = bSP. This model is similar to the famous
Lotka-Volterra predator-prey model, as described in Lotka (1925) and Volterra
(1926). Environmental capital takes on the role of the ‘prey’ and human beings
take on the role of the ‘predator’ in this model.

It is possible to examine this model analytically. Solutions for steady states can
be determined, and the dynamic path leading from any initial conditions can be
characterized. The dynamic evolution of the model toward an internal steady state
can be either monotonic or cyclical, depending on parameter values. It is possible
to simulate this dynamic system using illustrative values for the parameters in
equations (2) and (3). One particular simulation (with Cobb-Douglas utility) is
shown in figure 1.

In figure 1, population starts at a low level, grows rapidly, and gradually begins
to significantly deplete the stock of environmental capital, which, at some point,
begins to fall sharply. Population itself then falls and eventually environmental
stocks starts to recover, followed again by a population recovery as the system
cycles toward an interior steady state of the ‘Malthusian trap’ type until a new
exogenous shock perturbs the system. Per capita utility also cycles. A key point is
that a boom and bust cycle can arise, even allowing for very standard economic
incentives and price adjustment. Cycles are favoured by relatively slow-growing
natural capital in the face of relatively strong Malthusian demographic effects.
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FIGURE 1 A Malthusian cycle

Using this model or related models it is possible to ask three important ques-
tions:

i) What happens if there is a demographic transition?
ii) What happens if there is technological progress?

iii) Can economic policy or institutions have an effect on the trajectory?

A demographic transition requires a more flexible net fertility function than
used for the simulation. If the fertility function allows for fertility to fall at suffi-
ciently high levels of utility or income, then the possibility of movement toward
much higher steady-state utility and more sustainable environmental use becomes
possible. Technological progress can be introduced in several ways, including in-
creases in carrying capacity, K, in intrinsic growth rate, r, or through harvest-
ing technology. Interestingly, technological progress in harvesting tends to be
harmful9 in that it increases the amplitude of the cycle and reduces steady-state
environmental capital, population, and utility. However, sufficient technologi-
cal progress that increases the natural regeneration rate or the carrying capacity

9 An interesting illustration of this effect is the North American buffalo hunt, as described by
Taylor (2006), who notes that technological progress in leather tanning (combined with modern
firearms) caused a population of 10–15 million buffalo on the Great Plains of North America to
be reduced to a population of less than 100 in the space of a little over 10 years, primarily in the
1870s.
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improves outcomes and, in combination with a demographic transition, can al-
low for continuing improvements in utility. Technological progress without a
demographic transition can delay convergence to a Malthusian trap but, except
in the unlikely event that carrying capacity can be increased exponentially at
sufficiently high growth rates in perpetuity, exponential growth in population
eventually catches and ultimately offsets technological improvement. I will not
take the space here to discuss the role of economic policy and how it might enter
the model, but this issue has been analysed in several other papers (see Anderies
2003; Dalton and Coates 2000; Dalton, Coates, and Asrabadi 2005; and Good
and Reuveny 2005, among others). In general, full property rights perform better
than open access but cannot, in the absence of a demographic transition, elimi-
nate the potential for Malthusian cycles and a Malthusian trap steady state. There
is nothing inherent in market systems (or any other plausible form of economic
organization) that prevents a Malthusian cycle.

In summary, the main determinants of whether long-run sustainability can
occur at something other than a Malthusian trap steady state are the existence
and extent of a demographic transition and of technological progress. Economic
policy regimes are also relevant. The next section describes the evidence regarding
these three areas: demographic transition, technological progress, and economic
policy.

4. Evidence

4.1. Population growth and the demographic transition
The central question in the sustainability debate is whether population growth will
overshoot environmental carrying capacity. Two interesting population growth
trajectories are provided by figure 2. The left panel (panel A) of figure 2 shows
the world’s human population in billions from 1500 to 2000, over which time
population rose from under 500 million to over 6 billion. The right panel (Panel B)
shows (a slightly smoothed version of) data from what is arguably the most famous
experiment ever done in population ecology. This experiment was first done by
R. Pearl and his colleagues (as described in Pearl (1927)) and has become a staple
element in biology and ecology classes at both the high school and university level.
The panel shows the population growth of fruit flies (Drosophilia Melanogastor)
for the first three weeks following introduction of a small initial population into
a sealed bottle. It bears a striking resemblance to human population growth and
looks very much like the first part of the population trajectory in figure 1. The
subsequent three weeks (not shown) are not very good for the fruit flies as their
population approaches and, in some cases, overshoots carrying capacity. Fruit
flies eat less, reproduce less, and experience much higher mortality as carrying
capacity is approached. It is much better to be a fruit fly in the exponential growth
phase rather than the steady–state phase of the fruit fly population history.

Notwithstanding the human demographic transition, as of 2006 human pop-
ulation growth is still tracking the fruit fly example relatively closely. As the
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FIGURE 2 Population growth of human beings and fruit flies

comparison with fruit flies suggests, one key point concerns carrying capacity.10

Just how many human beings can the Earth support? This is to a large extent
technology dependent. Clearly, the earth can support many more humans with
current technology than it could with the technology of 1000 years ago or even
100 years ago. The problem is that the capacity of the earth to support life may
contain some absolute or near-absolute limits, just as the speed of light seems to
be an absolute limit on speed, and quantum effects seem to provide an absolute
limit on many things at very small scale. One such limit might relate to some-
thing referred to as terrestrial net primary production (TNPP), which consists
essentially of total products of land-based photosynthesis.

As recently as 300 years ago, human impact on the total products of photo-
synthesis was almost negligible from a biological point of view. Population has
increased tenfold since then. Human beings are now estimated to consume more
than 30% of TNPP (as given by Rojstaczer, Sterling, and Moore 2001). While
technology has increased TNPP to some extent, much of the increase in human
use of the Earth’s biological resources has come from displacing other tertiary
consumers (i.e., other animals at the top of the food chain) such as great apes, ele-
phants, large cats, and other large mammals. The World Wildlife Fund11 (WWF)
estimates that there are now only about 5,000 tigers left in the wild, down some
90% over the course of the 20th century, and reports similar trajectories for var-
ious other large mammals Many other species have also been reduced to trace

10 The term ‘carrying capacity’ can apply either to the environmental stock itself or to the
population it supports. Which of the two usages is intended in a specific case should be clear
from the context.

11 In North America the initials WWF stand for World Wildlife Fund. In the rest of the world the
legal name of this organization is the World Wide Fund for Nature.
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populations or driven to extinction as humans have taken over their habitats.
The 20th century was a disastrous century for large mammals not in the human
food chain and for many other species. The WWF website at www.panda.org is
a useful source for information on extinct and endangered species.

Between 1963 and 2006 world population slightly more than doubled (from
about 3.2 billion to about 6.5 billion). World population growth has slowed but,
even at the current growth rate of about 1.2% per year, population would dou-
ble again in about 60 years. It is possible to argue that the earth might support
a doubling of population from current levels (i.e., to 13 billion people) with-
out necessarily experiencing a sharp decline in living standards, although this
would require heroic improvements in many areas and would still be very dif-
ficult. Few would argue that the earth could support another doubling beyond
that to 26 billion, even with very optimistic projections concerning technological
progress. Current United Nations projections predict that population will not
double again, but that growth rates will continue to fall and that population will
level off at about 11 billion sometime in the 22nd century. One question is how this
population stabilization (at 11 billion or some other level) will be achieved – by a
relatively painless demographic transition or by the more traditional Malthusian
mechanisms of disease, malnutrition, and (albeit less significantly) violent
conflict.

Although population and fertility issues have disappeared from the radar
screen of most economists, I remain impressed by the underlying mathemat-
ics of exponential growth, just as Malthus was. When fruit flies are placed in
larger environment (i.e., when they are given a larger carrying capacity), they can
experience exponential growth for a substantial period (by fruit fly standards)
but ultimately are limited by carrying capacity. Recent scientific progress has in-
creased the earth’s carrying capacity, but that capacity is still finite and, if it is
still growing, is doing so more slowly than population. We are now approaching
the new higher limit and, at a simple graphical level, do not look very different
from fruit flies placed in a larger bottle.

The major question is whether the earth is on track for sufficiently rapid
reductions in fertility to allow for sustainable development (i.e., improving living
standards), or whether population will be checked by increases in mortality. The
question is therefore one of choosing between lower fertility or higher mortality.
The most useful measure of fertility is the total fertility rate (TFR). For a given
year, the TFR shows the average number of children who would be born alive
to a woman during her lifetime if she were to pass through her childbearing
years (defined as ages 15–49) conforming to the age-specific fertility rates for
that year. Population stability requires a total fertility rate of about 2.112 and
follows attaining the requisite fertility rate with a considerable lag. Table 1 shows
the recent evolution of total fertility rates in the world’s major regions.

12 The TFR required for replacement exceeds 2.0 because some girls who are born will not live to
reach their childbearing years.
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TABLE 1
Total fertility rate by period and region

South,
East & Cent., & Latin America Northern

Period World Africa S.E. Asia West Asia Europe & Caribbean America Oceana

1950–55 5.02 6.72 5.75 6.14 2.66 5.89 3.47 3.87
1955–60 4.96 6.79 5.37 6.11 2.66 5.94 3.72 4.09
1960–65 4.97 6.86 5.39 6.03 2.58 5.97 3.34 3.98
1965–70 4.91 6.81 5.58 5.87 2.36 5.55 2.54 3.57
1970–75 4.49 6.72 4.73 5.62 2.16 5.05 2.01 3.23
1975–80 3.92 6.60 3.57 5.13 1.97 4.50 1.78 2.81
1980–85 3.58 6.45 2.91 4.84 1.88 3.93 1.81 2.62
1985–90 3.38 6.11 2.69 4.47 1.83 3.43 1.90 2.55
1990–95 3.04 5.67 2.21 4.06 1.57 3.03 1.99 2.53
1995–2000 2.79 5.26 1.99 3.59 1.40 2.75 1.95 2.41
2000–05 2.65 4.97 1.87 3.22 1.40 2.55 1.99 2.32
2005 pop.
(millions) 6464 906 2080 1825 728 561 331 33

SOURCE: Population Division of the U.N. Secretariat, World Population Prospects, 2004 Revision.

As table 1 shows, the world as a whole has experienced a substantial decline
in fertility from 1950 to the present, as overall world fertility has fallen by al-
most 50%. This reduction in TFR implies that population growth rates will con-
tinue to fall,13 but a TFR of 2.65 (the current world level) still implies relatively
rapid population growth by long-run historical standards. As shown in the table,
Europe, East Asia, and Northern America (i.e., Canada and the United States)
have fertility rates below replacement levels. Oceana (Australia, New Zealand,
and the South Pacific) is not too far from replacement level and is small in any
case. The Latin American and Caribbean region is further away, and high fertility
continues to be a problem in some countries, especially in the Caribbean. Fertility
in South, Central, and West Asia is still high and fertility in Africa is very high.

Despite relatively high mortality rates, the African population would, at cur-
rent growth rates, double in less than 50 years, and even its current population
is overtaxing the African resource base.14 The current ecological footprint of a
typical African is modest, about 25% of the per capita level of Western Europe,
but the ecological implications of trying to raise real incomes in Africa to anything
approaching European levels are daunting, even at current population levels.

13 Because of the age structure, population growth falls gradually and with a lag as fertility falls.
Even with replacement level fertility rates, births exceed deaths for a considerable period because
the generation giving birth remains more numerous than older generations approaching
mortality for many years.

14 The Global Footprint Network estimates that even at current income and population levels,
Africa has an ecological deficit in the sense that the ecological footprint exceeds the available
area. Thus, even current consumption is not sustainable with current technology. Unlike the
situation in North America and Europe, it is far from clear where ecological economies in Africa
would come from.
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Furthermore, Africa has never experienced an income-induced demographic
transition. In the 1950s and early 1960s Africa was experiencing increases in per
capita income and fertility rose slightly – a classic Malthusian effect. Since the
early 1980s, real incomes in Africa have fallen and fertility has also fallen – once
again a standard Malthusian response. Furthermore, mortality rates have risen
in Africa since the early 1980s (largely but not entirely owing to HIV infections).
The overall picture in Africa looks very Malthusian. It appears that the ‘green
revolution’ of the mid-20th century significantly increased agricultural carrying
capacity. The demographic response was very rapid population growth till the
new higher carrying capacity was approached. Mortality then rose, owing to
infectious disease, malnutrition, and violent conflict. Fertility might fall rapidly
enough to forestall dramatic increases in ecological damage and further increases
in mortality, but such a prediction cannot be made with any confidence based on
the record so far.

Total fertility rates in South, Central, and West Asia, while considerably lower
than in Africa, are still much higher than replacement level and serious resource
shortages are emerging, especially with regard to water. In a New York Times
Article titled ‘India digs deeper, but wells are drying up,’ Somini Sengupta (2006)
writes: ‘With the population soaring past one billion and with a driving need to
boost agricultural production, Indians are tapping their groundwater faster than
nature can replenish it, so fast that they are hitting deposits formed at the time of
the dinosaurs.’ It appears possible that the demographic transition in this region
is happening fast enough to allow a ‘soft landing,’ but this is far from clear.

For the world as a whole, fertility significantly exceeds replacement level. As
time goes on, regions with relatively high fertility will be relatively more populous
and will therefore contribute relatively more to aggregate world fertility. The dra-
matic differences in fertility across regions also suggest potentially problematic
migration pressures and increased income inequality across regions. Given rea-
sonable aspiration levels for improvement in living standards in the low-income re-
gions, population pressures in those regions seem excessive at present. While there
is room for cautious optimism, there is even more room for cautious pessimism.

4.2. Technological change
In much or perhaps most of the modern world human beings enjoy a standard
of living that would have been hard even to imagine at the time of Malthus. The
force that has made this possible is technological progress. In informal querying of
other economists, I have found that faith in technological progress is probably the
most important reason for the relative unconcern regarding population pressures.

Boserup (1981) and Simon (1981) have suggested the induced innovation hy-
pothesis: that population growth itself induces more rapid technological progress.
Some recent contributions to the literature on ‘endogenous growth’ also imply
that more rapid population growth leads to faster technological progress. Kremer
(1993) suggests that the very long-run time series evidence (from ‘1 Million B.C.
to 1990’) is consistent with this induced innovation hypothesis.



20 J.A. Brander

My reading of the evidence is different. At the level of principle it is certainly
true that, other things equal, the benefits from innovation and hence the economic
incentives to innovate are greater with more population and therefore grow faster
when population growth rates are higher. It is also true that, other things equal, the
supply of innovators is increasing in population. These factors suggest an induced
innovation effect of higher population growth rates, other things equal. However,
other things are not equal. High population growth rates can dissipate the surplus
that might otherwise support investment in research and development. When a
large part of the population is at near-subsistence levels, as in medieval Europe
or modern-day Africa, it is difficult to divert resources away from subsistence
to investments in higher education, research and development, or even basic
capital formation. Both the necessary physical capital investments and human
capital investments required for innovation often have lower priority than meeting
basic consumption needs. The net effect of changes in population growth on
innovation can go either way. The size and existence of any such effect is an
empirical question.

In recent decades, most technological progress has arisen in Northern America
and Europe, the two regions with the slowest growing populations over that pe-
riod. Conversely, the regions with the most rapidly growing populations have the
weakest records with respect to technological progress. In a time series dimension,
innovation is typically not precipitated by high population growth rates.

Arguably the most important innovation in human history since agriculture
and writing first emerged15 was the Scientific Revolution of the 17th century.16

The most important innovation was probably replacing faith-based knowledge or
belief systems with the scientific method, thereby unlocking many of the secrets of
the natural world. A sufficiently accurate understanding of the physical world for
the development of industrial technology was reached during the Scientific Rev-
olution. Arguably, all technological advances since then are really an extension of
this revolution. This scientific revolution was preceded by a population crash in
the 14th and early 15th centuries and by slow population growth through the 16th

century. One interpretation is that the higher per capita income and wealth caused
by the population crash allowed an educational and intellectual infrastructure to
emerge. The scientific revolution led to the industrial revolution and associated
productivity gains that, in turn, allowed for rapid population growth. In short,
technological progress caused (or allowed) population growth, not the reverse.
Similarly, if one looks at the time series of population growth and technological
progress for modern countries, increases in population growth do not appear to
generate improvements in technology.

15 The agricultural revolution is normally thought to have begun in earnest about 10,000 years ago
(in Egypt and Mesopotamia). The first use of permanent written records (counters) began
‘shortly’ after, perhaps 9,000 years ago, in the same region. The first symbolic writing is thought
to have started in Mesopotamia about 5,000 years ago, although recent discoveries in China
might represent earlier writing.

16 More precisely, the timing of the Scientific Revolution is normally given as 1543 (the publication
year of Copernicus’s theory of planetary motion) to 1727 (the death of Isaac Newton).
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A commonly held view is that technological progress is such a powerful force
that it will stay ahead of population growth. My reading of the relevant literature
suggests that this is an argument that many people either accept or reject on faith.
One of the strongest proponents of technology optimism is author and computer
scientist Raymond Kurzweil who writes: ‘An analysis of the history of technology
shows that technological change is exponential, contrary to the common-sense
“intuitive linear” view. So we won’t experience 100 years of progress in the 21st
century – it will be more like 20,000 years of progress (at today’s rate)’ (see
KurzweilAI.net, 2001). I find Kurzweil’s assessment of the history of technology
to be very misleading. Some measures of scientific and technological progress
have been increasing impressively, if not exponentially. Measures such as total
patents, total scientific publications, and total resources devoted to research and
development did grow markedly in the 20th century. However, as far as actual
enhancement of the earth’s carrying capacity and ability to forestall Malthusian
effects are concerned, the record is much weaker. The following three facts are of
particular concern.

i) Relatively little progress has been made in the energy sector over the past 50
years. Now, as they were 50 years ago, fossil fuels are by far the most impor-
tant form of energy. Nuclear energy has been much more difficult to harness
than originally expected and safe storage or disposal of nuclear waste re-
mains a very important unsolved problem. Other energy sources, including
solar energy, wind energy, alcohol (derived from agricultural crops), and
hydrogen fuel cells remain promising but progress has been slow.

ii) Progress in agriculture has slowed in recent years. The third quarter of
the 20th century (1950–75) is often referred to as the ‘green revolution.’
Great improvements in agricultural productivity were achieved in that pe-
riod through the use of fertilizers, pesticides, irrigation, improved machinery,
and through development of new crop varieties through selective breeding.
However, soil erosion and falling water tables have become important hand-
icaps to future productivity increases. Genetically modified crop varieties
and biotechnology more broadly are thought to have great potential but
have generated significant political opposition, owing to the associated eco-
logical uncertainties. It is still too early to assess whether biotechnology
will have a significant impact on world food security over the relevant time
horizon.

The world average food supply in 2002 was estimated by the FAO (2005)
to be 2,804 kcal per person per day. As healthy diets for adults average on
the order of 2,000 kcal per day for women and 2500 for men, there is still
enough food to go around. The widespread malnutrition and occasional
famine that we observe (mainly in Africa) can therefore still be attributed
to ‘distributional’ or ‘political’ problems, but the margin of safety regarding
the supply-demand relationship in food is less comfortable than it was in
the recent past. For example, as noted by the United National Food and
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Agriculture Organization (FAO 2005), world cereal stocks (the most impor-
tant foodstuff) dropped sharply over the 1990s.

iii) In the category of forestalling Malthusian population checks it is important
to consider the role of infectious disease (including viruses, bacteria, fungus,
and protozoan parasites). As discussed in, for example, Diamond (1999),
such diseases have been a very important cause of human mortality for a
very long time. Great progress was made in the first two-thirds of the 20th

century in reducing the impact of infectious disease. However, as populations
become denser, transmission of infectious disease becomes a more serious
risk. If anything, human beings have lost ground since the 1970s in the battle
against infectious disease. There has been much attention paid to HIV, which
is a new infectious disease that was first definitively observed17 in humans
in the late 1970s. Progress has been made in treating HIV and in helping
infected people live longer, but nothing resembling either a cure or medical
prevention has been developed. Possibly even more worrying than HIV are
the development of antibiotic-resistant bacteria and the emergence of new
potentially lethal strains of influenza, both of which suggest a serious risk
of sharp upsurges of mortality or outright epidemics over the medium term.

The most impressive technological improvements over the past half-century
have been in information technology and consumer electronics. This progress has
contributed significantly to increases in productivity and real income in much of
the world. However, while modern information technology and electronics might
help in dealing with resource degradation problems, the potential contribution
seems modest and seems unlikely to have a major impact on ecological carrying
capacities.

4.3. Economic policy
Getting economic policy right is very important in dealing with sustainability
and with economic development. Economic policy evolution over the past 50
years has been much more positive than many economists expected. The most
important world-wide change in economic policy over that period has been the
decline and fall of communism (or central planning). Communism is a failed
economic experiment. Communism did not deliver improved living standards
very effectively – much less effectively than market systems.18 Furthermore, it

17 The history of the HIV virus is subject to some uncertainty. However, it appears that HIV
evolved from a simian virus (SIV) that was occasionally transmitted from chimpanzees to
humans in Africa and, in some individuals, mutated to create HIV – a transmittable human
virus. It is thought that a few individuals might have suffered infection from a form of HIV in
the 1950s or 1960s, but numerically significant infection levels did not occur until the late 1970s.
The HIV virus was identified in 1983.

18 A very good account of the 20th-century competition between central planning and market
capitalism is contained in Yergin and Stanislaw (1998). I find the near ‘controlled experiments’
of comparing East and West Germany or North and South Korea to be particularly compelling
evidence of the economic failure of central planning.
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delivered much worse stewardship of natural and environmental resources than
other forms of economic organization. The conversion of China and the former
Soviet Union from centrally planned economies to market-based economies has
been very positive for economic development (notwithstanding significant tran-
sition problems in Russia and elsewhere). The same statement applies to India,
which, although never a communist country, did engage in significant central
planning and had high levels of government control in the economy until the
very successful economic reforms of the 1990s. As this group of counties (China,
India, and the former Soviet Union) accounts for about 40% of the world’s pop-
ulation, this has been an enormous change.

The near-disappearance of central planning has been good for sustainability.
Certainly, the former Soviet Union and Soviet bloc countries are environmentally
much better off now than they were under central planning. China and India are
a bit different, because they have had such rapid economic growth that their
aggregate consumption of resources has risen. While India’s growth spurt is too
recent to allow clear inferences about its effect on sustainability, China’s rapid
growth has been going on long enough to allow some judgments to be made. Since
the beginning of China’s ‘open door’ policy in 1978, per capita real income has
increased by a factor of at least ten19 (i.e., by more than 1000%) and population
has increased by about 40%. Over that time, according to the Global Footprint
Network, the total ecological footprint of China has increased by only about
50%.

This is an enormous improvement in ‘environmental efficiency,’ as per capita
‘ecological use’ in China went up only marginally, while real income increased
more than tenfold. Furthermore, China appears to be following the environ-
mental Kuznets curve in that it seems to be reaching an income level where the
demand for environmental quality grows significantly with income. I view the
Chinese record as encouraging for sustainability, notwithstanding disagreements
between China and certain other countries on various environmental issues.

A second striking component in improved economic policy concerns
environmental policy directly. In much of the world, especially North America
and Europe, early environmental alerts led to surprisingly fast policy responses.
Major environmental problems of the 1960s, 1970s, and 1980s were associated
with terms like DDT, phosphates, and acid rain. Many current university under-
graduates have never even heard of these terms, which is testament to the success
of environmental policy. The first environmental policies were not necessarily
ideal from an economist’s point of view and relied too heavily on quantity con-
trols rather than price controls, but the most important thing was to act quickly,
and many governments did. As time has gone by economists have contributed
to the design of increasingly efficient environmental policies. As documented in,
for example, Lomborg (2001), both air and water are cleaner and safer in much
of the world today than they were in the 1960s.
19 This is based on the Penn World Tables at pwt.econ.upenn.edu/php site/pwt62/pwt62

form.php.
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A more difficult area for economic policy has been natural resource man-
agement, especially in situations where a given resource does not reside in the
territory of a single political jurisdiction, as with ocean-going fish. This is classic
example of the ‘tragedy of the commons’ as described by Hardin (1968), which
arises from externalities, associated with use of an open access resource. The
world’s wild fisheries have been overfished and are in decline. The decline in wild
fish stocks has been largely offset by aquaculture (fish farming), which has been
growing rapidly. However, this creates additional environmental problems and
might not be a sustainable technology at the levels needed to fully replace declin-
ing wild fish stocks. In addition, global warming poses significant threats to fish
stocks. Temperature increases might increase the carrying capacity of the world’s
oceans in steady state, but the transition to a new steady state is likely to generate
high costs. The other major biological and agricultural renewable resources are in
decline, including forests, wildlife, soil, and groundwater. Better economic policy
in these areas is needed, especially allowing prices to accurately reflect underlying
economic scarcity. Water, in particular, should be efficiently priced, as should soil
erosion, destruction of ‘green space,’ and access to wildlife.

Economic policy is also relevant to the extent that it affects the other major
variables of overriding importance: fertility and innovation. I cannot undertake
a serious discussion of population policy here, but would note that policy inter-
ventions with respect to fertility have been very significant. This is particularly
true of China, where a rapid decline in fertility was achieved largely by coercion
at the government level rather than through private choice.

Modern family planning organizations emphasize the role of individual choice,
particularly choices by women. A consistent finding in surveys of high population
areas is that a large fraction of women have a lower desired fertility level than
their likely or expected actual fertility. Furthermore, one of the strongest contrib-
utors to reduced fertility is female education. Barriers to reduced fertility include
simple ignorance, lack of access to birth control technology, and pro–natal social
coercion.

The relationship between policy and technological progress is also important
and is another area of relatively good news. One of the few areas where most
governments tend to be in broad agreement concerns the promotion of scientific
education, research, development, and innovation. Economists have contributed
to the relevant policies, including intellectual property policy, education policy,
the design of research funding, policies affecting the financing of business inno-
vation, and policies in other areas. Considerable progress has been made.

An overall assessment of economic policy affecting sustainable development
must conclude that the second half of the 20th century was surprisingly good –
a case made by Lomborg (2001), among others. The bad news is that further
improvements will not be easy to achieve. There are parts of the world where
policy is highly suboptimal, and these happen to be the regions with the highest
population growth rates. They include Africa and much of Central and West
Asia, along with some countries in other regions as well. The problem is not
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one of determining good policy, but of getting governments that are sufficiently
legitimate, stable, and well-organized to undertake any meaningful policy reform.
This is a challenging problem.

4.4. The ‘one theory fits all’ approach to world history and world problems
It has often been observed that, to a small boy with a hammer, everything looks
like a nail. Similarly, to an academic with a theory, everything looks like an
application of that theory. The theories of Charles Darwin, Sigmund Freud,
Karl Marx, and Adam Smith, for example, are prone to such effects.20 Thomas
Malthus is in the same category. It is easy to see a Malthusian element in many
of the problems we see around us and, for that matter, in most of world history.

Starting with history, as we have learned more about the past, a neo-
Malthusian interpretation of events seems increasingly relevant, where ‘neo-
Malthusian’ refers to an interpretation emphasizing the ecological impact of
growing human populations. As reported by Smith (1975), there is significant
evidence that human hunter-gatherers of perhaps 15,000 years ago acquired a
new technology (stone-tipped spears) and soon caused extinctions and dramatic
population reductions of important species, particularly in the Americas. Smith
reports that, in North America, 33 of 49 genera became extinct in close proximity
to the first arrival of humans about 14,000 years ago. Hunter-gatherer popula-
tions were largely displaced by growing populations of agriculturalists starting
about 9,000 or 10,000 years ago. Although we think of agriculture as an advance,
as noted by Robson (2006), per capita well-being was probably not increased by
the agricultural revolution. In a classic Malthusian pattern, agriculture allowed
population to rise rapidly with most individuals remaining close to the margin
of subsistence.

The first agricultural societies, located in the ‘Fertile Crescent,’ including Egypt
and Mesopotamia, overused the soil leading to desertification and decline of these
early classical civilizations. Admittedly, some rather important innovations were
created along the way, including writing, mathematics, the wheel, and various
other technological improvements. However, the point is that this did not have a
positive impact on the living standards of most human beings, who were caught in
the Malthusian trap. When innovations occurred, populations grew correspond-
ingly to the point of overshooting.

Recent books by Diamond (2005) and Ponting (1991) argue that various ‘rise
and fall’ situations are the result of unsustainable use of the environment by grow-
ing populations. Even the decline and fall of Rome can be given a partially neo-
Malthusian interpretation, although considerable uncertainty remains. This in-
terpretation includes soil erosion, deforestation, and infectious disease epidemics
in populations that had become too dense for the resource base to support. As the

20 In common with many economists, I tend to interpret much of what I see as Darwinian
evolution or Smith’s invisible hand, or both. I also share with many other economists a negative
view of Freud and Marx and have never been able to understand why they became so influential.
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TABLE 2
Population in war–torn countries, 1950 and 2005 (millions)

1950 2005 % increase

Afghanistan 8.15 29.86 266
Iraq 5.34 28.81 440
Sudan 9.19 36.23 294
World 2519.00 6464.00 157

SOURCE: Population Division of the U.N. Secretariat, World Population Prospects, 2004 Revision.

Malthusian cycle asserted itself through infectious disease, population fell, reduc-
ing the central core of educated civilized Roman citizens and greatly weakening
the empire relative to its ‘barbarian’ neighbours.

As I write this paper, the major issue dominating the news concerns conflict
in Central and West Asia, as there are ongoing wars in Iraq and Afghanistan.
Another major news story concerns a civil war in the Sudan. Coverage of these
events emphasizes the ethnic and religious tensions underlying the conflicts, along
with political and ideological ambitions of particular leaders and the groups they
represent. However, there is also a Malthusian slant on such events. Table 2 shows
population growth in this group of countries, and the world as a whole, between
1950 and 2005.

I do not wish to oversimplify violent conflict in Central Asia or in Africa.
Population pressure is certainly not the only important factor, and conflict has
been endemic in much of this area (and in other areas) regardless of the level of
population growth. Conversely, high population growth does not always lead to
violent conflict. However, it is worth noting that all these countries had striking
population growth over the 1950–2005 period, much faster than the world as a
whole. In Iraq, for example, population was more that five times as large in 2005
as in 1950.

In the Sudan, the civil war is primarily between an Arab Muslim population
and a Black African non–Muslim population and is typically described as a reli-
gious or ethnic conflict. However, it looks very much like a Malthusian conflict
in the face of a resource base that is declining because of population-based pres-
sures, including soil erosion to the point of ‘desertification’ and over-hunting of
wildlife. The Malthusian point is that, whatever the immediate source of any par-
ticular conflict, it is made worse by competition over resources between rapidly
growing populations. Diamond (2005, chap. 10) provides a compelling account
of recent conflicts between Hutus and Tutsis in Rwanda that are consistent with
this theme.

Wars, epidemics, and famines are specific discrete crises, whereas excessive pop-
ulation growth and resource overuse are slow-moving, continuous phenomena.
It is not possible to say at exactly what point in the Malthusian cycle a famine
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will occur, a war will start, or an epidemic will emerge. There is always some
proximate cause that appears distinct from population growth – a drought, an
ethnic or ideological conflict, an ambitious political leader, emergence of a new
virus, and so on. However, the underlying Malthusian cycle creates conditions
that increase the likelihood of such events and affect whether or not these events
become major disasters.

5. Normative issues

This paper is based on a positive or predictive question. Specifically, I ask whether
the world economy is on a trajectory in which living standards can be maintained
or improved into the indefinite future (i.e., whether the world is on a trajectory
consistent with sustainable development). While this is a positive question, it
is important to acknowledge that the question carries with it strong normative
connotations.

The basic normative presumption is that sustainable development is a good
thing. While I share this presumption, it is important to understand that there
are possible counter-arguments. First, a monotonic trajectory of living standards
and a stable resource base are not necessarily preferable to cyclical adjustment,
especially if the cycle gives rise to a stronger overall positive trend and/or higher
average utility. A cyclical adjustment implies low utility levels for some individuals
but, depending on how we approach interpersonal comparisons of utility, could
possibly be offset by improved welfare levels for others.

A second normative question concerns the trade-off between the quality and
quantity of human life. The UNEP definition of sustainable development focuses
on the quality of human life, not its quantity. However, it is not completely obvious
that quality should be strictly preferred to quantity. At present, as there are more
than 6 billion people on the earth, there does not seem to be a shortage of human
beings. If, however, we were to choose between a population of 6 billion people
and, for example, a population of 12 billion with lower average living standards, it
is not necessarily clear which option would be preferable. After all, assuming we
can just ‘add up’ utility in utilitarian fashion, such an increase in population would
probably lead to increased aggregate human utility, even if average utility fell
sharply. Do we have an ethical obligation to maximize some notion of aggregate
welfare rather than per capita welfare?

More generally, appropriate normative treatment of endogenous population
and ‘potential human beings’ is a challenging problem. A standard reference
on the concept of optimal population size is Dasgupta (1968), and Zimmerman
(1989) contains a selection of articles on this general topic. Kavka (1981) and
Parfitt (1981) provide a discussion of some of the philosophical issues that arise in
trying to value the well-being of potential future individuals. While philosophers
and others have addressed the problem of quality versus quantity of human life,
there is no satisfying resolution.
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The third normative problem relates to how we make choices or ‘trade–offs’
between current and future generations. Sustainability arguments implicitly (and
sometimes explicitly) give more weight to future generations than we normally do
in economics when we use discounting. Discounting makes perfect sense for an
individual dynamic choice problem, based on opportunity cost arguments and
possibly on pure time preference. It also makes good sense for collective decision-
making problems over relatively short time horizons. In deciding whether current
taxpayers should pay for a new bridge, for example, we want to compare those
costs with appropriately discounted future benefits.

The problem with discounting is that, using standard discount rates (typically
in the range of 3% to 10%), outcomes of more than one or two generations (i.e.,
25 to 50 years) into the future become nearly insignificant. This is appropriate
when deciding whether to build a bridge. If the benefits over the next 25 years
will not justify building the bridge at present, it is probably wise to wait. It might
not be appropriate to use simple discounting when contemplating actions with
potentially irreversible consequences, like driving a particular animal species to
extinction. It bothers us if we believe that human beings living 500 years from
now might never see a whale or an orangutan, even though such losses would
barely register in a cost–benefit calculation once discounted back to the present.
At a 5% real annual discount rate, in order for an effect 500 years in the future
to contribute $1 in present discounted value, its value 500 years from now would
need to exceed $39 billion in real terms!

When we deal with sustainability as a concept, we are implicitly trying to
take into account the relatively distant future. When we impose sustainability
constraints, we are forcing ourselves to take account of things that would not
matter if we were doing standard cost-benefit analysis using normal discount
rates. I believe there is a basic inconsistency between normal discounting and use
of sustainability constraints and, for that matter, between normal discounting21

and the intuitions many observers have about intergenerational equity.
In addition to the conceptual problems associated with discounting, another

problem is the difficulty in predicting future preferences. Part of the problem arises
from pure uncertainty and part arises from preference endogeneity. For example,
at present many people enjoy eating beef, which happens to be a very resource-
intensive method of providing human nutrition.22 If beef were to largely disappear
from human diets, it is unlikely that someone who had never experienced eating
beef would feel any loss. If then given a choice between beef and some other
food, such a person would probably find the beef very unattractive. How are we

21 One helpful approach is the use of hyperbolic discounting, in which the discount rate is taken to
be a declining function of time. This approach and related issues are discussed in several papers
contained in the edited volume by Portney and Weyant (1999).

22 The amount of water and energy required for beef production has been subject to considerable
debate. The edited volume by Pimental, Westra, and Noos (2000) contains a related discussion,
suggesting that producing 1 kg of beef protein uses approximately 100 times as much water as
1 kg of vegetable protein and, similarly, requires vastly more fossil fuel consumption and
produces vastly more greenhouse emissions.
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to quantify utility losses from the loss of grazing land used for beef production?
Should we treat grazing land on a ‘sustainable’ basis or should we let it diminish?

Finally, I would touch on one additional normative issue – animal welfare.
Most definitions of sustainability focus exclusively on human welfare. In eco-
nomic analysis, we usually take human welfare as the objective to maximize. In
such analysis, other animals enter only as tools or instruments in that their value
is exclusively related to their contribution to human welfare. Some people justify
wildlife conservation on this instrumental basis. They argue that it is important
to preserve major mammals so that humans can enjoy looking at them; that we
preserve rain forest habitats because we might discover medicines in them, and so
on. There is, however, another point of view: that animals have value in themselves
or, in other words, that animal utility counts. According to this view, chimpanzee
welfare, or elephant welfare, or dolphin welfare has significance, quite apart from
what these species might contribute to humans. Environmentalists often take this
position, and as we learn more about these particular species, it is increasingly
clear that they share many of the attributes that we believe give humans intrinsic
value.

I am not offering a resolution of these normative issues and have few if any new
insights to offer. However, I do have some opinions. On the question of whether
monotonic improvement is necessarily better than cyclical changes with a positive
trend, the answer depends on whether there is a difference in trend and, if so, how
big that difference might be. In the absence of knowledge about such a difference it
is natural to prefer the sustainable or monotonic approach. Concerning the trade-
off between the quality and quantity of human life, 6.5 billion human beings
seems like a very large number, so the focus on quality seems appropriate at
present. As for discounting, I believe that it makes sense for individual dynamic
decision-making, but is flawed for collective choice over very long time horizons
on both efficiency23 and equity grounds. Adding sustainability constraints seems
like a useful compromise.

Finally, as far as animal welfare is concerned, my own view is that animal
welfare should be given significant consideration, especially the welfare of other
highly sophisticated and intelligent animals. As reported in, for example, Hecht
(1998), the chimpanzee shares about 98% of the human genome. While this em-
phasizes that a few genes can make a big difference, it also emphasizes how
similar chimpanzees and other great apes24 are to human beings, and we have
learned that they are very similar in their emotional and social lives. It is hard
to see how treating them with contempt or abuse or even mere indifference is
justifiable.

23 The inefficiency arises because of the market failure that current individuals cannot transact
with future individuals in any market. Overlapping generations resolve this problem only in very
special and unrealistic circumstances.

24 The Great Ape Project, as described at www.greatapeproject.org is seeking ‘the global removal of
non-human great apes from the category of mere property, and . . . basic legal principles designed
to provide these amazing creatures with the right to life . . . liberty and protection from torture.’
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Considering animal welfare is consistent with a view of the human role on the
planet as being one of ‘stewardship’ rather than ‘ownership.’ Property rights or
‘ownership rights’ are important in the achievement of economic efficiency, but ef-
ficiency requires only limited rather than absolute ownership rights. A person can
own a home but not have a right to build a factory on the premises in violation of
zoning laws. This is consistent with and, in the presence of externalities, often
necessary for economic efficiency. A similar concept can apply at the ecological
level in that resource ownership can include stewardship or sustainability con-
straints. For example, home owners might reasonably be limited in their rights to
cut down trees, remove vegetation, and undertake other forms of environmental
degradation of their ‘own’ property, ownership rights notwithstanding.

6. Human evolution and the Malthusian cycle

The previous section notes that monotonic improvement in some variable (like av-
erage utility) is not necessarily preferable to cyclical ‘boom and bust’ adjustment.
This section pursues this point by considering the possible role of the Malthusian
cycle in human evolution. Interestingly, Malthus played an important role in the
development of the theory of evolution. The primary founder of modern evolu-
tionary theory, Charles Darwin, wrote (as quoted in Darwin 1902): ‘In October
1838 . . . I happened to read for amusement Malthus on Population, and being
well prepared to appreciate the struggle for existence which everywhere goes on
. . . it at once struck me that under these circumstances favourable variations
would tend to be preserved, and unfavourable ones to be destroyed . . . Here, then
I had at last got a theory by which to work.’

Malthus made a number of statements that are suggestive of evolutionary
forces. One such quote (Malthus, 1798, 147) is as follows. ‘It seems . . . the ac-
knowledged difficulties occasioned by the law of population . . . excite universal
exertion, and contribute to the infinite variety of situations, . . . which seems, on
the whole, favourable to the growth of mind.’ It is unlikely that Malthus himself
had in mind an explicit theory of evolution. However, to modern scholars this
quote is suggestive of evolutionary thinking. Some have read this quote as sug-
gesting to them (even if not intended in this way by Malthus) that the competition
for survival created positive evolutionary selection favouring intellectual ability.

As suggested by Galor and Moav (2002), it seems likely that the Malthusian
cycle has played an important role in human evolution. Furthermore, I would
suggest a particular relationship between Malthusian cycles and the evolution
of intelligence. Human beings have frequently adopted unsustainable patterns of
fertility and resource use. As we learn more about the past, this pattern seems
more and more like the rule rather than the exception. Groups of human beings
sometimes find themselves in a period of rapid growth, when carrying capacity
of their environment greatly exceeds current population, as when early migrants
from Asia first entered North America. Alternatively, human populations are
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sometimes in situations where population has reached or overshot sustainable
carrying capacity.

These different circumstances favour different reproductive strategies, as de-
scribed in the r-K theory of demography exposited, for example, by Stearns (1992).
The letters r and K come from the standard specification of the logistic function
given in equation (1), as applied to population growth. At times when population
is well below carrying capacity, population grows nearly exponentially at rate
r. At such times, a successful strategy for passing on genes to the next genera-
tion is to have as many offspring as possible. Resources are plentiful and many
offspring will survive and reproduce. This is the ‘r reproductive strategy.’ When
population is at or near carrying capacity, competition for resources is severe
and most offspring will die before reproducing. In such circumstances a good
reproductive strategy is for parents to have fewer offspring but invest more in
each one, making sure each offspring has enough food and other resources to
survive to maturity. It is reproductively better to have two offspring who sur-
vive to sexual maturity that than to have ten, all of whom die before they can
reproduce.

This r-K theory is well established in application to animal populations. Its
application to humans is more controversial. A key point that seems hard to
dispute is that when K strategies dominate, the underlying population will evolve
quite differently than when r strategies dominate. Possibly, as suggested (but
probably not intended) by the quote from Malthus, Malthusian downturns are
favourable to the evolution of intelligence. In short, as we look back on human
development, perhaps it is the periods of privation that have made us what we
are, rather than the periods of abundance.

The suggestion that Malthusian cycles occur over a time scale that is relevant
for human evolution might seem surprising. Many of us are used to thinking of
evolution as something that occurred a very long time ago. Current scientific un-
derstanding is that one particular hominid subspecies (referred to as Homo sapiens
sapiens) achieved a high level of evolutionary fitness as of about 100,000 years ago
and started to spread throughout the globe, displacing Homo neanderthalensis
(Neanderthal man) and other hominids over the subsequent millennia. All mod-
ern humans are descended from early Homo sapiens sapiens. A typical implicit
assumption in much work is that human beings have not changed much at the
biological or genetic level since then (i.e., since 100,000 years ago).

However, it now seems that important evolutionary change has occurred on
a dramatically faster scale. Much attention has been paid to the ‘lactose toler-
ance’ gene (allowing adults to metabolize milk easily), which has almost cer-
tainly emerged in the past 3,000 years and is almost universal in populations
of North European descent but much less common in other populations. More
interestingly, recent research on the evolution of the brain (as in Mekel-Bobrov
et al. 2005) indicates significant recent evolution of the human brain, focus-
ing on a particular gene variation that emerged only about 6,000 years ago.
Malthusian cycles within the past 6,000 years could easily have significantly
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affected the distribution and prevalence of this gene. More broadly, Malthu-
sian cycles may have had a strong influence on the current human genotype,
favouring the development of intelligence,25 among other attributes of modern
humans.

Perhaps the most obvious example of rapid human biological adaptation con-
cerns resistance to infectious disease. When measles first appeared in Europe, it
killed perhaps 30% of the relevant populations. In North America, aboriginal
populations first exposed to smallpox in a series of epidemics in the 16th, 17th,
and 18th centuries suffered mortality rates that have been estimated from about
25% to about 90%, although the higher estimates probably include deaths from
other infectious diseases (see Fenn 2001). However, offspring of survivors had
much greater (although far from perfect) immunity to these diseases, comparable
to that of Europeans. Admittedly, new genes did not emerge as an immediate
response to new infectious diseases, but the small minority of the population
who happened to have stronger natural immunity had a huge reproductive ad-
vantage over others, greatly increasing the prevalence of their genotype in the
population. This kind of natural selection can occur very rapidly. At present such
a phenomenon may be occurring with respect to HIV. If we do have a Malthusian
population decline based on infectious disease in the near future, the survivors
and their descendants will have more robust immune systems, on average, than
current populations.

Reminiscent of the Chinese curse ‘May you live in interesting times,’ I hope
to live out my lifetime in a period free of such improvement in the human geno-
type. Rapid evolution26 is normally rather unpleasant for pre-existing popula-
tions. Still, from an academic point of view, it is useful to reflect on the role that
Malthusian cycles have played in human evolution. If late-Paleolithic hunter-
gatherers had adopted sustainable patterns of resource use and fertility (which
they did not), we might still be hunter-gatherers. There have been ups and downs
along the way, but possibly the cycles have been worthwhile from a normative
point of view. If we have moved beyond the Malthusian cycle to an era of sus-
tainable development, we might be giving up the evolutionary pressure of the
Malthusian cycle. However, some members of the technology optimism school
hope that many of the benefits of potentially painful evolution, such as improved
immune systems, can be obtained with gene therapy rather than through natural
selection.

25 The relationship between economic forces and human evolution has received some attention in
economics. In addition to Galor and Moav (2002), see also and Robson and Kaplan (2003,
2006). For a fascinating account of movements of human genotypes and their relationship to
linguistics see Cavelli-Sforza, Menozz, and Piazza (1994).

26 Underlying gene mutation rates are thought to be very stable over time and cross-over rates (new
gene combinations) are also stable. However, selection pressures can change dramatically,
leading to (relatively) rapid changes in the relative proportion of different genes in the
population. This is what I mean by ‘rapid evolution’ in this context.
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7. Concluding remarks

The introduction to this paper raises two questions. The first question concerns
whether the world as a whole is on a trajectory of sustainable development or
whether the natural environment is being overtaxed sufficiently that a significant
downtown in living standards is likely. The second question asks whether popu-
lation dynamics are of primary importance in achieving sustainability – in other
words, whether the modern sustainability problem is fundamentally based on the
population issues identified by Malthus (1798).

In considering the first of these questions, I have been impressed by the ap-
parent strength of belief of many participants in the debate. The optimistic camp
holds that the world economy is on a trajectory of continuing steady improve-
ment in the human condition. Some members of this camp are strikingly similar
to Voltaire’s Candide, who believed that everything was for the best no matter
how dramatically actual events conflicted with this assessment.27 The pessimist
camp anticipates a significant downtown in living standards arising from resource
depletion and other ecological effects. The mechanism might involve any of the
traditional methods of Malthusian adjustment, particularly infectious disease
and malnutrition, often exacerbated by violent conflict. Alternatively, a decline
in living standards might just involve running out of important resources, partic-
ularly energy, causing slow rather than dramatic decline.

There is a third possible conclusion regarding sustainability, which I share.
Specifically, there is not enough evidence to suggest with any confidence that the
world economy either will or will not enter a downturn at some point in the 21st

century. There are danger signs, but there are also positive indicators.
As for the second question, which concerns the relationship between popula-

tion growth and sustainability, I would suggest that the demographic transition
to lower fertility is essential to sustainable development. The ‘developed’ or high-
income world has already gone through this transition and has fertility below
replacement levels. The world as a whole, however, is still experiencing relatively
rapid population growth and corresponding pressures on its overall ecology. The
primary uncertainty concerns whether the demographic transition to lower fertil-
ity can occur quickly enough to avoid the worst consequences of environmental
degradation. The importance of the demographic transition28 is clear in formal
models incorporating endogenous population growth and realistic ecological con-
straints. As pointed out by Malthus, ‘geometric’ population growth (i.e., growth
with ‘compounding’) sooner or later will swamp other considerations affecting

27 The entire modern debate is very similar to the debate that occurred in the 18th century.
Malthus and Voltaire (whose real name was François-Marie Arouet) are the two best-known
18th century critics of utopian optimists of the time, who held similar views to modern
technology optimists. Malthus himself was motivated to write his famous essay in large part by a
friendly argument with his father, who was in the optimist camp.

28 Changes in fertility would, of course, affect economic performance through channels other than
changes in environmental degradation as well. See, for example, Brander and Dowrick (1994).
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living standards. Such population growth can be accommodated in the presence
of technological change for some period of time, but increases in carrying capacity
are not likely to be ‘geometric’ for long periods of time.

My interpretation is that there have been two major technological revolutions
in human history. One was the agricultural revolution that started perhaps 10,000
years ago and that allowed world population to increase by a factor of about 20
as agriculture diffused throughout most of the world over subsequent millennia.
However, these gains were eventually nearly fully absorbed by larger populations,
with the result that most populations lived in Malthusian trap conditions for
most of the time. A few elites lived much better lives and contributed much to
the cultural and intellectual legacy of their civilizations but, numerically, the vast
majority of people were not far from the margin of subsistence.

The second major advance was the scientific revolution of the 17th century.
This more recent revolution has allowed world population to increase by a factor
of more than 10 very quickly and has allowed a majority of the world’s pop-
ulation to live far better (and longer) lives than in the Malthusian trap. The
question is whether humans are on track to largely dissipate these gains in per
capita well-being through population expansion. My reading of the evidence is
that technological progress is unlikely to stay ahead of exponentially growing
population at current rates for much longer.

In Africa there has already been a downturn in living standards and life ex-
pectancy,29 but population continues to grow rapidly. The rest of the world has
done relatively well, China being the major success story of the past few decades
and India apparently following a similar path. However, it is the nature of turning
points that things go well until the turning point occurs. I am reminded of the old
joke about an optimistic economic forecaster who falls off a tall building. As he is
falling, someone from inside the building shouts, ‘how are things going?’ to which
the economist responds ‘fine so far.’ Sustainability pessimists see themselves as
trying to promote preventive action before a turning point is reached, like putting
out a safety net before the falling economist reaches street level.

Part of the problem is that there is no ‘invisible hand’ that guides fertility to an
efficient or ‘optimal’ level. Doing welfare economics with endogenous population
raises a variety of conceptual difficulties, but it is clear that fertility decisions
are characterized by externalities.30 Any particular child might turn out to have
either very positive or very negative effects on others. One child might grow up to
make important medical discoveries, while another might grow up to become a
career criminal. In neither case would the likelihood of such outcomes (which are
highly uncertain in any case) significantly affect parental fertility decisions. More

29 According to the UN World Population Prospects (2004 Revision), African life expectancy at
birth peaked about 1985 at 51.5 years and was, as of 2005, about 49.1. Similarly, the Penn World
Tables (Version 6.2) provides useful information about real income on a country-by-country
basis. The largest country in Africa, Nigeria, is very representative, as per capita real income
peaked in 1977 and has not regained that level.

30 A formal analysis of this point is provided by Harford (1998).
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broadly, parents in a position to follow a ‘K-strategy’ – having a few children
and investing heavily in the human capital of those children – are more likely
to generate positive externalities than parents following an ‘r-strategy’ – simply
having lots of children. The unpriced or underpriced negative congestion and
resource use effects of high fertility are borne primarily by others and are not
internalized by the parents.

My basic thesis is that the essential core of the sustainability debate is the
same as the Malthusian debate of the late 18th century and relates to demographic
transition. Part of this thesis relies on the argument that a demographic transition
to zero or very slow population growth very soon is necessary for sustainable
development – for the avoidance of a turning point in human living standards
and/or life expectancy.

The other part of the argument is that, if population stability is soon achieved,
the other problems associated with sustainability are likely to be solved or at
least largely mitigated. One very positive indicator is the improvement in eco-
nomic policy, especially the increasing acceptance and understanding of mar-
ket forces. Competitive free markets have become increasingly important over
the past 30 years and, not coincidentally, are being increasingly harnessed as a
means of implementing environmental and resource use policy. The sustainabil-
ity debate is largely about externalities, both with respect to fertility and to the
natural environment. Therefore, we cannot expect laissez-faire markets to han-
dle the sustainability problem by themselves. Collective choice actions (through
governments or other organizations) are necessary. However, it is important to
harness markets and incentives in the resulting policies, rather than rail against
them. Progress has been made and continues to be made in this area.

Basic data suggest that current population levels could be consistent with sus-
tainable development. As noted earlier in this paper, human beings currently
‘appropriate’ over 30% of the primary products of photosynthesis. This is a stun-
ningly large amount for a single species, but is feasible in a sustainable steady
state. Similarly, as reported earlier, the ‘ecological footprint’ for current human
activity is about 1.2 times the size of the Earth. With more appropriate pricing
of energy resources, water, and a few other items, this could be readily reduced
to a sustainable level (i.e., less than the size of the Earth).

In addition, notwithstanding some disappointments on the technology front,
scientific research remains an extremely powerful force operating in favour of
improved living standards. Much science is incremental, but breakthroughs do
happen. We might be close to breakthroughs in energy production and in genetic
engineering (for both crops and humans) that would resolve the most salient
ecological concerns if population growth slowed dramatically or stopped. Over
the very long run (i.e., over the next two or three millennia) global warming,
climate change, and rising sea levels are probably the most challenging problems,
but such effects could be slowed by reduced reliance on fossil fuels and more
intensive handling of associated emissions. In any case, the time horizon is long
enough that there is time to adjust if population pressures are not excessive.
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Furthermore, the uncertainties on such a time scale are so large that speculation
is of questionable value. The immediate task is to have a reasonable trajectory
for next few centuries.

Even if population growth does essentially stop in the near future, there will
still be a great deal of work to done in achieving ecological sustainability while
simultaneously improving living conditions throughout the world, especially in
areas that are currently very poor. This will require better economic policy (i.e.,
better governments), better science, and better technology, but there is reason to
be cautiously optimistic on these points.

In summary, the modern sustainability debate has become very sophisticated
from a scientific point of view and has largely shifted away from the Malthusian
focus on population growth. However, my view is that the most fundamental
sustainability factor is demography, as originally identified by Malthus. While it
is important to understand the various ecological mechanisms that Malthus had
no awareness of, the related problems are intractable only if population pressures
make them intractable. Accordingly, the demographic transition to lower fertility
is the central element in achieving sustainable development, which is very much
a modern translation of what Malthus wrote in 1798.
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