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1. INTRODUCTION

From the earliest historical times until around the beginning of the 19th century;
the number of people in the world and the volume of goods and services they produced
grew at roughly equal, slowly increasing rates. The living standards of ordinary peoplé
in 18th century Europe were about the same as those of people in contemporary
China or ancient Rome or, indeed, as those of people in the poorest countries in
the world today. Then, during the last 200 years, both production and population
growth have accelerated dramatically and production has begun to grow much more
rapidly than population. For the first time in history, the living standards of masses of
ordinary people have begun to undergo sustained growth. The novelty of the discovery
that a human society has this potential for generating sustained improvement in the
material aspects of the lives of all of its members, not just of a ruling elite, cannot
be overstressed. We have entered an entirely new phase in our economic history.

The progress of the industrial revolution—the somewhat outmoded term for this
new phase of sustained growth in living standards—has, of course, differed consid-
erably across societies. It began as a northern European event, and has gradually
diffused to other societies, a process that has accelerated dramatically since World
War II and that is still very far from completion. The uneven pace of the industrial

revolution has given rise to an enormous and unprecedented inequality in average -

living standards across economies. In 1800, incomes per capita differed by perhaps
a factor of two between the richest and poorest countries. It was the problem of
explaining differences in income levels of this size that Adam Smith undertook in
the Wealth of Nations. Today, per capita incomes in the United States are about 25

times average income in India, while per capita incomes in both countries continue

to grow at between one and two percent per year. ~

Nothing remotely like this economic behavior is mentioned by the classical economistég




even as a theoretical possibility. And why should it have been, sin'ce notiling like it
had yet been observed? The classical economists, or certainly Malthus and Ricardo,
took it as a central problem for theory to account for the tendency of per capita
incomes in any society to return to a roughly constant, stable level in the face of
improvements in technology. Though they did not deny the possibility that this sta-
ble income level might differ from one economy to another, they sought a theory
that would attribute such differences to differences in preferences or custom, not in
technology or available resources. Differences in societies’ abilities to produce would
then induce differences in population only. Ricardo put the Malthusian theory of
fertility that produces these consequences as at the center of his aggregate theory of
production and distribution.

Modern theories of economic growth have similarly failed to deal adequately
with the change in the human condition that the industrial revolution represents.
These theories are built around a positive rate of technological change, either simply
assumed or generated as an equilibrium outcome by the assumption of constant or
increasing returns to the accurnulation of knowledge.! They are made consistent with
the sustained growth of per capita incomes by the even more central assumption of
a given, constant rate of population growth. In contrast to the classical prediction
that technical change induces only changes in population, modern theories typically
assume that technical change affects only incomes, with no effect on population.

Both classical and modern theories of production thus succeed in accounting for

the central features of the contemporary behavior of production and population. The

p;&ctiom of both theories, however, conflict sharply with the data the other was

> C4Me LAt oher was
designed to explain. To understand the industrial revolutio d

a world in which some economies have joined the industrial revolution and others have

1 will not attempt to list all the descendants of Solow (1956), but recent examples that I have
in mind are Romer (1986), Lucas (1988), and Mankiw, Romer, and Weil {1992). -



not, we will need to unify these conflicting theories of production. That is to say, we

need to discover a more general theory of which the two we now have can be seen as
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special cases, a theory that lets us see the nature of the transition from the situation d,]» 2 to

of stable incomes that has characterized most of history to the sustained growth that

has emerged in the last two centuries. \E,{L Lie

This way of stating the central theoretical problem of growth theory represents a
change in my thinking, much influenced by the work of Becker, Murphy, and Tamura
(1990) and Tamura (1988), (1994). These papers consider models of equilibrium
growth in which a household’s choice of the number of children to bear and the
- amounts of different kinds of capital to accumulate are viewed as simultaneous deci-
sions, thus building on the earlier work of Razin and Ben-Zion (1975) and Becker and
Barro (1988). By introducing the fertility decision into growth theory, this research
leads one to view the industrial revolution and the associated reduction in fertility
levels—generally referred to as the demogm_gizigztg_u;ition——ag \aﬁemm. ects oﬁ
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single economic event. In particular, Becker, Murphy, and Tamura (1990) exhibits a _» %b('ﬁ

combination of production technology and preferences (over children as well as goods
consumed) that is consistent with the existence of both a traditional steady state with
Malthusian demography and a modern balanced growth path. A transition from the
first kind of behavior to the second can be triggered, in the model, by an increase in

the return on investment in human capital.?

2Wrigley's (1988) lectures emphasize the inconsistency of classical demography with sustained
economic growth. The viewpoint advanced in Nerlove (1974) is also close to that taken here. There
is, of course, an enormous literature on the industrial revolution and the associated demographic
revolution. Even if one restricts attention to studies that involve explicit theoretical modeling, there
are many contributions beyond those cited in the text.

Goodfriend and McDermott (1991) models the onset of the industrial revolution as a population-
induced shift of activity between a stagnant household economy and a dynamic market sector.
Murphy, Shieifer, and Vishny (1989) also put scale economies at the center of a theoty of industri-



These ideas are at the center of the lectures that follow. Sincé their 'appea.l, to
me, is their close connection to the main facts of the industrial revolution, I will spend
some time reviewing the evidence on which these introductory paragraphs are based.
Recent research has filled in our factual knowledge of the economics of the postwar
world and also of the more distant past, to the point where it is now possible to set
out a fairly comprehensive history of population and production for the entire world.
I will do this in Chapter 2.

Chapters 3 and 4 develop a modern—which is to say, mathematically explicit—
version of Ricardo’s theory of production and distribution for an economy with land
and labor as factors of production. Chapter 5 introduces capital accumulation into
this Ricardian economy—an exercise that was beyond the methods at Ricardo’s com-
mand but well within the capabilities of modern dynamic theory—and reviews the
reasons why a theory of the industrial revolution cannot be based on the accumulation
of physical capital alone. Chapter 6 presents models of sustained growth generated by
technological change and by human capital accumulation, in which the fertility deci-
sion is incorporated. We will see that theories in which sustained growth is generated
by exogenous technological change cannot be made consistent with the demographic
transition, while otherwise similar models in which growth rates are endogenously
determined by human capital investment decisions can do so quite easily. Chapter 7

contains concluding comments.

alization. Neither theory associates a reduction in fertility with industrialization.
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2. THE BASIC FACTS OF THE INDUSTRIAL REVOLUTION

In the Introduction I proposed using the term industrial revolution to refer to the
onset of sustained growth in per capita incomes. I want next to provide a quantitative
description of this event, and in particular to document the claims that it occurred
in the late 18th or even early 19th century, that it was unprecedented, and that it
has proceeded at an accelerating pace up to the present day.* Then I will turn to
refinements of this description that will be helpful in understanding the origins and
the course of the industrial revolution. |

Figure 1 plots world population and the total world production of goods and
services (GDP) from the year 1000 up to the present. I use a logarithmic scale rather
than natural units in this figure so that one can see clearly the acceleration in both
of these series (which shows up as a deviation from linearity). The scale on the left
is millions of persons and billions of 1985 U.S. dollars. Population data for years
since 1500 and production data since 1750 are taken from Tables 1 and 2 in the Data
Appendix. Population from earlier years is from McEvedy and Jones (1978), p. 342.
Earlier production estimates are extrapolations based on the assumption that per
capita incomes were equal to their 1750 levels in all earlier years. (Thus prior to 1750
the total population and production series differ by a constant.)

[INSERT FIGURE 1 HERE]

The estimated population for the year 1000 is 265 million, slightly less than the
population of the United States today. By 1960, world population had grown to 3

31 found Kremer's (1993) presentation of long term population trends extremely stimulating. So
too were similarly motivated overviews of trends in production and living standards provided by
Parente and Prescott (1993), Johnson (1997), and Pritchett (1997). ’
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billion; by 1990, it was 5.2 billion. One can see the acceleration of pbpulat{on growth
since 1800 on the figure, but as Michael Kremer (1993) has emphasized, there was
accelerating growth in earlier years as well.* In a world with constant income per
capita, population growth is itset a measure qfv'\{)io:;luction growth, and hence also
of the rate of technological chaﬂge7\ Thus'whatever it was that was new to economic
life in the 18th century, it was not technological change, for continued improvement
in technology was needed to support the impressive population growth in all the
centuries preceding. _

Our knowledge of production and living standards at different places and times
has grown encrmously in the past few decades. The most recent empirical contribu-
tion, one of the very first importance, is the Penn World Table project conducted by
Robert Summers and Alan Heston.® This readily aveilable, conveniently organized
data set contains population and production data on every country in the world, from
about 1950 or 1960 (depending on the country) to the present time. Data on real
production are converted to common units on the “purchasing power parity” basis
that is consistent with index number theory. The availability of this marvelous body
of data has given the recent revival of mathematical growth theory an explicitly em-
pirical character that is quite different from the more purely theoretical investigations
of the 1960s. It has also stimulated a more universal, ambitious style of theorizing,
aimed at providing a unified account of the behavior of rich and poor societies alike.

4One can argue whether the pre-1800 acceleration of population can be “seen” on my Figure 1,
7
but it is ciearly visible in the much lon%vseﬁes displayed by Kremer and McEvedy and Jones and in

the curves fit to these data by Kremer.
®The basic descriptive article on the Penn World Table is Summers and Heston (1991), which

contains data for the years 1950-1988. The data themselves are periodically extended and revised,
and made available in a numbered series. All data cited in this paper as “Summers and Heston” or
“S&H” are taken from the version PWT5.6, downloaded from the Website of the National Bureau
of Economic Research (http://www.nber.org). .



As a result of the Penn project, we now have for the first time a fehablé picture of
production in the entire world, both rich and poor countries. Let us review the main
features of this picture, beginning with population estimates. Over the 30 year period
from 1960 through 1990, world population grew from about 3 billion to 5.2 billion,

or at an annual rate of 1.8 percent. These numbers are often cited with alarm, and

obviously the number of people in the world cannot possibly grow at 2 percent per
year forever. But the idea that population growth is outstripping available resources,
advanced by many recent exponents of what a friend of mine calls “the economics of
gloom,” is simply nonsenée, unrelated to the facts we observe.

There is, to be sure, a lot of poverty and starvation in this world, but nothing
could be further from the truth than the idea that povert;]r is increasing. Over the
same period during which population has grown from SCLﬂl%;il to 5.g E%]?on, total
world production grew much faster than population, from $6.7 trillion in 1960 to $22.3
trillion in 1990. That is, world production more than tripled over this 30 year period,
growing at an annual rate of 4 percent. Production per person—real income—thus
grew at 2.2 percent per year, which is to say that the living standard of the average
world citizen nearly doubled! Please understand: 1 am not quoting figures for the
advanced economies or for a handful of econormic miracles. I am not excluding Africa
or the communist countries. These are numbers for the world as a whole. The entire
human race is getting rich, at historically unprecedented rates.

Average figures like these mask a lot of diversity, of course. Figure 2 is one way
to use the information in the Penn World Table to summarize the distribution of the
levels a.nd growth rates.of population and per capita incomes in the post war world.
It contains two histograms of per capita incomes, one for 1960 and the other for 1990.
The horizontal axis is GDP in thousands of 1985 international dollars (the units used
by Summers and Heston, for my purposes indistinguishable from 1985 U.S. dollars)
on a logarithmic scale. The vertical axis is population. The volumes on the figures



are proportional to the number of people in the world with average incomes in the
indicated range, based on the assumption (though of course it is false) that éveryone

in a country has that country’s average income. The total volume over all four income

ranges shown is thus total world population in the indicated year, about 3 billion in

1960 and 5.2 billion in 1990. The means of the two distributions are $2200 (1960)
and $4300 (1990). )
[INSERT FIGURE 2 HERE]

One can see from Figure 2 that the number of people (not just the fraction) in

~ -

general, the entir ithou} much
i

countries with mean incomes below $1100 has declined between 1960 and 192(0. In

change in the degree of income inequality since 1960 On 1 the other hand, the degree
P — e ——— e

of inequality is enormous. The poorest countries in 1990 have per capita incomes of
around $600 1985 U.S., as compared to the U.S. average of $17,000. This is a factor of

17000/600 = 28! This degree of inequality between the richest and poorest societies

is without precedent in human history, just as is the growth in both population and

living standards in the post war period.

A great deal of recent empirical work has been focused on the question of whether
per capita incomes are converging to a commeon (growing) level, or possibly diverging.b
From Figure 2 it is evident that this is a fairly subtle question, and one is not sur-
prised that this literature has not converged on a definite conclusion. In any case,
it seems obvious that we are not going to learn much about the future of our race
by simple statistical extrapolation of events from 1960 to 1990, however it is carried
out. Extrapolating the 2 percent population growth rate backward from 1960, one
would conclude that Adam and Eve were expelled from the Garden of Eden in about

6See, for example, Barro and Sala-i-Martin (1992), (1997), Quah (1996), and Jones (1997). For

an approach to the issue of convergence that is much closer to the one I take below, see also Baumol
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the year 1000. Extrapolating the 2.2 rate of per capita income gfowfh bacl;wa.rd, one
would infer that people in 1800 subsisted on less than $100 1985 U.S. Extrapolating
forward leads to predictions that the human race will exhaust the earth’s water sup-

v
ply (or supply of anything else) in a finite period. Sud;lex es make it clear that

the years since 1960 are part of a period of transition, but from what to what?

r‘History can answer half of this question. Well-documented estimates on popu-
lation, for the world as a whole and for many sub-regions, are avaigiable in a variety
of sources. My Table 1, covering population in 21 regjons in various years since 1500
is given in the Data Appendix. It is based almost entirely on McEvedy and Jones’s
(1978) excellent and readable volume, at least for the years not covered by Sum-
mers and Heston. (Where these sources overlap, they generally agree.) My Table 2,
containing per capita real incomes in these same 21 regions for various years since
1750, is based on Summers and Heston for post-1950 years. For earlier years, the
construction of real GDP series is, of course, rather more complicated.

For years much before 1960 there is no single source for production data for
all the world’s countries, and indeed, most of the world’s current nations did not
even exist as independent states prior to World War II. But for a few economies—
the rich countries that have roughly preserved their boundaries over the years—
excellent national product data are available extending way back into the nineteenth
century, collected in historical research projects for individual countries. Many of
these estimates are collected in Maddison (1983, 1991), Bairoch (1981), and most
recently Maddison (1995). To construct the per capita real GDP estimates given in
Table 2 in the Data Appendix, I relied primarily on estimates provided for many
relatively rich countries and regions in Bairoch (1981). The details are given in the
Appendix.

For poor societies we often have no national product data, or data of very low

reliability, even for the postwar years. This lack of data becomes more acute as we go



back in time. As discussed in the Data Appendix, the estimates reported in Table 2
for Africa and much of Asia for the years before 1960 are in large part extrapolations
back in time of the 1960 estimates provided by Summers and Heston. The idea is
that incomes in, say, ancient China cannot have been much lower than incomes in
1960 China and still sustained stable or growing populations. And if incomes in any
part of the world in any time period had been much larger than the levels of the
poor countries of today—a factor of two, say—we would have heard about it. Such
enormous percentage differences, had they ever existed, would have made some kind
of appearance in the available accounts of the historically curious, from Herodotus to
Marco Polo to Adam Smith.

In fact, there are many other sources that provide evidence on production in--
poor—primarily agricultural—economies. In the front hall of my apartment in Chica{D
for example, there is a painting of an agricultural scene, the gift of a Korean student
of mine. In the painting, a farmer is plowing his field behind an ox. Fruit trees are
in flower, and mountains rise in the background. It is a peaceful scene, inspiring
nostalgia for an older, simpler time. There is also much information for an economist
in this picture. It is not difficult to estimate the income of this farmer, for we know
about how much land one farmer and his ox can care for, about how much can be
grown on this land, how much fruit the little orchard will yield, and how much the
production would be worth at 1985 U.S. dollar prices. This income is about $2000.
Moreover, we know that up until recent decades, almost all of the Korean workforce
(way over 90%) was engaged in traditional agriculture, so this figure of $2000—8$500
per capita for the farmer, his wife, and his 2 children—must be pretty close to the
per capita income for the country as a whole. Though we do not have sophisticated
national income and product accounts for Korea 100 years ago, we do not need them
to arrive at fairly good estimates of living standards that prevailed back then. Tra-

ditional agricultural societies are very like one another, all over the world and over

10



time, and the standard of living they yield is not hard to estimate 'reliabl’y. Indeed,
my Korean farm scene (though{p?thaps not the style of the painting) could be drawn

from any century in this rmll@m or the last ones
The income detail provided in Table 2 maéf) possible to illustrate the very

uneven course of the industrial revolution in different parts of the world. This is
done on Figure 3. To construct this figure, the 21 countries or regions of Table 2
were organized into five groups, based on the similarity in income growth histories
and order by their current income levels. Group I—basically, the English-speaking
countries—are those in which per capita incomes first exhibited sustained growth.
Group III consists of the rest of northwest Europe, the countries that began sustained
growth somewhat later. Group IV is the rest of Europe, together with the European-
dominated economies of Latin America. Group Il is Japan, isolated only because I
want to highlight its remarkable economic history. Group V contains the rest of Asia
and Africa.
[INSERT FIGURE 3 HERE]

As shown on Figure 3, per capita incomes were approximately constant, over
space and time, over the period 1750-1800, at a level of something like $600-700
U.S. 1985. Here and below, the modifier “approximately” must be taken to mean
something like £$200. Following the reasoning I have advanced above, $600 is taken
as an estimate of living standards in all societies prior to 1750, so there would be no
interest in my extending Figure 3 to the left. The inequality among societies that
Figure 2 displays, then, is a recent event, emerging for the first time in the 19th
century and reaching current levels only in the 20th century.

The numbers at the bottom of Figure 3 indicate the 1990 populations, in millions
of people, for the five groups of countries. One sees in particular that about two thirds
of the world’s people live in Group V, which contains all of Africa and ’Asia except

for Japan. Notice that per capita income in this group of countries is constant at

11
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$600 1985 U.S. for the entire period up to 1950. The colonial era was & period of
impressive population growth, but also of stagnation in the living standards of masses

of people. Growth in per capita incomes in Africa and Asia is entirely a post-colonial

phenomenon, and this growth is, of course, the main reason that post war growth

rates for the world as & whole have attained such unprecedented levels.

Although I am using sustained growth in per capita incomes as the defining
characteristic of the industrial revolution, it is clear enough from Figure 1 that it
is hopeless to try to account for income growth since 1800 as a purely technological
event. Technological change occurred rapidly after 1800, but it occurred at an accel-

new, that differentiates the modern age from all prevmus periods, is not%echnoioglcal

cha.nge by itself but the fact that fertility increases ceased to translate improvements

in technology into increases in population. It is not that the i Increasing pace of tech-

nological change madeit. impossible %6p1ﬂation to keep up, to lift “beyond visible
limits the ceiling of a}‘fh s positive checks.”? Such a development might be con-
sistent with a Malthusian model, but only if accelerating technology were associated
with extremely high fertility levels. In fact, the industrial revolution is invariably
associated with the reduction in fertility known as the demographic transition. —

Figure 4 providé a rough description of the demographic transitions since 1750
that have occurred and are still occurring. The figure exhibits five plotted curves, one
for each of the country groups defined in Figure 3. Each curve connects 10 points,
corresponding to the time periods beginning and ending in the dates indicated at the
bottom of the figure. (Note that the periods are not of equal length.) Each point
plots the group’s average rate of population growth for that period against its per
capita income at the beginning of the period. The per capita GDP figures in 1750
can just be read off Figure 3; that they are about $600 for all five groups. Population

-

"Landes, (1969), p. 41.
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growth rates in 1750 average about 0.4 percent and are well below one I;ercent for
all five groups. For each group, one can see a nearly vertical increase in population

growth rates with little increase in GDP per capita, corresponding to the onset of

industrialization. This, of course, is precisely the response to technological advance

that Malthus and Ricardo told us to expect. Then in groups I-IV a maximum is
reached, and as incomes continue to rise, population growth rates decline. In group
V—most of Asia and Africa—the curve has only leveled off, but does anyone doubt

1
that these regions will fail to follow the path that the rest of us have already worn? *

The facts shown in Figure 4 can be refined, not only by distinguishing among more
than five groups of societies but also by treating changes in birth and death rates
and changes in immigration rates separately. I found it striking that the inverted
U pattern is so clearly documented even without making such refinements. The
demographic transition obviously requires a different view of fertility from that taken
by Malthus.

[INSERT FIGURE 4 HERE]

The most striking feature of the data reviewed in this chapter is the fact that only

two types of aggregative behavior are observed, one with per capita income roughly

gonsta.nt at a level in the range of $400 to $800 1985 U.S., and another with per
capita income growing at rates in excess—sometimes far in excess—of one percent
per year. This observation is the point of departure for Becker, Murphy, and Tamura
(1990). It will also be the basis of the theoretical work described in these lectures.

13



Figure 4: Demographic Transitions
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3. THE CLASSICAL THEORY OF PRODUCTION

The methods and results of national income and product accounting were not.
available to Adam Smith and David Ricardo, but they and the other classical economists
had at their disposal and actively debated a vast amount of historical information
bearing on levels and rates of growth of living standards. There is no mention of
sustained economic growth in the writings of the classical economists, nor would one
expect there to be any in view of the facts as displayed, for example, in Figures 1 and
3 in the last chapter. For Smith and Ricardo, the wealth of nations meant their in-
come levels, not their growth rates, and it was the stability of these levels over time,
not growth rates, that called for explanation. When Thomas Malthus (1798) pro-
posed a fertility model that accounted for the observed stability in living standards,
his contemporaries quickly accepted it.

Ricardo’s Principles of Political Economy and Tazation (1817) set out an ag-
gregative theory of income and its distribution, almost explicit enough for a modern
economist to call it a model. Ricardo put the Malthusian view of fertility at the center
of his theory of long run income determination, and emphasized that a central im-
plication of the theory was the prediction that an improvement in technology would
result in an increase in population but no change in real income per person. The
theory is classical: It makes no use of utility theory. One of the aims of this chapter
is to restate the classical theory in neoclassical terms, which is to say in terms that
make use of mathematically explicit descriptions of agents’ preferences and the tech-
nology available to them. Once the classical theory of production and distribution is
so translated into modern terms, it becomes a serviceable empirical model of income
determination in economies that predate the industrial revolution, whicl{ is to say, in

all economies known to Smith, Ricardo, and their contemporaries.
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To begin, consider an animal species, endowed with behavior irﬁplyinglthat when
food consumption per individual rises above some biologically given subsistence level,
numbers increase, while if consumption is below this critical level, numbers decrease.
Then if food availability in total is held fixed in the region occupied by this species,
the onset of a disease that kills fna.ny individuals will induce an increase in consump;
tion per individual, an increase in population growth, and ultimately the restoration
of the original consumption level and population. Such a “Malthusian” model has
the important virtue of predicting the existence of a stable subsistence level of con-
sumption in the face of shocks to population and technology.

There are other facts about human populations, however, that do not at all
resemble the behavior of animal populations. In most human societies, some individ-
uals, or individual families, accumulate vast wealth and consumption far above the
consumption level at which most people subsist. In most societies, even prior to the
18th century, average consumption is too large to be viewed as a purely biological
survival level. Ricardo dealt with this observation crudely, by applying Malthusian as-
sumptions to “workers,” referred to a distinct “race,” leaving other “classes,” created
by systems of property rights, free to reproduce less, consume more, and accumulate
the achievements that we call civilizations.

To restate Ricardo’s theory in neoclassical terms, and to move beyond it in
other respects as well, I will begin by formulating the preferences of a single family
or “dynasty” over the numbei- of its children as well as over the quantity of goods it
consumes. This will permit the derivation of Malthusian fertility theory as a matter
of conscious choice, not merely biology. Later on, I will situate families with these dy-
nastic preferences in a variety of different social arrangements and apply equilibrium
reasoning to determine how the interaction of individual and social forces determines

fertility, production, and population.
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Dynastic Preferences

The Malthusian hypothesis of a desired living standard for children is evidently
an assumption about preferences, one that a modern economist naturally formalizes
in terms of a utility function. This useful construct was not available to Malthus’
and Ricardo, but it will not be hard to translate their thinking on demographic
questions into neoclassical language. In this section, I introduce the assumptions
about preferences, adapted from those of many earlier, similarly motivated writers,
that I will use throughout these lectures.

The typical household whose preferences I will describe can be thought of as
a single agent, consuming ¢ units of a single consumption good in its lifetime and
producing n children. Thus n — 1 is the rate of growth of the populatibn of the
household, and a choice of n = 1 means that the household is just maintaining its
size. Each child then becomes the head of its own household, and so the process
continues. The household’s preferences are assumed to be described by a utility
function W(e,n,u) that depends on its own consumption, the number of children it
has, and the lifetime utility « that each child will enjoy. These preferences are about
the simplest one can think of that are general enough to accoé?}late a “quantity-
quality trade-off” in the fertility decision. People are assumed to value both the
number of children n (quantity) and the lifetime utility u (quality) that each child is
expected to enjoy.® |

8The particular formulation of dynastic preferences that I am using here was introduced in Razin
and Ben-Zion (1975). In my formulation, as in theirs, parents’ utility depends on goods consumption,
the number of children, and utility per child. See also Becker (1960) (where a quantity-quality
tradeoff was introduced into the theory of fertility), Willis (1973), Becker and Barro (1988), Barro
and Becker (1989), and Alvarez (1995). ‘

Other writers have constructed integrated fertility and growth theories without recourse to the
“quantity-quality” tradeoff, stressing the value of children as a parental investment. Ehrlich and
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Using the subscript ¢ to denote a generation, parent’s and chﬂd’s u’tilities are
linked by the difference equation

uy = W(ce, ng, g4y (1)

If we solve (1) backwards through time by repeated substitution we get an exprwsion‘

U = W(Cg, i, W(ct+11 Nit1, W(ct+2: T2y "-')))

for the utility u, of the infinite sequence { (¢,57,)} ooy of this dynasty’s consumption

and children per generation at each date from ¢ on. For example, if we assume the
familiar additive log utility,

Wie,n,u) = (1-58)In{c) + 7in(n) + Su,

where the discount factor 8 is between 0 and 1, the difference equation (1) has the

solution

te= 3" F(1 - B)in(cuss) + nlnfrees)]

&=0

In general, I will always require of a utility function W that W,, the derivative
of parents’ lifetime utility with respect to the lifetime utility of their children, be
between 0 and 1. This is a discounting assumption that is essential to the analysis to
follow. Other assumptions that will be maintained below will be that W is strictly
increasing in both ¢ and n and strictly quasi-concave in (c,n,u), that the “goods” ¢

and n are both non-inferior, and that n and u are complements.®

Lui (1991) and Raut and Srinivasan (1994) are leading examples.
Loury (1981) does not treat the fertility decision, but his analysis of the intergenerational aspects

of investment in human capital is evidently complementary to theories that do.
9The last two properties are defined in terms of the problem max., W{c,n,u) s.t. c+kn < I. By

non-inferiority of ¢ and n, I mean that the maximizing values of ¢ and n are both increasing functions
of I for all values of k. This is true if and only if W, W, — W.W,,,. > 0 and WW,, - W, W, > 0.
By the assumption that n and u are complementary, I mean that the optimal value of n in this

problem is a non-decreasing function of u. This is true if and only if W.Wy,, — W, W, > 0.
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A Hunter-Gatherer Society

In order to get a sense of the implications of these recursive preferences for observed
behavior it will be instructive to situate some of these hypothetical dynasties in a
specific setting and see how they behave. I begin with an example of what we might.
call, today, a hunter-gatherer society. Both Smith and Ricardo make expository use
of a similar situation, which they describe as existing “before the appropriation of
land.” It is not clear whether they intended this as a historical example or, as in my
exposition, merely an illustrative one.

Consider, then, a population of N families that supports itself and its progeny
on a fixed amount L of land (or territory or resources more generally conceived), Let
total production be Y = F(L, N), where F is a constant returns to scale function, so
production per household is y = Y/N = F(L/N,1) = f(z), (say) where z = L/N is
the land-population ratio. Maintain the competitive assumption that each household
takes this value y as given to it, as beyond its own control and the control of its chil-
dren, though it may be changing through time in a predictable way. This assumption
that there is nothing a parent can do that affects the opportunities available to its
children (or, for that matter, of its own future self) is just what we mean by the
absence of private property.

In such a setting, consider the decision problem of a single dynasty with pref-
erences W{c,n,u) and the current goods income ;. There is a cost (in terms of
goods) of k per child. The parents must choose the number of children, n;, and their
own consumption, ¢; = ¥ ~ kn;. In the society we have postulated, this household
has nothing to leavé to its offspring that could affect their utility levels. Nonethe-
less, expectations about the utility level u,,; that each child will enjoy may affect

the parents’ attitudes over its own consumption and number of children. Hence the
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household solves

max Wiy — k@@“ﬂl)-

The first-order condition for this problem is

KWe(ye ~ higues) = Wy, = kffghue),
which implies one equilibrium condition. Three others are provided by (1), by the
fact that n; is a growth rate, and by the technology. The full system that must obtain

in equilibrium is thus:
ur = W(cy, g, ue41), (2)
EWel(ew ne, uesr) = Wa(ew, ny, wa), (3)
Tir1 = Tefmy, (4)
ce + kny = f(z¢). ()

Think of (2)-(5) as four equations in the state-like variables z; and u; and the flow-like
variables ¢; and n,.
‘ LW ’: \ “At any steady state of this economy, the typical dynasty is just reproducing itself,
WI:LX Q , and parents and children enjoy the same lifetime utility levels, u; = u,,,. The
steady state goods consumption and utility levels (c,u) must then be the solutions
to the two equations
u=W(c,1,u) (6)

and

kWe(e,1,u) = Wa(e, 1,u) (7)

that are implied by (2) and (3).
By the discounting assumption W, € (0,1), (6} can always be uniquely solved
for steady state utility as an increasing function of net consumption: u = g(c), say.

Now define the steady state marginal rate of substitution function m{c) by

_ Wn(cs l,g(c)) -
™" WeLgto)
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Then (7) implies that steady state consumption levels coincide with solutions to
m(c) = k. (8)

Assume that this marginal rate of substitution function satisfies the restrictions
m(0) = 0 and m(c0) = +o0. which together ensure that a solution ¢ to (8) exists. At
any such solution, the derivative m’(c) of the marginal rate of substitution function
has the sign of

Wen = kW + [Why — kWo]g'{(€),

which is strictly positive from the assumptions that fertility is a normal good, com-
plementary to future utility. Thus as illustrated on Figure 5, there exists exactly one
steady state consumption level, which I denote ¢, (m for Malthus).

[INSERT FIGURE 5 HERE)

- In the case of 3¢ logarithmic preferences, the function m is given by

m(c) = 1 _.

1-48"

from which it follows that steady state consumption is ¢, = [(1—3)/n]k. Notice that
in general as in the logarithmic special case, the steady state level of consumption
Cm is determined entirely independently of the goods-producing technology F, or of
the levels of population and resources, N and L. It depends only on the goods cost
of raising children, &, and on parental attitudes toward children and child raising, as
summarized in the function W.

The off-steady-state population dynamlcs of this economy, given only implicitly
in (2)-(5), can be complicated. The logarithmic case offers a simple point of departure.
In this case, future utility u,, does not figure in equation {(3), which then specializes

to:




m(ec)

w4 ’(,()
p(c)

— K+

FIGURE &



Then eliminating c; and n, from (3), (4), and (5) gives:

227 (/a0

Tey1l = k(

If we assume, in addition, that the production function f is Cobb-Douglas, f(z) =
Az, a € (0,1), we have

B+
i P (9)

Ui N
In this case, it is clear that the unique steady state

T4 = "“(

£ = (2 2pre

is globally stable.!?
L b Sl
An Egalitarian Equilibrium with Private Property Lshume Lo & En "
?«wm gl ¢
The empirical attraction of the Malthusian dynamics I hfive just described is

that they capture the rough constancy of living standards gler many centuries, and

reconcile the occurrence of important technological advances with stagnation in per
W

capita incomes and with accelerating population growth. But the assumption that
land is held in common obviously does not fit historical societies. In this section, I
replace this assumption with the assumption of private ownership, including heritabil-
ity, of land (or of natural resources more generally), under the assumption that land
is initially equally distributed over households of equal size. In this case, and given
identical preferences, there will be an equilibrium in which land remains equally dis-
tributed and we can characterize this equilibrium by analyzing a society of identical

agents.

10To study local stability under more general assumptions on W and f, we need to examine the
two roots of the system (2)-(5) at the steady state. Under the assumptions I have imposed {see note
9), these roots are both real, one is between 0 and 1, and one exceeds 1.
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Consider again, then, the society studied in the last section, in which there is a
fixed amount of land L and a variable population N. A typical household has the
same preferences W(c, n, 1) over consumption ¢, number of children n, and utility per
child u that we assumed in the last section. If this household’s initial land holdings
are z and it bears n children, it produces f(z) goods, is obligated to devote kn to
child raising, and has f(z) — kn left for parental consumption. We assume that
land holdings are bequeathed equally to all children, leaving z/n per child. Denote
the lifetime utility of this person by v(z). Then if the number of children is chosen
optimally, the function v satisfies the Bellman equation:

v(z) = %%XW (c,n, v(%)) , (10)

subject to: _
c+kn < f(z). | (11)

The first-order and envelope conditions for this problem are:
z Tov Ty T, z
Wﬂ(ca n, 'U(n)) - Wu(ca n, 'v(n))v (n)(nz) = ch(c, n’v(n)):

and
V(@) = Wele,m v(E)F (@) + Walesm oSN E) ()

Suppose we write u, = v(z;), and define g, = v/(z;). Then the full dynamic system
in this private property equilibrium is:

U = Wiey, me, ues1), (12)

kWe(cr, tu, ues1) = Wa(er, g, trgn) — Wu(cz,nz,um)szm(nlg), (13)
@ = We(ce, ne, weqs) f'(2e) + Wu(ct;m$ut+l)qt+1(;;'l:)! (14)

Trp1 = Ti/ny, ) (15)

e+ kny = f(zy). (16)
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Think of (12)-(16) as five equations in the three state-like variables .'u,t, @, T: and the

two flow variables c; and n,
Consider possible steady states for such dynasties, in which f = 1 d t%xe other
four variables are constant. In this situation, the equilibrium conditions (12)-(16)

become:
u=W(e,1,u), (17)

kWe(e,1,u) = Wa(c,1,u) — Wale, 1, u)gz, (18)

g = Welc,1,u) f'(z) + Wa(c, 1, u)q, (19)

c+k=f(z). (20)

We can think of solving (17)-(20) by first using (17) to solve for u as a function g(c) of
net consumption ¢, as we did with equation (6) in the analysis of the hunter-gatherer
economy. Then in a steady state the three derivatives of W can be viewed as known

functions of c. We use (19) to obtain ¢ in terms of these derivatives:

= (1 - )_lwcf( )

We then substitute back into (18) to get:

(W = KW)(1 = W)
fa)e =

Now W, has the dimensions of a discount factor, so (1 — W, )/W,, has the dimen-

sions of a discount rate. Call this ratio p = p(c), where ¢ is steady state consumption.

Similarly, denote the steady state marginal rate of substitution W, /W, by m(c).

Then stéa.dy state land holdings and consumption levels must satisfy

f'(z)x = [m(c) — k]p(c)
or, rearranging to facilitate comparison to (8),

f'(z)z -

mic) =k + OR

(21)
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Solutions (c.,z.) to (20)-(21) are the possible steady states for the individual land
holding dynasty.

The product f'(z)z has the dimension of a per capita land rent flow; division by
the discount rate p(c) gives the ratio on the right of (21) the dimension of a present
value of land rent. Thus (21) equates the marginal rate of substitution between
children and goods consumption to the sum of the direct child-raising cost k, as in
(8), and the present value of the income flow that a second child would need to have
to be as well off as the first. It is this second term, of course, that is absent when
land is not privately owned.

Since the terms z f'(z) obviously depend on the production technology, the so-
lution (e.,x.) to (20) and (21) need not have the property that the steady state
consumption level is determined by preferences only, as was the case in the last
example. But suppose that f is Cobb-Douglas: f(z) = Az®. Then using (20),
zf'(z) = af(z) = a(c+ k), and (21) becomes:
afe+ )

plc)
Refer again to Figure 5. The only feature of the production technology that influences

m(c) = k+ (22)

steady state consumption c, is the share parameter o; the intercept A does not appear
in (22).

In the logarithmic utility example, m(c) = [7/(1 ~ 8)]c and p(c) = (1 — 8)/8. In
this case, with Cobb-Douglas production, (22) can be sblved explicitly 'for

1-8
Cc=—n_@‘@k,

provided that > of3. (As an example in the next chapter will show, only preference
parameters satisfying # > # are consistent with reasonable behavior, so I will impose
this assumption in the sequel. Since o € (0,1), we must then have 7 > af8.) The
case a = ( corresponds to the equilibrium ¢, calculated in the last section, so one

sees that ¢, > ¢, for all o > 0,
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The logarithmic utility, Cobb-Douglas production case is agﬁiﬁ a éonvenient
context for thinking about the full dynamics of the system (12)-(16). In this case, one
can verify that the Bellman equation ( 10) has a solution of the form

1-8+1n
1-8+af
and an optimal fertility function given by:

v(z)=C+a In(z),

n—of Az
1-B+n k-

n(z) =

(23)

Setting @f = 0 in the numerator on the right of (23) amounts to assuming either
that people do not value their children’s utility {8 = 0) or that they are unable to
affect their children’s utility (a = 0).

Combining (23) and (15), the dynamics of land per household (and hence of

population) are described in

:c _k
t1 =7

1—6+n)m

— e, (24)

The difference equation (24) implies monotonic convergence to the steady state pop-

_ n—af Al/a
N"L[(l-ﬁ*-n)"?] '

and the long run steady state income

ulation level

1-B+n
Yy = —— ' k.
Y n—af

These dynamics differ from those for the hunter-gatherer society described in (9) by
the term of in the denominator on the right of (24). As one would expect, then,
es}i_a_b,ﬁﬂi_n—g_pmpe_rgy rights in land gives each fémily the incentive to reduce fertiliiy_._

Here is perhaps the most basic instance of the importance of the quality-quantity
trade-off in fertility behavior. -
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The Cobb-Douglas-log-utility example is a borderline case. “The gener;a.l analysis
of the effects of changes in technology on equilibrium living standards is compli-
cated. Every dynasty in this economy is both a landowner and a worker. With &
Cobb-Douglas technology, factor shares are constant with respect to changes in the
productlon intercept parameter A, and the relative importance of these two roles

,m( unaffected by changes in A. In general, though, increases in A can increase the
share of land-rental income in the representative household’s total income, strength-
ening the quality dimension in his quality-quantity tradeoff, reducing fertility, and
increasing steady state consumption. Or the increase in A could reduce land’s share,
triggering the opposite reaction. There are a lot of possibilities, but none will be of
much quantitative importance unless the elasticity of substitution between land and

labor is far from one.
Discussion

There is a historical tradition that the origins of cities and civilized life can be
traced to an “agricultural surplus.” Certainly it is the case that if not everyone
in a society is engaged in producing food, then those who do produce food must
provide for those who do not. But if the term surplus is taken to mean that it was
technical changes in agriculture that generated the surplus, then a fallacy is surely
involved. The surplus described in the private property equilibrium of this chapter,
as compared to the equilibrium in the hunter-gatherer society, is generated not by
change in physical methods of production but rather by a change in property rights.
A society of hunters that succeeded in establishing and enforcing private property
in hunting territories would generate a “hunting surplus” without any changes in
hunting technology. (Indeed, the privatization of hunting rights or gathering rights
must have preceded or at least paralleled the development of agriculture. ‘Who would
undertake to domesticate an animal if everyone else has the right to kill and eat it?)
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In the two examples discussed in this chapter, the reason the i)ﬁvaté property
equilibrium has a higher per capita income than the equilibrium that arises when
resources are held in common has nothing to do with differences in technology. The
income difference arises solely out of the concern people have for the well-being of .
their descendants, combined with a change in property rights that permits people to
pass productive resources on to these descendants. The interaction of these forces
produces an income “surplus” in the egalitarian society of independent fa.m;né-
s:tudie,a'gL in this chapter. In the next chapter, we will see that this continues to be the

case when we consider a society organized along class lines.

90% Tl W’h‘w b’Liyh{MM A;gu-s el an aaw»a, Ve,
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4. THE ROLE OF CLASS IN THE CLASSICAL THEORY ¢~ &¢R, ¢

The egalitarian economies of hunter-gatherers and small farmers described in.

the last chapter are possible ways for a society to be organized, and one can think of
examples of economies that are reasonably well approximated by such models. Such
representative agent systems are very much in the spirit of modern macroeconomics,
in which questions of distribution are typically kept to one side in order to focus
on questions of production and investment. But they are very far from the spirit
of classical economics, in which the idea of class plays a central role, certainly in
exposition and, I believe, in substance as well.

In the analysis of an economy with privately held land in the last chapter, I began
with collection of households in identical positions, sought a symmetric evolution
of the system, and found one. In this chapter, I ask whether asymmetric steady
state equilibria, in which land is unequally distributed and remains so, may also
exist for exactly the agricultural economy set out in Chapter 3. I begin with the
analysis of equilibrium possibilities in a system, much closer to Ricardo’s, in which
an asymrmetric equilibrium is simply imposed by the assump% of a particular kind
of class structure. I then turn to the question of whether the same kind of inequality

might also arise in a competitive equilibrium.
An Equilibrium with Two Classes

Consider, then, an economy with the technology and preferences of Chapter
3, but with a class structure imposed on the equilibrium by the assumptions that
workers do not (or cannot) acquire land and that landowners do not work. In such

an equilibrium, landovmers simply live off rental income, and their fertility behavior
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will determine the number of families Ny, (say) over which sociéty’s- total land rents
will be distributed. Production will depend on the quantity of land L and the number
of workers N,,; (say) and not at all on Ny;. In these circumstances, a worker household
is in exactly the same propertyless position as were all the households in the hu.nter-‘
gatherer economy studied in Chapter 3. The equilibrium conditions are given by the
system (2)-(3) in Chapter 3, except that the state variable z, must be interpreted as
the ratio 2; = L/N,,; of land to the number of workers only (not total population), and
income per worker f(z:} must be replaced by wage income per worker, f () =z f'(2).

In a steady state, worker consumption will be Cm, the unique solution to
m(c) = k, (1)

where m(c) is the steady state marginal rate of substitution function defined in the
last chapter. The equilibrium wage rate w,, (say) must equal ¢, + k, so that

Wm = cm + k = f(z) — zf'(z). (2)

Since ¢y, is given by (1), (2) determines the steady state land-labor ratio, z = L/N,,.
This ratio in turn determines the steady state land rent, r = §’ (z). The population
of landowners, their preferences, and the nature of their decision problem all play
no role in determining any of these quantities and prices, either in a steady state or
along a transition path to the steady state. This implication is, I think, the essence
of the labor theory of value.

In a steady state, the Bellman equation for a landowning, non-working dynasty
is

¢(z) = maxW(c,n, p(z/n)) " (3)

subject to

c+kn < rz, - (4)
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where the state variable z is the dynasty’s land holding and where the land rental
rate  is a parametrically given price. We specialize the first ‘order and envelope
conditions for the problem (1) to the case f:\ WLm Ehemm ffmﬂic}n
p(c) defined as in the last chapter, these cogiﬁ imply that a landowner’s steady

state consumption must satisfy

T

m(c) =k + —-.

(© plc)

Using the budget constraint (4) to eliminate rz, this implies
c+k
p(c)

m(c) =k + : (5)

We solve (5) for landowner consumption, c¢; > ¢, (see Figure 6). Now go back to the
budget constraint (4) to find the equilibrium land holding per landowning dynasty,
z:

e+ k= f(2)x.

Given z, there are N; = L/z landowning families in equilibrium.

Note the recursive structure of this two-class system. We get the real wage
by Malthusian reasoning, which sets the land-labor ratio via marginal productiv-
ity, which sets the rental rate on land, which determines landowner fertility, which
determines the number of landowners. It is a Ricardian round robin, in which no si-
multaneous equations need to be solved. Our first general equilibrium theorist needed
no help from Brouwer!*!

In the the log utility-Cobb Douglas production case, worker consumption is

1-5

=—"k

11The assumption used here that workers and landowners have the same utility function, which
comes naturally to a modern economist, would not have oceurred to Ricardo. It plays no role in the

argument of this section and can obviously be dropped.
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as in the hunter-gatherer example, and landowner consumption is '

k

G = —

-8
provided n > 8. (If 8 > 7, the number of children is a “bad,” and a landowning
parent would choose to have an arbitrarily small number of children, each endowed
with arbitrarily high wealth! This is why the assumption > § was imposed above,
and why I think it should be maintained.)
The population of workers is determined by z = L/N,, and equation (2):

tm+ k= (1-a)Az".

The population of landowners is then given by the equality of total land rents and

total landowner consumption (including child raising expenses):
NwaAz® = Ny(cp + k).

Thus

a n—pf
N, = —=,
Ne/ l—-a 19

Oddly, average consumption in the steady state is

N _1-—ﬁ+aﬁk

—w..... + C )
Nw"‘Ntcm Nw"'NEt W*aﬁ

which is exactly average consumption in the representative agent economy of Chapter
3. (This finding must be peculiar to the parametric example.)

Modern economists (certainly including me) are skeptical of theories that de-
pend on large numbers of people acting in concert in ways that may serve their joint,
“class” interests but not their interests as individuals. For this reason, the assump-
tions that workers do not save and that landowners do not work are not particularly
appealing as positive economics. One might prefer to think of the equilibrium here

calculated as an allocation engineered through state-enforced taxation of land rents.
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For example, if we think of imposing taxation of land rents on the éga.litall'ian equil-
brium of Chapter 3, the agents in that model will rely increasingly on wage income,

and as land tax rates increase to maximum levels, their fertility and consumption

behavior will approach Malthusian levels. The state, in effect, becomes a single, large

landowner. Equivalently, I suppose, we could say that a landowner class becomes the

state.

Inequality in Com;EE_liive Equilibrium Wwwy q}fm 7

It is worth repeating that the equilibrium characterized in the last section is not
a competitive equilibrium in the usual sense. At the prices I have calculated, workers
were not permitted to save and acquire land and landowners were not allowed to
earn wage income. Might there be assumptions on preferences under which there
could exist a competitive equilibrium steady state in which families with large land
holdings and high consumption coexist with other families with less land and lower
consumption? In such an equilibrium, the wealthier families would devote more
resources to children than poor families do, but these additional resources would take
the form of higher “quality” per child, brought about by granting each child more
inherited land. This possibility is explored in this section.

In a steady state equilibrium in which each household takes as given a constant
wage rate w, land rental 7, and land price g, the Bellman equation for each household

is:

Y(z) = max W(c, n, ¥(y/n)) (6)
subject to
c+kn+gly—z)=w-+rz. (7)

Here the dynasty begins with one unit of labor and z units of land. The labor

yields w units of goods in wage income; the land yields rz of goods in rental income.
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The household can then add to, or subtract from, its disposable income w + rz by

selling z — y units of land at the market price g. The unsold land y is bequeathed.

to children at y/n units per child. The egalitarian allocation of the last chapter, the

solution (c,u,z,q) to (17)-(20), is one such equilibrium with the associated prices

w = f(z) —zf'(z) and r = f'(z).

Now we ask whether there may also be equilibria with constant prices (w,, q),
not necessarily equal to those associated with the symmetric equilibrium, at which
different, price-taking households maintain different long-run land holdings. To char-

i'-r:ﬂ"\b-'l(
o
N

acterize any such steady state equilibrium, obtain the first order and envelope con-
ditions for the problem (6), specialize to the situation in which n = 1 and = 1z, At

and define the functions m(c) and p(c) as in the last chapter. Then the equilibrium

conditions include

rT
¢) =k+ —, 8
m(e) =+ T ®)
p(c) > 3 with equality if 2 > 0, (9)

and
c+k=w+rz. (10)

In the log utility case, to begin with a familiar example, the left side of (9) is
constant at the value p = =1 -1, and (9) fixes the ratio /g. Eliminating rz between
(8) and (10) gives

k

(1—%)c=w—z§.

Under the assumption, imposed above, that > £, there is a unique consumption
level for any wage w, and since everyone faces the same wage in equilibrium this
implies that the egalitarian solution is the only possible steady state. Of course, if
land were injtialljr unequally distributed, inequality would persist in a transition to
a steady state but, if the system were stable, it would disappear in the long run. In
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short, under log utility the two-class equilibrium calculated in the last section does
not have a competitive market interpretation.

More generally, if the function p satisfies p'(c) > 0—the condition Lucas and
Stokey (1984) call increasing marginal impatience—then (4) implies a unique steady
state consumption level at any given prices, and then (5) implies unique equilibrium
land holdings z. Again, any steady state must be egalitarian.!? I turn, then, to
an examination of the possibilities when increasing marginal impatience does not
obtain. Again, we focus on a two-class situation, in which one class consists of
landless workers.

Consider steady states for such a two-class economy, restricting attention to
equilibria in which behavior within each class is identical. Our task is to determine
equilibrium prices (w,r,q), the populations of the two classes, N, and N, the con-
sumption levels of each class, and the average land holdings = of dynasties that do
hold land. I we proceed in the right order, this is no harder to carry out than was
the Ricardian analysis of the last section.

In a steady state, the consumption of anyone without rental income—a “worker” —
will be ¢, the unique solution to (1). The equilibrium wage rate is again equal to
cm + k, so the economy-wide land-labor ratio

L
= —_— 11
‘T Nut N, (1)
N :

is determined by (2@11\5 ratio in turn determines the steady state land rent, r =
f'(z). So far, then, We have determined both equilibrium prices without any refer-
ence to the resources in the system, L, to the population of landowners, or to their
preferences and the nature of their decision problem.

Given the prices w and r, the behavior of landowner families is determined by

12The case p'(c) < 0 is not symmetrically interesting, because the steady state at which (9) holds
with equality would not be stable. See Lucas and Stokey (1984). i
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(8)-(10). Eliminating rz between (8) and (10) yields

c+k—w

m(c) =k + )

(12)

From (1) and (2), one solution to (12) is ¢, but this cannot correspond to an equi-
librium in which someone earns positive land rents. Suppose, then, that preferences
W, and hence the functions m(c) and p{c), are consistent with Figure 6. Interpret
the larger solution on the figure, c; say, as landowner consumption. Then average
land holdings per landowning dynasty z can be obtained from the budget constraint
(10), and the number of landowning families is N; = L/z. Finally, (11) determines
the number of landless families, Nwﬁiven z, there are N; = L/z landowning families
in equilibrium.
[INSERT FIGURE 6 HERE]

The equilibrium condition (9) has not been used in this construction. Since (9)
must hold with equality for the wealthy class, the interest rate and hence the price
of land are determined by

_r_f(®
plee) = il

Then if the construction just described is in fact an equilibrium, one in which landless

families can acquire land at the price ¢ but choose not to do so, (9) implies that
plem) = plce).

Discussion

The central feature of all of the models developed in this chapter and the last
is a steady state income of a worker, ¢, + k, that is determined independently of
the technology or of the levels of population and resources. It depends only on
the goods cost of raising children, k, and on parental attitudes toward children and
child raising. Ricardo credits Malthus with this population theory, but it is worth
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stressing that what he takes from Malthus is the sensible idea of a dynamically stable
steady state income level, not the famous nonsense about geometric versus arithmetic
growth rates. As Ricardo documents, this same idea is present in Smith, though there
with the important qualification that the income level that is determined by fertility
behavior alone is “the wages of the inferior classes of workmen.” (Ricardo (1817);
p.215) In short, all of the classical economists were “Malthusia.ns,” and none of them
saw the potential for reductions in fertility to make possible sustained growth in living
standards.

Ricardo (p.93) calls the income level ¢,,,+k “the natural price of labour,” defining
it, as I just have, as a steady state: “that price which is necessary to enable the labour-
ers...to subsist and to perpetuate their race, without either increase or diminution.”
What I have done here is to deduce this leve] and its stability using utility theory, un-
known to the classics but entirely consistent with their discussion of the determinants
of this “natural price.” In my formulation, it is unclear whether the parameter k£ and
perhaps the function W should be viewed as describing tastes or technology. The
question-begging “necessary” in Ricardo’s definition reflects the same ambiguity. He
later refers to “those comforts which custom renders absolute necessaries,” but then
later still adds: “It is not to be understood,” he adds {p. 96), “that the natural price
of labour, estimated even in food and necessaries, is absolutely fixed and constant. It
varies at different times in the same country, and very materially differs in different
countries. It essentially depends on the habits and customs of the people.”

The idea that tastes determine living standards has both possibilities and dan-
gers, In i;he First Edition of Principles, Ricardo proposed : “Give to the Irish labourer
a taste for the comforts and enjoyments which habit has made essential to the English
labourer, and he would be then content to devote a further portion of his time to
industry, that he might be enabled to obtain them.” To this George Ensor asked,

reasonably enough, “But how are these tastes to be excited in the Irish labourers? Is
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it supposed that they are not like other human creatures? but that fhey make choice
of privations?” In later editions, Ricardo dropped the suggestion that taste differ-
ences could be used to account for English-Irish income differentials.’® Since Ricardo
retreated from his attempt at a cultural account of income differences, innumerable
other cultural explanations have been proposed, only to be forced into retreat by‘
historical fact.

Classical arguments over differences among countries’ living standards and over
what the causes of such differences might be were certainly of legitimate interest.
The same issues continue to engage economic historians today. In a world in which
Malthusian dynamics dictate tha,? any society have an average income of, say, $ 600
% 200 1985 U.S. it is obviously of considerable interest whether a given economy is at
$800 or $400. But even if differences of this magnitude between 18th century incomes
in Europe and Asia can be defended, it certainly does not follow that such differences
were in any sense a key to the origins of the industrial revolution. What kinds of
economic forces transform small initial differences in income levels into sustained

differences in rates of growth?

13This exchange is described by Sraffa in Ricardo (1817), p. 100.
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5. CAPITAL ACCUMULATION AND FERTILITY

Despite their awareness of the importance of both physical and human capital

accumulation, the classical economists lacked a method that could let them see how its
possibility would affect equilibrium values. An operational theory of capital is entirely
a development of the twentieth century. An advantage of re-stating the classical
theory of production in explicit, neoclassical terms is that it becomes straightforward
to incorporate reproducible capital into the theory. It will be useful to carry out
this modification explicitly, to see how it is related to both classical theory and
to modern growth theory, to see how a theory of fertility can be added to modern
growth theory, and to verify once again Solow’s (1956) conclusion that physical capital
accumulation alone does not suffice to transform a static economy into a perpetually
growing one.!! With these conclusions established, we will be in a position to consider
the preconditions for sustained income growth.

We could think of introducing reproducible capital with a class structure, intro-
ducing a capitalist class to go along with the workers and landowners in the model
of Chapter 4. Such an approach would be in the Ricardian spirit, but its mainte-
nance would entail strictures that neither workers nor landowners could own capital,
analogous to the requirement in the last chapter t:ha.;{iT workers cannot acquire land.
In view of the way capitalist economies have evolved in the last 200 years, however,
assumptions designed to maintain rigid class lines have become increasingly dubious

empirically as well as hard to reconcile with individual rationality. I will deal here

14The models discussed in this chapter descend directly from Razin and Ben Zion (1975). Intel-
lectual debts are also acknowledged to Ahituv (1995), Benhabib and Nishimura (1993), Ehrlich and
Lui (1997), Galor and Weil (1996), Nerlove, Razin, and Sadka (1987), and Razin and Sadka (1995).
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with models of classless societies only.!®

We also need to decide whether to introduce reproducible capital in place of or
in addition to the land input. So as not to stray too far from the Ricardian set-
ups of Chapters 3 and 4, let us begin by retaining the land input and consider the
representative agent economy onChapter 3 with reproducible capital added as a third
factor of production. Let z be I_?_:_-’;r land per household, as in Chapter 3, and let z be
the stock of reproducible capital per household. Then a pair (z, z) of the two kinds of
assets is a complete description of a household’s situation, and we seek to formulate
a Bellman equation for its value function v(z, z).

As the accumulation of capital of various kinds receives greater emphasis, it
becomes more critical whether one thinks of the costs of children as taking the form
of time or of goods. For now, we continue with the assumption of Chapters 3 and 4
that each child entails an outlay of & units of goods. Assume that goods production
per household is a constant returns to scale function of the capital, labor, and land
inputs, and with the labor input fixed at unity, write f(z, z) for the production of a
one person household. Let end-of-period capital per child be y (so that total capital
is yn) and assume, purely for simplicity, that there is no physical depreciation of
capital. We adopt a one sector approach: There is a single produced good, which
may be used either as consumption or capital. Then a household’s resource constraint
is

c+(k+y)n< f(z,2)+ 2. (1)

Its Bellman equation is
1

v(z,z) = max W {(e,n, vM (2)

subject to (1). Equation (2) reflects the distinction between reproducible capital, ac-

cumulated by investment out of goods production, and non-reproducible land, where

150f course, a “classless” society is not the same thing as an equal income society.
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the stock z is simply divided equally among the n children, each reéeiving z/n.

The first-order and envelope conditions for the problem (2) are:
Wale,n, ') = (k + y)We(c,n,u') + Wy(c, n, u’)vxwx/nz,

W.(c,n, u’)vzg.@\f/)) = nW.(c,n, o),
v:(, 2) = We(e, n, v'){f2(z, 2) + 1],

v:(Z,2) = We(e,n,u) fulz, 2) + Wal(e, n, w4\ z/ %,

u’=w

In a steady state, in which , z =y, and u = v = v(z,z), this system

~

where

reduces to

u=W(c,1,u), (3)

c+k=f(zz), (4)

Wale,1,4) = (k4 2)Wa(c, 1, 1) + Wa(c, 1, u)ve(z, 2)z, (5)
Wale, L, u)vs(z, 2) = W(e, 1, 0), (6)

v:(2,2) = Wele, L, u)[fu(, 2) + 1), (7)

v2(2,2) = We(c, 1,u) fo(z, 2) + Wal(e, L, u)u, (2, 2). (8)

Use the envelope conditions (7) and (8) to eliminate the two derivatives of the value
function. Then the first-order conditions (5) and (6) can be restated as

Wale,1,u) Wale, 1,u)
Wele,1,u) k+zdt 1-Wile 1,u) fl=, 2)z, (9
Wle,1,w)lfu(z,2) +1] = 1. (10)

View (3), (4), (9), and (10) as four equations in the steady state values of u,c,z, and

Z.
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Following the procedure used in Chapter 3, solve (3) for u = g(&) and define the
marginal rate of substitution function m(c) and the discount rate function p(c) as in
Chapter 3. In terms of these functions, (9) and (10) can be restated as

_ fz(fc’z)x :
m(c) —k+Z+-Tc)~, (11)

ez, 2) = p(c). (12)
Now we solve (4), (11), and (12) for the steady state values of ¢, z, and z. Given the
equilibrium amount of land per person, z, the given quantity of land determines the
equilibrium population.

With the per capita values ¢ and z constant, these equations obviously do not
describe an economy undergoing sustained growth. But is this system Malthusian, in
the sense that steady state consumption and welfare are independent of the technol-
ogy? The case of Cobb-Douglas production is again helpful, though not conclusive.
Let f(z,z} = Az*2*, @ + v < 1, so that (4), (11) and (12) become

c+ k= Az, (13)
aAzcz?
mic)=k+ 24 ———, 14
© S (14
and
vAz®2*"! = p(c). (15)

Use (15) to eliminate x and substitute into (13) and (14) to obtain

ct+k= z%ﬂ (16)
and
m(c) = k+ (3342, (17)

Eliminating z between these equations gives

m(c) =k + (a+v)— (18)

c+k -
plc)’
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which replicates (8) in Chapter 3 for the land-only economy.
In a steady state with no capital depreciation, then, land and reproducible capital
enter fully symmetrically. The system can again be solved recursively, one-variable-

at-a-time. Equation (18) yields steady state consumption, given child raising costs k.

and the production function parameters o and v. The production function intercept
A does not affect this level. Given c, the equilibrium discount rate p(c) is determined,
and the level of reproducible capital z can be obtained from (16): It, too, is indepen-
dent of A. Finally, land per household z can be obtained from (15). With total land
quantity given, this amounts to determining the equilibrium population. Increases in

A induce increases in population only, exactly as in the economies of Chapters 3 and
4.16

Two Variations

The equilibrium just developed is fragile, in the sense that some of its most es-

sential features depend critically on specific assumptions. One of these is the presence @ o (g }

of land as an input, along side capital. If we were to introduce capital in place of
land as an input, so that the value function depends on the single state variable z,

the system of first-order and envelope conditions is replaced by the three conditions
Wale,n,u') = (k + y)We(c, n,u'),
Wale,n, u' ) (y) = nW,(c,n, ),
V'(2) = Wele,n, ) (f'(2) + 1).
The steady state equation system, analogous to (3), (4), (9), and (10), becomes

u=W(e,1,u), (19)

'8As in Chapters 3 and 4, the sharp distinction between the effects of changes in the production
function intercept A and of changes in the share parameters a and v is very much specific to the

Cobb-Douglas assumption. Away from this borderline case, other possibilities emerge.
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e+ k= f(2), T (@

Wale,1,u) -
—Wc(c, Ta) = k+z, (21)
Wule, 1, u)(f(z) +1) = 1. (22)

But (19)-(22) are four equations in the three unknowns c,u, and z: the system is
over-determined!

In the absence of land as an essential input, the analogue to a steady state
equilibrium is found by leaving the fertility level n free and solving the system

u=W(e,n,u), (23)

¢+ (k+2)n = f(z) + 2, (24)
Wale,n,u) ,

Wiena) — k+ 2z, (25)

Waule,n,u)(f(z) +1) =n. (26)

A solution {c, u, n, z) to the system (23)-(26) corresponds to a kind of balanced growth
path, on which population is growing (or declining!) at the constant rate n—1, and per
capita capital and consumption are constant. We can think of such an equilibrium
Path as the counterpart to the original growth models of Solow (1956) and Cass
(1965), without exogenous technical change, but with the non-zero population growth
rate determined by the model rather than simply assumed. As in Razin and Ben-Zion
(1975), we obtain a theory of sustained growth in total production, but not in living
standards.

It is also essential to the existence of a steady state population level in the basic
model of this chapter that the cost of bearing children take the form of an amount
of goods rather than simply of time. To see this, we pursue a second variation. We

reintroduce land as a factor of production, but assume that raising n children requires
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using kn units of the household’s unit time endowment and no godds. That is, we

reformulate the resource constraint as

c+yn < f(z,1 - kn,z) + 2, (27)

where f(z,, z) is a constant returns function of the three inputs: land, z, labor, £,

and reproducible capital, z. The household’s Bellman equation in this case is

v(m: z) = rcn'ia.;cW (c,m, 'U} ) /n)) (28)
subject to (27).
We will study this problem under the assumptions that W is homogeneous of

degree one in the pair (c,u), for any fixed n, and that production is Cobb-Douglas:
f(z,¢,z) = Az*£*~>"¥z*. Under these conditions, the change of variable

w= mazu-—l

(similar to that used by Caballe and Santos (1993)) is useful in reducing the dimension

of the state space from two to one. In terms of the pair (z,w) the production function
is
flw, 8,2} = A2V 2,
and the resource constraint (27) becomes
c+yn < AQl - kn}" " Vzw + 2. (29)

With the state variables (z,w), the household’s Bellman equation is:

Y(z,w) = max W (on, iy, wno(Ey1), (30)

cny
subject to (29).
Let w = c¢/z and ¥ = y/z. Then it is a reasonable conjecture that (30) has a

solution of the form ¥(z,w) = z¢(w), where the function ¢ satisfies
p(w) = max Wlw, n, yp(wn=>y"~)] (31)
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subject to
wt+ny <A1 -kn)l"* Yy +1-6. ' (32)
We formalize this idea as@ !
Lemma. If p(w) solves (31) then y{z, w) = zp(w) solves (30).
Proof. Suppose  satisfies (31). Fix w and let (w,n, 7) attain (31). Then (32) is
satisfied and the triple (¢, n,y) = (wz,n,vz) satisfies (29). Then if (24,7, 2%) is any
triple that satisfies (29), (&, #,%) also satisfies (32) and we have

P(z,w) = zp(w) = :Ww, n, yp(wn=y"1)]

> Wb, 4, Yp(wh 51|
= W[z, #, z'?go(wﬁ'“(i})wl)]
= W{zi, 7, ¥(27, wﬁ“"(fz—;r)"'l)]-
Note that the next-to-last step uses the homogeneity of W. 00,

Steady states and balanced growth paths of this system, solutions that have the
property that the state variable w is constant, will satisfy

w = wn—a,yv—l’

or

n = 4@ le (33)

Thus a steady state with constant population, n = 1, will have a constant level of
physical capital as well, ¥ = 1. But the existence of such a steady state would be
purely coincidental. In general n will differ from one, and (33) requires that capital
grows at the rate that will maintain constancy of the marginal product of capital
(proportional, in this Cobb-Douglas case, to the output-capital ratio). Suppose, for

example, that n > 1, so that population is increasing forever. Then since the total

45



quantity of land is constant, land per household is decreasing forevef, and since land
and capital are complements, this in itself would imply that the marginal product of

capital is decreasing forever. To maintain constancy, and hence to keep (33) satisfied,

capital per household and goods consumption per household have to be decreasing

forever too. Imagine a world in which ever more numerous but smaller people cultivate
ever smaller plots of land with ever decreasing quantities of capital!

The problem with these variations on the basic model of this chapter is that both
of them, in different ways, break the link between resources and human physiology.
In the first variation, neither land nor any other fixed resource is used in production,
so the economics of the situation can determine no more than the ratio of people to
reproducible capital. In the second variation, only adult time is used to produce & new
adult. Land is needed to produce goods, but the consumnption of goods per person can
either grow or decline indefinitely. ‘Later on, when we want to approximate a modern
economy in which limits on land have become less and less important, something like
this second variation will serve as an interesting and helpful approximation. But in the
present context, where we are seeking theoretical possibilities for capital accummlation
that have the potential to help a society to free itself from Malthusian demography,

neither of the variations explored in this section is of much interest.

Discussion

None of the classical economists would have viewed the failure of the models of
this chapter to produce sustained growth in per capita income as either a surprise or a
deficiency. To see the aggregate behavior they were attempting to understand, cover
up Figure 3 from 1817 (when Ricardo’s Principles were first published) on. But by
the middle of the 19th century, it was evident to Karl Marx and Friedrich Engels (at
least) that something had happened in the wealthiest nations that was entirely new

in human history. Recall their paragraph on the economic achievements of capitalism
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in The Communist Manifesto:1?

The bourgeoisie, during its rule of scarce one hundred years, has
created more massive and more colossal productive forces than have all
preceding generations togethér. Subjection of Nature’s forces to man,
machinery, application of chemistry to industry and agriculture, steam
navigation, railways, electric telegraphs, clearing of whole continents for
cultivation, canalization of rivers, whole populations conjured out of the
ground—what earlier century had even a presentiment that such produc-

tive forces slumbered in the lap of social labor?

Marx believed that the industrial revolution described in this paragraph was
a transition from one steady state to a new one, following a shift in technology—
the “factory system”—that made capital-intensive production more profitable. He
viewed it as an event that would be completed without permanently altering the
living standards of the poor, not as the onset of sustained growth in living standards.
Surely this was a defensible position in 1848: see Figure 3, again. We now scorn
Marx for this unsuccessful forecast, though all of his contemporaries shared it (or
would have if they had had the imagination to try to work out where the capitalist
economies were heading). We should rather credit him for his empirical judgment in
distinguishing the genuinely new from the familiar.

One can see from (18) that without a class structure an increase in the elasticity
v of capital will induce a.n increase in steady state consumption (and welfare). The
same is true for an increase in the land elasticity c.. Either change in the productivity
of a kind of inheritable capital alters the terms of the quantity-quality tradeoff in
favor of reduced fertility. Some modern observers attempt to reconcile the fact of

sustained income growth with the idea of the industrial revolution as a transition

17Marx and Engels (1848), reprinted in Simon (1994), p.163.
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from one steady state to another by thinking of a succession of techhologg; shocks of
this type. One reads of the first industrial revolution, the second, and so on, in stages
that are either -é@{mply numbered or given more colorful labels. There must be
something to this—we do not get sustained growth by making the same invention over
and over—but no one has had any empirical success with models based on a succession
of discrete, widely separated, big shocks. I am inclined to take such popular usage as
a reflection of lack of analytical technique rather than a substantive insight into the
process of technical change and growth.
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6. FERTILITY AND SUSTAINED GROWTH

We know that in a model in which population growth is taken as given, the ac-
cumulation of physical capital is not sufficient, by itself, to generate sustained growth
in per capita incomes. Since adding a fertility decision to the theory does not provide
an engine of growth, it is hardly surprising that this modification does not yield a
theory of growth. In this chapter, I consider two modificatons that have been used to
generate sustained growth in models without a fertility decision: the introduction of
exogenously given technological change, and the introduction of endogenous human
capital accumulation under a constant returns technology. We will see that these two
potential engines of growth interact with the theory of fertility in very different ways.

A Model with Exogenous Human Capital Growth

Looking ahead to the construction of balanced growth equilibrium paths, it will
be essential to maintain the assumption that the dynastic preference function W is
homogeneous of degree one in the pair (¢, u), for any fertility level n. This property
holds for the example

W(c,n,u) = ct~PnnP (1)

used repeatedly (in log version) in earlier discussion.

On the technology side, it will be simplest to begin with a constant returns, labor
only technology for producing goods. Specifically, goods production per household is
assumed to be h,u;, where u, is the fraction of the household’s unit time endowment
that is devoted to goods production, and h, 1s the human capital of the household
head. In this example, I assume that h, simply grows at the given, constant rate
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¥ -1,
hti1 = vhe.

The only other use of time is assurned to be child raising. The technology for this
activity involves a fixed amount % of time (not goods) per child, so that a parent with
n children spends 1 — kn units of time producing goods. The resource constraint of
a typical household is then ‘

c < k(1 - kn). (2)
The household’s Bellman equation is:

U(h) = n%%xW (eyn, ‘U(’Th)) 1 (3)

subject to (2).
Equation (3) will have a solution of the form v(h) = Bh, where the constant B

satisfies
Bh = max W (h(1 - kn),n, Byh) = max AW (1 — kn, n, B)
by the first degree homogeneity property of W. Cancelling gives:
B=m’?.xW(1—kn,n,B'y). (4)
The first-order condition for the problem (4) is:
Wo(1 — kn,n, By) = kW,(1 — kn,n, By). (5)

We can think of (5) and
B=W( - kn,n,By)

as two equations to be solved for n and B, independent of the technology level A.

For the example (1}, the solution for n is given by

kn U

“T-j+7 (6)
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analogous to the solution for the hunter-gatherer example of Chapter 3.8 In this
case, note that the rate of technological change + does not affect fertility at all: The
parameter B is an increasing function of y (provided 8y < 1, as I assume), but neither
B nor v affects the solution for n.

More generally, as long as we retain the complementarity assumption (see Note
9) that an increase in future utility per child increases the marginal utility of children
to the parent—that parents would rather bear happy children than unhappy ones—
this theory implies a fertility level that is non-decreasing in the rate of technological
change. I do not see how one can get a demographic transition out of such a theory.
On the other hand, if we reverse the complementarity assumption we lose the stability

of the Mathusian equilibrium in the models of pre-industrial societies.
A Model with Endogenous Human Capital Growth

Re-stating this labor-only model as a model of endogenous technical change
completely resolves this impasse, as I will next show. Replace the exogenously given

growth rate « for human capital with the equation

his1 = hap(ry), (7)

where 7; is the fraction of the household’s unit time endowment that is devoted to
investment in the human capital of one’s children. I continue to assume that there is
& minimum amount k of time (not goods, in this case) per child, so that the resource

constraint of a typical household is

c<h(l—(r+k)n). (8)

18The analogy is natural, since that example and this one involve labor-only technologies; it is

inexact because in the present example child-raising costs take the form of time rather than goods,
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The household’s Bellman equation is now written:

v(h) = max W (c,n, v(he(r))), (9)

subject to (8).

Once again, we can see that the homogeneity property of W implies that a

solution to (9} will take the form v(h) = Bh, and that the constant of proportionality
B must satisfy

B= qulg._xW (1 = (r + k)n,n, Bp(r)). (10)

The two first order conditions are
Weo (1~ (r+k)n,n,By(r)) = (r+ k)W, (1 — (r+ k)n,n, Bo(r)), (11)

W, (1 — (r+ k)n,n, Bo(r)) By'(r) = nW, (1_— (r + k)n,n, Be(r)). (12)

Specializing to the example (1), (11) becomes:
U] 1-5
4= k)———H
n (r+ )1 —(r+k)n’
which can be rearranged to give the expression
(r+k)n = ———o (13)
1=8+7n
for the total time expenditure on children. Compare (13) to the solution (6) for the
exogenous technical change case, but in contrast to (6), equation (13) determines
neither fertility n nor human capital investment r separately.

In this parametric example, the first order condition (12) becomes

Jr) 11—
Pon) =T+ bn

Assuming the form

p(r) = (Cr)
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for the human capital accumulation technology, we have

(14)

and

= k.

n—Be

In this particular, exponential example, then, a change in the parameter C of
the human capital accumulation function does not affect behavior, but an increase in
the exponent € induces both an increase in the time r devoted to acquiring human
capital and a decrease in fertility.’ This is certainly not the first example I have
discussed in which the quantity-quality tradeoff plays a role in determining fertility,
but it is the first in which an improvement in technology—which an increase in ¢
represents—Ileads to a permanent reduction in fertility. This is the central idea in the
Becker, Murphy, Tamura (1990) account of the demographic transition.

Some recent research on economic growth has assigned great importance to the
assumption that the engine of growth—technological change—is ezogenous. (Some
writers even take this feature as the defining characteristic of a neoclassical model!)
This emphasis seems to me badly misplaced: Surely technological change must arise
from some time-consuming activity. The present example shows that to explain the
observed behavior of fertility during 2 demographic transition, one needs to assign an

important role to endogenous human éapita.l accumulation, motivated by the private

1°The functional form ¢(r) = (Cr)* facilitates the explicit solution in this example, but it does
not make a lot of sense at all values of r: think of the case » = 0. I think of the parameter C as
chosen so that equilibrium growth is positive, which requires Cr > 1. In this case, an increase in ¢
increases the growth rate of human capital for each level of r, and so unambiguously represents an

improvement in technology.
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rate of return to this activity. Of course, one need not assume ecjuahty of the private
and social returns to investment in human capital. It may well be that new knowledge

accrues to some who do not invest at all, in which case they might perceive it as

“exogenous.”
Elaborations with Physical Capital

When physical capital is added to this model, one obtains essentially the theory of
Lucas (1988) and Caballe and Santos (1993), modified to include the fertility decision.
Assume, to be specific, that goods production per household is a constant returns
function of physical capital 2 and the labor input k. (This entails the assumption
that one person with human capital 4 is the productive equivalent of two people with
h/2 each.) Let physical capital depreciate at the rate 6, so a household in state (z, h)
that produces f(z, h) has f(z,h)+(1~6)z units of goods at its disposal, to be divided
between consumption c, capital left over for its children, yn, and child raising costs
(r+k)hn. Finally, assume the human capital technology (7). The resource constraint
of a typical household is then

c+[y+ (r+k)hn < f(z,h) + (1 - 6)z, (15)
and the household’s Bellman equation is:

v(z,h) = max W (c,n, v(y, hep(r))), (16)

o,y
subject to (15).
The change of variable similar to that used in the last example of Chapter 5 can
reduce this problem to one with a single state variable. Let w = z/h be the ratio of
physical to human capital, let & = ¢/h be the ratio of consumption to human capital,

and let v = y/z, so that v — 1 is the growth rate of physical capital per capita. The
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resource constraint (15), restated in terms of the pair (w, &), is ‘then:
84 (yw+r+kn < f(w,1)+ (1 - §)w. (17
It is a reasonable conjecture that if the function ¢(w) solves
yw
= wW|é ——
otw) = e W (6,7, o)l 15 (18
subject to (18), then h¢(z/h) will solve (16). We formalize this aia})
Lemma. If ¢(w) satisfies (18), then h¢(z/h) satisfies (16).
The proof, an application of the fact that W(c, n, u) is homogeneous of degree one
in the pair (¢, u), is essentially the same as that of the Lemma in Chapter 5.
Without working out all the details, we can see that the system of first-order
and envelope conditions for the problem (18) can be made consistent with a balanced
equilibrium path, on which consumption and the two stocks of capital z and h all
grow at the constant, common rate vy = ¢(r), and the ratio w = z/h is constant:
essentially the model of Section 4 of Lucas (1988). On such a balanced path, the

fertility level n and the level of human capital investment in each child, r, are both

constant.
Conclusions

Models of sustained per capita income growth can be based on exogenous im-
provements in technology, or knowledge, or human capital, or they can be based on
economic decisions to invest in activities tha}‘g produce such improvements. With the
population growth rate taken as fixed, such models can be hard to distinguish on
the basis of aggregative time series. Once fertility is viewed as an economic decision,
however, these two classes of models have sharply different predictions. Theories of
exogenously given technological change imply that h'igher growth should be associ-
ated with higher fertility: People prefer to bring more children, not fewer, into a world
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that offers them a more prosperous life. Theories in which higher g'rowth is viewed
as a response to increases in the return to investment in human capital, in contrast,
can imply that increases in growth are associatéd with reductions in fertility. This is
the case in the second example of this section. Under the technology of this example,
a family that wants to take advantage of an increase in the return to investment in
knowledge does so, in part, by reducing the number of children so as to devote more
time and resources to each child. Only this second classps’of theories, those based on
endogenous human capital growth, is consistent with the demographic transition.

Human capital is a broad term, encompassing cognitive achievernents that range
from basic scientific discoveries to a child’s learning how to read or how to plow
behind a horse. Which particular activities are we thinking of if we center our view
of economic growth and the industrial revolution on human capital accumulation?
When Paul Romer stresses “kmowledge capital” as “blueprints.” he is thinking of
human capital at the most abstract and ethereal end of the spectrum: Important
additions to a society’s human capital that are, for almost all of us, events that happen
to us without our doing anything to bring them about. When another economist
stresses improvements in literacy, he is thinking of human capital at the other end
of the spectrum, far from Science with a capital S, capital that is accumulated only
if many people devote their time and energy to doing so. In any actual society,
the accumulation of knowledge takes both these extreme forms, and the range of
possibilities in between, but it is only the second kind that can simultaneously also
help us to explain the reduction in fertility that is essential to defeat the logic of
Malthusian theory.

The demographic transition necessarily involves more than the accumulation of
knowledge by a privileged class or subset of people. Such accurnulation has taken
place for centuries, inducing technical change, improved living standards, and in-

creases in population, but ultimately leading to a return to the living standards of
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earlier ages. The new element that must have been involved in fhe dexlnogra.phic
transition was an increase in the return to human capital accumulation that affected
everyone, and hence every family’s fertility choices. The industrial revolution required
a change in the way people viewed the possibilities for the lives of their children that‘
was widespread enough to reduce fertility across economic classes, affecting propertied
and propertyless people alike.

The fact that the colonial system failed to bring sustained income growth to the
colonized societies of Asia and Africa seems to me consistent with such an econom-
ically democratic view of the industrial revolution. Certainly the flow of European
ideas brought increases in productivity and (hence) in population to British India
and the Dutch East Indies. What colonialism did not bring to these societies were
increases in the return to investment in children of ordinary familes, increases with
the potential to change the quantity-quality tradeoff faced by these families and to
induce a demographic transition. Independence (I conjecture) brought about the re-
moval of the limits on upward mobility imposed by the colonial system, altering the
terms of this tradeoff and opening the way for growth in per capita as well as total

production.
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7. CONCLUSIONS

Defined as the onset of sustained income growth, the industrial revolution was not .

exclusively, or even primarily, a technological event. Important changes in technology
have occurred throughout history, yet the sustained growth in living standards is
an event of the last 200 years. The invention of agriculture, the domestication of
animals, the invention of language, writing, mathematics and printing, the utilization
of the power of fire, wind and water, all led to major improvements in the ability to
produce goods and services, and these and many other inventions made possible
enormous growth in population. Depending on where such inventions occurred, some
of them induced important shifts in the relative power of different societies. By the
seventeenth century, indeed, their ability to generate new technology had enabled the
Europeans to conquer much of the world. Yet none of these inventions led to any
substantial increase in the living standards of ordinary people, Europeans or others.
All of this is precisely as the theory of Malthus and Ricardo explicitly predicted, or
more likely, as it was designed to explain.

Of course this is not to say that prior to the last two centuries everyone lived
at a level of subsistence, even where subsistence is given an economic as opposed to
a biological definition, as I have done. Wherever property rights in land and other
resources have been established, property owners have enjoyed incomes in excess of,

often far in excess of, subsistence.? Virtually everything we think of as civilization

%0 According to Johnson (1948), the share of farm income accruing to land in the U.S., 191-
1946, was between 0.30 and 0.35. (Table IV, p.734). This fraction is apparently fairly stable across
different levels of income. McEvedy and Jones (1978), estimate that Egypt’s population at the time
of the conquest by Rome was 4m. At a per capita income of $600 1985 U.S., this corresponds to a
GDP of $2.4b., almost all of which was farm income. Multiplying by 0.3 gives an estimate of land
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has been sustained by land’s share in production, and most of pohtical and military
history is the history of conflicts over how this share shall be disposed. The existence
and indeed the persistence over centuries of wealthy landowming families need not
conflict with the Malthusian or Ricardian fertility theory, for parents with any kind
of inheritable property are faced with a Beckerian tradeoff between the quantity of
children and the “quality” (that is, utility) of each child.

Our common sense tells us that the kind of quantity-quality tradeoff entailed in
the heritability of land cannot generate sustained income growth. A redistribution of
land can reduce the fertility of some families and increase the fertility of others, but as
in the example worked out in Chapter 4, such a redistribution need not even affect the
long run level of average income and surely it cannot affect the long term growth rate
under any reasonable assumptions. The accumulation of reproducible capital adds
new possibilities, but for the reasons familiar from Solow’s (1956) original paper,
diminishing returns prevent physical capital from serving as an engine of growth.
This leaves human capital.

That the accumulation of human capital can serve as an engine of sustained
growth is by now well known, and this idea has been embedded in a wide variety
of tractable models. But human capital is a very broad term, so broad indeed that
human capital based growth theories can be little more than older theories with key
terms re-labelled. I have argued in the last chapter that incorporating a fertility
decision into theories of growth can help to sha.rpen our thinking considerably on the
kind of human capital growth that is essential to income growth. What is needed
are opportunities for human capital investment that face the mass of households

in a society with a quantity-quality tradeoff. A small group of leisured aristocrats

rental income of §720m. Some of this annual income flow must have gone to those who enforced
and administered Roman rule, but even so it is not hard to see how some very comfortable lifestyles

and impressive monuments were financed. )
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can produce Greek philosophy or Portuguese navigation, but this is not the way the

industrial revolution came about,

Transition

I have said what I can about the industrial revolution, mostly by means of explicit
models that seem to me to jlluminate various aSpecfs of it. But I have not offerred
a model capable of unifying classical and modern growth theory in the sense of my
introductory chapter, a model that can be simulated to exhibit a transition from
per capita income stagnation to sustaiyned growth. In my view, the essentials of
such a transition would include a shift in the return to human capital accumulation
that alters the trade-offs individual families face, and an account of why the onset of
sustained growth is associated with a dramatic reduction in the importance of land
as a factor of production. I hope the models I have developed illustrate the central
importance of these two issues: Compare any of the classical models of Chapters 3
and 4 to the endogenous growth models of Chapter 6.

Becker, Murphy, and Tamura (1990} have addressed the first of these transitional
issues, in a way that has stimulated much of these lectures. Their model exhibits two
possibilities for long run behavior, one with high fertility and low growth and another
with low fertility and high growth. But their low growth equilibrium is not really
Malthusian or classical in any sense: Land plays no role and the population level is
not determined by the theory. Laitner (1994) has modelled the changing role of land
as a factor of production over the course of the industrial revolution in a way that
is technically promising and closely grounded in evidence. Let me simply say that
I have spent many days trying to integrate the ideas in these exciting papers into
the models presented above, and continue to believe that a satisfactory theory of the

transition to the industrial revolution will have to do this successfully.
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Diffusion

An understanding of the onset of the industrial revolution would presumably
also yield an improved understanding of its gradual diffusion to country after coun-

try. Tamura (1991), (1996) proposes a mechanism for the diffusion of the industrial

revolution, based on the idea that the return to aceumulating human capital in any
economy is an increasing function of the level of human capital in the world economy
as a whole. According to this model, once any economy has entered onto a phase of
sustained human capital growth, the world stock is destined to grow without bound,
and this growth eventually leads, via an external effect, to an increase in the return
on human capital investment sufficient to trigger a demographic transition in every
other economy. The model fits our sense of the diffusion of knowledge, and also our
sense that the industrial revolution is a single event, not many independent events.
The fact that human-capital based models of growth lend themselves, with external
effects, to such diffusion is, I think, yet another point in their favor.

How do these external effects occur? What is the process by which knowledge
in one society affects its rate of accumulation in another? Geography is obviously
part of the answer: One can see industrialization diffusing in space in the historical
data. But physical proximity cannot be the key to anything: Albania did not share
in Italy’s postwar miracle, nor North Korea in Japan’s. Geographical proximity must
matter because it increases economic proximity, thréﬁgh trade and the interchange of
ideas that trade stimulates. Stokey (1988), (1991) and Young (1991) have formalized
a comnection between trade and human capital growth. Chuang (1993) and Irwin
and Klenow (1994) have demonstrated the empirical importance of learning spillovers.
Lucas (1993) argues for their central importance, and I interpret Parente and Prescott

(1994) as a complementary view.
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Prediction

Modern theories of sustained growth, such as those of Chapter 6, abstract from

considerations of land supply and limited resources generally. Such theories can,

and do, fit long stretches of economic time series fairly well, but obviously they.

cannot fit forever. At some point, population will attain an upper bound and either
stay there or begin to decline. Popular discussion has emphasized limits imposed
by finite supplies of fuel, but predictions of fuel exhaustion—especially exhaustion
that catches everyone by surprisel—have not received much support from economic
analysis. Limited land supply may ultimately show up in rising relative prices of
food, though there is certainly no sign of this yet, or in prices of residential land.
Residential space has a high income elasticity, so it may be that if per capita incomes
continue to grow without bound population growth will ultimately turn negative. We
may become an ever less numerous race, with ever more palatial estates! Obviously
none of the models I have explored here would be of much help in thinking about these
questions about the very distant future, but this does not mean economic reasoning
could not usefully be applied to them.2!

If it is clear that population must eventually be bounded, no analogous reasoning
applies to per capita incomes. There are a number of theoretical models that relate
population growth rates to the growth rate of knowledge, with the property that zero
population growth implies zero growth in productivity, but this feature seems acci-
dental, readily modified, and not supported by evidence.?? Economies with rapidly
growing populations do not have systematically higher rates of productivity growth
than other economies (Backus, Kehoe, and Kehoe (1992)). On the other hand, there
is enough mystery surrounding the discovery of new kmowledge that it is hard to be

?1Cohen (1995} contains a stimulating, but entirely non-economic, discussion of the estimation of

very long term population.
Z2The earliest is Arrow (1962).

’
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sure th@ZOth century rates of growth will continue into the indefinite future. All one
can say is that no tendency for scientists and others to run out of unsolved problems
has yet been observed. The 19th century idea that Science would get to the bottom
of things has not fared well in the 20th.

Even if it is impossible to tell whether productivity growth in the wealthiest
economies will accelerate or diminish, the evolution of relative productivities has a
clear and theoretically intelligible pattern. The industrial revolution began when

a few economies entered onto a phase of sustained growth, leaving the rest of the

world in a Malthusian ethbnum By the mid nineteenth century, this process of

sustained growth in some countries and stagnation in others had led to perhaps a
factor of 1.7 difference in living standards between Europe and mainly European
occupied countries and the rest of the world; by the beginning of the 20th century,
this difference had grown to something like a factor of 3.2.2 Throughout the first
half of this century this gap continued to grow, leading to a factg of 5.7 difference
between European and non-European societies by 1950, and toAfactor of 15 to 25
differences in income between the richest and poorest societies.

In the period since World War II and the end of the colonial age, measures of
income inequality across countries have stayed fairly stable. During this period, many
societies have joined the industrial revolution, which has tended to reduce measured
inequality, but others have continued to stagnate, increasing inequality. It is hard to
read the future in data from 1960 to 1990, but I think it is becoming increasing clear
that the enormous inequality of the postwar period is at its all-time peak, and will
decline in the future until something like the relative incomes of 1800 are restored.
Within Europe, and between Europe and America, thereﬂbeen a dramatic equalization

since 1950. One non-European nation after another has followed Japan into rapid

2*By “European and mainly European occupied countries” 1 mean Regions I, III, and IV as defined

in Figure 3. :
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income growth, and no one can see anything but unstable politics and mercantilist

trade policies that keep the rest from doing so.
At the turn of the last century, many sophisticated observers were persuaded

that northern Europeans must have racial or cultural advantages that accounted for

the income differentials that had emerged during the 19th century. Now, at the
end of another century, it is abundantly clear that full participation in the economic
benefits of the industrial revolution is open to countries of all races and cultural
backgrounds. Figure 7 plots the share of the total world pdpulation in European
dominated economies, and also the European share in total product, from 1750 to
the present. These shares were roughly equal, at about .24, in 1750, reflecting approx-
imate equality in per capita production at that date. The share of world population
in countries of mainly European populations peaked in the 1920s, at about .37. Itﬁl;‘:t
under .30 in 1850 and has returned to that level today. The share of production in
the European economies reached a peak of .76 in 1950, and is now .65. Does anyone
doubt where these two time series are headed? The legacy of economic growth that
we have inherited from the industrial revolution is an irreversible gain to humanity,
of a magnitude that is still unknown. It is becoming increasingly clear, I think, that
the legacy of inequality, the concomitant of this gain, is a historical transient.

[INSERT FIGURE 7 HERE]
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Figure 7: European Shares of World
Production and Population
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Data Appendix

This appendix describes the sources and procedures used to construct Figures

1-5 in the text. All of these figures are based on the population and per capita

GDP data provided in Tables 1 and 2. Table 1 provides population estimates for 21
regions of the world, for the 15 indicated years from 1500 to 1990. Table 2 provides
estimates of per capita GDP in 1985 U.S. dollars for the 11 indicated years from 1750
to 1990. I will first describe the sources and general procedures used for obtaining the
population estimates, then the sources and procedures for the production estimates,
and finally, define the 21 regions and discuss any special problems =t'.hat arise with
them.

[INSERT TABLES 1 AND 2 HERE]

Unless otherwise noted, the population estimates in Table 1 from 1960 on are
from version PWT5.6 of the Penn World Tables described in Summers and Heston
(1991). I abbreviate this source as S&H. Population figures from 1950 and before
for all regions are from McEvedy and Jones (1978), which I abbreviate M&J. Post-
war population figures for countries not found in either of these sources are usually
taken from the UN Statistical Yearbooks, abbreviated U.N. Other sources are cited as
pertinent. All these secondary sources use primary census data and official estimates,
wherever available, so differences among them are minor. Comparison of population
data for 1950 from M&J and S&H shows very close agreement for most regions.

Per capita production data are presented in Table 2, for these same 21 regions.
Where both GDP and GNP are available, GDP is used. Otherwise, GNP is used. In
all cases, we refer to the measure as GDP. Unless otherwise noted, all GDP estimates
from 1960 on (from 1950 on, where available) are from S&H. The entries in bold face
in Table 2 are the earliest figures taken from S&H. I use Variable 2 (RGDPCH) from
S&H as the per-capita GDP estimate. As described ‘in the source, RGDPCH is a
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1 Africa
2 North Africa & Middle East
3 United States
4 Canada
5 Mexico
6 Southern Cone
7 Rest of Latin America
8 Japan
9 China
10 East Asia
11 Southeast Asia
12 Indian Subcontinent
13 United Kingdom
14 France
15 Germany
16 Low Countries
17 Scandinavia
18 Rest of Western Europe
19 Former Soviet Union
20 Eastern Europe
21 Australia & New Zealand

Table 1: World Population (in millions) 1500-1990

1560 1600 1650 1700 1750 1800 1850 1875 1900 1925 1950

as 44 48 52 56 60 68 76 88 111 162
28 35 M 33 34 36 44 52 63 77 111

1 1 1 1 2 6 24 44 76 115 150
0.2 0.2 0.2 0.2 0.3 0.5 2 4 5 10 14
5 4 4 4 5 6 8 9 14 15 27
1 1 1 1 t 1 3 5 9 16 25
7 6 6 7 8 1 22 29 43 67 111

17 22 25 29 29 28 32 36 45" 60 84
110 160 140 160 225 320 433 413 472 527 582

4 5 5 7 8 10 12 13 15 23 39
20 22 24 26 29 33 44 57 85 122 180
105 135 150 165 175 190 230 255 290 330 445

5 5 6 T 8 11 21 29 38 45 50
15 18 21 22 24 28 36 38 41 40 42
9 12 11 13 15 18 27 33 43 55 70
2 3 4 4 4 5 8 g 12 16 19
2 2 3 3 4 5 8 10 12 16 18

22 - 29 27 31 37 46 60 67 77 a8 108
17 21 23 27 34 45 74 93 124 168 181
13 17 17 18 23 N 43 53 68 ¥ a7
0.2 0.3 03 0.3 0.4 04 1 2 4 8 10

1960

235
143
181
18
a8
31
149

668
47
219
553
53
46
72
21
20
116
214
08
13

1970

301
188
205
21
53
36
197
104
820

283
700
56
51
78
23
21
125
243
106
15

1980

381
242
228
24
67
42
250
117
983
79
362
887
56
54
78
24
22
134
266
115
18

1990

510
303
250

27
82
49
307
124
1136
91
442
1108
57
57
78
25
23

139
289
120

20



Table 2: Per Capita GDP in 1985 U.S. Dollars, 1750 - 1990

1750 1800 1850 1875 1900 1925 1950 1960 1970 1980 1990

1 Africa ) 455 455 455 466 489 525 636 763 961 1116 966
2 North Africa & Middle East 542 542 542 571 634 742 1129 1647 2574 3583 3494
3 United States a7 870 1519 2581 3943 6034 87172 9895 12963 15295 18054
4 Canada _ 821 854 1279 1923 3095 4254 8380 7258 10124 14133 17173
5 Mexico 826 858 922 1105 1373 1646 2198 2836 3987 - 6054 5827
6 Southern Cone 826 858 958 1262 1756 2313 594 4028 4987 5720 4600
7 Rest of Latin America 817 858 07 1041 1228 1409 1757 1883 2664 3853 3598
8 Japan 636 636 625 681 1025 1401 1430 2954 7307 10072 14331
9 China 630 630 630 630 630 830 500 568 697 973 1325
10 East Asla 630 630 630 630 630 630 630 1004 1812 3458 6807
11 Southeast Asia 630 630 630 630 630 630 630 696 915 1403 1954
12 Indian Subcontinent 630 630 630 630 630 630 630 779 873 935 1295
13 United Kingdom 805 840 1864 2633 3527 4362 5395 6823 8337 10167 13217
14 France 685 752 1207 1612 2152 3110 4045 5823 9200 11756 13904
15 Germany 652 738 1048 1488 2179 2974 3122 5843 8415 11005 13543
16 Low Countries 665 752 1274 1785 2464 3564 4518 5851 8844 11222 13158
17 Scandinavia 692 783 979 1373 2044 2879 4930 6541 9450 11798 14444
18 Rest of Western Europe 665 753 1126 1408 1840 2301 2813 3951 6622 8694 10729
19 Former Soviet Unlon 578 620 697 815 991 1114 1713 2397 40088 6119 7741
20 Eastern Europe 578 620 709 797 a1 1078 1340 1823 2621 3986 3970
21 Australia & New Zealand 837 870 1862 2650 3672 3984 6678 7815 10505 12143 13962

Note: Bold face indicates earliest estimate from Summers and Heston.




chain index series that values a country’s real gross product in international prices of
a base year. The listed figures are in 1985 international prices.
For the years 1950 and before, I used Bairoch (1981), which I abbreviate B, as

the source of per capita GDP. (Maddison (1983), (1991), and (1995) also provides per

capita GDP estimates for various countries and parts of the world.) These estimates
are in 1960 U.S. dollars. I converted to 1985 dollars using the ratio of deflators for
1960 and 1985 from S&H, which entails simply multiplying all Bairoch estimates by
3.5.

Where overlapping estimates exist, generally for 1960, there are differences be-

tween S&H and Bairoch estimates. When the difference was 4 percent or less, I simply
multiplied all Bairoch estimates again by the ratio of the S&H to Bairoch estimate
for the overlapping year. These multiplicative factors are listed in the region-specific
sections below, for all regions where this procedure was applied.

When the difference between overlapping year estimates exceeded 4 percent, I
used a different procedure. For these cases, I used Bairoch’s estimates of income
levels for 1800, and used his estimates for later years to estimate rates of growth
from this base. I then multiplied all these growth rates by a constant chosen to make
the adjusted Bairoch estimates and the S&H estimates agree for 1960 (1950, when
available in S&H). The details differ from region to region, and are provided below
in the region-specific sections.

We next define the 21 regions, and provide data sources for each.

1. Africa. Includes all of Africa except for the northern tier of countries: Morocco,
Algeria, Tunisia, Libya, and Egypt.

Population: The populations of the Maghreb (M&J, p. 221), Libya (p. 225), and
Egypt (p. 227) were substracted from Africa as a whole (p. 206). Some interpolations
were used for 1650, 1750, 1875, and 1925. Livi-Bacci (1992), Table 1.3, also provides

population data for the entire continent of Africa. These estimates are consistently

66



higher than the M&J estimates for Africa as a whole, substantially 50 for the earlier
years. (For example, the 1500 estimates from these two sources are 46 and 87 million
respectively.)

GDP: Estimates from 1960 on are from S&H. Estimates for 1950 and earlier are

based on the Bairoch, Table 1.7, estimates for Africa as a whole, provided for the
years 1800, 1860, 1913, 1938, 1950, and 1960. The 1800 estimate, 455 = 130 x 3.5,
was applied to 1750 as well. Estimates for later years were interpolated and used to
estimate the annual growth rates given for Region 1 in Table Al. As indicated in
Row 1 of Table A.1, these growth rates were then multiplied by the constant 957,
chosen so that the 1960 per capita income estimate agrees with the S&H estimate,
and then used to interpolate per capita GDP for the indicated years from 1850-1950.

2. North Africa and the Middle Fast. Includes Morocco, Algeria, Tunisia, Libya,
and Egypt, and Turkey, Syria, Lebanon, Palestine (Israel, Jordan), Arabia (Kuwait,
Bahrain, the UAE, Saudi Arabia, Oman, Yemen, Qatar), Iran, Iraq, and Afghanistan.

Population: To the populations of the Maghreb, Libya, and Egypt (above, 1) were
added the populations of Turkey-in-Europe (M&J, p.113), Turkey-in-Asia (p. 134),
Syria and Lebanon (p. 138), Palestine and Jordan (p. 143), Arabia (p. 144), Iraq (p.
150), Iran (p. 152), and Afghanistan (p. 154). Some interpolations are used for 1650,
1750, 1850, 1875, and 1925. For comparison, M&J report 112m. for 1950, while S&H
(supplemented by the UN yearbooks) report 118m.

GDP: Data from 1960 on are from S&H, with minor extrapolations. Data before
1960 are from B, Table 1.7. The average of the Asia and Africa estimates are used
for 1800: 542 1985 U.S. dollars. This figure is applied to 1750 as well. The years
between 1800 and 1960 are interpolated, using the assumption that the growth rates
were proportional to those given for Africa in Table 1.A. The necessary constant of
proportionality in this case is 2.1.

3. USA
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Population: M&J, pp. 287 and 290. Hawaiian population is‘give‘n sepa:rately, pD.
334-336.

GDP: B, Table 1.4 has per capita figures for the U.S. and Canada separately from
1830. North American figures from Table 1.6 are used for 1750 and 1800, for both
U.S. and Canada. S&H data are used from 1950 on. Estimates before 1960 are
multiplied by 1.04, the ratio of the S&H to Bairoch estimates for 1950.

4.Canada.

Population: M&J, p. 285.

GDP: B, Table 1.4 is used after 1830. North American figures from Table 1.6 are
used for 1750 and 1800. S&H data are used from 1950 on. Estimates before 1960 are
multiplied by 1.02, the ratio of the S&H to Bairoch estimates for 1950.

5. Mexzico.

Population: M&J, p. 293. M&J note that the population figure for 1500 is con-
troversial, with estimates as different as 5 million and 30 million. M&J choose the
lower. Interpolation is needed for 1650.

GDP: Estimates from 1950 on are from S&H. Estimates for 1925 and earlier are
based on the Bairoch, Table 1.7, estimates for “Third Worid America” as a whole,
provided for the years 1800, 1860, 1913, 1928, 1938, 1950. The 1800 estimate is 858.
This figure was extrapolated to 1750 as well, keeping the ratio to the U.S. fixed: This
gave (858/870) x 837 = 825. Estimates for later years were based on interpolations
of the estimates in Bairoch, Table 1.7, which imply the annual growth rates given in
Row 5 of Table A.1. My estimated growth rates are proportional to these, with the
constant of proportionality 1.45.

6. South American Cone. Argentina, Chile, and Uruguay.

Population: M&J, pp. 315-317.

GDP: Data for 1950 and later years are from S&H. The estimate for 1800 is from
Bairoch, Table 1.7 for all of Latin America. It was extrapolated back to 1750 with
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the same procedure (and the same resulting number) as with Mexico. Incomes for
the indicated years from 1850-1950 were interpolated, assuming that Southern Cone
growth rates were proportional to those in Row 6 of Table A.1, with the constant of
proportionality 2.2.

7. Rest of Latin America and the Caribbean. Includes the Caribbean Isla.nds,‘

Central America (Guatemala, Belize, El Salvador, Honduras, Nicaragua, Costa Rica,
and Panama), Colombia, Venezuela, the Guyanas, Suriname, Brazil, Ecuador, Peru,
Bolivia, and Paraguay.

Population: M&J, pp. 295-311. Interpolations are used for 1650, 1750, 1875, and
1925. From 1950 on the population figures for individual countries from S&H are
used, where available, and where not, data are from the UN yearbooks.

GDP: From 1960 on, S&H data are used, with minor exceptions. Before 1960, data
from B, Table 1.7, are used, with exactly the same procedures applied in 5 and 6.
These implied the growth rates given in Row 7 of Table A.1. My estimated growth
rates are proportional to these, with the constant of proportionality 1.1.

8. Japan.

Population: M&J, p.181.

GDP: Estimates before 1950 are from B, Table 1.6. S&H is used for the remaining
years. Estimates from Bairoch are multiplied by 1.01, the ratio of the S&H to Bairoch
estimates for 1950.

9. China. Includes Mongolia and Tibet, but excludes Taiwan and Hong Kong.

Population: Starting with the estimate given in M&J, p.167, the populations of
Taiwan (p. 175) and Hong Kong are substracted, and the population of Mongolia
(p. 164) is added. The Hong Kong population was negligible until 1900. The figures
of 0.37m. in 1901, 0.71m in 1925, and 1.93m in 1950 (the last two are interpolated)
from the UN demographic report on Hong Kong are subtracted for the later years.
S&H provide no data on China for 1950, so the M&J estimate is used. The 1975
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S&H estimate, 916m., is considerably higher than the M&J figure of 815m.
GDP: Estimates from 1960 on are from S&H. B, Table 1.7, contains estimates for

earlier years, but the Bairoch estimate for 1960 is 1.41 times the S&H estimate for

that year, and even the Bairoch estimate for 1800 is 1.29 times the S&H estimate for

1960! Rather than work from these numbers, I used 500 for 1950 (reflecting some of

the 1950 to 1960 growth recorded in B, Table 1.7) and then 630 for all earlier years.
See the discussion in 10, 11, and 12 below.

10. East Asia. Includes Taiwan, South and North Korea, and Hong Kong.

Population: M&J, pp. 174-178 for Taiwan and Korea. Interpolations are used for
1650, 1750, and 1875. As mentioned in section 9, Hong Kong’s population for 1900
to 1950 is taken from the UN demographic report on Hong Kong; population before
1900 is taken to be negligible. S&H are used from 1960. North Korean figures from
1960 onward are from the UN yearbooks.

GDP: Estimates for before 1950 are based on the B, Table 1.7, estimates for all of
Asia. These estimates indicate no growth between 1800 and 1950. The 1800 estimate
of 630 = 180 x 3.5 was is used for 1750 and for all years through 1950. Data from
1960 on are from S&H. Extrapolation was used for North Korea.

11. Southeast Asia. Includes Burma, Thailand, Indo-China {Laos, Vietnam,
Khmer Republic/Cambodia), Malaysia, Singapore, Indonesia, and the Philippines.
Ocea.ma. is also mcluded Melanesm (Papua New Guinea, Bismarcks, Solomon Is-
la.nds New Hebndes Fl]l) and Polynesla (Tonga, Samoa, Tahiti, Cook Islands)

Population: M&J, pp. 190-203 and 330-336. Interpolations are used for 1650 and
1750.

GDP: As discussed in section 10, the B, Table 1.7 estimate of 630 is used for
all of the years 1750-1950. Data from 1960 on are from S&H, with the following
amendments. Appendix B of S&H estimates Vietnamese per-capita GDP to be 3.1%
of that of the US in 1985. We use this ratio for all of Indo-China from 1960 to 1990.
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12. Indian Subcontinent. Includes Pakistan, India, Bangladesh, Sri Lanica, Nepal,
Sikkim (now part of India) and Bhutan.

Population: M&J, p.183. Interpolations are used for 1650 and 1750.

GDP: As discussed in section 10, the B, Table 1.7 estimate of 630 is used for all

of the years 1750-1950. Data from 1960 on are from S&H. We assume that the per
capita GDP of Bhutan is the same as that of Bangladesh.

13. United Kingdom.

Population: M&J, pp. 43, 47.

GDP: Estimates from 1950 on are from S&H. Estimates for 1750 and 1800 are taken
from the “most developed” column in B, Table 1.3, multiplied by 3.5. Growth rates
from 1800 to 1950 were estimated using interpolations of the estimates for the UK.
in B, Table 1.4, which imply the annual growth rates given Row 13 of Table A.1. My
estimated growth rates are proportional to these, with the constant of proportionality
1.06.

14. France.

Population: M&J, pp.57-59.

GDP: Estimates from 1950 on are from S&H. Estimates for 1750 and 1800 are taken
from the “Western Europe” column in B, Table 1.6, multiplied by 3.5. Growth rates
from 1800 to 1950 were estimated using interpolations of the estimates for France in
B, Table 1.4, which imply the annual growth rates given in Row 14 of Table A.1. My
estimated growth rates are proportional to these, with the constant of proportionality
1.052.

15. Germany. Includes West and East Germany when they were separate states.

Population: M&J, pp. 69. East Germany (including East Berlin) for 1950, 1960,
and 1990 are taken from the UN yearbooks.

GDP: Estimates from 1970 on are from S&H. For 1960, the estimate for West

Germany is from S&H and the estimate for East Germany is interpolated using the
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assumption that the 1960 ratio of West to East German GDP per éapita ’equals the
1970 ratio (from S&H). Estimates for 1750 and 1800 are taken from the “Western
Europe” column in B, Table 1.6, multiplied by 3.5. Income levels from 1800 to 1960

were estimated using interpolations of the estimates for Germany in B, Table 1.4. For

1950 I used .72 times Bairoch’s estimate for West Germany plus .28 times his East
Germany estimate. For 1960 I used .77 times Bairoch’s estimate for West Germany
plus .23 times his East Germany estimate. These are population weights from S&H.
All estimates from Bairoch are multiplied by .98, the ratio of the 1960 S&H estimates
to those from Bairoch.

16. The Low Countries. Includes Belgium, Luxemburg, and The Netherlands.

Population: M&J, pp. 62-64.

GDP: Estimates from 1950 on are from S&H. Estimates for 1750 and 1800 are taken
from the “Western Europe” column in B, Table 1.6, multiplied by 3.5. Estimates for
Belgium and the Netherlands in B, Table 1.4 are aggregated, using the population
weights .46 and .54 from S&H for 1950. Growth rates from 1800 to 1950 were esti-
mated using interpolations of these estimates, which imply the annual growth rates
given in Row 16 of Table A.1. My estimated growth rates are proportional to these,
with the constant of proportionality 1.055.

17. Scandinavie. Includes Denmark, Sweden, Norway, and Finland.

Population: M&J, p. 51.

GDP: Estimates from 1950 on are from S&H. Estimates for 1750 and 1800 are taken
from the “Western Europe” column in B, Table 1.6, multiplied by 3.5. Estimates for
Denmark, Finland, Norway, and Sweden in B, Table 1.4 are aggregated, using the
population weights .23, .22, .18, and .37 from S&H for 1950. Income levels from 1800
to 1950 were estimmated using interpolations of these estimates. All estimates from
Bairoch are multiplied by 1.04, the ratio of the 1950 S&H estimates to those from
Bairoch.
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18. Rest of Western Europe. Includes Ireland, Switzerland, Austfia, Spé.in, Portu-
gal, Italy, Albania, Greece, Cyprus, Malta, Iceland, Greenland, and the islands that
are now part of Spain and Portugal.

Population: M&J, pp. 47, 87, 89, 105, 107, 113, and 119. Interpolations are
used for 1650, 1750 and 1875. Data from 1950 on are from S&H, except for Albania
(all years) and Malta (1950 and 1990), whose population figures are from the UN
yearbooks.

GDP: Estimates from 1960 on are from S&H. GDP per capita in Albania was
estimated at .26 times the level in Yugoslavia for the years 1960, 70, 80, and 90, based
on the 1990 figures given in the World Almanac and Book of Facts. Estimates for 1750
and 1800 are taken from the “Western Europe” column in B, Table 1.6, multiplied
by 3.5. Growth rates from 1800 to 1960 were estimated using interpolations of the
estimates for Western Europe in B, Table 1.6, which imply the annual growth rates
given in Row 18 of Table A.1. My estimated growth rates are proportional to these,
with the constant of proportionality .89.

19. Former Soviet Union.

Population: M&J estimates for Russia-in-Europe (p.79), Caucasia (p.158), Siberia
(p-161), and Russian Turkestan (p.163) were added. Interpolations were used for
1650, 1750, and 1875. S&H is used for 1960, 1970, and 1980. The UN yearbooks
were used for 1950 and 1990. There is a sizeable discrepancy between the 1950
estimates of M&J (181m.) and the 1951 UN yearbook (193m.). Livi-Bacci (Table
E.1) reports180m. We use the M&:J figure.

GDP: Estimates from 1960 on are from S&H. Estimates for 1750 and 1800 are taken
from the “Eastern Europe” column in B, Table 1.6, multiplied by 3.5. The growth
rates from 1800 to 1830 were taken from the estimates for Eastern Europe in B,
Table 1.6. Growth rates from 1830 to 1960 were estimated using interpolations of the
estimates for the Soviet Union in B, Table 1.4. These sources imply the annual growth
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rates given in Row 19 of Table A.1. My estimated growth rates are prop(’)rtional to
these, with the constant of proportionality .78.
20. Eastern Europe. Includes Poland, Czechoslovakia, Hungary, Romania, the

former Yugoslavia, and Bulgaria.

Population: M&J estimates for “present day Poland” (p.75), Czechoslovakia (p.85),

Hungary (p.92), Romania (p.97), Yugoslavia (p.113) and Bulgaria (p.1 13) were added.
Interpolations were used for Yugoslavia and Bulgaria for 1750. For 1950 and later,
estimates from S&H were used, with the exceptions of Czechoslovakia (1950}, Roma-
nia (1950 and 1990), Bulgaria (1950,60, and 70), and Poland (1950 and 60), which
came from the UN yearbooks.

GDP: Estimates from 1960 on are from S&H, with the following exceptions. Bul-
garia per capita GDP for 1960 was interpolated using the assumption that the ratio
to U.S. income for these years equalled the 1980 ratio. Hungary and Poland for 1960
were interpolated using the assumption that the ratios to U.S. income for that year
equalled the 1970 ratios. Estimates for 1750 and 1800 are taken from the “Eastern
Europe” column in B, Table 1.6, multiplied by 3.5. Growth rates from 1800 to 1960
were estimated using interpolations of the estimates for Eastern Europe in B, Table
1.6, which imply the annual growth rates given in Row 20 of Table A.1. My estimated
growth rates are proportional to these, with the constant of proportionality .67.

21. Australia and New Zealand.

Population: M&J, pp. 329 and 339. Interpolations are used for 1650, 1700, 1750,
and 1875.

GDP:‘Estimates from 1950 on are from S&H. Estimates for 1750 and 1800 are
taken equal to the U.S. (Population is neglible for these years.) Income levels from
1800 to 1950 were estimated using interpolations of the estimates for Australia in
B, Table 1.4, supplemented by U.S. income for years before 1860. These imply the
annual growth rates given in Row 21 of Table A.1. My estimated growth rates are
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proportional to these, with the constant of proportionality 1.087.

[INSERT TABLE A.1 HERE]
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Reglon

Table A.1: Relative Growth Rates by Region

1800-50 1850-75 1875-1900 1900-25 1925-50 1950-60 Source Constant

0

0
0.001
0.001
0.001
0.015
0.009
0.01
0.009
0.003
0.004
0.014

Source indicates table in Bairoch (1981) on which most growth rates are based.

0.001
0.001
0.005
0.005
0.005
0.013
0.011
0.013
0.01

0.008
0.007
0.013

0.002
0.002
0.006
0.006
0.006
0.011
0.011
0.012
0.012
0.01

0.008
0.012

0.003
0.003
0.005
0.005
0.005
0.008
0.014
0.014
0.01
0.006
" 0.01
0.003

0.008
0.008
0.008
0.008
0.008
0.008
0.01
0.009
0.009
0.022
0.013
0.019

0.019
0.019
0.011
0.011
0.011

0.038
0.043
0.046

Table 1.7
Table 1.7
Table 1.7
Table 1.7
Table 1.7
Table 1.4
Table 1.4
Table 1.4
Table 1.6
Table 1.4
Table 1.6
Tabie 1.4

0.957
2.1
1.45
22
1.1
1.06
1.052
1.055
0.89
0.78
0.67
1.087
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