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Abstract

Industrialization allowed the industrialized world of today to es-
cape from the Malthusian regime characterized by low economic and
population growth and to enter the post-Malthusian regime of high
economic and population growth. To explain the transition between
these regimes, we construct a growth model with two consumption
goods (an agricultural and a manufacturing good), endogenous fer-
tility, and endogenous technological progress in the manufacturing
sector. We show that with an exogenous increase in the growth of
agricultural productivity our model is able to replicate stylized facts
of the British industrial revolution. The paper concludes by illustrat-
ing that our proposed model framework can be extended to include
the demographic transition, i.e., a regime in which economic growth
is associated with falling fertility.

*The authors are grateful for comments and suggestions from Ulf Christian Ewert, Tim
Hatton, Jim Oeppen and participants of workshops in Zurich, Harvard and Rostock, and
at the ESPE 2000 conference in Bonn. We are especially grateful to Oded Galor and
two anonymous referees who essentially contributed to improve the contents as well as the
exposition of the paper. In addition, we thank Karl Brehmer for English proof-reading and
John Komlos for advice on historical data sources. The views expressed in this paper are
the authors’ own views and do not necessarily represent those of the Max Planck Institute
for Demographic Research.


lbjplb
Stamp

lbjplb
Text Box
This article has been submitted to Loughborough University’s Institutional Repository by the author.



Keywords: Fertility choice, economic growth, Malthusian trap,
technological change
JEL-classification: J13, O11, O40.

1 Introduction

Our paper aims to explain the simultaneous take-off in economic growth and
population growth in the industrialized world of today starting at the end of
the eighteenth century with the British industrial revolution. We illustrate
that our proposed model can be extended to explain the fertility decline
(often refered to as the demographic transition) and the acceleration in eco-
nomic growth which started in Western Europe at the end of the nineteenth
century.

In his classic work Malthus (1798) argued that an increase in agricultural
productivity results in increasing population size but no long-run improve-
ment in living standards. The underlying assumptions are twofold. First, an
increase in per capita income above a particular equilibrium level of consump-
tion leads to increasing population size. Second, an increasing population size
dilutes per capita resources and, as a consequence, consumption falls back to
its equilibrium level. As a result, any given economy will be trapped in a sit-
uation with economic stagnation. This trap is commonly labeled Malthusian
trap or low level equilibrium trap (see Nelson, 1956).

Malthus’s view correctly describes the demography and economy of West-
ern Europe before and during his lifetime. Up to this time there had been
slow population growth and low per capita income growth - and population
growth had a negative effect on per capita income growth. However, the
industrial revolution later launched Western Europe into a new phase of hu-
man history, in which population growth ceased to prevent long-run growth
in per capita income. One can refer to this new stage as the take-off into
self-sustained growth (see Rostow, 1960). Moreover, population growth accel-
erated (see Maddison, 1991). We label this simultaneous take-off in economic
and population growth escape from the Malthusian trap.

Subsequent to this post-Malthusian regime came the modern growth regime,
in which the positive post-Malthusian relation between population and eco-
nomic growth turned negative. During the modern growth regime economic
growth continued to accelerate while population growth started to decline.
As noted in Galor and Weil (2000, p. 809) “the key event that separates the



Malthusian and Post-Malthusian Regimes is the acceleration in the pace of
technological progress, whereas the event that separates the Post-Malthusian
and Modern Growth eras is the demographic transition that followed the in-
dustrial revolution.”

While the neoclassical growth model or various endogenous growth mod-
els are appropriate for explaining the regime of modern growth, they are
inappropriate for modeling the escape from the Malthusian trap. For this
reason, a recent strand in the growth literature calls on researchers to focus
more on modeling the escape from the Malthusian trap and, more generally,
on explaining economic development ranging from Malthusian stagnation to
modern growth within unified models (cf. Galor and Weil, 1999 and 2000,
and Lucas, 1998).!

Our paper aims to contribute to this promising new research field. In par-
ticular, we propose a model which is able to replicate stylized facts of Great
Britain and England and Wales for the time periods before the industrial rev-
olution, shortly after the industrial revolution and during the demographic
transition.

As suggested by economic historians (Crafts 1985) we emphasize in our
model the role of demand factors in the industrialization of Western Eu-
rope. Crafts (1985) shows empirical evidence for income-inelastic demand
for agricultural goods in pre-industrialized societies. This evidence implies
that per capita income growth leads to labor re-allocation towards the non-
agricultural sector. Based on this empirical evidence we propose an en-
dogenous growth model with two consumption goods, an agricultural and
a manufacturing good. We show that an exogenous increase in growth of
total factor productivity (henceforth TFP) in the agricultural sector leads to
population growth and, subsequently, to an acceleration in the growth of per
capita manufacturing output.?

Hansen and Prescott (2001) use a two-sector model as well in order to
explain the transition from stagnation to growth. However, in contrast to
our model in Hansen and Prescott these two sectors produce the same con-
sumption good. In their model the driving force is exogenous technological
progress in a latent industrial technoglogy that brings about the transition
to sustained growth whereas in our model income-inelastic demand for agri-
cultural goods as well as technological progress in the agricultural technology
permits the take-off. Furthermore, Hansen and Prescott assume fertility to
be an exogenous function of the standard of living. In contrast, we endoge-
nize fertility by modeling it to be the result of utility-maximizing behavior
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and incorporate the idea that population growth has a positive effect on
technological progress in the manufacturing sector.?

Our model framework implies income-elastic demand for children. For
that reason, fertility rises with a wage increase in our model. This is sup-
ported for pre-industrialized societies in important empirical work by Bailey
and Chambers (1993) as well as in Lee (1997). For the sake of simplicity
we ignore the impact of mortality decline on the escape from the Malthusian
trap and focus exclusively on fertility. Our focus on fertility is justified by
the empirical evidence presented in Dyson and Murphy (1985) and Coale
and Treadway (1986) that Western Europe’s take-off into self-sustained eco-
nomic growth was accompanied by rising fertility up to the second half of
the nineteenth century.

A further important aspect of our model is the incorporation of en-
dogenous technological progress in the manufacturing sector. According to
the recent literature in endogenous growth theory, endogenous technological
progress increases with the rate of population growth. Our framework en-
sures that population growth will lead to an increase in labor productivity
growth in the manufacturing sector, while it tends to reduce labor productiv-
ity growth in the agricultural sector (since the latter sector is characterised
by decreasing returns to labor).

The analysis of our paper demonstrates that if demand for agricultural
goods is income-inelastic then an increase in agricultural productivity growth
leads to a re-allocation of labor to the manufacturing sector and to a post-
Malthusian regime in which a growing population no longer depresses eco-
nomic growth.

We close our paper by illustrating how our model can be extended to
also capture the modern growth regime where population growth declined
and economic growth accelerated. In particular, we show that an exogenous
increase in the survival of children may cause parents to reduce their "precau-
tionary’ demand for children, but increase their investment into the quality of
their children. While the former result implies lower population growth, the
latter decision will lead to an increase in human capital accumulation. This
will foster economic growth and pave the way towards the modern growth
regime.



2 Stylized facts about the British industrial
revolution

Insert Table 1 about here

Table 1 summarises annual growth rates of selected economic and demo-
graphic indicators in Great Britain for the time intervals 1700-60 (i.e., before
the industrial revolution) and 1820-40 (i.e, after the industrial revolution).

From these data one can infer the following stylized facts about the in-
dustrial revolution:

(i) The growth rate of agricultural TFP, population and per capita income
increased after the industrial revolution (cf. column 2-4).

(ii) The take-off in per capita income growth after the industrial revolution
was entirely due to a rise in per capita manufacturing output growth. This
follows from the fact that per capita income growth rose after the industrial
revolution (cf. column 4), while per capita agricultural production growth
did not. In fact, it actually fell (cf. column 5).°

Insert Figure 1 about here

Figure 1 shows that the price of exported cotton piece goods in England
and Wales relative to the price of wheat in Great Britain has been falling
since the industrial revolution. Because of the importance of textiles for the
British manufacturing sector and of wheat in agricultural goods production,
Figure 1 gives rise to a third stylized fact:

(iii) The price of manufacturing goods relative to agricultural goods has been
falling since shortly after the industrial revolution.

While the literature commonly assumes a one-sector model, these stylized
facts make a strong case for modeling the escape from the Malthusian trap
with a two-sector model. To allow for the emergence of a Malthusian trap
before the industrial revolution, we assume decreasing returns to labor in the
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agricultural sector. By further assuming that the growth rate of productivity
in the manufacturing sector is rising with the population growth rate, our
model implies a simultaneous take-off in population and economic growth
after the industrial revolution.®

3 The basic model

3.1 Households

We assume that there are N, individuals in each period and that each indi-
vidual lives for one period (in what follows we use capital letters to denote
aggregate variables and lower-case letters to denote per capita variables).
Each individual is endowed with one unit of time that can be allocated be-
tween labor market participation and births. The time cost per birth is
(with 0 < 8 < 1). The wage rate and full income of each household are both
denoted by w;. The full income of an individual is the income he would re-
ceive, if he devoted its entire time endowment to labor market participation.
Each individual faces the constraint that he has to consume the subsistence
level a of the agricultural good to survive.” For a low level of full income
this constraint is binding and each individual must cut back the quantities
of his other choice variables below their utility-maximizing levels. Consis-
tent with the empirical evidence in Crafts (1985), we assume the agricultural
good to be a necessity (so that the income elasticity of demand is below
one). For analytical convenience we assume that, in case the constraint is
not binding, each household still demands inelastically the same quantity a.®
We normalize the agricultural good price to one.

Each individual derives utility from the consumption of a manufacturing
good m,; and from births b;, implying his choice variables to be m; and b,
(the consumption of @ does not provide any utility, but it is necessary for
survival). For simplicity we assume a Cobb-Douglas utility function.

Given these implicit assumptions, each individual’s static optimization
problem is

max u; = m; b (1)

s.t. ag + Pargy + wtﬂbt = W,
at2d7 mt207bt20a



with 0 < o <1 and pjs¢ denoting the price of the manufacturing good.

In order to survive, each individual spends the amount a for consumption
of the agricultural good and divides the rest of his full income between con-
sumption of the manufacturing good and births, such that the Cobb-Douglas
utility function is maximized. This gives rise to the following household de-
mand functions:

a; — a/, (2)
1 -

my = (1—04)(@)(%—@)’ (3)

b = <%><1 - w%) (4)

3.2 The production of the agricultural good

The market for the agricultural good is perfectly competitive. Production of
the agricultural good A, requires labor L 4 ; and land T" as inputs. We abstract
in the entire paper from capital. In the agricultural sector there are constant
returns to scale in both L4, and T'. Land is available for the economy in
fixed quantity. This implies that for any given level of agricultural TFP {4,
there are decreasing returns to labor in the agricultural sector. We assume
the aggregate agricultural production function to have a Cobb-Douglas-form.

Given these implicit assumptions, the aggregate agricultural production
function is

A= QL) T = QuLY,, with T =1, (5)

where 0 < v < 1.

If labor in the agricultural sector were paid according to its factor produc-
tivity, the presence of decreasing returns to labor would mean positive profits
for farmers. In order to avoid the complication of positive profits, we make
the following Assumption 1, which seems realistic for primitive societies:’



ASSUMPTION 1: Wages are paid in the agricultural sector according to
the rule

A

T~ = Qu L), (6)

Wy =

In each period there are N; households which demand N;a units of

the agricultural good. Setting demand equal to supply makes the equilib-
1

)~ . Substituting the

equilibrium level of L4, back into the definition of wage payment (6) results
in an equilibrium wage of

rium level of labor in the agricultural sector L4, = (Q

1

we = (Nidi) 7 (7)

Model consistency requires w; > a,Vt. Fulfillment of this condition can
be ensured upon imposing the following parameter constellations:
ASSUMPTION 2:

1
(i) No < (%42)7,
(ii) 1—7<( )(QAt—i-l)l v < 1.

Assumption 2 (i) ensures wy > a. In Appendix B we show that the
parameter constellation in Assumption 2 (ii) guarantees that w, > @,V ¢ > 0,
provided Assumption 2 (i) is fulfilled.

3.3 The production of the manufacturing good

Following Ethier (1982) we assume the final manufacturing good to be pro-
duced by assembling a very large number of varieties of a horizontally differ-
entiated intermediate good which are supplied in monopolistically competi-
tive markets. The aggregate manufacturing production function is assumed
to have the form?!’

My=(| X di)™, e>1, (8)

2,



where M, denotes aggregate final manufacturing good production, (), denotes
the number of varieties of the intermediate good, X;; denotes the quantity of
the intermediate goods variety ¢, and £ denotes the elasticity of substitution
between varieties of the intermediate good. Our assumption € > 1 together
with equation (8) implies that an expanding variety of the intermediate good
leads to productivity gains.!! Perfect competition in the market for the man-
ufacturing good causes the price of the manufacturing good pys; to equal its
unit cost. Therefore, upon cost minimization, py;¢ is derived as

Qt )
st = ( / p;idi)ﬁ, (9)
0

where py, ¢ represents the price of variety ¢ of the intermediate good. Profit
maximization of manufacturing goods firms gives rise to the following aggre-
gate demand for each intermediate goods variety 4

Xip = (P20, (10)
Px; .,

We assume that the total labor requirement of each intermediate goods
firm for producing X;; units equals Ly, ,, with Lx,, = F' + 6 X, where F
denotes the fixed cost of each intermediate goods firm, which is due each
period, and ¢ represents its unit labor requirement. Solving (10) for px; .,
substituting the resulting expression in the profit definition for each inter-
mediate goods firm i, I1;; = px, , Xi; — w;(F + 6 X;;) and maximizing II;; by
the optimal choice of X ; yields the well-known monopoly-pricing rule'?

1 3 :
sz‘,t(l - g) = wté or Px;, = Px, — (g_—l)wt&vz € [O>Qt]> (11)

where px, denotes the price of each intermediate goods variety.'® Note that,
due to free labor mobility between agricultural goods producers and inter-
mediate goods firms, the wage is the same in both sectors - it is determined
in the agricultural good sector according to (7). In addition, there is free
entry into the market for each intermediate goods variety until a zero-profit
condition is fulfilled for each intermediate goods firm. Substituting (11) in
the profit definition of each intermediate goods firm and setting 11, ; = 0, we
obtain



Xy = X = (e _51)F

Vi € [0, Q. (12)
Equation (12) establishes that only a constant output level for each interme-
diate goods variety is consistent with zero profit and, due to symmetry, that

this output level is the same for each intermediate goods variety. Utilizing
this fact in (8) yields

M, = Q77X = Q77 (Q.X). (13)

Obviously, we have Q.(F + 56X ) = Lx., where Ly, represents aggregate
intermediate goods employment. Rewriting this identity and substituting
(12) for X gives

1

Q= (g_F)LX,t. (14)

Substitution of (12) and (14) in (13) yields:
1 e—1 L

M; = QpiLx, , with Qpp = [eT7 FT= ( 5 Lk (15)

where ), denotes manufacturing productivity.

It will later be shown that the level of Ly rises with the population
level. Therefore, (15) implies that manufacturing productivity growth is in-
dependent of the population level, but that it increases with the population
growth rate.'* This result is compatible with the recent credo in the endoge-
nous growth literature which argues that the balanced growth rate of per
capita output should be independent of the population level (Jones, 1999).
The idea that population has a positive effect on economic growth is empiri-
cally supported by findings in Kremer (1993) for human historical data from
one million B.C. to 1990.%

To complete the picture, we must state that the economy is closed. By
applying Walras’s law, clearing of the commodity markets ensures fulfillment
of the country’s labor constraint L4, + Lx; = N,(1 — 8b;).
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3.4 Results

To ease our subsequent exposition we state the following definition, which
follows the framework of Galor and Weil (2000):

DEFINITION:

(i) In a Malthusian steady state, population and per capita manufacturing
output are constant.

(ii) In the post-Malthusian balanced growth path, population and per capita
manufacturing output grow at constant, positive rates.

The following lemma explains the dynamic properties of the model (a
“hat” on top of any variable denotes the growth rate of that variable):'°

LEMMA: Suppose total factor productivity in the agricultural good produc-
tion Q4 grows exogenously at the constant rate Q4 (which is possibly zero).
Then, in a Malthusian steady state or post-Malthusian balanced growth path

(i) the wage w is stationary, population growth N is constant (with N =

(QA,t + 1)ﬁ — 1) and the share of employment in the intermediate goods
sector Lx /Ny is constant.

(ii) stability of the stationary state of w is guaranteed by Assumption 2 (ii).
PROOF: See Appendix A.
Now we are prepared to state our proposition:

PROPOSITION: If total factor productivity in agricultural good production
Qa grows exogenously at the constant, positive rate 24, there exists a post-
Malthusian balanced growth path with.:

(i) A constant, positive population growth rate N and a constant, positive
growth rate of per capita manufacturing output m.

(ii) N and 7 are all dependent on the growth rate Qu, with the presence of
multiplier effects from an increase of Qx on N and (the latter provided
(1/(5 1)) > 1)

PROOF: The assumption 24 > 0 and Lemma (i) imply
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N =(Q+1)T5 —1>0and N /00, > 0. (16)

Combining (16) with the constancy of Ly ;/N; in the balanced growth path
(cf. Lemma (i)) we obtain

Lx=N>0and dLx /80, > 0. (17)

Dividing both sides of (15) by Ny, taking growth rates of the resulting ex-
pression (in a discrete mathematical framework), and using again constancy
of Lx;/N; in the balanced growth path yields

m=(Lx+1)=7 — 1. (18)

Substituting (16) in (17) and substituting the resulting expression in (18)
yields

M= (Qa+ 1) T — 1> 0 and /00, > 0. (19)

O

Note that a constant wage in the balanced growth path does not imply a
constant standard of living. The reason is that productivity gains from the
expanding variety of intermediate goods cause the price of the manufacturing
good to fall.!” Since the agricultural price was normalized to one, this implies
a rising purchasing power for the wage.!®

The intuition behind the proposition is as follows. For a given population
size, an increase in growth of agricultural TFP leads to an increase in labor
productivity in the agricultural sector and, as a consequence, to an increase
in the wage rate. As the demand for children is income-elastic, the population
starts to grow. Population growth in turn leads to a growing demand for the
agricultural good N;a and requires increasing labor input in the agricultural
sector. Because of decreasing returns to labor in the agricultural sector, wage
growth gradually peters out. The smaller the share of labor in agricultural
production, v, the more the returns to labor in agriculture will decrease
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and, hence, the lower the level of the wage in the balanced growth path
(cf. equation (23) in Appendix A). In turn, the balanced growth rates of
population and per capita manufacturing output are positively related to
the long-run wage. This follows from the fact that the demand for children
is income-elastic and that the growth of per capita manufacturing output
depends positively on the population growth rate since it affects positively
the number of intermediate goods varieties. The larger 1/(e — 1), the higher
the productivity gains from expanding variety and the more likely it is that
there is a multiplier effect on per capita manufacturing output growth.

COROLLARY: If total factor productivity in agricultural good production
Qa¢ grows at the rate zero, there exists a Malthusian steady state with a
constant population level N and a constant per capita level of manufacturing
output m.

This corollary implies that the positive impact on wages resulting from an
increase in the level of agricultural TFP will, in the long run, be offset by the
negative impact of an increase in the population size on labor productivity in
the agricultural sector. Therefore, population and per capita manufacturing
output growth cannot be sustained in the long run.

This result is in marked contrast to the two-sector growth model in Mat-
suyama (1992, Section 2), which shares with our model the assumption of
non-homothetic preferences. Since Matsuyama assumes a constant popula-
tion, the positive impact of an increase in the level of agricultural TFP on
the wage is not offset by a negative impact of a rising population size. Due
to income-elastic demand for the manufacturing good, the expenditure share
of the manufacturing good increases in Matsuyama’s model. Since the man-
ufacturing sector is the sector with the highest productivity growth rate in
his model, the rate of economic growth increases.

Insert Figure 2 about here

Figure 2 illustrates how our model can explain the transition from the
Malthusian steady state to the post-Malthusian balanced growth path. The
solid thin line plots the exogenous time path of agricultural TFP, the solid
bold line population growth, and the dotted line per capita manufacturing
output growth. (In the simulation we set the parameter values at a = 0.1, =

13



0.6,3=0.4,7 = 0.5, and € = 1.75. The initial size of the population N, was
set at the Malthusian steady state value of N. Furthermore, we assumed
Qu;=0,¥t=0,...,12 and 4, = 0.1,Vt = 13,..., T, with T = 30.).

Figure 2 illustrates that an exogenous increase in agricultural TFP growth
causes an increase in population growth and per capita manufacturing output
growth (and that these growth rates approach constant, positive equilibrium
values as the economy reaches the post-Malthusian balanced growth path).
In addition, the time paths in Figure 2 illustrate the presence of multiplier
effects. This can be seen from the fact that the growth rates of agricultural
TFP, population, and per capita manufacturing output are all zero in the
Malthusian steady state, while the post-Malthusian balanced growth rates of
population and of per capita manufacturing output exceed the growth rate
of agricultural TFP. (As is stated in our proposition, for a multiplier effect
on m to be present, a particular parameter constellation needs to be fulfilled.
For the specific simulation in Figure 2, the parameter values were chosen
such that this was the case).

4 A unified model
Insert Table 2 about here

In this section we illustrate how our model can be extended to explain
the demographic transition and the subsequent modern growth regime that
followed the post-Malthusian regime. In particular, we suggest an extension
of our model that captures the following stylized facts for the time before
and during the demographic transition in Great Britain and England and
Wales respectively:

(iv) The death rate of children of age 1-4 increased slightly from 1841 to 1861
and fell strongly thereafter (cf. Table 2, columns 2 and 3).

(v) Fertility increased slightly from 1841 to 1861 and after an adjustment lag
it has fallen strongly since 1881 (cf. Table 2, column 4).

(vi) Investment in human capital increased constantly from 1841 to 1921 (cf.
Table 2, column 5).
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Furthermore, Galor and Weil (1999 and 2000) stress as another regularity
the fact that

(vii) while shortly after the industrial revolution population growth and eco-
nomic growth were positively associated, after the demographic transition a

reduction in population growth was associated with a spurt in economic growth
(see Galor and Weil 1999, p. 151).

To capture these stylized facts we need to extend our model so that it (a)
can endogenously explain the demographic transition (i.e. a fall in the rate of
population growth) and (b) guarantee sustained economic growth even when
population growth starts to decline.

We follow the conventional wisdom in the field of demography and model
the decline in fertility as caused by infant mortality decline. A model that
can explain fertility decline as the optimal decision of individuals in response
to a decrease in infant mortality has first been suggested by Kalemli-Ozcan
(2001). Central to her work is the assumption of a stochastic optimization
problem. Parents are uncertain about the number of their surviving children
and, given that parents are risk averse, they will have a precautionary demand
for children. This leads to a higher demand for children than in the case of
the optimal choice in a certain world. An increase in the survival probability
may then reduce the precautionary demand for children, and fertility will
fall.

To allow for the continuation of economic growth when fertility starts
to decline, we postulate that households care about not just the quantity,
but also the quality of children.!® More specifically, we assume that each
parent derives utility from the expected aggregate income of his children.
Since parents face a quantity-quality trade-off, a reduction in infant mortality
leads simultaneously to a fertility decline and an increase in human capital
accumulation.?

By adapting the household optimization problem as suggested in Kalemli-
Ozcan (2001) our model is able to explain the demographic transition and
the subsequent modern growth regime. (A brief summary of the optimization
problem can be found in Appendix C). As compared to our baseline model,
in the modern growth regime it is human capital accumulation rather than
population growth that is the engine of economic growth. To allow for this,
we replace raw labor by quality-adjusted labor input (i.e., raw labor multi-
plied by human capital per adult) in the production of the agricultural and
the manufacturing good.
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Insert Figure 3 about here

Figure 3 illustrates that our extended model can explain the transi-
tion from the Malthusian regime to the post-Malthusian regime, followed
by the demographic transition and the modern growth regime (where the
last regime is consistent with the empirical regularities (iv)-(vii)). The fine
dotted line plots the exogenous time path of agricultural TFP, and the
light grey line plots the exogenous time path of the probability of each
child surviving childhood ¢;. Moreover, the bold black line plots popu-
lation growth, the bold dotted line growth of manufacturing output per
adult, and the solid thin line investment in education for each child e;. (In
the simulation we set the parameter values at a = 0.05,a = 0.625,3 =
0.05,7 = 0.5, = 15 and 7 = 3. The initial size of the population N, was
set at the Malthusian steady state value of N. Furthermore, we assumed
Qar = 0,9t = 0,..,29,Qu; = 0.05,¥¢t = 30,..,T and ¢ grows with the
rate ¢;, where qo = 0.7,¢: = 0,Vt = 0,...,90,¢; = 0.015 for ¢ = 91 and
G = %Vt = 92,...,T with T = 120. The simulations contain also a
constant parameter 7 that influences the productivity in the production of
human capital.).

Similarly to Figure 2, Figure 3 illustrates that an exogenous increase in
agricultural TFP growth causes an increase in population growth and in the
growth of manufacturing output per adult. In addition, Figure 3 demon-
strates that an exogenous decrease in infant mortality (which followed the
post-Malthusian regime) may lead to a reduction in population growth and,
therefore, to the demographic transition.?! Most importantly, the reduction
in population growth is associated with a spurt in economic growth, as sug-
gested by the modern growth regime. The time path of e; reveals that the
quantity-quality trade-off ensures that parents increase their investment in
the education of each child simultaneously with a reduction in fertility. If
the increase in human capital accumulation is strong enough to offset the
decline in population growth, economic growth will accelerate, as suggested
in Figure 3. Hence, increasing human capital accumulation replaces popula-
tion growth as the engine of economic growth in the modern growth regime,
which is in contrast to the post-Malthusian regime.
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5 Conclusion

Our paper aims to explain the industrialized world’s escape from a regime
with low economic and population growth (the Malthusian regime) towards
a regime with high economic and population growth (the post-Malthusian
regime). To explain this transition we propose a model that replicates stylized
facts about the British industrial revolution. These include the observation
that the take-off in population and per capita income growth was entirely due
to an increase in per capita manufacturing output growth and that the price
for manufacturing goods fell relative to that of agricultural goods. These
regularities make a strong case for modeling the escape from the Malthusian
trap with a two-sector model, as we propose in our paper.

We set up a model that introduces demand factors into a growth model
with two consumption goods (an agricultural and a manufacturing good) and
model fertility as the outcome of utility-maximizing behavior. Furthermore,
we assume exogenous growth in agricultural TFP growth and model techno-
logical progress in the manufacturing sector as an endogenous variable which
is rising with population growth. While the former assumption guarantees
positive population growth in the long run, the latter assumption supports
sustained economic growth. More specifically, in the absence of agricultural
TFP growth decreasing returns to labor in the agricultural good sector and
income-elastic demand for children imply a stationary wage that is compat-
ible with zero population growth (i.e., a situation labeled Malthusian trap).
However, by introducing positive agricultural TFP growth, the level of the
stationary wage rate is compatible with positive population growth and the
economy can escape from the Malthusian trap.

In addition, we suggest how our model can be extended to also capture
the modern growth regime in which fertility declined and economic growth
accelerated. The driving force to generate the modern growth regime is the
assumption that parents face a quantity-quality trade-off. In our set-up de-
clining infant mortality leads to falling precautionary demand for children
and - due to the quantitiy-quality trade-off - to rising human capital accu-
mulation. For that reason, population growth declines and human capital
accumulation replaces population growth as the engine of economic growth.
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Appendix
A. Proof of Lemma

(i) Combining N; = b;_1 N;_; with (7) yields after some manipulations

_ =1 1
Wy = U Q1) — 1 (20)
We—1

Suppose we have in the (Malthusian) steady state or (post-Malthusian)
balanced growth path w; = 0 (it will be shown below that this situation is
stable). In this case, (20) implies

b= (Qu+1)75. (21)

Clearly, since N = b — 1, this implies that we have

N = (Q4+ 1)ﬁ — 1 = const. (22)
Substituting (21) into (4) for b and rewriting yields

w=af[l — (g)(m +1)75] = const. (23)

Zero profits for manufacturing goods firms implies py;M; = pxX¢, where
X; denotes aggregate intermediate goods output. Moreover, zero profits for
intermediate goods firms imply px ;X; = w;L x ;. Combining both zero-profit
conditions yields

Ly, = (P4, (24)

Wy

Multiplying both sides of (3) with N;, substituting the resulting expression in

(24) for M; and collecting terms gives L]f;t’t =(1—a)(1— wit) Since w = const.
according to (23), we therefore get

L

WX = const. (25)
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(ii) To determine the stability of the stationary value of the wage we rewrite
(20) to obtain

y=1

wt—bt I(QA—{—l)'th 1- (26)
Total differentiation of (26) w.r.t. w, ; yields
dwt =1 —1

= b7, (a4 +1)7[1 + we_
dw;_q 1( AT )’Y[ T 1( Y dw;_q

Upon differentiation of (4) w.r.t. w;_1, substituting the resulting expression
together with (21) in (27), and substituting (23) in the resulting expression
we get

dwy - l e 1—7v
Ty lwestiorivn = (7) (ﬂ)( S D@+ )= (28)

The stationary state of wy is locally stable if —1 < (dw;/dw;_1) < 1. As can

be verified from rearranging, the latter condition is fulfilled if (£ )(}J“::) >

(Qu + 1) = > ( ). In turn, since accordlng to (21) in the steady state or
balanced growth path b = (Q4 + )1 7, a glance at (4) makes clear that

(Qa + 1)1 TS (5) s alvvays fulfilled. As a consequence, there is always

fulfillment of (€24 —i— 1) 5 > (£). Hence, the stationary state of w is stable,

provided (Q4+1)77 5 < (g)(lﬂ). However, fulfillment of the latter is ensured
by Assumption 2 (ii).

Moreover, substituting b;_; = b(w;_1) from (4) lagged one period into
(26) gives a function w; = f(w; 1). From the shape of this function it can
be verified that the unique equilibrium is globally stable. More specifically,
the function w; = f(w; 1) has an asymptote at w; ; = @ and decreases
between w;_; = a and its minimum value at w;_; = a/7. Since according to
Assumption 2 (ii) (1+€4) > ((%)(1—7))*7, it holds that f(w;_1) > w1
at w;_1 = a/7. To the right of its minimum value the slope of the function
f(.) is less than one implying that f(.) will cross the 45-degree line exactly
once and the resulting equilibrium will be stable.
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B. Proof that Assumption 2 (ii) guarantees that w;, > a, V¢t > 0,
provided Assumption 2 (i) is fulfilled.

Monotonic convergence of w; towards its equilibrium value is fulfilled if
0 < (dwy/dwy 1) < 1. Rearranging (28) shows that fulfillment of this con-
dition, and hence monotonic convergence of w;, is guaranteed by fulfillment
of (g)(QA,t -+ 1)ﬁ > 1 — ~, i.e., the inequality on the left-hand side of
Assumption 2 (ii).

Moreover, let us denote w® as the wage rate in the Malthusian steady
state or the post-Malthusian balanced growth path.
(i) Suppose wy < w®, then monotony of w; ensures that w, > a, vt > 0,
provided Assumption 2 (i) is fulfilled.
(ii) Suppose wy > w*, then monotony of w, ensures w; > a ,vt if w*? > a.
However, as a glance at (23) reveals, the latter is fulfilled with fulfillment of
the inequality on the right-hand side of Assumption 2 (ii).

C. A brief summary of the optimization problem of each parent as
taken from Kalemli-Ozcan (2001) and adapted to the framework
of our model.

Each parent solves a two-stage optimization problem. In the first stage,
the following problem is solved (note that in this appendix lower-case letters
denote per adult variables)

maxu; = (mg) %)%,
sit. wihy = pugme + py vy + a,
ag > a A (myp) >0,

where vy denotes a quantity-quality composite good, that is, the expected
utility of the quantity and quality of children (for simplicity we assume that
each parent derives utility from the logarithm of the expected aggregate
income of his children). Further, h; denotes the human capital of each parent,
and pj ; denotes the expected price of the quantity-quality composite good.

Analogously to the household decision problem in section 3.1, each parent
devotes the amount a to consumption of the agricultural good and allocates
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the rest of his full income between m, and v§, such that the Cobb-Douglas
utility function is maximized. This gives rise to the first-order conditions

N i a
PR A N L (29)

’ wihy wihy”

my = (1 — a)(——)(wihy — @) A a =,
QUK

where s, ; represents the budget share of vf in full income w;h,.

In the second stage, each parent maximizes the quantity-quality compos-
ite good vf subject to the second-stage budget constraint: pf ,vf = wih(3 +
e;)b;. The budget constraint implies that each child has a fixed cost # and
an educational cost e;, independently of whether or not the child survives
(see Kalemli-Ozcan, 2001). The number of survivors is a random variable
drawn from a binomial distribution. Kalemli-Ozcan shows that, using the
Delta Method, one can rewrite the stochastic optimization problem as the
maximization of a Taylor approximation of expected utility (for details of the
derivation see Kalemli-Ozcan, 2001, Appendix A). Use of this method gives
the second-stage optimization problem of each parent as

I —q
2b.q; ’

(30)

maxvy = In(biqwiiihiyr) —

st puvy = wihi(B+ )by,

where ¢; denotes the probability of each child to survive childhood and each
parent’s choice variables are e; and b;.

The production function of human capital for each child is assumed to
be of the form h;,1 = Teshy, where 7 is a constant (for simplicity we assume
a non-diminishing marginal return to e;, while Kalemli-Ozcan assumes this
return to be slightly diminishing). Tt is straightforward to show that the
second-stage optimization problem leads to the first-order conditions

qt

= 2
€t 5(1_%

)by,

bo— —&)(1‘%”\/(1><1‘%>2+<§><1‘%><9><l— “)

qt E qt qt B wihy

where b; is the positive solution of a quadratic equation (in the derivation of
this quadratic equation we made use of (29)).
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Notes

1. Further closely related papers include Galor and Weil (1996), Galor and
Moav (2001) and Jones (2001). Galor and Weil (1996, section 3B) generate
a pattern of increasing and then decreasing fertility based on a transition
from a traditional to a modern sector. In their set-up production in the
traditional sector can take place at home and, therefore, can be combined
with childrearing. In contrast, work in the modern sector cannot be combined
with childrearing. Galor and Moav (2001) assume individuals with different
preferences for quality (i.e., future earnings) of their children. Within a
family this preference is transmitted from one generation to the next. For
this reason, the authors are able to investigate the interplay between the take-
off from economic stagnation to sustained growth and natural selection of the
human species. Jones (2001) assumes an economy with a single consumption
good with decreasing returns to labor but technological progress that rises
with population growth. He shows that improvements in property rights for
innovations can explain (and quantitatively account for) the escape from the
Malthusian trap. Further, an elasticity of substitution between consumption
and births which is larger than one enables Jones to generate the demographic
transition.

2. Our model is closely related to that of Matsuyama (1992), who shows in a
closed-economy model with two consumption goods (an agricultural good and
a manufacturing good), with an income-inelastic demand for the agricultural
good and a constant population, that an increase in the level of TFP in the
agricultural sector unambiguously leads to a take-off in per capita income
growth.

3. Another paper with a positive effect of population growth on industrial-
ization is Goodfriend and McDermott (1995), which takes population growth
to be exogenous, however.

4. As concerns the modeling of how the interaction between human capital
accumulation and mortality decline might have caused an escape from the
Malthusian trap, the reader is referred to Galor and Weil (1999), Lagerlsf
(2001) and Steinmann, Prskawetz and Feichtinger (1998). Galor and Weil
(1999) assume increasing returns to investment in human capital accumula-
tion if mortality decreases. Lagerlof (2001) assumes that the economy is hit
by epidemic shocks throughout time. These shocks have a smaller impact
on the economy once there has been a take-off in human capital accumula-
tion. Steinmann, Prskawetz and Feichtinger (1998) assume that the rate of
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depreciation of human capital decreases as mortality declines.

5. There also existed a service sector besides the agricultural manufacturing
sector. Automatization in the service sector is very difficult, however, since
labor is not only an input factor but also an “end-product” in the service
factor (see Baumol, 1967). For this reason, it is unlikely that productivity
growth in the service sector will figure prominently in an explanation of the
data in Table 1.

6. According to Crafts (1985) the data for 1800-20 are not reliable. For this
reason those data are not included in Table 1. Moreover, the corresponding
data for 1760-1800 are not included in Table 1 (1760-1800 is the time period
in which the British industrial revolution took place). This time period is
characterized by a temporary contraction of agricultural TFP growth and per
capita output growth and a temporary fall in real wages. (Ciccone (1997) ex-
plains this temporary fall in the real wage with relatively faster TFP growth
in a more capital intensive industrial production sector than the less capital
intensive “cottage” sector.) Yet, during that time period population growth
continued to increase. Birdsall (1983) explains this with the fact that in-
dustrialization continued during that time period. In turn, industrialization
caused an increase in fertility (despite a falling real wage) for three reasons:
(i) Industrial earning opportunities increased, which fostered an increase in
marriage rates and also marriages at earlier ages; (ii) Rising demand in the
manufacturing sector for children as laborers (which reduced parents’ costs of
children); (iii) Rising home-based female employment in the manufacturing
sector, i.e., female employment of a type that was compatible with child care.
Though these explanations support our claim that the manufacturing sector
played a dominant role in the escape from the Malthusiuan trap, we abstract
in our model from these features. Instead, we concentrate on the long-run
positive association of wages and fertility between 1700-60 and 1820-40 (as
is supported by the work of Wrigley and Schofield, 1981).

7. See Galor and Weil (2000) for a similar assumption concerning subsistence
consumption.

8. As long as the income elasticity of demand for the agricultural good
remains below one, all our results apply in a more general framework.

9. This assumption is borrowed from an earlier version of Jones (2001) (see
also Lucas, 1998).

10. Goodfriend and McDermott (1995) assume a similar production function
for the industrial revolution. In a model of modern growth Young (1998) en-
larges the above production function with endogenous quality improvements
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and vertical knowledge spillovers. While Young’s framework is richer, we
use the simpler framework as given by (8) in order to focus attention on
the interactions between population growth and economic growth. As was
already noted in Ethier (1982), one could alternatively interpret the inter-
mediate goods varieties as successive stages. Such an interpretation would
leave the implications of the model unaffected (see Edwards and Starr, 1987,
for a formalization of this interpretation).

11. Tt will later be shown that £ > 1 is also a necessary condition for inter-
mediate goods firms to be willing to engage in production.

12. Due to product differentiation, each intermediate goods firm enjoys
monopoly power over the production of its respective variety. Hence, its
choice of X, influences px, ;. Nevertheless, it takes pyr¢, M; and w; as given
because it believes that it is too small to have any influence on these variables.
13. In the production function of the manufacturing good in (8) € represents
the elasticity of substitution between intermediate goods varieties. In the
pricing rule in (11), on the other hand, it represents the price elasticity of
demand for each intermediate goods variety. Helpman and Krugman (1985,
Ch. 6) established that for a large number of intermediate goods varieties
the elasticity of substitution approaches the price elasticity. In the first
equation in pricing rule (11), the left-hand side represents marginal revenue
and the right-hand side marginal cost. As a consequence, our assumption
e > 1, which we made in (8), ensures positive marginal revenues of monopoly
intermediate goods producers.

14. The dependence of manufacturing productivity growth on population
growth can be found in most growth models with endogenous technological
progress and a lack of scale effects - of course, in most of these models this
is true for the economy’s only good - (see Jones, 1999). To the best of our
knowledge, the only growth model with endogenous technological progress
and a balanced growth rate of per capita output that is independent of the
population growth rate is Dalgaard and Hansen (2001).

15. As is argued in Jones (1999), there are two classes of non-scale economic
growth models. The first class of models (labeled semi-endogenous growth
models) implies that economic growth cannot be sustained in the long run
if population growth is absent. In the second class of these models (labeled
endogenous growth models), economic growth can be sustained in the long
run even if population growth is absent. Our basic model belongs to the
class of semi-endogenous growth models. Li (2000) shows that any non-scale
growth model belongs to the class of semi-endogenous growth models unless
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two very restrictive knife-edge conditions are fulfilled. In the latter case the
model becomes a member of the class of endogenous growth models. Hence,
semi-endogenous growth models, such as our basic model, appear to be more
realistic due to their generality.
16. The existence of a Malthusian steady state or post-Malthusian balanced
growth path depends on whether Q4 equals zero or is strictly positive. For
the moment, we leave the value of {24 unspecified.
17. This can be seen upon substitution of (11) in (9), which yields:
1/(1—-€)/ e

=0y (;)wtfs-
18. Alternatively this result can be deduced from the assumption that agri-
cultural demand per person is inelastically set at a, while per-capita man-
ufacturing output grows. Therefore, there must be growth of a composite
consumption index of the two goods together.
19. Up to now we have assumed that households care only about the num-
ber of children. Essentially, this assumption simplified the model since it
ensured that growth in agricultural TFP unambiguously leads to a take-off
in population growth.
20. Furthermore, Kalemli-Ozcan (2001) shows in a dynamic general equi-
librium set-up that there exist two equilibria: One equilibrium mirrors our
Malthusian steady state, and the other mirrors a steady state in the Mod-
ern regime, as in Galor and Weil (2000). As such, Kalemli-Ozcan (2001)
complements our model and the work of Galor and Weil and others.
21. Note that the population growth rate is N, = q:bs—1 — 1. Hence, when in-
fant mortality falls, a more than proportional reduction in fertility is required
in order for population growth to decline.
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Table 1: Per annum growth rates in Great Britain

Growth rate of

Time period | TFP in population | per capita | per capita output
agriculture income in agriculture
1700-60 0.50% 0.38% 0.31% 0.22%
1820-40 0.90% 1.34% 1.04% 0.04%

a. Source: Crafts (1985, p.158-160).
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Table 2: Male and female death rate (per 1000 population) at age 1-4 in Great
Britain, crude birth rate (per 1000 population) and children per teacher in
primary school, England and Wales

Year | Death rate per 1000 | Crude birth | Children per

population at age 1-4 rate teacher
male female

1841 33.2 32.2 32.2 NA

1861 37.3 36.2 34.6 99.88

1881 27.9 26.4 33.9 62.68

1901 21.2 20.4 28.5 40.35

1921 10.9 10.0 22.8 30.84

a. Source: Office for National Statistics (1998, Figure 3.5, Figure 6.1 and
Figure 6.15).

b. Notes: NA means data are not available.

c. Definition: The death rate is defined as the number of deaths among
children aged 1-4 years divided by the population at risk of dying at age 1-4,
multiplied by 1000.
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Figure 1: Price of cotton piece goods (exported) in terms of wheat (1821-
1840)

a. Source: Mitchell (1988, Table 17 and 19).
b. Note: Price of cotton piece goods is for England and Wales, while the
wheat price is for Great Britain.

Figure 2: Transition from Malthusian steady state to post-Malthusian bal-
anced growth path

a. Notation:
O At = growth of agricultural TFP,
N, = population growth,
m; = growth of per capita manufacturing output.

Figure 3: Transition from Malthusian regime to post-Malthusian regime and
transition to modern growth regime

a. Notation:
O At = growth of agricultural TFP,
N, = population growth,
m; = growth of manufacturing output per adult,
e; = level of investment in education of each child,
q; = probability to survive childhood.
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