Scand. J. of Economics 105(3), 401–418, 2003

Early Mortality Declines at the Dawn of Modern
Growth*
Raouf Boucekkine
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Abstract
We explore the hypothesis that demographic changes which began in the seventeenth and
eighteenth centuries are at the root of the acceleration in growth rates at the dawn of the
modern age. During this period, life tables for Geneva and Venice show a decline in adult
mortality; French marriage registers reveal an important increase in literacy; historians measure
an acceleration of economic growth. We develop an endogenous growth model with a realistic
survival law in which rising longevity increases individual incentives to invest in education and
fosters growth. We quantitatively estimate that the observed improvements in adult mortality
account for 70% of the growth acceleration in the pre-industrial age.
Keywords: Human capital; longevity; literacy; growth; schooling
JEL classification: 041; I20; J10; N330

I. Introduction
The process of understanding the take-off of traditional societies and their
transformation into modern economies is one of the most significant challenges facing economists. An early attempt to build such a dynamic theory
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of production and development was made by Rostow (1960). More recently,
Galor and Weil (2000) wonder why output began to grow during the
Industrial Revolution, after thousands of years of ‘‘Malthusian’’ stagnation.
They stress the link between population dynamics and the economic takeoff. In the same vein, Jones (2001) argues that population density is the key
to understanding the Industrial Revolution: once population had reached a
critical mass, growth started to accelerate thanks to a more intensive
exchange of ideas. In another strand of the literature, authors such as
Hansen and Prescott (1998) and Doepke (1999) have modeled this transition
by assuming decreasing returns to scale in the agricultural sector (because of
land), constant returns to scale in manufacturing and exogenous technological progress. At some point in time, industry became profitable and the
transition began.
In this paper, we focus on interesting phenomena that have occurred in
Europe prior to and at the dawn of the Industrial Revolution. First, from
the end of the seventeenth century, adult mortality started to decline.
Second, during the same period, significant improvements in literacy were
achieved. Third, growth started to accelerate during the eighteenth century.
According to the standard view, the improvements in longevity that Europe
has experienced since the eighteenth century are a consequence of enhanced
economic conditions. However, many authors argue that the very early
decline in mortality should be regarded as exogenous to the economic
system.1
In accordance with this argument, we explore the hypothesis that
improvements in longevity during the seventeenth and eighteenth centuries
caused the acceleration in growth rates at the dawn of the modern age. The
story we consider goes as follows. Exogenous improvements in adult mortality between 1600 and 1800 increased individual incentives to build human
capital. As a consequence, investment in education rose, which exerted a
positive effect on economic growth.
To quantitatively assess the effect of improvements in adult mortality on
pre-industrial growth, we formulate a model based on de la Croix and
Licandro (1999) and Boucekkine, de la Croix and Licandro (2002). The
attractive feature of this model is that it embeds a realistic survival law into
an endogenous growth model with vintage human capital. It allows us to
study how shifts in survival probabilities at different ages affect the incentive to invest in human capital and promote growth.
In this paper, we abstract from two important dimensions of mortality.
The first is the gap between the longevity of men and women, which gained
1

See Perrenoud (1985) and Fridlizius (1985). Of course, subsequent improvements in longevity
(in the nineteenth and twentieth centuries) were largely due to higher living standard; see Riley
(2001).
# The editors of the Scandinavian Journal of Economics 2003.
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in importance only after the eighteenth century; cf. Vallin (1991). The
second is the difference between mortality in cities and in the countryside,
which appear to be more important for small children.
Section II outlines the relevant facts about mortality, education and
growth in the pre-industrial age. After having assessed that adult
longevity increased significantly over the period under study, Section
III describes the theoretical model linking education and growth to
survival probabilities. In Section IV we quantitatively estimate the shift
in the survival law, calibrate the other parameters of the model and
compute the effect of rising longevity on education and growth. Section
V concludes.

II. Selected Facts
Early Mortality Declines
To assess the implications of the decline in mortality for the economic takeoff of Western Europe, it is necessary to distinguish the fluctuations in infant
mortality from the reduction in the mortality of adults. Infant mortality
fluctuates strongly as a function of economic and sanitary conditions, as
children are the first to suffer from poor crops and diseases. Child mortality
has a major influence on the estimation of life expectancy at birth. Since
improvements in infant mortality arose very late in the nineteenth century, it
is not surprising that life expectancy at birth shows little trend before that
time. Using the data assembled by Wrigley and Schofield (1981) for England,
life expectancy at birth peaked in England at 39.5 years of age around the
year 1575, dropped to 33 years in the period 1670–1750, and then rose again,
reaching its 1575 level in 1820. It then remained steady at 40 years until 1850.
However, this absence of strong improvement before 1850, due to high and
volatile infant mortality, hides more subtle improvements with respect to
adult mortality. We eliminate the effects of this volatility on life expectancy
estimations in order to get a much better picture of the evolution of adult
mortality.
To study how adult mortality evolved over time, we need cohort life
tables for different periods. We have found two data sets adapted to our
purposes. The first is from Perrenoud (1978), who constructed life tables
from 1625 to 1825 on the basis of a broad nominative study in Geneva
(Switzerland). The second set was compiled by Beltrami (1951). He used
parish registers to reconstitute age-group dynamics of the Venetian
population over the period 1600–1790. Complete life tables are available
for the cohorts born between 1600 and 1700; we only have partial tables for
the cohorts born after 1700, since the study ends in 1790. Survival laws are
# The editors of the Scandinavian Journal of Economics 2003.
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normalized to 1,000 at age 10. This allows us to eliminate the shifts generated by changes in infant mortality and concentrate on the mortality of
adults. Figures 1 and 2 display the survival laws of selected cohorts. These
data sets are available from the authors on request.
The Geneva picture, Figure 1, displays upward shifts of the curve
from one generation to the next. The drop in death rates essentially
concerns those aged 40–65. Note that the end of the curve does not
move much, reflecting that the gains in longevity do not translate into a
rise in the maximum attainable age. Very few persons lived longer than
85.
Figure 2 exhibits the same trend in the data for Venice, compiled from
different sources. The lower curve represents the survival law for the generation born in 1600–1610. The dip in the curve at age 30 reflects the
dramatic plague experienced by the city in 1630. The data from this period
are thus rather pessimistic regarding longevity, as they take into account the
damage caused by these particularly vigorous epidemics. To acquire a more
prudent view of the improvement in longevity, we can compare the generation born in 1630–1640 to that born in 1710–1720. There was no plague in
Venice during this period (except the one in 1630 that only affected infant
mortality in the generation 1630–1640). Here again, the gains in longevity

Fig. 1. Survival probabilities—Geneva
# The editors of the Scandinavian Journal of Economics 2003.
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Fig. 2. Survival probabilities—Venice

were concentrated in the working-age population, and life expectancy at 10
increased significantly over the period.
The debate concerning the causes of the initial decline in mortality has
not yet been settled. It seems that the classical view, according to which
pre-industrial mortality was reduced when nutritional standards were
improved, is losing ground. Perrenoud (1985) and Fridlizius (1985)
claim that human factors (nutrition, medicine, sanitary conditions and
economy) did not play a prominent role in the first phase of the process.
Instead, the decline in mortality should be found elsewhere; it can be
associated with changes in immunology and/or improvement in the
climate.

Improvements in Education
It is extremely difficult to assess the level of education prevailing before the
nineteenth century. Fragmented evidence suggests that illiteracy was a
major problem at the beginning of the seventeenth century. For example,
and in relation to our data on Venice, Cipolla (1969) reports that: ‘‘In 1607
the Venetian government appointed a commission of four naval officers to
decide upon the kind of ships to be used in a war against the pirates. They
# The editors of the Scandinavian Journal of Economics 2003.
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must have been officers of quality to be chosen for such a purpose; among
the four officers, three of them signed their names with a cross.’’
There were improvements, however, as witnessed by the French survey
undertaken in 1877 by Maggiolo, who asked 15,928 teachers to count the
signatures in marriage registers; see Fleury and Valmary (1957). They
examined 219,047 documents over the period 1686–1690 and 344,220 documents over 1786–1790. The global results were that 79% of newly married
people signed with marks in 1686–1690; this percentage dropped to 63% in
1786–1790. These data are averages for men and women, but we know that
men were more literate than women over these periods. For 1786–1790,
52% of the men and 73% of the women signed with marks. Similar, but less
extensive, data are reported for England and Scotland by Stone (1969).
Both data sets suggest that the gains in literacy over the eighteenth century
were large.
These gains did not result from the imposition of compulsory schooling
systems which were created in Western Europe in the nineteenth century.
However, public schools had started to develop earlier. As regards the
Geneva example, Cipolla (1969) mentions that a Chinese manuscript from
around 1750 reported that the inhabitants of Switzerland ‘‘are strong and
broad in stature. They are loyal and honest. In each community public
schools have been established.’’ Throughout Europe, cities set up schools
run by the municipality; see, for example, Schama (1977) on Amsterdam
and Rotterdam.
As far as attendance is concerned, some fragmented evidence is available
for some local schools or universities. For example, Chartier, Compère and
Julia (1976) report the number of students in medicine at Montpellier
University over three centuries (1500–1800). The series displays no trend
from 1500 to 1730, then rises until the French Revolution. The number of
students doubled between 1720 and 1780.
The discussion above focuses on formal schooling and literacy. However,
human capital was not only formed at schools, whose availability was not
necessarily guaranteed, and our model can easily be interpreted as covering
other forms of skill accumulation such as apprenticeship. Unfortunately, to
our knowledge, there are no time-series data available in this area (number
of apprentices, duration of apprenticeship, etc.).

The Acceleration of Growth
As reported in Table 1, Maddison (1982) estimates a small acceleration of
growth during the eighteenth century at the dawn of the First Industrial
Revolution. Indeed, the Industrial Revolution started around 1780 in
England; see Stokey (2001) and her quantitative model of the British
# The editors of the Scandinavian Journal of Economics 2003.
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Table 1. Growth in Western Europe

Population
GDP
GDP per capita

500–1500

1500–1700

1700–1820

1820–1980

0.0
0.0
0.0

0.2
0.3
0.1

0.4
0.6
0.2

0.9
2.5
1.6

Industrial Revolution. However, since the period 1789–1815 is characterized
by wars and civil unrest across Europe, Maddison (2001) retains 1820 as the
starting date for the acceleration of growth and technical progress.2 The
same fact is documented by Marczewski (1961) for France: he estimates that
the annual growth rate of total GDP (not per capita) increased from 0.33%
over 1700–1750 to 1.32% between 1750 and the French Revolution.

III. The Model
To measure the effect of the early gains in life expectancy on education and
growth, we use a model adapted from Boucekkine et al. (2002).

Demographic Structure
Time is continuous and at each point in time there is a continuum of
generations indexed by the date at which they were born. Each individual
has an uncertain lifetime. The unconditional probability for an individual
belonging to cohort t of reaching age a 2 [0, A(t)], is given by the survival
law
mða; tÞ ¼

ðtÞ  eðtÞa
;
ðtÞ  1

ð1Þ

where both functions (t) > 1 and (t) > 0 are continuous.3 This twoparameter function is much more realistic than the usual one-parameter
function used for example in Kalemli-Ozcan, Ryder and Weil (2000). Like
the actual survival laws, it is concave (for (t) > 0 and (t) > 1); moreover, it
2

The extent of the pre-industrial acceleration of growth in Western Europe is disputed among
economic historians. Clark (2002) finds that labor productivity in agriculture did not grow
significantly before 1869. Crafts (1994) concludes that growth of income per head did not move
significantly above the long-run pre-industrial average until the second quarter of the
nineteenth century.
3
Indeed, our model is also consistent with piecewise continuous (t) and (t) functions,
allowing for discontinuities in life expectancy.
# The editors of the Scandinavian Journal of Economics 2003.
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allows us to model improvements in mortality which do not necessarily
affect all ages simultaneously.
The maximum age A(t) that an individual can reach is
AðtÞ ¼

logððtÞÞ
:
ðtÞ

ð2Þ

The unconditional life expectancy associated with (1) is
ðtÞ ¼

ð tþAðtÞ

ðz  tÞ

t

ðtÞeðtÞðztÞ
ðtÞ logððtÞÞ
1

:
dz ¼
ððtÞ  1ÞðtÞ ðtÞ
ðtÞ  1

ð3Þ

An increase in life expectancy can arise either through a decrease in  or an
increase in . These two shifts do not lead to the same changes in survival
probabilities. When  increases, the improvement in life expectancy relies
more on reducing death rates for young and middle-age agents. When 
decreases, the old agents benefit the most from the drop in death rates,
which has an important effect on the maximum age.
Assuming that the initial size of a newborn cohort is en(t)t, with nðtÞ 2 R,
its size at time z > t is
enðtÞt mðz  t; tÞ;

for z 2 ½t; t þ AðtÞ:

ð4Þ

When the survival law parameters (t) and (t) are constant, n(t) is also the
growth rate of population. Equation (4) reflects that, although each individual is uncertain concerning the time of his death, the measure of each
generation declines deterministically over time.
The size of population at time t is given by
PðtÞ ¼

ðt

enðzÞz mðt  z; zÞdz;

ð5Þ

tAðtÞ

where AðtÞ is the age of the oldest cohort still alive at time t, i.e.,
AðtÞ ¼ Aðt  AðtÞÞ.

Production Technology
There is a unique material good, the price of which is normalized to 1, that
can be used for consumption. The production function is linear in the stock
of human capital:
YðtÞ ¼ HðtÞ:
# The editors of the Scandinavian Journal of Economics 2003.

ð6Þ

Early mortality declines at the dawn of modern growth

409

Hence, firms employ the whole labor force to produce as long as the wage
per unit of human capital is lower than or equal to one. The equilibrium
in the labor market thus implies that the wage per unit of human capital
is constant over time and equal to one, i.e., w(t) ¼ 1, for all t. The
normalization of human capital productivity to unity does not affect the
equilibrium.

The Household’s Problem
An individual born at time t, 8t 5 0, has the following expected utility:
ð tþAðtÞ

cðt; zÞmðz  t; tÞeðztÞ dz;

ð7Þ

t

where c(t, z) is consumption of a member of generation t at time z. The pure
time preference parameter is .
We assume the existence of complete markets. The intertemporal budget
constraint of the agent born at t is:
ð tþAðtÞ

cðt; zÞRðt; zÞdz ¼ hðtÞ

t

ð tþAðtÞ
Rðt; zÞdz:

ð8Þ

tþTðtÞ

R(t, z) is the contingent price paid by a member of generation t to receive
one unit of the physical good at time z in the case where he is still alive. By
definition, R(t, t) ¼ 1. The LHS is the actual cost of contingent life-cycle
consumption. The RHS is the actual value of contingent earnings. The
individual enters the labor market at age T(t) with human capital h(t), and
earns a wage w(z) ¼ 1 per unit of human capital. Human capital accumulation depends on the time spent on education, T(t), and on the average
 ðtÞ of society at birth:
human capital H
hðtÞ ¼

 
H ðtÞTðtÞ ;


ð9Þ

where  2 [0, 1] and  2 Rþ are technological parameters. The presence of
 ðtÞ introduces the typical externality which positively relates the future
H
quality of the agent to the cultural ambience of society (through, for
instance, the quality of schooling). This formulation amounts to linking
the externality to output per capita, which is another way of reflecting the
general quality of a society. The problem of the representative individual of
generation t is to select a contingent consumption plan and the duration of
his education in order to maximize his expected utility, subject to his
# The editors of the Scandinavian Journal of Economics 2003.
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intertemporal budget constraint, and given the per capita human capital and
the sequence of contingent wages and contingent prices. The corresponding
first-order necessary conditions for a maximum are
mðz  t; tÞeðztÞ  lðtÞRðt; zÞ ¼ 0

TðtÞ1

ð tþAðtÞ

Rðt; zÞdz  TðtÞ Rðt; t þ TðtÞÞ ¼ 0;

ð10Þ

ð11Þ

tþTðtÞ

where l(t) is the Lagrangean multiplier associated to the intertemporal
budget constraint. Since R(t, t) ¼ 1 and m(0, t) ¼ 1, from equation (10) we
obtain l(t) ¼ 1. Using this in (9), we may rewrite contingent prices as
Rðt; zÞ ¼ mðz  t; tÞeðztÞ :

ð12Þ

Equation (12) reflects that, with linear utility, contingent prices are just
equal to the discount factor in utility, which includes the survival probabilities.
The first-order necessary condition for schooling time is (11). The first
term is the marginal gain from increasing the time spent at school and the
second is the marginal cost, i.e., the loss in wage income if entry into the job
market is delayed.
From (11) and (12) the solution for T(t) should satisfy:
TðtÞmðTðtÞ; tÞe

TðtÞ

¼

ð AðtÞ

mða; tÞea da;

ð13Þ

TðtÞ

where the RHS represents the discounted flow of wages per unit of human
capital.

Aggregate Human Capital
The productive aggregate stock of human capital is computed from the
human capital of all generations currently at work:
HðtÞ ¼

ð tTðtÞ

enðzÞz mðt  z; zÞhðzÞdz;

ð14Þ

tAðtÞ

where t  TðtÞ is the last generation that entered the job market at t and
t  AðtÞ is the oldest generation still alive at t. Then, TðtÞ ¼ Tðt  TðtÞÞ.
# The editors of the Scandinavian Journal of Economics 2003.
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The average human capital at the root of the externality (9) is obtained by
dividing the aggregate human capital by the size of the population given in (5):
 ðtÞ ¼ HðtÞ :
H
PðtÞ

ð15Þ

The dynamics of human capital accumulation can be obtained by combining (9) with (14) and (15):
HðtÞ ¼

ð tTðtÞ

enðzÞz mðt  z; zÞ

tAðtÞ

TðzÞ HðzÞ
dz:
PðzÞ

ð16Þ

To evaluate H(t), for t 5 0, we need to know initial conditions for H(t), for
t 2 ½Að0Þ; 0.

The Balanced Growth Path
Let us define a balanced growth path as a situation where human capital
and output grow at a constant rate in a stationary environment. By a
stationary environment we refer to n(t) ¼ n, (t) ¼  and (t) ¼ , for all t,
which implies that m(a, t) ¼ m(a).
From (13), the stationary solution for T should satisfy the following
condition:
TmðTÞeT ¼

ðA

mðaÞea da:

ð17Þ

T

From (16), there exists a balanced growth path H(t) ¼ Het, with H and 
both constant, H non-zero, if and only if the following integral equation
holds:
T
K

ðA
mðzÞe
T

z

dz ¼ 1

with

K¼

ðA

mðaÞena da:

ð18Þ

0

As is standard in endogenous growth models, the constant H depends on
initial conditions. Under slightly different assumptions, Boucekkine et al.
(2002) show that this type of economy has a unique balanced growth path
and that the economy converges toward it by oscillations. In the next
section, we study the empirical implications of our model, while taking
into consideration the contribution of the decline in mortality to launching
modern growth.
# The editors of the Scandinavian Journal of Economics 2003.
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IV. Empirical Assessment
We begin by adapting our model to fit the main facts outlined in
Section II.

The Empirical Model
In order to focus on adult mortality, we disregard the huge swings
affecting infant mortality in the seventeenth, eighteenth and early nineteenth centuries. Consistently with our statistical treatment in Section II,
where the survival laws from Geneva and Venice data are normalized to
1,000 at age 10, we let the birth date in our model correspond to age 10 in
the data. One decision variable is affected by this time shift, the schooling
time, T(t). If the birth date is 10, it can legitimately be argued that the
true schooling time is not T(t), but T(t) þ T0, where T0 is the time spent at
school before age 10. In our empirical assessment, we take this crucial
aspect into account and replace T(t) with T(t) þ T0 in the model. More
precisely, we set T0 ¼ 4, which means that the representative individual has
already cumulated four years of education at birth. In the sequel, we
study the sensitivity of our results to changes in actual schooling time.
With the adaptation described above, the two fundamental equations of
the model which give the optimal schooling time and the law of motion of
aggregate capital become, respectively:

ðTðtÞ þ 4Þ mðTðtÞ; tÞeTðtÞ ¼

ð AðtÞ

mða; tÞea da

ð19Þ

TðtÞ

HðtÞ ¼

ð tTðtÞ

enðzÞz mðt  z; zÞ

tAðtÞ

ðTðzÞ þ 4Þ HðzÞ
dz:
PðzÞ

ð20Þ

The corresponding steady-state equations are:

ðT þ 4Þ mðTÞeT ¼

ðA

mðaÞea da

ð21Þ

T

ðT þ 4Þ


ðA

mðzÞez dz ¼ 1

with

T

# The editors of the Scandinavian Journal of Economics 2003.
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ðA
0

mðaÞena da:

ð22Þ
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Estimation of the Survival Law
We now estimate the survival function (1) for the eight periods available for
Geneva and the four periods available for Venice. The parameters  and 
are plotted with their confidence interval in Figure 3. From this figure we
first conclude that the survival laws in Geneva and Venice are very close to
each other and the parameters change at the same time in both cities.
Second, considering the estimates for Geneva, we observe that there
are only three significantly different laws corresponding to the periods
1625–1674, 1675–1724 and 1725–1825.
We thus assume that there are only two shifts in the parameters of the
survival law. Table 2 reports these estimates and the corresponding values
of the maximum age and life expectancy, which were computed from (2) and
(3), respectively. To run our simulations, we have assumed that changes in
the parameters of the survival law were linear and took 25 years, from 1663
to 1688 and from 1713 to 1738.

Calibration and Simulation
The psychological discount parameter  is set to a standard value of 0.04.
Parameters  and  are jointly set such that before 1663, when demographic
changes started, the economy was on a balanced growth path, with GDP
per capita growing at 0.1%, corresponding to Maddison (1982)’s estimations for the period 1500–1700, and with entry into the labor market at age
13, which correspond to T(t) ¼ 3. Accordingly,  ¼ 0.2 and  ¼ 0.4. Note
that  is the elasticity of wages to investment in education. A value of 0.4 is
moderately below the 0.6 found by Heckman (1976) in contemporaneous
America.

Fig. 3. Confidence intervals for the parameters  and  of the survival laws
# The editors of the Scandinavian Journal of Economics 2003.
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Table 2. Estimation of Geneva’s survival law
1625–1674

1675–1724

1725–1825

1.455
0.0050
49.83
84.97

2.178
0.0103
52.57
85.45

3.859
0.0179
56.00
85.50



Life Exp. at 10
Max. Age

We ran our simulations under the assumption that the survival probabilities were constant and the economy was on its balanced growth path from
1500 to 1663, when the first demographic shock began. Under this assumption, we used (21) and (22) to compute the balanced growth path solution
for T and  for this period. A series for T(t), from 1630 to 1820, was
computed from equation (13). The effect of the mortality decline on education is displayed in Table 3. The model predicts that optimal schooling
should have increased by half a year.
Next, aggregate human capital was computed from (20), for 1663–1820,
using the series for T(t), A(t) and P(t) generated in the previous steps. Since
the economy was on a balanced growth path until 1662, initial conditions
for aggregate human capital are given by H(t) ¼ Het. The constant H was
set to unity without any loss of generality. Table 4 displays the simulated
average growth rates of both population and GDP. The transitory increase
in the annual growth rate of population above 0.2% is due to the improvement in longevity. The growth rate of GDP per capita moves from the initial
0.1% to 0.14% and then to 0.19% over the period 1750–1820. This acceleration in growth is thus estimated to 0.09% per year.
Averaging over the years 1700–1820, we obtain a population growth of
0.3% and a GDP per capita growth of 0.17%. These numbers can be
compared to the estimation by Maddison in Table 1 of 0.4% and 0.2%,
respectively. The two shifts of the survival law can thus account for half the
acceleration in population growth, while the rest is due to changes in fertility
and/or infant mortality that we have not modeled here. Moreover, the early
improvements in longevity account for 70% of the acceleration in growth
over the period 1700–1820.

Table 3. Age of entry on the labor market

10 þ T

1625–1674

1675–1724

1725–1825

13

13.2

13.57

# The editors of the Scandinavian Journal of Economics 2003.
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Table 4. Simulated growth

Population
GDP
GDP per capita

1500–1700

1700–1750

1750–1820

0.20
0.30
0.10

0.33
0.47
0.14

0.28
0.47
0.19

Note that the entire 70% is not due to the increase in schooling. Part of it
simply reflects an ‘‘activity rate’’ effect: a drop in adult mortality increases
the share of economically active persons in society, which is favorable for
growth of output per capita. To evaluate the importance of this ‘‘composition’’ effect compared to the effect passing through human capital, we
simulated the effect of changes in mortality on growth assuming a constant
T(t); the results are that 28% of the acceleration in growth are accounted for
by improvement in mortality when schooling is constant. The remaining
42% are thus related to a stronger accumulation of human capital.

Sensitivity Experiments
It remains to assess the robustness of our predictions to changes in the
values of the parameters. We focus on the productivity parameters  and 
which are crucial in the determination of the optimal schooling time and the
long-term growth rate. More precisely, we vary  from 0.3 to 0.7 and adjust
the value of  at each  value in order to keep GDP per capita growing at
0.1% initially. The results are given in Table 5.
In the worst case,  ¼ 0.3, the observed decline in adult mortality accounts
for 45% of actual growth in the period 1700–1820. In such a case, actual
schooling time amounts to five years, to be compared with the seven-year
schooling period in our reference parameterization. For high  values, when
human capital formation becomes more and more elastic with respect to
schooling time, the predicted growth rates exceed the actual rate. In all
cases, the observed changes in adult mortality appear as a fundamental
determinant of the growth process at that time.

Table 5. Sensitivity results


T(1600)
Growth 1700–1820
% explained

0.3
0.19
1.3
0.145%
45%

0.4
0.20
3
0.17%
70%

0.5
0.20
4.6
0.19%
91%

0.6
0.18
6.2
0.21%
111%

0.7
0.16
7.8
0.23%
128%
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A further question is whether the parameter  can be considered constant
over the period, given that the return on education is higher in cities, and
that the urbanization ratio may have increased. According to Bairoch
(1991), the urbanization ratio remained stationary over 1700–1800, then
increased sharply. For example, defining cities as entities with 5,000 or
more inhabitants, the urbanization ratio of Europe (without Russia) was
12.3% in 1700, 12.1% in 1800 and 18.9% in 1850.
As far as the structure of our model is concerned, we have abstracted
from a number of features which, if incorporated into the model, would lead
to an even stronger effect of mortality decline on growth. Specifically, the
model assumes risk-neutral households and complete markets. The model
therefore only captures decreases in expected death probabilities, while
changes in the variance of those probabilities do not play a role. Typically,
mortality decline also reduces uncertainty over the remaining life span and,
in a model with risk-averse agents, this reduction in uncertainty tends to
increase the incentive to invest in human capital even more. By abstracting
from this possibility and concentrating on the increased return to education
due lower death probabilities, the model therefore delivers very conservative
estimates of the effect of mortality decline on education.
The effect of education on growth is model specific to the extent it
depends on the presence of the externality leading to endogenous growth.
As we have already stressed, the form of the externality, human capital or
output, does not matter in our framework. Needless to say, if we assumed
no externality, the model would be unable to capture the acceleration in
long-term growth using transitional dynamics only.

V. Conclusion
Improvements in adult mortality and in literacy began well before the
Industrial Revolution, as reported by historians. Using available survival
laws for the seventeenth and eighteenth centuries, we show that life expectancy at age 10 increased by six or seven years over the period. The increase
in life expectancy should have induced a rise in education, reflected in the
observed increase in literacy. Moreover, this improvement in human capital
should have pushed up the growth rate at the dawn of the Industrial
Revolution, as reported by Maddison (1982).
In this paper, we propose an overlapping generations model where life
expectancy positively affects the accumulation of human capital and
growth, and use it to evaluate quantitatively the effects on growth of the
observed increase in survival probabilities of adults. The parameters determining life expectancy were calibrated to replicate Geneva and Venice’s
survival laws over the period 1625–1825. The other parameters of the
# The editors of the Scandinavian Journal of Economics 2003.
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model were calibrated assuming that the economy is on a balanced growth
path consistent with Maddison’s observations for Europe over the period
1500–1700.
The main finding is that the observed changes in adult mortality from the
last quarter of the seventeenth century to the first quarter of the eighteenth
century played a fundamental role in launching modern growth. In our
reference parameterization with a schooling time of seven years, the decline
in adult mortality induced an increase in the growth rate of around 70% of
the increase estimated by Maddison. Our study thus promotes the view that
the early decline in adult mortality is responsible for a large part of the
acceleration of growth at the dawn of the modern age.
The next question on the agenda is twofold. First, it should be important
to evaluate to what extent a higher literacy rate was a necessary condition
for developing and adopting new technologies, thereby paving the way for
the Industrial Revolution. For example, the growth of clockmaking and the
manufacturing of precision instruments relied on a growing supply of
literate craftsman.4 Second, the feedback from growth to mortality occurring in the nineteenth and twentieth centuries should be analyzed in an
endogenous growth model where health expenditures allow for a reduction
in mortality rates.
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