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A. Illustration of the Dynamic System
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Figure 1. The Process of Development
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B. Calibration: Data Sources and Details

Length of a generation. The mean age at first birth for the average country is set to
20 years. in Sweden around 1800 was slightly higher, see Dribe (2004), while age at first
birth is still below 20 in pre-transitional countries in Africa nowadays, see Mturi and Hinde
(2007).

Age of retirement. Data from http://www.oecd.org/dataoecd/3/1/39371913.xls.

Technological Progress. The parameter of TFP, φ, is set to match the average annual
growth rate of income per capita on the balanced growth path (which equals the growth
rate of technological change), see main text. Data sources: ERS Dataset (www.ers.usda.gov)
or historical statistics from the Bank of Sweden (www.historicalstatistics.org). Tar-
geting TFP (multi-factor productivity), labor productivity, or the Solow Residual around
2000 (see, e.g., OECD Statistics (https://stats.oecd.org/Index.aspx?DataSetCode=MFP)
or Donghyun et al., 2012, Table 7) instead of income would deliver very similar values for φ.

Production Function. The elasticity of substitution between skilled and unskilled workers
is set following the literature. See for instance Acemoglu (2002).

Human Capital. To calibrate some parameters we target a 10 percent pre-transitional
share of skilled individuals. The alternative available data sources provide slightly hetero-
geneous information on enrolment rates in the early 19th Century Sweden, with estimates
ranging from about 5 to about 15 percent, see de la Croix, Lindh, and Malmberg (2008)
and Ljungberg and Nilsson (2009). The target of the precise value of λ before the tran-
sition used for the computation is of little importance for the the obtained parameters,
however. The results for alternative parameters obtained by targeting levels of λ up to
0.3 are essentially the same. The average years of schooling in Sweden was 12 years in
2000 (for the cohort age 25-35). Data from Lutz, Goujon, and Sanderson (2007). The
earliest available data suggest around 1 year of schooling on average before or around
the onset of the transition. The estimates are slightly lower when referring to the entire
population alive in Sweden in 2000 since older cohorts are included (for instance 11.4 in
the data of Barro and Lee, 2001, and 11.5 years in Ljungberg and Nilsson, 2009). Re-
garding pre-transitional education levels, the estimates differ somewhat more. Ljungberg
and Nilsson (2009) report 1.03 years of schooling in the total Swedish population aged
15-65 in 1870, and 0.1 average standard school years of the population aged 7-14 around
1810-1820, considering absenteeism and length of school years.

Ability Distribution. We estimate the income distribution for Sweden in 2000 using micro
data from the ECHP dataset for individual incomes of full-time employees aged 25 to 45,
which corresponds to the two last cohorts in the dynamic simulation, and equivalently to
the two first generations with λ = 1 in the data. The income used to estimate the param-
eters of the ability distribution are converted in US-$ using an average exchange rate of
9 Kroner for one US-$ in 2000. The income distribution is approximately log-normal be-
tween the 5th and 95th percentile of the data, with slightly thicker tails. The distribution
of log incomes has mean 9.7, standard deviation 0.4, and the lowest and highest observed
log-incomes are 6.7 and 12.8, respectively, which implies a maximum spread of 6.1. The
moments of the income distribution for the age cohort 25-65 are essentially the same, with
the lowest, mean, and highest levels of log income being 6.7, 9.7, and 12.8, respectively,
and with a standard deviation of 0.41. The ECHP data are based on surveys and refer
to total net income from work, which might explain the small differences between the log
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income per capita from macro data, which is approximately 10 in 2000, and the mean log
income from the micro data that is about 9.7. The relevant data moments extracted from
this data set are broadly consistent with other data sources based on register data and
alternative surveys for gross earnings, see, Domeij and Floden (2010). The data moments
are also close to the ones typically used for the calibration of dispersion in permanent
incomes in other OECD countries. For instance, Erosa, Koreshkova, and Restuccia (2011)
match a variance of log permanent earnings in the US of 0.36. Robustness checks show
that the results are fairly insensitive to varying the dispersion. It is worth noting that the
distribution of cognitive ability (or IQ), which is generally measured in the literature as a
truncated normal with mean 100 and standard deviation 15, see, e.g., Neisser et al. (1996),
would imply a very similar parametrization when normalized for a support a ∈ [0, 1], with
µ = 0.5 and σ = 0.075.

Adult longevity. The average of life expectancy at age five in the period 1760-1840 was
48.38, in the period 1790-1810 it was 48.06. Data from the Human Mortality Data Base
available at http://www.mortality.org/. Similar figures are documented for England,
France and Italy, see Woods (1997) and Bideau, Desjardins, and Perez-Brignoli (1997)
and Lewis and Gowland (2007). In 2000 child mortality in Sweden was around 0.004,
which explains the convergence of life expectancy at 5 plus five years of 80.74, and of life
expectancy at birth of 80.45.

Child survival probability. Data from http://www.mortality.org. The levels of income
per capita needed for the computation of the parameters of the function of child survival
are extracted from the database of historical statistics of the Bank of Sweden that is freely
available online at www.historicalstatistics.org. The data are converted to US-$ us-
ing an average exchange rate in 2000 of 9 Kroner for one US-$. The income levels used for
the calibration of condition (7) are 22,717 and 884 US-$, which correspond to the GDP
per capita of Sweden in 2000 and 1800, respectively, in US-$ per 2000.

Preferences. Total fertility rates (TFR) in Sweden were on average 1.8 children per woman
over the period 1980-2000, with substantial fluctuations. In 1990, the TFR was 2.13,
whereas in 2000 it was 1.54 (World Development Indicators). A gross fertility of 1 (which
would correspond to a TFR of 2) along the balanced growth path is a reasonable target.
Targets in the range from 0.75 to 1.1 deliver very similar results. Concerning the cost of
raising children, the target r = 5 in 2000 is set in line with the estimates by Haveman and
Wolfe (1995). This is equivalent to setting a target for the share of work life that is spent
in raising a child is about 15 percent which is in line with Doepke (2004) and de la Croix
and Doepke (2003). The weight of children relative to own lifetime consumption changes
with Tt, as in Soares (2005). For γ = 9 the relative weight of children compared to per
period consumption, γ/Tt, drops from around 0.18 before the transition to around 0.12 in
the steady state.

Production function of children’s quality. Gross fertility in Sweden in 1800 and 2000 was
n = 2.3 and n = 1. A clear drop in gross fertility occurs around 1900. The data are
from Keyfitz and Flieger (1968) and World Development Indicators. The level of TFP
and income per capita growth around 1900 vary between 0.7 and 1.7 percent per year.
The largest estimates are based on indexed data and include land, see Krantz and Schön
(2007), Schön (2008) and Greasley and Madsen (2010). Estimates of TFP and income
per capita growth around 1900 vary between 0.7 and 1.7 percent per year. For the cali-
bration we consider the average, 1.2. As an alternative calibration that does not rely on
information about the growth rate of technology during the transition, one can also use in-
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formation on the share of skilled around 1900 and compute the growth rate that is implied
by (9). According to estimates by Ljungberg and Nilsson (2009) average years of schooling
for the cohort aged 7-14 was around 4 in 1900. Given {φ = 0.61, eu = 0, es = 12} this
implies targeting a level of g = 0.2745, which delivers essentially the same parametrization.

Initial Conditions. The time axis is set with reference to the convergence to the post-
transitional balanced growth path (in terms of λ converging to 1) in 2000. This implies
that the choice of x0 = 0.04 determines the beginning of time in the calibration in the
stagnation period. This parametrization also implies that the income share of unskilled
human capital in total production is larger than 99.9% at the beginning of the simulation,
and still above 95% in 1800 just before the transition. The initial level of technology is
set targeting the level of GDP per capita in Sweden in 2000 equal to 10.03. Data are from
www.historicalstatistics.org.

Cross-country differences in life expectancy. For background evidence on the role of a
higher exposure to diseases in leading to a faster deficit accumulation and earlier death see,
e.g., Mitnitski, Mogilner, and Rockwood (2001) and Searle et al. (2007). Research based
on the investigation of skeletons documents that adult longevity during the Mesolithic
period was lower in more difficult mortality environments, see Boldson and Paine (2000).
As alternative scenario, we target a life expectancy at age five at 45 years (compared
to 48 years reflecting Sweden around 1800 just before the transition). The data source
is UN Population Statistics available at www.unstats.un.org. Data on life expectancy
at five for earlier periods are missing for many countries, including most Sub-Saharan
Africa countries in 1960. Alternatively, the available information on child mortality and
life expectancy at birth in 1960 can be used to derive an estimate of life expectancy at
age five. This delivers a very similar target for the highest mortality countries. In 1960
life expectancy at birth was as low as 33 years in some countries like Afghanistan, and
child mortality one third. Assuming a constant death rate below the age of 5, these num-
bers imply a life expectancy at age five between 44 and 45 years. In some countries, like
Swaziland life expectancy at birth is just above 30 years still today (data from the CIA
World Factbook). This suggests that 45 is possibly a conservative estimate of baseline
adult longevity in the worst conceivable mortality environment. Retaining a target of 76
years for life expectancy at age five on the balanced growth path, this implies setting a
T=40 and ρ = 36 (rather than T=45 and ρ = 31 as in the benchmark calibration).

Cross-country differences in disease environment. The data in the historical disease preva-
lence across 113 countries is taken from Murray and Schaller (2010). For each pathogen
we construct a binary indicator of whether or not a disease has been present at severe or
epidemic levels at least once in the history up to the early 20th century. The diseases in-
clude leishmanias, schistosomes, trypanosomes, leprosy, malaria, typhus, filariae, dengue,
and tuberculosis. Six of these diseases fall into the class of multi-host vector-transmitted
diseases, which are particularly difficult to prevent or eradicate even today because the
pathogens survive in multiple hosts (both humans and animals), and which are bound
to specific transmission vectors, like mosquitos, which require a particular geographical
habitat. The endemicity of the class of multi-host vector-transmitted diseases is fairly
insensitive to economic development and globalization, and thus an informative measure
of cross-country differences in the extrinsic mortality environment, see Smith et al. (2007).
Cervellati, Sunde and Valmori (2012) document the health relevance of the number these
pathogens in terms of predicting life expectancy and the likelihood of outbreaks of epi-
demics. The frequency distribution of the counts of pathogens for all countries of the world
is used as distribution of baseline adult longevity within the support [40, 45]. The resulting
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distribution, depicted in Figure 2 in terms of a kernel density plot, is modestly skewed.
The frequency of simulated countries with baseline longevity T = 45 corresponds to the
frequency of countries with the lowest observed number of multi-host vector-transmitted
diseases ever diagnosed (which includes Sweden). Conversely, the frequency of simulated
countries with baseline longevity T = 40 corresponds to the frequency of countries with
the highest number of multi-host vector-transmitted pathogens (which include several
Sub-Saharan African countries). The distribution on the full support (40, 45) is created
by a linear intrapolation of the frequency distribution of the counts of multi-host vector-
transmitted diseases on a grid of 0.25 diseases. Figure 2(a) plots the resulting distribution
of baseline longevity for the 113 countries of the data by Murray Schaller (2010) data. Fig-
ure 2(b) plots the number of diseases in different continents relative to the world average
(standardized).

Figure 2. The World-Wide Distribution of Multi-host Vector-transmitted Diseases
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C. Data Sources for Time Series and Cross-Section

Time Series for Sweden. Life expectancy and fertility data are taken from the Human Mor-
tality Database (http://www.mortality.org), Keyfitz and Flieger (1968) (up to 1960)
and World Development Indicators (after 1960), respectively. The Data for GDP, popula-
tion and GDP per capita is provided by the internet portal for historical Swedish statistics,
www.historia.se and the Swedish Central Statistical Office, www.scb.se. The data on
schooling are from de la Croix, Lindh and Malmberg (2008) while the data on average
years of schooling are from Ljungberg and Nilsson (2009).

Cross Country Panel Data. We use data from Barro and Lee (2001) as benchmark since
they are used more frequently and go back to 1960. The other data sources are Hu-
man Mortality Database (www.mortality.org), the UN Population Statistics (different
historical volumes of the UN Demographic Yearbook, www.unstats.un.org), the World
Development Indicators at:
(http://data.worldbank.org/data-catalog/world-development-indicators).

All results are qualitatively and quantitatively very similar using alternative measures
like the fraction of total population with at least completed lower secondary education,
or the fraction restricted to different age cohorts such as, e.g., age 20-24 years from Lutz,
Goujon and Sanderson (2007).

Kernel Distribution. For comparability, the distributions of real data are based on a ho-
mogenized sample of 90 countries, for which information on the share of skilled individuals,
life expectancy at birth, child mortality, total fertility rate, and the net reproduction rate
is available for 1960 and 2000. The results are similar when using unrestricted samples
for the different variables.
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D. Illustration of the Simulated Development Path

Figure 3 depicts the simulated data for the equilibrium share of individuals acquiring
skilled human capital and of life expectancy at birth that is obtained from the benchmark
calibration. The figure plots the evolution of these variables over the entire simulation
period and illustrates the lengthy phase of slow development followed by the endogenous
take-off.

Figure 3. Long-Run Development: Simulation of benchmark calibration

20
40

60
80

Li
fe

 E
xp

ec
ta

nc
y 

at
 B

irt
h

0 500 1000 1500 2000
Year

(a) Life Expectancy at Birth

0
.2

.4
.6

.8
1

Sh
ar

e 
Sk

ille
d 

0 500 1000 1500 2000
Year

(b) Share Skilled λ



8 AMERICAN ECONOMIC JOURNAL MONTH YEAR

E. Bibliography for Online Appendix

The following references refer exclusively to the data sources and articles cited in the
Online Appendix.
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