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Abstract

Advanced economies undergo three transitions during their development: (1) transition from
a rural to an urban economy, (2) transition from low-income growth to high-income growth,
(3) transition from high fertility and mortality rates to low modern levels. The timings of
these transitions are correlated in the historical development of most advanced economies.
I consider a nonlinear model of endogenous long-run economic and demographic change,
in which child quantity-quality substitution is driven by declining child mortality. Because
the model captures the interactions between all three transitions, it is able to explain three
additional empirical patterns: a declining urban-rural wage gap, a declining rural-urban
family size ratio, and most surprisingly, that early urbanization slows development. This
third prediction distinguishes the model from other theories of long-run growth, and
I document evidence for it in cross-country data.
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1. Introduction

Why do economies transition from millennia of near-zero income growth to modern
income growth rates? Leading theories of long-run growth attempt to understand
development through one of two mechanisms. Literature following Becker et al.
(1990) and Galor and Weil (2000) theorizes that the central mechanism is the
substitution of child quantity to child quality, and jointly explains the growth
transition and the demographic transition. Simultaneously, literature following
Hansen and Prescott (2002) and Lucas (2004) theorizes that the central mechanism
is structural transformation and jointly explains the growth transition and urbanization.

But these mechanisms are not substitutes. The incentives for quantity-quality
substitution differ between urban and rural areas, and structural transformation
alone cannot explain the rapid acceleration of economic growth. I propose a unifying
theory which features both mechanisms and endogenously reproduces the timing
and magnitude of the three transitions: growth, urbanization, and demographics.
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Only by considering these transitions jointly can this theory predict the following
observations: a declining urban-rural wage gap, a declining rural-urban family size
ratio, and that early urbanization slows development. The third prediction, that
urbanization is not a panacea for growth, is a result of high preindustrial urban child
mortality and is novel in this literature.

The association of early urbanization with lower modern incomes is novel to applied
theories of very long-run growth and demographics,’ and is closely related to the
empirical literature’s concept of the “reversal of fortune”, whereby high preindustrial
income is associated with slower growth. Indeed, Acemoglu et al. (2002) specifically
use urbanization as a proxy for early income and show it is negatively correlated
with modern income levels for former colonies. Their explanation for this
relationship is the colonial transmission of institutions. This contrasts with the
present paper in two ways. First, I am concerned with the relationship between
growth and urbanization directly, not just as a proxy for income. Second, the
explanation in this paper is that high child mortality in early urban centers
disincentivizes human capital growth. This is an independently important effect,
which I demonstrate in section 2.2, showing that early urbanization is associated
with delayed growth, even when controlling for the alternative explanations of
colonial history and geographic factors [e.g., Diamond (1998), Acemoglu et al.
(2005) or Nunn and Qian (2011)]. In the long run, urbanization is beneficial for
growth; a large literature supports this, and it is true in this paper’s model as well.
However, the factors that cause preindustrial civilizations to be more urbanized are
associated with delayed transitions to modern growth.

The model economy has two sectors.” Human capital growth drives production to
shift out of the rural sector, which has diminishing returns to scale.’” The higher
returns to scale of the urban sector increase the income growth associated with any
rate of human capital growth.

Households choose how much time to work in the market, how much time to spend
raising children, and how much time to spend investing in their children’s human
capital, in the spirit of Becker (1960). As the child mortality rate improves, the
household can afford a higher quantity and quality of children. Increasing the
number of children increases the cost of investing a unit of human capital in each
child [as in Becker and Lewis (1973)], so parents reduce fertility and spend more
time on human capital investment. At high mortality levels, households have more
net children as they become less costly. But as child mortality falls further, the

"Low-income economies leapfrogging higher income economies are a feature of many well-known
models [e.g., Brezis et al. (1993) or Brezis and Krugman (1997)], but not a prediction of existing
theories of very long-run growth that can simultaneously explain why countries transition from
preindustrial to modern growth.

*Trade is missing from this theory, which is not a trivial omission. Stokey (1996) shows that openness to
trade can speed a country’s human capital accumulation with capital-skill complementarity, and Stokey
(2001) shows that trade accelerated England’s transition. O’'Rourke and Williamson (2005) also shows
trade’s large effect on the English transition, demonstrating that increased trade openness explained a
much of the increase in the ratio of wages to land rents. Galor and Mountford (2008) adds trade to a
unified growth model, and shows that an early transition increases demand for the human
capital-intensive sector through trade, accelerating the growth and demographic transitions.

*This dominance is similar to the results of Ngai and Pissarides (2007) or Acemoglu and Guerrieri
(2008), where the sector spending the least on a fixed factor dominates in the long run if the elasticity
of substitution among sectors is >1.
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income effect dominates the substitution effect, so households shift from child quantity
to child quality.* As families choose fewer children and more investment per child, per
capita human capital grows faster and faster. Per capita income growth rises from
near-stagnation to modern levels.

Urban households suffer higher child mortality than rural households, so the relative
wage in urban areas is high because households must be compensated for moving to the
deadly city.” As human capital grows, increased knowledge reduces mortality. Declines
in the difference between urban and rural mortality reduce the wage premium needed
to induce households to live in an urban area, enabling further urbanization.

A large branch of the unified growth literature considers the quantity-quality
trade-off to be the central mechanism behind the growth transition. The motivation
for this hypothesis is generally the correlation between the growth transition and the
demographic transition. Becker et al. (1990) first analyze the quantity-quality
trade-off in the context of an endogenous growth model; Lucas (2002) considers
introducing land as a fixed factor, allowing for either a Malthusian or modern
growth outcome. Galor and Weil (2000) model fertility increasing as workers escape
their subsistence consumption constraint and work fewer hours, but who then
substitute to quality as returns to education rise. Galor and Moav (2004) introduce
physical capital to the framework and study inequality during the transition. Doepke
(2004) consider a two-sector model with a child quantity-quality decision, where
education subsidies and especially child labor regulation can influence a country’s
transition timing. Empirical evidence supports the quantity-quality substitution
during industrialization, for example in Prussia [Becker et al. (2010)], in the
American South [Bleakley and Lange (2009)], and across the developing world in the
20th century [Chatterjee and Vogl (2018)].

The quantity-quality decision is governed by the return to human capital, which
changes over the transition period. Some authors hypothesize that this return changes
due to level effects in technology or growth. For example, Galor and Moav (2002)
assume a complementarity between education and the technological growth rate, while
Doepke (2004) assumes that an increase in the level of skill-intensive technology
increases the return. Other hypotheses include capital-skill complementarity;
Fernandez-Villaverde (2001) finds the capital-specific technological change can explain
more than 50% of England’s growth and demographic transitions.

I assume a different channel: declining child mortality increases the return to human
capital investment, driving the quantity-quality substitution. This joins a growing
literature arguing that child mortality improvements are central to the transition to
modern growth. The exact mechanism—child mortality’s effect on the return to
human capital—differs from other papers in this literature. For example, Kalemli-
Ozcan (2002) and Kalemli-Ozcan (2008) show that reductions in child mortality
induce substitution from child quantity to quality by reducing the precautionary
motive to have many children. Bhattacharya and Chakraborty (2017) find that
mortality improvements can speed the adoption of modern contraception, which is

*This Giffen property of child quantity is not entirely new. See for example Willis (1973), or [Becker
(1981), Chapter 5] for the effect of child mortality declines in particular. Soares (2005) features the
Giffen property and shows that child mortality declines can contribute to escape from a Malthusian trap.

*Throughout the industrial revolution, cities were unhealthy places to live, with considerably higher
mortality rates than rural areas. Williamson (2002) documents this pattern for England, as does
Kesztenbaum and Rosenthal (2011) for France, Hanlon and Tian (2015) for China, and Cain and Hong
(2009) in the United States.
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complementary to substituting towards child quality. Ehrlich and Lui (1991) argue that
reductions in mortality raise the incentive for parents to invest in their children’s
human capital, as longevity improvements raise the value of future old-age support
from their offspring. Other papers suggesting that child mortality improvements drive
fertility declines include Eckstein et al. (1999), Lagerlof (2003), Hazan and Zoabi
(2006), and Bhattacharya and Chakraborty (2012).°

The hypothesis that child mortality is fundamental to the growth transition is not
without controversy. [Galor (2011), Chapter 4] rejects this channel on theoretical
grounds. Using a static model of consumption and fertility choice, he shows that
declines in child mortality rates should not affect fertility and will just increase
surviving children, if the household has balanced growth compatible preferences.
Doepke (2005) and Strulik (2017) reach a similar conclusion. However, the model
described in section 3 differs from this conclusion when preferences are dynastic,
and households invest in each child’s human capital, even with balanced growth
compatibility. Galor also rejects the child mortality channel on empirical grounds,
given that the mortality in England declined significantly during the 18th century,
over a hundred years prior to the demographic transition, without an associated
decline in fertility. This is true of the crude death rate, but the relevant measure is
the child mortality rate, which Wrigley and Schofield (1983) document as not
declining significantly over the same period (Figure 1).

The second set of theories focus on structural transformation as the cause of the
growth transition. The motivation for this hypothesis is generally the correlation
between the growth transition and urbanization. Hansen and Prescott (2002)
consider an economy where only one sector uses the land as an input and is
perfectly substitutable with a constant returns sector. Given the exogenous
population and technological growth, the economy transitions from a Malthusian
regime where only the land-intensive sector operates, to a modern regime where
both operate. Lucas (2004) examines an endogenous growth model in which urban
locations have increasing returns to scale in human capital as workers exchange ideas
and learn from each other. Growth drives structural transformation out of agriculture
due to the presence of a fixed factor, land.” Agriculture makes up the majority of
employment in preindustrial Europe [Allen (2000)] so structural transformation out
of agriculture leads to urbanization if agriculture is not entirely substituted for rural
non-agricultural industries. Economic growth can lead to both technological or
preference-driven structural transformation, but the formal model in this paper
considers technological structural transformation, motivated by evidence from
Kuznets (1966), Maddison (1980), and Baumol et al. (1985), among many others.®

%Some theories such as Meltzer (1992) and Kalemli-Ozcan et al. (2000) suggest that the relevant
mortality improvements for growth is adult mortality. This is supported in some empirical analysis
[Lorentzen et al. (2008)] but not others [Acemoglu and Johnson (2007)].

”A bevy of papers follow this basic approach, for example: Gollin et al. (2007) use a two-sector model of
structural transformation to consider the impact of different agricultural productivity processes on
countries’ growth transitions. And, Michaels et al. (2012) directly relate technology-driven structural
transformation to urbanization during the American transition. Strulik and Weisdorf (2008) build a
two-sector model of the industrial population boom, where population growth drives productivity
growth, creating a simultaneous income boom.

SRecent research from Herrendorf et al. (2013) and Comin et al. (2015) find that when considered
together, both technology and preferences have driven structural transformation, so a more complete
model of structural transformation would incorporate income effects as well.
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Figure 1. Transitions in England.
Notes: GDP per capita is from The Maddison Project (2013) and Broadberry et al. (2010). Urbanization data are from
Bairoch (1991). TFR and Mortality are from Ajus (2015) and Johansson et al. (2015) after 1800. Before 1800, they are
from Wrigley and Schofield (1983).

The intersection of these two broad growth literatures—quantity-quality substitution
and structural transformation—is limited. The present paper argues that the
intersection is important for understanding long-run transitions and the interaction
between the two forces generate effects that cannot be observed when considered
independently. Few papers populate this intersection, but in an important related
paper, Baudin and Stetler (2018) also consider a growth model with urban and rural
differences in demographic decisions; they use the framework to show that migration
costs can slow an economy’s transition and increase urban-rural inequality.

The remainder of this paper is organized as follows: section 2 describes the empirical
patterns, section 3 describes the model environment, section 4 defines equilibrium
and characterizes several properties, section 5 outlines the calibration procedure and
simulation results, section 6 considers the model under alternative calibrations and
examines the empirical implications, and section 7 concludes.

2. Empirical patterns

Figure 1 plots the three transitions in England from 1295 CE. Before the industrial
revolution, real income growth is consistently <1%. The urban share of people is
<10%. Fertility and mortality rates are high. Then, since 1800, all of these series
transition to modern values. This joint transition is an empirical regularity: among
large countries with a thousand years of urbanization and income estimates, there is
no evidence of a sustained transition for income growth, urbanization, fertility, or
mortality before 1800.°

°Except for Belgium and the Netherlands, which had urban shares nearly 30% in 1500 CE.
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Table 1. Correlation of transition years

Income growth Urbanization Fertility Mortality
Income growth 1
Urbanization 0.518 1
Fertility 0.542 0.393 1
Mortality 0.608 0.467 0.881 1

Table 2. Transitioned percentage of countries by income in 2012

Urban >50% TFR <3 Child Mort. <5%
Income >$10 K 93% 96% 97%
Income <$1K 7% 10% 13%

Moreover, these transitions occur around the same time within a country. This is
well-known, but to illustrate, I calculate the first year that each country surpasses a
benchmark level for each series: (a) 1% annual income growth, (b) 50% urban, (c)
total fertility rate below 3, and (d) under-five child mortality below 5%. Table 1
reports the correlation table for these transition years.'” Countries that experience an
early growth transition also tend to urbanize early and have fertility and mortality
fall early. This correlation is also observable in the current cross-section. Table 2
reports the percentage of countries surpassing the urbanization and demographic
benchmarks for two income groups. Countries with 2012 GDP per capita of at least
$ 10, 000 are broadly urban with low fertility and low mortality. Countries with
GDP per capita <$ 1, 000 tend to be rural with high fertility and high mortality.

2.1 Urban-rural differences

The model also produces two other facts observed in the English transition: a declining
urban-rural wage premium, and a declining rural-urban family size ratio. I focus on
England, because of the quality of its long-run macroeconomic time series, and
availability of historical urban and rural data on fertility, mortality, and wages. The
model is calibrated to English data in section 5.1.

The urban-rural wage gap declines over time.'' Williamson (1987) calculates a
nominal wage gap in the 1830s for unskilled workers of 73% and a real wage gap of

'The set of countries includes those with 1,000 years of data for income and urban population share,
defined as the percentage of the population living in cities of at least 5,000 people. In total, 18 countries are
in this dataset: China, India, and 16 European countries, listed in Table 5. Historical estimates for these
datasets correspond to the modern states’ current geographic area whenever possible. The annual
income growth rate is a 50-year moving average, so that recent years with high frequency data
correspond to the early Maddison estimates with low frequency data points.

"Specifically, the wage gap controlling for worker skill. Income differences between urban and rural
workers may be very large if urban workers accumulate much more human capital, as in Lucas (2004).
In the cross-section, Lagakos and Waugh (2013) and Young (2013) use a worker-selection model to
estimate that most of the productivity gap in poor countries is due to sorting on skill.
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46%; he estimates that the majority of the gap was compensating for high urban
mortality. In contrast, D’Costa and Overman (2013) estimate an unconditional wage
gap of 14% in Britain from 1998 to 2008. Conditioning on observables such as
occupation and skill further reduces the gap to 2%, in line with estimates for other
countries."

The rural-urban family size ratio declines over time. Clark (2009) estimates gross
fertilities for the 15th-18th century that is 27% higher on farms than in London and
12% higher in other non-farm households than in London. Mortality differences led
farm-dwelling fathers to have over twice as many surviving children than a
Londoner. And other non-farm fathers had 70% more surviving children than a
Londoner. By the turn of the 20th century, [Szreter and Hardy (2001), Table 20.6]
estimates that rural fertilities were only 3%-5% larger than in urban areas. In
modern European countries with available data, rural crude birth rates average 98%
of urban rates [United Nations Statistics Divison (2012), Table 9]. This pattern is
documented in many countries."’

2.2 Early urbanization predicts later transition

This prediction is unique in distinguishing this theory from other models of
urbanization and long-run growth. Theories such as Hansen and Prescott (2002) or
Lucas (2004) feature an urban sector with strictly greater returns to scale than the
rural sector. In such a model, an economy that is parameterized to choose a higher
urbanization level for a given income level will grow faster. The model presented in
section 3 also has higher urban returns to scale, but an additional factor in the
urban sector inhibits growth: high child mortality. If an early economy is relatively
urbanized all else equal, its high child mortality reduces the household budget set,
decreasing the return to human capital investment, which delays the income growth
transition. Then, over the following transition, growth and urbanization are highly
correlated.

In this section, I estimate the relationship between early urbanization and transition
timing using cross-country data to document how country characteristics including the
preindustrial urbanization rate affect the timing of a country’s transition to modern
growth.

I construct growth transition years for 43 countries'* for which I have the relevant
data in the year 1500. The transition years use the same definitions as in Table 1: the
first year that a 50-year moving average of income growth exceeds 1%. Then I regress
the transitions years T; against country characteristics in the year 1500:

Tj = By + Bisuo, + BaAyoj + Bsnoj + & Dj + &j, D

where sy, is country j’s initial urbanization rate, Ay,; is their initial per capita real
income growth, ng; is their initial population growth, D; is a vector of country
characteristics for some regression specifications, and &; is the error term. One

"?Additionally, there is cross-sectional evidence that the urban-rural productivity gap is declining in
income, and nearly disappears in rich countries [Gollin et al. (2014)].

BEor example: Germany [Knodel et al. (1974), Chapter 3], Italy [Bacci (1977)], or the United States
[Kiser (1960)].

"“Listed in column 2 of Table 5.
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conclusion of the sensitivity analysis in section 6.1 is that initial income and population
growth rates must be controlled for in these regressions, for they are associated with
other factors that affect the transition timing, such as the productivity of human
capital investment and preference for children.

Income and population data are from The Maddison Project (2013)."> For
comparability, England’s data is also from this source, instead of the superior data
used in section 5.1’s model calibration. Before 1820, income and population data are
centennial, so in a given year (e.g., 1500) growth is the annualized rate over the
preceding century. After 1820, income and population data are annual for most
countries. Finally, urbanization data is from Bairoch et al. (1988) and The Clio Infra
Project (2016), interpolated over gap years.'®

Table 3 reports the baseline results in Column (1). As predicted by the model, initial
urbanization predicts a later transition, while higher income and population growth
predict an earlier transition. The coefficient on initial urbanization implies that
additional 10 percentage points of urbanization should delay the growth transition
by 25 years, all else equal. Both the urbanization and income growth rate coefficients
are significant at the 5% level or lower, but population growth is not, which is the
case for almost every specification of these regressions.

Table 3 also reports the results of several robustness checks. Column (2) reports the
results with no controls, which gives a weaker relationship. Column (3) uses
population density as a proxy for urbanization, in case mismeasurement of the
historical urbanization rates is correlated with transition timing. But population density
also predicts a later transition and the effect is significant at the 1% level. Column (4)
includes a vector of geographic controls'” considered by Ashraf and Galor (2011). The
effect of urbanization is strengthened in this regression and is significant at the 1%
level. Column (5) includes continent fixed effects, which weakens the relationship,
although this may be because continents are correlated with colonial status.

To demonstrate that the effect of urbanization on transition timing is independent of
the colonial institution channel documented by Acemoglu et al. (2002), I next run
regressions with dummies for colonial history. Specifically, I include a dummy to
indicate whether countries were colonized, as well as a dummy to indicate whether
countries were colonizers before the industrial revolution (Tables 4 and 5).'® The

'>For 14 of the countries in the baseline 1500 CE sample, I have country-specific estimates of all controls
except for income. For these countries, I instead use Maddison’s regional income estimates when
controlling for initial income growth. This applies to the 7 Eastern European countries, and 7 of the
African countries (but not Egypt).

'Urbanization is defined as the share of the population living in a city with at least 5,000 people. The
The Clio Infra Project (2016) dataset is used for all countries in the 1500-1800 CE year samples, except for
China, for which the urbanization definition is inconsistent. Bairoch et al. (1988) is used for China, as well
as for all samples before the year 1500 CE.

7 Absolute latitude, percentage of arable land, percentage of land within 100 km. of a coast or river,
percentage of land in temperate zones, and percentage of land in tropical or subtropical zones.

"®Table 4 considers alternative specifications without the colonizer dummy, as well as alternative colonial
classifications. In the baseline, I define as colonizers only those countries with large scale colonies before
the Industrial Revolution: England, France, Portugal, Spain, Belgium, and the Netherlands. This excludes
countries that acquired large colonies after their growth transitions such as Germany and the United
States, as well as countries with only limited colonial holdings such as Sweden. Belgium is included as it
was a part of the Netherlands during its growth transition. Countries classified as colonies comprise all
of the non-European countries listed in the second column of Table 5, except for Iran, Iraq, Japan, and
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Table 3. Effects of 1500 CE conditions on growth transition year

(1) ()

®3)

(4)

()

(6)

(8)

Urban share 248.5** 178.0* 299.6*** 165.0* 296.7** 304.6** 245.4**
(2.55) (1.90) (3.07) (1.79) (2.51) (2.67) (2.32)
Income growth —44,807.9*** —66,116.1*** —25,589.9 —39,578.7** —38,997.8** —26,533.9 —43,803.3**
(—3.05) (—4.10) (—1.49) (-=2.13) (—2.04) (—1.46) (—2.32)
Population growth —606.6 —4,578.5 -3,322.3 4,140.0 755.1 —1,609.1 5,493.2
(—0.10) (—0.86) (—0.49) (0.71) (0.11) (—0.24) (0.95)
Log Pop. density 14.47** —
S
(3.62) §
Geographic controls X X —~
<
Continent dummies X X )
Q
Colonial dummies X X X §
5]
Observations 43 43 43 43 43 43 43 43 %
=
R? 0.298 0.081 0.387 0.479 0.501 0.312 0.545 0.562 S
t statistics in parentheses. S
*p<0.1, **p<0.05, ***p <0.01. 3
3
a
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Table 4. Alternative colonial classifications

Baseline classification

(1)

)

(3)

4

()

Expanded colonizers

(6)

(7

(8

Urban share 247.0** 243.5** 246.1** 288.7** 254.9** 306.4*** 274.4** 277.4*
(2.40) (2.46) (2.43) (2.49) (2.63) (2.78) (2.59) (2.69)
Income growth —45.277.0** —33,239.9* —45,947 4** —42,645.5** —36,289.6** —32,558.8* —42,458.2** —33,661.6*
(—2.57) (—1.94) (—2.48) (—2.23) (—2.07) (-1.81) (—2.24) (—1.86)
Population growth —615.9 —2,753.5 —670.8 289.6 —3,285.9 —2,423.7 327.1 —2,486.6
(—0.10) (—0.42) (—0.10) (0.04) (—0.50) (—0.37) (0.05) (—0.37)
Geographic controls X X X X
Colonizer dummies X X X X
Observations 43 43 43 43 43 43 43 43
R? 0.298 0.529 0.298 0.310 0.529 0.543 0.315 0.536

All of these regressions include dummies for countries that were colonized but vary who receives a dummy for being a colonizer. The “Expanded Colonizers” add Turkey, Germany, Russia, and the
United States to the baseline set. This classification adds no additional colonies in the set of observations over the inclusion of just Turkey, so regressions with no colonizer dummy for this

classification are omitted.
t statistics in parentheses.
*p<0.1, **p<0.05, ***p<0.01.
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Table 5. Countries included in various estimations

Transition Baseline regressions: Two-stage regression:

Country name correlations: Table 1 Table 3 Table 10
Albania X X
Algeria X X
Angola X
Armenia X
Australia X X
Austria X X X
Azerbaijan X
Bangladesh X
Belgium X X X
Benin X
Brazil X
Bulgaria X X
Canada X X
Cape Verde X
Chile X
China X X X
Costa Rica X
Cuba X
Czechoslovakia X X
Denmark X X X
Egypt X X
El Salvador X
England X X X
Estonia X
Finland X X X
France X X X
Germany X X X
Greece X X X
Honduras X
Hungary X

India X X X
Indonesia X
Iran X X

(Continued)
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Table 5. (Continued.)

Transition Baseline regressions: Two-stage regression:
Country name correlations: Table 1 Table 3 Table 10

Iraq X

Ireland

Italy X X

Jamaica

Japan X

Jordan

Kazakhstan

Laos

Latvia

Lebanon

X | X [ X | X | X [ X | X [ X | X |X|X

Lithuania

Libya X

Madagascar X

Malaysia X

Mexico X X

Morocco X X

Mozambique X

Nepal

Netherlands X X

New Zealand X

Nicaragua

North Korea

Norway X X

Paraguay

X | X [ X | X [ X | X | X |X

Philippines

Poland

Portugal X

Russia X

Somalia

X | X [ X [ X | X
>

South Africa

South Korea X

Spain X X X

Sri Lanka X

(Continued)
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Table 5. (Continued.)

Transition Baseline regressions: Two-stage regression:

Country name correlations: Table 1 Table 3 Table 10
Sudan X
Sweden X X X
Switzerland X X X
Syria X X
Taiwan X
Thailand X
Tunisia X X
Turkey X X
Uganda X
United States X X
Uruguay X
Venezuela X
Vietham X
Yugoslavia X

regression in Column (6) of Table 3 includes these colonial fixed effects and estimates a
larger effect than in the baseline that is significant at the 5% level. Column (7) includes
both colonial fixed effects and geographic controls, demonstrating that the urbanization
channel appears robust, even when controlling for both colonial and geographic
explanations of reversals of fortune. Finally, Column (8) includes colonial fixed
effects as well as continent fixed effects and gives a statistically significant coefficient
unlike in Column (5) when the colonial status was not accounted for.

The year 1500 CE is used to initialize the baseline calibration in section 5.1 because it
is the earliest period for which the rich Clio Infra dataset gives urbanization estimates.
But the empirical effects of urbanization and income growth on transition timing can
be examined for other years. Table 6 reports the baseline regression for many initial
years. Urbanization slows the transition for all years, although it is not always
significant, particularly in 1800 CE, as countries are approaching their transition
date, or in 1000 CE when the sample is small and the data especially poor.

I also consider alternative measurements of the growth transition timing. The
baseline is the first year that the annual growth trend exceeds 1%. Table 7 reports
the baseline regression for other thresholds in Columns (2)-(4). Above 1.5%, the
relationship is not robust, suggesting that when countries become sufficiently
developed, modern factors may overwhelm the early effects. Column (5) reports the
regression where transition timing is defined as the year a country passes an income
threshold, rather than a growth threshold: US$5,000 in 2008. This effect is also
statistically significant at the 5% level. Finally, Columns (6)-(7) report the effects of

Turkey. Iraq is excluded because British colonial rule was barely a decade. However, it is included in
alternative specifications where Turkey is considered a colonizer.
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Table 6. Effects of urbanization and growth on transition timing: many initial years

1)

)

3)

(4)

(5)

(6)

()

(8)

1000 1200 1300 1400 1500 1600 1700 1800
Urban share 196.1 479.7* 463.0** 149.4 248.5** 211.5** 182.1** 41.25
(1.06) (2.70) (2.98) (1.49) (2.55) (2.35) (2.31) (0.53)
Income growth 75,750.4 —63,562.3*** —68,919.9"** —69,323.2*** —44,807.9"** —17,095.4** —23,501.9"** —15,826.0**
(0.80) (—3.27) (—3.58) (—2.89) (—3.05) (—2.30) (—3.18) (—2.60)
Population growth —36,317.6 —1,639.8 1,782.0 -9,173.8 —606.6 629.7 —143.4 1,212.1
(-1.13) (=0.19) (0.21) (—0.98) (—0.10) (0.23) (—0.05) (0.50)
Constant 1,868.9*** 1,893.5*** 1,881.9*** 1,918.9*** 1,871.4*** 1,865.0*** 1,873.6*** 1,879.9***
(93.35) (90.58) (86.10) (88.66) (148.22) (174.99) (175.85) (137.15)
Observations 22 22 22 22 43 43 46 46
R? 0.159 0.485 0.514 0.354 0.298 0.163 0.240 0.200

t statistics in parentheses.
*p<0.1, **p<0.05, ***p<0.01.
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Table 7. Effects of urbanization and growth on transition timing: alternate measures

(1) ) ®3) 4 () (6) @
1% 1.2% 1.4% 1.6% 5000 USD 3 TFR 5% Child Mort.
Urban share 248.5** 260.5** 235.3** 118.9 115.6** 108.1* 102.4**
(2.55) (2.70) (2.36) (1.23) (2.08) (1.87) (2.04)
Income growth —44,807.9*** —31,513.2** —25,288.7 —9,323.5 —13,591.8 —37,716.8*** —16,710.2**
(—3.05) (=2.12) (—1.64) (—0.62) (—1.54) (—4.11) (=2.10)
Population growth —606.6 -5,817.3 -3,810.7 —8,907.7 —4,563.9 —9,540.9** —4,670.8
(—=0.10) (=0.92) (—0.58) (—1.40) (-1.17) (—2.47) (—1.39)
Observations 43 42 42 41 33 39 38
R? 0.298 0.316 0.228 0.165 0.300 0.553 0.348

t statistics in parentheses.
*p<0.1, **p<0.05, ***p<0.01.
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early urbanization on the demographic transitions: fertility and child mortality. As
predicted, early urbanization delays the demographic transitions just as it delays the
growth transition, although the effect on total fertility is only significant at the 10%
level. The regressions in Columns (5)-(7) have fewer observations because several
countries in the baseline sample have not yet met the relevant thresholds and so are
excluded from the regressions.

3. Model

The model economy contains two production sectors: an urban sector where the only
input is human capital and a rural sector with human capital and land inputs. The land
is in fixed supply, but human capital grows endogenously and is the only source of
growth in the model. Households have overlapping generations and parents decide
the quantity and quality of their children.

3.1 Production
The rural production sector, denoted with the subscript R, combines human capital and
land to produce output. Its production function is:

~051—0

Frh, D) =h'l ()

The rural firms are land-intensive, such as a farm, a mine, or a logger. An individual
rural firm chooses human capital h and land 1.

The urban production sector, denoted with the subscript U, uses only human capital
to linearly produce output. Its production function is

Fy(h) = h. (3)

Urban firms are relatively less land-intensive than farms, which characterizes most of
the nonagricultural sector of the economy. An urban firm might be a factory, a
craftsman, or a service firm. An urban firm chooses only human capital h.

The unique final good is produced competitively by combining the output of the
urban and rural sectors, with the elasticity of substitution £ and weighting parameter {

F(ir, %xu) = AR+ (1= g~/ 7D, @

Final goods firms choose rural goods %z and urban goods Xy as inputs.

Firms in all sectors are small and competitive, so they take prices as given. All sectors
feature free entry of firms. Let pr denote the intermediate rural good’s price and py, the
intermediate urban good’s price. Normalize the price of the final output good to one.
Let r denote the rental rate of land, wythe rural wage rate per unit of human capital, and
wy the urban wage rate per unit of human capital. Then, a rural firm solves:

rr}a}xpﬁl%lw — waz — 7l (5)
R

An urban firm solves:

mgxpufl — Wuljl. (6)
h
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A final goods firm solves:

LA+ (U= 03V — prig — pu. @

XR>Xi

3.2 Households

Individuals live for two periods: in their first period of life, they are children and in the
second period they are parents.'” Generations overlap within a household: each
household consists of one parent and a number of children. The parent makes all of
the household’s choices, choosing consumption, the number of children, and
education spending. The parent must also choose whether to live in an urban or
rural area and how much time to dedicate to market work. Households do not own
land; rather, I suppose that an infinitesimally small fraction of the population holds
all the land and has a negligible impact on aggregate human capital and
demographics. This is a useful simplification to avoid keeping track of the
distribution of land ownership in addition to the other state variables of the model.*
Utility is dynastic, formulated as in Razin and Ben-Zion (1975). Parents enjoy present
consumption ¢, their number of surviving children #, which for tractability is not restricted
to integers. Parents also care about their dynasty’s future wellbeing, represented by
discounting the average utility of each child. A parent discounting by S has utility:

Vi = ulcer, ne) + B(sﬂlVU,m +(1 - 93_1)VR,t+1)- (8)

where u(c, n,) is the period utility function, V; is the parent’s dynastic utility and
S'gerU,H_l + (1 - S‘EH)VRJ_H is the average dynastic utility of the next generation. In
this expression, s, is the share of the household’s children who will choose to live in
the urban location, Vi, is the dynastic utility of children who will choose the urban
location, 1 — qfil is the share who will choose to live in the rural location and Vi, is
the dynastic utility of children who will choose the rural location. Parents’ preference
for quantity of children is driven by their period utility, u(c,, n,), because Vi, is the
average utility of the children, not the total utility of the next generation.”'

The period utility function u(c, ) increases in both arguments and must be balanced
growth compatible so that as the time cost of raising children rises, it is offset by an
income effect. When necessary, I assume the functional form from Barro and Sala-i
Martin (2004):

d) g
u(c, n) = (Cna) ) )]

“Because adults all live to the same age, all mortality improvements are to child mortality. By
construction this ignores any impact on transition dynamics from changes to adult mortality, which
Lorentzen et al. (2008) suggest trade-off affects the quantity-quality, even when controlling for child
mortality.

2°An alternative approach to avoid tracking land wealth would be to follow Galor and Weil (2000) and
let workers earn their average product instead of their marginal product.

2'The Razin and Ben-Zion (1975) structure contrasts to Becker and Barro (1988), in which the discount
factor is a concave function of n,. I choose the Razin and Ben-Zion (1975) structure for tractability and
parsimony. The first order condition for children is simpler and will yield a constant share of time
spent working in the market with Cobb-Douglas utility. Eliminating the dependence on 7, also reduces
the number of parameters to be calibrated.
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where ¢>0, 0<1 and ¢o< 1. ¢ controls the preference for consumption relative to
children, while o controls substitutability across generations: 1/(1 — o) is the elasticity
of intergenerational substitution.

Parents choose how to allocate their time to three activities: market work (z.),
producing children (z,), and educating children (z,). They have one unit of time to
allocate to these activities:

T+ m+m=1 (10)

Households in sector j € U, R earn wage w; per unit of human capital, per unit of time
worked. Income is spent on consumption, so a parent with human capital h working
time 7, consumes:

¢ = wjhT. (11)
A household choosing time 7, produces n surviving children by:
n = Sjam, (12)

where parameter « is the productivity for producing children. S; is the fraction of newborns
that survive to adulthood in sector j. S; is exogenous from the perspective of the household,
but will depend on aggregate human capital, so it may vary over time. Child production is
time-intensive, so productivity is not improved by parental human capital.

Parents produce education to increase the human capital of their children. The
education produced per child k is denoted by di. Households may choose to endow
children going to different locations with different education levels (although they
will not in equilibrium). Therefore dysUn is the total education for children headed
to urban locations, while dgx(1 — sY)n is the total education for children headed to
rural locations. All child mortality resolves before parents start to invest in their
human capital so the number of surviving children n affects the allocation of
education, rather than the gross number of children.”” Total education produced is
linear in the time spent educating 7;,, and the productivity of parental time in
producing education is proportional to parental human capital h. With the
productivity parameter £, education is given by

dysUn + dr(1 — sV)n = én,h. (13)

A child’s future human capital is increasing in the education it receives. Children are
also endowed with their parents’ human capital during the childrearing process. This
captures the distinction that only some human capital accumulation is an economic
decision (education) while other accumulation occurs naturally. Human capital
accumulation is assumed to be linear, so for a child who will choose location k, its
future human capital A} is given by

W, = di +h. (14)

Z2Tamura (2006) considers an alternative framework where some human capital investment may be lost
due to child mortality risk. Reductions in child mortality increase the return to human capital even more
strongly in such an environment.
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The endowment of parental human capital ensures that human capital growth is
non-negative, even if households are constrained, in which there is zero education
and thus zero human capital growth. Without this lower bound on human capital
accumulation, there is a potential for inescapable poverty traps and other equilibria.

Combining equations (10), (11), (12), and (13) yield the combined budget
constraint:

: h
c+ 2 (dys¥ + dr(1 — sV + L = wh, (15)
g OZS]'

The household’s time is used for consumption, education, or producing children.
The total value in the numeraire of the household’s time is wjh. The value of time
spent in the market is what they earn and spend on consumption c. The total cost
of time spent investing in human capital is ((wjn)/&)(dys” + dr(1 — s)), and the
total cost of time spent producing n children is wjhn/aS;. Production of these goods
is linear, so the marginal cost of producing an additional unit of human capital per
child is wmn/ while the marginal cost of producing an additional child is
(w;/&)(dys” + dr(1 — gU))—|—(wjh/asz).23 Crucially, child mortality and education
affect the marginal cost of additional children, but not the marginal cost of human
capital. As child mortality improves and education rises relative to the human capital
stock, the household is incentivized to substitute from child quantity towards child
quality.

3.2.1 The households’ problem

The household’s problem differs depending on whether the parent was born in a rural
or urban location. The rural-born households’ problem is to choose location j,
consumption ¢, children #, and the education dj and future human capital &, of
their children who will choose location k, to maximize dynastic utility. Let A denote
the aggregate state of the economy, and sV the share of children choosing the urban
location; then the household’s Bellman equation is

VR A) = max ]u(c, n) 4+ B(sY V(s )+ (1 — sY)V(Hp ), (16)

emdy,dr,hy i€

subject to the human capital accumulation equations (14), budget constraint (15),
location choice set j € U, R, and non-negativity constraints:

c>0n>0dy >0dg >0. (17)

Urban-born households face a simpler problem: they do not choose location. I
assume there is no reverse migration from urban to rural locations in order to pin
down the distribution of households.** The Bellman equation of an urban-born

**Why does h enter the marginal cost of children but not the marginal cost of education? Parents give up
wjh income per unit time spent on either activity, but h also increases their productivity at producing
education, exactly offsetting so that h does not affect the marginal cost of education.

*Without this assumption, optimality conditions and constraints will only determine the allocation of
aggregate human capital, but not of people, who might have differing human capital levels. Of course,
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household is

VU A) = max u(c, n) + BV (hy; A), (18)

omdy,hy;

subject to constraints (14), (15), and (17). In this case, the urban share of the
households’ children is necessarily sV =1, given the assumption of no reverse

migration.
Solving the households’” problems yields the first-order conditions:
W h
un(c, n) = ue(c, n) (W]— + WL) (19)
§ O(SJ
uele, mywyn = EBV (s \), (20)
u(c, Wywin > EBV' (hps A'), (21)
and envelope condition:
0 n n
— Vil A) = ue(e, mwi( 14+~ — — ). 22
o0 V/(h; A) = uc(c n)w]( + z aSj) (22)

The first-order conditions (20) and (21) hold with equality when the household is
unconstrained in its choice of dyy and dp, respectively.

When the preferences in (9) are applied to first-order condition (19), consumption is
a constant share of income:

N 23
wh  14+¢’ 23)
This also implies that 7. = (1/(1 + ¢)) is constant for all households. This result is due to
the marginal cost of children being proportional to total income and the homotheticity
of preferences, which is required for balanced growth compatibility. As total income w;h
rises, the income effect exactly offsets the substitution effect, and households spend the
same amount of time 7, + 7, on children, although they may reallocate their time
between child quantity and human capital investment.
The household has a Euler equation for children choosing each location. Combining
the first-order conditions (20) and (21) with the envelope condition (22) gives the Euler
equation for children choosing location k:

1-o /N botl
() =6) Deliri-a) @
c n wj n. & oS,

This Euler equation reveals how child mortality affects the incentive to invest in child
quality. When the future survival rate S, is higher, it increases the budget set in the next
period by making children less costly, so that households can consume more with the

assuming that dynasties move from rural to urban areas and never return is not a perfect assumption.
Young (2013) shows that most urban-rural migration is from the countryside to the city, but there is
still a reverse flow of workers returning to rural areas. Baudin and Stetler (2018) consider the
implications when migration costs exist and the migration rate is no longer undetermined.
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same level of human capital. Thus, an increase to S} increases the return on education,
which appears on the right-hand side of the Euler equation.

Denote human capital growth by 1 4 g, = (k;/h). Then the Euler equation can be
rewritten using the budget constraint and consumption share in terms of fertilities,
human capital growth, and wages:

bo o /
l—of P WJ g / 1 +gk
(I+ &) (n_;) (@) = B; (Tc + ‘ ) (25)

The left-hand side of equation (25) is marginal utility growth across generations. On
the right-hand side, 7. + n,((1 + g;)/) is the return to human capital investment, and
&/n is the productivity of parental time at producing human capital for each child. The
Euler equation holds with equality when households are unconstrained. The right-hand
side is the marginal benefit of investing more parental time into education. This benefit
decreases in n because when a household has more children, it requires more time to
invest each child with a unit of education.

3.3 Aggregates and the distribution of human capital

The state of the economy is determined by the function A(h), which denotes the
measure of households with human capital h. Households are not ex ante
heterogeneous; all heterogeneity in this model is captured by the distribution A(h).

Human capital is distributed heterogeneously because dynasties live different
amounts of time in different locations and households in different locations make
different choices about child quantity versus quality. This heterogeneity in
investment rates across locations is the central mechanism through which
urbanization and income growth interact. As often is the case when savings rates are
correlated with wealth, households in this model do not aggregate to a representative
household, because urban and rural households invest in human capital at different
rates and their levels of human capital are potentially correlated with their location.
This nontrivial heterogeneity is necessary to study the interaction between the
different transitions but adds complexity over other theories of long-run growth with
urban and rural locations that admit representative households, such as Laitner
(2000), Hansen and Prescott (2002), or Tamura (2002).

In particular, the distribution of human capital A(h) is necessary to track in order to
characterize the distribution of people across locations. Market clearing and
optimization pin down the allocations of aggregate human capital to urban and rural
sectors, but in order to map aggregate human capital stocks into shares of the
population living in each location, A(h) must be known.

The total population in the economy N is:

N = j/\(h)dh. 26)

0

The measure of households with h in sector j is denoted by A(h, j), and this is an
equilibrium object because sector j is a choice. All households work 7, units of time,
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so aggregate human capital inputs in the economy are:

H; = jnh)\(h, j)dh, 27)
0

and aggregate land is L, a fixed value. Given factor prices wy;, wg, 1, total income in the
economy is:

Y= WUHU + WRHR + rL. (28)

Let n; denote the fertility choice of a household in sector j. Let h(¥, j) denote the
human capital of a household in sector j that would choose i’ for their children. The
distribution of households evolves by:

MH) = > m(h(H, j), ), (29)

JEIUR}

which simply says that the number of households with b’ equals the number of
households that chose i’ for their children, times the number of surviving children
per household n;. ~

Child survival Sj(h) is a function of location j and average human capital, h:

h="""""dh. (30)

The dependence on location captures differences in child mortality across urban and
rural areas. The dependence on average human capital captures the impact of the
technology level on child mortality. This may come in the form of beneficial
technological improvements such as clean water, food safety, and medicine.”
Assume the function S;(h) is increasing in h and has common limit for all j:

lim Sj(h) = S. (31)
h— oo
It must also be that Sj(}_z) € [0, 1] for all & > 0. A particular form will be estimated in
section 5.
4. Equilibrium

4.1 Definition

A competitive equilibrium in this economy consists of sequences for t > 0 of prices, pr,
Pvs Wr, Wo» 1; aggregate allocations, Y, xy, Xz, Hy, Hg, Z; distribution of household
human capital A(h, j); and household allocations, c(h, j), n(h, j); given initial
distribution of human capital A(h), and the aggregate quantity of land L, such that:

(1) The firm allocations solve (5), (6), and (7).
25See for example Preston (1996)’s overview, Szreter (1988)’s examination of the U.K’s decline in
particular, or Deaton (2006)’s review of Fogel (2004)’s conflicting findings. Empirically, income growth

also allows for household investments in child survival,fsuch as improved nutrition, which research such
as McKeown (1976) and Fogel (2004) emphasize. But S;(h) only captures the impact of the technology level.
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(2) The household allocations maximize (16) and (18) subject to (14), (15), and
(17).

(3) Markets clear: Y = F(xy, xg), Xy =Fu(Hy), Xg = Fr(Hg, L)

(4) The law of motion (29) holds for all human capital levels.

(5) Household aggregates add up, satisfying equations (26), (27), (28), and (30)

4.2 Equilibrium prices
The firms’ profit maximization [equations (5), (6), and (7)] implies that equilibrium
prices must relate to equilibrium factors by:

wy = pu wr = prO(HR)" 'L r = pr(1 — O)(Hg)’L™’ (32)

1/€ 1/e
pu= A(el)/eg(ﬁ) pr= A(efl)/e(l -9 <£) . (33)
XU XR

The urban sector has linear production, so the free entry condition ensures that wy = py
holds in equilibrium.

4.3 Equilibrium location choice

Rural-born households choose the location that gives them the highest utility. As
usual, the household’s value function is the maximum of the value of choosing
each location. In most models, this upper envelope is not differentiable at the
point of indifference. But in this model, the value function is differentiable for
indifferent households.

Proposition 1: If households are indifferent between urban and rural locations in
equilibrium, then their marginal value of human capital is equal in both locations.

Proposition 1 is proved in Appendix A.1. Marginal value equalization implies a convenient
equilibrium condition for the wage premium. Setting the envelope condition (22) equal in
both locations, and substituting for consumption by equation (23) yields:

1 1 1 1 1 1
o, op+1 o op+1
— o — ) =i — 45— —). 34
YRR (HR § aSR> Yol (I’lU f OéSU) ( )

The wage premium is a compensating differential for mortality differences. If urban
child survival Sy is lower than rural survival, then all else equal equation (34) will
imply wy > wg. But in equilibrium, all else is not equal and urban households will
change their child-rearing decision ny to partially compensate for a lower survival rate.

An implication of Proposition 1 is that all children in the same rural household
receive the same education, i.e.,, dy=dg. This can be seen from the education
first-order conditions (20) and (21); the Proposition implies that if one holds with
equality, then the other must hold with equality given that children are indifferent
between urban and rural locations. Therefore, for a given household, h}, = hj.
This does not imply that urban and rural households make the same choices; it
merely implies that a rural parent allocates the same education to each of its
children.
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It is necessary to check that the premise that households are indifferent between
locations holds in equilibrium. Urban-born households are not allowed to choose
their location in order to pin down the joint distribution of population and human
capital in equilibrium. If equilibrium features migration from rural to urban areas,
then both types of households are indifferent between locations, and Proposition 1
holds. When households are indifferent between locations, labor demand determines
the allocation of human capital across sectors. This is how dynasties with the same
initial human capital may end up in different locations.

4.4 Equilibrium in the limit

In this section, I derive the asymptotic behavior of the economy. I show that the urban
share approaches one, and the urban-rural wage, growth, and fertility gaps disappear.
The following propositions are proved in Appendix A.

Proposition 2: If lim; . h = o0, then the limiting urban-rural wage premium is
il — 1.

WR

Proposition 2 implies that the urban/rural wage gap disappears in the limit. This is
because the wage gap is a compensating differential for child mortality differences,
which also disappear. This does not imply the urban and rural incomes are
equalized in the long run; these wages are paid per unit of human capital, not per
worker. Rather, if the urban sector has more human capital per worker, then urban
incomes will be higher.

Proposition 3: If lim;_, 0 h = oo, lim ;,_n>1and &> 1, then the long-run urban share
converges to 1.

Proposition 3 implies that the urban and rural sectors produce substitutes (i.e., £>1)
then the share of the population employed in the rural sector goes to zero in the
long run. This is a standard result as in Ngai and Pissarides (2007) or Acemoglu and
Guerrieri (2008). In the knife-edge case, if the final good was aggregated with a
Cobb-Douglas production function (e=1), then both sectors could have non-zero
shares in the long run.

Proposition 4: If limy_, h =00, lim ;_n>1 ande > 1, then the limit of both urban
and rural wages is w = AZ<,

Proposition 4 implies that wages, which are paid per unit of human capital, are not
growing or falling in the limit. Therefore, long-run human capital growth g and
children 7 are determined in the limit by the long-run budget constraint and the
long-run steady-state Euler equation:

gn  n
Tc+?+I§—1, (35)
o ér, _

(1+9 =B<7—|—l+g>. (36)
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Table 8. Calibrated parameters

Parameter Value Interpretation
(i) 6 0.74 Labor share in rural sector
(ii) B 0.36 Discount factor
(iii) o 0.49 Utility curvature
(iv) ) 0.74 Child preference
(v) a 3.74 Childrearing productivity
(vi) & 3.29 Education productivity
(vii) A 3.68 Total factor productivity
(viii) 4 0.36 Urban goods weight
(ix) £ 4.50 Urban-rural substitution elasticity
(x) ) 0.35 Technology effect on survival

5. Quantitative analysis

Parameter values are chosen to match key features of the data, an initial condition is
chosen to look like England in the year 1500 C.E., and the economy’s equilibrium
transition path is calculated.

5.1 Calibration

Ten parameters must be calibrated: production parameters A, 6, ¢, and &; preference
parameters ¢, o, and f; and household parameters a and ¢. Initial conditions must be
chosen: land L and population N are normalized to one. All households are initialized
with h=1. The two technology functions Sy(h) and Sg(h) must also be characterized.
Finally, assume one model period is 25 years. Calibrated values appear in Table 8,
chosen to resemble in England in 1500 C.E. England is the calibrated country because
England has historical data on urban and rural differences for fertility and mortality.

The rural production parameter 0 is set to 0.74 so that the land share of farm income
is 26%, the value for England in 1500 C.E. estimated by Clark (2010).

To calibrate the parameters (4, &, €, a, &, ¢, 0, B), I target several empirical moments.
First, the initial urban share is targeted to 0.064, estimated by Bairoch et al. (1988) for
England in 1500. Initial human capital growth is targeted to 1.3%, the smoothed
25-year income growth at 1500 CE, in the Broadberry et al. (2010) data. Long run
human capital growth g is targeted to 52%, England’s 25-year real income growth
rate since 1950.

Initial fertility and mortality rates are targeted to estimates from Clark (2009) for
England in 1500-1800. Initial urban and rural probabilities of surviving to age 25 are
Suo=0.59 and Sg=0.68. The initial ratio of urban to rural surviving children per
adult nyo/ngp is targeted to =0.77, the ratio estimated by Clark (2009). This pins
down the initial ratio,”® while the levels of ng, and ny, are chosen to target an

The Clark (2009) estimates on urban and rural surviving children are useful for matching the relative

value, but cannot be applied to target the levels of nggy or nyg directly, for they would imply an
unrealistically high population growth rate. This is because the data is from wills and does not account
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initial population growth rate of 8.5% per 25 years, which match the growth rate for
England from 1400 to 1600 estimated by Broadberry et al. (2010).”” The long-run
population growth is targeted to 0%, implying # = 1.

Five preference and household parameters (¢, o, B, £, @) can be solved for
jointly, given targets for human capital growth, fertility and mortality, and a
target long-run 5% annual rate of return on human capital investment. The five
parameters are identified by five equations: the long run and initial rural budget
constraints, long run and initial steady-state Euler equations, and the return to
human capital investment. The initial rural Euler equation is not identical to the
steady-steady Euler equation because there are small movements in wages and
net fertilities initially, so the equilibrium value of ngo and gro will not exactly
match the targets.

The initial urban-rural wage premium is implied by the indifference equation (34).
Chosen empirical targets imply an initial premium of (wyo/wgro) =1.23. The initial
urban share, normalization of 4 =1, and market time of 7.=(1/(1 + ¢)) imply initial
supplies of human capital Hgy and Hy. Setting the ratio of marginal products equal
to the initial wage premium identifies the weighting parameter ¢ in the production
function, conditional on a choice of the elasticity of substitution &. Targeting
long-run wage # = 1 then implies a value for TFP A.

The child survival function S;(h) requires a functional form. This function should
have four properties: Sth) € (0 1) for all h>0, S; (ho) matches the target for S
S'(h) >0 for all & > 0, and Sj(00) = S so that in the long run, survival approaches a
chosen limit. A form satlsfylng these properties is:

o 1+ vh
Si(h) =S — (5= S;0) +’;h° (37)

This is a transformed logistic CDF, which is chosen for parsimony as it is governed by
only one free parameter v, and also for having a positive limit as & — 0. It satisfies the
other desired conditions: when h = hq, then Si(h) = Sjo; ](h) > 0; and in the limit as
h— oo, thenS(h)—> S.

The functlon is estimated on England’s child mortality time series, given the targets
for S;o and S. Appendix B describes this estimation.

The final parameter to calibrate is the elasticity of substitution £. The elasticity of
substitution controls the speed of urbanization as aggregate human capital grows.
Figure 2 plots the transition year for urbanization and for income growth as a
function of . A higher value of £ speeds the urbanization transition by making
urban and rural sectors more substitutable: given a decline in the wage premium,
more human capital will shift into the urban sector. But a higher value of £ also

for people who choose not to have children, a choice which was prevalent even in high fertility preindustrial
economies [e.g., Aaronson et al. (2014), Baudin et al. (2015), de La Croix et al. (2017)].

Tt is possible to match either the initial growth rate, or the initial fertility rate, but not both. In the
model, the fertility rate is implied by the population growth rate and child mortality rate (which are
matched to the data), but other factors delink these objects in the data: adult mortality, immigration/
emigration, and statistical error. Accordingly, by choosing to match population growth, the model
misses fertility behavior, with an initial fertility rate of 3.1 (twice the birth rate in Figure 7) considerably
below empirical estimates of 5 or more for pre-industrial England [Wrigley and Schofield (1983)].
Moreover, model fertility declines monotonically while empirical fertility grew during the 18th century
(Figure 1).
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Figure 2. Elasticities of substitution and transition years.
Notes: Urbanization transition is when urban share >50%. Growth transition is when annual income growth >1%.

decreases growth: there are more urban households, which face lower child survival
rates and spend less time investing in human capital for their children (see section
5.2)*® The dashed lines are the empirical transition years. The elasticity of
substitution is selected to minimize the mean squared error between the model and
empirical transition years.

5.2 Results

The economy is initialized in 1500 and is run 21 periods to 2000. The economy
begins with most of the population in the rural sector. As the population grows
and human capital accumulates, households move to the urban sector (Figure 3).
The simulated urban share surpasses 50% in the year 1846, versus the empirical
urban share which reached 50% around 1863. In the long run, the population
fully urbanizes.

As mortality falls, surviving children become cheaper. But increasing the
number of children increases the cost of investing a unit of human capital in
each child. So, parents reduce fertility and spend more time on human capital
investment. Quantitatively, fertility falls more than one for one with the decrease
in cost for unconstrained households, so surviving children fall and households

*Appendix C details how to compute the equilibrium in practice.
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Figure 3. Simulation: urban share.
Notes: Data from Bairoch (1991) and Bairoch et al. (1988)

substitute from quantity to quality. The income per household grows slowly at first,
but eventually rises, asymptoting to the long-run value (Figure 4).

To understand the dynamics of the two sectors, Figure 5 plots the Euler equation in
(25) in a steady state:

1o _ ¢ 1+ g
(1 +gss) = ,ans <TC + g 3 ) (38)

For the steady-state Euler equation, children choose the same location as their
parent. 7.+ ng((1+gs)/E) is the return on human capital and &/ng is the
productivity of parental time in producing a unit of human capital for each child.
With calibrated parameter values, the steady-state Euler equation implies that g
decreases in n, for g € (0,g].*° In this region, households will always trade-off
child quantity for quality, and never increase both. Thus, an expansion in the
household’s budget set caused by declines in child mortality will induce
substitution from quantity to quality even though quantity has become cheaper:
child quantity is a Giffen good.

*The steady Euler Equation gives # as a decreasing function of g for (1 —o)(1 +£)~° > 8 which always
holds when 0 <0, i.e., when the intergenerational elasticity of substitution is <1. However, the calibration
gives 0> 0, so n decreases in g for all g<14.5, which is well above the long-run steady state.
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Figure 4. Simulation: income growth.
Notes: Data from Broadberry et al. (2010) and The Maddison Project (2013), smoothed with an HP filter.

To understand this effect, Figure 5 also plots the normalized budget constraint,
which divides the budget constraint (15) by total income:
g,

TC—’_?—FCVS]':

1. 39)
This budget constraint is plotted for three different survival levels: S, Sg o, and Sy,o. The
steady-state Euler equation differs slightly from the equilibrium Euler equation for
initial urban or rural households, but this figure is a useful approximation
for understanding the dynamics. The Euler Equation represents the set of points for
which a household’s indifference curve over child quantity and quality would be
tangent to a budget constraint. So as the rural survival rate improves, the rural
budget constraint shifts towards the long-run budget constraint, and the rural
allocation moves down the Euler equation, shifting from quantity towards quality. In
Figure 5, this corresponds to a movement from point B to point C.

The initial urban budget constraint does not intersect the Euler equation: urban
households are constrained at g=0 (point A) so that the non-negativity constraint
17 is satisfied. As the urban survival rate improves, the urban budget constraint
shifts towards the rural budget constraint (point B), and children increase. When the
survival rate has improved sufficiently to unconstrain urban households, they follow
the rural households and substitute from quantity to quality (point C). Urban
households follow the quantity-quality substitution pattern of rural households with
a lag because their budget sets for child quantity and quality are strictly smaller. A
consequence of this delay is that urban households invest in less human capital than
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Figure 5. Quantity-quality substitution.

rural households. This pattern contrasts with empirical evidence that urban workers in
preindustrial England tended to be more literate than rural workers.”

Figure 6 plots the ratio of urban to rural values for three quantities: wages, children,
and survival, exhibiting the predictions from section 2.1. As human capital grows,
urban and rural survival rates both grow towards the same limit, so the ratio rises to
one. The urban-rural wage ratio is the compensating differential for mortality
differences. Williamson (1987) estimates this ratio as 1.46 in the early 1800s, versus
1.05 in the model in 1800 and 1.22 in 1500. Survival is initially lower in urban areas,
so a high wage premium is necessary to make households indifferent between
locations. As the survival ratio rises to one, wage ratio falls to one, and the
compensating differential disappears in the limit. Urban households initially choose
fewer children than rural households because they are constrained at g=0 and urban
children are very expensive due to their low survival rate. As the survival rate
improves, the urban-rural child ratio rises as urban households have more children
and rural households substitute from quantity to quality. Eventually, the urban
households become unconstrained and also substitute towards quality. The ratio
approaches one in the long run, as the survival differential disappears.

3For example, see Houston (1982) for evidence from the 17th and 18th centuries, and Mitch (2005) for
evidence from the 19th century. Adding additional parameters to the model by allowing the urban sector to
have higher productivity in human capital formation could be used to match this fact.
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Figure 6. Simulation: urban/rural ratios.

While the urban-rural family size ratio increases from the initial period to the long
run, fitting the empirical pattern in section 2.1, it is not monotonic over the whole
sample, which may not be true in the data. This non-monotonicity is because urban
households choose higher fertilities than rural households, to compensate for high
child mortalities. This fertility difference is true empirically in the modern-day, but
not during the 19th or early 20th centuries. To explain the fertility ratio over this
period, the theory needs further urban-rural differences, such as the cost of raising
children in the city, or higher urban returns to human capital [Becker (1981),
Chapter 5].

In the aggregate, fertility and mortality fall as the economy urbanizes and transitions
to modern growth. Figure 7 plots births, deaths, and the net growth of each cohort.
Births are calculated before accounting for the fraction S; that does not survive to
adulthood. Total births slowly start to decline with child mortality, as fewer
newborns are necessary to produce a given surviving child. In the long run, the birth
rate falls to the limiting population growth rate, because child mortality disappears.
Similarly, the death rate falls to one in the long run—all adults die every period, and
all children live. The difference of these series is the population growth rate which
falls to zero in the long run, just as the net number of children produced by each
household falls to one.

The child mortality rate is plotted versus the smoothed mortality rate in Figure 8.
Mortality falls, albeit not as abruptly as in the data. In contrast, the model’s time
path for fertility does not match the empirical path nearly as well. This is because, in
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Figure 7. Simulation: demographic transition.

the model, fertility and child survival determine the population growth rate and the
model is calibrated to match the population growth. But in reality, there are other
factors (e.g., adult mortality, migration, gender balance) that cause the total fertility
rate to move independently of child survival and population growth. As a result,
empirical fertility is above 4 in 1500 CE (Figure 1) while initial fertility in the model
is just above 3 (Figure 7; the model’s total fertility rate is double the birth rate).

6. Model sensitivity

What impacts do the initial conditions have on the equilibrium dynamics? Subsection
6.1 considers the effect of changing initial calibration targets on the transition timing.
Subsection 6.2 examines the relationship between urbanization and income over the
transition.

6.1 Sensitivity to initial characteristics

The transition timing is sensitive to the initial calibration targets. In particular, three
targets have large effects: the initial urban share, the initial human capital growth
rate, and the initial population growth rate.

First, I vary the initial urban share target while holding constant the other targets.
Varying the initial urban share chiefly operates through production parameters. In
general, a change to a calibration target will not have an effect on just a subset of
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parameters. But the urban share’s effects on calibration are relatively straightforward.
Raising the initial urban share requires increasing , the weight on urban goods in
the final production sector, and decreasing TFP A, to keep the long-run marginal
productivity of human capital constant. The elasticity of substitution & is kept
constant, for this parameter is identified off of the transition timing. There are small
changes to household parameters, which must be adjusted to keep initial population
growth at the target level, but these changes are small because sy is small.

Figure 9 plots the year that the model economy surpasses 1% income growth
against the initial urban share. All other calibration targets are baseline values. As
the initial urban share increases, the growth transition is delayed. Because the
economy is more urban, and urban parents choose lower human capital growth
for their children, the economy grows more slowly for many centuries. In the
long run, the economy catches up to the baseline long-run growth target as
urban mortality improves.

Next, I vary only the initial human capital growth target, which primarily affects
household parameters. Increasing the initial growth target increases the necessary
household productivity of human capital investment &, and decreases the
productivity of child-rearing a. Intuitively, increasing & makes the household richer,
but decreasing « raises the relative price of children quantity versus quality. Thus,
the initial period household chooses the same initial number of children, but a
higher rate of human capital growth. Of course, other parameters must have small
adjustments to maintain the long run calibration targets.
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Figure 9. Transition years and initial urban share.

Figure 10 plots the year that the model economy surpasses 1% income growth
against the initial income growth rate. Other calibration targets are unchanged from
the baseline. The transition timing is very sensitive to the initial growth rate. An
economy with low initial growth has poor productivity of human capital investment.
This decreases the growth rate along the transition and the economy takes longer to
converge to the long-run limit. Lower human capital investment has some secondary
effects: urbanization is slowed, which increases income growth by shifting the
population composition towards the lower mortality rural sector, but the mortality
transition is also slowed for both sectors, reducing income growth.

Lastly, increasing the initial population growth target speeds the economy’s
transition. Higher population growth is mainly achieved by increasing the
productivity of childrearing ¢, but with a decrease in child preference ¢ to maintain
the long-run population growth. Because the initial urban households are
constrained at g=0 due to the high child mortality, they spend all of their
non-market income-producing children. So, an increase in ¢ disproportionately
increases initial urban children relative to rural children. It takes less time for urban
households to become unconstrained, and to start substituting from child quantity to
quality. The income growth transition year is plotted against the initial population
growth rate, all else equal, in Figure 11. A higher population growth rate with the
same household human capital growth rate speeds the income growth transition as
households substitute to child quality earlier.
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6.2 Urbanization and income levels

The analysis in section 6.1 suggests that all else equal, a country will have a faster growth
transition if it has: 1. a lower initial urban share, 2. a higher initial income growth rate,
or 3. a higher initial population growth rate. The size of these effects is estimated in
section 2.2. Testing initial conditions on transition timing support the model’s
predictions, yet these tests are limited by the small sample of countries with
historical data before 1800 CE for all necessary variables, and by the accuracy of
these historical estimates. To take advantage of more data, I next conduct a more
powerful test of the relationship between early urbanization and transition timing.

In the context of the model, high initial urban shares are interpreted as reflecting
high urban productivity relative to rural productivity.”' In equilibrium, this results in
a higher level of urbanization at every income level, although it may not be higher at
every point in time. To illustrate, Figure 12 plots urbanization and income level for
the baseline calibration and for an alternative with China’s initial urban share 0f0.12.
At every level of income, the alternative has a higher urbanization. Why? The
urban-rural wage premium is the compensating differential for the urban-rural
mortality ratio. And the mortality ratio falls as the country’s human capital rises.

31 Ashraf and Galor (2011) estimate that countries in Galor and Moav (2004) Galor and Moav (2002)
1500 CE with high agricultural productivity have greater population density, particularly China and
India. It must be that these countries are initially urban because their urban productivity is especially high.
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Figure 11. Transition years and initial population growth.

Because the urban sector is more productive relative to the rural sector in the alternative
calibration, more households must be urban for a given wage premium.

I use a two-stage regression approach to test to see if countries with high rates of
urbanization relative to income have later growth transitions, as predicted by the
model. This method uses two stages because it must first construct a measurement
of the long-run relationship between a country’s income and urbanization, before
testing the effect on transition timing. The method is not traditional two-stage least
squares and does not construct an instrument.

First, I run the following panel regression, for country j in year t:

SU,t,j = ’legyj)t =+ d] + Kk + Sj,t- (40)

This is a regression of urban share on log income with country fixed effects. Following
the same approach as in section 2, income data are from The Maddison Project (2013)
while urbanization rates are constructed from The Clio Infra Project (2016).

Next, I regress the transition year T; on the estimated fixed effects:

Ty = gd; + x + ¢ (41)

Table 9 summarizes the 1st stage estimated country fixed effects. There are 76
countries®® with urbanization data before their income growth transition and 7,795

31isted in column 3 of Table 5.
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Figure 12. Urbanization and income levels: model.

Table 9. Summary of estimated urbanization fixed effects

Mean sd min max
Country fixed effects —0.009 0.059 —0.108 0.169
Observations 7,795

total year-country observations. The regressor in the second stage is an estimate and
analytical standard errors will be incorrect, so standard errors are calculated by
bootstrapping.

Table 10 reports the results of the second stage regression. Countries that have a
higher urbanization level conditional on their income, transition later. I estimate
¥ = 490.6: if a country that is 10% more urban conditional on income, then they will
transition almost 50 years later.

Figure 13 plots countries’ first-stage estimated fixed effects versus their transition
year and the second stage regression line. Geographic patterns emerge. In the lower
left are many Western and Central European Powers and their colonies, which were
initially very rural and transitioned early. In the upper right are many Asian
countries, including China and India, which were urban early in their development,
but transitioned later.
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Table 10. Impact of estimated urbanization fixed effects on transition timing

Country fixed effects 490.6***
(5.50)
Constant 1,902.4***
(329.93)
Observations 76
Notes: Standard Errors calculated by bootstrapping 500 times over 7,795 first stage observations.
t statistics in parentheses.
*p<0.1, **p<0.05, ***p<0.01.
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Figure 13. Estimated country effects and transition years.

This panel regression approach is consistent with the cross-country estimates from

section 2.2: both suggest that countries relatively predisposed towards urbanization
will transition to modern growth later, despite the general correlation of urbanization
and income growth over time.

7. Concluding remarks

This paper has developed a unified endogenous growth model producing three simultaneous
transitions: the growth transition, urbanization, and the demographic transition. The model
quantitatively reproduces the timing and magnitude of England’s transitions. Because the
model considers growth, urbanization, and demographics jointly, it also generates three
additional empirical observations: a declining urban-rural wage gap, a declining rural/
urban family size ratio, and that early urbanization delays a country’s transition.
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The relationship between early urbanization and transition timing is an identifying
feature of the model which distinguishes it from other theories of urbanization and
long-run growth. I use several estimation strategies to show that the relationship
between early urbanization and transition timing is robust in the historical experiences
of many countries. The key mechanism in the model is the effect of high urban child
mortality on human capital accumulation, suggesting that when studying long-run
growth, it is essential to consider the interaction between demographic incentives and
structural transformation. This finding raises further research questions. Does this
channel apply to current low-income countries? Does it reverse at some point as
urbanization starts to incentivize human capital accumulation when cities specialize in
services and serve as a locus for the transmission of ideas? Future work can address
these questions by applying and expanding on the theory in this paper.
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Appendix A: Proofs

A.1. Proof of proposition 1

In this section, I prove that if households are indifferent between urban and rural locations in equilibrium,
then their marginal value of human capital is equal in both locations.

Proof. Consider a household where all children in each future generation make the same location
choices. This may be true for an individual dynasty, which is atomistic. Then the household dynastic
utility (8) can be expanded into the discounted sum:

2 (en? )’
vy an
=0 o
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Let J denote a sequence of location choices, where 7 (t) is the sector chosen in period t. Substituting for
the household’s consumption choice, dynastic utility becomes:

o
V. — d k(Tth+k,.7(t+k)ht+k”?1k)
=) B =

k=0
(A2)

_ho i o (TWerkg b (e /Bond )

k=0 g

Normalized human capital h/h; can be expressed in terms of growth rates:

hH—k t+k—1
W ﬂ (I+g)k>1

=
substituting this expression into (A.2) gives V, in terms of sequences of wages, locations, choices of n and g,
and h,. Lemma 5 (proved below) says that choices of # and g are independent of A, So given these
sequences, the utility for a location sequence J is a function of h, proportional to current human
capital to a power:

V7 (h) o< h°. (A3)

Now consider two different location sequences J and J'. Because of the proportionality in (A.3), it is
true that:

« If a household is indifferent to some /1, then

Vg(h) =V (h) Vh > 0. (A4)

« If a household strictly prefers 7 for some /i, then

Vg(h) > V4 (h) Yh > 0. (A.5)

Suppose households are indifferent between urban and rural locations for some h. Let Ju and Jp
denote optimal location sequences for a household with / given a current period choice of urban or
rural location, respectively. The household is indifferent by definition of /, so V7, (k) = V7, (k). Then it
follows from (A.4) and (A.5) that households are indifferent between Jy and Jy for all Vi > 0, and
there is no other sequence of locations that any household strictly prefers.

This sequence indifference implies that for any J € {Jvy, Jr}:

oo (Tcwr+k,J(t+k) e a+ 8s)”7’+k>
V(h) = h;rZ B , (A.6)
k=0

o

=hV. (A7)

Thus, if households are indifferent for some /, the marginal value of human capital is equalized in both
locations:

Vi (h) = oh{"'V VT € {Tu, Tz} (A8)

Lemma 5: Given a series of wages w,j, survival rates S,; and sequence of locations [J(t), a dynasty’s
choice of children 7, and human capital growth g; is independent of its level of human capital h,.

The central assumption driving this result is the homotheticity of the balanced growth compatible
preferences.
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Proof. The combined budget constraint (15) and equilibrium choice of consumption ¢ = z.w;h imply
that the budget constraint can be normalized by dividing by w;h:

A B |
7.+ §+a8j

and recall that 7, = (1/(1 + ¢)) is constant. This normalized budget constraint and the Euler equation (25)
jointly characterize the household’s equilibrium behavior, and neither depends on the level of h.

A.2. Proof of proposition 2

In this section, I prove that if lim;_, h = oo, then the limiting urban-rural wage premium is (wy/wg) — 1.

Proof.

Suppose that Sg = Sy but wg < wy. Consider the optimal rural allocations (cg, 7z, h) given wg and Sg.
A household could choose to live in the urban area and, as per the combined budget constraint (15), would
be able to afford the allocation (Cy, ng, hy) where Ty > cg. Thus, they would strictly prefer the urban
location and this could not be an equilibrium. Similarly, if wg>wy then an urban household could
switch to a rural location and be strictly better off. The only possible equilibrium given Sg =Sy must
have wg=wy.

By assumption limy_, , Sj(ﬁ) = § for allj. So, in the limit, it must be that (wy/wg) — 1.m

A.3. Proof of proposition 3

In this section I prove that if lim; e h =00, lim_o n>1 and £> 1, then the long-run urban share
converges to 1.
Proof.
The limits for / and n imply that aggregate human capital H = Nh grows in the long run: lim,_, o, H = co.
Use the equilibrium prices in equations (32) and (33) to express the wage premium as:

1-0 5, .1/€
wu _ HR O

wr  OLI-0(1 — {)xi*

Then substitute with the sectoral production functions to express the wage premium in terms of human
capital inputs:

wy H}I;B(l*(l/é))g

w  GLO-00-(/)(1 — HH(/O

Aggregate human capital supplied is 7.H. The urban share of aggregate human capital is sy. Substituting
and rearranging give:

(1 — sp)\ =20/,
1
SEOLU-00-0/9) (1 — {)

Wi
U (7 g)@r9-na-o _
WR

The agricultural labor share 6 is between 0 and 1 by assumption, so if £ > 1 then the left-hand side of
this equation decreases in H, and the right-hand side decreases in s;;. Proposition 2 says that in the limit wy
= Wp, so if H — oo, the limit of the left-hand side of this equation is zero. The right-hand side is positive and
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decreases in the urban share for sy € (0, 1), and

(1 — sp)i- -0/
lim

sy—>1— 1

SEQLU-O0-1/)(1 — {)

=0

So, it must be that sy — 1.m

A.4. Proof of proposition 4
In this section I prove that if lim;_, e h = o0, lim,_,o, n>1 and £ > 1, then the limit of both urban and rural
wages is w = AZE/(D),

Proof. Use the final good production function (4) and equilibrium prices in equations (32) and (33) to
express the equilibrium urban wage as:

(e-1)/€ (e—1)/€ €/(e=1)\ /€
I éV<A<§xu + (1= ") )
Xu

Substitute for intermediate inputs and express human capital inputs in terms of aggregate human
capital and the urban share s

_ o (e=1)/e €/(e=1) 1/e
Arsy )Y 4 (1= (7.0 — s)H)'L=0) )

Wy = A(e—l)/e
v ¢ T.suH

Take the limit, given that the limits for hand n imply H — oo and Proposition 3 implies sy — 1:

_1y/e elle=D)\ V€
A@rsu ) 4+ (1= (1 = s) 'L )

T,;SUH

lim wy = lim A~V/¢f
t—o0 t—00

Appendix B: Survival Function

In this section, I describe the estimation of the survival function. The one-parameter version specification
of the survival function is a transformed logistic CDF:

— — — l+v}_10
Si(h) =8 —(S—=Sj0) ——=
J() ( J,O)l-‘rvh

This function is able to hit both the initial target S;, and the long-run limit . It has all the desired
properties: it strictly increases in h, bounded by [0, S], and has finite limits as # — 0, and h — oo.

The targets for Sg o and Sy are from Clark (2009). I estimate the survival equation using nonlinear least
squares. Child mortality data is from Johansson et al. (2015), and the average income is used to
approximate average human capital. Non-linear least squares give v=0.35 when h is normalized to
one. Figure B.1 .plots England’s mortality data, income, and the fitted survival function given the year’s
income level.
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Figure B.1. Empirical and estimated survival rates.

Appendix C: Computation

In this section, I describe my method of calculating the equilibrium. The strategy is to express the
equilibrium allocation for each period t as a function of the rural choice of children ng, and express
the next period’s choice np,.; as a function of period t variables. Then, an initial guess for ngq is
chosen, and a shooting algorithm is used to find the equilibrium value of ngy and the following
equilibrium allocations for all ¢.

First, it is useful to rewrite the location indifference condition (34) in terms of allocations instead of
wages. This equation says that the right-hand side of the Euler equation for urban and rural households
is equal. This implies that if the household is unconstrained, then the left-hand side is also equal, so
substituting with equation (25) implies:

WI‘In;‘b“(l +a) 7= wgng¢+l(l +g0)C. (C.1)
Then dividing equation (34) by equation (C.1) yields:

(1/ng) + (1/&) — (1/aSg) _ (1/ny) + (1/6€) — (1/aSy)
(1+g)"7 (1+gu)'™° ’

(C2)

Next, combine equation (C.2) with the normalized budget constraint (39) to yield an equation relating
nys g, Su» Sk, and parameters:

(1/ng) + (1/8) — (1/aSg) (1/ny) 4+ (1/8) — (1/aSv)

= . C3
1+ & = 1) /nR) — (€/aSe)' ™7 (1+ &1 = 7)/ny) — (é/aS))' ™ ©

The shooting algorithm proceeds are as follows. Guess a value of ng . In period t, ng s, Sr» Su,» and the
distribution of human capital A, are known. In period t =0, ng, is a guess, and Sgy and Sy are calculated
from the initial condition for A,.
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(1) Numerically solve equation (C.3) for ny,. If the implied value of ny is infeasible, the urban
households must be constrained and their Euler equation does not hold, so set ny = (1 — 7.)aSy,

(2) Analytically solve the normalized budget constraints (39) for gr, and gy,

(3) Calculate the wage premium wy;/wg, from the indifference condition (34).

(4) Numerically calculate the aggregate human capitals supplied Hy, and Hy, that are consistent with
the wage ratio and the aggregate human capital supplied implied by A,.

(5) Analytically calculate the wages wg, and wy;, implied by Hg, and Hy;, using the equations for
equilibrium prices (32) and (33).

(6) Calculate next period’s distribution of human capital A;,; from the law of motion (29).

(7) Use Ay to calculate next period’s average human capital level and find Sg,.; and Sy, from
equation (37).

(8) Solve numerically for ng,:

(a) Express the next period’s wage in location j as a function of 7;,,, through the Euler equation (25)

(b) Express next period’s human capitals supplied Hy .1 and Hy,,, as functions of ng ., and ny,,
using the equations for equilibrium prices (32) and (33).

(c) Numerically find the values of ng,.; and ny,.; that imply values of Hg,,; and Hy,,; that are
consistent with A, ;.

(d) If ny,y is infeasible, urban households must be constrained, so repeat steps (b) and (c) assuming
1y = (1 = 7)aSy 1.

(1) Return to step 1. for the period t+1<T.
Period T approximates the long run. If the calculated long-run rural children ng 7 is within tolerance &

to the equilibrium long-run value #, consider the equilibrium solved. Otherwise, for ngr > 7 + € revise the
initial guess downwards, and for ngy < 71 + & revise the initial guess upwards.
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