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1 Introduction

Across countries, high life expectancy is associated with high income per capita. The question whether

improvements in life expectancy cause increases in per capita income is the subject of a lively debate,

however. Lorentzen, McMillan and Wacziarg (2008), exploit exogenous variation in mortality across

countries and find that life expectancy causally leads to faster economic growth.1 Exploiting exogenous

changes in mortality in the context of the epidemiological transition, Acemoglu and Johnson (2007)

come to opposite results: improvements in life expectancy mainly trigger faster population growth, but

have a negative causal effect on income per capita. These findings have very important implications for

academic research as well as for the policy debate since they challenge the view that reducing mortality

and improving health is beneficial also for economic development.2

This paper addresses the question of the causal effect of life expectancy on economic growth from

the perspective of the recent literature on unified growth in which the demographic transition has

been shown to play a central role for the transition from stagnation to growth. This leads us to focus

attention on the largely unexplored issue of the appropriate specification of the empirical analysis, rather

than concentrating exclusively on the problem of the econometric identification in linear regression

frameworks. From a theoretical perspective, the effect of life expectancy on income per capita is

generally ambiguous. Lower mortality may increase the productivity of available resources thereby

increasing total production.3 Lower mortality may, on the other hand, accelerate population growth

and thereby reduce growth in income per capita in the presence of Malthusian effects.

The analysis of the appropriate empirical specification is motivated by the stylized facts about the

dynamic evolution of mortality, fertility and population growth over the course of the, so called, “de-

1Findings of a positive effect of life expectancy on income per capita based on cross-country regressions are reported

by Bloom and Sachs (1998), Gallup, Sachs, and Mellinger (1999), and Bloom, Canning, and Sevilla (2003), among others.

The works by Shastry and Weil (2003), Weil (2007) and Ashraf, Lester and Weil (2008) exploit a different strategy and

use calibrations based on microeconomic estimates to infer the role of health improvements for income per capita. The

results suggest positive, but comparably small, effects on income per capita.
2 Beyond the effect of life expectancy on income, reductions in mortality may increase individual well being directly

by extending the lifetime horizon or the quality of life, as investigated, e.g., by Becker, Philipson, and Soares (2005) or

Murphy and Topel (2006). In this paper we exclusively concentrate attention on the effect of life expectancy on individual

well-being through changes in income per capita.
3Theories studying the positive effects of life expectancy on income production (abstracting from changes in fertility)

include Croix and Licandro (1999), Kalemli-Ozcan, Ryder and Weil (2000), Blackburn and Cipriani (2002), Boucekkine,

de la Croix and Licandro (2002, 2003), Lagerlöf (2003), Cervellati and Sunde (2005), Bar and Leukina (2011), among

others. The works by Bleakley (2007), Bleakley and Lange (2009) and Jayachandran and Lleras-Muney (2009) provide

robust evidence that better health and higher life expectancy increase educational attainments at the individual level.



mographic transition”. A key feature of the demographic transition is that, after an initial increase,

the natural rate of population growth eventually falls in association with reductions in mortality and

fertility.4 The implications of this demographic transition for economic development have been recently

investigated by economists that study the transition from stagnation to growth within a unified frame-

work following the seminal contribution by Galor and Weil (2000). An important implication of the

non-monotonic population dynamics along the demographic transition is that the negative effects of

population growth may be at work before, but not after, the onset of the demographic transition.5 The

literature has also pointed out that life expectancy may accelerate income growth after the onset of the

demographic transition by affecting the age structure of the population and the dependency ratio, by

improving educational attainment and by increasing female labor force participation in association with

reduced fertility.6 Finally, it has been documented that the reliance on fix factors of production, which

may be responsible for congestion effects, is typically larger for countries at low levels of economic and

demographic development (see Weil and Wilde, 2009). Taken together, these arguments suggest that

the demographic transition is a crucial turning point for many direct and indirect channels through

which life expectancy affects income per capita. As consequence, the effect of life expectancy on income

per capita may be ambiguous before the demographic transition, but should be unambiguously positive

after its onset.

We investigate this hypothesis using the same cross-country panel data for the period 1940-2000

as in the influential paper by Acemoglu and Johnson (2007). As preliminary analysis, we study the

dynamic patterns of life expectancy and fertility to identify the onset of the demographic transition in

each country in the sample, based on the classification criteria used in the demography literature. In line

with the previous literature, we find that the dynamic patterns are consistent with the stylized dynamics

4These non-monotonic patterns of population growth and fertility have been widely documented across different

countries and times as discussed in Section 2, and they are also apparent in the sample of countries studied in this paper.
5Galor and Moav (2002) study the role of survival and natural selection for the fertility transition. Theories where

greater life expectancy causally leads to a reduction in fertility include Kalemli-Ozcan (2002), which also explicitly shows

that changes in fertility may lead to non-monotonicities in income per capita growth, Boldrin and Jones (2002), Kalemli-

Ozcan (2003), Soares (2005), Strulik (2008) and Bar and Leukina (2010); see Galor (2005, 2009) for comprehensive

surveys of the literature. Whether reductions in mortality are indeed causal for fertility reductions is still debated in the

empirical literature.
6The role of dependency ratios is studied in Bloom, Canning and Sevilla (2003), and the interaction between fertility

and labor force participation is investigated by Bloom, Canning, Fink, and Finlay (2009). Soares (2005), Cervellati and

Sunde (2007), de la Croix and Licandro (2007) provide theories where life expectancy increases investments in human

capital in association with a reduction in fertility. Falcão and Soares (2008) extend the analysis of female labor force

participation and fertility by Galor and Weil (1996) to the consideration of the role of life expectancy.
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of the demographic transition. About half of the countries in the sample had already experienced the

onset of the demographic transition by 1940. In these countries, that we call “post-transitional” in

the remainder of this paper, increases in life expectancy after 1940 went along with reductions in both

fertility and population growth. In the other countries, that we call “pre-transitional”, improvements

in life expectancy were associated with increases in population growth after 1940.7

To estimate the causal effect of life expectancy on income growth, we use the specification and

identification strategy based on the predicted mortality instrument proposed by Acemoglu and John-

son (2007) as benchmark. This identification strategy exploits exogenous variation in life expectancy

due to the epidemiological transition after 1940. The analysis is also performed using the alternative

instrumentation proposed by Lorentzen et al. (2008). We allow for heterogenous effects of life ex-

pectancy during the process of development by applying different empirical strategies. After showing

that neglected non-linearities cannot be rejected in linear models estimated on the pooled sample, we

adopt empirical specifications that allow for different effects of life expectancy depending on whether

a country was pre-transitional or post-transitional already in 1940, that is, before the treatment of the

epidemiological transition. The specification estimated by Acemoglu and Johnson (2007) is therefore

nested in this approach, which relaxes the constraint that the effect of life expectancy on income growth

is identical in pre-transitional and post-transitional countries.

The results document a strong and robust positive causal effect of life expectancy on income per

capita in post-transitional countries, which is complemented by a significant negative effect on pop-

ulation growth. The opposite findings emerge for pre-transitional countries, although the negative

effect on income is sometimes insignificant. The equality of the causal effects in pre-transitional and

post-transitional countries can generally be rejected. The positive effect in post-transitional countries

is larger than the average effect reported by Acemoglu and Johnson (2007), and opposite in sign.

The analysis delivers qualitatively identical results when using the instruments proposed by Lorentzen,

McMillan and Wacziarg (2008). These findings document that the different results reported in the

literature are not due to the different identifying variation, but due to the different sample composition

in combination with linear empirical models that impose the effect of life expectancy to be identical

across all countries in the sample. This is also documented using a linear estimation framework in

7Notice that, strictly speaking all countries are at different stages of their demographic transition in 1940. We call

those countries “post-transitional” that had already experienced the onset of the transition by 1940 by the criteria from

the demography literature discussed below, even if they might not have completed the transition (that is, even if they

might still exhibited fertility above reproduction levels). Symmetrically, we call the other countries “pre-transitional”.

This is discussed in more details in Section 2.
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the full sample but varying the weights of the different countries based on their demographic situa-

tion in 1940, without having to rely on a classification of the countries’ demographic development in

1940. Simple decompositions further document that the differences in GDP growth can be mainly

attributed to the difference in coefficients across pre-transitional and post-transitional countries, rather

than to different variations in life expectancy or different time trends. The results are confirmed by

a series of robustness checks including the consideration of alternative classifications of countries, the

instrumentation of the demographic status of the different countries in 1940 using time invariant ge-

ographical characteristics and the inclusion of initial conditions in terms of GDP per capita and life

expectancy, among others. The finding of a heterogenous effect of life expectancy on income per capita

and population growth in pre- and post-transitional countries emerge consistently. Taken together,

the results strongly support the view of long-run economic development as a non-linear process that is

closely linked to non-monotonic population dynamics. These findings are complemented by additional

evidence showing that increases in life expectancy causally increase the probability of observing the

onset of the transition leading to lower fertility and birth rates.

The results contribute to the literature on the role of health for economic growth by accounting

for the differential effects of life expectancy during the different phases of demographic development.

Despite the existence of several theoretical arguments that can be used to motivate the hypothesis, these

heterogeneous effects have not been documented systematically. The findings also help reconciling the

seemingly contradictory empirical results in the literature by explicitly showing that they are not due to

different instrumentation strategies but rather a consequence of a restrictive econometric specification

together with a particular sample composition. In a broader perspective, the results are relevant for

the empirical growth literature by highlighting the importance of accounting for non-linearities, or

even non-monotonicities, in the development dynamics when conducting growth regressions over long

periods of time. Finally, in view of the fact that most developing countries have recently experienced

the onset of the demographic transition, the results have relevant policy implications.

The paper is structured as follows. Section 2 lays down the testable hypothesis and the estimation

framework. Section 3 describes the data and the identification strategies. Section 4 presents the results

and some robustness analysis. Section 5 concludes. Additional material is relegated to an Online

Appendix.
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2 Testable Hypothesis and Estimation Framework

The Demographic Transition and Its Implications for the Empirical Specification. A com-

mon feature of all episodes of the demographic transition is that the correlation between life expectancy

and fertility eventually becomes negative. Already the early writers noticed that mortality reductions

generally preceded the fertility reductions, although the delay of the fertility decline compared to the

mortality reductions differed across European countries. A large body of research devoted to identify-

ing the specific differences in the transition process and their timing across regions and countries has

documented the stylized facts that also apply to subsequent transitions.8 As pointed out by Kirk (1996,

p. 367) also “in non-European countries, the regularities are impressive. In every instance mortality

has declined first and has been followed by declining fertility, and the result in each case has been a

considerable acceleration in population growth”.

The stylized textbook pattern of the demographic transition is presented in Figure 1.9 Pre-

transitional countries are characterized by high mortality and fertility, reflected by high death and

birth rates. The growth rate of population is generally positive but small. According to the typical

representation, the demographic transition starts with a reduction in mortality rates, MT, while birth

rates remain high. With some delay, fertility also drops, marking the onset of the fertility transition,

FT, which represents the important turning point for population growth. The delay between MT

and FT induces the typical hump-shaped pattern of population growth, which initially increases due

to the lower mortality but eventually slows down since reduced fertility more than compensates the

mechanical increase in population in response to lower mortality rates.10

Increased life expectancy might have a negative effect on growth in income per capita if it ac-

celerates population growth, for instance in the presence of Malthusian mechanisms. In fact, this is

8 Thompson (1929) was first in highlighting the unprecedented marked reduction in mortality and fertility rates within

a fairly short period of time in the late 19th and early 20th Century in some Western countries. Subsequently, Landry

(1934), Carr-Saunders (1936), and Notestein (1945) presented the first wave of systematic cross-country investigations of

patterns of mortality, fertility and natural rates of population growth and initiated the study of the demographic transition

as a leading topic of modern scientific demography. The European Fertility Project organized by Coale materialized in

a massive study of fertility declines in 600 European administrative divisions in Europe between 1870 and 1960.
9Figure 1 reproduces Fig. 1.1 from Chesnais (1992) and Fig. 4.2 from Livi-Bacci (1992). These patterns are also used

as base for population forecasts by e.g. the UN and the World Bank. For surveys on the demographic transition and its

economic implications see also Lee (2003), and Galor (2005).
10Notice that the Figure plots crude birth and death rates, that is, the total number of births and deaths divided by

the size of the total population alive at each point in time. In the initial phase after MT, the birth rates decline slightly

as consequence of the increase in population size although total fertility is unchanged. If death rates fall predominantly

among young ages, crude birth rates might even increase slightly, without crucially affecting the overall pattern.
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TimeMT FT

Crude Death Rate

Crude Birth Rate

Population Growth

Figure 1: The Demographic Transition

the main explanation by Acemoglu and Johnson (2007) for their finding of a negative causal effect of

life expectancy. In all countries that undergo the demographic transition, however, increases in life

expectancy are eventually negatively associated with population growth. This observation is crucial,

because if an increase in life expectancy leads to lower fertility and population growth, then the neg-

ative effects of life expectancy on per capita income growth cannot be at work after the demographic

transition, irrespective of the actual mechanism behind the demographic transition. Furthermore, as

discussed above, the reliance on fixed resources appears more important at low levels of development

and the non-Malthusian mechanisms that imply a positive relationship between life expectancy and

growth are expected to gain momentum after the onset of the demographic transition. Taken together

these observations jointly support the main testable hypothesis which is illustrated in Figure 2: the

effect of life expectancy on income per capita can be negative only before the onset of the demographic

transition.

-
Life ExpectancyMT FT

GDP Growth

GDP per capita
growth

Population
Growth

Figure 2: Demographic Dynamics and Income Growth

Theoretical Illustration. The main hypothesis can be illustrated within the framework of Acemoglu

and Johnson (2007). Consider a closed-economy in continuous time t, where a unique consumption

good Y is produced with a constant returns to scale aggregate production function

Yt = (AtHt)
α L1−α

t (1)
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where 0 < α < 1 and Lt denotes factors of production like physical capital or land, which are assumed to

be fixed and independent from life expectancy.11 The aggregate human capital is supplied inelastically

and is given by Ht = htNt, where ht denotes the (average) individual level of human capital and Nt is

population size; At represents the level of technology (or productivity). Denote by Tt the level of life

expectancy. In Acemoglu and Johnson (2007), the role of life expectancy for total factor productivity

and human capital is assumed to be iso-elastic, At = AT θt , with θ ≥ 0, and ht = hT ηt with η ≥ 0.

The population growth rate depends on the net rate of reproduction, which is given by the total

(planned) fertility rate nt net of mortality up to fertile age, 1− pt (ϕ). The mean age of reproduction

(or mean length of a generation) is ϕ while pt (ϕ) is the probability of surviving until ϕ. The fertility

rate nt measures the number of children that would be born to an individual over her lifetime if that

individual were to survive throughout her reproductive life, i.e., until ϕ. The net rate of reproduction

can be approximated by NRRt = ntpt (ϕ).12 An increase in life expectancy has two main effects on

population size. First, lower mortality mechanically increases population size since more people survive

at each point in time.13 In Acemoglu and Johnson (2007) this is reflected by the iso-elastic reduced form

relationship ln p (ϕ) = λ lnTt with λ > 0. Second, greater longevity may lead to changes in planned

fertility. Following Figure 1, assume that fertility initially does not react (or even slightly increases) in

response to increasing life expectancy but eventually drops after the onset of the demographic transition.

This change in fertility behavior, and consequently population growth, can be simply captured by

considering an iso-elastic relationship also for fertility, with the elasticity depending on whether the

country is pre- or post-transitional in terms of its demographic transition (FT): lnnt = ln b+xj lnTt for

j = {pre, post} with xpre ≥ 0 > xpost and |xpost| > |λ|, where b > 0 represents factors that influence the

level of fertility but are unrelated to life expectancy. The demographic transition is characterized by a

reduction in fertility rates that more than compensates the mechanical effect on population size, which

leads to a reduction in population growth rates in association with a reduction in mortality rates.

11Acemoglu and Johnson (2007) show that considering a full adjustment of the capital stock only implies a larger effect

of life expectancy on income per capita growth since the constraint of a fix factor of production is less binding.
12The net reproduction rate, NRR, is the average number of daughters that would be born to a woman if she survived

through her fertile age and conformed to the age-specific fertility and mortality rates. Equivalently, the NRR can be

interpreted with reference to the whole population as the expected total number of children that the representative

individual has during her fertile life. The specification used here, which neglects variations in age specific mortality for

simplicity, is generally seen a good approximation of the net rate of reproduction, see also Preston et al. (2001, p. 115).
13A second, more indirect, mechanical effect arises if the likelihood of surviving until childbearing age increases. These

effects are qualitatively identical but the direct effect has only temporary consequences, since it affects the level of

population but not its long-run rate of growth (see Preston et al., 2001, pp. 158-159).
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Using these expressions in (1), the level of log per capita income is therefore given by

ln yt = α lnAt + α lnht − (1− α) lnNt + (1− α) lnLt (2)

or

ln yt = πj lnTt +Bt , (3)

where Bt is a constant.14 The parameter of interest linking log per capita income to log life expectancy,

πj, is given by

πj = α(θ + η)− (1− α)
(
xj + λ

)
≷ 0 , (4)

with j = {pre, post}. Equation (4) illustrates the main source of ambiguity concerning the role of life

expectancy for income per capita. The negative “population effect” −(1 − α) (xpre + λ) < 0 implies

an ambiguous effect of life expectancy on income per capita before the transition, πpre ≷ 0. After

the transition, however, the effect is unambiguously positive, πpost > 0, as population growth falls in

response to improvements in life expectancy, such that −(1 − α) (xpost + λ) > 0. As discussed above,

this non-monotonicity is complemented by a successively lower reliance on fixed factors of production

as the level of development improves, as well as by the possible acceleration in income per capita due

to the changes in the age composition, the education attainment or labor force participation triggered

by increases in life expectancy after the demographic transition. Extending the model to explicitly

account for these mechanisms would leave the testable implications unchanged.

Estimation Framework. Following Acemoglu and Johnson (2007), the main estimation framework

can be derived directly from the theoretical illustration presented above. The estimation is in long

differences, i.e., using panel data with only two observations per country, (1940 and 1980, or 1940 and

2000).15 Adding an error term, and separating countries i by their demographic status j = {pre, post}

as of 1940, we can use condition (3) to derive the following estimation framework

ln yjit = πj lnT jit + ζji + µjt + cj + εjit (5)

14Consider an initial period t0 = 0 with N0. Population at time t > t0, after a period ∆t = t − t0, can then be

expressed as Nt = N0

[
NRR∆t

ϕ

]
which is the linear version of the relationship between the population growth rate

and NRR in the Lotka stable population model (see Preston et al., 2001, p. 152). In one generation, ∆t = ϕ, the

population grows exactly by a factor NRR. Making use of the definition of NRR and taking logs, one can rewrite the

condition as lnNt = [lnN0 + ln (∆t/ϕ) + ln b] +xj lnTt +λ lnTt, which implies that Bt = (1−α) lnLt +α
(
lnA+ lnh

)
−

(1− α) (lnN0 + ln(∆t/ϕ) + ln b).
15The choice of a forty years horizon is justified by the fact that changes in fertility behavior and population are likely

to take place over the course of generations and, therefore, need a sufficiently long observation period to become effective

and detectable. Changes in life expectancy that take place at some point in time after 1940 may affect fertility in the

following decades and should be captured by 1980 or 2000, but potentially not before.
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for pre-transitional and post-transitional countries, respectively. The time invariant and country-

specific components of the expressions that are functions of parameters are picked up by the country

fixed effects ζi, while time varying factors which are common to the different (groups of) countries

are picked up by time fixed effects, µj. The common time dummy controls for global changes in the

main variables of interest over the observation period, which are similar across countries of group

j = {pre, post}. The coefficients πpre and πpost are the respective parameters of interest. As in

Acemoglu and Johnson (2007), the consideration of a long-difference regression with two observations

per country with t = {0, 1} implies that the estimation of the previous equations is equivalent to the

estimation of the first-difference specification

∆ ln yji = πj∆ lnT ji + ∆µj + uji , (6)

where ∆ ln yji = yji1−y
j
i0 and ∆ lnT j ≡ lnT j1−lnT j0 . Note that, in principle one might or might not allow

for differential time trends, ∆µpre and ∆µpost, across pre-transitional and post-transitional countries.

Allowing for two distinct time trends, ∆µpre and ∆µpost as in equation (5), implies estimating a fully-

interacted model.16 This model is equivalent to estimating the specification of Acemoglu and Johnson

(2007) separately for pre-transitional and post-transitional countries. Restricting the time trend to

be the same for pre-transitional and post-transitional countries, ∆µpre = ∆µpost, implies estimating

a semi-interacted model that only allows for a differential effect in terms of π in pre-transitional and

post-transitional countries.17 Below we will investigate both alternatives. Recall that from Figure 2

and the theory above, we expect πpre ≷ 0 and πpost > 0. Recall also that if total fertility n were

assumed to be constant or unrelated to life expectancy, then

πpre = πpost = π = α (θ + η)− (1− α)λ ≷ 0 . (7)

16Note that the size of the time trend ∆µj also depends on the time interval, that is the term

− (1− α) [ln (∆t2)− ln (∆t1)] which results from taking first differences, where ∆t2 ≡ t2 − t0 and ∆t1 ≡ t1 − t0, where

t0 = 1940, t1 = 1980 and t2 = 2000, regardless of whether estimating a common time effect or allowing for different time

effects in both pre-transitional and post-transitional countries.
17The semi-interacted model follows from an estimation framework

ln yit = πpre lnTit + πpost lnTit · Posti + ζi + Posti + µt + c+ εit

where the level of demographic development is indicated by the time-invariant binary indicator Posti, which takes value

1 if a country is classified as post-transitional by 1940, and zero otherwise. Notice that this indicator is not identified in

levels due to the inclusion of country fixed effects. Taking long differences then delivers as estimation equation

∆ ln yi = πpre∆ lnTi + πpost∆ lnT · Posti + ∆µ+ uj
i

in which, in contrast to (6), the time trend ∆µ is not allowed to vary by demographic status j = {pre, post}.
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This coincides with the coefficient estimated by Acemoglu and Johnson (2007), which means that

their model is nested in the specification above, and which therefore allows for testing the equality of

coefficients obtained with pre-transitional and post-transitional samples.

3 Data and Identification Strategy

The main outcome variables are GDP per capita and population size; the main explanatory variable is

life expectancy at birth. The essential data sources are the UN Demographic Yearbook, and Maddison

(2003), see also Acemoglu and Johnson (2007) for details. The base sample consists of 47 countries for

which all relevant data on life expectancy and the outcome variables, as well as on the on the predicted

mortality instrument that is used to identify causal effects, are available for 1940 and 1980 (or 2000).

The Empirics of the Demographic Transition. The demography literature has proposed several

criteria to identify whether a country has reached the critical turning point of the demographic tran-

sition in light of the stylized facts reported in Figure 1, see e.g., Chesnais (1992, p. 19):

C1. Life expectancy at birth exceeds 50 years;

C2. Fertility or the crude birth rate has exhibited a sustained decline;

C3. The crude birth rate has fallen below the threshold of 30/1000.

The first criterion implies that a country enters the demographic transition when mortality is suffi-

ciently low. The conventional threshold for life expectancy at birth is taken to be 50 years. Second, the

fertility transition can be identified by a sustained decline in total fertility or crude birth rates. Third,

a country is considered post-transitional if the crude birth rate is sufficiently low, and in particular

below 30 births per 1000 inhabitants.18 In the empirical application we call a country post-transitional

or pre-transitional depending on whether it satisfies these criteria by 1940 or not, respectively. Ideally,

one would take into account whether the country experiences an exogenous change in life expectancy

while it is still pre-transitional, or already post-transitional, at the time of treatment. However, the

data using the epidemiological revolution to construct the predicted mortality instrument used in the

analysis below only contain country-specific information for the predicted change in mortality over the

full period. We therefore consider a classification of countries into pre-transitional and post-transitional

18The first criterion is expected to be, on average, the least restrictive one in defining post-transitional countries

because the drop in mortality usually precedes the drop in fertility. The second criterion is less restrictive than the third

criterion since it classifies a country as post-transitional when the sustained fertility reduction has started although the

process may not be complete (so that the crude birth rate may be still above 30/1000).
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as of 1940, i.e., before the treatment in terms of the mortality reduction due to the epidemiological

revolution. In the sample of Acemoglu and Johnson (2007), the application of each of the three dif-

ferent criteria leads to the same classification and delivers 25 pre-transitional and 22 post-transitional

countries in 1940.19

We apply the three classification criteria also in 1980 (and 2000). This allows us to distinguish

countries that entered the demographic transition during the observation period 1940-1980 (and 1940-

2000), from countries that remained fully pre-transitional throughout the observation period. We use

these classifications to investigate the hypothesis that reductions in mortality facilitate the demographic

transition in the countries that are still pre-transitional in 1940. As expected, all post-transitional

countries in 1940 remain post-transitional during the entire observation period, while some previously

pre-transitional countries undergo the demographic transition after 1940.20 Finally, for comparability,

we also apply the classification of Acemoglu and Johnson (2007) according to which countries are

grouped by initial income in 1940 (rich and non-rich countries). This classification can be justified by

the fact that the economic and demographic transitions tend to be closely related. It is important to

notice, however, that this classification does not directly relate to the theoretical argument based on

the demographic transition presented above.

Preliminary Analysis. Table 1 presents the descriptive statistics. Average life expectancy at birth

in 1940 is 49.3 in the full sample but is 38.8 and 61.2 years in pre- and post-transitional countries,

respectively. The respective average crude birth rates (CBR) in the two groups were 45.3 and 20.4. By

1980 life expectancy increased to 62.3 and 73.7 while the CBR dropped to 32.5 and 14.1, respectively.

Figure 3 depicts the levels of log life expectancy and crude birth rates for all countries in the years 1940,

1960, 1980 and 2000. There are two clearly distinct groups of countries, with countries that are pre-

19To verify the second criterion we follow Reher (2004) and consider a country to be post-transitional if it has entered

the falling trend in terms of the 5-year averages of crude birth rates by the year 1935. His classification coincides with

the second criterion with the exceptions of Greece, Ireland and New Zealand, which are not classified in Reher (2004).

In the case of Greece the problem is the lack of reliable data before 1950. Ireland and New Zealand display a very flat

profile of crude birth rates around 30/1000 after 1940 and a clear drop only in 1980 and 1960 respectively. In our baseline

classification we consider these three countries as post-transitional in 1940 since they clearly satisfy criteria C1 and C3.

The robustness of the results, is checked by applying alternative criteria as discussed in details in the Online Appendix.

This Appendix also presents a Table that summarizes the different classifications, and a Figure that provides a graphical

illustration of the demographic dynamics underlying these criteria by depicting the crude birth rates of all 47 countries

in the sample over the period 1940-2000.
20A Table that reports the baseline classification of the countries into post-transitional, intermediate (undergoing

the transition between 1940 and 1980), and pre-transitional throughout 1940-1980, together with the two robustness

classifications can be found in the Online Appendix.
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transitional in 1940 displaying the largest increases in life expectancy and the largest reductions in the

CBR. The changes in the CBR are negative for all countries with the largest reductions being observed

for the countries with intermediate increases in life expectancy.21 These patterns are consistent with

those emerging from Figure 1.

Insert Table 1 and Figure 3 about here.

To gain a further visual impression, we illustrate the dynamic evolution of the average crude death

rates, crude birth rates and natural rate of population growth in the two groups of countries. Figure

4(a) depicts the variables for the countries which are already post-transitional before 1940. Crude death

rates are about 12/1000 in 1940, decline by about 25 percent until 1960, and stabilize afterwards.22

The crude birth rate and the net rate of population growth decline by about 50 percent by 1980 and

keep decreasing until year 2000. Figure 4(b) plots the respective series for countries which are still

pre-transitional in 1940. For these countries, the average crude death rate in 1940, which is around

20/1000, shows a clear negative trend. Death rates are reduced by about 50 percent in 1970 when they

reach 10/1000, which is about the average death rate of post-transitional countries in 1940. After 1970,

death rates drop by about 20 percent in the next twenty years and eventually stabilize. The crude birth

rate is essentially unchanged until 1960 and displays a sizable decline only after 1970. Accordingly, the

natural rate of population growth is initially increasing and displays a sustained decline only after 1970.

By 1990, the natural population growth rate is still about the same as in 1940. Figure 4 illustrates

the different phases of the demographic transition as empirical counterpart to Figure 1. Reductions in

mortality breed larger population growth until the onset of the demographic transition, but this trend

is reversed afterwards and turns negative for post-transitional countries. It is noteworthy that only

after 1970 the time series of pre-transitional countries resemble those of countries which are already

post-transitional in 1940.

Insert Figure 4 about here.

Figure 5 depicts the change in log population from 1940 to 1980 (panel a), and from 1940 to 2000

(panel b) against the change in log life expectancy at birth over the respective period. Panels (c) and

(d) show the corresponding graphs for the relationship between the change in log GDP per capita and

21The countries with initial life expectancy close to 50 years are closest to the onset of the transition and, accordingly

experience the largest cumulative reductions in fertility, see also Figure 11 in the Online Appendix.
22Life expectancy at birth keeps increasing although the crude death rate stabilizes due to the increase in the share of

elderly in these countries. The shaded area represents 95 percent confidence intervals.
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changes in life expectancy. Considering the pooled sample, the figures show a clear positive relationship

between changes in life expectancy and population growth, and a clear negative relationship between

changes in life expectancy and GDP per capita growth. Due to the estimation framework in long

differences with country and year fixed effects, this is essentially the variation that identifies the effect

of interest in the study by Acemoglu and Johnson (2007). However, in line with Figure 1 the effect

on population growth rates differs in pre-transitional and post-transitional countries. The figure shows

two separate groups of countries, one characterized by small changes in population and life expectancy,

and the other by large changes, with different effects of life expectancy within each of these two groups.

When considering the additional information in Figure 5 by investigating separately pre-transitional

and post-transitional countries, it appears that pre-transitional countries experienced larger increases

in life expectancy, but were associated with a lower growth in GDP per capita. In contrast, in post-

transitional countries, larger improvements in life expectancy were associated with faster growth in

income per capita. In this context it is worth noting that the different slopes also imply different

intercepts, which essentially capture different conditional time trends in population and income growth

across the two subgroups of countries.

Insert Figure 5 about here.

Identification Strategies. We use the predicted mortality instrument proposed by Acemoglu and

Johnson (2007) as benchmark to identify the causal effects of life expectancy. This instrument exploits

information on the reduction in mortality due to the epidemiological revolution. The instrument for

the change in life expectancy is the reduction in mortality from 15 of the most important infectious

diseases following the epidemiological transition in the 1940s. Three components of the epidemiological

transition motivate this instrument: the wave of drug and chemical innovations that led to effective

vaccines and medicines for major diseases (like antibiotics to treat the diseases, or chemicals like DDT

to eradicate their transmission vectors); the establishment of international institutions like the WHO

or UNICEF that facilitated the distribution of medical and public health technology; and, finally, the

change in international values leading to a fast dissemination of medical knowledge. The validity of this

instrument relies on the assumption that the exclusion restriction holds, namely that the instrument

is exogenous to a particular country’s level of economic development and does not affect income or

population through other channels than life expectancy. This requires, in particular, that mortality

from these diseases is exogenous for lack of appropriate treatments in 1940, and due to the worldwide

dissemination of treatment and prevention by 1980.23

23Essentially, the exclusion restriction in Acemoglu and Johnson (2007) is based on the view that no treatment or
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Figure 6 illustrates the relationship between the predicted mortality reductions due to the epidemio-

logical transition, and the changes in life expectancy. Larger absolute reductions in predicted mortality

are associated with larger changes in life expectancy in both pre-transitional and post-transitional

countries. Notice that the predicted mortality variable implies that a more negative realization (a

larger drop in mortality) is associated with a larger increase in life expectancy. This is a first indication

that the instrument appears to be relevant for all countries as expected from the extensive analysis

of Acemoglu and Johnson (2007). Figure 7 depicts the change in log population and GDP per capita

from 1940 to 1980 (left panels) and from 1940 to 2000 (right panels), against the predicted mortality

reduction due to the epidemiological transition. This figure complements Figure 5 in showing that

log population is decreasing with predicted mortality reductions in post-transitional countries, while

population growth is accelerated in pre-transitional countries, as can be seen in Panels (a) and (b).

In fact, similar to the pattern shown in Figure 3, the largest reductions in mortality occur in pre-

transitional countries with the largest levels of crude birth rates, so that the result is an initial increase

in population growth. The differential effect of life expectancy on population growth in pre-transitional

and post-transitional countries is larger over the longer time horizon as illustrated in Panel (b). Panels

(c) and (d) of Figures 5 and 7 show that the changes in log GDP per capita are large and increasing

in predicted mortality in post-transitional countries, while they are lower and decreasing in predicted

mortality in pre-transitional countries over both time horizons.

Insert Figure Figures 6 and 7 about here.

The hypothesis of a non-monotonic effect of life expectancy on growth is based on theoretical

considerations in light of demographic transition theory, and should therefore not rely on a particular

identification or estimation strategy. In fact, it is not clear to which extent endogeneity problems of

income on life expectancy should affect the predicted non-monotonicity in the relation between life

expectancy and income. We therefore also present the corresponding OLS results when accounting

for the possibility of heterogeneous effects of life expectancy. Given the debate about the seemingly

contradictory findings in the literature that have been obtained using identifying variation across and

between countries, we also present estimates that use as an alternative identification strategy the

instrumentation proposed by Lorentzen, McMillan and Wacziarg (2008). Their approach exploits

vaccine existed worldwide for the respective diseases captured by the mortality instrument as of 1940, such that the

mortality due to these diseases entirely depended on country-specific features that are unrelated to the error term in

the growth regression. The exclusion restriction also assumes that mortality from these diseases dropped in all countries

independently of their economic development due to the nature of the epidemiological transition, i.e., due to the discovery

and the world-wide dissemination of drugs and vaccines.
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cross-country variation in the health environment as measured by a malaria ecology index, as well as

12 Koeppen-Geiger climate zones, mean distance of centroid from coast, mean latitude of centroid,

mean elevation and log country area in square kilometers.24

4 Causal Effect of Life Expectancy on Income Growth

This section tests the hypothesis that the causal effect of life expectancy on income growth is different

for different levels of demographic development. We first estimate models that account for the status

of countries as pre- or post-transitional as of 1940 based on the information presented in Section 3, in

order to test whether the effect is significantly different across pre-transitional and post-transitional

countries. In light of the typical pattern of the demographic transition, we also test the hypothesis

that improvements in life expectancy increases the likelihood of observing the onset of the demographic

transition. In addition, we perform a series of robustness checks.

4.1 Causal Effects in Pre- and Post- Transitional Countries

Table 2 presents the main results regarding the causal effect of life expectancy for GDP per capita,

using information for the period 1940-1980 in Panel (A) and for 1940-2000 in Panel (B). Column

(1) replicates the analysis by Acemoglu and Johnson (2007). The average effect of an increase in

life expectancy, instrumented by predicted mortality reductions, on income per capita is significantly

negative. The explanation for this finding can be seen in the respective column of Table 3, which

contains the corresponding results for population growth as dependent variable and shows a significant

positive effect of increases in life expectancy on population growth. We test for neglected non-linearities

applying RESET test methods, see Pesaran and Taylor (1999) and Wooldridge (2002, p. 124-125).

These tests indicate that the null of no neglected non-linearities is generally rejected over the period

1940-1980: the null is rejected against an alternative of a non-linear specification with a quadratic

(cubic) polynomial in the case of population with p-values of 0.046 (0.017), and with p-values of 0.538

(0.012) in the case of GDP per capita.25

24The malaria ecology index combines “climatic factors and the presence of different mosquito vector types and human

biting rates of different mosquito vectors”, see Lorentzen, McMillan and Wacziarg (2008) and Sachs et al. (2004) for

details.
25The respective p-values for the period 1940-2000 are 0.057 (0.048) for population and 0.693 (0.460) for GDP per

capita. The non-linearities appear to be even stronger in the OLS specifications with log life expectancy or the predicted

mortality instrument as explanatory variables, where the null is typically rejected on the 5% level. Finally, unreported

RESET tests do not reject the null of no neglected non-linearities for aggregate GDP growth in any specification. The
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Insert Table 2 about here.

The causal effect of life expectancy for pre- and post-transitional countries is investigated using

both the partially and the fully interacted model. We consider both specifications since the partially

interacted model is more efficient but also more restrictive.26 Recall that the classification of countries

is pre-treatment in terms of the predicted mortality instrument since it refers to the period pre 1940

and is time invariant. The differential effect of changes in mortality in the partially interacted model is

therefore captured by including an interaction between changes in log life expectancy and the dummy

that identifies the countries as pre- or post-transitional. The corresponding estimation results of the

differential effect of changes in life expectancy on income per capita growth over the period 1940-

1980 are reported in column (2) of Table 2. The effect of life expectancy on income per capita is

negative for pre-transitional but positive and significant for post-transitional countries.27 The results

for the fully interacted model, reported in columns (3), are qualitatively identical. In line with the

hypothesis, these results suggest that the effect of improvements in life expectancy on per capita

income growth differs substantially between pre-transitional and post-transitional countries, with a

negative insignificant effect for pre-transitional and a positive significant effect for post-transitional

countries. The point estimates are larger in size in the fully interacted model, with a causal effect

of life expectancy on income that is almost twice as large, but of the opposite sign, compared to the

average effect obtained with the pooled sample. This result is complemented by a causal effect with

opposite signs on population growth, as can be seen from the corresponding columns in Table 3.

Insert Table 3 about here.

The bottom part of Tables 2 and 3 presents test statistics for the first stage performance of the

instrument (F-statistics of excluded instruments and Shea’s partial R-square statistics). As a conse-

quence of the smaller sample sizes in the fully interacted model (which is equivalent to splitting the

sample), the first stage partial F of the instrument becomes smaller, but, by and large, the instrument

performs fairly well, as was to be expected already from the extensive tests provided by Acemoglu and

Johnson (2007). The Shea’s partial R-square statistic is also reasonably high, usually around 0.3 or

effect of life expectancy on aggregate GDP growth is therefore approximately linear, and, as found by Acemoglu and

Johnson (2007), positive but small. Detailed results are presented in Table 8 in the Online Appendix.
26As shown before, the partially interacted model involves the estimation of only one common time effect on the full

sample but, in view of (6), it imposes the restriction that ∆µpre
t = ∆µpost

t .
27Recall that, since the effect is presented in terms of an interaction with a dummy, the effect for the post transitional

countries is given by the sum of the two coefficients.
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above, indicating that the instrument explains a substantial part of the variation in the instrumented

variable.

The results from OLS estimates are presented in columns (4), (5) and (6) of Tables 2 and 3.

The OLS estimates deliver coefficients that are of the same sign as the IV estimates and that are

slightly smaller in absolute magnitude across all specifications.28 The differences between OLS and IV

results tend to be larger for pre-transitional countries. This is confirmed by Hausman-type endogeneity

tests that reject the null of exogeneity of log life expectancy in the pooled sample and in the pre-

transitional samples. However, the null of exogeneity cannot be rejected for the samples of post-

transitional countries. One possible explanation for this finding is that life expectancy is measured with

larger error in pre-transitional countries, in particular as of 1940. In this context, the instrumentation

might help reducing the incidence of attenuation bias particularly in this sample, as is suggested by the

larger discrepancies between OLS and IV results for pre-transitional countries.29 This does not affect

the finding of different signs of the causal effect for pre-transitional and post-transitional countries, but

suggests, if anything, that the estimates are more reliable for post-transitional countries.

To investigate the role of the different instrumentation strategies, we replicate the analysis by using

the instruments suggested by Lorentzen et al. (2008) instead of Acemoglu and Johnson’s predicted

mortality change instrument. In the present context of two observations by country and considerable

convergence in life expectancy, the change in life expectancy and the initial level of life expectancy

contain very similar information. In fact, the correlation between log life expectancy in 1940 and

the change in log life expectancy over the period 1940-1980 is -0.95, and -0.98 over the period 1940-

2000. Moreover, the logic behind this instrument is similar to the Acemoglu and Johnson’s predicted

mortality instrument, which essentially exploits cross-country variation in mortality in 1940 from the

particular diseases, while assuming that this mortality has been reduced to zero in all countries by 1980.

Consequently, the set of instruments proposed by Lorentzen et al. (2008) appears valid for changes in

life expectancy in the application under consideration. The respective results are reported in columns

28We also repeated the whole analysis with in an intention to treat specification using the predicted mortality instrument

rather than log life expectancy as regressor of interest. The results are qualitatively identical and are available upon

request.
29On this point see also Lorentzen et al. (2008, p. 103). The vital statistics on which life tables are based are often

incomplete or missing. These measurement and registration problems are particularly severe in countries where the vital

registration system is deficient, where a sizable proportion of the population has never attended school, or in countries

where infant mortality is very high, see, e.g., United Nations (1983, p.2). As consequence, errors associated with the

indirect projection measures that are used to produce life tables might be more severe in developing countries, i.e.,

countries that are pre-transitional as of 1940.
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(7), (8) and (9) of Tables 2 and 3. These results are qualitatively identical to the results obtained with

the instrumentation of Acemoglu and Johnson (2007). In particular, as with the predicted mortality

instrument, the effect of life expectancy on income per capita is negative (although lower in magnitude)

with the linear specification in the full sample. The results change once the constraint that the effect

must be the same for all countries is removed, however. The effect of life expectancy on growth is non-

monotonic with respect to the demographic status of a country: positive for post-transitional countries

and negative, but generally non significant, for pre-transitional countries.

These results imply that the negative effect in the pooled sample and the heterogenous effect in

pre- and post-transitional countries do not depend on the particular identification strategy, since they

hold with the predicted mortality instrument proposed by Acemoglu and Johnson (2007), with OLS,

and with the instruments suggested by Lorentzen, McMillan and Wacziarg (2008). Moreover, these

results suggest that the opposite findings obtained by Acemoglu and Johnson (2007) and Lorentzen,

McMillan and Wacziarg (2008) do not depend on the use of different instruments, but rather on the

estimation of a linear specification that is estimated on samples with different composition regarding

pre-transitional and post-transitional countries.

Throughout the different estimations, the effects of life expectancy on GDP per capita have consis-

tently opposite signs for pre- and post-transitional countries. For post-transitional countries, the results

show a positive effect on GDP per capita, but a negative effect on population growth. Estimating a fully

interacted model allows us to perform specification tests on a nested model and makes the results more

directly comparable to the results obtained from the pooled and partially interacted specifications. In

some cases, the partially interacted model appears to be more appropriate, but most importantly, the

results consistently suggest that the effect of life expectancy is heterogeneous across pre-transitional

and post-transitional countries. This is illustrated by statistics of Chow-tests of equality of πpre = πpost

in the two samples that are reported in the bottom of the panel and that represent a direct test of

condition (7). In most cases, the effects of life expectancy on income per capita appear to be signifi-

cantly different in the pre-transitional and post-transitional countries, and in the cases where the null

of equal coefficients is not rejected in the fully interacted model, we find a strongly positive effect of

life expectancy for post-transitional countries in the semi-interacted model. The results over the longer

period 1940-2000, reported in Panels (B) are qualitatively identical to those for 1940-1980 although the

coefficient estimates are generally larger. The different effects of life expectancy on per capita GDP in

pre-transitional and post-transitional countries are not driven by the length of the observation period.

Also in the corresponding estimates for log population presented in Table 3, the equality of the effect

of life expectancy, π can generally be rejected.
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Given the estimation in first differences, the common time trend represents the estimate of the

constant of the regression in changes, and essentially captures the average change of the dependent

variable over the period 1940-1980. A significant value of the common time trend can be interpreted as

the change in log income (or population) that is unrelated to the differential changes in life expectancy

within each sample. The positive values of the common time trend reported in Table 2 imply a

positive average increase in per capita income over the period 1940-1980, which appears to be larger

for pre-transitional countries, consistent with a convergence process. The time trend is almost three

times larger in pre-transitional countries compared to post-transitional countries over the period 1940-

1980. In restricting the time trend in post-transitional countries to be the same as in pre-transitional

countries, the partially interacted model underestimates the effect of life expectancy as is indicated by

the larger estimates obtained with the fully interacted model.

Oaxaca-Blinder Decompositions. To investigate whether the variation in growth rates across pre-

transitional and post-transitional countries results from different variation in life expectancy, or from

different coefficients at different stages of the demographic transition, one can decompose the predicted

difference in GDP growth following Oaxaca (1973) and Blinder (1973).30 The difference in predicted

log GDP per capita growth between pre-transitional and post-transitional countries over the period

1940-1980, ∆̂ ln yi
post
− ∆̂ ln yi

pre
, is 1.09 for the specification in column (3) of Panel (A) of Table 2.

This difference can be decomposed into a conditional convergence process, reflected in the relatively

higher time trend estimate for pre-transitional (underdeveloped) countries, with an difference in the

coefficients of ∆̂µ
post
− ∆̂µ

pre
= 0.66 − 3.31 = −2.65. Also, the larger average improvement in life

expectancy in these countries of ∆ lnT
pre−∆ lnT

post
= 0.59− 0.24 = 0.35, evaluated at the coefficient

estimate for post-transitional or pre-transitional countries, favors pre-transitional countries over post-

transitional countries.

The difference in the coefficient estimates, i.e., the distinct causal effects of life expectancy on

income per capita in pre-transitional and post-transitional countries, however, exacerbates the dif-

ferences in incomes, and even leads to substantially larger predicted growth differences than what is

30 In terms of specification (6), the decomposition can be written as

∆̂ ln yi

post
− ∆̂ ln yi

pre
=

(
∆ lnT

post −∆ lnT
pre
)
π̂post + ∆ lnT

pre (
π̂post − π̂pre

)
+ (∆̂µ

post
− ∆̂µ

pre
)

=
(

∆ lnT
post −∆ lnT

pre
)
π̂pre + ∆ lnT

post (
π̂post − π̂pre

)
+ (∆̂µ

post
− ∆̂µ

pre
) ,

where ∆ lnT
j

denotes the mean change in life expectancy in sample j, which are ∆ lnT
pre

= 0.59 and ∆ lnT
post

= 0.24

for the period 1940-1980, and the π̂j reflect the respective coefficient estimates as displayed in column (3) of Panel (A)

of Table 2. Due to the fact that the predicted mortality instrument does not vary in the second observation period by

construction, it is not possible to apply a dynamic decomposition approach, e.g., following Juhn et al. (1993).
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actually observed. Depending on the base category, the corresponding difference in predicted growth

is ∆ lnT
post

[π̂post − π̂pre] = 0.59[2.29 − (−5.45)] = 4.54 when evaluated at the average change in pre-

transitional countries, ∆ lnT
pre

= 0.59, or ∆ lnT
post

[π̂post − π̂pre] = 0.24[2.29 − (−5.45)] = 1.84 when

evaluated at ∆ lnT
post

= 0.24.31 These decomposition results are essentially unaffected by the classifi-

cation criterion one adopts. Hence, in the absence of differential time trends and characteristics that

favor pre-transitional countries, the heterogeneity in the causal effects would imply a larger difference

in growth rates across the sub-samples than what one observes in the data.

The Role of Sample Composition. As documented above, the opposite findings obtained by Ace-

moglu and Johnson (2007) and Lorentzen, McMillan and Wacziarg (2008) are not due the application

of different instrumentation strategies. In the presence of non-monotonic effects, the application of

a linear estimation framework may deliver misleading results since the estimates are very sensitive

to the sample composition in terms of pre- and post-transitional countries. The role of the sample

composition can be illustrated by giving different weights to the different countries by maintaining the

linear estimation framework as Acemoglu and Johnson (2007). Specifically, after ordering the countries

according to their initial conditions in terms of initial life expectancy (or crude birth rates in 1940) we

estimate the model on the pooled sample after assigning weights to the different observations according

to a weighting function. This function gives higher weight to countries with similar initial conditions

as a particular reference country, as compared to countries with more dissimilar initial conditions.32

This procedure delivers information on the effect of life expectancy using the full sample, but it ac-

counts for the role of the different stages of demographic development by giving different weights to

countries in different stages of the demographic transition without relying on any classification criteria

or thresholds.

31As shown by Elder et al. (2010), the coefficient estimate of a group indicator in a pooled sample represents a

weighted average of the unexplained gaps from the two Oaxaca-Blinder decompositions, providing a summary statistic

for the unexplained component of the growth gap.
32In the limit, giving zero weight to a country is equivalent to excluding it from the sample. In the estimation, we use

a log-logistic weighting function of the form 1−axb/(1+axb), where x measures the distance in ranks with respect to the

reference country’s initial conditions, and a, b > 0 are smoothing parameters. This weighting function is illustrated in

Figure 12 in the Online Appendix. This specification of the weight function has the advantage of allowing for comparable

weights to countries with relatively similar initial conditions, in the example within a range of about 20 countries, but

assigning rapidly decreasing weights to countries outside this range. The procedure delivers 47 estimates from estimating

the model for each single country as center for the weighting function. Notice that the quantitative results depend on

the choice and parametrization of the weighing function. The results are therefore meant as an illustration of the role of

sample composition.
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If the hypothesis of different effects of life expectancy at different stages of the demographic tran-

sition is false, the procedure should deliver similar results regardless of the country used as center for

the weighting. The results, summarized in Figure 8 for GDP per capita and in Figure 9 for population,

show that this is not the case.33 The estimated effect of life expectancy on growth is monotonically

increasing the greater the weight given to post-transitional countries. In particular, the effect is positive

when a large weight is given to countries with large initial life expectancy (or low crude birth rates) and

negative when the large weight is given to the countries at the other extreme. This is consistent with

the hypothesis that the effect of life expectancy on income per capita differs depending on the initial

level of life expectancy and crude birth rates. The opposite picture emerges for population growth rates

which are negative for post-transitional and positive for pre-transitional countries. Consistent with the

typical patterns summarized in Figure 1, the effect of life expectancy on population growth is hump-

shaped and largest when giving weight to intermediate countries that are those most likely to enter

the demographic transition shortly after 1940. When ordering the countries in terms of initial income

the results are qualitatively similar but the estimates are more similar to the un-weighted results esti-

mated by Acemoglu and Johnson (2007). This further suggests that the more relevant ordering refers

to demographic conditions and that what matters is the different stages of the demographic transition

rather than the level of development per se. By demonstrating the consequences of sample composition

for the estimates obtained with a linear specification, these results also illustrate how accounting for

non-monotonic effects can reconcile the different results on the causal role of life expectancy for growth

that have been found in the literature.

Insert Figures 8 and 9 about here.

Life Expectancy and the Demographic Transition. From Figures 3 and 4 it is evident that

some pre-transitional countries undergo the demographic transition during the observation period. To

investigate the hypothesis that increases in life expectancy might be causal for reducing fertility and

triggering the demographic and economic transition, we estimate linear probability models of whether

or not a country has undergone the demographic transition in the period after 1940. The dependent

variable takes value 1 if a country passes from being pre-transitional in 1940 to being post-transitional

33The figures plot the coefficient estimates of π against the position that the respective country at the center of the

weighting function takes in the ranking of initial conditions. Initial conditions are ordered by demographic development

(increasing initial life expectancy and decreasing in initial crude birth rates). The larger variation in the estimates at

the boundaries of the support is due to the symmetric weighting, which implies a lower effective sample size at the

boundaries.
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in 1980 (or 2000) and it takes value 0 otherwise. We use the same identification strategy based on

the predicted mortality instrument. The validity of the exclusion restriction that the instrument (the

predicted drop in mortality due to the epidemiological revolution) is exogenous to the outcome of

interest (the probability to undergo the demographic transition) and affects the outcome through no

other channel than through its effect on life expectancy, is essentially based on the same assumptions

as in the benchmark analysis.

The results are presented in Table 4. Panel (A) contains the results for undergoing the transition

during the observation period 1940-1980, while panel (B) shows results for the period 1940-2000.

Column (1) shows that an increase in life expectancy significantly increases the probability of a country

that has life expectancy at birth below 50 years in 1940 to undergo a transition to life expectancy above

50 by 1980 (panel (A)) or by 2000 (panel (B)). The results of columns (2) and (3) document that larger

life expectancy also increases the probability of observing a demographic transition when applying the

criterion of a sustained fertility drop and crude birth rates below 30/1000. With regard to a transition

in crude birth rates, the effect is positive and insignificant over the shorter horizon, but positive and

significant over the longer horizon (see Panel (B)), which might have to do with the lower number of

transitions (8) according to this criterion over the short horizon. For robustness and completeness,

columns (4)-(6) report the respective estimates when using the instrumentation strategy by Lorentzen

et al. (2008). The results are qualitatively identical and even stronger. Overall, the results suggest that

an increase in life expectancy appears to significantly increase the probability that a country undergoes

the demographic transition.

Insert Table Table 4 about here.

4.2 Robustness

This section discusses the results of several robustness checks, including the use of alternative classifi-

cation criteria, the instrumentation of the initial demographic status and the explicit consideration of

initial conditions. The details are reported in the additional material in the Online Appendix.

Robustness to Alternative Classification Criteria. The results are qualitatively identical when

using alternative classification criteria. The main difference is that the negative effect on income grow

in pre-transitional countries is sometimes statistically significant (see Table 9 in the Online Appendix).

When countries are classified in terms of their initial income levels the results are qualitatively similar.

As shown by Acemoglu and Johnson (2007), the effect of life expectancy on income per capita is

significantly negative for the poor and middle income countries. They are, however, positive for the
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high income countries (see Table 10 in the Online Appendix). This should be expected in view of

the close link between economic and demographic development that underlies most of the unified

growth literature. It should be noted, however, that it is well documented in the literature, that

the demographic transition may take place for quite different levels of income and in very different

socio-economic environments, see Kirk (1996). For example, in 1940 several European countries are

classified as non-rich although they were clearly already post-transitional (the sub-sample of non-rich

countries isolated by Acemoglu and Johnson, 2007, includes 36 countries, eleven of which where already

post-transitional in terms of the demographic criteria). The findings are consistent with the role of

demographic dynamics that one would expect from the literature cited above. While the findings

do not provide a proof that initial demographic conditions are more relevant than initial income in

explaining the heterogenous effects documented above, it is not straightforward to think of a consistent

explanation for why the effect of life expectancy on income growth should be opposite depending on

the level of initial income per se, beyond (and differently from) the role of the demographic variables

discussed above. The different effects of life expectancy on population growth are, in turn, clearly

related to population dynamics. Together with the results of the weighted estimations presented in

Section 4, the findings overall suggest that the explicit consideration of the role of the demographic

transition, and the associated population dynamics, are important factors for the interpretation of the

findings beyond the role of initial income.

Instrumenting the Status of the Demographic Transition. The initial demographic status,

whether a country is pre-transitional or post-transitional in 1940, is pre-determined with regard to the

epidemiological revolution and the growth in population or income per capita after 1940. Nevertheless,

in order to investigate whether the results are affected by potential endogeneity of the demographic sta-

tus, we also estimated models in which the status of pre-transitional or post-transitional is instrumented

by using the set of geographical instruments proposed by Lorentzen et al. (2008). These instruments

exploit cross-country variation that strongly correlated with initial life expectancy in 1940. The iden-

tification assumptions are essentially the same ones made by Lorentzen et al. (2008), with the only

difference that the instrumented variable is binary rather than continuous. The results are presented

in Table 5.34 The findings provide the same qualitative picture: improvements in life expectancy have

a positive effect on income per capita growth in post-transitional countries, but no significant effect in

pre-transitional countries. This is complemented by a significant negative effect on population growth

in post-transitional countries, but a positive effect on population growth in pre-transitional countries.

The lower parts of the different panels report first stage statistics and suggest that the instruments

34 Tables 11 and 12 in the Online Appendix present the respective results for the alternative classification criteria.
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work well for both change in life expectancy and demographic status. The estimates are similar to

those obtained when treating the transition status as exogenous, and they are robust to the use of

different classification criteria.

Insert Table 5 about here.

Initial Conditions. We also investigated the robustness of the results with respect to control-

ling for initial conditions.35 The results suggest that the finding of differential effect in pre- and

post-transitional countries does not depend on the omission of initial conditions. They support the

hypothesis of (stronger) positive effects of improvements in life expectancy on income per capita for

post transitional countries, while the opposite holds for population. Notice that this this specifica-

tion does not directly relate to the testable implications derived in Section 2 in view of the available

theory and evidence. Also, the specification with initial life expectancy cannot be derived by taking

differences of the specification in levels as is done in Section 3 and is therefore not directly comparable

to the specification in levels with country fixed effects as in Acemoglu and Johnson (2007) and the

analysis performed above. Finally, in the present context of a long panel with only two observations

per country, the change in life expectancy and the initial conditions contain very similar information

and are highly correlated by construction. This makes it difficult to discriminate the effects of changes

of life expectancy and of initial levels.36

5 Concluding Remarks

This paper has investigated the causal effect of life expectancy on income per capita and tested the

hypothesis that the effect may be non monotonic: possibly negative before the demographic transition

but unambiguously positive after its onset. The hypothesis emerges from the economic and demo-

graphic literature that views long-run economic development as closely related to the non-monotonic

35Controlling for initial life expectancy to account for convergence and level effects has been proposed by Bloom et al.

(2009) and Aghion et al. (2011). As instrument for initial life expectancy in 1940, we use again the instruments suggested

by Lorentzen, McMillan and Wacziarg (2008). The estimation results for income per capita and population, respectively,

are shown in Tables 13 and Table 14 in the Online Appendix.
36The respective estimation results of specification (1) of Table 13 deliver coefficients of 3.72 and 3.06 for the change

and initial level of life expectancy, respectively, which are not statistically different from each other. Also, the first stage

regressions reveal that the instruments load fairly similarly on changes and initial levels, with the geographical instruments

by Lorentzen et al. (2008) exhibiting slightly larger effects on changes than the predicted mortality instrument by

Acemoglu and Johnson (2007). The standard errors increase fivefold compared to the baseline specification in Table 2.
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population dynamics associated with the demographic transition. The recent unified growth litera-

ture provides several arguments suggesting that increasing life expectancy may lead to negative effects

on growth in incomes per capita only before the demographic transition, i.e., when life expectancy

increases population growth. The positive effect of life expectancy may also be reinforced through

different channels that are related to reduced fertility rates. The demographic transition, during which

the positive relationship between life expectancy and population growth becomes negative, therefore

appears to be an important turning point for many direct and indirect channels through which life

expectancy may positively affect income per capita.

The analysis performed in this paper considers the data and the instrumentation proposed by

Acemoglu and Johnson (2007) as benchmark, but relaxes the constraint of estimating causal effects

under the restriction of a linear empirical specification. Several empirical strategies are applied to test

the hypothesis of a non-monotonic causal effect of life expectancy on income growth. This is done

using interacted models that allow for a heterogenous effect of life expectancy in countries pre and post

demographic transition, using information on the demographic status as of 1940. The results show

that increases in life expectancy accelerate income per capita in countries that had already experienced

the onset of the transition by 1940. The effect is opposite in pre-transitional countries but sometimes

statistically insignificant, depending on the actual specification. In line with the theoretical predictions,

these patterns are complemented by statistically significant opposite effects on population growth.

The results are similar when applying OLS or alternative identification strategies proposed in the

literature. By documenting that the findings are qualitatively identical when using the alternative

instruments proposed by Lorentzen, McMillan and Wacziarg (2008), the results help reconcile the

seemingly contradictory empirical findings in the existing literature. The analysis documents that the

mixed results obtained in the literature are not due to the use of different instrumentation strategies.

In the presence of non-monotonic effects, the estimates of the causal effect of life expectancy on income

growth obtained with a linear estimation framework may be misleading since they crucially depend on

the sample composition in terms of pre-transitional and post-transitional countries. The key role of

sample composition is documented by weighted estimations on the full sample in a linear framework.

The effect of life expectancy on income growth is more positive the larger the weight given to countries

that have larger initial life expectancy or lower crude birth rates in 1940. These are the countries

which are more likely to be post-transitional. The results document a clear hump shape effect of life

expectancy on population growth which is to be expected from the demographic literature. The analysis

also provides evidence that life expectancy causally increases the probability of observing the fertility

transition. The results are robust to a set of additional checks, including different classification criteria,
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instrumenting the demographic status of countries as of 1940, and controlling for initial conditions.

The results therefore qualify the conclusions of the previous literature on the causal role of life

expectancy on income growth and suggest that life expectancy may have direct effects on economic

growth, although they appear to be non-monotonic and depend, in particular, on the level of demo-

graphic development. Improvements in life expectancy may also have indirect effects on income growth

by increasing the probability of observing the onset of the demographic transition. The findings have

relevant policy implications given that most countries in the world have undergone, or progressed to-

wards, the demographic transition. It is important to notice, however, that the analysis also documents

that before the onset of the transition life expectancy leads to increases in population growth. This sug-

gests that policies targeted at reducing mortality should be complemented by interventions aiming at

reducing fertility to limit the negative effects of population growth during the process of development.
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Table 1: Descriptive Statistics

Year Base Sample Pre-transitional Post-Transitional
Countries Countries

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Life expectancy at birth 1940 49.3 12.7 38.8 6.17 61.2 5.38
1980 67.6 7.41 62.3 6.25 73.7 1.70
2000 72.9 5.46 69.1 4.65 77.4 1.55

Predicted mortality 1940 0.47 0.28 0.65 0.23 0.27 0.17
Log GDP per capita 1940 7.74 0.73 7.21 0.50 8.34 0.39

1980 8.62 0.95 7.91 0.72 9.44 0.29
2000 8.96 0.96 8.22 0.68 9.81 0.32

Log Population 1940 9.11 1.53 9.03 1.80 9.20 1.20
1980 9.81 1.48 10.0 1.68 9.55 1.20
2000 10.1 1.49 10.4 1.63 9.67 1.21

Log GDP 1940 9.94 1.59 9.34 1.58 10.6 1.32
1980 11.5 1.49 11.0 1.49 12.1 1.31
2000 12.1 1.55 11.8 1.68 12.6 1.30

Crude Birth Rate 1940 33.6 13.2 45.3 4.17 20.4 3.70
1980 23.9 10.7 32.5 6.57 14.1 3.27
2000 17.5 6.86 22.4 5.63 11.9 2.37

Sample sizes are 47 countries in the base sample, 25 pre-transitional countries and 22 post-transitional countries.
The classification follows criteria 1, 2 and 3 described in the text.
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Table 2: Causal Effect of Life Expectancy on Log GDP Per Capita

Panel (A): log GDP per Capita 1940-1980

Identification Epidemiological Transition OLS Geography
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Ln Life Exp. -1.316*** -0.712 -0.813*** -0.284 -0.777** -0.0571
[0.357] [0.462] [0.258] [0.254] [0.291] [0.262]

Ln Life Exp.*Post 1.475** 2.285*** 1.705*** 1.794*** 2.078*** 2.194***
[0.688] [0.662] [0.434] [0.513] [0.367] [0.486]

Ln Life Exp.*Pre -5.451 -0.484 -0.303
[5.496] [0.444] [0.709]

Time Trend 1.336*** 0.998*** 1.163*** 0.852*** 1.151*** 0.719***
[0.121] [0.210] [0.0907] [0.110] [0.106] [0.119]

Time Trend*Post 0.664*** 0.769*** -0.16
[0.134] [0.102] [0.382]

Time Trend*Pre 3.311 0.950*** 0.842**
[2.636] [0.216] [0.363]

Chow-Test Eq. π p < 0.165 p < 0.002 p < 0.001
Chow-Test Eq. µ p < 0.322 p < 0.453 p < 0.322

Shea Partial R2:
Full Sample 0.50 0.77
Pre 0.27 0.05 0.84 0.83
Post 0.35 0.37 0.86 0.77
First Stage F-Stat:
Full Sample 47.3 12.1 76.0
Pre 31.3 1.15 118.6
Post 81.2 5.49 71.2
Num. of countries 47 47 47 47 47 47 47 47 47

Panel (B): log GDP per Capita 1940-2000

Identification Epidemiological Transition OLS Geography
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Ln Life Exp. -1.508*** -1.037 -1.158*** -0.808** -1.165*** -0.455
[0.407] [0.736] [0.265] [0.395] [0.347] [0.448]

Ln Life Exp.*Post 1.105 2.742*** 0.957 1.917** 1.483** 2.150***
[1.086] [0.745] [0.791] [0.811] [0.729] [0.741]

Ln Life Exp.*Pre -5.638 -1.564** -1.948
[3.633] [0.711] [1.488]

Time Trend 1.863*** 1.541*** 1.715*** 1.476*** 1.718*** 1.253***
[0.194] [0.449] [0.128] [0.245] [0.159] [0.275]

Time Trend*Post 0.818*** 1.006*** -1.194
[0.200] [0.183] [0.956]

Time Trend*Pre 4.317** 1.926*** 2.152**
[2.100] [0.448] [0.934]

Chow-Test, Eq. π p < 0.029 p < 0.318 p < 0.018
Chow-Test, Eq. µ p < 0.104 p < 0.159 p < 0.104

Shea Partial R2:
Full 0.58 0.76
Pre 0.34 0.15 0.78 0.82
Post 0.40 0.41 0.82 0.64
First Stage F-Stat:
Full Sample 59.6 12.3
Pre 43.1 4.25 68.5 19.8
Post 103.7 6.48 23.3
Num. of Countries 47 47 47 47 47 47 47 47 47

Results from 2SLS regressions, the dependent variable is log GDP per capita, y. Identification using “Epidemiological Transition” employs
the predicted mortality change instrument from Acemoglu and Johnson (2007); identification “Geography” uses the set of geographical
instruments from Lorentzen et al. (2008); see text for details. Robust, small sample corrected standard errors are in brackets. All regressions
are in long-difference specifications with two observations per country, for 1940 and 1980 panel (A), and for 1940 and 2000 in panel (B),
respectively. All specifications include a full set of year and country fixed effects. The samples in Panel (A) column (1) and Panel (B)
column (1) correspond to the base sample of Acemoglu and Johnson (2007), the results replicate their results in Table 9A(1) and Table
9A(2), respectively. Classification of Pre-Transitional in 1940 and Post-Transitional in 1940 according to the analysis in Section 3. First
stage F-tests correspond to the partial F test of the instrument. ***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Table 3: Causal Effect of Life Expectancy on Log Population

Panel (A): log Population 1940-1980

Identification Epidemiological Transition OLS Geography
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Ln Life Exp. 1.669*** 0.774** 1.618*** 1.157*** 1.972*** 1.034***
[0.336] [0.376] [0.179] [0.205] [0.229] [0.212]

Ln Life Exp.*Post -2.185*** -1.143* -1.484*** -0.28 -1.763*** -0.374
[0.391] [0.567] [0.319] [0.417] [0.292] [0.403]

Ln Life Exp.*Pre -0.0638 1.132*** 0.53
[1.737] [0.383] [0.449]

Time Trend 0.132 0.633*** 0.150* 0.421*** 0.028 0.507***
[0.116] [0.161] [0.0812] [0.108] [0.093] [0.102]

Time Trend*Post 0.574*** 0.411*** -0.328
[0.133] [0.107] [0.245]

Time Trend*Pre 1.042 0.433** 0.757***
[0.838] [0.202] [0.222]

Chow-Test Eq. π p < 0.558 p < 0.017 p < 0.142
Chow-Test Eq. µ p < 0.584 p < 0.921 p < 0.022

Shea Partial R2:
Full 0.50 0.77
Pre 0.27 0.05 0.84 0.83
Post 0.35 0.37 0.86 0.77
First Stage F-Stat:
Full 47.3 12.1
Pre 31.3 1.15 76.0 71.9
Post 81.2 5.49 118.6
Num. of countries 47 47 47 47 47 47 47 47 47

Panel (B): log Population 1940-2000

Ln Life Exp. 1.959*** 0.810* 2.007*** 1.348*** 2.479*** 1.190***
[0.354] [0.415] [0.209] [0.262] [0.263] [0.257]

Ln Life Exp.*Post -2.695*** -1.615** -1.804*** -0.551 -2.147*** -0.639
[0.451] [0.745] [0.402] [0.519] [0.360] [0.511]

Ln Life Exp.*Pre 0.346 1.388*** 0.766
[1.233] [0.457] [0.626]

Time Trend 0.142 0.928*** 0.121 0.573*** -0.079 0.706***
[0.150] [0.228] [0.112] [0.164] [0.126] [0.155]

Time Trend*Post 0.855*** 0.598*** -0.338
[0.213] [0.157] [0.413]

Time Trend*Pre 1.208 0.549* 0.962**
[0.729] [0.288] [0.383]

Chow-Test Eq. π p < 0.180 p < 0.012 p < 0.089
Chow-Test Eq. µ p < 0.645 p < 0.001 p < 0.104

Shea Partial R2:
Full 0.58 0.76
Pre 0.34 0.15 0.78 0.82
Post 0.40 0.41 0.82 0.64
First Stage F-Stat:
Full 59.6 12.3
Pre 43.1 4.25 68.5 23.3
Post 103.7 6.48 99.4
Num. of countries 47 47 47 47 47 47 47 47 47

Results from 2SLS regressions, the dependent variable is log population, lnN . Identification using “Epidemiological Transition” employs
the predicted mortality change instrument from Acemoglu and Johnson (2007); identification “Geography” uses the set of geographical
instruments from Lorentzen et al. (2008); see text for details. Robust, small sample corrected standard errors are in brackets. All regressions
are in long-difference specifications with two observations per country, for 1940 and 1980 in panel (A), and for 1940 and 2000 in panel (B),
respectively. All specifications include a full set of year and country fixed effects. The samples in Panel (A) column (1) and Panel (B)
column (1) correspond to the base sample of Acemoglu and Johnson (2007), the results replicate their results in Table 8A(1) and Table
8A(2), respectively. Classification of Pre-Transitional in 1940 and Post-Transitional in 1940 according to the analysis in Section 3. First
stage F-tests correspond to the partial F test of the instrument. ***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Table 4: Effect of Life Expectancy on the Probability of Entering the Demographic Transition

Observation Period Panel (A): 1940-1980

Identification Epidemiological Transition Geography

Criterion LEB > 50 Fert. Drop CBR< 30
1000

LEB > 50 Fert. Drop CBR< 30
1000

(1) (2) (3) (4) (5) (6)

Log life expectancy 2.637*** 2.409*** 0.602 2.725*** 2.203*** 0.922**
[0.345] [0.447] [0.421] [0.206] [0.336] [0.346]

Number of countries 47 47 47 47 47 47
Number of transitions 0/1 24 20 8 24 20 8
Shea Partial R2 0.50 0.50 0.50 0.77 0.77 0.77
First Stage F-Stat. 47.3 47.3 47.3 12.1 12.1 12.1

Observation Period Panel (B): 1940-2000

Identification Epidemiological Transition Geography

Criterion LEB > 50 Fert. Drop CBR< 30
1000

LEB > 50 Fert. Drop CBR< 30
1000

(1) (2) (3) (4) (5) (6)

Log life expectancy 2.204*** 2.204*** 1.768*** 2.485*** 2.485*** 2.026***
[0.241] [0.241] [0.285] [0.178] [0.178] [0.311]

Number of countries 47 47 47 47 47 47
Number of transitions 0/1 25 25 20 25 25 20
Shea Partial R2 0.60 0.60 0.60 0.76 0.76 0.76
First Stage F-Stat. 60.2 60.2 60.2 12.3 12.3 12.3

2SLS regressions, the dependent variable is 1 if a country satisfies the classification for post-transitional country and 0 if it does
not. Identification using “Epidemiological Transition” employs the predicted mortality change instrument from Acemoglu and
Johnson (2007); identification using “Geography” uses the set of geographical instruments from Lorentzen et al. (2008); see text for
details. Robust, small sample corrected standard errors are in brackets. Regressions are in long-difference with two observations
per country, for 1940 and 1980 in panel (A), and for 1940 and 2000 in panel (B). All specifications include a full set of year and
country fixed effects. Classification of Pre-Transitional and Post-Transitional countries in columns (1), (2), (3) is according to
criteria 1 (LEB above 50 ), 2 (sustained fertility drop), and 3 (CBR below 30/1000). First stage F-tests correspond to the partial
F test of the instrument. ***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Table 5: Causal Effect of Life Expectancy: Instrumenting the Demographic Status as of 1940

Panel (A): log GDP per Capita

Period 1940-1980 1940-2000
(1) (2) (3) (4) (5) (6)

Ln Life Exp. 0.198 1.273** -0.418 -0.273 -0.224 -1.901
[0.326] [0.618] [0.726] [0.483] [1.122] [1.306]

Ln Life Exp.*Post 2.679*** 2.682*** 1.942** 4.143***
[0.403] [0.853] [0.802] [1.459]

Time Trend 0.578*** 0.081 0.895** 1.124*** 1.134 2.124**
[0.144] [0.305] [0.372] [0.313] [0.709] [0.834]

Time Trend*Post 0.781*** -0.224 0.397 -1.187
[0.200] [0.383] [0.467] [0.848]

Shea Partial R2 0.58 0.60 0.77 0.60 0.59 0.79
Shea Partial R2 Post 0.70 0.82 0.66 0.84
Shea Partial R2 Interact 0.62 0.87 0.62 0.87
Hansen J-test p-value 0.26 0.20 0.25 0.20 0.17 0.36
Number of countries 47 47 47 47 47 47

Panel (B): log Population

Period 1940-1980 1940-2000

Ln Life Exp. 1.079*** 0.382 0.384 1.088*** 0.228 0.215
[0.253] [0.384] [0.414] [0.293] [0.491] [0.517]

Ln Life Exp.*Post -1.662*** -0.908 -2.195*** -1.017
[0.293] [0.586] [0.361] [0.729]

Time Trend 0.482*** 0.828*** 0.827*** 0.755*** 1.277*** 1.285***
[0.117] [0.190] [0.206] [0.172] [0.300] [0.312]

Time Trend*Post -0.542*** -0.37 -0.860*** -0.624*
[0.121] [0.229] [0.188] [0.347]

Shea Partial R2 0.58 0.60 0.77 0.60 0.59 0.79
Shea Partial R2 Post 0.70 0.82 0.66 0.84
Shea Partial R2 Interact 0.62 0.87 0.62 0.87
Hansen J-test p-value 0.26 0.20 0.25 0.20 0.17 0.36
Number of countries 47 47 47 47 47 47

Results from 2SLS regressions, the dependent variable is log GDP per capita, y; the instrument for change in log
life expectancy is predicted mortality change taken from Acemoglu and Johnson (2007), the instrument for pre-
/post-transitional is the set of geographic instruments used by Lorentzen et al. (2008), see text for details. Robust,
small sample corrected standard errors are in brackets. All regressions are in long-difference specifications with two
observations per country, for 1940 and 1980 in panel (A), and for 1940 and 2000 in panel (B), respectively. All
specifications include a full set of year and country fixed effects. The estimates correspond to the specifications in
Table 2. Classification of Pre-Transitional in 1940 and Post-Transitional in 1940 according to the analysis in Section
3. First stage F-tests correspond to the partial F test of the instrument. ***, **,* indicate significance at 1-, 5-,
and 10-percent level, respectively.
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Figure 3: Life Expectancy and Crude Birth Rates
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(a) Crude Birth Rate 1940
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(b) Crude Birth Rate 1960
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(c) Crude Birth Rate 1980
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(d) Crude Birth Rate 2000

Log Life Expectancy on Crude Birth Rates for the years 1940, 1960, 1980 and 2000. Classification according to criteria 1, 2, 3, see
Table 6 and main text for detailed description of the classification criteria. Data Source: UN Population Statistics.

Figure 4: Demographic Dynamics in Pre-Transitional and Post-Transitional Countries
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Average evolution of crude birth, death and natural population growth rates. Classification according to criteria 1, 2, 3, see Table
6 and main text for detailed description of the classification criteria.
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Figure 5: The Consequences of the Demographic Transition for Development
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(a) Change in log Life Expectancy and
Change in log Population 1940-1980
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(b) Change in log Life Expectancy and
Change in log Population 1940-2000
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(c) Change in log Life Expectancy and
Change in log GDP per Capita 1940-1980
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(d) Change in log Life Expectancy and
Change in log GDP per Capita 1940-2000

Changes in log Life Expectancy on the changes in GDP per capita and Population. Classification according to criteria 1, 2, 3, see
Table 6 and main text for detailed description of the classification criteria.

Figure 6: Predicted Mortality Changes and Changes in Life Expectancy
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(a) Predicted Mortality Change and
Change in Life Expectancy 1940-1980
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(b) Predicted Mortality Change and
Change in Life Expectancy 1940-2000

Classification according to criteria 1, 2, 3, see Table 6 and main text for detailed description of the classification criteria.
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Figure 7: Predicted Mortality Changes and Changes in Income and Population
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(a) Change in log Population 1940-1980
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(b) Change in log Population 1940-2000
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(c) Change in log GDP per Capita 1940-
1980
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(d) Change in log GDP per Capita 1940-
2000

Effect of Changes in Predicted Mortality Changes (Instrument by Acemoglu and Johnson (2007) on Changes in Income per Capita
and Population. Classification according to criteria 1, 2, 3, see Table 6 and main text.
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Figure 8: Weighted Estimates: Causal Effect of Life Expectancy on Income per Capita
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(a) Effect for 1940-1980.
Countries ordered by LEB 1940
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(b) Effect for 1940-1980.
Countries ordered by CBR 1940
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(c) Effect for 1940-2000.
Countries ordered by LEB 1940
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(d) Effect for 1940-2000.
Countries ordered by CBR 1940

Results from 2SLS regression using the specification by Acemoglu and Johnson (2007) on the full sample. The regressions are weighted
using the log logistic function depicted in Figure 12. Countries are ordered according to ascending life expectancy at birth (LEB) and
descending in crude birth rate (CBR) in 1940, and iteratively used as center for the weighting function as discussed in the text.

Figure 9: Weighted Estimates: Causal Effect of Life Expectancy on Population
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(a) Effect for 1940-1980.
Countries ordered by LEB 1940
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(b) Effect for 1940-1980.
Countries ordered by CBR 1940
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(c) Effect for 1940-2000.
Countries ordered by LEB 1940
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(d) Effect for 1940-2000.
Countries ordered by CBR 1940

Results from 2SLS regressions. The weighting function is discussed in the text and reported in Figure 12. Countries are ordered according
to ascending life expectancy at birth (LEB) and descending in crude birth rate (CBR) in 1940, and iteratively used as center for the
weighting function as discussed in the text.
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Online Appendix: Additional Supporting Material

This Appendix presents robustness checks and additional material discussed in the main text of the
paper. This material is intended for publication in an Online Appendix.

Alternative classification criteria used for the robustness analysis.

In the benchmark classification, Greece, Ireland and New Zealand, which are not classified in Reher
(2004), are considered as post-transitional since they satisfy the other requirements. For robustness we
create an alternative classification by considering them as pre-transitional (Criterion C2a).

We also consider a more restrictive requirement and classify the countries as post-transitional only
if, together with requirements 1 and 2, the crude birth rate in 1940 is below 25/1000, which delivers
information of whether the demographic transition is at an advanced stage (Criterion C3a). This is
the most restrictive criterion and delivers 31 pre-transitional countries and only 16 post-transitional
countries. However, by restricting on a very advanced stage of the demographic transition, this cri-
terion it is somewhat fragile to short term fluctuations in birth rates like, e.g., the baby boom. As a
consequence, countries like Argentina, Canada, Finland, the Netherland, New Zealand and Portugal
are classified as pre-transitional in 1940 according to this criterion.

The classification in terms of income into rich, middle-income and poor countries in 1940 is taken from
Acemoglu and Johnson (2007).

Content of this Appendix.

Tables:

• The different alternative classifications of the countries in the sample as of 1940 is reported in
Table 6. Table 7 reports the classification obtained when also applying the different criteria in
1980. This allows to discriminate whether a country was always post-transitional (“post”) during
the period 1940-1980, always pre-transitional (“pre”) or undergoes the onset of the demographic
transition between 1940 and 1980 (“intermediate”).

• Table 8 reports the results for the pooled sample from OLS on log life expectancy, OLS on the
predicted mortality instrument (reduced form), and 2SLS, as well as RESET tests for neglected
non-linearities in the respective estimation results.

• Table 9 presents results for the alternative classification criteria, while Table 10 presents the
results for the classification based on the initial level of income in 1940.

• Tables 11 and 12 present results when instrumenting the demographic status of each country as
of 1940 for the different alternative classifications.

• Tables 13 and 14 present the results when including initial life expectancy as additional control.

Figures

• Figure 10 reports the times series evolution of crude birth rates in the period 1940-1980 for all
countries in the sample as a visual illustration of the classification of countries.

• Figure 11 depicts the scatter-plots of the relationship between changes in life expectancy and
changes in crude birth rates for pre- and post-transitional countries over the periods 1940-1980
and 1940-2000.

• Figure 12 presents the weighting function used for the weighted estimates.
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Table 6: List of Countries and their Classification

Post-Transitional according to: Criteria 1, 2, 3 Criteria 1, 2a, 3 Criteria 1, 2, 3a Rich
(1) (2) (3) (4)

Argentina ARG 1 1 0 0
Australia AUS 1 1 1 1
Austria AUT 1 1 1 0
Belgium BEL 1 1 1 1
Bangladesh BGD 0 0 0 0
Brazil BRA 0 0 0 0
Canada CAN 1 1 0 1
Switzerland CHE 1 1 1 1
Chile CHL 0 0 0 0
China CHN 0 0 0 0
Colombia COL 0 0 0 0
Costa Rica CRI 0 0 0 0
Germany DEU 1 1 1 1
Denmark DNK 1 1 1 1
Ecuador ECU 0 0 0 0
Spain ESP 1 1 1 0
Finland FIN 1 1 0 0
France FRA 1 1 1 0
United Kingdom GBR 1 1 1 1
Greece GRC 0 1 1 0
Guatemala GTM 0 0 0 0
Honduras HND 0 0 0 0
Indonesia IDN 0 0 0 0
India IND 0 0 0 0
Ireland IRL 0 1 1 0
Italy ITA 1 1 1 0
Korea Republic KOR 0 0 0 0
Sri Lanka LKA 0 0 0 0
Mexico MEX 0 0 0 0
Myanmar MMR 0 0 0 0
Malaysia MYS 0 0 0 0
Nicaragua NIC 0 0 0 0
Netherlands NLD 1 1 0 1
Norway NOR 1 1 1 0
New Zealand NZL 0 1 0 1
Pakistan PAK 0 0 0 0
Panama PAN 0 0 0 0
Peru PER 0 0 0 0
Philippines PHL 0 0 0 0
Portugal PRT 1 1 0 0
Paraguay PRY 0 0 0 0
El Salvador SLV 0 0 0 0
Sweden SWE 1 1 1 1
Thailand THA 0 0 0 0
Uruguay URY 1 1 1 0
United States USA 1 1 1 1
Venezuela VEN 0 0 0 0

List of 47 countries that represent the baseline sample in Acemoglu and Johnson (2007). “1” indicates if a country is coded as
post-transitional according to the respective criteria, “0” corresponds to pre-transitional countries. Criteria 1, 2, 3 correspond to
life expectancy at birth > 50, sustainded fertility drop and a crude birth rate < 30

1000
, respectively, by 1940. Criterion 2a codes

Greece, Ireland and New Zealand as pre-transitional due to the unclear onset of their fertility drop. Criterion 3a considers a crude
birth rate < 25

1000
rather than < 30

1000
. “Rich” uses the classification proposed by Acemoglu and Johnson (2007). See also main

text for description of the classification criteria.
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Table 7: List of Countries and their Classification (1940 and 1980)

LE> 50 Sust. Fert. Drop CBR< 30
1000

Post Intermediate Pre Post Intermediate Pre Post Intermediate Pre
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Argentina ARG 1 0 0 1 0 0 0 1 0
Australia AUS 1 0 0 1 0 0 1 0 0
Austria AUT 1 0 0 1 0 0 1 0 0
Belgium BEL 1 0 0 1 0 0 1 0 0
Bangladesh BGD 0 0 1 0 0 1 0 0 1
Brazil BRA 0 0 1 0 1 0 0 0 1
Canada CAN 1 0 0 1 0 0 0 1 0
Switzerland CHE 1 0 0 1 0 0 1 0 0
Chile CHL 0 1 0 0 1 0 0 1 0
China CHN 0 1 0 0 1 0 0 1 0
Colombia COL 0 1 0 0 1 0 0 0 1
Costa Rica CRI 0 1 0 0 1 0 0 0 1
Germany DEU 1 0 0 1 0 0 1 0 0
Denmark DNK 1 0 0 1 0 0 1 0 0
Ecuador ECU 0 0 1 0 1 0 0 0 1
Spain ESP 1 0 0 1 0 0 1 0 0
Finland FIN 1 0 0 1 0 0 0 1 0
France FRA 1 0 0 1 0 0 1 0 0
United Kingdom GBR 1 0 0 1 0 0 1 0 0
Greece GRC 1 0 0 1 0 0 1 0 0
Guatemala GTM 0 0 1 0 0 1 0 0 1
Honduras HND 0 0 1 0 0 1 0 0 1
Indonesia IDN 0 0 1 0 1 0 0 0 1
India IND 0 0 1 0 1 0 0 0 1
Ireland IRL 1 0 0 1 0 0 1 0 0
Italy ITA 1 0 0 1 0 0 1 0 0
Korea Republic KOR 0 1 0 0 1 0 0 1 0
Sri Lanka LKA 0 1 0 0 1 0 0 0 1
Mexico MEX 0 0 1 0 1 0 0 0 1
Myanmar MMR 0 0 1 0 1 0 0 0 1
Malaysia MYS 0 0 1 0 1 0 0 0 1
Nicaragua NIC 0 0 1 0 0 1 0 0 1
Netherlands NLD 1 0 0 1 0 0 0 1 0
Norway NOR 1 0 0 1 0 0 1 0 0
New Zealand NZL 1 0 0 1 0 0 0 1 0
Pakistan PAK 0 1 0 0 1 0 0 0 1
Panama PAN 0 0 1 0 1 0 0 0 1
Peru PER 0 1 0 0 1 0 0 0 1
Philippines PHL 0 0 1 0 1 0 0 0 1
Portugal PRT 1 0 0 1 0 0 0 1 0
Paraguay PRY 0 0 1 0 0 1 0 0 1
El Salvador SLV 0 0 1 0 1 0 0 0 1
Sweden SWE 1 0 0 1 0 0 1 0 0
Thailand THA 0 0 1 0 1 0 0 0 1
Uruguay URY 1 0 0 1 0 0 1 0 0
United States USA 1 0 0 1 0 0 1 0 0
Venezuela VEN 0 0 1 0 1 0 0 0 1

List of 47 countries that represent the baseline sample in Acemoglu and Johnson (2007). Intermediate countries correspond to
countries that do not satisfy criteria for post-transitional in 1940, but satisfy criteria by 1980. Classification according to criterion
1, LE> 50, in 1940 and in 1980 in column (1), LE< 50 in 1940 and LE> 50 in 1980 in column (2), and LE< 50 in 1940 and in
1980 in column (3). Classification according to criterion 2, sustained fertility drop, in 1940 and in 1980 in column (4), no sustained
fertility drop in 1940 but sustained fertility drop in 1980 in column (5), and no sustained fertility drop in 1940 and in 1980 in column
(6). Classification according to criterion 3, CBR< 30

1000
, in 1940 and in 1980 in column (1), CBR> 30

1000
in 1940 and CBR< 30

1000

in 1980 in column (2), and CBR> 30
1000

in 1940 and in 1980 in column (3). See also main text for description of the classification
criteria.
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Table 8: Effect of Life Expectancy: Testing Neglected Non-Linearities

Dependent Variable Panel (A): log Population

Sample 1940-1980 1940-2000
(1) (2) (3) (4) (5) (6)

OLS OLS 2SLS OLS OLS 2SLS

Log life expectancy 1.618*** 1.669*** 2.007*** 1.959***
[0.179] [0.336] [0.209] [0.354]

Predicted Mortality Change 0.743*** 1.093***
[0.154] [0.212]

Number of countries 47 47 47 47 47 47
IVRESET p-value (2df) 0.014 0.011 0.046 0.018 0.033 0.057
IVRESET p-value (3df) 0.019 0.039 0.017 0.017 0.109 0.048

Dependent Variable Panel (B): log GDP per capita

Sample 1940-1980 1940-2000
(1) (2) (3) (4) (5) (6)

OLS OLS 2SLS OLS OLS 2SLS

Log life expectancy -0.813*** -1.316*** -1.158*** -1.508***
[0.258] [0.357] [0.265] [0.407]

Predicted Mortality Change -0.586*** -0.842***
[0.147] [0.198]

Number of countries 47 47 47 47 47 47
IVRESET p-value (2df) 0.001 0.008 0.538 0.479 0.310 0.693
IVRESET p-value (3df) 0.001 0.001 0.012 0.031 0.027 0.460

Results from OLS (columns 1 and 4), reduced form (columns 2 and 5) and 2SLS (columns 3 and 6) regressions;
the instrument is predicted mortality change (see text). Robust, small sample corrected standard errors are
in brackets. All regressions are in levels for 47 countries, with two observations per country. All specifications
include a full set of year and country fixed effects. For the 2SLS specifications in column (3), the Shea partial
R-square is 0.504 and the partial F-statistic is 47.3, for the 2SLS specifications in column (6), the Shea partial
R-square is 0.576 and the partial F-statistic is 59.6. ***, **,* indicate significance at 1-, 5-, and 10-percent
level, respectively.
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Table 9: Causal Effect of Life Expectancy: Alternative Classification Criteria

Panel (A): log GDP per Capita

Period 1940-1980 1940-2000
Criterion 1,2a,3 1,2,3a 1,2a,3 1,2,3a

(1) (2) (3) (4) (5) (6) (7) (8)

Ln Life Exp. -0.839* -1.084** -1.203* -1.348**
[0.445] [0.425] [0.672] [0.563]

Ln Life Exp.*Post 1.309* 2.234*** 0.776 1.787* 0.808 2.642*** 0.517 1.833**
[0.700] [0.728] [0.669] [0.917] [1.044] [0.856] [0.832] [0.775]

Ln Life Exp.*Pre -2.349* -1.725** -3.202* -2.029**
[1.361] [0.694] [1.680] [0.926]

Time Trend 1.072*** 1.207*** 1.657*** 1.754***
[0.195] [0.175] [0.396] [0.319]

Time Trend*Post 0.686*** 0.763*** 0.835*** 1.055***
[0.143] [0.165] [0.223] [0.178]

Time Trend*Pre 1.788*** 1.506*** 2.827*** 2.146***
[0.637] [0.307] [0.963] [0.527]

Chow-Test: Equality of π p < 0.005 p < 0.004 p < 0.004 p < 0.003
Chow-Test: Equality of µ p < 0.098 p < 0.039 p < 0.051 p < 0.056

Shea Partial R2

Shea Partial R2 Pre 0.30 0.20 0.34 0.28 0.37 0.31 0.42 0.45
Shea Partial R2 Post 0.40 0.35 0.45 0.35 0.45 0.39 0.50 0.33
First Stage F-Stat.
First Stage F-Stat Pre 31.3 5.40 31.9 14.3 42.8 9.76 43.7 21.4
First Stage F-Stat Post 67.1 4.85 56.2 3.44 80.5 5.82 68.8 4.25
Number of countries 47 47 47 47 47 47 47 47

Panel (B): log Population

Period 1940-1980 1940-2000
Criterion 1,2a,3 1,2,3a 1,2a,3 1,2,3a

(1) (2) (3) (4) (5) (6) (7) (8)

Ln Life Exp. 1.022*** 1.125*** 1.130*** 1.307***
[0.376] [0.337] [0.405] [0.359]

Ln Life Exp.*Post -1.777*** -1.088* -1.817*** -0.523 -2.197*** -1.583* -2.114*** -0.846
[0.390] [0.623] [0.343] [0.546] [0.444] [0.805] [0.380] [0.766]

Ln Life Exp.*Pre 1.306 1.074** 1.470* 1.317**
[0.883] [0.489] [0.783] [0.490]

Time Trend 0.490*** 0.435*** 0.703*** 0.587***
[0.162] [0.131] [0.222] [0.177]

Time Trend*Post 0.563*** 0.399*** 0.843*** 0.597***
[0.145] [0.126] [0.231] [0.211]

Time Trend*Pre 0.355 0.459** 0.504 0.581**
[0.397] [0.204] [0.435] [0.253]

Chow-Test: Equality of π p < 0.032 p < 0.035 p < 0.001 p < 0.022
Chow-Test: Equality of µ p < 0.626 p < 0.804 p < 0.496 p < 0.961

Shea Partial R2

Shea Partial R2 Pre 0.30 0.20 0.34 0.28 0.37 0.31 0.42 0.45
Shea Partial R2 Post 0.40 0.35 0.45 0.35 0.45 0.39 0.50 0.33
First Stage F-Stat.
First Stage F-Stat Pre 31.3 5.40 31.9 14.3 42.8 9.76 43.7 21.4
First Stage F-Stat Post 67.1 4.85 56.2 3.44 80.5 5.82 68.8 4.25
Number of countries 47 47 47 47 47 47 47 47

Results from 2SLS regressions, the dependent variable is log GDP per capita, y, in panel A, the dependent variable is log population,
lnN in Panel B; the instrument is predicted mortality change (see text). Robust, small sample corrected standard errors are in brackets.
All regressions are in long-difference specifications with two observations per country, for 1940 and 1980 (columns 1-4), and for 1940 and
2000 (columns 5-8), respectively. All specifications include a full set of year and country fixed effects. Classification of Pre-Transitional
in 1940 and Post-Transitional in 1940 according to the analysis in Section 3. First stage F-tests correspond to the partial F test of the
instrument. ***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Table 11: Causal Effect of Life Expectancy: Instrumented Demographic Classification in 1940

Panel (A): log GDP per Capita 1940-1980

Criterion 1,2a,3 1,2,3a
(1) (2) (3) (4) (5) (6)

Ln Life Exp. 0.309 1.109 -0.068 -0.027 0.363 -0.613
[0.434] [0.771] [0.520] [0.591] [0.674] [0.432]

Ln Life Exp.*Post 3.340*** 2.759* 2.763** 2.278***
[0.867] [1.369] [1.195] [0.734]

Time Trend 0.523** 0.163 0.725*** 0.717** 0.546* 1.018***
[0.198] [0.376] [0.260] [0.275] [0.323] [0.208]

Time Trend*Post 0.839*** -0.069 0.625** -0.203
[0.281] [0.381] [0.261] [0.263]

Shea Partial R2 0.50 0.41 0.65 0.46 0.53 0.77
Shea Partial R2 Post 0.37 0.70 0.44 0.75
Shea Partial R2 Interact 0.42 0.75 0.35 0.84
Hansen J-test p-value 0.58 0.44 0.52 0.39 0.30 0.28
Number of countries 47 47 47 47 47 47

Panel (B): log GDP per Capita 1940-2000

Ln Life Exp. -0.184 -0.272 -1.027 -0.585 -0.302 -1.052*
[0.528] [1.062] [0.813] [0.591] [0.752] [0.556]

Ln Life Exp.*Post 2.442** 3.246** 1.701 2.803**
[1.032] [1.364] [1.252] [1.079]

Time Trend 1.069*** 1.163* 1.594*** 1.337*** 1.183** 1.621***
[0.343] [0.677] [0.521] [0.364] [0.468] [0.350]

Time Trend*Post 0.439 -0.606 0.500 -0.515
[0.508] [0.584] [0.387] [0.455]

Shea Partial R2 0.50 0.39 0.65 0.48 0.50 0.76
Shea Partial R2 Post 0.34 0.71 0.40 0.73
Shea Partial R2 Interact 0.40 0.76 0.36 0.81
Hansen J-test p-value 0.25 0.20 0.33 0.10 0.14 0.40
Number of countries 47 47 47 47 47 47

Results from 2SLS regressions, the dependent variable is log GDP per capita, y; the instrument
for change in log life expectancy is predicted mortality change taken from Acemoglu and Johnson
(2007), the instrument for pre-/post-transitional is the set of geographic instruments used by
Lorentzen et al. (2008), see text for details. Robust, small sample corrected standard errors are
in brackets. All regressions are in long-difference specifications with two observations per country,
for 1940 and 1980 in panel (A), and for 1940 and 2000 in panel (B), respectively. All specifications
include a full set of year and country fixed effects. The estimates correspond to the specifications
in Table 2. Classification of Pre-Transitional in 1940 and Post-Transitional in 1940 according to
the analysis in Section 3. First stage F-tests correspond to the partial F test of the instrument.
***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Table 12: Causal Effect of Life Expectancy: Instrumented Demographic Classification in 1940

Panel (A): log Population 1940-1980

Criterion 1,2a,3 1,2,3a
(1) (2) (3) (4) (5) (6)

Ln Life Exp. 1.065*** 0.625 0.821** 0.925** 0.684* 0.901***
[0.314] [0.424] [0.382] [0.405] [0.359] [0.277]

Ln Life Exp.*Post -1.936*** -1.551 -2.518*** -0.982
[0.557] [1.042] [0.874] [0.679]

Time Trend 0.487*** 0.704*** 0.597*** 0.548*** 0.676*** 0.550***
[0.146] [0.207] [0.194] [0.189] [0.172] [0.141]

Time Trend*Post -0.527*** -0.138 -0.601*** -0.268
[0.171] [0.300] [0.135] [0.213]

Shea Partial R2 0.50 0.41 0.65 0.46 0.53 0.77
Shea Partial R2 Post 0.37 0.70 0.44 0.75
Shea Partial R2 Interact 0.42 0.75 0.35 0.84
Hansen J-test p-value 0.58 0.44 0.52 0.39 0.30 0.28
Number of countries 47 47 47 47 47 47

Panel (B): log Population 1940-2000

Ln Life Exp. 1.069*** 0.638 0.889* 1.007** 0.744 1.099***
[0.349] [0.502] [0.503] [0.462] [0.467] [0.356]

Ln Life Exp.*Post -2.572*** -1.975 -3.029*** -1.273
[0.656] [1.267] [0.947] [0.869]

Time Trend 0.764*** 1.023*** 0.859*** 0.787*** 0.955*** 0.720***
[0.206] [0.306] [0.310] [0.270] [0.278] [0.220]

Time Trend*Post -0.798*** -0.187 -0.879*** -0.329
[0.247] [0.466] [0.214] [0.338]

Shea Partial R2 0.50 0.39 0.65 0.48 0.50 0.76
Shea Partial R2 Post 0.34 0.71 0.40 0.73
Shea Partial R2 Interact 0.40 0.76 0.36 0.81
Hansen J-test p-value 0.25 0.20 0.33 0.10 0.14 0.40
Number of countries 47 47 47 47 47 47

Results from 2SLS regressions, the dependent variable is log population, lnN ; the instrument for
change in log life expectancy is predicted mortality change taken from Acemoglu and Johnson
(2007), the instrument for pre-/post-transitional is the set of geographic instruments used by
Lorentzen et al. (2008), see text for details. Robust, small sample corrected standard errors are
in brackets. All regressions are in long-difference specifications with two observations per country,
for 1940 and 1980 in panel (A), and for 1940 and 2000 in panel (B), respectively. All specifications
include a full set of year and country fixed effects. The estimates correspond to the specifications
in Table 3. Classification of Pre-Transitional in 1940 and Post-Transitional in 1940 according to
the analysis in Section 3. First stage F-tests correspond to the partial F test of the instrument.
***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Table 13: Effect of Life Expectancy on GDP Per Capita Growth: Initial Conditions

Change in log GDP per Capita
Period 1940-1980 1940-2000

(1) (2) (3) (4) (5) (6)

Change in Log Life Expectancy 3.719*** 3.532*** 3.890*** 3.268* 3.050* 6.027***
[0.780] [0.794] [0.830] [1.812] [1.736] [1.686]

Change in Log Life Expectancy*Post 1.258** 1.034** 0.709 0.242
[0.467] [0.441] [0.858] [0.579]

Initial Log Life Expectancy 3.057*** 2.585*** 3.284*** 3.414** 2.983** 7.357***
[0.447] [0.521] [0.686] [1.409] [1.376] [1.472]

Interaction Life Expectancy
(Change * Lagged Level)
Initial Log GDP per Capita -0.169 -0.827***

[0.106] [0.148]
Time Trend -12.21*** -10.41*** -11.91*** -13.35** -11.66* -23.37***

[1.969] [2.243] [2.336] [6.209] [6.015] [5.862]

Shea Partial R2 0.74 0.75/0.59 0.74/0.61 0.74 0.75/0.60 0.75/0.63
0.78 0.74 0.66 0.76 0.74 0.69

First Stage F-Stat. 15.8 14.2/37.3 6.41/9.71 19.9 16.1/50.3 4.24/12.2
35.6 48.4 14.0 35.6 48.4 14.0

Number of countries 47 47 47 47 47 47

2SLS regression. Dependent variable in columns is log GDP per capita. The instrument for change in log life expectancy is from Acemoglu
and Johnson (2007), the instrument for initial log life expectancy is from Lorentzen et al. (2008), see text for details. Robust, small sample
corrected standard errors in brackets. Regressions in long-difference with two observations per country, for 1940 and 1980 in panel (A),
and for 1940 and 2000 in panel (B). Classification of Pre-Transitional in 1940 and Post-Transitional in 1940 according to classifications 1,
2a and 3 following the analysis in Section 3.***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Table 14: Effect of Life Expectancy on Population Growth: Initial Conditions

Change in log Population
Period 1940-1980 1940-2000

(1) (2) (3) (4) (5) (6)

Change in Log Life Expectancy 1.139 1.348 1.088 1.074 1.591 0.793
[1.016] [0.863] [0.942] [2.046] [1.699] [1.904]

Change in Log Life Expectancy*Post -1.418*** -1.415*** -1.710*** -1.628***
[0.399] [0.424] [0.503] [0.490]

Initial Log Life Expectancy -0.484 0.0598 -0.425 -0.903 0.115 -1.098
[0.653] [0.569] [0.737] [1.575] [1.342] [1.662]

Interaction Life Expectancy
(Change * Lagged Level)
Initial Log GDP per Capita 0.141* 0.249**

[0.0837] [0.117]
Time Trend 2.184 0.12 0.988 4.006 0.0152 3.107

[2.867] [2.470] [2.808] [6.954] [5.882] [6.676]

Shea Partial R2 0.74 0.75/0.59 0.74/0.61 0.74 0.75/0.60 0.75/0.63
0.78 0.74 0.66 0.76 0.74 0.69

First Stage F-Stat. 15.8 14.2/37.3 6.41/9.71 19.9 16.1/50.3 4.24/12.2
35.6 48.4 14.0 35.6 48.4 14.0

Number of countries 47 47 47 47 47 47

2SLS regression. Dependent variable in columns is log GDP per capita. The instrument for change in log life expectancy is from Acemoglu
and Johnson (2007), the instrument for initial log life expectancy is from by Lorentzen et al. (2008), see text for details. Robust, small
sample corrected standard errors in brackets. Regressions in long-difference with two observations per country, for 1940 and 1980 in panel
(A), and for 1940 and 2000 in panel (B). Classification of Pre-Transitional in 1940 and Post-Transitional in 1940 according to classifications
1, 2a and 3 following the analysis in Section 3.***, **,* indicate significance at 1-, 5-, and 10-percent level, respectively.
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Figure 10: Demographic Transition: Crude Birth Rates
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Figure 11: Changes in Life Expectancy and Crude Birth Rates
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(a) Change in Crude Birth Rate 1950-1980
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(b) Change in Crude Birth Rate 1950-2000

Change in log Life Expectancy on change in Crude Birth Rates for the years 1940-1980, and 1940-2000. Classification according
to criteria 1, 2, 3, see Table 6 and main text for detailed description of the classification criteria. Data Source: UN Population
Statistics.

Figure 12: Weight Function for Weighted Estimates
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Illustration of the log-logistic weighting function that is used in the weighted estimations. The function has form
F (x) = 1 − axb/(1 + axb), where x is the difference in ranks of initial conditions with respect to the reference
country, a = 10−7 and b = 6.
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