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Why did world population double from 1800 to 19382 ?

Social scientists have shown a lot of interest in historical demography in recent times, with extensive
research on pandemic shocks and on the timing and causes of the demographic transition. However, the
discourse so far has relied on data for a small and not representative sample of advanced countries. This
paper extends the analysis to the rest of the world by using a newly compiled data-base of population by
country from 1800 to 1938. We confirm that world population grew substantially, from about 1 to 2.2
billion but add two new results. First, volatility remained fairly high throughout the period and
demographic crises were common and frequent, especially in Africa and Oceania. Second, population
growth started substantially earlier than assumed so far and earlier than its alleged causes (progress in
medicine, economic growth) developed. Thus, our results call for a reconsideration of causes of population
movements in the last two centuries. We put forward some tentative hypotheses
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1. Introduction

World population exceeded 8 billion on Nov 15 2022 —i.e. it has increased about eight times in the last
two centuries. This epochal change has been interpreted, since the pioneering work by Notestein (1945), as
a ‘temporary’ disequilibrium during the transition from a Malthusian regime of high mortality/high fertility
to modern one, low mortality and low fertility. In recent times demographic history has enjoyed a revival of
interest among economists, especially within the framework of the Unified growth theory (Galor 2011 and
2012). On top of this, the COVID 19 epidemics has rekindled the interest in demographic shocks, with

extensive work on the Spanish flu (Athurokala and Athukorala 2020, Barro et al 2020, Beach et al 2022).
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The results offer a lot of useful insights and we will review these works in more detail later, but they are far
from sufficient. They almost exclusively deal with advanced countries, the only ones with long-run series of
birth and death rates, and thus leave a major gap in our knowledge. What happened in the rest of the
world, which by 1938 accounted for over four fifths of world population? When did population start to
grow? How much did demographic crises affect the evolution of population? What did drive population
growth and why?

Following a well established tradition (Chesnais 1992), we address these issues by replacing missing
series of birth and death rates with population. We have estimated yearly series of total population by
polity from 1800 to 1938 and, for a substantial number of countries, also population net of migration.. We
sketch out the methods and sources of our reconstruction in the next section, with full details and
robustness checks in a working paper (Federico and Tena Junguito 2022). We outline the long-term
population changes in Section Three. Section Four shows that, contrary to the conventional wisdom, the
volatility of population series did not decline worldwide and actually increased in quite a few areas. Two
major shocks, the Tai’Ping civil war in China in the 1850s-early 1860s and the late 1910s world crisis (the
combination of World War One, Spanish flu and Russian civil war and famine, were large enough to
temporarily reverse the upward trend of world population. Then Section Five we explore the early pattern
of transition, grouping polities in sixteen homogeneous macro-areas, plus India and China, and looking for
breaks in the series of population. We adopt a very conservative criteria to date the start of the process, yet
the population growth seems to have started earlier in most areas. Section Six contrasts this timing with
the available historical evidence about the causes of transition according to the standard demographic
model and the Unified Growth Theory. These models are tailored to experience of advanced countries and
thus they need to be reconsidered to explain the population growth and we put forward some tentative
hypotheses
2) The series of world population
The League of Nations started to publish yearly data on population for all polities, as a mix of official data

and guesstimates, in 1925 (with retrospective figures for 1913) in her Statistical Yearbook. The United



Nations resumed the series after the wartime interruption (1938-1949) and has continued to present
(United Nations 2019). However, estimates of world population are much older. The first, by the Italian
Jesuit Riccioli, dates back to 1661 and since then many scholars, have published benchmark estimates of
population for the whole world and for continents, relying on their own intuition with little or no evidence.
The latest and most famous work in this tradition, the book by McEvedy and Jones 1978, reports
benchmark population figures for some major countries and macro areas at different intervals from 400 BC
to 1950. Yearly country series have been collected for the first time by Maddison (1995, 2010), as part of
his work on comparative national accounts. The number of series in his data-base grows progressively from
23in 1820 to 65 in 1938. Maddison integrated his data with guesstimates for missing countries to estimate
world population in eleven benchmarks, five from 1 AD to 1700 and six from 1820 onwards (1820, 1870,
1900, 1913, 1920 and 1940) 2.

Unlike Maddison’s , our data-base is complete - i.e. it includes yearly estimates for all polities from 1800
to 1938. We have relied on the obscure but highly praiseworthy work by historical demographers, who
have painstakingly collected, assessed and, when necessary, corrected official data and any available
information. We have collected all the estimates we have been able to find, from country-specific sources
or area specific data-sets such as Rothenbacher (2002, 2012) for European countries. We have filled gaps
with interpolations and have extrapolated backward the population from the earliest available figure to
1800 or forward from the latest one to 1938. We have taken also into account the population movements
in neighboring or otherwise comparable polities and also the available information on demographic crises
(most notably the Spanish flu).

Following the UN definition, our series refer to present (de facto) population at historical borders and
always include natives, as their omission would bias upward the growth of population. When possible, we
report population data mid-year. Overall, the data-base features 174 polity series, for a total of 21815

observations 3. About a sixth of these polities existed only for part of the period and several other series

2 The Maddison project has never updated the Maddison population series and has dropped the world total in the
latest (2020) release

3 We report aggregate series for Micronesia, Melanesia and Polinesia rather than separate series for islands or
archipelagos. These latter are available upon request.
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were affected by border changes, short range migrations and linear interpolations. Thus for the purpose of
statistical analysis, we have aggregated the polities in 16 macro-areas, taking into account their
geographical location, the level of development and the size of migration flows 4. We consider separately
only British India and China, the two most populous countries, which were not affected by major boundary
changes and experienced limited migrations flows relative to their population. For three areas we have
been able to extend the series back in time (1560 for Western Europe, 1690 for Central Europe and 1650
for Southern Europe), albeit with a incomplete geographical coverage (Appendix A).

Needless to say, our figures are of widely different quality, ranging from the almost perfect for
Scandinavian countries to the mere guesswork for Sub-Saharian Africa and Oceania in the early 19"
century. The amount of guesswork is the greater the less capable the administration was, and thus as a rule
earlier data are less reliable than more recent ones. We assess the reliability of each observation, following
Durand (1977), by classifying it from A (excellent) to E(conjecture). The share of the top category increases
from 5% of world population in the early 19" century to about a quarter on the eve of World War Two, and
most data are classified as fair or poor. We estimate the potential bias by attaching to each observation a
margin of error and then we aggregate margins by continent and world as sum of variance of polity series,
under the assumption that errors of these latter are independent (Feinstein and Thomas 2002).> The world
range of error declines from 18.7% to 12.4% of total population, but about a half of this change is
accounted by the spectacular improvement in the series for Oceania, a consequence of the collapse of the
poorly counted native population. The range of errors is quite large, but even in the worst case, they are
unlikely to alter the basic narrative. It is possible to compute counterfactual maximum (minimum) increase

in world population as the difference between the lower (upper) bound of the range in 1800 and the upper

4 We divide America between North, Caribbean, South American immigration areas (Brazil, Argentina and Uruguay)
and other countries, Oceania between Immigration countries (Australia and New Zealand) and the rest (Micronesia,
Melanesia and Polynesia), Africa between North and Sub-Saharian Africa, Asia between Middle East (former Ottoman
empire and Iran), China, India, South East Asia (Indonesia, Thailand, Malaya), East Asia (Japan and Korea) and Europe
between North Western (United Kingdom, France, Scandinavia etc.), Central (Germany, Austria-Hungary and
successor states), Southern (Italy, Spain, Portugal, Greece), Eastern (Russia and Poland after 1918) and Balkans.

> We assume the margin of error to have been 2.5% for A estimates (+ 1.25% around the ‘true’ value), 7.5% for
Bs (+3.75%), 17.5% for Cs (+8.75%), 32.5% for Ds (£16.25%) and to have exceeded 40% for Es (with a band +25%).



(lower) bound in 1938. Our baseline estimate yields a 123.7 % increase in world population, while the
alternatives range from a minimum of 94.1% to a maximum of 159.5%.
3) The results: world population in the long run

3.1 The world population increased from just above 1 billion in 1800 to 2.2 billion, which corresponds to a
log rate of 0.54%. A visual inspection (Figure 1, left axis) suggests an almost linear increase but the joint
TS/DS model by Razzaque et al. (2007) fails to return a significant rate.® The yearly changes, smoothed with
Epanechnikov kernel (Figure 1, right axis), show an upward trend interrupted by two massive crises, in the

mid-19' century and in the second half of the 1910s.

Figure 1
World population and its yearly change 1800-1938
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Sources: Federico and Tena-Junguito 2022

A Bai-Perron (2003) test singles out breaks in 1819, 1842 and 1867 but not in the early 20" century. 7 In
Table 1 we report the rates of change for the corresponding intervals (left-hand column) and for a historical

periodization which singles out the effect of the two main demographic crises (right hand column).

5 We run the regression A InPOP=0+B TIME+{ InPOP+.1+ ¢In A InPOP«1 +&, and compute the rate of growth is
computed as -B/=0.

7 We use the Stata xtbreak command (Ditzen et al 2021) which adopts a sequential approach. It tests progressively
from the null of one break vs zero breaks to the null of nine vs eight breaks by splitting each interval, under the
constraint that the length of segments between the breaks not to exceed a pre-determined proportion of the length
of the series (or ‘trimming’). For each break, the software returns an interval of coincidence in years at 95%, which for
the world series is reassuringly narrow (three years). In the text we quote the results with a trimming 0.10, which



Table 1
Rates of change, world population, 1800-1938
Short term ° Medium-term
1800-1819 0.33*** 1800-1850 0.50***
1820-1842 0.50*** 1850-1870 0.08**
1843-1867 0.27*** 1871-1913 0.84***
1867-1938 0.89*** 1913-1920 0.04**
1920-1938 1.16%**

* significant at 10%; ** significant at 5%: *** significant at 1%; underlined log linear

As expected, rates of change were very low (but still positive) during the two crises, while the other ones
feature a progressive acceleration since the early 19" century. The rates in the early 19" century are
somewhat higher than expected for an allegedly Malthusian world. In-fact the available evidence on
population movements before 1800 (Appendix A) shows that the growth had started in Europe at least in
the 17" century and, much more tentatively, also in other major Eurasian countries. We do not know
enough on other continents, where total population movements were deeply shaped by slave trade,
migration movements and European diseases on native population.
3.2 We compare our results with other available estimates and with the League of Nations and Gapminder
series in the working paper (Federico and Tena Junguito 2022). Here we focuse on Maddison’s estimate,
the linchpin of all modern estimates (Figure 3) &

Figure 3
World population, 1820-1940: a comparison with Maddison

implies in the case at hand a minimum length of fourteen years —i.e. the first break cannot be earlier than 1813 and
the last later than 1925. Using a 0.05 trimming increases the minimum length of each period to seven years but results
are qualitatively similar. The routine finds five breaks instead of three, but all in the in the 19th century (1815, 1831,
1847, 1863 and 1881)..

8 For the purpose of this comparison, we extrapolate our series from 1938 to 1940 with the growth rates for the
previous five years (1.3% for Asia and Africa, 1.2% for Americas and world population, 1.1% for Europe and Oceania).
The result might be slightly overstated as it does not include an adjustment for war-time losses.
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The difference in rates of growth over the whole period is small (0.63% the present estimate, 0.66%
Maddison) and the Root Mean Square Error for the common yearly series, which refer mostly to advanced
countries with good sources, is as low as 10%. Interestingly, the differences concentrate in the thirteen
years before World War One: our estimate is 2.7% higher than Maddison’s in 1900 and only 0.39% in 1913,
so that our rate of growth is correspondingly lower by a couple of percentage points (0.87% per year vs
1.05%).

3.3 Our data-base allows geographically much more fine-grained analysis than the crude continent-based

benchmarks. As a starting point, Figure 3 plots the distribution by continent

Figure 3
The distribution of world population by continent, 1800-1938
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In relative terms, population declined in Africa and Asia, increased in Europe (here including the whole of
Russia) and boomed in the Americas and Oceania. The changes were already massive by 1870 and were
mostly over on the eve of World War One. Indeed, trends slowed down or even reversed in interwar years,
but total changes were small in comparison with pre-war ones. The African share of world population fell
by a fifth in the first half of the 19" century, from 11.3% to 8.9%, slid by a further percentage point to 7.8%
in 1913 and in 1938 was roughly at the level of the mid-1900s. The Asian share declined over the whole
period by 13 points, from 67% to 55% and a third of the change was cumulated in the 1850s and 1860s.
Likewise, two thirds of the relative rise of Europe from 18% in 1800 to 27% in 1913 were cumulated before
1870. The European share fell during the war by one point and continued to decline afterwards. In contrast,
the American share rose almost as fast from 1870 to 1913 (from 6.5% to 10.4%) than in the first seventy
years of the century (from 2.5% to 6.5%) and rose further to 11.9% on the eve of World War One.
However continents are arguably not the right level of geographical aggregation. Indeed distribution by
areas within continents show substantial variations, especially for the effect of migrations (Statistical
Appendix Figure ). It boosted the share of Australia and New Zealand from a quarter to three quarters of
Oceania and of North America from 26% to 52% of the Americas. Other changes within continents were
less dramatic but still relevant: Eastern Europe increased from a fifth to a third of the European continent,
and China decreased from 54% in the 1840s to 45% in the 1870s of Asia.

4) The results: volatility and demographic shocks



A visual inspection of the normalized residuals of the world population series from a Hodrick-Prescott

filter (Figure 4) does not confirm the conventional wisdom about a long-term decline in volatility

Figure 4
Volatility of population, 1800-1938
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The volatility seems stable and, again in contrast to the conventional wisdom, the average of the whole
period was similar in the core countries (8.8%) than in the peripheral ones (8.5%)°. We test our impression
by estimating rates of change in volatility with a (log-linear) regression, adding as a control the share of

linearly interpolated series on total population (Federico and Tena Junguito 2022) .

°The core includes North America (United States and Canada), North Western Europe (France, Germany, Scandinavia,
Belgium and Netherlands), Australia and New Zealand. The ratios between absolute deviation and trend component
over the whole period are 3.3% in Africa, 7.1% in the Americas, 10.9% in Asia, 9.1% in Europe and 8.1% in Oceania.

10 The dependent variables are computed as logs of the ratios of squared numerator and denominator —i.e. the
residuals and the trend component of the Hodrick-Prescott filters.



Table 2

Rates of change in volatility of population series, 1800-1938
a) Hodrick-Prescott filter

1800-1938

Time Share
Africa 2.62%** -0.18
America -0.46 -1.07**
Asia -0.40 -0.13
Europe 2.13%** 0.00
Oceania -0.56 -0.15
Core -0.54 0.01
Periphery -0.81 -0.85%*
World -0.83 -0.96**

b) Hamilton measure
1800-1938

Time Share
Africa 7.46%** -0.29
America -0.21** -0.13
Asia 1.13* -0.26*
Europe -0.19 -0.08**
Oceania 2.53%** -0.63***
Core -0.31%** -0.09
Periphery 2.14%** 0.29*
World 2.02%** 0.30%**

1800-1913

Time Share
2.94*** 0.01
-1.85** -1.76

-0.77 0.26
2.17** 0.02

-0.50 -0.12

-0.94 -0.01
-1.80** -0.79**
-2.34%** -1.22**

1800-1913

Time Share
8.07*** -0.23**
0.28** -0.01

0.83 -0.29
1.04*** 0.01
4,59%** -0.37*%*
0.55%** 0.08
1.74%** -0.05
1.41%** -0.18

* significant at 10%; ** significant at 5%: *** significant at 1%

The time trend in the baseline estimate is negative but not significant, in stark contrast with the fast
decline of volatility after 1950 (-5.7% yearly, significant at 1%). The only two significant continent-level

coefficients are positive — i.e. volatility increased. Positive coefficients are also more common than

1800-1938

Time Share
2.24%** -0.20
-1.23%** -1.41**
-0.30 -0.02
1.65%* -0.04
-1.47* -0.25
-1.12 -0.06
-0.97 -0.86
-1.21%* -0.96**

1800-1938

Time Share
7.62%** -0.28
-0.17* -0.11*

1.09 -0.30**

0.10 -0.06
2.75%** -0.60**
-0.43*** -0.29
2.28%** 0.30
2.14*** 0.30*

negative ones at area level (Statistical Appendix Table I) and only one negative coefficient, for

10

Dummy
1910s
2.77**
4.46%***
2.19
2.22*
5.06***
3.83**
1.11
3.01%**

Dummy
1910s
-1.19
-0.24
-0.90

-1.32%%*
-1.25
-0.71%%*
-1.02*
-0.93**

Australia/New Zealand, is strongly significant. As a robustness check, as suggested by Hamilton (2018). we

measure volatility with five-year lag difference between observations divided by the five years lagged

observation. The results (Table 2b) are even farther from the conventional wisdom, with increasing

volatility as the norm.
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One might surmise that the increases in volatility reflect the exceptional severity of the shocks of the late
1910s. We test this hypothesis by running the regressions for the period 1800-1913 and by adding a
dummy for the crisis years 1914-1919. The results do change much. The decline before 1913 is faster and
the rate becomes significant because of strong downward trends in Western and Southern Europe and in
Immigration Latin America. As expected, the 1910s dummy is positive and significant in most cases, but its
addition to the regression for 1800-1938 does not change the baseline results to any meaningful extent.
Likewise, results do not differ much with the Hamilton measure **.

Our results imply that the frequency and/or severity of demographic crises has not changed. Without
data on death rates for most countries, we cannot compute excess deaths and thus we define, quite
conservatively, a crisis as an absolute decline in population. Crises hit at least once two thirds of the
polities (121 out of 174), for about a sixth of the years (3324 years out of 21641). These figures may
undervalue the true number of crisis. In all likelihood the number of deaths exceeded the normal in the 811
years of zero population growth and possibly in many others and by construction we miss all years of
decline when population is obtained with upward linear interpolation 2,

Crises were more frequent in the first half of the 19" century, became fairly rare in the 1870s and 1880s
(about ten polities per years) and then increased again since the early 1890s, peaking predictably, in 1918,
when population declined in 49 countries out of 158 (Fig 5, black line).

Figure 5
Number of countries affected by demographic crises and their share of world population

11 We have also re-run the regression with a dummy for the years 1910 to 1923 which include at least one war year in
the computation of the ‘Hamilton’ volatility measure. Results are almost identical.

12 This effect is not compensated by the neglect of years of population growth in linearly interpolated downward
trends: these latter ones accounted for only 31% of observations in interpolated trends.
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The picture is somewhat different if one considers the number of affected people rather than the
number of affected polities (Figure 5, red line). The total share is marginally lower (13.8% vs. 14.5%) and
the time profile is dominated by crises in India (as in the 1810s and 1830s) and China (the 1850s and early

1860s). The differences emerge clearly from the distribution by period/continent (Figure 6).

Figure 6
Share of population affected by demographic crises, by period/continent
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There were few crises in the Americas, where fluctuations were dampened by immigration, and in
Europe, outside the war years. Crises were frequent in Asia before 1880, Oceania in the 19th century and in

Africa almost for the whole period.



13

Table 3 distinguishes three types of crises according to the length of the decline 3.

Table 3
Duration and severity of demographic crises
Short term Medium term  Long term All crises
(Lto3years) (4to9years) (over ten years)
Number crises 210 53 101 365
Number years of crises 310 301 2700 3311
Average length of crises 1.5 6 27 9
Average rate of yearly decrease -2.2 -1.2 -0.6 -0.6
Shares years of crisis on world total
Africa 14.5 8.6 56.3 48.0
Americas 18.7 31.9 26.8 26.5
Asia 16.8 31.9 5.3 8.8
Europe 44.8 25.7 1.2 7.5
Oceania 5.2 13.8 10.4 10.2

The short-term crises fit best the definition of demographic shock: a sharp drop in population determined
by famines or epidemics *. The tiny island of Cabo Verde, which, in spite of its name, was subject to
disastrous droughts, was hit by five such crises, and in the worst one, in 1831-1833, population collapsed
from 76K to 47K —i.e. by 45%. The devastating famine of North China 1877-1878 claimed between 9 and
13 million lives (Aird 1968 p.265) and the worst affected province, Shanxi, lost 5.5 million lives, about 15%
of its population. Also some medium-length crises were determined by famines: the potato blight and the
ensuing mass migration caused the population of Ireland to collapse from 8.3 million in 1845 to 6.3 in 1852
and the population of the United Kingdom to decline for five years in a row, in spite of the fast rise in the
rest of the country, from 28.0 in 1846 to 27.4 million in 1851 (Mitchell 1988). However most medium-term
crises were determined by wars, such as the 1864-1870 war against Brazil and Argentine which wiped out

about a quarter of the population of Paraguay, from 350K to 276K. About sixth of medium-length crises

13 The table omits 13 observations, relative to polities subject to massive territorial losses — the Ottoman Balkans in
1830, 1859, 1879, 1881, 1897 and 1912, France in 1871, Germany in 1919, Greece in 1924, Hungary in 1923, Russia in
1919 and Turkey in 1919. In Figure 5 we substitute the actual change with the average change in the two neighbouring
years.

14 There is no good independent source on demographic shocks. The EMDAT data-base (https://www.emdat.be/)
covers only natural disasters since 1900 and it seems to underestimate the number of deaths. It lists 387 events, but
in only eight cases the death toll exceeds one million people.
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years concentrated in the period 1914-1921, when the effects of war were worsened by the Spanish flu (cf.
Table 4).

Over four fifths of crisis observations belong to long term negative trends, which hit Africa (35 long term
crises, with a median length of 41 years), Oceania (5 long term crises, 51 years) and the Caribbean (11
crises, 31 years). ¥ The exact timing, speed and duration of these long crises is highly uncertain as the
population estimates are, at best, informed guesses. The linear interpolation assumes a steady decline
rather than a succession of collapses and modest rebounds, and thus it may overestimate the number of
crisis years and underestimate the yearly losses !, However, the existence of long-term crises, as
consequence of slave trade and diseases, is beyond any doubt. In the first half of the 19*" century, slave
trade reduced the population of Sub-Saharian Africa (except its Southern tip) by about 4%, or by 0.07% per
year Y. In the last decades of the century, Africa suffered for a series of calamities, including droughts,
locust, the European conquest and the rinderpest, which killed a large proportion of cattle and disrupted
the livelihood of large swathes of the population (Sunseri 2018) 8. By 1800, the European infectious
diseases had already ravaged the native population in South America in Mexico, were still killing them in
North America and had just started to spread in Oceania. The size of the decline depended on nature of
diseases (some were more lethal than others) and on the patterns of transmission, which in turn depended
on location and population density. The length of trips from Europe to Oceania might have prevented some
transmission of some diseases (Bushnell 1993) and the wide spaces of North America reduced contacts

between infected native groups (Thornton 2000). Yet, our source suggests a 62% decline of native

15 According to the estimates by Bulmer Thomas (2012), the population of the Danish Virgin island (since 1917 US
Virgin Islands) declined in 91 years out of 139 —i.e. in all years but the initial ones (1800-1835), the final ones (1930-
1938) and a short period of stagnation from 1846 to 1850.

16 As said, the overestimation might compensate the underestimation from the omission of crisis years during periods
of linearly interpolated population growth. However, this case would not change the overall assessment of the
demographic conditions of the country and anyway linearly interpolated downward trends account for 10.6%% of all
crises. The share is high (and thus the issue potentially relevant) only in Africa, where they account for 22.2% of crisis
observations in the whole period and for 51.4% in the first half of the century.

17 population declined from 1800 to 1850 by 1.7% (0.03% per year) in West Africa and by 14% in Central Africa (0.3%
per year), from 1810 to 1850 in East Africa by 3.7% (0.1% per year), from 1820 to 1850 by 1.4% in NorthEast Africa
(0.05% per year). Rates are computed between benchmarks by Manning-Nickleach 2014.

18 Rinderpest appeared in 1887 and ravaged the continent until the 1930s. From 1891 (the first benchmark year in
Frankema and Jerven 2014) onwards, 12 polities experienced long term decline, for a total of 330 years (a tenth of the
world total) years and an average rate 0.65%
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population of North America 1800 to 1890 (Thornton and Marsh-Thornton 1981). In Oceania the decline of
the native population was as large as in the Americas and there was very little or no rebound before World
War Two. According to the best estimates, the total aboriginal population of Australia collapsed from 575K
in 1815 to 74K in 1933 (i.e. by 87%).

These demographic catastrophes were terrible for the affected people, but their impact on world
population was small and sometimes negligible. Deaths during the 1878-79 Chinese famine were equivalent
to a third of the population of the United Kingdom but accounted for only 0.6-0.9% of world population. If
the native population of Oceania had been growing at 0.5% yearly since 1800 rather than declining, the
total population of the continent would have been 2.3 million higher in 1938 and the world total only 0.1%
greater. '° In the extreme and somewhat implausible case that the 1800 native population were ten times
the historical minimum, as hypothesized by Stannard (1989) for Hawaii the world population in 1938 would
have been only 0.5% higher. The world population decreased only eight years out of 139, in 1826, 1862-
1866 in 1918-19. The first of these falls is somewhat puzzling. It was determined by a sudden fall in Chinese
population, from 392 to 385 million, which however does not coincide with any known catastrophe. The
second coincided with the most intense period of the Tai’ping civil war. From the beginning of the war, in
1852 to 1871, when the last Tai’ping army was defeated, the Chinese population declined from 438.9
million to 357.8 million, and a half of these losses was suffered in 1862-1866 %°. In contrast, the 1917-1919
crisis affected the whole world, as the cumulated outcome of three different shocks, the Great War, and

the Spanish flu and the Russian post revolution troubles (the civil war, war communism and famine). Table

19 For Australia and New Zealand we compute our counterfactual series as sum of natives and white population with
data from Historical Statistics Australia and Historical Statistics New Zealand. For Hawaii we rely on data from Schmitt
(1968 tab 16 and 26). We estimate the counterfactual series for full-blood natives only, while we include ‘part
Hawaiians in the series for ‘others’ (mostly Japanese immigrants), assuming there were 100 ‘others’ in 1800. For other
islands the sources do not distinguish between natives and immigrants, who anyway were much fewer than in Hawaii
or, a fortiori, Australia and New Zealand. Thus, we implicitly assume that all population was native-born and we select
for the counterfactual the period of absolute decline -i.e. 1800-1885 for Polynesia (a total decline of 50%), in
Micronesia 1830-1913 (37%) in 1820-1901 Melanesia, without Papua New Guinea (-29%). We extrapolate the
population in the final year of the period with the actual growth rate.

201t is possible to estimate the total death toll, including deaths from other rebellions and war-related diseases and
famines and missing births by extrapolating the population in 1852 to 1871 with the growth rate of the late 1840s
(0.4% year). This computation yields a total of up to 110 million, above the estimates of war losses (Aird 1965 p.265)
but not much higher than some independent Chinese estimates (Platt 2012 p.308).,



4 focus on the most affected areas, reporting the actual change, our estimate of excess mortality and the

available data on deaths from the flu and the war 2.

21 We compute excess mortality as the difference between actual and counterfactual population in 1918 and 1919.
We estimate this latter by extrapolating the actual population with the ‘normal’ rate of change, as proxied by the
1909-1913 rate. The population of Russia in 1919 at pre-war borders is computed by extrapolating the figure for 1918
with the rate of change for Russia at interwar borders (without Finland and Congress Poland) from Markevitch and

Harrison (2011 Appendix tab A8 and A9). The estimates for Spanish flu exclude the deaths from the third (and minor)
wave in 1920.

16



Table 4

Population changes 1917-1919 (thousands)
Actual change

China

India

Indonesia

Russia

European belligerents *
Western offshoots **

World

17

Estimated excess mortality

‘ War losses 1918

Spanish flu ‘

1917 to 1918
1404 (0.32%)
-7328 (2.36%)
-1072 (1.97%)
-811(0.85%)
-1903 (0.78%)
118(0.10%)

-6255(0.34%)

1918-1919

761 (0.17%)
-1431(0.45%)

523(0.98%)
-2023(1.21%)

1759(1.50%)

1259(0.07)

1917 to 1918
-1147 (0.26%)
-8965(2.77%)
-1690 (3.11%)
-4275 (2.56%)
-3917 (1.60%)
-2147(1.83%)

-23309(1.27%)

1918-1919
-1800(0.41%)
-3031(0.93%)

-82(0.15%)
-5470(3.20%)

-508(0.42%)

-15736(0.84%)

* Austria-Hungary, France, Germany, Italy and United Kingdom: ** Australia, Canada, New Zealand and United States
Sources: war deaths (military) estimated as deaths 1914-1918 from War office (1922) and Becker (1999:90) times the share in 1917-1918 from Barro et al (2020) Tab. 2; Spanish flu maximum and
minimum from Johnson and Mueller (2002) Athukorala and Athukorala (2020), Barro et al (2020) Tab. 1, plus country specific sources for India and Indonesia (cf. Appendix |
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Deducting war losses from the excess deaths (39 millions) one gets a total of 35 million deaths from the
for the Spanish flu 22. There is some suspect that the figure is underestimated. The series for about sixty
polities, accounting for 5-6% of world population, are estimated with linear interpolation, and thus assume
by construction the impact of the flu to have ben nil. On top of this, the number of excess deaths in China,
where anyway the flu might have been more benign than elsewhere (Chen and Leung 2007), is lower than
all available estimates. On the other hand, the estimate include missing births and the figures for war-
related losses are very conservative, as they refer to lower bounds of ranges and exclude civilians. Factoring
both biases, it seems highly unlikely that the total world losses from Spanish flu reached 40 million. This
latter figure is close to the upper bound of the range of the scientific estimates, from 17-24 million
(Spreeunwenberg et al 2018) to 35-44 million deaths (Athukorala and Athukorala 2020)%. Our estimate
implies that the Tai’ping civil war, or more in general the mid-19t" century Chinese crisis, was the largest
demographic shock in the whole period. Total losses were comparable to deaths in World War Two, when
world population was double a century earlier.

The impact of these two world-wide crises can be measured with a simple back of the envelope
counterfactual exercise. We hypothesise that the Chinese population had been growing from 1851 to 1871
as fast as in 1830-1850 and that the world population had been growing from 1914 to 1919 as fast as in
1890-1914 %4, It is thus possible to estimate population growth without the Tai’ping war, without the 1917
crises and without both crises (Figure 7).

Figure 7
Counterfactual, no-crisis series of world population

22 The total war losses include the deaths of other belligerents (the Ottoman Empire and Balkans countries Greece,
Japan, Portugal, South Africa and Turkey) but not civilian deaths. We also assume that the Russian civil war caused 1.5
million deaths in 1919. Our estimates of excess mortality are not totally independent from the data on deaths, as
some population series incorporate the best guess estimates of losses from the flu.

23 This figure of 100 million deaths, which is often quoted in the historical literature, is a highly speculative guess by
Johnson and Mueller (2002). They report country estimates totalling between 33 and 43 million deaths, increase the
figure to 50 million to take into account missing countries, and add that even this figure ‘may be substantially lower
than the real toll, perhaps as much as 100% understated’ (p.115).

24 \We extrapolate the post crisis trend with the actual rate, which in theory could exceed the steady state one to
compensate for the losses. However, there is no much evidence of such an acceleration. The rates for China were
marginally higher in the mid-1870s than in the 1840s but the increase was short lived. As said, the worldwide rate of
growth rose gradually from 1921 to the eve of World war rather than jumping after the end of crisis and then
returning to the normal.
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The Tai’ping war affected world population much more than the late 1910s crisis: without it, the world
population in 1938 would have been 2429 million, rather than 2254 million (or 7.7% higher) while it would
have been 2137 without the late 1910s crisis (2.8% higher). Without both major crises, the population in
1938 would have been about 244 million higher than the actual one (10.8%): if one factors in also the
‘minor crises’ the total missed growth might well have exceeded 300 million.

5) The results: dating the beginning of the demographic transition

The world-wide series suggests that population had started to increase before 1800 and that the growth
has been gaining speed throughout the period (but for event-related setbacks). It reached the top speed
after World War Two, with a 20%o. rate in 1965-1970, and since then growth has slowed down to 11%e. in
2015-2020 (a whisker below the pre-war maximum — 13%. in 1929-1933). However, as said in Section Il, the
world-wide growth is the sum of quite different area trends: we will explore systematically these
differences by looking for structural breaks in the series of rates of change of population by area with a Bai-
Perron (2003) test. We consider three sets of series, the total population of the eighteen areas in 1800-
1938, total population of Western, Southern and Central Europe in early modern period and counterfactual
series of population net of migration for eight areas. Unfortunately, the gap in series between 1938 to 1950

prevents an analysis of the whole process and thus we will focus on its beginning and early stages.
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As a first step, we let the routine find as many breaks as possible (‘unconstrained’ estimates). For the main
set, test returns a total of 117 breaks, with ten area series featuring nine breaks, the maximum set by the
0.10 trimming percentage. However, quite a few of these breaks feature implausibly large intervals of
confidence at 95%. Thus, in a second run we focus on breaks with a narrow interval of confidence in the
initial run and we constrain the total number not to exceed their number (‘precise’ estimate) 2°. Finally, we
select among the ‘precise’ estimates the most plausible dates for the beginning of transition, with very
prudential criteria in order to avoid false inferences. We exclude breaks before or after major demographic
crises as they might be determined by short-run Malthusian reactions. As a second step, we compute the
rates of change of series of total population and, when available, no migration counterfactual one 26.For
instance, the ‘unconstrained’ estimate for North Africa yields nine breaks, which the ‘precise’ estimate
whittles to two breaks, in 1830 and 1876. The rate of growth in 1831-1876 is high (0.96%) but not
significant and the null of equal rate to 1800-1831 is rejected only at 10%. Furthermore, the estimates in
the first half of the century are highly uncertain (Federico and Tena Junguito 2022 Appendix I) and the year
1830 coincides with the French invasion of Algeria. So, in this case we prefer to play safe and consider the
transition to have started only in 1876.

The results (table 5) highlights five stylized facts:

25 As a further robustness check, we have also re-run the routine constraining the number of breaks not to exceed five
(‘constrained’ estimates). And also 0.05 trimming

26 \When possible, we compute the rates of change with the Razzaque et al (2007) model. If it does not return
significant results or the number of observations is too small, we use a log-linear trend. Almost all log-linear series
features auto-correlated residuals, partly for the nature of population change and partly for the use of linear
interpolations. We prefer not to correct in order to avoid further distortions, given that autocorrelated residuals do
not bias the coefficient of trend variable, the result of interest, and that t-statistics are very high.



Table 5

Dating demographic transition: yearly rates of growth

a) total population
North Africa
Sub-Saharian Africa
North America
Caribbean

Immigration Latin America
Latin America

Middle East

India

China

South-East Asia

Far East

Western Europe
Southern Europe
Central Europe

Balkans

Eastern Europe
Australia New Zealand
Pacific Islands

b) no migration series
North America
Immigration Latin America
Caribbean

Western Europe
Central Europe
Southern Europe
Eastern Europe
Australia New Zealand
c) early modern period

Long-term Before the first break | After the first break After the second break
1800-1938 0.64*** 1800-1876 -0.13 1876-1938 1.15%**
1800-1938 0.23*** 1800-1920 0.27*** 1920-1938 1.36%**
1800-1938 3.28%** 1800-1845 2.78*** 1845-1912 1.99%** 1912-1938  1.24***
1800-1938 2.08** 1800-1830 0.87*** 1830-1881 1.25*** 1881-1938  1.85%**
1800-1938 2.28%** 1800-1853 1.60*** 1853-1938 2.30%**
1800-1938 1.16%** 1800-1891 0.99*** 1891-1938 1.27%%*
1800-1938 0.49*** 1800-1830 0.19*** 1830-1922 0.55*** 1922-1938  1.63***
1800-1938 0.62*** 1800-1873 0.37*** 1873-1920  0.47*** 1920-1938  1.11***
1800-1938 0.15*** 1800-1925 0.12 1925-1938 1.47%**
1800-1938 0.80*** 1800-1844 0.85*** 1844-1938  0.74***
1800-1938 0.39*** 1800-1860 0.03 1860-1938 1.64%**
1800-1938 0.52%*** No breaks
1800-1938 0.80*** 1800-1862 0.68*** 1863-1920  0.87*** 1920-1938  1.03***
1800-1938 0.46* 1800-1923 0.84%*** 1923-1938  0.56***
1800-1938 1.59%* 1800-1829 0.44*** 1829-1920  0.63*** 1920-1938  1.39***
1800-1938 1.27%%* 1800-1857 1.08*** 1857-1909 1.55**%* 1909-1938 0.98***
1800-1938 2.70%** 1800-1831 -1.57*%* 1831-1892 3.77*** 1892-1938  1.73***
1800-1938 -0.01 1800-1920 -0.38** 1920-1938 1.46%**
1820-1938 1.66*** 1820-1867 2.20*** 1867-1927 1.32**%* 1927-1938  0.84***
1800-1938 1.48%** 1800-1852 0.94*** 1852-1912 1.74*%** 1912-1938  1.40***
1800-1938 5.02 1800-1858 1.03*** 1859-1938 2.15%**
1838-1938 0.89*** No breaks
1817-1913 0.45 No breaks
1862-1938 0.95%** 1862-1921 0.91*** 1921-1938 1.06***
1867-1914 1.65%** No breaks
1852-1938 1.80%** 1852-1892 2.02*** 1892-1938 1.71%**

21
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Western Europe 1560-1913 -0.02 1560-1613 0.19*** 1614-1730 0.11*** 1730-1913 0.61%**
Central Europe 1690-1913 0.42%** 1690-1757 0.55*** 1757-1871 0.84*** 1871-1913 1.63**
Southern Europe 1650-1913 0.54* 1650-1685 0.15 1686-1814 0.26*** 1814-1913 0.66***

Sources: own elaborations from Federico and Tena-Junguito 2022 and Appendix A; * significant at 10%; ** significant at 5%: *** significant at 1%; underlined
rates estimates with log-linear specification
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i) Over the whole period, the total population (panel a) increased in all areas but the islands of the
Pacific, ravaged in the early 19" century by European diseases. As expected, the highest rates of growth
are registered in the areas of destination of European immigration, followed by the Caribbean, where
population growth was boosted by the inflow of slaves and indentured servants (Northrup 1995). Rates
for the no-migration series (panel b) are, as expected, lower in the Americas and higher in Southern
Europe, the major area of origin of migrants. A comparison of rates for the same periods show that
most differences are substantial and significant, but they do not change qualitatively the main story.

ii) the test returns at least one upward break in total population series in all areas but Western Europe,
with dates ranging from 1830 to 1925. The four comparable no migration series (panel b) broadly

confirm this result %’

. The early modern series for European countries (panel c) shift the start of
population growth to the 18" century. The series for Central Europe refers to (part of) Germany only
and thus in all likelihood the population grew fast in the early years to fill the gaps of the Thirty
Years'War %,

iii) In contrast with the stylized description of the Malthusian world, stagnation before the first break is
the exception, not the rule. The population grew significantly in the majority of areas and in quite a few
cases the rates exceed 5%o, which in a century corresponds to an increase by two thirds.

iv) The first break was followed in all areas but two, Central Europe and North America, by a significant

increase in the rate of growth. The slowing down in North America around mid 19% century is

confirmed also by the no migration series and is followed by a further decline after a second break

27 The comparison is impossible for Central, Southern and Eastern Europe and Australia/New Zealand because the
dates of the first break of population series are outside the time coverage of the no migration series.

28 pfister (2022) estimates the population to have been 13.5 million in 1618, 7.9 in 1650, 10.6 in 1690 (rate of
growth 7.4%o.) and to have recovered the pre-war level in 1723

2 The rates are 24.3%o (log linear) in 1820-1845 and 1.05%o in 1845-1912. Both are significant at 1% and they are
significantly different at 1% as well
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v) Only a minority of series, eight out of eighteen, show a second break in the covered period. The sharp
decrease in Australia/New Zealand after 1892 is not confirmed by the no migration series and the
slowing down in Eastern Europe is likely to have been determined by the war and the loss of territory
and collectivization/famine of the 1930s 3°. Only North America shows a clear deceleration, which
however dates to the mid-19t" century. In contrast, the population growth seems to have accelerated in
Southern Europe (possibly as a consequence of the end of mass emigration from Italy), India, Balkans,
the Caribbean and Middle East.

Our statistical procedure might be biased by the gap in series from 1939 to 1950. Not only it is
impossible by definition to detect breaks during these years but, given trimming, the routine cannot
date breaks later than 1925 or earlier than 1957. Furthermore, it is also possible that in some cases the
fall in population in the late 1910s causes the routine to miss an upward break in the late 19" century
and thus to misdate the start of transition. We address these concerns by comparing the rates of
population growth in 1895-1913, 1920-1938 and in the period between 1950 and the first break in the

post-war series (Figure 9) 32,

Figure 9
Rates of population growth in the 20" century

30 The rate of natural increase for the Soviet Union was quite high in the 1920s, in all likelihood as a rebound after
the crisis late 1910s) but then sharp slowdown (Rothenbacher 2002 tab. ??). Adding a dummy for 1919 in the
regression lowers the growth rate to 0.93% and the difference is not significant.

31 \We aggregate countries from the population data-base of the United Nations (2019) to match as well as possible
the pre-war areas. We do not report here the full results of our statistical analysis of post 1950 trends because
data UN make it possible a more insightful separate analysis of trend in fertility and mortality
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The comparison between trends in 1920-1938 and after the war strongly downplays the impact of the
so called baby boom of the 1950s and 1960s in advanced countries but confirms the acceleration of
growth in all peripheral areas, with significantly higher rates in all areas but immigration Latin America
and the Balkans. The war-time gap prevents to date more precisely the start of this acceleration — one
might suspect it preceded the war. The differences between 1895-1913 and 1920-1938 are evenly
distributed between positive and negative ones and all significant. However, there is no support for an
error in the three cases of break in the 1920s, Sub-Saharian Africa, China and the Pacific Islands. In all
these areas, the rate in 1895-1913 is lower than in the interwar years and it is not particularly high also
relative to the 19%" century. In China it is comparable to rates in the 18™ and first half of the 20" century
and in Africa it is lower than the long-run rate 1800-1920. It is higher only in the Pacific Islands, but the

first decades of the century were, as said, a demographic catastrophe for the area 32,

32 population grew less than in 1875-1895 (0.37% per year vs 1.04%), which marked the beginning of recovery
from the disaster. The total population was 15% lower in 1875 than 1800 and still 8% lower in 1913 and recovered
the 1800 level only in 1925. These trends are not affected by migration flows. We have estimated a no migration
series by combining the data on net migration of indentured servants from Northrup 1995 (tab Al and A2) for the
period 1851-1920 and on immigration in the Hawaii from 1911 to 1924 (Ferenczi and Willcox 1929). The
difference with the total population is minimal (a coefficient of correlation 0.99).



26

Table 6 wraps up our analysis. Col 1 reports our best guesses, using whenever available the no
immigration series and adding brackets to the more tentative dates. The other columns aggregate the
polity-specific dates suggested by Riley (2005b) and Delventhal et al (2021) according to our eighteen
series by weighting with the shares of each polity on the population of the area in the initial year of the
transition3. Riley (2005b) singles out one (or more, up to four for Mexico) decade as the most plausible
period for each country and we simply report the mid-point of the corresponding period. Delventhal et
al (2021) use a more elaborate statistical inference. They collect the available series of crude birth and
death rates, fill any gap with linear interpolation and model the transition, separately for birth and
death rates, as a linear downward trend between two periods of constant rates selecting the initial and
final dates of this trend with a grid search procedure 4. This latter returns a starting date of mortality
decline and thus for the transition in their framework, only in about a quarter of the cases (‘modeled’).
In all other, the authors project backwards the trend in death rates until the difference with the
estimated birth rate hits 8.86%o (‘projected’) **. Table 6 reports their results, separately for the
‘modeled’ (or core) polities and the full sample (including the ‘modeled’ ones). In the bottom row we
compute the implicit starting date of world transition weighting the area dates with the shares on world

population in 1913

Table 6

33 Was a preliminary step, we adjust as much possible the list of polities by Riley and Delventhal (mostly at present-
day borders) to our list (at borders of the time) by weighting with the shares at the closest date. For instance, we
get a ‘Delventhal’ date for Austria-Hungary by weighting their dates for Austria (start of decline in 1881),
Czechoslovakia (1867) and Hungary (1875) with the percentages of the three countries on the sum of their
population in 1919. We do not consider Reher (2004) as he dates the start of transition with the decline in fertility,
and relies on officially available series, which in a majority of countries begin in 1950-54

34 Their data-base (available at accessed June 2022)
includes 181 polities, with a total of 16197 observation for CBR and 16206 for CDR. However, 34 of these polities
were established after World War Two and three quarters of observations refer to 1939 and following years. There
are 606 observations for crude death rates before 1800, starting as early as 1541 for England (Wrigley and
Schofield 1989), and 3428 (2128 for European countries), plus 616 interpolated ones, from 1800 to 1938.

35 Delventhal et al (2021) obtain this figure as ‘the average observed starting gap between CBR and CDR, 8.86 per
thousand, the unweighted arithmetic mean across the 23 countries for which we observe the start of the fertility
transitions and the fertility transition before 1950’.



Alternative dates of start of the demographic transition

Riley
This paper 2005b | Delventhal et al 2021
Core Full

North Africa 1876 1935 1935 1922
Sub-Saharian Africa 1920 1946 1963 1913
North America [before 1800 ?] 1881 1796 1712
Caribbean 1860 1921 1916 1914
Immigration Latin America [before 1800 ?] 1922 1870 1860
Latin America [before 1800 ?] 1916 1910 1905
Middle East 1830 1939 1938 1932
India 1873 1932 1918 1919
China 1925 1925 NA NA

South-East Asia [1844] 1931 NA 1923
Far East 1860 1897 1946 1947
Western Europe 1730 1805 1765 1772
Southern Europe [1810] 1890 1886 1886
Central Europe [1760] 1883 1874 1877
Balkans 1829 1921 1902 1902
Eastern Europe [1859] 1900 1892 1892
Australia New Zealand [1852] 1870 NA 1852
Pacific Islands 1920 1938 NA 1928
World 1820 1910 NA 1921

Riley (2005b) and Delventhal et al (2021) suggest similar dates for the start of transition (the
coefficient of correlation is 0.70), which differ substantially from our estimates in the vast majority of
areas and also for the whole world. This divergence cannot be explained by the effect of migrations or
by divergence in data. Our hypotheses in Table 5 are based on no migration counterfactual series for
several areas and the flows into the other areas would have had to be huge to account for the
difference. For instance, total immigration in the Far East should have been 2.2 times the 1860

population. Nor the differences can be explained by data issues: our series of natural increase and the

27

‘core’ data in Delventhal et al (2021) largely overlap and the two methods return fairly consistent results
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for Western Europe 3°. One would conclude that differences depends on their choice of a positive and
fairly high rate of growth of population rate as threshold for the choice of the starting date of the
transition.

6) Discussion: the causes of population growth

6.1. The demographic transition has been modeled in two different ways. Both describe the pre-
transition situation as a Malthusian world, featuring in the steady state zero population growth (equal
crude birth and death rates) and wages at subsistence level. Population would grow after an income-
increasing shock but any increase cannot be but temporary, as mortality from famines and epidemics
(positive checks) and/or by household decisions about fertility (preventive checks). The ‘standard’
transition model (Kirk 1996, Lee 2003, Reher 2004) hypothesizes that the demographic transition
started with a decline of mortality, determined by progress medicine and/or by economic growth. This
latter reduced mortality by increasing food supply in normal times via technical progress in agriculture
and in distress thanks to market integration and by making it possible to invest in aqueducts and waste
disposal. Whatever its cause, the decline in crude death rates was followed in due time by a decrease
in fertility as households realize that they can achieve the desired number of surviving children with a
lower number of births (Becker 1960). During the adjustment, the gap between birth and death rates
caused population to grow.

In the Unified Growth Theory (Galor 2011 and 2012 Madsen and Strulik forthcoming), population
growth is a component of the transition from the Malthusian to the post-Malthusian stage. The rise of

income from technical progress increases fertility and population growth accelerated technical progress,

36 The number of series common to both data-bases rises from six in the 1800s (France, England and the four
Scandinavian countries) to twenty since the early 1880s. For each of them, we compute the population series
implicit in natural increase from Delventhal et al (2021) extrapolating our figure for population in the initial year of
their series. The aggregate difference (Root Mean Square Error) is negligible in the first half of the 19*" century,
rises to about 10% in the 1880s and then to 20% after World War One. Unfortunately, it is not possible to analyze
the differences with Riley (2005b), as his list of references was published only on line and it is no longer available
on the web (as of July 2022).



until the transition to the Modern Growth Regime. Fertility declines as households decided to reduce
the number (‘quantity’) of their children in order to increase their human capital (‘quality’) to match
the demand of skills from technical progress. The model assumes as an historical fact the decline in
(infant and child) mortality, arguing that it could affect fertility only under specific conditions (e.g.
uncertain number of surviving children for strongly risk-averse households) 3’

We sum up the predictions of the two models about population growth in Figure 10. It simulates the

changes in rate of natural increase over a one hundred year period in a ultra-simplified scenario, with

breaks in CDR and CBR coinciding in time and linear changes between them

Figure 10

Models of demographic change
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37 The increase in ‘quantity’ of children could accelerate the decline in fertility. Ceteris paribus, it reduces resources
per child and thus, if not matched by a parallel decrease in demand for skills, strengthens the incentives to change

the reproductive behaviour.
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The timing of breaks in the population series coincide by construction, and thus the two models cannot
be distinguished. The UGT does return lower population rates but only because we assume zero effects
of growth/technical on mortality in the post-Malthusian stage and fertility is physiologically constrained.
The figures purposely show three breaks but the number can be much higher if trends CBR and CDR not
linear or breaks in the series do not coincide.

These stylized models suggest three historical questions
i) which combination of changes in CDR and CBR drove population growth?

ii) why did mortality decline? Was it a consequence of modern economic growth or of other exogenous
factors?
iii) why did fertility change? How did changes in mortality or in labour market affect the households’
reproductive behaviour

The economic history and demography literature on these issues is huge but not fully suitable to
answer to these questions, for two reasons. First, it deals with different research questions
a) was the pre-industrial demographic regime Malthusian?

b) how much did modern economic growth reduce mortality?
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c) is the quality-quantity trade off a realistic representation of the determinants of demographic
behavior?

Second, its coverage across time and space is severely constrained by the lack of data. The existence of
Malthusian check has been tested almost exclusively for preindustrial Europe, and the determinants of
mortality and fertility mostly for advanced countries since the second half of the 19" century. But
advanced countries, even in an extensive definition, accounted for only 13.6% of world population in
1800 and one cannot extend mechanically any result to other areas and periods
6.2 Estimate the contribution of mortality and fertility to population growth would need series of crude
birth and death rates over the whole period of transition3®. Unfortunately, these series are available
only for very few cases. Most country series for Europe start only in mid=19% century (Rothenbacher
2002 and 2012) and there almost no series for the rest of the world before WWII. As far as we know,
before 1800, there are series of vital statistics for only seven European countries, and only two of
them, for England and Centre-North Italy, the data extend back in time beyond 1700 (Figure Il
Appendix). Furthermore, the series for France are not suitable for time series analysis as they refer to
five-years averages until the 1810s. We explore systematically the changes in birth and death rates of
the remaining five series from their start to 1913 with procedures outlined in Sections Four and Five. We
first single out break points with a Bai Perron test and then we estimate the corresponding rates of
change of the series and also of volatility of death rates . In most cases, the break points of the two

series coincide or are close in time — seven out of nine breaks are less than 25 years apart, but patterns

differ quite markedly among countries (cf. Table Il Statistical Appendix). In England, (Centre-North) Italy

38 The figure refers to Western, Southern and Central Europe, North America and Australia/New Zealand. Adding
Far East (Japan and Korea) the share would increase by about one percentage point.

39 |n the case at hand, the crude birth rate is more representative than marital fertility (or age specific birth rates)
because it captures all birth, including illegitimate children

0 The Danish series cover two separate periods, 1705-1800 and 1800-1850. Given the gap 1800 to 1850, we
estimate separately rates of changes for the two periods
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fertility started to rise about a century earlier than mortality to decline (respectively in 1633 and 1727 in
England and in 1753 and 1857 in Italy). In England, fertility rise accounted for most population growth
until the 1830s In Sweden and Norway fertility started to rise and mortality to decline roughly at the
same time, respectively since 1770 and since the early 19 century (1814 for birth rates and 1807 for
death rates). Only in Germany the pattern followed the standard model, with a significant mortality
decline since 1729 followed by a significant decline in fertility since 1795. The result for Norway,
Germany and Denmark are somewhat uncertain because the series are too short 4.

In short the long-term series for Europe does not tally with the standard model — if any the two longer
series would lend some support to the UGT model. This hypothesis is buttressed by some historical
evidence for other countries. The life expectancy at birth in the area around Moscow was low (24 years)
and stable from mid-18" to mid-19*" century(Blum and Troitskaya 1997) and the nationwide crude
death rate remained high from 1867 to the early 20" century (Natkhov and Vasilenok forthcoming).
Mortality remained stable, although on slightly lower level, from the 18" to the 20*" century also in
China (Lee and Wang 1999). But the evidence is still insufficient for drawing a firm conclusion. Thus, in
the following we use the econometric literature on causes of trends in fertility and mortality as source of
insights to match with the historical evidence on not covered periods and countries
6.3 The negative correlation between mortality and GDP per capita first suggested by the seminal paper
by Preston (1975) and it has been confirmed by several recent works in historical perspective. For
instance, Prados (2022) runs cross section regressions for a large number of countries from 1870
onwards and finds that the relation between GDP per capita and life expectancy is positive, non linear

and shifting in time (a higher life expectancy for the same level of GDP) and that it accounts for 63% of

41 The significant trends in Norway and Germany coincide with the start of the series and thus it is not possible to
date their start. The series for Denmark show no significant trends in 1705-1800 and a significant decline for both
fertility and (faster) mortality from 1850 onwards but the gap in the first half of the century prevents any inference
on their start.
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improvement in life expectancy and in 1870-1913 and for 26% in 1913-1950. The price for a large
sample of countries is the wide resort to proxies for both GDP and life expectancy (e.g. heights in Africa
for life expectancy #2. The positive effect of growth on mortality is confirmed for a smaller sample of
countries with good demographic data by Murtin (2013): GDP per worker is negatively associated with
infant mortality (from 1870 to 2000) and positively, with a non linear relation, with life expectancy (1930
to 2000). On top of this, the relation is highly plausible as GDP per capita reduced mortality via with
several mechanisms. Greater agricultural production and higher incomes allow food consumption to
exceed minimum requirements for the whole population, with a positive effect on infant mortality,
resistance to diseases and workers productivity, as forcefully argued by Fogel (1986, 1991, 1997). Better
nutrition of English mothers reduced the share of stillbirths (Wrigley 1998). Market integration is often
said to have contributed by making easier to provide relief in remaining crop failures. Last but not least,
higher incomes make it possible to improve housing and afford more heating (and thus reduce risk of
pulmonary diseases) and make it possible to invest in sanitation, subject to political decision-making
process. Thus, modern economic growth reduced demographic shocks from famines and epidemics and
for this reason, as said, conventional wisdom expected demographic shocks to have become less severe.
The results of the extensive literature on Malthusian hypothesis in pre-industrial Europe are not
clear-cut and in some cases, most notably England, the characterization of demographic behavior as
Malthusian is controversial. For instance, Moeller and Sharp (2014) title their paper Malthus in
cointegration space: evidence of a post-Malthusian pre-industrial England while Madsen et al (2019 p.67)
conclude that ‘the Malthusian era lasted until the 19th century, when accelerating technological change

led to rapid population growth’. Arguably, these different opinions depend on econometric techniques

42 Cf for the data base .. Two other recent papers arrive to similar conclusion but they suffer of even more serious
data problem. Jetter et al (2019) extract series of death rates and GDP capita for 197 countries over 213 years
from Gapminder which does not report any source. As said in Section Five, Delventhal et al (2021) estimate birth
and death rates with an econometric exercise under the assumption of a standard model of transition and gets
GDP series (for 47 countries) with extensive interpolations.
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and definitions of ‘Malthusian’, but we need not to dwell on this here. From our point of view, key
result is that elasticity of fertility to wages was positive and high enough so that growth in GDP per
capita, if not stifled by Malthusian constraints, would explain the increase in fertility. This seems to
have been the case in England (Moller and Sharp 2014 tab 5) but not necessarily for Centre-North Italy.
Fernihough (2013) finds a positive but small elasticity (0.13) of birth to wages, possibly declining over
time, in 1650-1881, while the elasticity was negative according to Pedersen et al (2021) and Chiarini
(2010), who covers the period 1370-1870 with decadal averages.

In the historical literature about fertility and reproductive behavior there is no counterpart of the
Preston equation. Most recent works deal with the causes of fertility decline, with a substantial
literature on late 18" / early 19" century France, which experienced early parallel decline in fertility
and mortality since 1he 1740s (Appendix Figure..), and several test of the UGT quantity/quality trade
off. Both research agendas focus on the effects of education and culture rather than GDP and anyway
the results on causes of fertility decline have to be used with caution to understand its rise. Yet some
insights can be obtained from works which add GDP as control. For instance, Murphy (2015) estimates
an elasticity 0.05 of marital fertility to income. The above mentioned paper by Murtin (2013) shows
also a positive, non linear effect of GDP per worker on birth rates from 1870 to 2000, after controlling
for education and mortality. In contrast Madsen and Strulik (forthcoming), for 21 advanced countries
1750-2000 find that income variable either not significant or negative but with ‘minuscule’ effect. This
result is somewhat surprising, because children were a normal good.

6.4. Overall the evidence, although incomplete, suggests increase GDP per capita caused population
growth via declining mortality and, at least in an early stage of modern economic growth, increasing
fertility. Alas, this conclusion is not much helpful to explain the start of transition. In 17" century
England, the rise in fertility and/or decline mortality coincided with an upward trend in GDP per capita,

but this seems to have been an exception in Europe (cf Table... ??). In the 18" century GDP per capita
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was declining in China (Broadberry et al 2021) and at best stagnant in India (Broadberry et al 2015b ),
where real wages were declining (De Zwart and Lucassen 2020). The data from the Maddison project
make it possible to compare rates of growth in GDP per capita before and after the start of transition (as
defined as the thirty years after the dates from Table 6) for nine out of eighteen areas (Fig 11)*

Figure 11
Rates of growth in GDP per capita, before and after the start of the transition, 1820-1938

M Before start After 30 years From start to 1938

In most cases, the differences between rates before and immediately after the transition are small and
the latter are very low. Substantial differences appear only if the period is extended to 1938. Actually, it
has been argued that population growth explained the decline in GDP per capita in 18 century Italy
(Malanima 2010) and Russia (Broadberry and Korchmina 2022). If not modern economic growth, what
else? More precisely, which exogenous factors can explain the decline in mortality and rise in fertility?

The archetypal exogenous cause for the decline in mortality is progress in medicine. Much of the
decline in mortality after World War Two was determined by new drugs such as sulfa drugs or

antibiotics (Riley 2001, Acemoglu and Johnson 2007 Jayachandran et al 2011 Floud et al 20111) but

3 For the other nine areas, the Maddison project does not report GDP data at all (Pacific Islands, Sub-Saharian
Africa) or for the period before transition (e.g. Latin America or Europe).
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there was no comparable breakthrough in cure in the 18™ and early 19'" century. The major innovations
were the inoculation and then vaccination against smallpox (Crosby 2008, Kotar and Gessler 2013,
Davenport et al 2016) and the germ theory. Mortality from smallpox was sharply reduced in Europe,
even if epidemic of smallpox hit London (Guy 1882) and Germany and neighbouring countries (Kotar
and Gessler 2017 pp.175-179) as late as the 1870s. Its early introduction boosted the population of
Java, where it started in 1804, relative to other islands, where the campaign took off only in the 1860s
(Bosma 2015). The germ theory arrived later. Snow first put forward hi hypothesis of a link between
infected water and cholera in 1849 and the theory was fully developed by Pasteur and Koch in the
second half of the 19" century. Micro analysis document the large positive impact of availability of
running water and waste disposals on urban mortality in England Chapman 2019, Aidt et al
forthcoming), Paris (Kesztenbaum and Rosenthal 2017) and Boston (Alsan and Goldin 2019). However,
the wave of investment was limited to advanced countries, which could afford to pay for them and
anyway it is too late to explain early decline mortality. The situation was different in the first half of the
century: the declining heights in the United States (Komlos and A’Hearn 2017), England (Cinnirella 2008)
and Western Europe (Komlos 1998) suggests that health conditions in Western cities, if any, were
deteriorating in the early stages of modern economic growth. Urban life expectancy increased clearly
only in the 19' century in advanced countries (Chaudhary and Lindert 2021, Davenport and Saito 2021,
Davenport et al 2020, Haines 2000b). We know much less on rest of the world but at least in Greece it
remained high until the end of the century (Raftakis forthcoming).

The increase in agricultural production and market integration were surely related to GDP growth
(actually the increase was a major driver of it), but one might argue that they were partially exogenous.
Market integration was determined by abolition trade barriers and by technical progress in shipping
(Federico 2019). Chevet and O’ Grada (2002) argue that French market, although not well integrated,

helped to reduce the impact of famines 1693/4 and 1709-10. Overall, Europe modest gains 18"
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century, which were anyway reversed during Napoleonic period (Federico et al 2021). Massive process
of integration after 1815 so at best it reinforced the trend. Railroads in India reduced famines, (Burgess
and Donaldson 2011). The most relevant agricultural innovation was the introduction of American
crops. —i.e. potatoes, maize and cassava. They increased quantities of calories per unit of land without
affecting much GDP as they cost less than traditional cereals **. Nunn and Qiang (2011) argue that
introduction of potatoes (proxied by alleged land suitability rather than by actual cultivation) account
for a quarter of increase European population (measured by the McEvedy Jones 1978 data) from 1750
to 2000. The spread of maize cultivation increased food availability and population in 18" century
Northern Italy (Malanima 2006). Deng and Shenmin (2019) list maize among the causes of the
‘extraordinary’ population growth in 18" century China, jointly with the decreasing taxation, the
settlement of farmers in frontier areas (Sichuan, Mongolia etc) and the public provision of famine relief
via public granaries. The real game changer was the availability of fertilizers. Chilean nitrates and
Peruvian guano started to be imported in Europe since the 1830s and chemical fertilizers were
massively adopted in advanced countries towards the end of the century (Federico 2005). On the
other hand, in a Malthusian world the effects of innovations are bound to be temporary and the
benefits in terms of reduction of mortality crises are clear only for Europe in the 19'" century (cf.
Statistical Appendix tables | and Ill).

Whatever the exact mix of causes of decline of mortality and the contribution of modern economic
growth, they cannot explain the fertility rise which preceded it. Can it be explained by some exogenous
factor? Reproductive behavior is heavily affected by cultural factors: recent research stresses their role
in determining the timing and geographical diffusion of decline in France (de la Croix and Perrin 2018,

Perrin 2022, Daudin et al 2019) and all over Europe (Spolaore and Waczjarg 2022). It seems however

4 VA agriculture computed as gross output less purchased inputs (e.g. fertilizers), which very limited or not-
existent in traditional agriculture. Gross output quantity net of seeds and re-uses times price. Note that also more
work
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more difficult to hypothesize a cultural change which caused an increase in birth rate. The literature on
18" century Western Europe suggests two possible causes for higher fertility, the industrious revolution
and the deskilling effect of early technical progress. The term industrious revolution (De Vries 2008)
refers to a substantial increase in supply of labour, especially by women and children, as a reaction to
the exogenous widening of tropical products on offer {Hersch and Voth ??)*. It is possible that the
prospects of higher income pushed people to marry earlier and thus have more children (Birdsall 1983).
Indeed, the age at marriage female decreased from 26.3 years in 1710s to a minimum 23.2 years in
1830s (Wrigley et al 1997 tab 5.3). Deskilling technical progress would reduce the need for
apprenticeship training for manufacturing jobs and thus the incentives to prefer quality. The existence
and strength of deskilling trend during the industrial revolution has long been debated but recent work
suggests a complex pattern, with deskilling for former artisans, some increase in skills for former
agricultural workers employed in factories and a growing role for an elite of ‘mechanics’ (Feldman and
van der Beek 2016, de Pleijt et al 2020, Kelly et al 2023). The aggregate estimates show a decreases in
the share of skilled workers (de Pleijt and Weisdorf 2017 ) and in the average number of years of
education (de Plieji 2018). The industrious revolution and deskilling are unlikely to have been really
relevant elsewhere in the 19" or early 20" century. Thus, we conclude by putting forward two more
general, admittedly tentative, explanations, land abundance and changes in income distribution.

If land abundant, the Malthusian constraints were not binding: with constant land per worker
productivity does not decline and opportunity cost of rearing children are very low. Land abundance is
usually associated with Western settlement countries (Haines 2000a) but many countries expanded in
previously lightly populated areas. — e.g. the Russian empire expanded southwards since the in the 18"

century, increasing cropland by about a half in the first six decades of the 19t century with stable cereal

% The increase in labour supply increased GDP but we still include it as a potential autonomous cause because the
labour share grew (Federico et al forthcoming)
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yields (Broadberry-Korchmina 2022). However, land was abundant also before the 18" century: why
did population not start growing earlier? Possible speculative answer, First, population growth was
stifled by (exogenous) shocks, such the pandemics (e.g. the Black Death), the spread of European
diseases in the Americas and wars (e.g. the Mongol and Manchu invasions in China). Second, the lack of
organized states in sparsely populated areas is likely to have prevented settlement.

The effect of changes in income distribution on birth rates are quite complex. From one hand, in pre-
transition world, fertility, but not necessarily mortality, was positively related to wealth or income (e.g.
Chen 2011, Cummings 2020, Saleh forthcoming). Thus, in theory, worsening in distribution could
increase fertility, if it reflected an increase in the number of ‘rich’ high fertility households, but not if a
higher income of the same top households. On the other hand, an improvement in distribution would
affect positively fertility if it gave the really poor to means to marry. The two effects are not necessarily
compensating, as they affect different segments of the distribution. The Fertility maximizing change in
distribution would follow a U-pattern, with increases of income at the left tail, especially around or
below poverty line, and at the right one. Testing this effect needs data on change income by decile, as
Milanovic (2016) elephant curve, but unfortunately, as far as we know there are no such historical data
of income changes (cf. for an exception Vecchi 2017).

7) Conclusion

Our work has confirmed the conventional wisdom about world-wide long run trends in population. It did
grow in the long run and the growth accelerated in the early 20" century, as a harbinger of the post war
population boom. On top of this, it has established two new stylized facts. First volatility remained fairly
high and demographic crises were widespread and frequent. Second, in most areas the population
growth featured an upward break at different periods in time from the 18" century to around 1920 at

the latest. In quite a few cases, however, population was increasing, albeit slowly, also before that
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break. Immigration boosted population growth in some areas but reduced it in others — worldwide the
effects compensate.

These results do not tally well with the conventional wisdom on demographic transition, as inspired
mostly by a stylized view of the historical experience of advanced countries. The most recent data on
Europe show a rise in fertility jointly or before the start of decline in mortality. The limited evidence on
death rate in the rest of the world is scarce but seems to rule out a massive fall in mortality before the
20%™ century. Indeed, the literature suggests that mortality could be reduced by economic growth or by
progress in medicine and neither was much present in the periphery before 1938. Thus, we infer that
population growth was driven also, if not mostly, by an increase in fertility. We have also discussed
possible causes of the hypothesized increase in fertility, such as changes in political situation which
made it possible to exploit unused land or changes in income distribution. These are only tentative
suggestions, but our results highlight the need to explore population history beyond the strictures of the

standard models of transition.
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Statistical Appendix

Table |

Rates of change in volatility, Hodrick-Prescott filter, by area

North Africa
Sub-Saharian Africa
North America
Caribbean

Immigration Latin
America
Latin America

Middle East
India

China
South-East Asia
Far East
Western Europe
Southern Europe
Central Europe
Balkans

Eastern Europe
Australia New Zealand
Pacific Islands

1800-1938
time share
2.14%** 0.53
3.82%*x 0.06
0.98 -0.26
0.22 -0.14
-0.39 -0.18**
-0.53* -0.65***
4.,00%** 0.03
0.18 -0.02
0.89** -0.57%%**
-0.57* -0.13
-0.37 -0.15*
-0.52 0.12
-1.79* -0.01
1.33* NA
4.25%** 0.17
3.11%** NA
-2.54%*** 0.11
1.69%** -0.17

1800-1913
time share
3.17%** 1.12%*
3.30%** 0.07
0.93 -0.21
0.04 -0.17
-1.37%%%  0.28**
-0.54 -0.61**
4.50%** 0.23
-0.17 0.06
0.67 -0.69***
-0.64* -0.14
-0.78 -0.17%*
-2.12* 0.03
-3.71%** -0.09
-0.82 NA
4. 71%** 0.01
3.11%%* NA
-3.13%** 0.07
1.38** -0.21*

time

2.29%*x*
3.47**x*
0.51
0.07
-0.46

-0.52*
3.91%**
0.04
1.03%**
-0.73**
-0.34
-1.01
-2.70%**
0.59
3.78**x*
2.86%**
-3.27%**
1.59***

50

1800-1938

Share

0.56
0.13
-0.22
0.00
-0.18*

-0.65***
0.10
0.03

-0.57***
-0.10

-0.15*
0.11
-0.07

NA
-0.10

NA

0.05
-0.18*

dummy
1910s

-1.03
3.36***
3.80***
1.56%**

0.52

-0.07
1.32%%*
2.31%++
-0.99
1.42%*
-0.15
3.28%**
4.74%%x
5.85%**
5.65%**
2.20
4.91%**
0.50



Table Il

‘Modeled’ and ‘projected’ samples Delventhal et al 2021

North Africa
Sub-Saharian Africa
North America
Caribbean
Immigration Latin
America

Latin America
Middle East

India

China

South-East Asia

Far East

Western Europe
Southern Europe
Central Europe
Balkans

Eastern Europe
Australia New Zealand
Pacific Islands
World

Number
polities

e~ R CSR

NA

R W Rk u o Rk

NA
NA
38

Share Share Number Share
population potential polities | population
reference | observations first year
year
45.1 4.0 5 100.0
10.5 1.2 35 93.1
92.4 33.5 2 99.7
23.9 8.4 13 94.3
15.1 25.7 3 100.0
58.6 12.2 15 98.4
42.1 1.6 13 99.1
94.2 21.6 5 100.0
4 98.7
6 100.0
75.5 24.1 2 100.0
91.6 78.9 10 100.0
92.8 39.4 6 100.0
28.9 78.2 3 100.0
63.5 47.5 4 64.6
100.0 14.8 2 100.0
2 100.0
3 0.8
51.326655 15.3 133 87.6

51

Share
potential
observations

23.2
22.5
79.9
20.3
53.0

34.0
11.0
26.9
9.0
29.0
241
79.3
45.2
79.0
65.6
18.9
61.9
12.0
313

In Statistical Appendix (number polities — at pre-1938 borders, coverage population in the years of
beginning transition and share of observations (modeled or projected) out of the total potential

In Table 6 we keep separate the results for the actual data (‘core sample’) from the total ones (‘full
sample’), reporting for each the number of polities (col. 1), their coverage on population in the starting
year of the transition (col.2) and the implicit starting date of transition (col.3)%.

Table 11l

46 The number of potential observations for each polity is equal to the number of years of its existence before
1938-i.e. 139 in most cases and 20 (1919-1938) for polities established after World War One (Poland etc.)



Rates of change in fertility, mortality and GDP per capita, Europe 1560-1913

Fertility GDP Mortality
Rates Volatility GDP

Denmark
1705-1800 0.01 NA 1705-1800 -0.07 -2.85*** NA
1850-1913 -0.29*** 1.26 1850-1913 -0.76*** -2.27 1.26
England
1541-1633 -0.16***  -0.10 1541-1656 -0.08 -0.74 0.08
1633-1739 0.16** 0.48 1657-1726 -0.13 -1.58 0.44
1739-1834 0.23%** 0.38 1727-1833 -0.19*** 0.61 0.34
1834-1913 -0.89 0.98 1833-1913 -0.74%** 1.72 0.99
Germany
1729-1795 2.96 0.04 1729-1833 -0.24*** 2. 01%** 0.2
1795-1856 -0.17*** 0.47
1856-1913 -0.77%* 1.48 1833-1913 -0.78%** .2 72¥*x* 1.21
Italy
1650-1753 -0.28*** 0.10 1650-1728 -0.09 0.89 0.21
1753-1839 0.35%** 0.08 1728-1857 0.05 -0.38 -0.13
1839-1913 -0.18*** 0.53 1857-1913 -0.89*** -0.02 0.78
Norway
1770-1815 0.23* NA 1770-1850 -0.52%** -2.41*%* NA
1815-1913 0.28** 1.47a 1850-1913 -0.52*** .3 81** 1.52
Sweden
1749-1814 -0.18 -0.09 1749-1807 -0.21 1.49 -0.13
1814-1914 -0.38*** 1.16 1807-1914 -0.62%** -3.41 1.11

a 1830 Significant * 10%,** 5% *** 1%
Sources: fertility and mortality Appendix A, GDP per capita Maddison project DB (three years average)
except Germany Pfister-Fertig 2022

Appendix Figures
Fig |

Shares of areas by continent
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Fig Il Crude Birth and death rates (kernel Epanechnikov). Vertical lines Germany and Italy mark major changes in
territorial coverage

a) England and Wales
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b) France
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c) Denmark
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d) Sweden
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e) Norway
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f) Germany
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g) Italy



59

60

50

40/\

20

10

0
[eNelNelNeolNolNolNolNolNolNolNoNeoleoNoBNoNoBNoBoBoNeohoNoNeoNoNoNoNoNoNe)
N O N O A AN MNST N OMN~NOOODO AN M WM ONOOOO I aNM
O O W WOWONNNNMNMNMNMNSNMNIEGNSGOGO O 0 0 OO0 O O o Oy O
™ A A A A A A A A A A A A A A A A

e hirths deaths

Source 1650-1861 Galloway 1994 1862-1938 Rothenbacher 2002

Appendix A
Population before 1800

This Appendix deals with population trends before 1800. We have not made any original effort to cover
the world. We have collected series for European countries and China plus benchmark estimates for
Russia, India and Japan and we also report the figures for world population from major estimates.

We have been able to build series for three macro-areas, Western, Central and Southern Europe, with a
somewhat limited geographical coverage. The series for Western Europe starts in 1560 and includes
England/United Kingdom (Broadberry et al 2015), France, joining data by Dupaquier (1995) for 1550-
1739 and by Henry and Blayo (1975) for 1740-1799, Sweden (Schon and Krantz 2012) and Netherlands
(Paping 2014)%. These four countries total accounts for 87.2% of the total population of Western Europe
in 1800. We have not included series for Finland (Voutilainen et al 2020), Denmark (Sandholt Jensen et
al 2020) and Norway (Historik Statistikk 1968) start later (1647, 1735 and 1736) but correlated with
series respectively 0.898, 0.990 and 0.986. The series for Central Europe starts in 1690 and covers (most
of) Germany (Pfister and Fertig 2020). In 1800 these areas accounted for 88.5% population of Germany
in her 1871 boundaries and for 41.4% of population of Central Europe, including Austria-Hungary and
Swtzerland. The series for Southern Europe begins in 1650 and features Centre-North Italy (Galloway
1994), Portugal (Palma and Reis 2019) and Spain (Prados de la Escosura et al 2022). The covered areas
accounted for 71.9% of population of the three countries in 1800, and for 71.3% of Southern Europe.
We have computed a series for Italy by projecting backwards the total country population with an index
for the population of the Centre-North —assuming trends to be similar. We report the result in Figure
Al

47 Series for France Netherlands report only ten or five years intervals. We compute the series by attributing the
average to the mid-period year and then interpolating from mid period (e.g. 1560-1569 attributed to 1564)
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Figure A.1
European population, 1800=1
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The demographic history of China has attracted much attention and controversies, especially abut the
reliability of the official bao-jia statistics (Deng 2004 and Federico and Tena-Junguito 2022). Figure A.2
reports two series, a linear interpolation between benchmarks from Maddison (1998), who revised the
estimate by Liu and Hwang (1979) and Perkins (1968) and we the official statistics, as reported by Ho
(1959 Appendix 1).

Figure A2

Chinese population, 1650-1800 (million)
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Table A.1 reports two recent, independent estimates
Table A.1
Chinese population (millions)
Shi 2020 Cao 2000, inner | Cao, total
Appendix | empire
1661 120 1680 183 186
1683 139
1727 175
1766 278 1776 307 312
1812 367 1820 376 383

61

In both cases, we focus on the period following the Manchu invasion (1644), which caused a sharp fall in
population. The initial growth thus includes the recovery from the shock, but the population in the Qing
period exceeded by far any previous maximum

The data for other countries are more scattered (Table A.2)

Table A.2
Population other countries (millions)
Russia India Japan
1646 borders | Empire
1600 17
1646 7.0 7.0 1650 55.5
1678 9.6 11.2
1700 64.1
1719 13.6 15.6 1721 31.3
1732 315
1750 74.2 1750 30.3
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1762 18.1 23.2 1768 30.7
1796 23.8 37.4 1792 29.1
1815 28.6 46.3 1801 80.9 1804 30.7

Sources Russia Broadberry and Korchmina 2022 Tab 1, India Broadberry et al 2015 Table 3, Japan 1600

Bassino et al 2019 Table 1 and 1721- 1804 revised official enumerations Biraben 1993

Last but not least, Table A3 reports selected estimates of total world population

Table A.3
World population, 1500-1800 (millions)
1500 1600 1650 1700 1750 1800

Willcox (1940) 470 694 919
Carr-Saunders (1936) 545 728 906
Bennett (1954) 518 617 749 919
Clark (1967) 428 498 641 731 890
McEvedy and Jones (1978) 425 545 545 610 720 900
Biraben (1979) 461 578 780 771 954
Klein Goldewijk et al 2010 461 554 603 814 990 461
Maddison (2010) 438 556 603 1042
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