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Abstract

Economists’ understanding of long-run economic development has greatly improved thanks to
the historical statistics compiled by the late Angus Maddison. Yet his method for comparing
income levels across countries and over time has come under increasing criticism. New
estimates of comparative income level often show markedly different outcomes than
Maddison’s projection (or extrapolation) method based on a single, modern-day relative income
benchmark. In this paper, we draw on modern and historical cross-country income comparisons
and incorporate these into a novel measure of real GDP per capita over the very long run. The
resulting new version of the Maddison Project Database thereby does greater justice to
historical insights and provides a fresh impetus for future research. We present applications to
estimating cross-country income convergence and the Balassa-Samuelson effect and
demonstrate that how our new measure of real GDP per capita is a substantial improvement.
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1. Introduction

Angus Maddison has greatly contributed to economists’ understanding of long-run economic
development through his Historical Statistics of the World Economy.? By judiciously
combining estimates of comparative levels of real GDP per capita in recent periods with long-
term time series of growth of GDP per capita, his database provides the broadest coverage of
comparative income data and is amongst the most widely used sources of economic data in the
world. Especially for the period before 1950, this is the dominant database, providing
systematic and broad cross-country information on comparative income levels.® Since his
passing, the development of the Maddison Project Database (MPD) has moved to a new
generation of scholars.* In this paper we introduce a new approach to the measurement of real

GDP per capita over the very long and introduce a new version of the database.

Most importantly, we ‘rebase’ the MPD by incorporating a wealth of historical data on
comparative living standards and economic activity, much of which builds on Maddison’s
pioneering work. The latest series developed by Maddison were based on a single modern-day
cross-country comparison of relative income levels, for the year 1990, projected forwards and
backwards using data on growth of GDP per capita. Yet extended back over many decades and
even centuries, these projections diverged substantially from independent ‘benchmark’
comparisons of relative income or living standards for early periods.® This is consistent with a
recent literature on how differences in real GDP per capita between benchmarks comparisons
can diverge from GDP growth from national statistics over the same period.® Changing
economic structures and measurement error and biases in cross-country price comparisons are
important explanations for such differences. But especially over longer time scales, growth
figures also turn unreliable, especially when covering periods of war, rapid inflation or weak-
to-non-existent statistical systems. A consequence is that research results can be sensitive to the
version of a database that is used in a study.” This has been one reason why versions 8 and 9 of
the Penn World Table (PWT) introduced real GDP series that rely on multiple benchmark

comparisons of prices and income; see Feenstra, Inklaar and Timmer (2015).

2 See Maddison (1995, 2001, 2007).

3 Though Barro and Ursta (2008) have gone to great lengths to better capture data on economic fluctuations for
42 countries since 1800.

4 See Bolt and van Zanden (2014) for a first new version.

> Prominent examples are Prados de la Escosura (2000) and Lindert and Williamson (2016).

® See Deaton (2010), Deaton and Aten (2017) and Inklaar and Rao (2017).

7 See Johnson, Larson, Papageorgiou and Subramanian (2013) and Ciccone and Jarocifiski (2010).
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In this paper, we implement a multiple benchmark approach for the MPD based, primarily, on
(i) post-1950 price benchmarks (as also used in PWT) and (ii) pre-1950 real GDP per capita
benchmarks based on a variety of historical studies.2® In our new dataset on historical
benchmarks we incorporate relative income levels for 36 out of the 77 countries for which there
are income estimates available prior to 1950. By integrating independent comparative income
estimates for earlier periods, the measurement of long-term relative income developments is
more closely related to research covering this historical period. An important benefit is that
subsequent new, contemporaneous price and income comparisons — such as a new round of the
International Comparison Program (ICP) — can be incorporated into the MPD without these
new numbers rewriting history; only new historical research can rewrite (or affirm) current
estimates. Inaddition, we incorporate recent estimates of historical national accounts for a range
of countries to provide a new version of the MPD that is state-of-the-art and provides a more
extensive picture of comparative income levels than had been available thus far, with coverage

for over 160 countries and the period from Roman times to the present.

The rest of this paper is organized as follows. In Section 2, we provide a guided tour of the data
in the MPD, highlighting the main variables, briefly discussing their construction and indicating
areas of research where they can be helpful. As in newer versions of PWT, the MPD
distinguishes between a series of real GDP that is useful for comparing income levels across
countries and a series that is useful for comparing growth performance over time. We also use
this section to emphasize that our measurement goal is GDP per capita, i.e. an economy’s
productive, income-generating capacity. While GDP per capita relates to the standard of living
in a country or the broader wellbeing of its population, it is certainly not the same concept; this
should be borne in mind throughout. Section 3 discusses in greater detail the methodology for
comparing income levels, at a point in time, but especially over a (long) period of time. Section
4 discusses the implementation of the multiple-benchmark approach including a discussion of
the different types of information that are developed and used in the different periods. This also
includes a discussion of how our chosen approach compares to other methods, such as indirect
benchmark estimates.'® Section 5 discusses a number of applications, highlighting where the

new database sheds new light on existing questions. We examine the shape of regional

8 With Ward and Devereux (2016) as a major contributor.

® Given limited estimates available for Africa, we apply an indirect method for estimating comparative income
levels based on real wage comparisons, similar to Allen (2001) or Lindert and Williamson (2016), for the year
1950. See Appendix D for more details.

10 E.g. Prados de la Escosura (2000).



economic development, the estimation of cross-country income convergence, extending Barro
(2015), the relationship between relative income and relative prices — the Balassa-Samuelson
effect — in history and the gap between GDP per capita in the United Kingdom and the United
States. We show that our new measure of real GDP per capita based on multiple cross-country
income comparisons yields more reliable estimates of cross-country income convergence and
more plausible estimates of the Balassa-Samuelson effect. In Section 6 we conclude by stressing
that we use this paper and this new version of the MPD not to solidify a ‘true’ account of relative
income levels in history, but rather to provide a state-of-the-art snapshot and a statistical
platform. We see this as an opportunity to acknowledge and emphasize where our current
information is strongest and most reliable and in which places there are important gaps in our
knowledge. This paper is thus also an invitation to other scholars to extend our knowledge and

to bridge those gaps by contributing to the MPD in the future.

2. User guide to the data

The main aim of the MPD is to provide data on GDP per capita for comparisons of relative
income levels across countries. This is often called ‘real GDP per capita’ in the international
comparisons literature, where ‘real’ refers to the series being based on a common set of prices
across countries. In the original work by Maddison (1995, 2001, 2007), such data was compiled
by starting from a modern-day cross-country income comparison — for the year 1990 — and then
using growth rates of GDP per capita from (reconstructed historical) National Accounts to make
comparisons for earlier years. An attractive feature of those data was that the change in real
GDP per capita over time matches the growth rate from those National Accounts. However,
this internal consistency came at the expense of distorted real GDP per capita comparisons in
earlier years; see Section 3 on how, for instance, changing consumption patterns can lead to
such distortions. Limitations to data quality also means that estimating the growth of GDP per
capita over many decades, or even centuries, is a hazardous undertaking that, despite the best
effort of statisticians and researchers, will always be surrounded by a degree of uncertainty. As
a result, earlier estimates of relative income levels diverge substantially from standalone
benchmark comparisons or independent estimates of relative income for those early periods
(e.g. Ward and Devereux, 2018 and Prados de la Escosura, 2000).

In the new version of the MPD, we therefore introduce a new measure of real GDP per capita
based on multiple benchmark comparisons of prices and incomes across countries. The
resulting measure of real GDP per capita can best be understood as based on prices that are

constant across countries but depend on the current year. In keeping with the terminology used
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in the Penn World Table (Feenstra et al. 2015), we refer to this measure of real GDP per capita
as CGDPpc. This variable is expressed in 2011 US dollars by correcting for inflation in the
United States to provide magnitudes that are comparable over time, but it is a ‘current’ measure
in the sense that the (implicit) relative prices used for the cross-country comparisons differ over
time. As a result, the relative income levels from this exercise more closely reflect direct
historical income comparisons. We rely on a number of different types of price or income
benchmarks in the construction of the MPD, which will be discussed in more detail in Section

3. We provide labels for all income observations indicating the method used to obtain it.

In addition to the CGDPpc series, we provide a measure of growth of GDP per capita that relies
on a single cross-country price comparison, for 2011. This series is also expressed in 2011 US
dollars (and CGDPpc = RGDPNApc in 2011), but its defining feature is that it tracks the
growth rate of GDP per capita as given in country National Accounts (or their historical
reconstructions). Following PWT, we refer to this measure of real GDP per capita as
RGDPNApc. This series is primarily useful for comparing growth rates of GDP per capita over
time. To also allow for a comparison of total GDP, the MPD provides information on
population, with variable POP. For the historical (pre-1950) period, data is sometimes available

for only population or only for GDP per capita, due to differences in basic data availability.

In compiling this dataset, we set a number of priorities, in line with the earlier work of
Maddison. First, the primary goal is to provide measures of GDP per capita, i.e. reflecting the
productive capacity of economies. GDP per capita is a measure that easily diverges from more
specific measures of comparative living standards of consumers or laborers,'* or more
comprehensive measures of welfare, that account for differences in health, leisure and
inequality.*2 GDP per capita is typically highly correlated with such measures of wellbeing, but
important differences can be seen. For example, in oil-rich countries in the Middle East (e.g.
Qatar or United Arab Emirates), GDP per capita is considerably higher than household
consumption per capita. An important benefit of GDP per capita is that it can be used not only
as an (imperfect) indicator of wellbeing or living standards, but can also serve as the basis for

productivity comparisons, which have the potential to shed more light on the (proximate)

11 As in e.g. Allen (2001) and Lindert and Williamson (2016).
12 See e.g. Jones and Klenow (2016) or Gallardo Albarran (2017).
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sources of cross-country income differences, such as differences in physical and human capital

and productivity.®

Another important choice is to maximize the coverage of countries and periods, to provide a
broad view on economic development in history. This, again, mirrors the approach of
Maddison, but comes at the cost of a sparser set of concepts covered. For example, PWT
provides an expenditure-level breakdown of GDP, as well as measures of physical and human
capital and productivity for the period since 1950 (Feenstra et al. 2015). In a more historical
context, Barro and Ursta (2008) provide data on consumption per capita, in addition to GDP
per capita for a smaller set of countries. While cognizant of this trade-off, we hope that by
providing the broadest possible canvas, the MPD can serve as basis for future research to extend

it in other directions.

By presenting two alternative real GDP per capita series, the differences become readily
apparent and these can be quite substantial. For a telling example, Switzerland’s real GDP per
capita in 1872 is either 67 percent of the US level (according to CGDPpc) or over 150 percent
of the US level (according to RGDPN Apc). Put differently, CGDPpc is only 43 percent as large
as RGDPNApc. This is the (perhaps unavoidable) result of having two independent
measurements, one of the relative level (CGDPpc) and one of the growth rate (which implies
RGDPNApc). Both series aim to capture different concepts, so for the question of the
appropriate level, we would suggest that CGDPpc is the most appropriate answer. However,
CGDPpc should not be used to compute growth rates over time since RGDPN Apc is the more
appropriate measure when trying to understand relative growth rates. We discuss conceptual
and practical reasons for divergences between these two series in Section 3.2, but this does not
lead to a reconciliation of the two or an assessment whether measurement errors are larger in

particular GDP growth series or in specific relative level comparisons.

These considerations call for a degree of modesty about the precision of any given real GDP
per capita number; see also the discussion of Deaton and Heston (2010) on uncertainties
surrounding relative price (and thus relative income) measurement. We therefore also provide
a separate set of estimates that follows the basic Maddison approach, linking his 1990
benchmark with the estimates of the growth of GDP per capita according to the official national

accounts and their predecessors in historical national accounting.

13 See e.g. Caselli (2005) or Hsieh and Klenow (2010).



3. Measurement of real GDP per capita

3.1 Measurement at a point in time

In any model of the economy that features non-traded as well as traded products, we can only
measure real GDP per capita by measuring and comparing price levels across countries. One
could compare real expenditure on traded products, using exchange rates to express nominal
expenditure in real terms, but only if one is willing to assume that the law-of-one-price (LOP)
holds. However, that is a strong assumption, already in modern times (e.g. Burstein and
Gopinath, 2014), but even more so in historical periods when barriers to trade and limited
market integration held sway (e.g. Irwin, 2005; O’Rourke, 2007). For non-traded products,
there is no mechanism that would push prices towards the LOP and it is amongst the stronger
empirical regularities in international economics that prices of non-traded products are
systematically lower in low-income economies. This is usually explained using the Balassa-
Samuelson hypothesis (Samuelson, 1994), whereby productivity differences between countries
are larger in traded goods than in non-traded goods. As a country develops and its productivity
in the traded sector increases, wages increase across the economy, leading to higher prices of
non-traded products. As a result, differences in income levels would be substantially overstated

if the comparison would be based on exchange-rate converted expenditure.

So rather than relying on exchange rates, the objective should be to estimate real GDP per capita
based on a comparison of prices of traded and non-traded products. Deaton and Heston (2010)
provide an extensive overview of the conceptual (as well as practical) challenges in making
such comparisons. From a conceptual perspective it might be a desirable goal to compare the
cost of living, so that a real expenditure comparison can be interpreted as a comparison of utility
across countries. However, in a world of non-homothetic and (quite possibly) non-identical
preferences, a true cost-of-living comparison faces substantial conceptual and practical
challenges, though see Neary (2004) for an approach of comparing cost-of-living assuming

identical but non-homothetic preferences.

A more achievable goal is to compare a weighted average of relative prices across countries,
drawing on index number theory. Let p; be the vector of prices in country j and let q; be the
vector of products. Nominal GDP in country j is then P;Y; = pjq;, the sum of spending on

(domestic) products.'* Given these vectors for two countries, we can implement the thought

' This implies that imported products enter in q; with a negative sign.
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experiment ‘what would a person in country k have to spend to purchase the same bundle of
products as a person in country j’ to arrive at the Laspeyres price index. The Paasche price
index is the outcome of the reverse though experiment, switching the bundle of products to that

of country k:

Piq; Pk Ak
P =i L= —F = (1)
Neither of the these thought experiments is inherently preferable as there is no reason why either

bundle of products should hold a privileged position. Let, therefore, be the Fisher price index
be:

BQZlefq] pqul @)

P;jq; Pjd«

The Fisher index has numerous desirable properties, amongst which is that if two countries are
compared where the consumer’s utility function has a homothetic, quadratic functional form,

this index will exactly measure the ratio of utilities u, /u; (Diewert, 1976).

In a setting of many countries, a drawback of the Fisher index is that price comparisons are not
transitive, i.e. the results depend on the base country, j here. As a result, comparing prices

between j and k directly will yield a different outcome than via a third country h: P},”c *
Pﬁl x PF,. To overcome this lack of transitivity we compare prices between j and k as the

average across all possible indirect comparisons with country h = 1, ..., C to arrive at the so-
called GEKS price index:%®

9
1
P = | (B @
h=1

The GEKS index is the most widely-used approach for comparing prices across countries, with
it being the main method in the International Comparison Program (ICP) at the World Bank
(2014) for computing global relative prices, or purchasing power parities (PPPs). An especially
desirable property of the GEKS index is that it does not suffer from substitution bias, i.e. the

GEKS index is based on the bundles of products q; of all countries rather than relying on some

average bundle. Maddison relied on Geary-Khamis (GK) PPPs for his international

15 After Gini, Eltets, Koves, and Szulc. A modern treatment and references are provided by Balk (2008).
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comparisons and this index does suffer from substitutions bias. As illustrated by, for instance,
Deaton and Heston (2010), this substitution bias causes the GK PPPs to understate prices in
low-income countries, thereby overstating their real GDP per capita levels and thus understating

the extent of cross-country income differences.

Given a relative price index as defined in equation (3), we can estimate real GDP as:

Py Yy

Y = PGEKS (4)

which allows for comparing GDP or GDP per capita between countries j and k, evaluated at

common prices.

3.2 Measuring real GDP per capita over time

The exposition so far has focused on price and comparisons across countries in a given year.
Yet the main goals of the MPD is to provide data over time. The simplest approach is the so-
called projection or extrapolation approach. In this approach real GDP per capita y;. = Yj./N;;
(with N;, as total population in country j at time t) is estimated as:

Yt
Yit-1 = 1+g

~(5)

jt

where gj. is the growth of GDP per capita in constant national prices. An important
consequence of the approach in equation (5) is that the time series of growth in GDP per capita
is the same in national prices and in PPP-converted US dollars. Furthermore, the change in the

PPP implied by equation (5) is:

T[]t

Py = PRE /] ©

where m;, = P;/Pj;_; — 1, the rate of inflation of the GDP deflator.

While straightforward, this extrapolation approach has important conceptual and practical
drawbacks. The conceptual argument can be seen by considering the time-series counterpart to
equation 2, so where the change in the GDP deflator (in country j) is computed between two

time periods:

N[

p]tq]t LI p:q;

PF
jtt-1 = 7
p]t—1q]t—1 Pe-19¢

(7)



Equation (7) makes clear that a price index for national inflation should be computed using the
bundle of products in the two periods for country j. Yet as equation (2) makes clear, a good
measure of relative prices should take into account the bundle of products in country j and in
country k. By ignoring country k’s bundle in the computation of inflation in country j (and vice
versa), the implicit relative price index in t — 1 is no longer a good measure of relative prices
between countries j and k. Especially if the periods under comparison are far apart, the
extrapolation approach of equations (5) and (6) is likely to be a poor approximation as the
bundle of products will have shifted substantially over time. This is one clear reason why
subsequent benchmark estimates of relative prices are (typically) not consistent with relative

inflation over the intervening period.

This conceptual problem is compounded by practical concerns. It has long been known that
equation (6) does a poor job in predicting changes in PPPs over time, 6 but when the results of
the ICP PPP comparison for 2011 were released (World Bank, 2014), the differences with the
previous, ICP 2005, results were very large despite the serious global effort that went into both
sets of PPPs. As detailed in Deaton and Aten (2017) and Inklaar and Rao (2017), part of the
inconsistency was due to biases introduced in the measurement of ICP 2005 PPPs, but even
after correcting for theses biases the differences remained substantial. Furthermore, shifts in the
bundles of products cannot fully account for these differences, leaving ‘measurement error’ of

some sort as the main (though not very informative) explanation.

This view matches that of Maddison, who argued that the difference between observed PPPs in
successive ICP rounds and extrapolations based on relative inflation was more likely due to
errors in the ICP estimates than errors in the national growth measures. Reconciling different
benchmarks with the time series was in his eyes not the preferred method for long-term
comparisons. The basis for this argument was a study by Kravis and Lipsey (1991), who also
suggested that estimates of growth rates should be taken from the national accounts, whereas
estimates of real GDP per capita should be done by benchmark studies (Maddison, 1995, p.
164).

Yet the approach of Maddison has notable limitations. For one, if any given benchmark
comparison of prices and income is imperfect and perturbed by measurement error, relying fully

on a single benchmark comparison would mean that the same error would affect real GDP per

16 See Deaton and Heston (2010) for notable contributions to this discussion.
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capita estimates through the decades or centuries. Second, while time series of GDP per capita
growth (i.e. g;.) may be considered reliable in modern times for many countries, periods like
the World Wars, or periods of economic instability such as in much of Latin America in the
1980s diminish the reliability of statistics. The situation is more problematic in countries with
poorly developed statistical systems, such as in many African countries, which can lead to

unreliable growth figures.t’

This was illustrated by Prados de la Escosura (2000), who argued that PPPs based on
extrapolations as in equation (6) led to implausible results. His solution was to rely on the
regularity of the price-income relationship to estimate what relative prices (and, as result,
income levels) would have been if we had been able to observe them historically, see also
Klasing and Milionis (2014). Relying heavily on such estimates is less appealing to us, most
importantly because there are still important aspects of the price-income relationship that are
not fully understood. For example, Hassan (2016) argues that the price-income relationship is
non-linear and negative, rather than positive at the lower income levels and Zhang (2017)
argues that mismeasured differences in product quality bias the price-income relationship. That
said, comparing price levels rather than only income levels can serve as a useful check on
relative income estimates derived according to a given methodology, see e.g. Section 5.3 on the
Balassa-Samuelson effect in the MPD. For the MPD more broadly, we implement a multiple-
benchmark approach as detailed in the following section, which is, we argue, the best

approximation of relative levels of GDP per capita over time.
4. Implementation

4.1 The MPD measurement approach

In the new version of MPD, we implement a multiple benchmark approach based on post-1950
ICP benchmarks and historical benchmarks, i.e. independent real GDP per capita benchmarks
from historical studies.'® In keeping with Maddison (2007), we also include several estimates
stretching back even further, but which should be seen as estimates of income relative to a bare-

bones subsistence level rather than explicitly comparing GDP per capita between countries.

17 See e.g. Henderson, Storeygard and Weil (2012), Young (2012) and Jerven (2013).

18 Additionally, we use estimates of PPPs for 1960 from the study of Braithwaite (1968) and for a range of African
countries, we make an indirect income comparison based on real wages and urbanization data, see Appendix D.
There are a few countries that have never participated in an ICP comparison; most importantly Afghanistan and
North Korea. For those countries we use the (econometrically) estimated real GDP per capita level from World
Bank (2014). Cuba also requires also requires special consideration, see Appendix C for details.
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Using the methodology developed for PWT (Feenstra et al. 2015), we subsequently tie the long-
term income series from the MPD (2013) to the relative income levels, thereby taking into
account relative price changes between the different benchmark years. This means the MPD
estimates for a particular country and year can be based on direct benchmark estimates,
interpolation between benchmarks or extrapolation from the first or last benchmark, following
equation (5). To enable users to distinguish between these different types of observations, we
introduce clear labeling in the MPD. Furthermore, given the differences in the types of

benchmark, we also label which type of benchmark is used to derive a certain estimate.

As discussed in the previous section, problematic estimates in benchmarks or time series can
have substantial consequences over longer periods of time. Given our stated goal of more
closely aligning to our understanding of living standards in history, this requires a degree of
judgement when implementing our multiple benchmark approach. In particular, it can be the
case that a) benchmark relative price estimates diverge substantially from what might be
expected from an estimated price-income relationship using all ICP benchmark PPPs
observations; b) income levels can drop below subsistence for sustained periods of time; or c)
income levels can remain high, in direct contradiction to the historical record. These
observations result in a list of judgmental adjustments, by, for instance, excluding specific ICP
PPP benchmarks or cutting short time series; see Appendix B for details. Category c
observations consist of oil-rich economies whose current high income levels can be understood
from large oil earnings, but where high income levels prior to major oil development or prior
to high oil prices would run counter to the historical understanding of those countries; see

Appendix E.

4.2 Historical benchmarks

Starting with the pioneering work by Rostas (1948) economists and economic historians have
produced benchmarks of the relative income or output levels of economies (or parts of them,
such as the manufacturing sector), including the construction of relevant PPPs to make real
comparisons. Various methods have been used, making use of the output/value added approach,
the income approach, and the expenditure approach. Usually, these studies compare the leading
economy (US, UK) with one or more other economies (Germany, France, or Japan) (Broadberry
1998; Fukao et al. 2007). We collected the available historical economy-wide benchmarks and
used them to re-anchor the historical time series following the PWT methodology described in
the previous section; see Appendix A for a an overview of historical benchmarks and studies

that we rely upon. As there are currently close to no historical benchmarks available for African
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countries, we have created additional benchmarks for the year 1950 for African countries,

making use of an indirect approach using wages and urbanization rates (see Appendix D).

In addition to the historical benchmarks, we follow Maddison’s approach to also include
estimates of comparative income levels for some of the very earliest (pre-1500) years. As data
for these early economies is increasingly scattered and it is often impossible to estimate
historical trends, economic historians (Pamuk and Schatzmiller 2014, Scheidel and Friesen
2009; Milanovic 2006) used a variety of information to assess to what extent those societies
had income levels notably above the level of subsistence, i.e. was there sufficient surplus
beyond subsistence for development. In particular estimates of real wages were used for this
purpose. We update that approach by updating the subsistence line to $700 (2011 US dollars),
in line with the $1.90/day global poverty line used by the World Bank (Ferreira et al. 2015).%°

4.3 Updating historical series

This new version of the MPD includes all new historical estimates of GDP per capita over time
that have become available since the previous update (Bolt and Van Zanden, 2014). Such
updates are necessary as new work on historical national accounts appears regularly and is
important as it provides us new insights in long term global development. This also allows more

recent years, up to 2016, to be covered in the database.

For the recent period the most important new work is Harry Wu’s reconstruction of Chinese
economic growth since 1950, a project inspired by Maddison which produces state of the art
estimates of GDP and its components for this important economy (Wu 2014). Given the large
role China plays in any reconstruction of global inequality, this is a major addition to the dataset.
Moreover, as we will see below, the new results show that the revised estimates of annual
growth are in general lower than the official estimates. Lower growth between 1952 and the
present however substantially increases the estimates of the absolute level of Chinese GDP in
the 1950s (given the fact that the absolute level if determined by a benchmark in 1990 or 2011).
This helps to solve a problem that was encountered when switching from the 1990 to the 2011
benchmark, namely that when using the official growth estimates the estimated levels of GDP
per capita in the early 1950s are substantially below subsistence back until 1890, and therefore

too low. This possible inconsistency in the dataset is therefore ‘solved’ by making use of the

19 An income of $1.90 per person per day implies an annual per capita income of $693.50. To emphasize that these
income estimates are a multiple of subsistence, rather than in observed monetary units, we round the subsistence
level up by 1% to $700.
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new, much improved set of estimates by Wu (2014). Most of the other additions to the

Maddison project dataset relate to the period before 1914, as can be seen from Table 1.

As is clear from this overview, in particular work on the early modern period (1500-1800) is
producing more new time series over per capita GDP, often however making use of indirect
methods to estimate its long term development. The ‘model” for making such estimates based
on the links between real wages, the demand for foodstuffs and agricultural output, which has
been developed by Malanima (2010), Alvarez-Nogal and Prados de la Escosura (2013) and

others, has now also been applied to Poland (Malinowski and Van Zanden 2016), Spanish

America (Arroyo-Abad and Van Zanden 2015), and France (Ridolfi 2016).

Table 1. New Additions to the Maddison Project Database

Country | Period Source

Latin America

Bolivia 1846-1950 | Herranz-Loncéan and Peres-Cajias (2016).
Brazil 1850-1899 | Barro and Ursta (2008).

Chile 1810-2004 | Diaz Liders and Wagner (2007)

Cuba 1902-1958 | Ward and Devereux (2012).

Cuba 1960-1895 | Santamaria Garcia (2005).

Mexico 1550-1812 | Arroyo Abad and Van Zanden (2016).
Mexico 1812-1870 | Prados de la Escosura (2009).

Mexico 1870-1895 | Bertola and Ocampo (2012).

Mexico 1895-2003 | Barro and Ursta (2008).

Panama 1906-1945 | De Corso and Kalmanovitz (2016).

Peru 1600-1812 | Arroyo Abad, and van Zanden (2016).
Peru 1812-1870 | Seminario (2015).

Uruguay 1870-2014 | Bertola (2016).

Venezuela 1830-2012 | De Corso (2013).

Europe

England 1252-1870 | Broadberry, Campbell, Klein, Overton and van Leeuwen (2015)
Finland 1600-1860 | Eloranta, Voutilainen and Nummela (2016).
France 1250-1800 | Ridolfi (2016)

Holland 1348-1807 | Van Zanden and van Leeuwen (2012)
Norway 1820-1930 | Grytten (2015).

Poland 1409-1913 | Malinowski and Van Zanden (2017)
Portugal 1530-1850 | Palma and Reis (2016).

Romania 1862-1995 | Axenciuc (2012).

Spain 1850-2016 | Prados de la Escosura (2017).

Sweden 1300-1560 | Krantz (2017).

Sweden 1560-1950 | Schon and Krantz (2015).
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UK 1700-1870 ‘ Broadberry, Campbell, Klein, Overton and van Leeuwen (2015)
Asia
China 1952-2008 | Wu (2014).
China 1661-1933 | Xu, Shi, van Leeuwen, Ni, Zhang, and Ma (2016).
India 1600-1870 | Broadberry, Custodis and Gupta (2015).
Turkey Pamuk (2009).
Singapore 1900-1959 | Barro and Ursua (2008).
Middle East
Syria
Lebanon
Jordan
1820, 1870

E t ’ ]

ayp 1013, 1950 Pamuk (2006).
Saudi Arabia
Iraqg
Iran
Africa
Cape Colony/ 1700-1900 | Fourie and Van Zanden (2013).

South Africa

Finally, we have extended the national income estimates for all countries in the database to
include the most recent years, up until 2016, using various sources. The Total Economy
Data