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Abstract

Recent research confirms that per capita income in early modern Spain improved only marginally
overall, while also revealing sustained growth through much of the sixteenth and eighteenth
centuries, alongside a continued decline from the late sixteenth to the mid-seventeenth centuries.
These phases shaped Spain’s relative position within Western Europe and contributed to the
Reversal of Fortune. This paper finds that labour productivity, proxied by output per working-age
population, improved during the first three-quarters of the sixteenth century, then declined until
the mid-seventeenth century, and that the subsequent recovery never reached the levels of the
1570s. What caused these episodes of growth and decline: changes in resource endowments or
in the efficiency of their use? Phases of labour productivity growth were often driven by factor
intensity, but efficiency losses underpinned periods of stagnation or decline, which contradicts
the stylised view that factor intensity is the main driver of labour productivity in a pre-industrial
economy. Compared with Great Britain, Spain showed an inverse, divergent pattern, moving
from similar levels to less than half of Britain’s by 1800. Efficiency was the main driver of
the widening gap. Ingenuity appears, therefore, to be the driving force behind the Reversal of
Fortune.
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1. Introduction

‘Stylised facts’ are a useful and convenient tool for economists, helping them
navigate unfamiliar territory. In their ‘stylised’ depiction, pre-industrial societies appear
stagnant in per capita income over the long term, with any growth in output attributed to
the extensive use of natural resources and labour. However, research over the past two
decades has challenged this view, which rests on a Malthusian framework. We now know
that, at least in early modern western Europe, this interpretation is incomplete, as a weak
Malthusian model coexisted with other dynamics, including frontier economies where the
absence of natural resource constraints allowed sustained income growth alongside
population increases (Prados de la Escosura and Rodriguez-Caballero, 2022). Furthermore,
some societies experienced per capita income growth within a Malthusian context,
especially when war and pandemics significantly reduced the population (Voigtlander and
Voth, 2013). So, what caused output per capita and per economically active person to grow
during these periods? Was it simply a larger endowment of land and capital (both physical
and human) per active individual, or was it instead due to a more efficient use of available
resources? While this distinction is mainly heuristic and hard to measure, it definitely merits
further investigation.

Recent research confirms that average income in Spain did not improve between the
sixteenth and early nineteenth centuries, yet it also indicates sustained per capita GDP
growth during most of the sixteenth and eighteenth centuries, alongside a continued
decline from the late sixteenth to the mid-seventeenth centuries (Prados de la Escosura et
al., 2024). These phases affected Spain’s relative position within Western Europe. What
drove these episodes of growth and decline? By examining the immediate sources of Spain’s
rise and fall and comparing them with those of Great Britain, the emerging leader, this
paper aims to contribute to the debate on the Reversal of Fortune in Early Modern Europe.!

The paper’s main findings are: 1) Spain's labour productivity, measured by output
per working-age population, improved in the first three quarters of the sixteenth century,
then declined until the mid-seventeenth century. Although there was a subsequent

recovery, it never reached the levels of the 1570s before the Napoleonic Wars. 2) Phases of

1 The Reversal of Fortune refers to changes in relative incomes across different regions (Acemoglu et al., 2002:
1232). The concept was initially applied to European colonies but was later extended by Broadberry et al.
(2012) to the fate of the North Sea Area and Mediterranean countries within Europe.



labour productivity growth were often driven by factor intensity, as in the first three
quarters of the sixteenth century and the first half of the eighteenth century. However,
during periods of stagnation or decline, efficiency losses prevailed, notably during the War
of Spanish Succession (1701-1714) and its aftermath, as well as in the late eighteenth
century. Exceptionally, between 1570 and 1650, both factor intensity and TFP declined
simultaneously. 3) Compared with Great Britain, Spain showed an inverse pattern in labour
productivity. Starting from a similar level, Spain diverged from Britain from the late 1590s,
when the two countries were still on a par. The gap widened significantly in the first half of
the seventeenth century, and by 1800 Britain's level had more than doubled that of Spain.
4) Efficiency mainly explains the growth differential in labour productivity between Britain
and Spain. Hence, ingenuity appears to be the driving force behind the Reversal of Fortune.
The paper is organised as follows. Section 2 constructs a purchasing power parity
benchmark for the 1790s to anchor comparisons between Spain and Britain across the early
modern era and to test whether a Reversal of Fortune occurred. Section 3 extends beyond
per capita income by introducing a measure of output per working-age population, serving
as a rough proxy for labour productivity. Using a dual approach to productivity growth,
Section 4 examines the immediate determinants of output per working-age population,
focusing on how factor intensity and efficiency influence periods of growth and decline.
Section 5 investigates labour productivity differences between Spain and Britain, as a test of
Europe’s Reversal of Fortune, and assesses the extent to which differences in total factor
productivity explain these variations. Section 6 summarises the paper's findings and offers

some hypotheses for further research into the causes of efficiency losses in Spain.

2. Was There a Reversal of Fortune? A New PPP Comparison of Per Capita Income Levels in
Spain and Britain

Although the relative levels of per capita income across Early Modern Europe are
highly uncertain, it appears that Spain experienced a reversal relative to the North Sea Area,
specifically Britain and the Low Countries, moving from a similar level to falling behind them
(Prados de la Escosura et al., 2024). This section proposes testing this reversal of fortune by
comparing Spain's per capita income with Britain's, taking into account price-level
differences at a 1790s benchmark, within the study's temporal boundaries, rather than

using a remote benchmark such as 1990.



To compare GDP per capita in Spain and Britain during the early modern era, a
reference point or benchmark is needed to anchor their volume indices. Historical
comparisons typically rely on 1990 Geary-Khamis 'international’ dollars, which are US dollars
adjusted for price-level differences across countries in that year (Maddison, 1995; Maddison
Project Database, 2023).2 Although this approach is convenient and widely adopted, it faces
notable criticism, chiefly because of the 'index number problem' that arises from using a
distant benchmark. This implicitly assumes that relative prices in 1990 (derived from a
basket of goods weighted and priced according to the tastes and preferences of 1990)
mirror those of earlier periods, a highly questionable assumption given that the composition
of production, consumption, and relative prices all vary over time, thereby weakening the
economic meaning of comparing real product per head based on remote PPPs (Prados de la
Escosura, 2000; Ward and Devereux, 2003, 2021). In addition, the GDP level for any date in
the past, obtained by projecting backwards from the 1990 benchmark, is heavily dependent
on the accuracy of the historical volume series for GDP per capita, which in our case spans
five centuries.

A partial but still inadequate solution is to convert the Spanish currency, the Real,
into Sterling using the market or trading exchange rate, which is readily available and
considered reliable, thereby enabling a 'nominal' comparison between Spain and Britain.
This assumes that both countries have similar price levels; otherwise, the comparison could
be biased against the country with a lower price level, which usually has a lower average
income. This is because, as long as other factors remain constant, a higher GDP per capita is
associated with a higher price level (Balassa-Samuelson effect).

A superior alternative is to develop a comparable benchmark closer to the period in
guestion, but this requires extensive data. In practice, the few attempts to do so rely on a
limited selection of goods and services, most of which are tradables, risking significant bias
in the resulting purchasing-power-parity exchange rates.

Although this risk is unavoidable, | have ventured into troubled waters and
constructed a purchasing power parity (PPP) exchange rate benchmark for the 1790s. This

requires two sets of prices for comparable goods in the two countries, each set weighted by

2 |t is worth bearing in mind that the so-called Geary-Khamis 'international prices', expressed in 1990 dollars,
are derived using countries’ shares of world output as weights (Maddison, 1995: 163), a weighting that may be
considered questionable.



its share of household expenditure in each country. Ratios can then be obtained, one with
the Spanish and British price averages derived using British weights, and another with the
Spanish and British price averages obtained using Spanish weights. These ratios provide the
PPPs.

The convention is to define Laspeyres and Paasche binary indices by treating the
country with the higher average income in any pair of countries, Britain in our case, as the
base. That is, when the basket of goods used to compare two countries corresponds to the
'star' country (Britain), a Laspeyres purchasing power parity exchange rate is computed as
the ratio of the aggregated value of the British basket, expressed in each country’s own
prices (Spain's, in our case), to the value of the basket valued in British prices. When,
instead, the basket for the 'non-star' country, Spain here, is valued at each country's prices,
a Paasche PPP is obtained. Conventionally, a compromise estimate, the geometric average
of the Laspeyres and Paasche PPPs, namely, a Fisher PPP, is calculated, but it is worth noting
that its meaning is uncertain.

Hence, when a country’s current GDP, expressed in national currency, is converted
into a common currency (British £) using a Laspeyres PPP, a Paasche value results.
Conversely, when the Paasche PPP is used, a Laspeyres value is obtained.3

It is worth noting that transitivity will be preserved in cross-country comparisons
within the 'star-country' system (that is, when GDP is expressed relative to the 'star’
country) only when Paasche PPPs are chosen, thereby yielding Laspeyres value measures,
that is, when GDP is estimated using British relative prices for the whole set of countries
(Kravis, 1984: 8-10).

The set of goods chosen, conditioned by their comparability and the availability of
their prices, is presented in Table Al of the Appendix, which also provides their British and
Spanish weights, derived from the expenditure composition in each country. Individual PPPs
for each commodity, namely the ratios of their Spanish to their British prices, are also
presented.

Since the attempt to provide PPPs for Spain and Britain in the 1790s is tentative,

some discussion of the limitations of the data used is warranted. To begin with, in any price

% In algebraic form, the Laspeyres value index is ZP;Q; /(XPiQ;: / ZPiQo) = ZPiQy, and the Paasche value index is
2PiQ; /(ZPiQ; / ZPoQy) = ZPoQ;, where P(Q) denotes prices (quantities) for each country (;) or for the star
country, Britain (o).



comparison between two countries, three types of goods appear: identical, common, and
unique (Gilbert and Kravis, 1954: 79-87). It is difficult to say how many, if any, of the goods
in Table Al are identical, that is, have the same specifications and characteristics, in the two
countries. More likely, most goods are common: they serve the same purpose and share a
name but differ in quality. In fact, given the geographical, climatic, and cultural differences
between the two countries, unique goods, that is, goods only consumed in one country, will
not be unusual. While there is no problem in comparing the prices of identical goods
between Spain and Britain, whose ratio provides the purchasing power of the Real and the
Sterling for a given good, this is not the case with common goods, so the purchasing power
of the currencies is tainted by quality differences, which introduce a bias of unknown size
and sign. Even more challenging is the case of unique goods, for which 'shadow' prices
ought to be used. Thus, where price quotations cannot be traced, 'shadow’ prices are
constructed for particular products by using price ratios relative to wheat (most frequently)
or to other goods in a similar category. Occasionally, import prices also served as 'shadow’
prices (see Appendix 1 and Table Al). All this leads to the conclusion that the resulting PPP
estimates are crude and should be taken with a grain of salt. However, as we will see, the
results seem plausible enough and are surely preferable to using the market exchange rate,
which is derived exclusively from tradables and is also conditioned by capital movements.

The PPPs by expenditure category and their respective weights in Britain and Spain
are presented in Table 1.% It can be noted that food represented a larger share of
expenditure in Spain, nearly two-thirds, compared with over half in Britain. However,
starches, with bread as their main component, represent the same share, over one-fourth. It
is also worth noting that Spain has a larger share of meat and eggs, fats, and fish, as
opposed to a lower share of dairy products. Clothing and light goods also exhibit a lower
share of expenditure in Spain. Regarding the PPPs, it can be observed that the Paasche PPPs
are systematically lower than the Laspeyres PPPs (Gerschenkron effect), since countries
tend to consume more of goods for which prices are lower (Kravis, 1984: 9).

When PPP exchange rates are compared with market exchange rates, the former
appear lower, implying that the price level was lower in Spain than in Britain, or, in other

words, that the purchasing power of one Real in Spain was greater than that of the

41t is worth noting that the alternative PPPs derived without 'shadow' prices are similar: Laspeyres, 81.7;
Paasche, 81.4; Fisher, 81.6.



equivalent in Sterling in Britain. This finding is consistent with the Balassa-Samuelson
association between the price level and economic development. However, we observe that
the PPP for food was higher than for other goods, a counterintuitive result, as one would
expect that the lower the average income, the lower the price of food and the higher the
price of manufactures. However, this is a ceteris paribus prediction, that is, it assumes other
things are equal. However, the presumably higher level of regulation and external

protection of the Spanish economy may help reconcile this finding.

Table 1. PPPs by Expenditure Groups in 1790/99

British Weights Spanish Weights Laspeyres PPP Paasche PPP Fisher PPP

Reales / £ Reales / £ Reales / £

Starches 0.281 0.281 86.5 86.9 86.7
Meat & Eggs 0.065 0.180 85.5 85.2 85.4
Dairy 0.065 0.013 113.2 113.2 113.2
Fats 0.016 0.037 85.5 83.7 84.6
Fish 0.016 0.026 67.1 67.1 67.1
Drinks 0.065 0.087 85.0 81.0 82.9
Sugars 0.022 0.017 102.5 104.1 103.3
Salt 0.005 0.006 95.7 95.7 95.7
Spices 0.005 0.003 93.6 85.5 89.5
FOOD 0.540 0.650 89.6 85.7 87.6
Fuel 0.085 0.078 80.2 81.1 80.7
Light 0.068 0.020 87.9 83.7 85.8
Soap 0.009 0.024 59.4 59.4 59.4
Clothing 0.205 0.163 71.1 73.3 72.2
Tobacco 0.017 0.013 97.0 97.0 97.0
Other Manufactures 0.077 0.065 59.0 62.0 60.5
OTHER 0.460 0.350 74.0 73.7 73.8
TOTAL 1.000 1.000 82.4 81.5 82.0
Market Exchange Rate 114.4

Source: See the text and Table A.1. Market exchange rate collected from Castaign's The Course of Exchange
and the London Price Currents, supplemented with data for 1798-99 from Cuenca (1990).

Table 2 compares the aggregate results for the 1790s benchmark and shows how
Spain's per capita income relative to Britain varies when measured using the market
exchange rate and the purchasing power parity exchange rate. Spain had a population
similar to Britain's but only 37.9% of Britain's per capita income at the market exchange
rate. However, when the difference in the price level is taken into account - Spain's price

level is 72% of Britain's - Spain's relative income rises to over half (52.9%).



Table 2. Per Capita GDP in Spain and Great Britain in 1790/99: A PPP Benchmark

Spain
Nominal GDP (million Reales) 10986
Population (million) 11.3
Nominal GDP per capita (Reales) 973.5
Great Britain
Nominal GDP (million £) 228.4
Population (million) 10.0
Nominal GDP per capita (£) 22.7
Exchange Rates (Reales per £)
Market Exchange Rate 114.4
Laspeyres PPP Exchange Rate 82.4
Paasche PPP Exchange Rate 81.5
Fisher PPP Exchange Rate 82.0
Price Level
Laspeyres PPP / Market Exchange Rate 0.72
Paasche PPP / Market Exchange Rate 0.71
Fisher PPP / Market Exchange Rate 0.72
Geary-Khamis PPP Exchange Rate 1990 0.86
GDP per capita (1790/99 £)
Great Britain 22.7
Spain Nominal GDP (Exchange Rate) 8.6
Real GDP (PPP) 12.0
GDP per capita (1990 PPP $)
Great Britain 1958
Spain 855
Relative GDP per capita in Spain (Great Britain = 1)
Market Exchange Rate 1790/99 0.379
Fisher PPP Exchange Rate 1790/99 0.529
Geary-Khamis PPP Exchange Rate 1990 0.437

Sources: Table 1. For Great Britain's nominal GDP and population in 1790/99, Bank of England (2018),
Millennium Database, Tables 9 and 18, drawn from Broadberry et al. (2015). GDP per capita in Geary-Khamis
1990 dollars, Great Britain, Bolt, J., R. Inklaar, H. de Jong and J.L. van Zanden (2018), Maddison Project
Database, version 2018, 1990S benchmark (MPD2018); Spain, MPD2018 level for 1990, projected backwards
using the volume index for GDP per capita from Prados de la Escosura (2025), Spanish Historical
Macroeconomic Series, https://frdelpino.es/investigacion/en_gb/international-comparison/#/
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If we now look at Spain's relative position, once adjusted for the difference in price
level using the conventional 1990 'international’ dollars approach (which involves a
backward projection of income levels in 1990, adjusted for price level differences, using
volume indices of real per capita GDP), the resulting average income for Spain is 43.7% of
Great Britain's in the 1790s. This is 17% lower than the figure estimated with the new
benchmark. The implication of using Geary-Khamis 1990 dollars for per capita GDP in the
past is, hence, that, as a result of the index number problem, it distorts historical estimates.

We can next compare the evolution of GDP per capita in Spain and Britain by
anchoring each country's volume series to the 1790/99 PPP benchmark. Figures 1a-1b
illustrate this and confirm the reversal of fortune Spain experienced vis-a-vis Great Britain.
Spanish per capita GDP was above Britain's in the second half of the sixteenth century, but
fell behind throughout the seventeenth century. By the 1700s, Spanish average income was
half that of Britain. Spain's recovery in the early eighteenth century was weaker than
Britain's growth, and, failing to catch up late in the century, its relative position worsened

further.

3. Assessing Labour Productivity in a Preindustrial Economy

Labour productivity is widely regarded as the primary determinant of GDP per
person, especially in modern societies. If one looks beyond per capita income and considers
its determinants, a simple identity proves useful: output per person depends on output per
hour worked and the number of hours worked per person. This, in turn, prompts questions
about what underpins labour productivity and the effort people devote to production.

In pre-industrial or contemporary developing economies, several challenges make
assessing labour productivity nearly impossible. Firstly, in a pre-industrial society, the
boundary between time spent on work and leisure is subtle and fragile. How time is
allocated shifts with economic growth, as the opportunity cost of leisure rises with the
availability of new consumption goods and services (Voth, 1998, 2001). Additionally, in a
pre-industrial society, individuals’ occupations often involve ‘pluri-activity’, with one person
performing multiple tasks across different sectors of economic activity. This low division of
labour led Wrigley (1985) to propose measuring the number of hours worked per person

across various jobs and sectors.
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Addressing the practical issue of data availability, the lack of comprehensive
population and labour censuses remains a significant obstacle to estimating the number of
employed workers. In Spain, some population censuses were conducted in the late
eighteenth century, alongside less formal censuses (vecindarios or neighbourhoods) carried
out throughout the early modern period. Furthermore, the number of days and hours
worked varied across trades and professions, as well as over time. Notably, Spain’s
authorities instructed the compilers of the Crown of Castile’s Cadastre of Ensenada (c.
1752), the most detailed census available for eighteenth-century Europe, to assign different
numbers of days worked per year depending on the type of activity (120 days for farmers,
180 days for land proprietors and artisans, and 250 days for servants). We also know that
approximately 250 days were worked in building construction (Andrés Ucendo and Lanza
Garcia, 2014; Lépez Losa and Piquero Zarauz, 2021).

Estimating labour productivity is challenging, if not impossible. Even if we knew the
number of workers—meaning the proportion of the population who are economically active
and employed—we would still need to determine how many days they work in a year and
how many hours per day, given that the opportunity cost of leisure has changed over time.

An option is to focus on output per working-age population. This offers a better,
though still partial and imperfect, solution. Additionally, because the age structure of the
population varies significantly over the very long term, output per working-age adult may
serve as a suitable measure for comparisons over time (Fernandez-Villaverde et al., 2025).

This approach is simple and clear, but it overlooks the participation rate—that is, the
proportion of 'working-age' individuals who are economically active, either employed or
seeking work—along with the number of days and hours worked each year. Additionally, the
concept of the working-age population is ambiguous, since children used to work in pre-
industrial societies and retirement or withdrawal from work often resulted from ill health
and disability.

For early modern Spain, data on the population's age structure come from the 1787
and 1797 censuses. The proportion of the adult population (aged 16 and above) of the total
is 0.641 and 0.648, respectively, and is similar to that recorded in the subsequent censuses
of 1857 (0.644) and 1860 (0.651). For the Crown of Castile, the Cadastre of Ensenada (c.
1752) reports a lower share, at 0.563 (Grupo '75, 1977). Turning now to the working-age

adult population—the proportion of people aged 15 to 50 over the adult population, a

11



definition influenced by data availability but close, given the life expectancy in early modern
Spain, which was below 30 years at birth (Dopico and Rowland, 1990, estimate 28.1 years
for 1787)—the figures are 0.773 and 0.762 for 1787 and 1797, respectively, and are near the
0.802 ratio for both 1857 and 1860. Additionally, for the Crown of Castile in 1752, the
Ensenada Cadastre indicates a higher share, at 0.88. Consequently, the shares of the
working-age population over the total are 0.496 and 0.494 for 1787 and 1797, respectively,
with an average identical to that of the Crown of Castile in 1752 (0.495), but lower than
those of the mid-nineteenth century (0.517 and 0.522 for 1857 and 1860).°

From a practical perspective, the absence of annual or decadal data on age structure
hampers the estimation of output per working-age population. For some countries, this has
led to the adoption of a fixed proportion of the working-age population. However, assuming
that the working-age population remains a constant share of the total population implies
that output per working-age individual evolves in the same way as output per person,
making the exercise unnecessary.

Fortunately, annual estimates of age structure are available for a sample of 29
locations in Castile from 1580 to 1900 (Reher, 1991). During 1580-1800, these estimates
show average shares of 0.651 for the adult population relative to the total population and
0.75 for the working population within the adult population, implying a share of 0.488 for
the working-age population relative to the total population. These shares are very similar to
those for Spain as a whole in 1787 and 1797.

Such a coincidence suggests a plausible hypothesis, namely that the proportion of
the working-age population relative to the total population in Spain evolved similarly to that
in New Castile. Therefore, my estimates of the working-age population are derived by
calculating the ratio of Spain’s average to New Castile’s in 1787 and 1797, and then rescaling
New Castile’s yearly share backwards to 1580. For 1788-1796, | interpolated the ratio of
Spain’s censuses to New Castile’s between 1787 and 1797, and multiplied it by New Castile’s
share to determine Spain’s share. | have accepted Spain’s resulting average share over

1580/1599 for 1501-1579.

5 These figures are slightly higher than those accepted for Britain by Broadberry et al. (2015: 365), which are
0.625 for the proportion of adults in the population, 0.695 for those of working age within the adult
population, and consequently 0.434 as the share of the working-age population in the total population.
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But how do the shares of the working-age and economically active populations
compare? We can only determine the share of the male economically active population,
which made up nearly one-third of the total population (0.317) in the 1787 census.
However, the proportion represented by female active workers should also be considered.
Female participation was significant in domestic industry, services, and some types of
agriculture (orchards) (Sarasua, 2019). Therefore, assuming conservatively that female
participation was only half that of males, the economically active population would rise to
0.476, a figure close to the share of the working-age population.® The similar proportions of
the overall population indicate that using the working-age population (WAN) as a proxy for

the labour force in early modern Spain is not far-fetched.
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6 Sarastia (2019: 487-489) shows that for a sample from 22 locations in New Castile (La Mancha) around 1750,
the proportion of females aged 10-60 in paid work was 38.7% of that of males. In Ubeda (Andalucia), also c.
1750, the ratio showed a similar figure (39.4%) (Garrido-Gonzalez, 2016).
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Since the aim of the exercise is to use output per working-age population as a proxy
for labour productivity, an alternative way to assess its plausibility is to compare GDP per
hour worked with GDP per working-age population in Spain over a period when data for
both are available, such as 1850-1913. Figure 2 shows a strong correlation between the two.
This further indicates that the proposed proxy for labour productivity, output per working-
age population (O/WAN), is reasonably accurate.
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Figure 3. Output per working-age population (O/WAN), 1501-1800 (1790/99=100): Yearly
values and Hodrick-Prescott trend (A=100).
Sources: See the text.

Figure 3 shows O/WAN's annual performance and its Hodrick-Prescott trend over the
three centuries examined. Several phases can be distinguished. A steady improvement
occurred during the first three-quarters of the sixteenth century, with only a brief disruption
around 1530. A second phase of consistent contraction then followed from the 1570s to the
late 1640s. A recovery took place in the latter half of the seventeenth century, sharply
interrupted by the War of the Spanish Succession (1701-1714). An increase occurred in the
first half of the eighteenth century, reaching a peak in the late 1750s. The late eighteenth
century saw no sustained progress in O/WAN: a decline in the 1760s, followed by a recovery

to a peak in 1790, and then a modest decline.
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4. Sources of Labour Productivity Growth

But what underpins these episodes of fluctuating output per working-age
population, the proxy for labour productivity? Is it driven by changes in factor intensity,
specifically the endowment of land and (physical and human) capital per working-age
person, or by variations in the efficiency of factor use, that is, total factor productivity?

Providing an answer requires knowledge of the stocks and services of capital, land,
and labour—variables that are unavailable for early modern Spain and whose
reconstruction exceeds the scope of this paper. It would also entail a lengthy and difficult
investigation, including ‘tenuous assumptions and estimates’ (Hsieh, 1999: 138). However,
as Jorgenson and Griliches (1967: 34) demonstrated, ‘any index of total factor productivity
can be computed either from indexes of the quantity of total output and total input or from
the corresponding price indexes’.

In practice, the dual (price) approach has an advantage over the primal (quantity)
approach because prices are generally more accessible and reliable than quantities, as
markets supply them (McCloskey, 1994: 249-253). Estimates of dual TFP have been
produced by Hsieh (1999, 2002) for East Asia in the late twentieth century, and by Antras
and Voth (2003), Clark (2010), and Crafts (2021b) for Britain before and during the Industrial
Revolution. | draw on Jorgensen and Griliches (1967) and these studies in the following
paragraphs.

Let us consider three factors of production in the economy: labour (L), capital (K) and
land (7). At any given date t, output (Y) will be a function of K, L, and T at time t. Expressed
in real terms, the value of output (Y) equals the sum of payments to the factors of
production: capital (rK), labour (wL), and land (gT), where r, w, and g represent the returns
per unit of capital (rental value), labour, and land (rent), and K, L, and T their quantities.

Yi=reKe+ wele+q:e e (1)
By differentiating both sides of equation (1) with respect to time and dividing by Y, one
obtains
AY = 1 (Ar + AK) + 1 (Aw + AL) + nr(Ag + AT)  (2)
Where A denotes the annual growth rate and 7« =r K/Y, n.=w L/Y, and nr=q T/Y denote

the factor income shares for capital, labour, and land, respectively. Rearranging the
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equation and moving the terms involving the growth rates of factor quantities to the left-
hand side yields
AY - nkAK - AL - nr AT = e Ar + i Aw + nrAg - (3)

On the left, the difference between the output growth rate and the weighted sum of
the growth rates of factor inputs—using weights equal to each input's share of total
income—serves as the primary measure of total factor productivity growth. On the right,
the weighted sum of the growth rates of real factor prices serves as the dual measure of
total factor productivity growth.’

Like the primal approach, the dual approach assumes perfect competition and
constant returns to scale. Otherwise, total factor productivity (TFP) would be biased
because factors of production would not be paid their marginal product. Consequently,
factor shares would not equal the elasticities of output with respect to each factor, and their
sum would not equal 1.

The unit user cost of capital, or capital service price, for each asset indicates the
marginal return it provides over a single production period. Different rates of return can be
used to determine the unit user cost. | have chosen an ex ante, exogenous rate of return
that reflects investors' expectations.® In an ex ante approach, the return on an investment in
a specific asset should not exceed that of an alternative investment with similar risk. The
OECD (2009) recommends using real rates of return and real asset price changes, as these
are unaffected by inflation and tend to be less volatile.

The ex ante unit user cost of capital, Fo', is defined as

Fo' = Po*t (14p (1) [r™+ So(1+iw) )- in’] (4)

7 The extent to which output prices differ from input prices indicates changes in efficiency (total factor
productivity). Thus, if nominal values are used, the dual measure of total factor productivity growth is the
difference between the weighted sum of the growth rates of factor prices and the growth rate of the output
price (Antras and Voth, 2000: 57).

8 An ex post endogenous rate of return, which equals the value of capital services to capital compensation in
national income (that is, the gross operating surplus plus the capital share in gross mixed income), and aligns
with an economy of perfect competition and constant returns to scale, is, in principle, preferable. However, it
requires comprehensive coverage of all assets and a distinction between market and government sectors.
Otherwise, the rate of return will be biased (OECD, 2009). Unfortunately, the historical data do not meet these
strict requirements.
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Where Po* tis the purchase price of a new asset in year t; p ) is the rate of change of
the GDP deflator; r’is the real rate of return (the nominal rate adjusted for inflation); iy " is
the real change in asset prices in year t; and &ois the depreciation rate of a new asset.’

Estimating the unit user cost of capital is constrained by data availability. The lack of
price data for investment goods has led me to rely solely on prices for three commodities:
lime, plaster, and iron (nails and bars) used in construction and machinery (see Appendix 1).
This small-sample index prompts some robustness checks. For example, | also calculated the
unit user cost of capital assuming that the price of investment goods matches the GDP
deflator (Clark, 2010: 106).%° To avoid negative values for the unit user cost, the investment
price series has been smoothed using a Hodrick-Prescott filter (A = 100). The same
smoothing method has been applied to the GDP deflator.

Regarding the depreciation rate, §, | have chosen 2%, which is close to Spain's
average for 1850/59 (2.3%) (Prados de la Escosura, 2024). This rate reflects the relative
share of residential and non-residential structures in the capital stock, as would likely have
been the case in early modern Spain.

Regarding the real rate of return, there are two options. One, recommended by the
OECD (2009), is to use a fixed rate. The other is to apply a variable real rate of return, which,
in this case, can be calculated by deflating the nominal rate of return on long-term public
debt (juros) using the GDP deflator. Its average over 1501-1800, 5.3%, is not far from the
OECD's suggestion (4%). The issue at stake is the extent to which the rate of return on long-
term public debt reflected the rate of return in the private sector or served as a reference
for private borrowing.!!

Yet the differences between the alternative estimates of the unit user cost of capital,
based on a fixed 4% or a variable real rate of return (obtained by deflating the nominal rate
of long-term public debt), are negligible (Figure 4). Alternatively, if the unit user cost of
capital (UUCC) is estimated using the GDP deflator (Dgdp) instead of the investment price

index (Pinvt) — due to the latter’s limited coverage — as a proxy for the price of capital

91 have followed OECD (2009) methodology in calculating the unit user cost of capital, which ensures that the
results are comparable with the latest vintage estimates.

10 Clark (2010: 106) argues that, since the capital stock mainly consists of a combination of structures (houses,
inns, mills, shops, warehouses) and farm capital (animals and grains), it seems reasonable to assume that the
price of capital moves in line with the GDP deflator.

11 Antras and Voth (2003: 61-62) note that private-sector borrowing in eighteenth-century Britain was likely
more expensive, but that Consols rates served as a reference for private-sector borrowing.
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goods, the resulting UUCC shows trends not too dissimilar from those derived using the

investment price index.
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Figure 4. Unit User Cost of Capital estimated using variable and fixed real rates of return and
alternative price indices for capital goods (investment price index, Pint, and GDP deflator,
Dgdp), 1501-1800 (1790/99=100). Sources: See the text

Price indices for investment goods, wages, and land rent have been computed by
aggregating regional prices into geometric indices for the Crowns of Castile and Aragon.
These indices are then weighted at 0.75 and 0.25, respectively, to reflect each Crown’s
share of Spain’s population (see Appendix 1). To calculate the growth rate of real wages and
land rent, | have subtracted the GDP deflator's growth rate from the growth rates of
nominal wages and land rent.

Finally, we need to assign a weight to each factor of production growth based on its
output elasticity. In a perfectly competitive market with constant returns to scale, these
elasticities correspond to factor shares in GDP, as factors are paid according to the value of
their marginal product. | have followed the standard approach (OECD, 2009) and accepted

this assumption. However, it is unlikely that the Spanish economy in the early modern era
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was fully competitive throughout, and if it was not, estimates of total factor productivity are
likely biased.!?

| have followed standard practice in historical estimation by assigning fixed factor
shares, given the lack of annual data on nominal factor returns. Studies of Britain before
1800 use shares of 0.6 for labour (sometimes divided into raw labour, 0.4, and labour
quality, 0.2), 0.2 for capital, and 0.2 for land rent (although land is often included under
capital, with a 0.4 weight) (Crafts, 2021a; Broadberry and de Pleijt, 2021; Broadberry, 2024).
These factor shares seem reasonable for early modern Spain. For example, the labour share
aligns with rough estimates for 1501-1800, based on unskilled wages, assuming the average
worker laboured 180 days (Cadastre of Ensenada for the Crown of Castile, 1752) and that
female wages were two-thirds of male wages. Moreover, if we assume, as Crafts did for
Britain, that land rent made up about one-third of agriculture's share of GDP (around 0.6 in
Spain over 1501-1800), this yields 0.2. The capital share (0.2) is calculated by subtracting the
labour (0.6) and land (0.2) shares from 1.
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Figure 5. Dual TFP. Estimates using variable (TFP1) and fixed (TFP2) real rates of return,
1501-1800 (1790/99=100): Yearly values and Hodrick-Prescott trend (A=100).

12 Were there competitive monopolistic rents, TFP growth obtained under the assumption of perfect
competition would be biased downwards, as the capital share in GDP —by including competitive monopoly
profits- would overstate the elasticity of output with respect to capital (Young, 1995: 648).
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The evolution of the dual TFP, based on alternative estimates of the unit user cost of
capital using fixed and variable real rates of return, is very similar (Figure 5). To illustrate the
trends, | smoothed out the effects of volatile year-to-year fluctuations using the Hodrick-
Prescott filter (A = 100).

Additionally, shares of 0.5 for labour, 0.35 for capital, and 0.15 for land rent have
been adopted for Britain during the Industrial Revolution (Crafts, 2021b; Crafts and Woltjer,
2021). Both sets of weights yield nearly identical results for early modern Spain, but trends
are smoother with higher capital and lower land shares, suggesting somewhat lower TFP
levels in the second half of the sixteenth and the early seventeenth centuries, and slightly
higher levels in the early eighteenth century, after the War of the Spanish Succession (Figure
Al in the Appendix).

Notably, the alternative TFP estimate obtained with the UUCC, using the GDP
deflator as a rough proxy for the price index of capital goods, differs in level, though not in
trend, from the estimate obtained with the UUCC calculated using the (low-coverage)
investment price index (see Figure A2 in the Appendix).

Total factor productivity fluctuated around a high plateau throughout the sixteenth
century and the first decade and a half of the seventeenth century. It then entered a
sustained decline until the early 1670s, recovered in the last quarter of the seventeenth
century, and collapsed sharply during the War of the Spanish Succession (1701-14). It
partially recovered until the mid-1720s, then entered another decline that worsened in the
late eighteenth century, reaching a nadir in the 1790s. A closer examination of the early high
plateau reveals troughs in the 1520s, around 1550 and 1590, and peaks in the late 1560s
and mid-1600s. Overall, TFP levels declined by about one-third between the 1600s and the
1790s.

Real returns per unit of production factor drive TFP. A long-term decline in real
returns to labour is observed, especially during the sixteenth and late eighteenth centuries
(Figure 6).13 Real returns to land follow an inverted U shape from the second quarter of the
sixteenth century to the mid-seventeenth century, with a turning point in the late 1570s.

There is also a modest but sustained recovery from the end of the War of Succession

13 In Figure 6, the dual TFP has been derived using a real unit user cost of capital calculated with a fixed (4%)
real rate of return. Refer to Figure A3 in the Appendix for a dual TFP that employs a real UUCC calculated with
a variable real rate of return.
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onwards. Regarding real returns to capital, after long-term stability during the sixteenth and
early decades of the seventeenth century, a decline occurred until the last quarter of the
century, which was reversed after the War of Spanish Succession and peaked by the mid-
eighteenth century, collapsing again thereafter. It can therefore be argued that the
contraction in real returns to land significantly contributed to the decline in TFP in the first
half of the seventeenth century, and that the reduction in real returns to labour and capital

helped explain the TFP collapse in the late eighteenth century.
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Figure 6. Dual TFP Drivers: Real Returns per Unit of Factor 1501-1800 (1790/99=100). The
real unit user cost of capital is estimated with a fixed real rate of return (4%). Hodrick-
Prescott (h-p) trends.

The dual TFP results are counterintuitive from a historiographical perspective. In fact,
the sharp decline in efficiency in early modern Spain challenges the traditional view that
factor intensity is the main driver of labour productivity in pre-industrial economies. The
qguestion is how much TFP influenced labour productivity, as proxied here by output per

working-age adult.
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Figure 7 compares trends in O/WAN and TFP over time.* At first glance, TFP appears
to follow the pattern of O/WAN, though less closely after 1650, until the mid-eighteenth
century, when they diverge and move in opposite directions. However, closer inspection
reveals that total factor productivity remained relatively stable at a high level until the early
1610s, while output per working-age population declined sharply from the 1570s. Once
more, a disparity emerges in the seventeenth century, with the O/WAN contraction
reaching a low in the late 1640s and recovering in the second half of the century, whereas
TFP continued to decline until the early 1670s, then rebounded until the War of Spanish
Succession (1701-1714).
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Figure 7. Output per WAN and Dual TFP, 1501-1800 (1790/99=100): Yearly values and
Hodrick-Prescott trend (A=100).
Note: TFP calculated using a unit user cost of capital derived with a 4% real rate of return.

4 1n Figure 7, the dual TFP has been derived using a real unit user cost of capital calculated with a fixed (4%)
real rate of return. Refer to Figure A4 in the Appendix for a dual TFP that employs a real UUCC calculated with
a variable real rate of return.
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It is important to emphasise the partial alignment between O/WAN and TFP trends,
despite their originating from separate datasets.'® Given the data's fragility, this partial
synchrony between the O/WAN and TFP trends provides reassuring validation of the results.

Comparing trends in O/WAN and TFP shows how shifts in efficiency and factor
intensity affect labour productivity. When O/WAN and TFP move in opposite directions, the
effect of factor intensity on labour productivity becomes clear. From the late 1590s to the
mid-1610s, a decline in factor intensity explains the fall in labour productivity. The rebound
in labour productivity in the third quarter of the seventeenth century and from the mid-
eighteenth century onwards was driven by increases in factor intensity—more land and
capital per active worker—despite a decline in the efficiency of their use. Conversely, when
O/WAN and TFP move in unison, the direct effect of TFP on labour productivity can be
inferred. This appears to have occurred between the 1510s and 1560s, from the late 1610s
to 1640s, from 1675 to 1700, and after the War of Spanish Succession.

Table 3 summarises the sources of labour productivity growth.'® Panel A outlines
long-term trends. Growth periods were largely driven by factor intensity, supporting the
'stylised' view. By contrast, periods of stagnation or decline are linked to efficiency losses.
For example, during the War of Spanish Succession (1701-1714) and the second half of the
eighteenth century, efficiency losses were the main cause. Efficiency losses also partly
explain the fall in [abour productivity from 1570 to 1650, with TFP contributing one-third
and factor intensity two-thirds. Panel B, which examines cycles within these long phases,
indicates that rapid labour productivity growth in the central decades of the sixteenth
century (1528-1567) was mainly due to efficiency improvements. Furthermore, in the last
quarter of the seventeenth century (1674—-1701), notable efficiency gains were largely offset
by a decline in factor intensity. It is also important to note that declines in labour
productivity are mainly caused by efficiency losses during 1516—-27, 1702-12, 1759-69, and
1791-1800.

15 For output per working-age population, urbanisation and agricultural tithes form the basis, while investment
prices, wages, and land rents underpin the dual TFP estimates.

16 |In Table 3, the dual TFP has been derived using a real unit user cost of capital calculated with a fixed (4%)
real rate of return. Refer to Table A2 in the Appendix for a dual TFP that employs a real UUCC calculated with a
variable real rate of return.
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Table 3. Sources of Labour Productivity (O/WAN) Growth*, 1501-1800 (%)

Total Factor Labour
Factor Intensity Productivity Productivity
Panel A
1501-1567 0.39 0.03 0.42
1568-1647 -0.38 -0.26 -0.63
1648-1701 0.22 0.08 0.30
1702-1712 0.24 -1.00 -0.77
1713-1758 0.54 0.03 0.57
1759-1800 0.54 -0.56 -0.03
1501-1800 0.19 -0.16 0.03
Panel B
1501-1567
1501-1515 2.10 -0.60 1.50
1516-1527 -0.48 -0.34 -0.82
1528-1567 0.06 0.36 0.42
1648-1701
1648-1673 0.92 -0.44 0.48
1674-1701 -0.44 0.56 0.12
1759-1800
1759-1769 0.22 -0.73 -0.52
1770-1790 0.56 -0.22 0.34
1791-1800 0.85 -1.10 -0.26

Sources: See the text.

Notes: TFP derived using a UUCC calculated with a fixed (4%) real rate of return.

Factor intensity growth (that is, physical capital and land per working-age population) is
derived from the difference between O/WAN and TFP growth rates.

* Hodrick-Prescott trend growth rates.

5. Assessing the Reversal of Fortune: Spain vs Britain

Labour productivity in early modern Spain declined over the long term. Although it
recovered from the late seventeenth century onwards, it never returned to the levels seen
around 1570. A key factor in this decline was a fall in efficiency (TFP) during the seventeenth
and eighteenth centuries. How did this affect Spain's position within Western Europe and,
consequently, the Reversal of Fortune?

Labour productivity comparisons across European countries have been constrained
by limited data on the labour force. Output per working-age population provides a quick

way to assess labour productivity (Section 3). Consequently, a comparison between Spain
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and Britain is possible, although for Britain the only estimate of the working-age population
relies on a fixed proportion, 0.434, of the total population (Broadberry et al., 2015: 365).

To compare GDP per WAN in Spain and Britain during the early modern period, a
reference point or benchmark is needed to anchor their volume indices, and the new PPP
benchmark for the 1790s provides this (Section 2).

| calculated GDP per WAN as a proxy for labour productivity in Spain and Britain by
dividing per capita GDP (expressed in 1790/99£ PPP) by the share of the working-age
population in the total population. Their evolution is shown in Figure 8a. Spain began to
diverge from Britain in the late 1590s, when their levels were similar, and the gap widened
sharply in the first half of the seventeenth century. Although Spanish labour productivity
recovered and trended upwards until 1800—apart from the major setback during the War
of the Spanish Succession, which pushed it onto a lower trajectory afterwards—the gap with
Britain widened, so by 1800 Britain's labour productivity had more than doubled that of
Spain (Figure 8b). It can therefore be concluded that Spain experienced a reversal of fortune
in labour productivity; but what were its main drivers: differences in factor intensity and/or
efficiency?

To answer this question, | have estimated the sources of labour productivity growth
in Britain for each decade from 1500 to 1800 using the same dual approach as previously
applied to Spain.'” For nominal land rent, | relied on Clark's (2002, 2010, 2022) decadal
estimates, and for nominal wages and the GDP deflator, on the Bank of England's (2018)
Millennial database, which is partly based on Clark's data (see Appendix 1).

To calculate the unit user cost of capital—see expression (4)—I constructed a
Torngqvist price index for investment goods, comprising iron products (nails, manufactured
iron, and spades and shovels), bricks, and timber, each weighted equally at one-third. Given
the limited coverage of investment goods, | recalculated the unit user cost of capital using
the GDP deflator as a proxy for changes in the price of capital goods, following Clark (2010).

For the real rate of return, | estimated it using a variable rate obtained by deflating
Clark's (2010: 64-65) nominal return with the GDP deflator, yielding an average of 4.38%. |

replicated the estimates using a fixed rate of 4%, consistent with my approach for Spain.

17 Data available mainly relate to Britain after 1700 and to England from 1500 to 1700 (see Appendix 1).
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Figure 8a. GDP per WAN in Spain and Britain*, 1501-1800 (£1790/99)
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Figure 8b. Relative GDP/WAN in Spain, 1501-1800 (Britain* = 1) (£1790/99)
Note: * GDP corresponds to Great Britain, 1700-1800, and to England, 1501-1700
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The depreciation rate used is 2%, consistent with the rate accepted in housing by
Clark (2010: 74) and equal to that used in the estimates for Spain.

The resulting estimates of the unit user cost of capital, obtained using both the
variable and fixed real rates, are similar. They are also close to those obtained using the GDP

deflator as a proxy for the price of capital goods (Figure 9).
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Figure 9. Unit User Cost of Capital decadal estimates for Britain, with variable and 4% real
rates of return, and using the GDP deflator (Dgdp) as an alternative to the investment goods
price index, 1501-1800 (1790/99=100). Sources: See the text

| have, then, assumed fixed factor shares of 0.6 for labour and 0.2 each for land and
capital, aligning with the average for England in Clark (2010: 81-82) and with the primal
productivity estimates for Britain, which | also applied to Spain.

A comparison of the resulting alternative TFP estimates shows high similarity,
although estimates using the GDP deflator as a proxy for the price of capital goods suggest a
higher level in the first half of the sixteenth century, while the overall trend remains

consistent (Figure 10).
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Figure 10. Dual Total Factor Productivity for Britain: Variable and 4% real rate of return;
alternative capital goods price indices: the investment goods price index and the GDP
deflator (decadal estimates, 1790/99=100). Sources: See the text.

The long-term trend of British TFP displays distinct phases: a decline during the
sixteenth century, reaching its lowest point in the 1590s, followed by a steady increase from
1600 onwards, with only a few reversals in the 1630s, 1690s, 1740s, and 1780s.

Furthermore, Clark's (2010: 108) suggestion that such a decrease might result from
using variable factor weights rather than fixed weights seems unwarranted, as dual TFP
estimates with variable and fixed factor shares are very similar, except in the early sixteenth
century, when the former are slightly higher (Figure 11).%8

Comparing TFP estimates for Britain derived using the dual and primal approaches
yields similar results for the eighteenth century. Thus, although the dual TFP growth rate,
0.24% (Table 4), is somewhat higher than the primal estimate, 0.15% (Crafts, 2021a: 701),
for the first half of the eighteenth century, the two approaches align for its second half,

0.29% (Table 4) and 0.29% (Crafts and Woltjer, 2021: 679). However, a significant

18 The dual TFP estimates with variable factor weights, from Clark (2010: 81-82), are calculated with a
Tornqvist index. Comparing these estimates with Clark's (2010: 113-114) shows a similar pattern in the
seventeenth and eighteenth centuries, but the two diverge noticeably in the sixteenth century, when Clark's
efficiency index drops sharply.
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discrepancy emerges for the 1640s-1690s, as the dual approach indicates sluggish growth
(0.08%), whereas Broadberry's (2024) primal estimate suggests a notable improvement in
efficiency (0.49%). It is worth noting that discrepancies between the dual and primal TFP
estimates indicate measurement errors, as, from a conceptual perspective, the results

should align, warranting further research.
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Figure 11. Dual TFP in Britain, variable and fixed factor shares (UUCC with variable and 4%
real rate of return, decadal estimates) (1790/99=100)

How does the British experience compare with that of Spain? Trends in dual total
factor productivity in Spain and Britain are shown in Figure 12, with the average for 1790/99
set at 100. Their trends are opposite and, since 1600, have been mirror images of each
other. The periods of sharp TFP decline in Spain, the 1610s-1670s and the 1750s-1790s,
roughly coincide with periods of rising TFP in Britain (the 1600s-1660s and the 1740s-1790s).
This inverse pattern illustrates that the TFP growth gap between the two countries helps

explain their differences in labour productivity growth. But by how much?
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variable and fixed real rate of return, decadal estimates) (1790/9=100).

Table 4 decomposes output per working-age population into factor intensity, defined
as capital and land inputs per working-age individual, and total factor productivity (TFP),
which measures the efficiency with which these factors are utilised.'® Factor intensity
growth is calculated as the difference between O/WAN and TFP growth rates. The dominant
role of TFP in explaining the labour productivity growth gap between Britain and Spain is
confirmed. In the early sixteenth century (1500-1560), Spain's comparatively faster growth
(0.20% differential) was due solely to efficiency (0.34% differential). During the late
sixteenth and early seventeenth centuries, TFP growth (positive in Britain and negative in
Spain) entirely accounted for the differences in output per WAN growth. However, the late
seventeenth century is an exception, as factor intensity explains why Britain experienced
faster labour productivity growth than Spain. Similarly, the eighteenth century highlights
TFP's distinctive role. In the first half, its TFP growth differential enabled Britain to counter

Spain's rise in factor intensity, resulting in no significant difference in labour productivity

191n Table 4, the dual TFP has been derived using a real unit user cost of capital calculated with a fixed (4%)
real rate of return. Refer to Table A3 in the Appendix for a dual TFP that employs a real UUCC calculated with a
variable real rate of return.
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between the two nations. In the second half, however, TFP growth allowed Britain to
surpass Spain's improvements in factor intensity and achieve a positive labour productivity
growth differential. The contrast between Spain and Britain is, therefore, quite revealing.
Despite successive downward revisions of British TFP growth rates (Crafts, 2021a,b),
efficiency gains still account for most of the growth differential in output per working-age

population between the two countries.

Table 4. Sources of Labour Productivity Growth*, 1501-1800: Britain and Spain (%)
1500s-1560s 1560s-1640s 1640s-1690s 1690s-1750s 1750s-1790s

Britain

Factor Intensity 0.35 -0.38 0.76 0.04 0.03
TFP -0.24 0.18 0.08 0.24 0.29
GDP/WAN 0.11 -0.20 0.85 0.28 0.32
Spain

Factor Intensity 0.21 -0.36 0.16 0.45 0.54
TFP 0.10 -0.26 0.10 -0.13 -0.48
GDP/WAN 0.31 -0.62 0.26 0.32 0.05
Britain - Spain Differential

Factor Intensity 0.14 -0.01 0.61 -0.41 -0.51
TFP -0.34 0.44 -0.02 0.37 0.78
GDP/WAN -0.20 0.42 0.59 -0.04 0.27

Sources: See the text.

Notes: UUCC computed with a fixed real rate of return (4%)

Factor intensity growth (that is, physical capital and land per working-age population) is
derived from the difference between O/WAN and TFP growth rates.

* Output per working-age population, Hodrick-Prescott trend growth rates.

6. Concluding Remarks

This paper has examined labour productivity trends in early modern Spain, measured
by output per working-age population. After rising in the first three quarters of the sixteenth
century, labour productivity declined until the mid-seventeenth century and never returned
to the levels of the 1570s. Phases of productivity growth were often driven by factor
intensity (1501-1570, 1715-1760), whereas those of stagnation or decline mainly resulted
from efficiency losses (1701-1714, 1760-1800), except during 1570-1650, when both factor
intensity and TFP fell. This finding challenges the 'stylised' fact that factor intensity is the

main driver of labour productivity in pre-industrial economies.
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Spain's labour productivity diverged from Britain's from the late 1590s, when their
levels were similar, and fell to less than half by 1800, with efficiency the key differentiating
factor. Ingenuity was, thus, not only the force behind labour productivity in Britain's
industrial revolution, as suggested by McCloskey (1981:108) and confirmed by Crafts
(2021b: 313), but also behind the Reversal of Fortune.

How can we explain the efficiency-driven reversal in labour productivity between
Spain and Britain? A substantial body of literature examines the causes of British
productivity growth (see Crafts, 2021b). Nevertheless, the reasons for the Spanish
economy's efficiency losses rather than gains from the late sixteenth century to the early
nineteenth century remain to be explored.

Providing a detailed explanation of the 'ultimate' causes of the productivity reversal,
particularly if, as Acemoglu et al. (2002: 1235-1236) argue, income reversals are explained
by institutional differences that create opportunities for industrialisation, is beyond this
paper's scope and requires thorough investigation. However, some hypotheses regarding
why Spain's efficiency declined and led to the productivity reversal can be proposed for
further research.

One hypothesis for the long-term TFP contraction between the 1570s and the 1670s
is de-urbanisation. The share of the population living in urban centres and engaged in non-
agricultural activities fell sharply between the late sixteenth and mid-seventeenth centuries,
from 14.6% in 1591 to 8.7% in 1646 (Prados de la Escosura et al., 2024: 40). This process
involved not only de-industrialisation and a decline in commercial activity but also reduced
incentives to increase agricultural productivity, as urban demand for foodstuffs and raw
materials fell (Alvarez-Nogal et al., 2016). This is reflected in the contraction of real returns
to land and labour (Figure 7). In other words, it was the opposite of the 'industrious'
revolution in north-west Europe, where urban progress and related goods and services
raised the opportunity cost of leisure and encouraged agricultural efficiency (O'Brien, 1985;
Allen, 2004; de Vries, 2008). Rising fiscal pressure from the 1570s to the 1660s—after King
Philip Il won a war of attrition against the Castilian cities to double consumption taxes (the
alcabalas)—which was aimed at financing imperial wars in Europe, has been suggested as a
major cause of de-urbanisation (Alvarez-Nogal and Chamley, 2014, 2016; Alvarez-Nogal et
al., 2016). Monetary instability in the early seventeenth century and internal military conflict

in the central decades of the century also hindered recovery.
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Regarding the decline in total factor productivity during the eighteenth century,
particularly in its second half, no definitive hypothesis has yet been proposed. However, the
decline in real returns to labour and, from the 1750s onwards, to capital—while land returns
gradually increased—suggests that reallocating resources towards extensive agriculture,
which involved bringing new land into cultivation at the extensive margin as land abundance
allowed, may help explain the decline in efficiency (Santiago Caballero, 2013) and signal the

beginning of the frontier’s closure.
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Appendix 1. PPP Benchmark 1790/99

Prices

Spain

Prices for Catalonia (mainly Barcelona) and Valencia, in the Crown of Aragon, and for
Andalusia, Old Castile, and New Castile (Toledo and Madrid, mostly), in the Crown of Castile
have been used. Unweighted averages for the Crowns of Aragon and Castile were combined
with 1/4 and 3/4 weights to account for their relative population sizes in the 1787 and 1797
population censuses, which match their shares in GDP (Alvarez Nogal and Prados de la
Escosura, 2007: 352, Table 12).

The source for Catalonia is Feliu (1991), and for the rest, Hamilton (1947) and
Hamilton’s typescripts held in the David M. Rubenstein Rare Book and Manuscript Library at
Duke University, kindly provided by Bob Allen. Additional price data for Madrid, Seville, and
Valencia are drawn from Lépez Losa and Piquero Zarauz (2021). Additional bread prices for
Murcia come from Caro Lépez (1987), and for Toledo (kindly supplied by Mauricio
Drelichman). Tobacco prices are drawn from Alonso Alvarez (1995), and iron bar prices from
Carrién Arregui (1991).

Shadow prices have been estimated for oats, peas, potatoes, and wine, using wheat
as the reference price. Shadow prices have also been estimated for butter (using milk as the
reference), tallow (tallow candles), treacle (sugar), tea and coffee (chocolate), coal
(charcoal), cotton cloth, stockings, and silk thread (wool cloth). In addition, shadow prices
for butter, tallow, treacle, tea and coffee, coal, and cotton cloth, stockings, and silk thread
have been derived using the prices for milk, tallow candles, sugar, chocolate, charcoal, and
wool cloth as the respective reference prices.

Britain

Most prices are drawn from Clark (2004, 2010). Additional prices for iron bars, olive
oil, cocoa, tea, and coffee come from Gayer et al. (1953), and those for cotton goods
(calicoes) from Harley (1998: 79).

Shadow prices have been derived for chickpeas, wine, salt, and honey, using the
price of wheat as the reference. Shadow prices have also been computed for lard and
saffron, using the prices of olive oil and cinnamon, respectively, as the references.

Weights

Weights for each country are derived from national expenditure.

Britain, weights are drawn from Clark (2010).

Spain. Weights are based on household expenditure in Madrid from Llopis and
Garcia Montero (2011), supplemented by Ringrose's data (1983). However, | have revised
the weights for food and non-food goods from 70% and 30% to 65% and 35% to align with
historical national accounts for the 1850s, which report average shares of 63.9% and 36.1%,
respectively (Prados de la Escosura, 2017).
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Appendix 2

Spain
Nominal Wages Index

Unweighted Torngvist indices of average nominal wage rates, expressed in grams of
silver, have been calculated for the Crown of Castile based on series for New Castile (mainly
Toledo) (Reher and Ballesteros, 1993), Madrid, and Seville (Lépez Losa and Zarauz Piquero,
2021), as well as for the Crown of Aragon based on series for Barcelona (Feliu, 1991) and
Valencia (Lopez Losa and Piquero Zarauz, 2021).

A weighted Tornqvist index was then created for Spain as a whole, with three-
qguarters and one-quarter weights assigned to the Crowns of Castile and Aragon,
respectively, to reflect their population shares.

Nominal Land Rent Index

Unweighted Tornqvist indices of nominal land rents, expressed in grams of silver,
have been calculated for the Crown of Castile based on series for Andalusia, western, 1504-
1800 (Ponsot, 1986); Jaen, 1520-1672 (Coronas Vida, 1994); and Old Castile, Ledn, 1569-
1800 (Sebastian Amarilla, 1990); Segovia, 1651-1690 and 1780-1800 (Garcia Sanz, 1986);
Avila, 1790-1800 (Llopis, private communication); and Zamora, 1683-1800 (Alvarez Vazquez,
1987).

A weighted Tornqvist index was subsequently calculated for Spain as a whole, with
three-quarters and one-quarter weights assigned to the Crowns of Castile and Aragon—
based on series for Catalonia (Gerona), 1520-1800 (Duran i Pujol, 1985)—to reflect their
population shares.

Investment Price Index

Unweighted Tornqvist indices of lime and plaster, in grams of silver, have been
calculated for the Crown of Castile based on series for Andalucia, New Castile, and Old
Castile, and for the Crown of Aragon based on series for Valencia and Catalonia, using
Hamilton (1936, 1947) and Hamilton’s typescripts, except for Catalonia, which derives from
Feliu (1991). Unpublished Hamilton's prices for lime and plaster in Valencia and Seville,
1651-1800, were kindly supplied by Ernesto Lépez Losa.

A weighted index of construction material was then derived for Spain as a whole,
with three-quarters and one-quarter weights assigned to the Crowns of Castile and Aragon,
respectively, to reflect their population shares.

Unweighted price indices, in grams of silver, of nails (large) for Old Castile and New
Castile, 1501-1650 (Hamilton, 1936, 1947, and Hamilton’s typescripts), and of iron bars for
Guipuzcoa, 1647-1800 (Carrién Arregui, 1991).

An unweighted Tornqgvist price index for investment goods has been computed from
iron and construction material prices.

Nominal Rate of Return
Interest rate of long-term public debt (juros), kindly provided by Carlos Alvarez Nogal and
Francisco Comin Comin (see Comin Comin, 2014).

GDP Deflator
Prados de la Escosura et al. (2024).
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Britain (England pre-1700/1750)
Nominal Wages Index and GDP Deflator
Bank of England (2018), Table A47, columns B and R.

Nominal wages: up to 1750, English average male daily wage rates from Clark (2010,
updated 2015); 1750-1770, British weekly average earnings Crafts and Mills (1994); 1770-
1800, British average full-employment money earnings (Feinstein, 1998: 652-653).

Implicit GDP Deflator at factor cost computed from nominal and real GDP at factor
cost for England, 1500-1699, and Great Britain, 1700-1800 (Broadberry et al., 2015).

Nominal Land Rent
1550-1800, Clark (2022: 2979), projected backwards to 1500 using the geometric rate of
variation from Clark (2010: 64—65).

Investment Price Index

A Torngvist price index for investment goods: iron, bricks, and timber, each weighted
equally at one-third.

The price index for iron products is an unweighted Térnqvist index of prices for nails,
manufactured iron, and spades and shovels.

Source: Clark (2010: Table A1, pp. 137-139).

Nominal Rate of Return
Clark (2010: 64-65)
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Figure Al. Dual Total Factor Productivity with alternative factor weights (variable real rate of
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Note: TFP1 calculated using a unit user cost of capital derived with a variable real rate of
return.
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Table A.1 The Construction of a PPP Exchange Rate for the 1790s: Prices and Weights

Goods

Starches
Bread
Barley
Oats
Chickpeas
Peas
Potatoes
Rice
Beans
Meat & Eggs
Beef
Mutton
Pork

Eggs
Dairy
Milk
Butter
Fats
Tallow
Lard
Olive Oi
Fish

Salt Cod
Drinks
Beer
wine

tea
coffee
Chocolate
Sugars
sugar
treacle
Honey
currents/raisins
Salt

Salt
Spices
pepper

cinnamon

Units

kg
kg
kg
kg
kg
kg
kg
kg

kg
kg
kg
dozen

iltre

kg

kg
kg
iltre

kg

iltre
litre
kg
kg
kg

kg
iltre
kg
kg

litre

kg
kg

British Prices

(Shadow Prices)

0.019
0.009
0.009
0.027
0.008
0.004
0.019
0.008

0.048
0.047
0.049
0.036

0.008
0.072

0.074
0.091
0.056

0.085

0.011
0.016
0.745
0.553
0.448

0.086
0.001
0.044
0.066

0.010

0.250
2.646

Spanish Prices Individual PPP

(Shadow Prices)

1.57
0.83
0.86
2.62
0.80
0.35
2.08
1.01

4.09
4.16
3.75
3.53

0.91
8.16

6.45
7.64
4.68

5.72

1.09
1.57
39.28
29.16
23.6

9.87
0.13
4.23
4.41
0.98
29.44

183.87
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Reales / £

82.9
96.7
95.7
95.7
95.7
95.7
106.9
132.8

84.9
88.5
75.8
98.5

113.2
113.2

87.3
83.7
83.7

67.1

95.7
95.7
52.7
52.7
52.7

114.3
114.3
95.7
67.0

95.7

117.6
69.5

British Weights

0.281
0.211
0.006
0.014

0.014
0.028
0.008

0.065
0.026
0.019
0.013
0.006
0.065
0.032
0.032
0.016
0.008

0.008
0.016
0.016
0.065
0.039
0.010
0.013
0.003

0.022
0.014
0.002

0.005
0.005
0.005
0.005
0.003
0.003

Spanish Weights

0.281
0.231
0.020

0.015

0.004
0.012
0.180
0.030
0.066
0.058
0.026
0.013
0.013

0.037

0.004
0.032
0.026
0.026
0.087

0.050

0.037
0.017
0.013

0.001
0.003
0.006
0.006
0.003
0.001
0.001



Saffron

FOOD

Fuel
Firewood
charcoal
coal

Light

tallow candles
wax candles
lamp oil
Soap

soap
Clothing
wool cloth
linen cloth
cotton cloth
silk thread
stocking
shoes
Tobacco
tobacco
Other Manufactures
paper
Bariron
OTHER

TOTAL

kg

kg
kg
kg

kg
kg
litre

kg

metre
metre
metre
kg
pair

pair

kg

ream

kg

3.483

0.001
0.005
0.001

0.077
0.288
0.063

0.082

0.437
0.092
0.051
0.216
1.136
0.210

0.339

1.056
0.017
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242.05

0.06
0.35
0.06

6.70
28.82
4.68

4.88

33.69
4.56
3.97

16.67
87.6

14.99

32.9

42.57
1.17

69.5

83.8
78.5
78.5

87.3
100.0
73.8

59.4

77.1
49.6
77.1
77.1
77.1
71.4

97.0

40.3
68.4

0.540

0.085
0.027
0.007
0.051
0.068
0.051
0.010
0.007
0.009
0.009
0.205
0.074
0.037
0.019
0.019
0.019
0.037
0.017
0.017
0.077
0.026
0.051
0.460
1.000

0.001
0.650

0.078
0.039
0.039

0.020
0.005
0.005
0.010
0.024
0.024
0.163
0.082
0.049

0.008

0.024
0.013
0.013
0.051
0.015
0.037
0.350
1.000



Table A2. Sources of Labour Productivity Growth*, 1501-1800 (%)

Total Factor Labour
Factor Intensity Productivity Productivity
Panel A
1501-1567 0.39 0.03 0.42
1568-1647 -0.37 -0.26 -0.63
1648-1701 0.21 0.08 0.30
1702-1712 0.21 -0.97 -0.77
1713-1758 0.55 0.02 0.57
1759-1800 0.55 -0.57 -0.03
1501-1800 0.20 -0.16 0.03
Panel B
1501-1567
1501-1515 2.06 -0.56 1.50
1516-1527 -0.46 -0.36 -0.82
1528-1567 0.07 0.35 0.42
1648-1701
1648-1673 0.91 -0.44 0.48
1674-1701 -0.44 0.56 0.12
1759-1800
1759-1769 0.21 -0.73 -0.52
1770-1790 0.58 -0.24 0.34
1791-1800 0.84 -1.10 -0.26

Sources: See the text.

Notes: TFP derived using a UUCC calculated with a variable real rate of return.

Factor intensity growth (that is, physical capital and land per working-age population) is
derived from the difference between O/WAN and TFP growth rates.

* Output per working-age population; Hodrick-Prescott trend growth rates.

45



Table A3. Sources of Labour Productivity Growth*, 1501-1800: Britain and Spain (%)
1500s-1560s 1560s-1640s 1640s-1690s 1690s-1750s 1750s-1790s

Britain

Factor Intensity 0.23 -0.38 0.76 0.03 0.07
TFP -0.12 0.18 0.08 0.24 0.26
GDP/WAN 0.11 -0.20 0.85 0.28 0.32
Spain

Factor Intensity 0.22 -0.36 0.15 0.45 0.55
TFP 0.09 -0.26 0.11 -0.13 -0.50
GDP/WAN 0.31 -0.62 0.26 0.32 0.05
Britain - Spain Differential

Factor Intensity 0.02 -0.02 0.61 -0.41 -0.48
TFP -0.22 0.44 -0.02 0.37 0.75
GDP/WAN -0.20 0.42 0.59 -0.04 0.27

Sources: See the text.

Notes: UUCC computed with a variable real rate of return.

Factor intensity growth (that is, physical capital and land per working-age population) is
derived from the difference between O/WAN and TFP growth rates.

* Output per working-age population; Hodrick-Prescott trend growth rates.
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