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ABSTRACT 

 

In a series of papers, this thesis considers the long-run determinants of income inequality. The 

contribution of these papers is to show that, once decomposed into its constituent parts, 

inequality has a strong structural relationship to the stocks of capital and wealth. These relations 

are recoverable from relevant theoretical and empirical analysis, and help to elucidate the 

drivers of secular rises in inequality, since the 1980s, in the developed world. In chapter I, I 

examine the link between the rise in the relative price of building capital and the decline in the 

labour share, arguing that a fall in the building capital to output ratio has placed downward 

pressure on labour’s share. Chapter II considers the relationship between Tobin’s q and the 

labour share of income, and documents how the strong empirical association between these 

variables confirms the general validity of recent theories emphasising the role of rising market 

power in explaining the decline in the labour income share. In chapter III, I explore the 

distinction between the positive correlation between the capital share and the wealth to output 

ratio and the negative correlation between the capital share and the capital to output ratio. In 

so doing, I demonstrate that this discrepancy has significant implications for the implied 

elasticity of substitution between capital and labour. Finally, chapter IV assesses the capital-

skill complementarity hypothesis, which links a rising skill premium to increases in the stock 

of machinery, using historical panel data. The results show a negative relation between 

machinery capital and the skill premium, implying capital-unskill complementarity. Together, 

these papers demonstrate that decomposing inequality into its constituent parts enhances our 

understanding of the drivers of aggregate inequality.  
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INTRODUCTION 

 

1. Opening Remarks 

Inequalities in incomes and wealth have been defining considerations of the study of economics 

since the conception of the discipline (Marx 1867; Smith 1776; Ricardo 1815). Despite this, 

interest in the topic has surged in recent decades, with commentators, academics, politicians 

and the general public alike seeking explanations for the secular rise in inequality seen in much 

of the world, particularly in the Anglosphere, since the 1980s (e.g. Piketty 2014; Karabarbounis 

& Neiman 2014; Autor et al 2020) . In this thesis, I contribute to the discussion of these 

developments through a series of papers that empirically examine the pertinence of major 

structural developments to changes in inequality. Using panel datasets, this research examines 

the general validity of modern theories emphasising the capital stock, the direction of 

technological progress, declining competition, rising firm mark-ups, the decline of unions, the 

fall of communism, and changes in the supply of human capital, with reference to historical 

patterns spanning back to the dawn of the 19th century. Importantly, this analysis pays particular 

attention to the insights garnered through decomposing inequality into its constituent parts, 

notably inequalities in capital and labour incomes.   

The recent increase in inequality in the developed world is shown in figure 1. This figure 

depicts the average values for the post-tax/transfer Gini index and the top 10% post-tax/transfer 

income share for a sample of 17 OECD countries between 1980 and 2019. The graph shows 

that inequality surged considerably throughout the 80s and 90s, but has been comparatively 

stagnant throughout the 2000s. The increase has been more dramatic in the United States than 

in other countries, as can be seen in figure 2. Here, the graph shows that, in contrast to the 

overall sample, which saw the Gini increase from 0.31 to 0.34, inequality in the United States 

increased from a Gini of 0.37 to a Gini of 0.48. Given the size and centrality of the US economy, 

it is the increase in its inequality that has been of the focus of much of the recent literature.  

Figure 1 also reveals that increases in the share of income accruing to the top 10% of income 

earners, closely track changes in the Gini. This demonstrates the consistency in inequality 

developments, regardless of the measure used.  
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Notes. In figure 1 the data presented is an unweighted average of 17 OECD countries for both indicators. 

Unweighted series are used to prevent the United States from dominating the sample.  In figure 2, the ‘Entire 

Sample’ series is compiled in the same way. The data for both graphs is obtained from the World Inequality 

Database. A full list of the countries considered is supplied in the data appendix. Graphs are compiled from data 

provided by the World Inequality Database.  

The first three chapters of this thesis examine the evolution of the capital and labour shares of 

aggregate income, which is the first important component of the functional income distribution 

that I consider in this thesis. In my first chapter, ‘The Composition of Capital and the Declining 

Income Share of Labour’, I propose a novel theory for the decline in the labour share of income. 

This theory argues that increases in the cost of the non-residential building and structure 

component of the capital stock have led to a fall in the marginal product of labour, and 

consequently the labour income share, because of the high degree of complementarity between 

buildings and labour. Deriving a model of differential capital-labour complementarity between 

classes of capital, this paper demonstrates empirically that there is strong evidence that the 

elasticity of substitution between machinery and labour is substantially higher than the 

elasticity of substitution between buildings and labour. In this way, I show how changes in the 

composition of the capital stock can have substantial implications for the functional income 

distribution. Simulating the effect of these variables using a fitted model, it is shown that falls 

in the building capital to output ratio can explain 35% of the decline in the labour share, whilst 

rises in the machinery to output ratio can explain a further 8%.  
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My second chapter, ‘Mark-ups, Tobin’s q and the Declining Labour Share’ uses the error 

correction model to find support for the complementary theory that the decline in the labour 

share is due, in part, to a rise in the mark-up rate of firms (Caballero et al. 2017; Eggertsson et 

al. 2018; Farhi and Gourio 2018; Autor et al. 2020; Barkai 2020; De Loecker et al. 2020; 

Aghion et al. 2021). In this paper, Tobin’s q is employed as an indicator of mark-up rates 

because it reflects the difference between the replacement value of capital and discounted 

income flows, a difference that is equivalent to the present value of the economic rents accruing 

to the owners of capital. Whilst this paper does not attempt to provide causal evidence for the 

mark-up theory, it nevertheless demonstrates its general validity, and robustness to a number 

of important potential confounders. The empirical results from this paper attribute 26% of the 

decline in the labour share to changes in mark-ups (as reflected in changes in Tobin’s q).  

My third chapter, ‘Wealth, Capital and the Elasticity of Substitution’, examines disparate 

theories of the relationship between the capital stock and the capital share and how apparent 

contradictions (e.g. the findings of Piketty 2014 and Chirinko 2008) stem from differing 

definitions of ‘capital’. The crucial finding of this paper is that whilst the elasticity of 

substitution between the real capital stock and labour is less than one, the elasticity of 

substitution between wealth and labour is greater than one. The major driver of this result is 

that Tobin’s q, which is positively correlated with the capital share, is a component of the 

wealth stock, but not of the real capital stock.  

In my fourth chapter, ‘Does Capital Complement Skills in the Long-run of History? Evidence 

from the OECD 1870-2016’, I turn my attention to the skill premium, another important 

component of aggregate inequality. This paper explores the relationship between the size of 

the machinery capital stock and the skill premium. In estimating this relation, I also consider a 

number of other important determinants of the returns to skill including skill biased 

technological change, unionisation, the supply of skills and female labour force participation. 

In contrast to much of the existing literature, the empirical results produced show a strong 

robust negative association between the skill premium and the quantity of machinery capital. 

The implication of this is that machinery capital is more complementary with unskilled labour 

than it is with skilled labour. In addition to complementarity between unskilled labour and 

machinery, this paper also produces evidence for the distinct hypothesis of technology-skill 

complementarity. This hypothesis posits that technological progress has a tendency to increase 

the marginal product of skilled workers by more than it increases the marginal product of 
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unskilled workers, thereby raising the skill premium. The fitted model in this chapter suggests 

that a rising machinery to skilled worker ratio can account for approximately 38% of the decline 

in the skill premium between 1870 and 2016, with increases in the relative supply of skills 

accounting for an additional 34%, and rising research intensity placing upward pressure on the 

skill premium that is equivalent to 39% of the long-run decline.  

I will conclude my thesis with a synthesis that demonstrates how all of these papers contribute 

to an understanding of the relationship between national wealth and income inequality. The 

purpose of this is to demonstrate that the models of the skill premium and the capital share 

developed throughout this thesis can explain changes in aggregate inequality measures, thereby 

confirming the claim that decomposing inequality enhances our understanding of it.  

2. Pre-Tax/Transfer & Post-Tax Transfer Inequality  

All four of these chapters consider important components of inequality (the capital share in the 

first three chapters and the skill premium in chapter four), and use structural mechanisms, 

implied by the relevant economic theory, to explain changes in inequality with reference to 

changes in its constituents. The pertinence of changes in both the skill premium and the capital 

share of income, comes through their ability to impact inequality in market incomes. Aggregate 

inequality will, in turn, be related directly to both the degree of market inequality and to the 

extent of redistribution undertaken by governments through the tax and transfer system. Figure 

3 tracks developments in the post-tax/transfer Gini index for the 17 countries considered earlier 

alongside changes in the pre-tax/transfer Gini index for the same 17 countres. As this graph 

shows, post-tax/ transfer inequality sits substantially below the pre-tax and transfer curve, 

highlighting the important contribution of redistributive policy to overall inequality outcomes. 

We can take the difference between the pre-tax/transfer Gini and the post-tax/transfer Gini to 

attain a measure of the contribution of redistribution to inequality in the sample period, which 

figure 4 depicts. As can be seen in figure 3, inequality has increased across both measures; 

however the increase is greater in the pre-tax/transfer measure. Figure 4 more clearly reveals 

this by documenting a marked increase in the extent of the inequality reduction arising from 

redistribution during the 90s, with subsequent decades featuring stable levels of redistribution.  

The implication of these graphs is that the recent increase in inequality cannot be attributed to 

changes in the extent of redistribution being undertaken by the state. Instead, changes in the 

extent of redistribution have actually placed downward pressure on inequality. This means that 
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the recent increase in inequality is driven entirely by greater inequalities in market incomes. 

Given this, the focus of this thesis on the skill-premium and the capital share, both of which 

determine market inequality, is appropriate.  

This inability of changes in redistributive policies to explain the recent increase in inequality 

does not suggest that such policies are unimportant in explaining inequality. On the contrary, 

figure 4 implies that inequality would be greater if redistribution had not increased in the 1990s. 

Of course, this conclusion requires the assumption that redistributive policies do not have any 

impact on the pre-tax/transfer income distribution. This is not necessarily the case, with 

increases in redistribution plausibly having both positive and negative effects on pre-

tax/transfer inequality, depending on the policy employed. For example, an increase in top 

marginal income tax rates could reduce pre-tax/transfer inequality by discouraging work effort 

amongst top income earners. Higher taxation could also simultaneously decrease the incentives 

for rent seeking by these individuals. Both of these mechanisms would result in lower pre-

tax/inequality. Alternatively, an increase in welfare payments could provide a disincentive for 

low-income earners to earn market income. In this case, an increase in redistribution would 

result in higher pre-tax inequality.  

In figure 5, I present the correlation between the Pre-Tax/Transfer Gini and the change in Gini 

from redistribution amongst 39 countries. These countries are the 39 countries for which the 

World Inequality database has 2019 data on both pre and post-tax inequality. This scatterplot 

shows that there is a negative correlation between the degree of pre-tax inequality and the 

extent of redistribution. This correlation is significant at the 5% level of significance and could 

be explained in a number of different ways. Firstly, as described above, this could imply that 

higher redistribution reduces incentives for high-income earners to work and to rent-seek. 

Alternatively, it could indicate that countries with inherently lower income inequality have a 

greater propensity to redistribute. Finally, it could indicate the presence of a third value (e.g. 

culture) that influences both market inequality and the extent of redistribution.  

Figure 6 considers the relationship between the Post-Tax/Transfer Gini and the change in Gini 

from redistribution amongst the same 39 countries. As can be seen, and logically deduced, the 

coefficient on the relationship between post-tax inequality and the change in the Gini from 

redistribution is 1 unit greater when post-tax transfer inequality is considered, with the overall 

association holding at the 1% level of significance. Consideration of figures 5 and 6 together 

suggest that differences in redistribution amplify cross-country differences in inequality that 
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Notes. In figure 3, the data presented is an unweighted average of 17 OECD countries for both indicators. In figure 

4 the series is the difference between the series in figure 3. Figure 5 plots the pre-tax/transfer Gini index against 

the difference between the pre and post-tax/transfer Gini indices for 39 countries. Figure 6 plots the post-

tax/transfer Gini index against the pre and post-tax/transfer Gini indices for 39 countries. The list of countries 

considered in these graphs is detailed in the data appendix. The series presented in figure 7 is the difference 

between the pre and post-tax/transfer Gini index in the United States. All graphs are compiled from series provided 

by the World Inequality Database. Unweighted series are used to prevent the United States from dominating the 

sample.   

3. The Components of Pre-Tax/Transfer Inequality    

Having identified pre-tax/transfer income inequality as the source of growing aggregate 

inequality, we are able to decompose market inequality into inequality arising from differences 

in labour incomes, and inequality arising from differences in capital income. The labour and 

capital shares of income, which together sum to unity, will give the relative importance of both 

of these types of inequality. The correlation between an individual’s capital income and their 

labour income is also a determinant of aggregate inequality.  

There is limited macroeconomic data that entirely decomposes inequality into its constituent 

parts, consequently only figures for the United States and France are shown. We can see 

developments in the different types of inequality in both of these countries in figures 8 and 9. 

In each of these graphs, four different series are depicted. The first series, ‘labour’, shows the 

share of the top 10% of labour income earners in total labour income. The second series, 

‘capital’, shows the share of the top 10% of capital income earners in total capital income. The 

third series, ‘overall’, shows the share of the top 10% of income earners in total income. Finally, 

the fourth series depicts the capital share of income.   
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Notes. In figures 8 and 9, ‘Labour’ denotes the share of labour income accruing to the top 10% of labour income 

earners, ‘Capital’ denotes the share of capital income accruing to the top 10% of capital income earners, ‘Overall’ 

denotes the share of total income accruing to the top 10% of income earners, ‘Capital Share’ denotes the share of 

income accruing to capital owners. Data is from the World Inequality Database 

The first important observation to be made is that inequality in capital income is substantially 

higher in both the United States and France. In the United States, the top 10% share of capital 

income hovers between 70% and 80% over the sample period, whilst the top 10% share of 

labour income trends upwards from around 28% to 40%. In France, the top 10% share of capital 

income typically hovers between 60% and 70%, whilst the top 10% share of labour income is 

typically between 25 and 30%. This confirms what is intuitively obvious, that the rich receive 

a disproportionate share of their income from capital, and that a substantial majority of capital 

income accrues to top earners. This arises primarily because the distribution of wealth is 

considerably more unequal than the distribution of income, and capital income is derived 

proportional to the amount of wealth that an individual holds. Furthermore, it is likely that 

those with higher incomes have their wealth in higher yielding assets (e.g. stocks rather than a 

savings account).  

A second observation is that whilst there are movements in the top 10% share of capital income, 

these only represent small relative fluctuations. To see this, we can consider that the share of 

capital income accruing to the top 10% of capital income earners decreased by 10% between 

1962 and 2019, whilst the share of labour income accruing to the top 10% of labour income 

earners increased by 43% over the same period. This implies that changes in both the factor 
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distribution of income and in the labour income distribution are a greater cause of recent 

developments in the functional income distribution.   

Because of the highly unequal distribution of capital income, the relative weighting of capital 

and labour income in an economy becomes an important determinant of overall inequality. 

This is why a considerable literature seeks to examine the determinants of the labour share of 

income (Acemoglu, 2003; Elsby et al., 2013; Karabarbounis and Neiman, 2014; Piketty, 2014; 

Acemoglu and Restrepo, 2018, 2020; Grossman et al., 2018; Madsen et al., 2020;Vom Lehn, 

2018; Bengtsson et al. 2020; Autor et al. 2020; Barkai 2020; Bergholt et al., 2021; d’Albis et 

al., 2021; De Loecker et al. 2020; Aghion et al., 2021; Farber et al., 2021; Kehrig and Vincent, 

2021; Oberfield and Raval, 2021). In the United States, the data from the World Inequality 

Database suggests that the capital share rose considerably during the 1990s and 2000s 

(although other sources show an increase predating this time). Whilst a relationship between 

overall inequality and the capital share is not entirely clear in figure 8, the growing importance 

of capital income in the US economy will nevertheless have been a contributing factor to the 

growth in US inequality. This is because of the substantially greater inequality in capital 

income previously discussed. The figure shows a strong relationship between labour income 

inequality and overall income inequality, suggesting the importance of labour income 

inequality as a contributor to rising aggregate inequality in the United States.  

The relationship between the capital share and aggregate inequality is considerably clearer in 

figure 9. In this graph, we can see that an increase in the French capital share during the 1980s 

was associated with a similar increase in the top 10% share of income. In figure 9, it is the 

relationship between labour income inequality and overall income inequality that is more 

obscure. This highlights that in different places and at different times, different components of 

inequality have played varying roles in driving inequality. This suggests that a thorough 

understanding of the macroeconomic determinants of inequality requires an analysis that 

examines inequality with respect to its constituent parts. By analysing the capital share and the 

skill premium, that is what this thesis accomplishes.  

4. The Factor Distribution of Income and Inequality  

Figure 10 shows long-run developments in inequality (as measured by the Gini Index) 

alongside developments in the labour share of income. The data is compiled from historical 

data sources detailed in the appendix and is the unweighted average of 21 OECD countries. 
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There is a clear negative correlation between the labour income share and overall income 

inequality that provides strong prima-facie support to the proposition that the factor distribution 

of income is of great importance in determining the aggregate income distribution. This relation 

arises not only because a rising labour share reweights the labour and capital income 

distributions in favour of the capital distribution, but also because the labour share plausibly 

influences the distribution of labour income. This is because many higher income earners, such 

as those in finance, real-estate or management, have incomes that are either explicitly or 

implicitly linked to the returns of capital and to the size of the capital stock that they manage.   

The path of the capital share over the post WWII period ostensibly suggests that changes in the 

capital share have been responsible for both the compression in inequality prior to the 1970s 

and the expansion of inequality beginning in the early 1980s. Despite the strength of this 

association, it is clear from figures 8 and 9 that there are many developments in inequality that 

cannot be explained by the labour share. In figure 10, the decline in inequality between the end 

of WWI and the end of WWII is greater than would be suggested by the rise in the labour share. 

Additionally, changes in the capital share are unable to explain why the increase in inequality 

in the Anglosphere since 1980 has been greater than the increase in continental Europe.  

Figure 11 shows the path of the unweighted labour share in 6 English Speaking countries 

(United States, United Kingdom, Australia, New Zealand, Canada and Ireland), alongside the 

path of the unweighted labour share of 14 Continental European countries (Austria, Belgium, 

Denmark, Finland, France, Germany, Greece, Italy, Netherlands, Norway, Portugal, Spain, 

Sweden, and Switzerland). Here, it is evident that the labour share in both sets of countries 

follows the same basic inverted U shaped pattern, with a similar increase between 1950 and 

the early 1970s, and a similar decrease between the early 1980s and 2018. Despite this 

congruity, there is a considerable discrepancy between the paths of inequality in the two sets 

of countries, evidenced in figure 12. Here we can see that between 1950 and 1980, Europe saw 

marked falls in the extent of inequality whilst the Anglosphere saw a much more muted decline. 

After 1980, whilst inequality in both Europe and the English-Speaking world rose, the increase 

was much more dramatic in the Anglosphere. Clearly, these differential developments cannot 

be driven by divergent changes in the capital share. The implication of this is that changes in 

labour income inequality are likely to have been considerably more substantial in the English-

Speaking world than in Europe. Additionally, the labour share is similar in both sets of 

countries, suggesting weak explanatory power for the labour share in accounting for cross-
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sectional differences in inequality. Despite the limited explanatory power of the capital share 

in this context, we should note that the path of inequality in each country set remains correlated, 

albeit imperfectly, with the path of the labour share. Hence, whilst the increase in inequality 

throughout the developed world can be explained, in large part, by changes in the labour share, 

there is much that this component of inequality cannot explain. 

Notes. In figure 10, ‘Gini’ denotes the pre-tax/transfer Gini index for 21 OECD countries. ‘Labour Share’ denotes 

the share of Net National Income accruing to labour. Data sources are detailed in the appendix. 

 
  

Notes. In figure 11 ‘Labour Share’ denotes the share of Net National Income accruing to labour. In figure 12, 

‘Gini’ denotes the pre-tax/transfer Gini index for 21 OECD countries. Data sources are detailed in the appendix. 

In both figures, the Anglosphere series is the unweighted average value for 6 English-Speaking Countries whilst 

the Continental Europe Series refers to the unweighted average value for 14 Continental European Countries. 
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5. The Distribution of Wealth and the Distribution of Income  

As discussed, the relevance of the labour share in determining overall inequality arises because 

of the highly unequal distribution of capital income, which is, in turn, driven by the highly 

unequal distribution of wealth. Consequently, a rise in wealth inequality will cause a rise in 

income inequality. At the same time, the distribution of wealth will, in large part, be determined 

by the distribution of income. This is because wealth accumulates as people save (we can also 

consider unrealised capital gains as a form of saving) and the amount that is saved by an 

individual will be a function of that individual’s income. This is both because savings rates 

tend to rise with income, and because the income from which savings are derived rises. As a 

result, there will be a two-way causal linkage between the distribution of income and the 

distribution of wealth.   

We can see some indication of this in figures 13 and 14, which depict changes in the distribution 

of wealth and income in the United States and France. This indication is found in the pattern 

of the general decline in both variables in France, and the increases seen in both variables since 

the mid-1980s in the United States.  Despite this, there are clearly some notable differences 

between the path of the income distribution and the path of the wealth distribution. An obvious 

example of this is the decline in the income Gini in France following the Great Depression, 

with no similar decline being observed in the wealth Gini.  

There are a number of reasons why wealth and income Gini’s may not always move in tandem. 

Firstly, wealth is a stock whilst income is a flow. This means that wealth inequality is likely to 

reflect the cumulative impact of income inequality, potentially resulting in a time delay 

between changes in income inequality and changes in wealth inequality. For example, the 

increase in wealth inequality from the late 1980s in the United States appears to lag the increase 

in income inequality by around a decade.  Secondly, there are a number of other parameters 

that determine the nature of the relationship between wealth inequality and income inequality. 

These parameters include the aggregate savings rate, the relationship between the marginal 

propensity to save and an individual’s income, the capital share and the mortality and fertility 

rates.  

An additional parameter that will determine this relation will be the association between wealth 

inequality and inequality in capital income. Whilst in the long-run we would expect that these 

two variables to be tightly correlated, there are still a number of reasons why the distribution 
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of wealth could be different to the distribution of capital income. One reason is that people in 

different income groups are likely to hold different types of assets, which yield different returns 

at different times. The wealthy are more likely to own a significant proportion of their net worth 

in stocks, the middle class in real estate, whilst the poor will hold their savings as bank deposits. 

Changes in the relative return to different asset classes in a given period will consequently 

result in changes to the distribution of capital income, but not the distribution of wealth. As can 

be seen in figures 13 and 14, there is some evidence that changes of this character have occurred 

in both the United States and France, with the capital income Gini following a different path to 

the wealth income Gini in the case of both countries. Despite this, we ought to interpret these 

results with caution given that this data (all of which comes from the World Inequality 

Database) generally depicts inequality in capital income as being lower than inequality in 

wealth. This would imply that those with lower levels of wealth receive higher returns from 

the wealth that they own than those with higher levels of wealth. This seems questionable, 

suggesting the presence of measurement error or definitional differences. Wealthy individuals 

being systematically better at minimising their reported capital incomes for the purposes of tax 

avoidance or minimisation could be an alternate explanation. 
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Notes. In both figures 13 and 14 the ‘Wealth Gini’ is the Gini index compiled from the distribution of Wealth, the 

‘Income Gini’ is the Gini index compiled from the distribution of income and the ‘Capital Income Gini’ is the 

Gini index compiled from the distribution of capital income.  

6. Labour Inequality and the Skill Premium 

Figures 8 and 9 reveal that a significant source of aggregate inequality is the inequality that 

emerges between individuals in the amount of income earned as compensation for the supply 

of their labour. Individuals can earn different amounts because of differences in human capital 

(inherent ability, health and education) as well as differences in the ability to extract rent. One 

component of labour inequality that has received considerable attention is the skill premium, a 

term that describes the ratio of the earnings of skilled workers to the earnings of unskilled 

workers. Here the distinction between ‘skilled’ and ‘unskilled’ workers is made based on 

educational attainment with a skilled worker typically defined as a worker having a college 

education or above. Importantly, the skill premium is not analogous to labour income inequality 

because it only reflects differences between worker earnings that arise due to differences in 

educational attainment. Additionally, inequality can be attributed to differences in other clear 

observable characteristics, such as differences in ethnic group, sex and experience. Inequality 

can also arise because of differences in the number of hours worked. Finally, there is residual 

inequality, which is inequality in the distribution of wages within observable groupings.  

Despite this distinction, we would expect that changes in the skill premium would be reflected 

in changes in labour inequality, given that education is an important determinant of an 

individual’s income. This supposition is supported by the graphical evidence presented in 

figure 13. The figure depicts changes in the Gini index and in the Skill Premium in 17 OECD 

countries between 1870 and 2018. The country sample is equivalent to that used for figure 10, 

but with the omission of Ireland, Spain, Sweden, Switzerland and the United Kingdom. As can 

be seen, developments in the Gini index track closely developments in the skill premium. This 

is particularly noticeable in the considerable declines in inequality that are experienced 

following WWI and the Great Depression, which occur alongside considerable falls in the skill 

premium. Consequently, the fall in the skill premium during these periods can explain the 

aforementioned observation from figure 10 that inequality fell by more than would be implied 

by the rise in the capital share during both of these periods.   
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Another important observation is that, since WWII, the skill premium has been relatively 

stagnant when considered against the marked decline in the skill premium that occurred 

throughout the first half of the sample period. Between 1870 and 1950 falls in the skill premium 

appear to be a major force contributing to the compression of the income distribution.  Despite 

this, the recent stability of the skill premium suggests that the skill premium cannot explain the 

rise in inequality that has been observed in 1980 throughout the developed world. In light of 

this, the observation of a stable skill premium seems counterintuitive. This impression is 

exacerbated by the large body of literature that discusses the determinants of a rising skill 

premium within the context of the United States (Katz & Murphy 1992; Acemoglu 2000; 

Goldin & Katz 1998; Galor & Moav 2000; Krusell et al 2000).  

There are a number of considerations that explain these, ostensibly contradictory, observations. 

Firstly, and perhaps most importantly, the increase that has been observed in the United States 

is not common across countries. Even in the United Kingdom, an English-speaking country 

which, like the United States, has experienced a substantial increase in inequality, there is 

existing literature (Blundell et al 2021) showing that the past few decades have seen a fairly 

stable skill premium. Consequently, the increase in the skill premium can help to explain how, 

despite a global fall in the labour share, inequality has increased by much more in the United 

States than it has elsewhere. Secondly, as discussed, there are a range of other components of 

inequality, such as residual inequality and the capital share, which have contributed to rising 

inequality (considering figure 13 alongside figure 10, it appears as though the skill premium 

was relatively more important in determining inequality prior to 1950, whilst the capital share 

has been more important after 1950). Thirdly, this stability in the skill premium has occurred 

alongside a massive expansion in the supply of skilled graduates due to the expansion of access 

to higher education. In light of this, the stability of the skill premium suggests that skill biased 

technological progress has been considerable throughout the world, potentially also being 

associated with a rise in residual inequality. Related to this, we ought to expect that the skill 

premium will have less of an impact on aggregate inequality as larger shares of the population 

acquire an education and the increased income that is associated with it.  

Previous papers have been restricted in their analysis of the skill premium due to the limited 

availability of data. Consequently, studies of the skill premium have tended to focus only on 

recent developments, with a very small sample size. In contrast, long-run studies of inequality 

have tended to consider developments in either aggregate inequality or the factor distribution 
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of income. Using a newly compiled dataset, the graphs presented here, alongside the analysis 

in chapter four, suggest that, as with the capital share, analysing the specific determinants of 

the skill premium (as opposed to the general determinants of inequality), provides a more 

exhaustive understanding of long-run and contemporary developments.  

  

Notes. In figure 15 the ‘Income Gini’ is the Gini index compiled from the distribution of income and the skill 

premium is the ratio of the wages of those with a at least three years of tertiary education, to the wages of the 

unskilled (although historical figures, which are calculated differently, are spliced with the recent data to form the 

series – a matter that is discussed further in chapter four). Unweighted figures are used so as to prevent the 

dominance of the United States in these samples.  

7. Summary  

In these introductory remarks, I have decomposed inequality into its various constituent parts 

and shown how doing so is essential for a more comprehensive understanding of the functional 

income distribution. Importantly, I have shown that the two focus variables of the chapters in 

this thesis, the capital share and the skill premium, are important components of overall 

inequality. Furthermore, I have demonstrated that, whilst associated with both of these 

variables in the long-run data, inequality is not entirely determined by any one of its 

components. The remainder of this thesis will be devoted to the examination of the factors that 

determine the value of the capital share and the skill premium, before I conclude by 

highlighting the implications of the factors identified for overall inequality. 
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CHAPTER ONE: THE COMPOSITION OF CAPITAL AND THE 

DECLINING INCOME SHARE OF LABOUR 

Co-authored with Prof. Jakob B. Madsen 

Abstract. 

The role of the capital stock in explaining the decline in the labour income share has been 

controversial. In this paper, we show that whilst changes in the quantity of capital are unlikely 

to be a substantial contributor to this secular decline, changes in the composition of the capital 

stock are. We present a model showing that, once fixed capital is decomposed into buildings 

and machinery, changes in the real price of capital can explain the decline of the labour income 

share in the advanced countries since 1980. Specifically, the price-induced decrease in the 

building capital-output ratio has contributed to the declining labour share because building 

capital and labour are complementary. Constructing annual macro data for 21 advanced 

countries over two centuries, we show that building capital is an influential determinant of 

factor shares and that the reduced building capital-output ratio since 1980 can explain 

approximately 35% of the decline in the labour share in the OECD. Furthermore, we show that 

the real price of machinery has only second-order effects on the functional income distribution, 

explaining only 8% of the decline in the labour share. 

1. Introduction  

The decreasing income share of labour and the associated increase in income inequality since 

the early 1980s in the developed world has been attributed to a number of factors including 

declining real prices of machinery, capital-biased technological progress, automation, reduced 

economic growth, declining unionization, demographic changes, rising markups, and 

globalization (Acemoglu, 2003; Elsby et al., 2013; Karabarbounis and Neiman, 2014; Piketty, 

2014; Acemoglu and Restrepo, 2018, 2020; Grossman et al., 2018; Madsen et al., 2020;Vom 

Lehn, 2018; Bengtsson et al. 2020; Autor et al. 2020; Barkai 2020; Bergholt et al., 2021; 

d’Albis et al., 2021; De Loecker et al. 2020; Aghion et al., 2021; Farber et al., 2021; Kehrig 

and Vincent, 2021; Oberfield and Raval, 2021). A common denominator in most of these 

explanations is that the ICT revolution, automation and globalization have reduced trade costs, 

spurred factor-biased technological progress, reduced real investment prices, increased 

markups and increased the relative demand for capital to the detriment of labour’s share.  
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This research advances a new, yet complementary, theory that the changing composition of 

heterogeneous capital, induced by changing real prices of capital, has been a significant 

contributor to the declining labour share since 1980. Specifically, we demonstrate that a 

pronounced productivity-induced increase in the price of buildings relative to the GDP deflator 

since the early 1980s has reduced the real non-residential building and structure (henceforth, 

building) capital-output ratio, KB/Y. This reduction has resulted in an increase in the ratio of 

the marginal product of buildings to the marginal product of labour1, which in turn has reduced 

the labour share because labour and buildings are complementary in production2.  

 

We posit the following chain of events: 

 

 
PB

PY
↑=>

KB

Y
↓=>

MPB

MPL
↑=> SL ↓, 

 

where PB is the building stock deflator; PY is the GDP deflator; KB is the building capital stock; 

MPB is the marginal productivity of building capital; MPL is the marginal productivity of 

labour; and SL is the labour share. 

 

Along with the decreasing building capital-output ratio since the 1980s, there has been a 

complementary price-induced increase in the machinery capital-output ratio3, KM/Y, where 

“machinery” is shorthand for machinery, equipment and intellectual property products. As 

shown in Section 3, changes in the machinery capital-output ratio have only second-order 

effects on labour demand and, therefore, income shares 1) because the elasticity of substitution 

between machinery and labour, 𝜎𝑀𝐿 , is slightly above but close to one; and 2) because the share 

of capital income accruing to machinery is only around 35% of non-residential capital income. 

                                                           
1 The marginal product of buildings rises because of the law of diminishing marginal returns. The marginal 

product of labour falls, because of the fall in the quantity of a complementary factor. 

2 When labour and buildings are complementary, the impact of the fall of the building stock on the labour share 

is more than offset by an increase in the marginal product of buildings.  

3In the case of machinery, we posit that: 
PM

PY
↓=>

KM

Y
↑=> SL ↓, where PM is the machinery stock deflator, and 

KM is the machinery capital stock. In this case, the rise in 
KM

Y
 causes a decline in SL, because the fall in the labour 

share induced by the rise in the 
KM

Y
 ratio more than offsets the rise in the labour share induced by the fall in 𝑟𝑀 

that arises as a result of the rising 
KM

Y
 ratio. This is because 𝜎𝑀𝐿 > 1. 
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Overall, we show that the increasing real price of buildings has first order effects on the labour 

share, while declining real machinery prices are of second order. 

 

Our paper relates to the analysis of Karabarbounis and Neiman (2014), Barkai (2020), De 

Loecker et al. (2020), Autor et al. (2020), and Madsen et al. (2020). Using firm-level data for 

the US, De Loecker et al. (2020) and Autor et al. (2020) show that technological progress and 

globalization have favored the most productive firms with the highest markups and the lowest 

share of labour in total value added and, consequently, reduced labour’s income share. 

Similarly, estimating the gap between required and actual returns to capital, Barkai (2020) finds 

that a rise in the pure profit share of income has driven the recent decrease in labour’s share. 

Madsen et al. (2020) show in a Schumpeterian growth model that the increasing R&D share of 

GDP has increased inequality in the advanced countries. Particularly related to our research, is 

the influential paper of Karabarbounis and Neiman (2014), which finds that the declining 

relative price of investment, which accelerated capital deepening at the expense of labour, has 

caused the global decline in labour’s income share since the 1980s. Their results hinge on their 

finding that the elasticity of substitution between labour and capital exceeds one, σKL > 1, a 

result that is difficult to reconcile with almost all empirical estimates in the literature (Chirinko, 

2008; Gechert et al., 2021).  

 

By relaxing the strict assumption of σKL > 1 in the model of Karabarbounis and Neiman (2014) 

and relying upon much less restrictive assumptions about the magnitudes of the elasticities of 

substitution, we show that the real price of capital, once fixed capital is decomposed into 

buildings and machinery, can indeed explain the decline of the labour income share. We show 

analytically that the decrease in the building capital-output ratio combined with the increase in 

the machinery capital-output ratio, as experienced in the OECD countries since 1980, has 

increased the capital share provided, as an approximation, that 𝜎𝐵𝐿 < 𝜎𝑀𝐿 and 𝜎𝐵𝐿 < 1; 

conditions that are intuitive and satisfied with large margins in our estimates.4 

 

A fundamental question for our analysis is why labour is complementary to building capital 

but a substitute for machinery capital. Typically, when we envisage a high elasticity of 

substitution between capital and labour, we visualize scenarios involving machinery, robots 

                                                           

4 More precisely, the following condition has to hold:  
𝜎𝐵𝐿−1

𝜎𝐵𝐿
< 1.5

(𝜎𝑀𝐿−1)

𝜎𝑀𝐿
. 
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and assembly lines taking over simple tasks previously performed by labour. However, it 

should be immediately evident that these processes apply specifically to the machinery stock 

and not to the building stock. By contrast, it is hard to imagine replacing factory workers with 

a new factory building. Furthermore, buildings require labour for building and landscape 

maintenance, cleaning, security, and primary business activities, again suggesting 

complementarity between labour and buildings.  

 

Since industrialization started in Britain, machinery such as trucks, tools, construction 

machinery, agriculture machinery and equipment, computers etc., has served as a replacement 

for labour, suggesting that 𝜎𝑀𝐿 may well be above one. Before Henry Maudslay perfected the 

screw-cutting lathe at the beginning of the 19th century, for example, individual engineering 

firms made their own screws by hand – a highly labour-intensive process. The introduction of 

the screw-cutting lathe is one of the most decisive innovations during the Second Industrial 

Revolution because screws are a basic component of almost every machine and the new lathes 

not only led to mass production of interchangeable screws but also allowed for large-scale 

replacement of labour with machines (Burgess, 1969). Buildings, by contrast, generally do not 

replace labour but instead function alongside labour. The Luddites destroyed machines, not 

buildings. From this intuition, it follows that 𝜎𝐵𝐿 is less than one and significantly lower than 

𝜎𝑀𝐿 and, therefore, that price-induced changes in the composition of the capital stock are 

fundamental for the evolution of labour’s income share. 

 

The distinction between 𝜎𝑀𝐿 and 𝜎𝐵𝐿, arises because of differences in the relative magnitude 

of the scale and substitution effects, which result from a reduction in the relative price of a 

productive input. The substitution effect refers to the extent to which one factor replaces another 

factor in the productive process as its price falls relative to this other factor. The scale effect 

refers to the extent to which production, as a whole, expands because of the decline in the cost 

of production, a process that will increase demand for both factors. In the case of machinery, 

the substitution effect dominates, because machinery can fulfil many of the tasks performed by 

labour, and it becomes efficient for this to happen as the price of machinery falls. In contrast, 

for buildings the scale effect dominates because buildings and labour fulfil markedly different 

roles within the productive process, such that it is not possible for buildings to take over the 

functions performed by labour, even when they fall substantially in cost. 
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We make two principal contributions to the literature. First, we show analytically and 

empirically that the building capital-output ratio 1) is an influential determinant of labour’s 

income share over the periods 1800-2018 and 1950-2018; and 2) that the decline in the real 

building capital-output ratio since the 1980s can explain a significant portion of the reduction 

in labour’s income share. Furthermore, consistent with our analytical framework, we find that 

the declining real price of machinery has been of second order for labour’s income share. 

Second, we construct a dataset for 21 advanced countries spanning two centuries for the 

quantities and prices of building and machinery capital, residential rent, factor shares, and 

several other variables. Thus far, hardly any empirical research on σBL and σML has been carried 

out, where a partial exception is Chirinko (2008) who infers the values of σBL and σML from the 

estimates of Cummins and Hassett (1992) and Pindyck & Rotemberg (1983), which in turn are 

based on short samples for the US. Our long data has the advantage over post-1960 or post-

1970 data in that we can check the model’s capacity to explain medium-term movements in 

factor income shares using changes in the relative prices and quantities of building and 

machinery capital.  

 

We substantiate our hypothesis that the increasing real prices of buildings have contributed to 

the increase in the share of capital from three angles: 1) Graphical evidence (Section 2); 2) 

analytical deduction (Section 3); and 3) empirical evidence (Sections 4 and 5). We find that 

changes in the building and machinery capital-output ratios explain a significant fraction of the 

path of the functional income distribution.  

2. Why is building capital important for labour’s share? Graphical Evidence 

In this section, we restrict our analysis to the post-1950 period following the recent focus in 

the literature. Unless otherwise stated, all graphs are averages of the 21 advanced countries 

included in our sample. We detail the procedures used for data construction in the data section. 

 

We first consider the evolution of the price deflator and labour productivity in the construction 

industry since they both play key roles in our analysis. The price of buildings relative to the 

GDP-deflator, displayed in Figure 1, was flat up until 1970 and has since trended upwards. The 

upward trend since the 1970s has predominantly been the result of stagnant productivity in the 

construction industry both in absolute terms and, particularly, relative to the overall economy, 

as seen from Figure 2, where we measure productivity as output per hour worked. We use 
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between these two variables is determined by the elasticity of substitution between capital and 

labour. As a result, if it is the capital share driving the decline in the building capital ratio, it 

has to be the ‘rental rate’ component of the price of capital that is initiating this chain of events. 

The rental rate is itself be a function of the relative price of capital (changes in which are already 

part of our theory), and the real rate of return in financial markets. Now an increase in this rate, 

would decrease both the 𝐾𝐵/Y ratio and the 𝐾𝑀/Y ratio given that it (as discussed later in the 

paper) is approximately the same for both types of capital. This is not what we observe and as 

a result, reverse causality is unlikely.5 

 

The rise in the relative price of structures may appear difficult to reconcile with the large 

literature documenting the decline in the relative price of total investment given that the 

investment expenditure in non-residential buildings and machinery are approximately the same 

(Gordon, 1990; Krusell, 1998; DiCecio, 2009; Karabarbounis and Neiman, 2014). However, 

there is a catch. The price of investment and the price of capital are two different concepts and 

it is crucial to distinguish between them. To see this, consider the steady-state transformation 

of flows to stocks. 

 

In steady state, the stock of machinery, KM, and buildings, KB, are given by: 

 

 KM = (
IM

gM+δM
),  KB = (

IB

gB+δB
), 

where IM (IB) is real investment in machinery (buildings); 𝑔𝑀 (𝑔𝐵) its growth rate along its 

balanced growth path; and 𝛿𝑀(𝛿𝐵) its depreciation rate. If IM is equal to IB, then in steady 

state: 6 

 

                                                           
5 On this note, it is important to emphasise that the expression estimated is an equilibrium expression. Even if 

there were reverse causality, this still would require distinct elasticities of substitution between building capital 

and labour and machinery capital and labour – which is the central thrust of the paper.  

 
6 This exercise is solely for the purpose of illustrating the compositional differences between capital and 

investment stocks. The true weighting of 𝐾𝑀 in the data differs from this steady state equation for a number of 

reasons: first, 𝐼𝑀 ≠ 𝐼𝐵; second, these steady state equations assume constant relative prices of investment; third, 

they assume constant depreciation, whereas the Penn World Tables adopt a variable depreciation rate for 

machinery stock to allow for changes in its composition.  
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heterogeneous capital stock. The implication of this is that the income share of labour could 

not have decreased since the early 1980s because of capital stock accumulation driven by 

declining capital costs coupled with an elasticity of substitution between capital and labour in 

excess of one. Instead, it opens up the more realistic possibility that the increasing real cost of 

capital has reduced the income share of labour because the elasticity of substitution between 

capital and labour is less than one. 

  

Finally, Figure 6 decomposes the capital income share into the income shares accruing to the 

owners of buildings and machinery. The figure gives two insights. First, the machinery share 

of income is substantially lower than that of buildings, with the machinery share of income 

averaging 8.8% across the period depicted, in contrast to the 16.4% share of building capital, 

thus, giving machinery capital a 35% weight in capital’s share. Second, whilst the machinery 

share of total income has remained relatively constant throughout the 1980-2018 period, the 

building capital income share has followed a U-shaped time-profile. Since 1980, machinery 

capital’s share has increased by 0.46 percentage points whilst there has been a 4.88 percentage 

point increase in the building share, implying that increases in the building share account for 

91.4% of the decline in labour’s income share. This reinforces the argument that building 

capital’s income share should be more prominent than the machinery share in the analysis of 

the functional income distribution. 

 

Overall, the informal aggregate evidence in this section suggests that labour and buildings are 

complements in production, while the elasticity of substitution between machinery and labour 

is close to one. Furthermore, the KB-Y ratio has been influential for the evolution of the 

functional income distribution because 1) the real price of building capital has increased 

markedly since 1970 and because building capital directly impacts the marginal productivity 

of labour; and 3) because the lion’s share of capital income goes to building capital. 

3. Analytical Framework 

In this section, we derive the models used for estimation and show how the real prices and 

quantities of buildings and machinery influence the functional income distribution under nested 

CES technology. 

  

3.1 Basic framework 
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In our analytical and empirical framework, we use a nested CES production function, which 

imposes a single elasticity of substitution between the factor external to the nest and both of 

the factors internal to the nest; this approach is common in the literature (see, e.g., Krusell et 

al., 2000). This means that the function can only have two elasticity parameters even though it 

has three variables. In our case, the elasticities of substitution between labour and buildings, 

𝜎𝐵𝐿, and between machinery and labour, 𝜎𝑀𝐿, are free parameters to be determined 

empirically. Whilst, in this section, we focus on a model in which machinery and labour are 

included in the internal nest, we also derive a model of the functional income distribution under 

the alternative assumption that building and labour are included in this nest. We present 

estimates from both models in the empirical section. 

 

We begin with a nested CES production function, to model net output, in which machinery 

capital stock and labour are inside the nest and building capital is outside the nest: 

 

Y =

{
 

 

(1 − α1) [α2(ALL)
σML−1
σML + (1 − α2)(A

MKM)
σML−1
σML ]

σML

σML−1
∙
σBL−1
σBL

+ α1(A
BKB)

σBL−1
σBL

}
 

 

σBL

σBL−1

, 7 

(1) 

 

where Y is net output; L is labour; KB is the building capital stock; KM is the machinery stock; 

𝜎𝑀𝐿 is the elasticity of substitution been labour and machinery capital; 𝜎𝐵𝐿 is the elasticity of 

substitution between labour and building capital; and 𝐴𝐿, 𝐴𝐵, 𝐴𝑀 are factor specific technology 

terms. Here, 0 < 𝛼1 < 1 and 0 < 𝛼2 < 1 are cost share parameters where 𝛼1 refers to the cost 

share of building capital in total income and 𝛼2 is the cost share of labour relative to the cost 

share of the nest (labour and machinery).  

 

Optimization of profit under the production function constraint given by Eq. (1) yields the key 

FOCs, which, under competitive conditions, are used to derive Eq. (2) and Eq. (3):  

                                                           
7 This nesting is used in the baseline, instead of the alternate nest in which building capital is in the nest, because 

the share of machinery capital is smaller relative to the labour share than the share of building capital. This 

means that 𝜎𝐵𝐿 will be determined primarily by the relationship between buildings and labour and not by the 

relationship between buildings and machinery. When machinery is the factor external to the nest, 𝜎𝑀𝐿will be 

significantly affected by the relationship between machinery and buildings, in addition to the relationship 

between machinery and labour.  
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SM

SL
=
1 − α2
α2

(
AMKM

ALL
)

σML−1

σML

, 

(2) 

 

SB = α1 (
ABKB

Y
)

σBL−1

σBL

, 

(3) 

where SB is the share of total income going to building capital; SM is the share of total income 

going to machinery. Eqs. (2) and (3) are used to determine 𝜎𝑀𝐿 and 𝜎𝐵𝐿 in the empirical 

section. 

 

We have the following two comments to the model. First, Eqs. (2) and (3) show that the effects 

of capital deepening on the functional income distribution depend on the type of capital that is 

driving the capital deepening and its associated elasticity of substitution with labour. Second, 

most of the factor augmented technological progress, AM and AB, is incorporated into the 

estimates of KM  and 𝐾𝐵 through the investment price deflators8. This implies that the parameter 

estimates are not likely to be seriously affected by the omission of AM and AB from the 

regression model, noting that we include time-effects and, in the level regression, country-

specific time trends in the empirical estimates to account for technological progress that is not 

captured by the included variables. Whilst 𝐴𝐿 is not similarly captured by changes in relative 

prices, the effects of 𝐴𝐿 on the estimates will be similarly controlled for by the included time-

dummies. A steady increase in 𝐴𝐿 also explains why the SM-SL ratio can be stationary despite 

the consistent upward trend in the KM-L ratio. 

 

3.2 Income distribution and capital-output ratios 

 

Eqs. (2) and (3) give only partial insight into the distributional effects of building and 

machinery capital deepening. In this sub-section we derive an exact expression for the effects 

of building and machinery capital deepening on the capital share and show the conditions under 

which a decrease in the KB-Y ratio and an increase in the KM-Y ratio increase the share of capital 

in income.  

 

Log-differentiation of Eq. (3) yields the KB-Y elasticity of the building share: 

                                                           
8 Technological progress that ‘augments’ a particular type of capital, would typically be embodied in that capital  

(e.g. machinery augmenting technological progress is machinery augmenting technological progress would 

probably be improvements in the capability of computers, which are reflected in declines in the quality adjusted 

price of machinery). 
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∂ ln SB / ∂ ln (
KB

Y
)  =

σBL−1

σBL
, 

(4) 

which, based on our estimates, yields a KB-Y elasticity of the building share close to -0.8.  

 

Next, consider the machinery capital share. Since the final expression for the capital share 

derived under the restriction given by the CES function in Eq. (1) is quite complex, we 

reformulate the CES function to have building capital and labour in the nest; thus imposing the 

matching-elasticity restriction that 𝜎𝑀𝐿=𝜎𝑀𝐵. As shown in the empirical section, this 

approximation gives approximately the same results as those derived from Eq. (1).  

 

Maximizing profit under the nested CES technology with building capital and labour in the 

nest yields the share of income going to machinery capital: 

 

SM = λ1 (
AMKM

Y
)

σML−1

σML

, 

 (5) 

where 𝜆1 is machinery’s share in total income.  

 

Log-differentiating Eq. (5) yields the income distributional effects of changes in the KM-Y ratio: 

 

∂ ln SM / ∂ ln(KM/Y) =
σML − 1

σML
. 

 (6) 

 

From Eqs. (4) and (6), the overall distributional effects of changes in the machinery and 

building capital-output ratios are: 

 

d ln SK ≅
∂ ln SK

∂ ln SB
∙

∂ ln SB

∂ ln(KB/Y)
∙ d ln (

KB

Y
) + 

∂ ln SK

∂ ln SM
∙

∂ ln SM

∂ ln(KM/Y)
∙ d ln (

KM

Y
)  

     ≅ ΨB ∙
σBL−1

σBL
d ln (

KB

Y
) + ΨM ∙

σML−1

σML
d ln (

KM

Y
),    (7) 

 

where SK is the share of income going to non-residential capital; Ψ𝐵 is the share of building 

capital in total capital income, and Ψ𝑀 is the machinery capital share in total capital income, 

Ψ𝐾 = Ψ𝐵 +Ψ𝑀.  
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As noted, the final part of Eq. (7) is only an approximation since 𝜎𝐵𝐿 and 𝜎𝑀𝐿 are derived from 

CES production functions with different matching-elasticity restrictions. For given values of 

𝜎𝐵𝐿 and 𝜎𝑀𝐿, Eq. (7) shows that factor shares are determined by movements in the building 

capital-output ratio and the machinery capital-output ratio.  

 

From Eq. (7), we can derive the distributional consequences of changes in real prices of capital 

for given values of 𝜎𝐵𝐿 and 𝜎𝑀𝐿. From Eq. (7) it follows that the capital share is increasing if: 

 

   ΨB (σ
BL−1)

σBL
dln (

KB

Y
) > −ΨM (σML−1)

σML
dln (

KM

Y
).    (8) 

 

From Eq. (8), we now show combinations of 𝜎𝐵𝐿 and 𝜎𝑀𝐿 for which the changes in capital-

output ratios and the real prices of capital since 1980 have reduced the labour share.  

 

Suppose that 𝜎𝐵𝐿 and 𝜎𝑀𝐿 are unknown. Then, we consider combinations of 𝜎𝐵𝐿 and 𝜎𝑀𝐿 

under which the decrease in the KB-Y ratio and the increase in the KM-Y ratio since 1980 have 

reduced the labour share. To this end, we substitute the following parameter estimates into Eq. 

(8): Over the period 1950-2018, we have the sample average Ψ𝑀 ≈ 0.35 and that Ψ𝐵 ≈ 0.65 

and over the period 1980-2018, 𝑑𝑙𝑛(𝐾𝑀/𝑌) ≈ 0.39 and 𝑑𝑙𝑛(𝐾𝐵/𝑌) ≈ −0.14. Inserting these 

values into Eq. (8) yields the condition under which the labour share is decreasing: 

 

0.5 +
1

𝜎𝐵𝐿
>

1.5

𝜎𝑀𝐿
,  (9) 

which is satisfied for the combinations of 𝜎𝐵𝐿 and 𝜎𝑀𝐿 that are on the south-eastern side of the 

line drawn in Figure 7. Point estimates from the empirical section are signified by the 

diamonds. Although the relationship between of 𝜎𝐵𝐿 and 𝜎𝑀𝐿 is convex, there is approximately 

a one-to-one linear relationship between the two in the range of 0 < (𝜎𝐵𝐿 , 𝜎𝑀𝐿) < 1, 

suggesting that 𝜎𝐵𝐿 < 𝜎𝑀𝐿 approximately describes the sufficient condition for the decline in 

the KB-Y ratio and the increase in the KM-Y ratio since 1980 to have trigged a decline in the 

labour share.  For comparison, Chirinko’s (2008) estimates derived from Cummins and Hassett 

(1992) and Pindyck and Rotemberg 1983, yield �̂�𝑀𝐿 = 0.93 and �̂�𝐵𝐿 = 0.28, and, therefore, 

easily satisfy the conditions that 𝜎𝑀𝐿 > 𝜎𝐵𝐿. 9 

                                                           
9 Chirinko (2008) reports identical elasticities across both studies. Based on the elasticities derived from the 

estimates of Cummins and Hassett (1992) and Pindyck and Rotemberg (1983), we find a predicted decline in 
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Notes. The curve shows combinations of 𝜎𝐵𝐿 and 𝜎𝑀𝐿 for which factors shares are unaffected by the decrease in 

the KB-Y ratio since 1980 (see Eq. (9)). The diamond points are post-1950 estimates from the tables below. 

 

Finally, inserting the estimates of Ψ𝑀 ≈ 0.35, Ψ𝐵 ≈ 0.65, 𝜎𝐵𝐿 = 0.55 and 𝜎𝑀𝐿 = 1.15 from 

estimates covering the period 1950-2018, into Eq. (7) yields: 

 

𝑑 ln 𝑆𝐾 ≅ −0.53𝑑 ln(𝐾𝐵/𝑌) +  0.05𝑑 ln( 𝐾𝑀/𝑌),  (10) 

  

which shows that a given reduction in ln(𝐾𝐵/𝑌) is approximately 10 times as influential for 

factor shares as an equal increase in ln(𝐾𝑀/𝑌). Focusing on the period 1980-2018, the KM-Y 

ratio increased by 39% while the KB-Y ratio decreased by 14% (based on the weighted sample 

average of our data). Inserting these two values into Eq. (10), the decrease in the KB-Y ratio can 

explain 33.5% of the reduced labour share, while the increasing KM-Y ratio can explain 7.9% 

of the decline, suggesting that the distributional effects of building capital since 1980 have been 

of first order, while those of machinery have been of second order. 

4. Estimation model and data 

                                                           

labour’s share that is 9% greater than the decline observed in the data after 1980. Their estimates are likely biased 

because they are based on estimates that cover short estimation periods (1949-1976 for Pindyck and Rotemberg 

and 1970-1989 for Cummins and Hassett) and the implicit assumption that 𝜎𝑀𝐿 and 𝜎𝐵𝐿  are the same across 

sectors. More importantly, these estimates are likely to suffer from omitted variable bias because one cannot 

control for factor-augmenting technological progress using sector-specific time-effects in single-country studies 

(time-effects were not controlled for in either of Chrinko’s estimates). 
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To find 𝜎𝑀𝐿 and 𝜎𝐵𝐿  we use the analytical framework derived in Section 3. Taking log-first 

differences of Eqs. (2) and (3) we arrive at the stochastic specifications:  

 

∆ ln(SM/SL)it = γ1∆ ln(K
M/L)it + Zit

′ ξ + φt +ωi + ε1,it, (11) 

∆ ln SBit = β1∆ ln(K
B/Y)it + Zit

′ ϱ + φt +ωi + ε2,it, (12) 

 

where 𝛾1 = (𝜎𝑀𝐿 − 1)/𝜎𝑀𝐿; 𝛽1 = (𝜎
𝐵𝐿 − 1)/𝜎𝐵𝐿; 𝑍 is a vector of control variables; 𝜑𝑡 

denotes time-effects; 𝜔𝑖 denotes country-effects; 휀 is a stochastic error term; and ∆ is the (5-

year) difference operator.  

 

The model is estimated for a panel of the 21 OECD countries listed in the next subsection over 

the periods 1955-2018 and 1805-2018, where the long estimation period is applied to ensure 

that the results are not driven by post-WWII trends at medium-term frequencies. The main 

focus is on the post-1955 estimates because the quality of the data deteriorates as we go back 

in time and because the literature tends to focus on the post-WWII period. Quality adjustments 

in the building sector are mostly not accounted for before WWII and factor shares, which are 

not estimated in conjunction with national account estimates, are incredibly hard to obtain as 

we go back in time. 

 

The models are estimated in 5- (baseline), 10- and 20-year first-differences. We use first 

differences to 1) reduce the influence of the structural breaks in the data during the two world 

wars on the parameter estimates; and 2) to better identify the time-variation in the elasticity of 

substitution through variations in the length of the observation intervals. To gain additional 

insight into long-run elasticities, estimates in levels are also carried out.  

 

The factor augmenting technology terms, 𝐴𝐿, AM and AB, are unobservable and, hence, are 

omitted from the estimation model. However, as noted above, investment-specific 

technological progress is already incorporated into KM and KB through investment prices. 

Factor-biased technological progress that is not investment-specific is, to some extent, captured 

by the time-effects since this is likely to evolve at the same rate across most advanced countries. 

This is particularly true for machinery, which is often standardized across the world, and is 

extensively traded. The international diffusion of machinery-specific technological knowledge 

also occurs with relative ease. This was even the case before WWII. In the late 19th century 
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and the first half of the 20th century, for example, Clark (1987) shows that the textile industry 

across the world used British technology and machinery and that the technology produced in 

other core industrial countries, was similar to the British produced textile machinery. The 

parallel labour productivity advances across countries in the construction industry as evidenced 

from the data used to estimate Figure 2, suggest that the technological progress in the 

construction industry has followed the same path: slow productivity advances up until WWII, 

then a growth spurt over the period 1946-73, and then slowdown in productivity growth, often 

with negative spells. 

 

Of controls, we include mark-ups, measured by Tobin’s q, and union strength, measured by 

unionization, as these are dominant explanations for the declining labour shares since the 1980s 

found in the literature (see, e.g., Roine et al., 2009; Elsby et al., 2013; Karabarbounis and 

Neiman, 2014; Piketty, 2014; Acemoglu and Restrepo, 2018, 2020; Grossman et al., 2018; 

Autor et al. 2020; Baqaee and Farhi, 2020; Barkai 2020; Bengtsson et al. 2020; De Loecker et 

al. 2020; Madsen et al., 2020; Aghion et al., 2021; Farber et al., 2021). These controls, along 

with factor-specific technological progress, are found in the literature to be the most important 

explanations for the decline in the labour share since 1980 (see, e.g., Bergholt et al., 2021). 

Additionally, we include communist threat as a wage push factor as detailed below.  

 

Recently, the increase in capital’s share has been linked to an increase in markups in the 

contributions of Autor et al. (2020), Baqaee and Farhi (2020), and De Loecker et al. (2020). If 

markups have increased the most in countries with the largest increases in the real price of 

buildings, and if markups and the real price of buildings are both positively correlated with 

markups, then our baseline estimates will be biased. Following the analytical framework of 

Rognlie (2015, Eq. (5)), Basu (2019), and Ball and Mankiw (2021), we estimate the markup 

rate from Tobin’s q, measured as the ratio of the stock market capitalization and the book value 

as a proxy for the present value of the expected stream of rents. Conceptually, Tobin’s q 

approximation of markups is the same as the methods employed by Autor et al. (2020), Baqaee 

and Farhi (2020), and De Loecker et al. (2020). The intuition behind the q approach is that a 

rise in market power increases the benchmark level of q at which companies invest; thus, 

leaving firms with a lower capital stock and a lower marginal productivity of labour relative to 

the perfect competition case.   
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The increase in income inequality since the early 1980s has often been attributed to the 

weakening of trade unions; essentially because this has reduced the bargaining power of labour 

in wage negotiations (see, e.g., Roine et al., 2009; Madsen et al., 2018; Farber et al., 2021). 

Union strength increases the share of rent accruing to labour because strong unions can make 

credible threats through costly strikes by barricading the firms and, at a more political level, 

threatening a revolution. The problem with unionization, however, is that it may be endogenous 

because high-wage earners will benefit from leaving the union in periods of skill-biased 

technological progress (Acemoglu, 2002). Hence, we use communist threat as a 

complementary measure of the relative strength of labour, where communist threat is measured 

as an index of linguistic proximity to countries with communist governance (see data section 

for the explicit expression). Introduced by Madsen et al. (2018), foreign communist threat 

affects labour’s strength in wage negotiations. When there is an emerging or eminent 

communist threat, governments, employers, and the elite are more willing to accommodate 

worker wage aspirations to prevent labour unrest or, in more dramatic situations, rebellion. 

Revolutions often result from discontent that is held dormant until a significant event, such as 

the Russian Revolution in 1917, sets off an upheaval that can spread internationally and result 

in regime change, unless the ruling class takes voluntary pre-emptive actions (Weyland, 2010). 

4.1 Baseline data and measurement 

We construct data over the period 1800-2018 for a panel of the following 21 OECD countries: 

Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, 

Italy, Japan, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, 

the United Kingdom and the United States. Data sources and summary statistics are relegated 

to the Appendix. 

 

Labour’s income share is computed as compensation to employees (the national accounts 

figures do not include imputed compensation) plus imputed compensation to the self-employed 

divided by net national income, estimated as gross national income minus depreciation of fixed 

and intangible capital. Deducting depreciation expenses from the estimates of factor shares 

overcomes Bridgman’s (2018) critique of the convention of using gross income shares. 

Relative to net income shares, using gross income shares aggravates the post-1980 decline in 

the labour share because the increasing real stock of machinery capital has increased the 

average depreciation rate on fixed capital. The labour share data is based on our own 
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computations from national sources, the database compiled by Bengtsson and Waldenström 

(2018), the OECD, and the World Inequality Database. We impute the earnings of the self-

employed using the average earnings per employee by multiplying compensation to 

employees’ by the inverse of one minus the self-employment share of total employment. Since 

residential capital is excluded from the analysis, we exclude residential rental income from 

GDP and income shares. We estimate imputed rents by multiplying the CPI-deflated residential 

rent index by the residential capital stock and then splicing this series with data for periods for 

which imputed rent is available as a separate item for GDP in national accounts.  

 

For all pre-1950 data, the capital stock is estimated using the perpetual inventory method with 

depreciation rates of 17% and 3.1% for machinery and non-residential buildings. In the post-

1950 period, there are considerable compositional changes to machinery stock (e.g., the rise of 

computing technology, intellectual property products, and software), which result in substantial 

changes in the overall depreciation rate for machinery. To account for this, we estimate the 

value of the real machinery stock in this period from data on the nominal machinery capital 

stock at replacement costs, and the machinery deflator from the capital supplement from PWT 

10 (Feenstra et al., 2015). We then splice our pre-1950 data series with these estimates.  

 

Since the PWT does not contain equivalent series for non-residential buildings, the building 

stock in the post-1950 period is constructed from non-residential building investment from the 

sources detailed in the data appendix. Unlike machinery, the non-residential building stock has 

not undergone substantial compositional changes that would imply changes in the depreciation 

rate. Investment decomposed into non-residential buildings and machinery is available back to 

circa 1850 for most countries in our sample. The missing early data are retropolated using the 

investment-income ratios for neighboring countries. Whilst the methods used to estimate 

deflation vary across countries, a commonality is that the improved quality of machinery has 

generally not been adequately incorporated into machinery deflators until recently. 

Consequently, the growth in real machinery investment has been underestimated, particularly 

before 1950. Given these data quality considerations, most of our emphasis is on the post-1950 

regression results throughout the paper. 

 

Labour input is measured as economy-wide employment multiplied by annual hours worked 

and an index of human capital, where the human capital index is based on the Mincerian returns 

to education of 13.4% for primary education, 10.1% for secondary education, and 6.8% for 
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tertiary education, as in Jones (2016). The employment data are available annually for most 

countries from the interwar period. Before then, we use the data from national sources, most 

of which are decennial census surveys. 

 

Decomposing the capital share into building and machinery shares is a challenge since these 

data are not available from national accounts. To find the net operating surplus for building 

and machinery, we multiply nominal machinery and building capital by the ex post net returns 

to machinery and buildings. In contrast to the national account principle, we allow for expected 

capital gains and losses in the estimates because they are included in the profit maximizing 

decision and because the opposite trajectory in the real price of buildings and machinery creates 

a wedge between the returns to buildings and machinery. Returns are estimated as: 

 

Rt
B = VMPt

B − πt
VA + πt

B − δB, (13) 

Rt
M = VMPt

M − πt
VA + πt

M − δM , (14) 

 

where the superscripts B and M signify buildings and machinery. Here, R is real net returns to 

fixed capital; VMP is the value of the marginal product produced by a currency unit’s worth of 

capital; 𝜋𝑉𝐴 is the expected proportional price changes for the expected economy-wide value-

added price deflator; 𝜋𝐵 and 𝜋𝑀 are the expected proportional price changes for machinery 

and buildings; and 𝛿𝐵and 𝛿𝑀 are depreciation rates for buildings and machinery.  

 

To calculate 𝑅𝑡
𝑀 and 𝑅𝑡

𝐵, we assume that returns are equalized across the two asset classes. 

Importantly, the 𝑅𝑡
𝑀 and 𝑅𝑡

𝐵 terms refer to the return per dollar invested in either buildings or 

machinery and not the return per real unit of machinery or buildings because the process of 

returns equalizing between different asset classes does not take place in real quantities. The 

relative return on different types of real capital is a product of both the cost of financing and 

the price of machinery relative to that of buildings. Furthermore, using real capital to allocate 

operating surplus between buildings and machinery would reduce machinery’s income share 

exponentially as we move back in time. This is because of the marked investment-specific 

technological progress over the past two centuries has reduced the machinery-building price 

ratio substantially.  
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Setting 𝑅𝑡
𝑀 = 𝑅𝑡

𝐵, and defining 𝑉𝑀𝑃𝑡
𝐵,𝑁𝐸𝑇 = 𝑉𝑀𝑃𝑡

𝐵 − 𝛿𝐵 as the value of the marginal net 

product (the so-called net operating surplus), Eqs. (13) and (14) reduce to:  

 

VMPt
B,NET + πt

B = VMPt
M,NET + πt

M,  (15) 

 

where 𝑉𝑀𝑃𝑡
𝐵,𝑁𝐸𝑇

 and 𝑉𝑀𝑃𝑡
𝑁,𝑁𝐸𝑇

 are the components of factor shares. Unlike 𝑅𝑡
𝐵 and 𝑅𝑡

𝑀, these 

terms accord with the national income accounts principles as they only reflect income accruing 

from value-added activities. Real capital gains and losses on fixed capital and, hence, 𝜋𝑀 and 

𝜋𝐵 are not components of the machinery and building shares in national accounts. The capital 

shares are then computed as the sum of 𝑉𝑀𝑃𝑡
𝐵,𝑁𝐸𝑇

 multiplied by the nominal capital stock and 

𝑉𝑀𝑃𝑡
𝑀,𝑁𝐸𝑇

 multiplied by the nominal machinery stock. The values for 𝜋𝑀 and 𝜋𝐵 are relevant 

in calculating factor shares because they determine the difference between 𝑉𝑀𝑃𝑡
𝐵,𝑁𝐸𝑇

 and 

𝑉𝑀𝑃𝑡
𝑀,𝑁𝐸𝑇

: a higher 𝑉𝑀𝑃𝑡
𝑀,𝑁𝐸𝑇

 is required to account for 𝜋𝐵 > 𝜋𝑀.  

 

To find the share of income going to building and machinery we proceed in two steps. In the 

first step we define the shares of total income going to buildings and machinery as follows: 

 

St
B =

VMPt
B,NET ∙ Kt

B ∙ Pt
B

Yt ∙ Pt
Y

, 
 (16) 

and  

St
M =

VMPt
M,NET ∙ Kt

M ∙ Pt
M

Yt ∙ Pt
Y

. 
 (17) 

 

In the second step, we derive 𝑉𝑀𝑃𝑡
𝐵,𝑁𝐸𝑇

 and 𝑉𝑀𝑃𝑡
𝑀,𝑁𝐸𝑇

 residually from the capital income 

share. Consider the capital share: 

 

St
K =

VMPt
B,NET∙Kt

B∙Pt
B+VMPt

M,NET∙Kt
M∙Pt

M

Yt∙Pt
Y , 

 (18) 

which, combined with Eq. (15) yields: 

St
K =

(VMPt
M,NET+πt

M−πt
B)Kt

B∙Pt
B+VMPt

M,NET∙Kt
M∙Pt

M

Yt∙Pt
Y . 

  

     

From this expression 𝑉𝑀𝑃𝑡
𝑀,𝑁𝐸𝑇

 is found as: 
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VMPt
M,NET =

St
K∙Yt∙Pt

Y−(πt
M−πt

B)Kt
B∙Pt

B

Kt
B∙Pt

B+Kt
M∙Pt

M ,  
 (19) 

and the 𝑉𝑀𝑃𝑡
𝐵,𝑁𝐸𝑇

 counterpart is derived following the same principle. Finally, the expressions 

for 𝑉𝑀𝑃𝑡
𝐵,𝑁𝐸𝑇

 and 𝑉𝑀𝑃𝑡
𝑀,𝑁𝐸𝑇

 are substituted into Eqs. (16) and (17). All variables can be 

estimated directly from national accounts except 𝜋𝑡
𝐵 and 𝜋𝑡

𝐵, which are expectational values. 

We estimate 𝜋𝑡
𝐵 and 𝜋𝑡

𝐵 using the Hodrick-Prescott filter on their actual counterparts with a 

smoothing factor of 1600.  

 

The method used here assumes that the returns to buildings and machinery are the same and, 

therefore, that the risk premium is the same for the two assets. This assumption is not strong 

because buildings and machinery are usually complementary in production. Despite this, a 

violation of the assumption of equal returns is unlikely to result in inconsistent estimates 

because time-invariant risk disparities are wiped out by the first-difference transformation, and 

because returns are used to compute the dependent variable, for which the measurement error 

is unlikely to be correlated with the residual of the estimation equation. Finally, since the 

investment outlays are well below 10% at the macro level, it is reasonable to assume that the 

bulk of the risk premium is related to expected sales; not to the allocation of fixed investment 

between building and machinery.  

4.2 Control variables, measurement and data 

We proxy the mark-up ratio by Tobin’s q, which measures the proportional increasing 

discounted earnings in response to an increase in fixed capital stock. Intuitively, Tobin’s q 

exceeds one if the capitalized expected earnings per unit of capital exceed the acquisition costs 

of a unit of capital. Unlike the perfect competition case, uncompetitive firms do not increase 

investment until the marginal product of capital is equal to the cost of capital. Rognlie (2015), 

who is probably the first to use the Tobin’s q method to measure mark-ups, uses the ratio of 

the stock market capitalization of firms relative their book value for the US. 

 

A complication associated with measurements of q is the lack of long data and that the 

distinction between average and marginal q can cause difficulties in ascertaining the empirical 

implications of the theory. Following Barro (1990), we use the trend-removed real stock prices 

as a proxy for the marginal q. Specifically, we deflate nominal stock prices by the GDP-deflator 



48 

 

and regress its natural log value against a time trend and use the residual as a proxy of the 

deviation of markups from their long-run average. We remove the long-run trend in stock prices 

because real stock prices only increase secularly over time due to retained earnings. Per 

construction, this empirical approach forces q to fluctuate around a constant long-run 

equilibrium at medium-term frequencies and, as such, rules out changes in markups driven by 

secular movements in market regulation, the globalization enabled emergence of long-lasting 

superstar companies, secular changes in unionization strength etc. Aghion et al. (2021) show 

that extraordinary high markups induced by increasing market concentration are likely to be 

short lived because the quality leader on a product line is more likely to face high efficiency 

competitors.  

 

Foreign communist influence, Com, is computed as follows (see for more detail, Madsen et al., 

2018): 

 

 𝐶𝑜𝑚𝑖𝑡 =
∑ (𝑃𝑜𝑝𝑗𝑡𝐷𝑗𝑡

𝐶𝑜𝑚/𝐷𝑖𝑠𝑖𝑗
𝐿𝑖𝑛)111

𝑗=1

∑ (𝑃𝑜𝑝𝑗𝑡/𝐷𝑖𝑠𝑖𝑗
𝐿𝑖𝑛)111

𝑗=1

,  

                 

where DisLin is linguistic distance10 between country i and j, DCom is a communist dummy 

variable taking the value of 1 if the government is communist and zero otherwise; 𝑃𝑜𝑝𝑗𝑡 is the 

size of the population of country j, at time t. The intuition behind this weighting schedule is 

that the labour movement in country i is influenced by communist regimes in other countries; 

the 111 countries for which data are available (approximately 95% of the world population). 

Communist influence is an increasing function of: 1) the number of countries that are formally 

ruled by a communist government; 2) the more populous the communist country is; and 3) the 

linguistically closer country i is to a country j that is under communist rule.  

 

                                                           
10 Linguistic distance is a measure of the similarity of the languages of two countries and is calculated based on 

the number of language nodes that are common to the two languages. 
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Notes. The figures are averages of the 21 OECD countries considered. Unweighted averages are used to prevent 

the United States from dominating the sample. 

 

 

Figures 8, 9 and 10 depict trends in the control variables. Markups, proxied by Tobin’s q, 

follow a lopsided U-shaped trend, having undergone a substantial increase since 1980 with 

peaks in 2000 and 2007 immediately before the burst of the IT-bubble in 2000 and the outbreak 

of the GFC in 2008.  Unionization is almost a mirror-image of markups: it has declined 

continuously since 1980, suggesting less union strength. The temporary rise in unionization in 

the first half of the 1990s is driven by a surge in the Nordic countries in response to the banking 

crisis in the same period (unemployment entitlements are conditioned on being a union member 

in the Scandinavian countries). Finally, the communist threat indicator in Figure 9 shows the 

greatest decline in the post-1990 period because of the downfall of the Eastern European block 

and the collapse of the Soviet Union. As a result of these prima facie relationships, we control 

for these variables when considering the validity of our theory.  

5.  Regression results 

5.1 Baseline regressions  

In this section we provide estimates of 𝜎𝑀𝐿 and 𝜎𝐵𝐿 and test whether 𝜎𝑀𝐿 ≠ 1 and 𝜎𝐵𝐿 ≠ 1. 

Since 𝛾1 = (𝜎𝑀𝐿 − 1)/𝜎𝑀𝐿 and 𝛽1 = (𝜎𝐵𝐿 − 1)/𝜎𝐵𝐿, it follows that H0: �̂�1 = 𝛾1 = 0 is 

equivalent to H0: �̂�𝑀𝐿 = �̂�𝐵𝐿 = 1. In other words, the significance of the coefficients of KM/L 

and KB/Y are tests of H0: 𝜎𝑀𝐿 ≠ 1 and 𝜎𝐵𝐿 ≠ 1, which is important because the benchmark 

level of one signifies the divide between complementarity and substitutability of the factors of 

production. 

 

The results of estimating the baseline regressions, Eqs. (11) and (12), in 5-, 10-, and 20-year 

differences based on data over the periods 1800-2018 and 1950-2018 are displayed in Table 1. 
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On average for the post-1950 period, �̂�𝑀𝐿 = 1.29 (1.27 if the insignificant estimates are set to 

1) and �̂�𝐵𝐿 = 0.67, which implies that the increasing real price of buildings has reduced the 

labour share and that the reduced real price of machinery has increased the machinery-capital 

ratio and, hence, furthered the decline in labour’s income share. The coefficients are 

statistically significantly different from one in all cases for buildings and in four of the six cases 

for machinery. While the implied elasticities are not that different, there are some subtle 

differences. The implied elasticities for machinery as well as buildings tend to be higher as the 

length of the first-differences increases and the longer (further back) the estimation period. An 

increase in the value of 𝜎𝑀𝐿 and 𝜎𝐵𝐿 as the length of the first-differences increases is to be 

expected in the presence of adjustment costs. This is because adjustment costs mean that firms 

will take time to substitute factors, resulting in long term elasticities being higher than short 

term ones (see Leon Ledesma and Satchi 2019).  

 

Table 1: Baseline regressions  

Notes. The implied elasticity of substitutions are recovered from −(�̂� − 1)
−1

, where �̂� is the coefficient of 

ln(𝐾𝑀/𝐿) or ln(𝐾𝐵/𝑌). Robust standard errors are shown in parentheses. *, **, ***: Significant at 10%, 5% and 

1% level. 

 

Considering the split between the data periods 1950-2018 and 1800-2018, the average 

elasticities are: �̂�𝑀𝐿 = 1.21 and �̂�𝐵𝐿 = 0.56 (1950-2018) and �̂�𝑀𝐿 = 1.35 and �̂�𝐵𝐿 = 0.75 

(1800-2018). Thus, for both periods a simultaneous increase in real construction prices and a 

reduction in real machinery prices are associated with reductions in the labour share and vice 

versa. Note that �̂�𝐵𝐿 is lower in the post-1950 estimates than the estimates using data over the 

period 1800-2018, suggesting that labour has become increasingly complementary to building 

capital over time. This result is intuitive in the sense that the share of total GDP and 

employment in services, a sector for which labour and buildings appear to be highly 

complementary, has increased over time in most countries. Inserting the average post-1950 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Dependent 

Variable 

∆𝑙𝑛(𝑆𝐵) 
 

∆𝑙𝑛 (
𝑆𝑀

𝑆𝐿
) ∆𝑙𝑛(𝑆𝐵) ∆𝑙𝑛 (

𝑆𝑀

𝑆𝐿
) ∆𝑙𝑛(𝑆𝐵) ∆𝑙𝑛 (

𝑆𝑀

𝑆𝐿
) ∆𝑙𝑛(𝑆𝐵) ∆𝑙𝑛 (

𝑆𝑀

𝑆𝐿
) ∆𝑙𝑛(𝑆𝐵) ∆𝑙𝑛 (

𝑆𝑀

𝑆𝐿
) 

∆ ln (
𝐾𝐵

𝑌
) 

-0.99*** 

(0 10) 
- 

-0.46*** 

(0 05) 
- 

-0.65*** 

(0 09) 
- 

-0.39*** 

(0 04) 
- 

-0.19*** 

(0 03) 
- 

Implied 𝜎𝐵𝐿 0 50 - 0 68 - 0 61 - 0 72 - 0 84 - 

∆ln (
𝐾𝑀

𝐿
) - 

0 12 

(0 09) 
- 

0.23*** 

(0 03) 
- 

0.21** 

(0 09) 
- 

0.29*** 

(0 03) 
- 

0.26*** 

(0 02) 

Implied 𝜎𝑀𝐿 - 1 14 - 1 30 - 1 27 - 1 41 - 1 35 

Observations 1344 1344 4494 4494 1239 1239 4389 4389 4179 4179 

Time Period 1955-2018 1955-2018 1805-2018 1805-2018 1960-2018 1960-2018 1810-2018 1810-2018 1820-2018 1820-2018 

Obs  Interval 5-year 5-year 5-year 5-year 10-year 10-year 10-year 10-year 20-year 20-year 

Overlap obs  Y Y Y Y Y Y Y Y Y Y 
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coefficient estimates into Eq. (7) for Ψ𝐵 = 0.65, a one standard deviation increase in the KB-Y 

ratio is associated with a 14.3% increase in the total capital share: 

 

 d ln SK  =  ΨB ∙
σBL−1

σBL
SD [ln (

KB

Y
)] = 0.65 ∙

0.55−1

0.55
∙ 0.27 = 14.3%, 

 

where SD is the standard deviation of the KB-Y ratio over the period 1950-2018. The 

corresponding figure for machinery is 3.6% (0.35∙(1.20-1)/1.20∙0.585). Based on the estimates 

for the period 1800-2018, the figures are 38% for buildings and 7% for machinery; however, 

we consider the post-1950 standard deviations more relevant for the recent period. In sum, 

these counterfactual results confirm the analysis in Section 3 in which we show that building 

capital has first-order effects on factor shares whereas the income distributional effects of 

machinery is of second order. 

5.2 Allowing for country-specific factor augmenting technological progress  

In the baseline regressions, we have assumed relative factor augmenting technological progress 

evolves at the same rate across countries as captured by the time-effects. In this subsection, we 

use a more flexible approach to the modelling of technological progress following Chirinko 

and Mallick (2017). To this end, we extend Eqs. (11) and (12) with the term, 𝜆𝜑𝑖∆[(𝑡
𝑣 − 1)/𝑣], 

where 𝜆 is the slope parameter to be estimated and 𝑣 is the curvature parameter, which is 

interacted with country-dummies to allow for country-specific factor-augmenting 

technological progress. Following Chirinko and Mallick (2017) we use values for the curvature 

parameter, 𝑣 = 0.5 noting that for 𝑣 = 1, the technology term becomes subsumed by the 

country effects. The results, which are reported in the first four columns in Table 2, are 

consistent with the baseline regression results and the results in Table 2 are unaltered if we set 

𝑣 = 1 (the results are not shown). This result may suggest that most of the factor-augmenting 

technological progress has been captured by the time-effects in the baseline regressions.  
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Table 2: Allowing for country-specific technological progress ((1)-(4)), level estimates ((5)-

(8)) and labour that is not adjusted for education ((9)-(10)). 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Dependent 

variable 
∆𝒍𝒏(𝑺𝑩) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(𝑺𝑩)11 ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) 𝒍𝒏(𝑺𝑩) 𝒍𝒏(

𝑺𝑴

𝑺𝑳
) 𝒍𝒏(𝑺𝑩) 𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) 

ln (
𝐾𝐵

𝑌
) 

-1.18*** 

(0.12) 
- 

-0.47*** 

(0.05) 
- 

-0.40*** 

(0.07) 
- 

-0.19*** 

(0.03) 
- - - 

Implied 𝜎𝐵𝐿 0.46 - 0.68 - 0.71 - 0.84 - - - 

ln (
𝐾𝑀

𝐿
) - 

0.02 

(0.09) 
- 

0.23*** 

(0.04) 
- 

0.18*** 

(0.06) 
- 

0.30*** 

(0.02) 
  

ln (
𝐾𝑀

𝐿𝑈𝑎𝑑𝑗.
)         

0.13 

(0.09) 

0.23*** 

(0.03) 

Implied 𝜎𝑀𝐿 - 1.02 - 1.30 - 1.22 - 1.43 1.15 1.30 

𝑣 0.5 0.5 0.5 0.5       

Observations 1344 1344 4494 4494 1449 1449 4599 4599 1344 4494 

TTi N N N N Y Y Y Y N N 

Time Period 
1955-

2018 
1955-2018 

1805-

2018 

1805-

2018 

1950-

2018 

1950-

2018 

1800-

2018 

1800-

2018 

1955-

2018 

1805-

2018 

Obs. Interval 5- year 5- year 5- year 5- year Annual Annual Annual Annual 5- year 5- year 

Obs. Overlap Y Y Y Y NA NA NA NA Y Y 

Notes. TTi is country–specific time-trends. The implied elasticity of substitutions are recovered from −(�̂� − 1)
−1

, 

where �̂� is the coefficient of ∆ln(𝐾𝑀/𝐿) or ∆ln(𝐾𝐵/𝑌). LUadj is employment that is not adjusted for human capital 

(education). Country-specific time-trends are included in the level regressions. Robust standard errors are shown 

in parentheses. *, **, ***: Significant at 10%, 5% and 1% level.  

5.3 Regressions in levels  

To gain better insight into the long-run relationship between factor shares and capital ratios 

and the associated elasticities, we estimate the following two models using annual data over 

the periods 1800-2018 and 1950-2018 for our 21 country panel: 

 

ln(𝑆𝑀/𝑆𝐿)𝑖𝑡 = 𝜅1 ln(𝐾
𝑀/𝐿)𝑖𝑡 + 𝜑𝑡 + 𝜔𝑖 + 𝑇𝑇𝑖 + 𝑇𝑇𝑖

𝑃𝑜𝑠𝑡50 + 𝜔𝑖𝑃𝑜𝑠𝑡50 + 휀3,𝑖𝑡, (20) 

 ln 𝑆𝐵𝑖𝑡 = 𝜗1 ln(𝐾
𝐵/𝑌)𝑖𝑡 + 𝜑𝑡 + 𝜔𝑖 + 𝑇𝑇𝑖 + 𝑇𝑇𝑖

𝑃𝑜𝑠𝑡50 + 𝜔𝑖
𝑃𝑜𝑠𝑡50 + 휀4,𝑖𝑡 (21) 

where TTi (𝑇𝑇𝑖
𝑃𝑜𝑠𝑡50) is country-specific time-trends for the entire period (post-1950 period) 

and 𝜔𝑖
𝑃𝑜𝑠𝑡50 is a post-1950 shift dummy that captures the structural break in factor shares and 

capital-output ratios after WWII. The country-specific time-trends are included to ensure that 

the correlations between factor shares and the capital-ratios are not driven by the trends they 

                                                           
11 We also developed error correction models with the error terms from regressions 3, 4, 5 and 6 and 

found that our hypothesis was robust, with the coefficient on the error term showing convergence to 

the equilibrium predicted by the model.  
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may have in common. The time-trends are period-specific to allow for the shift in the stochastic 

properties of factor shares and capital ratios after WWII. 

 

The results of estimating Eqs. (20) and (21) are presented in the last four columns in Table 2 

above. On average, �̂�𝐵𝐿 = 0.78 and �̂�𝑀𝐿 = 1.33, both of which are close to those of the first-

difference baseline regressions in Table 1. Furthermore, like for the baseline regressions, �̂�𝐵𝐿 

is lower in the estimates covering the post-1950 period than the post-1800 estimates. Overall, 

the principal results are the same for estimates in levels and in first-differences. 

5.4 Using raw labour   

Thus far, we have quality adjusted labour with the average level of education, which has rarely 

been done in previous estimates of the elasticity of substitution in the absence of access to 

historical data on education. To investigate whether the results are influenced by quality 

adjusted labour, we regress Eq. (11), where the KM-LUadj ratio is used instead of KM-L ratio, and 

where LUadj is raw labour (employment times the annual hours worked). The implied �̂�𝑀𝐿 from 

the estimates in columns (9) and (10) in Table 2 are almost identical to those of the baseline 

regressions, suggesting that our results are not driven by this consideration 

5.5 Allowance for markups, unionization and communist threat 

The control variables are included sequentially and jointly in Table 3. The estimates cover the 

periods 1955-2018 and 1875-2018, where the estimation period starts in 1875 in the long 

estimates because the underlying data for the control variables are mostly first available from 

1870. Consider first the results in which the control variables are included sequentially. The 

coefficients of Tobin’s q are all highly significantly positive throughout.  

 

The coefficients of unionization, Union, and communist threat, Com, are significantly negative 

in most cases, which is consistent with theories that link the decline in labour’s share to the 

weakening in workers’ bargaining power since the 1980s. Despite this, the significantly 

negative relationship between unionization and the building share of income does not appear 

to be particularly robust when all the controls are included in the regressions (last four columns 

in Table 3). The insignificance of unionization does not mean that labour strength is 

unimportant for income inequality as unionization often leads to wage compression (Alesina 

et al., 2018) and factor shares are not influenced directly by the skill-premium, although skilled 

labour and the capital share may be influenced by the same factors. The negative coefficients 
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of communist influence suggests that the fall of communism in the 90s may have played a role 

in reducing labour’s share given the negative relationship between change in the level of 

communist threat and both the machinery and building shares of total income.  

 

Table 3: Tobin’s q, unionization and communist threat included as controls 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

Dependent 

Variable 
∆𝒍𝒏(𝑺𝑩) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(𝑺𝑩) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏 (𝑺𝑩) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(𝑺𝑩) ∆𝒍𝒏 (

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(𝑺𝑩) 𝒍𝒏 (

𝑺𝑴

𝑺𝑳
) 

∆ln (
𝐾𝐵

𝑌
) 

-0.95*** 

(0.10) 
- 

-0.98*** 

(0.10) 
- 

-0.96*** 

(0.10) 
- 

-0.92*** 

(0.10) 
- 

-0.35*** 

(0.05) 
 

Implied 𝜎𝐵𝐿 0 51 - 0 51 - 0 51 - 0 52 - 0 74  

∆ ln (
𝐾𝑀

𝐿
) - 

0 11 

(0 08) 
 

0 14 

(0 08) 
- 

0 13 

(0 08) 
- 

0 13 

(0 08) 
- 

0.29*** 

(0.04) 

Implied 𝜎𝑀𝐿 - 1 12 - 1 16 - 1 15 - 1 15 - 1 45 

∆ ln(𝑞) 
0.10*** 

(0.03) 

0.18*** 

(0.04) 
- - - - 

0.08*** 

(0.03) 

0.15*** 

(0.04) 

0.17*** 

(0.04) 

0.24*** 

(0.04) 

∆ ln(𝑈𝑛𝑖𝑜𝑛)   
-0.08** 

(0.04) 

-0.15*** 

(0.04) 
- - 

-0 05 

(0 04) 

-0.10** 

(0.05) 

0.03** 

(0.02) 

-0.03** 

(0.02) 

∆ln(𝐶𝑜𝑚)     
-0.70*** 

(0.22) 

-1.37*** 

(0.26) 

-0.65*** 

(0.22) 

-1.25*** 

(0.25) 

-0 13 

(0 20) 

-0.50** 

(0.21) 

Observations 1344 1344 1344 1344 1344 1344 1344 1344 3024 3024 

Time Period 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1875-2018 1875-2018 

Obs  Interval 5-year 5-year 5-year 5-year 5-years 5-years 5-years 5-years 5-years 5-years 

Obs  Overlap Y Y Y Y Y Y Y Y Y Y 

Notes. Union is the share of the labour force that is union members, Com is communist threat; and q is Tobin’s q. 

The estimates are in 5-year overlapping intervals. The implied elasticity of substitutions are recovered from 

−(�̂� − 1)
−1

, where �̂� is the coefficient of ∆ln(𝐾𝑀/𝐿) or ∆ln(𝐾𝐵/𝑌). Robust standard errors are shown in 

parentheses. *, **, ***: Significant at 10%, 5% and 1% level. 

 

In the last two columns in Table 3, in which all control variables are included in the regressions, 

q remains significant at the 1% level while the coefficients of unionization and communist 

threat lose some or all their statistical significance, suggesting that q contains most of the 

information relating to the bargaining power of labour; a possibility that is consistent with the 

analytical framework of Blanchard (1997). Blanchard (1997) shows that labour shares are 

driven by interactions between labour demand and supply that determine the share of rent going 

to labour and capital. In this framework, the labour supply curve is not the traditional atomistic 

labour schedule but a wage-setting schedule that is determined by unions and, potentially, 

communist threat in the sense that employers are more willing to give wage concessions in 

periods of heighted communist threat. Thus, we can infer that factors shares are influenced by 

the strength of labour in the wage negotiations through the markups channel.  

 

Turning to the quantitative effects on factor shares of each of the variables in the regressions 

in the last two columns of Table 3, the coefficients of KB/Y and KM/L and the implied elasticities 

of substitution are close to those of the baseline regressions regardless of whether the 

estimation starts in 1875 or in 1955. To simulate the relationship between Tobin’s q and the 



55 

 

labour share from the regression results, we assume that Tobin’s q has equivalent impacts on 

both the machinery and building shares of income (this is consistent with firms applying a 

constant mark-up over marginal cost). A one standard deviation increase in Tobin’s q is 

associated with a 2.56% increase in the share of total income going to capital (0.08*0.32*0.65 

+ 0.08*0.32*0.35). This may appear small, but since 1980 Tobin’s q has increased by 

approximately 2.7 standard deviations, meaning that changes in Tobin’s q can account for a 

6.91% increase in the capital share. Given that the total rise in capital’s income share in our 

sample is approximately 22.53%, Tobin’s q can account for approximately 31% of the decline 

in labour’s income share since 1980. Since q is a measure of markups, these results suggest 

that Tobin’s q has been influential for the movements in factor shares around their equilibrium. 

5.5 Robustness to violations of the matching-elasticity restriction  

In the baseline regressions, factor shares are derived from the CES function in which machinery 

capital and labour are inside the nest, imposing the restriction of a single elasticity parameter 

for both of these variables. If this restriction is violated, then the parameter estimates of Eqs. 

(11) and (12) could be biased. Two approaches are used to address this issue. The first approach 

controls for the internal factor composition of the nest akin to the method used by 

Karabarbounis and Neiman (2014). To this end, we include the KB-Y ratio in the SM/SL 

regression and the KM-Y ratio in the SB regression (columns (1)-(4) in Table 4). In these 

regressions, we cannot infer values for 𝜎𝐵𝐿 or 𝜎𝑀𝐿 and we have, consequently, left the relevant 

cells in the table blank. However, the coefficients of the KB-L ratio still give us an indication 

of the extent to which the unrestricted values of both of the elasticities of substitution between 

the nest components and the factor external to the nest differ. The coefficients of the focus 

variables are quite similar to the baseline regression in Table 1, suggesting that the baseline 

results are not affected significantly by the matching-elasticity restriction. Furthermore, the 

control terms are mostly statistically significantly negative, suggesting that the elasticity of 

substitution between buildings and machines is greater than that between machinery and 

labour.  
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Table 4: Compositional controls ((1)-(4)) and Alternative nests ((5)-(8)) 

Notes. Columns (1)-(4): Controlling for internal nest composition by including the KB-Y ratio in the SM/SL 

regression and the KM-Y ratio in the SB regression. Columns (5)-(8): building capital and labour are inside the nest 

yielding the matching-elasticity restriction of 𝜎𝐵𝑀=𝜎𝐿𝑀. The estimates are in 5-year overlapping intervals. The 

implied elasticity of substitutions are recovered from −(�̂� − 1)
−1

, where �̂� is the coefficient of ∆ln(𝐾𝑀/𝐿) or 

∆ln(𝐾𝐵/𝑌). Robust standard errors are shown in parentheses. *, **, ***: Significant at 10%, 5% and 1% level. 

 

In the second approach, we include building capital and labour instead of machinery and labour 

inside the nest. The regression results, based on Eqs. (A2) and (A3) in the Appendix, are 

presented in columns (5)-(8) in Table 4. The results are consistent with those of the baseline 

regression. The null hypothesis that 𝜎𝑀𝐿 = 1 cannot be rejected at conventional significance 

in one case (column (5)) and is slightly, but statistically, significantly above one in the other 

case (column (7)). Conversely, 𝜎𝐵𝐿  is estimated to 0.67 over the period 1950-2018 and 0.77 

over the period 1800-2018; both cases are statistically significantly lower than one. From these 

results we can conclude that the baseline results are not driven by the choice of the capital 

variables that are included in the nest. 

 

 

 

 

 

 

 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Dependent 

Variable 
∆𝒍𝒏(𝑺𝑩) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(𝑺𝑩) ∆𝒍𝒏(

𝑺𝑴

𝑺𝑳
) ∆𝒍𝒏(𝑺𝑴) ∆𝒍𝒏(

𝑺𝑩

𝑺𝑳
) ∆𝒍𝒏(𝑺𝑴) ∆𝒍𝒏(

𝑺𝑩

𝑺𝑳
) 

∆ln (
𝐾𝐵

𝑌
) 

-0.94*** 

(0.10) 

-1.24*** 

(0.11) 

-0.40*** 

(0.05) 

-0.59*** 

(0.05) 

- - - - 

∆ ln(
𝐾𝐵

𝐿
) 

- - - - - -0.49** 

(0.11) 

- -0.30*** 

(0.06) 

Implied 𝜎𝐵𝐿 0.52 - 0.71 - - 0.67 - 0.77 

∆ln(
𝐾𝑀

𝐿
) 

-0.28*** 

(0.06) 

0 21** 

(0.08) 

-0.30*** 

(0.04) 

0.30*** 

(0.03) 

- - - - 

∆ ln(
𝐾𝑀

𝑌
) 

- - - - -0.01 

(0.08) 

- 0.08*** 

(0.03) 

- 

Implied 𝜎𝑀𝐿 - 1.27 - 1.43 0.99 - 1.09 - 

Observations 1344 1344 4494 4494 1344 1344 4494 4494 

Time Period 1955-2018 1955-2018 1805-2018 1805-2018 1955-2018 1955-2018 1805-2018 1805-2018 

Obs. Interval 5 year 5 year 5 year 5 year 5 year 5 year 5 year 5 year 

Obs. Overlap  Y Y Y Y Y Y Y Y 
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6. Counterfactual simulations, 1980-2018  

In this section we quantify the impact of the changes in the KB-Y and KM-Y ratios, over the 

period 1980-2018, on the capital share based on various values of �̂�𝑀𝐿 and �̂�𝐵𝐿 estimated in 

Section 5. The counterfactuals are based on Eq. (7): 

 

𝑑 ln 𝑆𝐾 ≅ Ψ𝐵 ∙
𝜎𝐵𝐿−1

𝜎𝐵𝐿
𝑑 ln (

𝐾𝐵

𝑌
) + Ψ𝑀 ∙

𝜎𝑀𝐿−1

𝜎𝑀𝐿
𝑑 ln (

𝐾𝑀

𝑌
),  

(7)

  

where the fixed parameters are averages over the period 1980-2018 (see notes to Table 5).  

 

Table 5: The percentage change in the capital share explained by changes in KB-Y and KM-Y, 

1980-2018 

Estimate σ̂BL σ̂ML 𝑑 ln 𝑆𝐾 

Min σ̂𝐵𝐿 0.46 1.02 49% 

Max σ̂𝐵𝐿 0.84 1.43 26% 

Min σ̂𝑀𝐿 0.67 0.99 20% 

Max σ̂𝑀𝐿 0.74 1.45 33% 

Post-1950 average 0.55 1.15 42% 

Overall average 0.64 1.24 36% 

Notes. 𝑑 ln SK = 0.23, 𝑑 ln(𝐾𝐵/𝑌) = 0.15 and 𝑑 ln(𝐾𝑀/𝑌) = 0.4 along with the post-1980 values of Ψ𝑀 =

 0.65 and Ψ𝐵 = 0.35. Min σ̂𝐵𝐿(σ̂𝑀𝐿) = the estimates in Section 5 with the lowest σ̂𝐵𝐿(σ̂𝑀𝐿), Max σ̂𝐵𝐿(σ̂𝑀𝐿) = 

the estimates in Section 5 with the highest σ̂𝐵𝐿(σ̂𝑀𝐿).  

 

The counterfactual effects of the changes in the KB-Y and KM-Y based on the coefficient 

estimates are shown in Table 5. Every simulation explains economically significant proportions 

of the increase in the labour share with the estimated parameters explaining, on average, 36% 

of the increase in the capital share. Our preferred estimates from the post-1950 period explain 

42% of the decline. Based on the regressions with maximum and minimum σ̂𝐵𝐿 and σ̂𝑀𝐿, the 

change in the capital share explained by the model varies between 20% and 49%, suggesting 

that the change in the capital stock since 1880 has unambiguously contributed to the increase 

in the capital share. 

7. Concluding remarks 

The analysis in this paper shows that the building capital-output ratio is influential for the 

evolution of the functional income distribution: The price-induced decrease in the non-

residential building capital-output ratio in 21 advanced OECD countries since 1980 explains 

approximately 35% of the decline in the labour share of income, while machinery capital 
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deepening can explain only 8% based on estimates over the period 1960-2018. This suggests 

that building capital has first-order effects while the effects of machinery capital on the labour 

share are of second order 

 

There are three reasons why the decreasing building capital-income ratio has contributed to the 

decline in the labour share since 1980. First, labour productivity in the construction industry 

has stalled since the 1970s; thus creating an increasing wedge between construction and overall 

productivity and, consequently, increasing the real cost of buildings over the period 1980-2018. 

Second, 𝜎𝐵𝐿 = 0.55 on average in our baseline estimates and is always significantly below 

one, suggesting that building capital and labour are highly complementary and, therefore, that 

the reduced building capital-output ratio since the 1970s has been important for the declining 

labour share. By contrast, 𝜎𝑀𝐿 = 1.20 on average in our baseline estimates, implying that 

machinery capital deepening will only be 20% as influential on factor shares as an decrease in 

the building-output ratio of the same magnitude (see Eq. (7)). Third, the share of capital income 

going to building capital has, on average, been 65% over the period 1950-2018; thus giving 

building capital twice the weight of machinery capital in total capital income.  

 

By decomposing capital into machinery and buildings as factors of production, we show that 

the Karabarbounis and Nieman (2014) proposition, that the accelerating decline in the real 

prices of machinery capital has been a main contributor to the decline in the labour share, still 

holds without resorting to the, untenable, assumption that the elasticity of substitution between 

labour and aggregate capital exceeds one.  

 

Our finding that the building capital deepening process has been a significant driver of the 

declining labour share since 1980 is complementary to the two other main hypotheses of the 

functional income distribution, viz the markup and the wage push theses. We find that 

unionization, communist threat, and markups are also significant determinants of factor shares; 

particularly markups. Furthermore, our finding that machinery capital deepening has been of 

second order in explaining the declining labour share need not mean that machinery capital is 

unimportant for overall income inequality. Krusell et al. (2000), for example, has argued that 

the marked reduction in the real price of machinery capital in the US has contributed to the 

increase in the skill-premium in the US, suggesting that machinery capital may have 

contributed to increasing income inequality, however, not through the functional income 

distribution. 
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Going one step further down the causality chain, the fundamental factor that is driving our 

results is essentially sector-biased technological progress (machinery) or regress (buildings). 

The economy-wide technological progress has ensured a steady increase in real wages despite 

a moderation in wage growth since the second half of the 1970s.12 This steady increase in real 

wages has spilled over to the growth in wages in the construction sector despite its lack of 

technological progress, and this has resulted in increasing real construction costs. What has 

caused the Baumol disease in the construction sector has been unbalanced productivity growth. 

If this path continues into the future, the labour share, ceteris paribus, is likely to continue its 

downward trajectory. This begs the question: will the current tendency for working from home 

continue into the future? If this is the case, then the need for office space will decline, which 

will reduce the demand for non-residential buildings and, consequently, reduce the pressure of 

building capital on factor shares. 
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CHAPTER TWO: MARK-UPS, TOBIN’S q AND THE DECLINE IN 

LABOUR’S SHARE 

Co-authored with Prof. Jakob B. Madsen 

Abstract 

Increasing markups have recently gained prominence as a leading explanation for the 

decreasing share of income going to labour. Thus far, however, the analysis has generally been 

limited to the US, covers only short periods and generally does not control for potentially 

important confounders. Constructing data for the share of income going to capital and markups, 

based on Tobin’s q, over the period 1870-2018 for 21 advanced countries, this research 

examines the ability of markups to explain the movements of income shares at medium term 

frequencies and the tendency for factor income shares to converge toward constants in the long 

run. We find strong support for the markup hypothesis even when factor-augmenting 

technological progress, capital deepening, trade openness, and union strength are controlled 

for.  

1. Introduction   

The secular decline in the share of income going to labour in the advanced countries since the 

1970s has motivated an extensive range of theories purporting to explain the trend, including 

declining unionization, capital biased technological progress, automation, globalization, 

reduced economic growth, wealth accumulation, declining real prices of machinery, and rising 

markups (Acemoglu, 2003; Checchi and Garcia-Penalosa, 2008; Elsby et al., 2013; 

Karabarbounis and Neiman, 2014; Piketty, 2014; Caballero et al., 2017; Grossman et al., 2017; 

Acemoglu and Restrepo 2018; Autor et al., 2020; Bengtsson et al., 2020; Aghion et al., 2021; 

Farber et al., 2021). Recently, the markup hypothesis has gained prominence through the 

contributions of Caballero et al. (2017), Eggertsson et al. (2018), Farhi and Gourio (2018), 

Autor et al. (2020), Barkai (2020); De Loecker et al. (2020), Aghion et al. (2021) and Farber 

et al. (2021). Earlier contributions stressing the importance of markups include Blanchard 

(2007) and Phelps (1994). Whilst the explanations vary, the modern literature stresses 

globalization, technological change, and institutional changes as facilitators of greater market 

concentration; thereby, giving large firms greater market power. The literature has focused 

primarily on markup rates in the United States over short periods.  
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Constructing data for 21 advanced countries over the period 1870-2018, this research identifies 

the time-series paths of markups across countries and tests whether the markup hypothesis has 

general validity, i.e., whether 1) it is has significantly contributed to the historical evolution of 

labour shares over time and across the advanced countries; and 2) whether it has contributed to 

the tendency for factor shares to converge to their steady state equilibrium in the long run as 

predicted by the theories of Blanchard (1997) and Aghion et al. (2021) among others. The 

cross-country data enables us to control for common factors that influence the evolution of 

labour shares across the advanced countries, such as factor-biased technological progress, 

globalization, and supply shocks. More importantly, for the markup hypothesis to have general 

validity, it should be consistent with movements in the labour share within the 0-1 boundary 

and its tendency to gravitate towards a constant in the long run.   

 

We approximate the markup ratio by Tobin’s q, which measures the proportional expected 

change in discounted earnings in response to an increase in the fixed capital stock. Intuitively, 

Tobin’s q exceeds one if the capitalized expected earnings per unit of capital exceed the 

acquisition costs of a unit of capital. Under perfect competition, Tobin’s q will be driven down 

to one by incumbents or the entrance of new firms, while under imperfect competition, this 

process is incomplete. Rognlie (2015), who is probably the first to use the Tobin’s q method to 

measure markups, uses the ratio of the stock market capitalization of firms relative their book 

value for the US. To compute markups, Tobin’s q method has the distinct advantage over the 

accounting methods because it capitalizes the effects of all factors that affect profits, such as 

taxes, tax rebates, innovations, factor-biased technological progress, and creative destruction. 

More importantly, historical data on net profits are not available for most countries. 

 

In addition to the construction of long historical data, the principal contribution of the paper is 

to test, in an international context, whether markup theories are consistent with time-series 

movements in the labour share throughout history while controlling for confounding factors 

identified by the labour share literature, including unionization, user-cost induced capital 

deepening, and factor-biased technological progress. Regarding identification, we do not seek 

to estimate a causal relationship but rather acknowledge that the functional income distribution 

can be decomposed into markups, the user cost of capital, wage pressures, as well as technology 

that progresses at the same rate across countries, and, therefore, that the largest source of 

endogeneity stems from omitted variables. Thus, we control for all these factors in the 
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empirical section; factors that are not controlled for in the literature. Whilst this in itself does 

not provide sufficient evidence to make a definitive causal claim, it nevertheless strengthens 

the plausibility of the markup theory.  

 

In structuring this paper, we begin with an exposition of the relationship between mark-ups and 

Tobin’s q implied by theory in Section 2. In Section 3, we describe our data and argue the case 

for the validity of our approach to estimating Tobin’s q. In Sections 4 and 5, we present our 

empirical results and counterfactual simulations, before we conclude in Section 6.  

2. Related literature 

Research into increasing markups as being an important factor behind the increase in capital’s 

share has recently gained momentum with the contributions of Caballero et al. (2017), 

Eggertsson et al. (2018), Farhi and Gourio (2018), Autor et al. (2020), Barkai (2020), De 

Loecker et al. (2020), and Aghion et al. (2021). In earlier contributions, Bruno and Sachs (1985) 

and Blanchard (1997) posit that labour shares are driven by interactions between labour 

demand and supply that determine the share of rent going to labour and capital. The adverse 

supply shocks in the 1970s, for example, pushed wages in excess of the marginal productivity 

of labour and reduced the capital share. Over time, firms reacted by reducing employment, 

leading to a steady increase in unemployment that consequently increased markups. 

Furthermore, firms adopted technologies that used less labour and more capital, thus reducing 

the marginal product of labour at a given ratio of labour and capital.  

 

Using panel data for the US, Autor et al. (2020) show that the share of labour has been reduced 

by the rise of so-called ‘Super-Star Firms’. The technological progress and globalization 

starting already in the 1960s have led to increased competition that has driven up the market 

share of the most productive firms in a given industry. Being highly productive, these firms 

have high markups and consequently a lower labour share of value added than the firms they 

are displacing. Whilst Autor et al. (2020) provide some analysis of global trends in 

concentration, markups, and labour’s share, their paper focuses primarily upon developments 

in the US since 1955. 

 

De Loecker et al. (2020) find a strong secular increase in markups since 1980 and provide 

econometric evidence of a negative relationship between markups and labour’s share amongst 
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US firms, determined by an expanding market share of firms with high markups. Employing 

the approach of Hall and Jorgenson (1967), Barkai (2020) compiles estimates of capital costs 

in the United States between 1984 and 2014, and he uses these estimates to calculate a capital 

cost share of national income, with income remaining unallocated to either this share, or to 

labour, accruing to capital owners in the form of ‘pure profits’. Barkai (2020) documents that 

increases in the pure profit share can account for the entirety of the decline in labour’s share 

over his sample period 1984-2014, with the capital cost share of income also declining in 

response to the increase in profits. Aghion et al. (2021) argue that increasing market 

concentration and the associated increase in markups can be explained by IT improvements, 

over the approximate period 1995-2005, that allowed the most efficient firms to expand their 

boundaries. As these firms enjoy higher than normal markups, their increasing market share 

pushes down the aggregate labour share. After a while, markups eventually fall as the quality 

leader on a product line is more likely to face a high process efficiency competitor.  

 

Finally, Eggertsson et al. (2018) and Farhi and Gourio (2018) find that increasing pure profits 

and market risk have been responsible for the recent decline in labour’s share. While the 

underlying force behind the increasing markups is not a part of the model of Eggertsson et al. 

(2018), they suggest that lax anti-trust enforcement and technological changes may have been 

responsible for the increase in industrial concentration, as evidenced by Grullon et al. (2019). 

3. Tobin’s q and the labour shares in the OECD 

Figure 1 displays Tobin’s q and the labour share as an unweighted average of the OECD 

countries over the period 1870-2018, normalized to have a mean of one (see Section 5.2 for the 

construction of the data). Even without this normalization, Tobin’s q is known for fluctuating 

around the benchmark of approximately one, with q-values below one probably arising because 

of mismeasurement of the capital stock, such as irreversibility of capital and creative 

destruction that reduces the value of the existing capital stock beyond normal physical 

depreciation (see, e.g., Wright, 2004; Solow, 2015).  

 

The figure shows that Tobin’s q and labour shares fluctuate at medium-term frequencies of 30-

40 years duration and that, since the mid-60s, the fluctuations in the labour share are almost 

mirror images of q. Although the visual impression suggests a significant negative relationship 

between q and the labour share in recent decades, their causal relationship over the longer term 
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WWI and its inflationary consequences; a decline that may have been reinforced by the 

increasing union strength that resulted in large real wage escalations immediately after WWI 

and the anti-globalization sentiments that evolved during and after WWI (Roine et al., 2009). 

Similarly, the decline in q during the 1940s may have been associated with increasing union 

pressure, and the sharp decline in Tobin’s q following the oil price shocks in the period 1973-

1981, is often attributed to the abandonment of fixed exchange rate regimes, lax monetary 

policies, and the commodity price shocks that fueled real product wages and accelerated the 

depreciation of energy intensive capital (see, e.g., Bruno and Sachs, 1985). The coincidence of 

these multiple events renders it difficult to unmask the underlying reason for the profit-squeeze 

during these periods.  

4. Analytical framework: Mark-ups and Tobin’s q  

We use standard optimal control theory to derive the relationship between markups and Tobin’s 

q. Consider the firm’s optimization problem (Hayashi, 1982): 

 

𝑀𝑎𝑥 Ω =  ∫ 𝑒−𝜌𝑡
∞

𝑡=0
[𝑃𝑡𝐴𝑡𝐾𝑡

𝛼𝐿𝑡
1−𝛼 − 𝑃𝑡

𝐼𝐼𝑡 −𝑊𝑡𝐿𝑡]𝑑𝑡,  (1) 

s.t. 

�̇�𝑡 = 𝜓(𝐼𝑡, 𝐾𝑡) − (𝛿 + 𝑔𝜙)𝐾𝑡,  𝜓𝐼
′ > 0, 𝜓𝐼

′′ > 0, 𝜓𝐾
′ < 0  (2) 

where Ω is profits, 𝜌 is the required stock return; P is the GDP-deflator; PI is the price of non-

residential investment goods; A is technology; K is the non-residential capital stock; L is 

employment; I is fixed non-residential investment; W is wages; 𝑔𝜙 is the growth in the P/PK 

ratio, where PK is the price of capital; 𝛿 is the physical depreciation rate; 𝜓(𝐼𝑡, 𝐾𝑡) is convex 

investment adjustment costs, which implies that I units of gross investment increase capital by 

less than I and that the cost of the installation of capital is a declining function of the size of 

the existing fixed capital; and 𝑌𝑡 = 𝐴𝑡𝐾𝑡
𝛼𝐿𝑡

1−𝛼 is the Cobb-Douglas production function. 

 

The first order conditions (FOCs) for an optimum are (omitting time): 

 

 𝑃(1 − 1/𝜂)𝛼𝑌/𝐾 = (𝜌 + 𝛿 − 𝜓
𝐾
′ )𝜆 − �̇�,      (3) 

 𝜓𝐼
′ = 𝜆 − 1, 

 𝑃(1 − 1/𝜂)(1 − 𝛼)𝑌/𝐿 =  𝑊, 

 𝐥𝐢𝐦
𝒕→∞

𝒆−𝝆𝒕𝝀,𝑲 = 𝟎, 
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where 𝝀 is the shadow price of capital, and 𝜼 is the elasticity of demand facing the firm. In steady 

state, Eq. (3) implies: 

 

 𝜆 =
𝑃(1−1/𝜂)𝛼𝑌/𝐾

𝜌+𝛿−𝜓𝐾
′ ,  (4) 

which states that 𝝀 is the present value of profits accruing from one additional unit of 

investment. Deflating Eq. (4) by the investment deflator, PI, we arrive Tobin’s q: 

 

𝑞 =
𝜆

𝑃𝐼
=

𝑃(1−1/𝜂)𝛼𝑌/𝐾

𝑃𝐼(𝜌+𝛿−𝜓𝐾
′ )

=
𝜇𝛼𝑌𝑃

𝑃𝐼(𝜌+𝛿−𝜓𝐾
′ )𝐾

=
𝑉

𝑃𝐼𝐾
 ,   (5) 

which is equal to one under perfect competition in the goods market, 𝜂 → ∞, where 𝜇 is 

markups over marginal costs. In the last term of Eq. (5), the numerator is the value of the firm, 

which in turn is the capitalized value of future profits, while the denominator is fixed capital at 

acquisition costs.  

 

A distinct feature of the q-model is that its movements around the long-run equilibrium echoes 

markups and not technological progress nor changes in taxes in steady state (Summers, 1981; 

Haysahi, 1982; Madsen and Davis, 2006). Ceteris paribus, an increase in markups is associated 

with an increase the expected profits per unit of capital and an increase in the capital share. The 

capital stock is reduced in response to an increase in markups because the benchmark level of 

q at which investment becomes profitable, has increased. Tax-induced changes in profits have 

only short-term effects on profits because capital accumulation or decumulation drives the pure 

profits to zero in the long run. Investment-specific technological progress does not have any 

overall effect on Tobin’s q because the acquisition costs of capital in the denominator of q are 

unaffected by the technological progress – the decreasing real price of capital is countered by 

a corresponding increase in the volume of capital. Similarly, the numerator remains unaffected 

by the technological progress because the profit gain by firms that implement the new 

technology is countered by the profit loss of firms that do not implement the new technology 

(for a more general analysis, see Madsen and Davis, 2006). 
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5. Empirics 

5.1. Model specification 

The following error-correction model of labour share is estimated for 21 countries using data 

over the periods 1950-2018 and 1870-2018: 

 

ln 𝑆𝑖𝑡
𝐿 = 𝛼0 + 𝛼1 ln 𝑞𝑖𝑡 + 𝛼2𝑈𝑛𝑖𝑜𝑛𝑖𝑡 + 𝛼3 ln(𝐾/𝑌)𝑖𝑡 + 𝜑𝑖𝑡

𝑃𝑟𝑒 + 𝜔𝑖𝑡
𝑃𝑜𝑠𝑡 + 𝜑𝑡 + 휀𝑖𝑡, (6) 

∆ ln 𝑆𝑖𝑡
𝐿 = 𝛽0 + 𝛽1 ∆ln 𝑞𝑖𝑡 + 𝛽2∆𝑈𝑛𝑖𝑜𝑛𝑖𝑡 + 𝛽3 ∆ln(𝐾/𝑌)𝑖𝑡 + 𝜑𝑖 + 𝜑𝑡 + 휀�̂�,𝑡−1 + 𝜈𝑖𝑡, (7) 

where SL is the labour share net of residential rent (as detailed in the data section); Union is 

unionization; K/Y is the non-residential capital-output ratio; φt and 𝜑i are time and country 

effects; ∆ is a five-year-difference operator; 𝑡𝑃𝑟𝑒 and 𝑡𝑃𝑜𝑠𝑡 are country-specific time-trends 

(pre-1945 and post-1945); and 휀 and 𝜈 are stochastic error terms. Here, 휀�̂�,𝑡−1 is an error-

correction term lagged one period (five years) from estimates of the cointegration model (Eq. 

(6)).  

 

The time-dummies capture time-varying global effects that influence all countries 

simultaneously but that are not captured by q, such as factor-biased technological progress, 

world wars, commodity price shocks, social movements, globalization waves, etc. We estimate 

Eq. (7) in long differences to filter out cyclical influences. Estimates in 10- and 20-year 

overlapping first differences are also undertaken. We include a split time-trend before and after 

WWII in the cointegration equation to allow for a structural shift in the retention ratio, as 

detailed in Section 5.2.1 below. 

 

Eq. (7) is the simple Engle-Granger error-correction model where the coefficient of 휀�̂�,𝑡−1 

reveals whether entrances and exits of competing firms and adjustments of the fixed capital of 

the existing firms ensure that pure profits gravitate towards their long-run equilibrium in which 

the pure profit is zero following the model of Aghion et al. (2021). Blanchard (1997) also stress 

that changes in institutional constraints will affect abnormal markups. A reduction in 

featherbedding practices, for example, incentivizes the most affected firms to reduce their 

labour force leading to increasing unemployment and markups. The reduced wage growth 

caused by the increasing unemployment furthers the increase in markups and the capital share. 
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The wage-induced higher markups will lead to entry of firms and capital accumulation until 

unemployment is back at its initial level.  

 

Unionization is intended to capture the strength of unions by affecting the bargaining power of 

labour relative to that of capital (Bruno and Sachs, 1985; Blanchard, 1997; Roine et al., 2009; 

Alesina et al., 2018; Madsen et al., 2018; Farber et al., 2021). The unionization rate is likely to 

be influenced by significant foreign events that promote labour mobilization. When there is an 

emerging or eminent communist threat, for example, the elite, employers, and governments are 

more willing to accommodate workers’ wage aspirations to prevent labour dissatisfaction or in 

the more extreme event, a communist rebellion. Revolutions often result from general 

discontent that lies dormant until a significant event, such as the Russian Revolution in 1917, 

triggers an upheaval that can potentially spread and result in regime change, unless the ruling 

class takes voluntary pre-emptive actions (Weyland, 2010). Unionization, however, may be a 

problematic explanatory variable since it may be endogenous. Acemoglu et al. (2001), for 

example, argue that skilled labour may choose not to join unions in periods with skill-biased 

technological progress to prevent their wages from being compressed by joining the union. 

Furthermore, stalling unionization over the period 1980-1995 and its decline thereafter in the 

advanced countries have, to some extent, been influenced by the structural shift towards the 

service sector, which has low unionization propensities.  

 

Changes in the K-Y ratio will influence the labour share if the elasticity of substitution between 

capital and labour, 𝜎𝐾𝐿, differs from one. Investment-specific technological progress that 

increases the real K-Y ratio, for example, increases (reduces) the labour share if 𝜎𝐾𝐿 < 1 

(𝜎𝐾𝐿 > 1) because the real price-induced decline in user cost of capital is overpowered by the 

increase in the K-Y ratio (Karabarbounis and Neiman, 2014). A similar effect arises from a 

reduction in the real interest rate that also reduces the user cost of capital. In addition to the 

direct effects on factor shares, Blanchard (1997) argues that an increasing K-Y ratio may 

indirectly affect the labour share by increasing unemployment, which through the Phillips 

curve, reduces the growth in real wages. 

5.2 Data and graphical analysis 

Details on the construction of Tobin’s q and the functional income distribution are given below. 

Data sources are relegated to the Data Appendix.  
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5.2.1. Tobin’s q 

Except for the United States, estimates of Tobin’s q are somewhat limited. Hence, we employ 

the method suggested by Barro (1990) in which Tobin’s q is estimated as the residual from 

regressing the log of real share prices on a linear time-trend. This approach is consistent with 

the q-model derived in Section 3 for which q fluctuates around a constant level under perfect 

competition due to investment adjustment costs. Under imperfect competition, q may be driven 

away from its long-run equilibrium by markups. Alternatively, q above the perfect competition 

equilibrium may revert to equilibrium over time as pure profits are gradually eroded by 

competition (Aghion et al., 2021). This feature is implicitly incorporated into Barro’s (1990) 

approach.  

 

Figure 2 compares Tobin’s q based on Barro’s approach and the much more rigorous approach 

of Wright (2004) for the US over the period 1900-2018. The estimates are normalized to have 

a mean of one. The correlation coefficient between the two series is 0.89 (levels) and 0.92 

(logs), suggesting that Barro’s approach, at least benchmarked against Wright’s estimate for 

the US, is performing well. The different timing of changes in q between the two estimates of 

q often rests on the timing of stock prices within the year. In Wright’s estimates, for example, 

q peaks in 1928 because he bases q on the end-of-year market capitalization, while q peaks in 

1929 in our estimates because we use year averages of stock prices. Another difference between 

the two series is that Wright’s q is trending up slightly more than the estimated q after WWII, 

which is likely to reflect a downward jump in the retention ratio during WWII. In this context, 

it is important to note that the growth in real share prices over time is almost solely due to a 

positive retention ratio. If retained earnings are expended on tangible and intangible capital, 

then the numerator and denominator of q are equally affected for the unlevered corporation. 

While real stock prices increase, this is not because of increasing returns per unit of capital, as 

the casual observer may think, but because shareholders’ claims on the fixed capital have 

increased. 
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Notes. The figures presented are unweighted averages for the 21 countries considered. Unweighted averages are 

used to prevent the United States from dominating the sample.  

 

Unionization and the nonresidential capital-output rate are displayed in Figures 3 and 4. 

Unionization fluctuates along an increasing trend up to the mid-1970s and declines thereafter. 

The growth spurts in the approximate periods 1916-1921, 1945-1950 and 1967-1980 are often 

associated with heightened strike activity and worker unrest (Bruno and Sachs, 1985; Roine et 

al., 2009; Farber et al., 2021). The trend in the K-Y ratio is flat in the very long run, U-shaped 

in the medium term, and, due to capital adjustment costs, counter-cyclical at business-cycle 

frequencies. The flat K-Y ratio in the very long-run suggest that the production technology is 

Cobb-Douglas in the steady state – the joint impact of an elasticity of substitution of one and 

Hicks-neutral technological progress. At medium frequencies the elasticity of substitution may 

be lower than one and the technological progress factor biased with varying signs and 

intensities as detailed below. 

 

Table I. Summary statistics, 1870-2018  

Notes: 𝑆𝐿 = the labour share net of residential rent; Union = unionization rate; K/Y = ratio of non-residential 

capital to GDP net of depreciation of non-residential capital and residential housing rent; N = n x T, where N is 

the number of observations, T is the number of years per country, and n is the number of countries. 

 

5.3 Baseline Regressions  

The results of estimating the cointegration model, Eq. (6), are presented in Table 2. The null 

hypothesis of cointegration is rejected in the two cointegration estimates (columns (1) and (2), 

suggesting that the coefficient estimates are super consistent and an error-correction 

Variable  Mean Std. Dev. Observations 

ln 𝑆𝐿 overall -0.35 0.16 N =    3129 

 between  0.11 n =      21 

 within  0.12 T =     149 

ln 𝑞 overall -0.10 0.48 N =    3129 

 between  0.02 n =      21 

 within  0.48 T =     149 

ln 𝑈𝑛𝑖𝑜𝑛 overall -2.54 1.76 N =    3129 

 between  0.64 n =      21 

 within  1.65 T =     149 

ln 𝐾/𝑌 overall 1.33 0.61 N =    3129 

 between  0.57 n =      21 

 within  0.26 T =     149 
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representation of the data generating process exists. The coefficients of q in the cointegration 

and the error-correction models are all significantly negative at the 1% level. A one standard 

deviation increase in q is, on average, associated with a 1.16% reduction in the labour share, 

which translates into a 0.78 percentage point reduction in the labour share based on the sample 

average labour share of 0.7. To put this ostensibly small number into perspective, consider the 

post-1980 period, during which Tobin’s q increased by approximately 2.5 standard deviations, 

whilst the labour share decreased by 5.3%; thus, implying that Tobin’s q accounts for 

approximately 52% of the decline in the labour income share over this period.  

 

Table II. Parameter estimates of the cointegration and error-correction models (Eqs. (6) and 

(7)), baseline regressions.  

 (1) (2)  (3) (4) (5) (6) (7) 

 Cointegration  Error-correction 

 
ln 𝑆𝑡

𝐿 ln 𝑆𝑡
𝐿 

 
∆ ln 𝑆𝑡

𝐿  ∆ ln 𝑆𝑡
𝐿 ∆ ln 𝑆𝑡

𝐿 ∆ ln 𝑆𝑡
𝐿 ∆ ln 𝑆𝑡

𝐿 

ln 𝑞𝑡 -0.016*** 

(0.004) 

-0.026*** 

(0.004) 

 
- - - - - 

∆ln 𝑞𝑡 - - 
 -0.025*** 

(0.005) 

-0.026*** 

(0.004) 

-0.024*** 

(0.005) 

-0.023*** 

(0.004) 

-0.015*** 

(0.004) 

휀�̂�,𝑡−1 
- - 

 -0.253*** 

(0.058) 

-0.166*** 

(0.030) 

-0.274*** 

(0.093) 

-0.176*** 

(0.042) 

-0.162*** 

(0.06) 

Period 1945-2018 1870-2018  1950-2018 1875-2018 1955-2018 1880-2018 1890-2018 

Obs 1554 3129  1449 3024 1344 2919 2709 

Spec. Level Level  5-year 5-year 10-year 10-year 20-year 

ADF -5.21*** -6.72***  - - - - - 

Notes. ADF = Pedroni’s Augmented Dicky-Fuller t-statistic for cointegration. Standard errors robust to 

heteroscedasticity and serial correlation are included in the parentheses, *** denotes 1% level of significance. 

 

The coefficients of the error-correction terms in columns (3)-(7) are all significantly negative 

and with the range of zero and minus one, confirming that a long-run equilibrium exists and 

that q, and, therefore, markups, gravitates towards a stable long-run equilibrium. The halfway 

cycle is reached after approximately three years, suggesting relatively low capital adjustment 

costs for existing and new companies; a result that is consistent with the adjustment costs found 

in the literature (see, e.g., Bergeaud and Ray, 2021).  

5.4 Inclusion of confounding variables  

Unionization and the capital-output ratio are included sequentially and jointly in the estimates 

in this section. The results are reported in Table 3. Unionization is significantly positive in all 

cointegration estimates and in the error-correction models that are estimated over the period 

1950-2018, but not the estimates over the period 1875-2018. The coefficients of unionization 
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are significantly larger over the period 1950-2018 than over the period 1870-2018. We 

investigated whether the declining significance of unionization as we go back in time reflects 

the almost uninterrupted increase in the unionization rate up until the 1980s, while income 

shares were fluctuating around a relatively constant level. However, using the residual from a 

regression of the log of unionization on a linear and a squared time trend in the structural 

regressions does not alter the results, suggesting that the trend in unionization in the regressions 

in Table 3 is captured by the time-dummies (the results are not shown). Furthermore, the effects 

of trade union wage pushiness on the labour share may be captured by Tobin’s q because of 

the difficulties associated with the measurement of union wage pressure and the fact that unions 

and companies often share the pure profit (Blanchard, 1997; Checchi and Garcia-Penalosa, 

2008). Furthermore, the impact of unionization on labour shares differ across different types 

of union bargaining models (Checchi and Garcia-Penalosa, 2008).  

 

Table III. Parameter estimates of the cointegration and error-correction models including 

confounding factors.14 

                                                           
14 We also conducted a regression controlling for Communist Threat (as discussed in chapter 

1), TFP and import intensity, and found our results were robust to these confounders. 

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

 Cointegration estimates 

 ln 𝑆𝑡
𝐿 ln 𝑆𝑡

𝐿 ln 𝑆𝑡
𝐿 ln 𝑆𝑡

𝐿 ln 𝑆𝑡
𝐿 ln 𝑆𝑡

𝐿 

ln 𝑞𝑡 
-0.015*** 

(0.004) 

-0.024*** 

(0.004) 

-0.013*** 

(0.004) 

-0.020*** 

(0.004) 

-0.013*** 

(0.004) 

-0.019*** 

(0.004) 

ln 𝑈𝑛𝑖𝑜𝑛𝑡 
0.044*** 

(0.009) 

0.009*** 

(0.003) 
- - 

0.039*** 

(0.008) 

0.006* 

(0.003) 

ln (𝐾/𝑌)𝑡  - - 
0.06*** 

(0.020) 

0.091*** 

(0.011) 

0.044*** 

(0.019) 

0.088*** 

(0.011) 

Period 1945-2018 1870-2018 1945-2018 1870-2018 1945-2018 1870-2018 

Obs. 1554 3129 1554 3129 1554 3129 

Spec. Level Level Level Level Level Level 

ADF -4.55*** -5.75*** -3.51*** -5.86*** -3.05*** -4.96*** 

 Error-correction estimates 

 ∆ ln 𝑆𝑡
𝐿 ∆ ln 𝑆𝑡

𝐿 ∆ ln 𝑆𝑡
𝐿 ∆ ln 𝑆𝑡

𝐿 ∆ ln 𝑆𝑡
𝐿 ∆ ln 𝑆𝑡

𝐿 

∆𝐥𝐧𝑞𝑡 
-0.023*** 

(0.005) 
-0.026*** 

(0.004) 
-0.019*** 

(0.005) 
-0.017*** 

(0.004) 
-0.017*** 

(0.005) 
-0.018*** 

(0.004) 

∆𝐥𝐧 𝑈𝑛𝑖𝑜𝑛𝑡 
0.040*** 

(0.010) 

-0.002 

(0.0030) 
- - 

0.034*** 

(0.010) 

-0.004 

(0.003) 

∆𝐥𝐧(𝐾/𝑌)𝑡 - - 
0.111*** 

(0.029) 
0.098*** 

(0.012) 
0.102*** 

(0.028) 
0.099*** 

(0.022) 

�̂�𝒊,𝒕−𝟏 
-0.247*** 

(0.057) 
-0.171*** 

(0.031) 
-0.268*** 

(0.057) 
-0.165*** 

(0.030) 
-0.264*** 

(0.057) 
-0.169*** 

(0.0298) 

Period 1950-2018 1875-2018 1950-2018 1875-2018 1950-2018 1875-2018 

Obs. 1449 3024 1449 3024 1449 3024 
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Notes. Standard errors robust to heteroscedasticity and serial correlation are contained in parentheses, *,**&*** 

denote 10%, 5% and 1% levels of significance. 

 

The capital-output ratio, K-Y, is included in the regressions in the last four columns in Table 3. 

The coefficients of the K-Y ratio are all significantly positive, implying that the null hypothesis 

of 𝜎𝐾𝐿 = 1 is rejected at the 1% level. The average coefficient of the K-Y ratio is 0.083, 

suggesting that 𝜎𝐾𝐿 = 0.80 and, therefore, that the labour share is inversely related to the cost 

of capital.15 Since the K-Y ratio has fluctuated around a relatively constant level since 1982, 

investment-specific technological progress could not have been responsible for the declining 

labour share over the same period. As shown by Kerspien and Madsen (2021), the impact of 

the decline in the real price of machinery and equipment has been more than countered by 

stalling productivity in the building sector since 1970 (Kerspien and Madsen, 2021). 

 

Returning to Tobin’s q, the coefficients of q are significantly negative in all 12 regressions, 

suggesting that q is a robust determinant of factor shares. The estimated coefficients of q in the 

regressions in the last two columns in Table 3, where all control variables are included, are, on 

average for the cointegration and error-correction estimates, -0.017, which is close to that of 

the baseline regressions. These results suggest that the coefficient of q is quite resilient to the 

inclusion of control variables.  

6. Counterfactual simulations 

In Table 4 we quantify the effects of Tobin’s q, unionization, and the K-Y ratio on the labour 

share. The first column shows the effects of a one standard deviation increase in each of the 

explanatory variables on the labour share based on the coefficients of the cointegration 

regression over the period 1870-2018. Within standard deviations are used because the focus 

is on explaining the time-variation in labour shares and not the between-country variation. 

Given that the labour share tends to fluctuate in a narrow band, the three principal variables 

explain a large share of the variations, where most of the remaining within-fluctuations in the 

                                                           
15 From a standard K-L CES production function we can derive the expression from the first-order condition: 

∆ ln(𝑆𝐾) =
𝜎−1

𝜎
∆ln (

𝐾

𝑌
), where the mapping between the labour and capital share is given by: ∆ ln(𝑆𝐾) ≈

−∆ ln(𝑆𝐿) ∙
𝑆𝐿̅̅̅̅

1−𝑆𝐿̅̅̅̅
. Thus 𝜎 ≈ (𝜙

𝑆𝐿̅̅̅̅

1−𝑆𝐿̅̅̅̅
+ 1)

−1

, where 𝜙 is the coefficient of the K-Y ratio in the labour share 

regression. For this calculation we set 𝑆𝐿̅̅ ̅ = 0.753, which is the value of the average labour share in 1980.  

Spec. 5-year 5-year 5-year 5-year 5-year 5-year 
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labour share are explained by the time-dummies, which, to some extent, capture factor-biased 

technological progress. Tobin’s q and unionization explain approximately equal amounts of 

the variation in the labour share, slightly less than the K-Y ratio.  

 

Table IV. Counterfactual simulations. Factor impact on the labour share. 

  Effects of one Std. Dev. increase, 1870-2018 Contribution to change in SL, 1980-2018 % 
Tobin’s q -0.013*0.68*0.753*100 = -0.67 percentage 

points 
-0.013*1.661*0.753*100 = -1.63 percentage 

points 
26 

Union 0.039*0.37*0.753*100 = 1.09 percentage 

points 
0.039*-0.313*0.753*100 = -0.92 percentage 

points 
15 

K-Y 0.044*0.16*0.753*100 = 0.53 percentage 

points 
0.044*0.010*0.753*100 = 0.03 percentage 

points 
0 

Time-effects   -3.68 percentage points 59 

Total, Explained   -6.23 percentage points 100 
Total, Actual   -5.66 percentage points   

Notes: The first column shows the effects of a one standard deviation increase in Tobin’s q, unionization, and the 

K-Y ratio on the labour share in percentage points, estimated as the coefficients from the cointegration estimates, 

1870-2018 (Table 3, column (6)), times the standard deviation times the average labour share in 1980, 1870-2018. 

The second column shows the effects of the change in Tobin’s q, unionization, and the K-Y ratio on the labour 

share in percentage points and is estimated as the coefficients from the cointegration estimates, 1950-2018 (Table 

3, column (6)), times their percentage changes over the period 1980-2018 times the average labour share in 1980, 

1950-2018. The last column shows the distribution of the total explained decline in the labour share since 1980, 

where the average labour share of 0.753 is its value in 1980. Within standard deviations are used.  

 

Considering the post-1980 period, the increasing markups explain 29% of the actual reduction 

of the labour share, while declining unionization has contributed 16% to the decline, and the 

K-Y ratio has hardly had any impact on factor shares. As the biggest contributor, the time-

dummies account for 59% of the explained decline in the labour share and they may have 

captured the effects of measure errors of the non-deterministic variables, factor-biased 

technological progress, and other influences. Thus, in line with the findings for the US, 

increasing markups have not only been influential for the declining labour share in the US since 

the early 1980s, but also for the advanced countries in general.  

7. Conclusion  

Using Tobin’s q as a measure of markups, we show that markups have been influential for 

income shares over the period 1870-2018 for the advanced countries; a finding that supports 

the theoretical and empirical work for the US of Caballero et al. (2017), Eggertsson et al. 

(2018), Farhi and Gourio (2018), Autor et al. (2020), Barkai (2020), De Loecker et al. (2020), 

and Aghion et al. (2021). More generally, we find that markups have been influential for factor 
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shares throughout the developed world over at least the past one and a half centuries, not just 

for the United States over the past few decades. Furthermore, we find markups tend to gravitate 

toward constant non-negative levels in the long run, suggesting that the recent upward trend in 

markups will eventually subside. This can either happen because of 1) an inflow of competing 

firms reduces and even eliminates the excess profits, as predicted by the theory of Aghion et 

al. (2021); 2) capital deepening by existing firms; or 3) endogenous policy responses that 

strengthen antitrust laws or make it more difficult for multinational corporations to transfer 

income to tax heavens. Finally, we find that Tobin’s q, unionization and capital deepening are 

all approximately equally influential for factor shares over the period 1870-2018, while, of the 

three principal determinants of the labour share considered here, increasing markups have been 

the most influential driver of the decline in the labour share since 1980.  

 

Following the literature, we have not tested whether the relationship between the labour share 

and markups is causal. Instead we have controlled the principal determinants of factor shares, 

such as unionization, capital deepening and factor-biased technological progress; thus, 

eliminating probably the largest source of endogeneity – omitted variables. Furthermore, the 

medium-term movements in the average Tobin’s q for the advanced countries are consistent 

with the historical narratives on factors that are likely to have influenced the path of markups 

since 1870, such as the positive effects of the globalization and deregulation waves before 

WWI and after 1980, the negative effects of the recessions and depressions over the periods 

1920-1921, 1930-1933, 1974-1982, and the mixed effects of the interwar nationalism and the 

post-WWII golden period with high growth but also a strong antibusiness sentiment. 
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CHAPTER THREE: WEALTH, CAPITAL AND THE ELASTICITY OF 

SUBSTITUTION 

Abstract. 

Over the past decade, the true value of the elasticity of substitution between capital and 

labour, 𝜎, has become a prominent matter of debate amongst empirical economists studying 

the distribution of income. This is because this parameter determines whether capital 

accumulation can explain growing inequalities in market incomes. This paper seeks to 

reconcile the discrepancy between the majority of empirical studies documenting that 𝜎 < 1 

and the observation that wealth to output ratios are strongly positively correlated with the 

capital share – an outcome that seemingly implies a value of 𝜎 > 1. In this paper, I show that 

these disparate conclusions stem from the difference between the size of the real capital stock 

and the stock of wealth at market value. Using macroeconomic data for 21 OECD countries 

since 1950, I document evidence suggesting that the elasticity of substitution between wealth 

and labour, 𝜎𝑊𝐿, is greater than one, whilst the elasticity of substitution between real capital 

and labour, 𝜎𝐾𝐿, is less than one. It is further shown that changes in the stock of national wealth 

are an important contributor to growing inequality in the OECD, with changes in the stock of 

real national capital making only a neglible contribution to this development. 

1. Introduction   

The extent to which capital accumulation can explain growing inequality in market incomes 

has been extensively debated in the inequality literature (Oberfield & Raval 2021; 

Karabarbounis and Neiman 2014; Piketty 2014; Rognlie 2015). This debate centres around the 

true value of the elasticity of substitution between capital and labour, 𝜎. The relevance of this 

parameter arises because, under constant elasticity of substitution (CES) technology, it 

determines the structural relation between the capital to output ratio and the capital share of 

income (a crucial determinant of inequality given that capital income accrues predominantly 

to high income earners).  This is evident in equation 1, derived from the two-factor CES 

production function featuring capital and labour under the assumption of competitive factor 

and product markets. Here 𝑆𝐾 denotes the capital share of income, 𝐴𝐾 denotes capital 

augmenting technology, 𝐾 denotes capital, Y denotes output, whilst 𝛼𝐾 is a weighting 

parameter that is normalised to the value of the capital share when 𝐴𝐾 = 1 and 𝐾 = 𝑌. 
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SK = αKAK

σ−1
σ (

K

Y
)

σ−1
σ
. 

(1) 

  

 

In the recent literature, Piketty (2014) has argued that the secular decline in the labour income 

share can be explained by the accumulation of capital (K). However, this depends crucially 

upon the assumption that 𝜎 > 1, a result that stands in noted contrast to the majority of 

empirical studies which document that 𝜎 < 1 (Chirinko. 2008). This is because if 𝜎 > 1, 
𝜎−1

𝜎
>

0 and consequently 𝑆𝐾 and 
𝐾

𝑌
 will be positively correlated. In contrast if 𝜎 < 1, 

𝜎−1

𝜎
< 0 and 

𝑆𝐾 and 
𝐾

𝑌
 will be negatively correlated.  

 

The value of 𝜎 is also relevant to understanding the relationship between growth and inequality 

(Piketty, 2014). This is because the long-run steady state value for 
𝐾

𝑌
 can be expressed as a 

function of the growth rate (𝑔), the savings rate (𝑠) and the depreciation rate (𝛿) as per equation 

2.  

 

K

Y
=

s

g + δ
. 

(2) 

 

According to equation 2, a fall in the growth rate will be associated with a rise in the capital to 

output ratio. If 𝜎 > 1 this will result in a higher capital share, whilst if 𝜎 < 1 this will result in 

a lower capital share (eqn.1).  

 

Importantly, Piketty’s definition of ‘capital’ is considerably broader than estimates of the 

capital stock derived from the real investment figures in the national accounts. Firstly, Piketty’s 

definition of capital includes not just physical goods manufactured for use in the production 

process, but also land. Piketty also includes the firm value that is in excess of book value in his 

calculations of wealth. Secondly, Piketty is concerned with the market value of capital, as 

opposed to the real value of capital. The purpose of this paper is to demonstrate that these 

distinctions are consequential, and that accounting for them allows us to reconcile the 

aforementioned empirical findings. Doing so, I show that wealth accumulation can explain 

growing inequality whilst capital accumulation cannot. 
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Henceforth, I will refer to Piketty’s ‘capital’ as wealth, in alignment with the perhaps more 

conventional nomenclature16. Instead, I will use the term, capital, to refer exclusively to the 

capital stock value derived using national accounts data on real investment in different assets 

used for production. With these definitions, I will produce empirical evidence showing that the 

elasticity of substitution between capital and labour, 𝜎𝐾𝐿 is less than one, whilst the elasticity 

of substitution between wealth and labour, 𝜎𝑊𝐿, is greater than one.   

 

Importantly, this value for 𝜎𝑊𝐿 reveals a negative association between the wealth to output 

ratio (W-Y) , which has markedly increased in recent decades across the OECD, and the labour 

share. At the same time, the estimate for 𝜎𝐾𝐿 suggests a positive relationship between the 

capital to output ratio (K-Y), which has generally been stable, and the labour share (taking the 

United States as an example, we can see a clear divergence between W-Y and K-Y in figure 1). 

Consequently, this research relates strongly to the broader literature that attributes changes in 

the factor distribution of income to factors such as biased technological change, the decline in 

the relative price of investment, globalisation, trade,  declining unionisation, and increased 

mark-ups (Acemoglu, 2003; Elsby et al., 2013; Karabarbounis and Neiman, 2014; Piketty, 

2014; Acemoglu and Restrepo, 2018, 2020; Grossman et al., 2018; Madsen et al., 2020;Vom 

Lehn, 2018; Bengtsson et al. 2020; Autor et al. 2020; Barkai 2020; Bergholt et al., 2021; 

d’Albis et al., 2021; De Loecker et al. 2020; Aghion et al., 2021; Farber et al., 2021; Kehrig 

and Vincent, 2021; Oberfield and Raval, 2021).  

 

This paper argues that the discrepancy between 𝜎𝐾𝐿 and 𝜎𝑊𝐿 arises because Tobin’s q and the 

relative price of capital, which are components of wealth but not of capital, are positively 

correlated with the capital share of income.  Consequently, an increase in Tobin’s q will 

increase both the wealth to output ratio and the capital share, even if the capital to output ratio 

remains unchanged. This relation will result in 𝜎𝑊𝐿 being greater than 𝜎𝐾𝐿. At the same time, 

an increase in the relative price of capital will also increase both the capital share and the wealth 

to income ratio, holding the capital to output ratio constant. As with Tobin’s q, this effect also 

results in 𝜎𝑊𝐿 > 𝜎𝐾𝐿, however, as discussed in section 2, the identifying variation in the 

regressions comes primarily from changes in Tobin’s q. This is because changes in the relative 

price of capital are relatively constant across countries and hence captured by time-dummies.  

                                                           
16 Piketty uses the terms ‘wealth’ and ‘capital’ interchangeably 
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Unlike previous studies, (Rognlie 2015; Bonnet et al 2014) this paper does not consider the 

role of residential and non-residential land prices in driving the findings of Piketty (2014). This 

is important because housing prices have increased considerably (Bonnet et al 2014) in the 

developed world, and have contributed to a rise in the W-Y ratio. Historical land price data for 

a broad range of countries is difficult to obtain, and hence the value of the land stock is omitted 

from the computation of the wealth to output ratio (although the market value of the residential 

capital stock sitting upon this land is included, as this data is readily available). Increases in the 

price of land will increase both the W-Y ratio and the capital share, because the quantity of 

land is fixed and because higher house prices will place upward pressure on housing rents. 

Rognlie (2015) empirically confirms this by documenting that the recent rise in the capital 

share in the US arises, in large part, from the housing sector. As a result, including residential 

land in the estimates should only strengthen the distinction between 𝜎𝐾𝐿 and 𝜎𝑊𝐿. Omitting 

land prices from the analysis also allows this paper to contribute to the literature by highlighting 

the independent role of Tobin’s q in this distinction. 

 

The findings of this paper align well with the recent literature emphasising the role of mark-

ups in explaining the decline in the labour income share (Caballero et al. 2017; Eggertsson et 

al 2018; Farhi & Gourio 2018; Autor et al 2020; Barkai 2020; De Loecker et al 2020; Aghion 

et al 2021; Faber et al 2021; Blanchard 1997; Phelps 1994). Tobin’s q is related to mark-ups 

because it reflects the change in discounted future earnings relative to the change in the fixed 

capital stock (Kerspien and Madsen, 2021a; Rognlie, 2015). Whilst the literature on mark-ups 

emphasises a broad range of causes for the increase in the mark-up rate, common explanations 

include globalisation, institutional developments and technological change.  In this way, the 

secular rise in mark-ups has simultaneously increased the wealth to output ratio, whilst 

decreasing the labour share of income. Additionally, this research should be considered 

alongside the large literature estimating the elasticity of substitution between capital and labour 

(Chirinko, 2008; Karabarbounis & Neiman, 2014; Glover & Short, 2020; Chirinko & Mallick 

2017; Antras 2004; Klump et al 2007a; Klump et al 2007b).   

 

This paper makes three main contributions. Firstly, using historical data on factor shares, 

wealth and capital for 21 OECD countries between 1950 and 2018, I demonstrate that σKL <

1, whilst 𝜎𝑊𝐿 > 1. I further show that these results are robust to the inclusion of a number of 

relevant controls. Secondly, I explain this distinction with reference to two pertinent 
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macroeconomic variables: Tobin’s q and the relative price of capital. Specifically I argue that 

these variables, which are components of wealth but not of capital, ought to be positively 

correlated with the capital share. Finally, it is shown that wealth accumulation can explain the 

rise in the capital share in the sample of 21 OECD countries considered, whilst changes in the 

capital to output ratio cannot.  

 

 
Note: The data are unweighted averages for the 21 OECD countries.  

2. Theory  

As discussed in the previous section, wealth and capital are two related, yet distinct, concepts. 

The real capital stock is the cumulative output of successive years of investment undertaken by 

firms after deducting depreciation (eqn.3). As this is typically measured in real terms, changes 

in the quality-adjusted price of capital relative to output will result in changes in the real capital 

to output ratio, even when the share of nominal GDP devoted to investment is constant. In 

contrast, the wealth to output ratio considers the current market value of an economy’s net 

assets relative to nominal GDP.  

 

We can see this in equation 4. Here I decompose the wealth to output ratio into a number of 

important components. Firstly, there is the non-residential capital component; this is the 

product of the non-residential capital stock (
𝐾𝑛𝑟𝑡

𝑌𝑡
), Tobin’s q, (q) and the price of non-residential 

capital (
𝑃𝐾𝑛𝑟𝑡

𝑃𝑌𝑡
). Secondly, there is the residential capital component, this will be the product of 

the residential capital stock (
𝐾𝑟𝑡

𝑌𝑡
) and the price of residential capital (

𝑃𝐾𝑟𝑡

𝑃𝑌𝑡
).  Thirdly, there is the 
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non-capital component of the wealth-stock (𝑊𝑛𝑘𝑡). Due to data availability issues, this paper 

does not consider the third component of the wealth stock. Instead, I demonstrate that the 

inclusion of 𝑞 
𝑃𝐾𝑟

𝑃𝑌
 and 

𝑃𝐾𝑛𝑟

𝑃𝑌
 in wealth, but not in income, is sufficient to explain common 

discrepancies in elasticity estimates. This is important because a significant contributor to the 

rise in the W-Y ratio has been a rise in the value of the land underlying residential dwellings 

(Piketty & Zucman 2014). This component of wealth (along with all other components of 𝑊𝑛𝑘) 

is not a component of K-Y and consequently the results presented in this paper are likely to 

underestimate the discrepancy between 𝜎𝐾𝐿 and 𝜎𝑊𝐿.  

 

Kt = It + δKt−1. 
 

(3) 

Wt

Yt
=
PKnrt
PYt

Knrt
Yt

𝑞𝑡 +
PKrt
PYt

Krt
Yt
+
Wnkt

Yt
.     

(4) 

 

Graphically, we can observe markedly different paths in the development of these two 

variables, and in their relationship to the labour share in figures 2 and 3. In figure 2, we can see 

that there that the K-Y ratio was at approximately the same level in 2018 as it was in 1980, 

whilst the labour share had decreased considerably. Despite this, we can observe a positive 

correlation between these variables, particularly in the post 1980 period, albeit obscured by 

differences in the long-run trend of the variables. In figure 3, we can see a marked increase in 

the W-Y that mirrors the developments in labour’s share. This graphical evidence provides 

prima-facie support for this paper’s thesis that differences in the definition of ‘capital’ can 

explain differences in the estimated value for 𝜎. In the remainder of this section, I will explore 

theoretically the mechanisms through which these definitional differences can be so 

consequential.  
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Note: The data are unweighted averages for the 21 OECD countries. LS denotes the labour share of income. Unweighted 

averages are used to prevent the United States from dominating the sample.  

 

The existing literature has already extensively highlighted the secular decline in the relative 

price of investment (Krusell 1998; Gordon 1990). Despite this, there has also been a secular 

rise in the relative price of capital (Kerspien & Madsen, 2021b). This distinction arises because 

the composition of investment differs from the composition of capital due to differences in the 

weightings given to different types of capital. Specifically, the building stock (both non-

residential and residential) occupies a much larger share of the capital stock than it does of 

annual investment because the depreciation rate for buildings is very low compared to the other 

major components of investment – machinery and intellectual property.  

 

The relative price of investment has fallen primarily because of substantial reductions in the 

quality adjusted price of machinery, however whilst this has taken place, the relative price of 

buildings has increased. The results of this can be seen in figure 4. Here we can see that unlike 

the relative price of investment, both the relative price of non-residential capital and the relative 

price of residential capital have been trending upwards in recent decades. This has had the 

effect of pushing up the wealth to output ratio, whilst simultaneously pushing down the capital 

to output ratio. To see this, consider the standard CES production function in equation 5. Here 

𝑌 denotes output, 𝛼 denotes the normalised capital share of income, 𝐾 and L denote capital and 

labour.  

Y = (αK
σKL−1

σKL + (1 − α)L
σKL−1

σKL )

σKL

σKL−1

.  

 

(5) 

 

0.5

0.6

0.7

0.8

0.9

1

1.1

1950 1960 1970 1980 1990 2000 2010

R
el

at
iv

e 
P

ri
ce

 (
2

0
1

7
=

1
)

F4. Relative price of Residential and Non-Residential Capital

Pkr/Py Pknr/Py



94 

 

Note: The data are unweighted averages for the 21 OECD countries. LS denotes the labour share of income. Unweighted 

averages are used to prevent the United States from dominating the sample.  

 

Taking the first difference of equation 5 with respect to capital obtains equation 6, in which 

MPK denotes the marginal product of capital.  

MPK = α(
K

Y
)
−
1
σ
. 

 

(6) 

If we assume perfect competition, the rental rate will be equal to the marginal product of capital. 

The rental rate can be decomposed as per equation 7. In this equation 𝑃𝐾 is the price of capital, 

𝑃𝑌 is the price of output, 𝑖 is the nominal interest rate, 𝜋𝐾
𝑒  is the expected inflation rate of 

capital and 𝛿 is the depreciation rate. Additionally, in order to examine the relationship between 

W-Y and the price of capital we need to define this relation in terms of expressions that form 

part of the production function. For simplicity, I assume that Tobin’s q is equal to one and that 

there is no non-capital component of the wealth stock so that I can simplify the expression for 

the wealth to output ratio to equation 8.  

r ≈
PK

PY
(i − πK

e + δ), 

 

(7) 

W

Y
≈

PK

PY
K

Y
. 

 

(8) 

Combining equations 6-8 I obtain:  

 

K

Y
= (

PK

PY
)

−σ

(i − πK
e + δ)−σ (

1

α
)
−σ

, 
(9) 

W

Y
= (

PK

PY
)

1−σ

(i − πK
e + δ)−σ (

1

α
)
−σ

, 
(10) 

SK  = (
PK

PY
)
1−σ

(i − πK
e + δ)1−σ (

1

α
)
−σ

. 
(11) 

   

 

Taking the log differential I obtain:  

 

dln(SK)

dln (
𝑃𝐾

𝑃𝑌
)
= 1 − σKL, 

 

(12) 
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dln(
W

Y
)

dln(
𝑃𝐾

𝑃𝑌
)
= 1 − σKL, 

 

(13) 

dln(
K

Y
)

dln(
𝑃𝐾

𝑃𝑌
)
= −σKL. 

 

(14) 

 

From expressions 12-14, we can see that a given change in the relative price of capital will 

cause the wealth to capital ratio (see eqn.13) and the capital share (see eqn.12) to change in the 

same direction, and by the same magnitude ((1 − 𝜎𝐾𝐿) ∗ 𝑑𝑙𝑛 (
𝑃𝐾

𝑃𝑌
)). Consequently if 𝜎𝐾𝐿 is 

less than one, there will be a positive association between these variables and 
𝑃𝐾

𝑃𝑌
 whereas if 

𝜎𝐾𝐿 > 1 this association will be negative. In contrast, an increase in the price of capital will 

always lower the real capital to output ratio (eqn.14, provided that 𝜎𝐾𝐿 > 0).  

 

The majority of the literature, along with my own estimates in section 4 support the contention 

that 𝜎𝐾𝐿 < 1. If this is the case then changes in the capital share that are driven by changes in 

the relative price of capital will be positively correlated with the W-Y ratio, but negatively 

correlated with the K-Y ratio (provided all other factors affecting both the capital share and 

either the W-Y ratio and the K-Y ratio are held constant). In figure 6 we can see that the nominal 

capital to output ratio has increased markedly since 1980, whilst the real capital to output ratio 

has remained relatively constant. This change, driven entirely by the aforementioned 

developments in the relative price of capital, is one major reason for the growing wedge 

between the wealth to output and capital to output ratios. Despite this, changes in the relative 

price of capital are reasonably similar across countries and as a result they are unlikely to 

impact the regression estimates produced later in this paper, which use time-dummies.  

 

The second reason for this wedge is the secular increase in Tobin’s q (see figure 5). As 

previously discussed, Tobin’s q is a component of the W-Y ratio and so we would expect to see 

a positive association between W-Y and q. At the same time, we would expect Tobin’s q to be 

negatively correlated with the labour share. The reason for this is that when Tobin’s q is greater 

than one, the discounted expected future income flows for a firm are greater than the 

replacement value of the capital that they hold. When discounted future income flows exceed 

the cost of capital, this means that firms are earning a mark-up on the costs of production (the 

discounted income flows are net of payments to labour).  
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When firms earn a mark-up this will lower the labour share because the increase in the pure-

profit share of income comes at the expense of the capital (at cost) and labour shares of income. 

For these reasons, movements in q will generate a positive correlation between W-Y and the 

capital share. In figure 5, we can see that Tobin’s q has increased considerably since 1980 in a 

manner that resembles the decline in the labour income share, a pattern that ostensibly supports 

the contention of this paper. Tobin’s q is volatile (the natural log of Tobin’s q has a standard 

deviation of 0.66 in my sample) and consequently the majority of the identifying variation in 

W-Y that is not found in K-Y is due to variation in q.  

 

 

 
Note: The data are the unweighted averages for the 21 OECD countries. Unweighted averages are used to prevent the 

United States from dominating the sample.  

3. Empirics   

3.1 Empirical Strategy 

Multiplying equation 6 by K-Y obtains equation 15, which provides the basis for the empirical 

model used in this paper. In this equation we can see that an increase in the K-Y ratio will 

increase the capital share (reduce the labour share) if 𝜎𝐾𝐿 > 1, but decrease the capital share if 

𝜎𝐾𝐿 < 1.  

 

SK = α(
K

Y
)

σKL−1
σKL

. 

 

(15) 
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Taking the natural log of equation 15 to linearize, and adding terms for unionisation, total factor 

productivity, and the ratio of real imports to GDP (𝑀/𝑌), alongside country specific time-

trends (𝜑𝑖 ∗ 𝑡𝑡), country dummies (𝜑𝑖), time-dummies (𝜑𝑡) and a stochastic error term (휀𝑖𝑡) 

produces the empirical framework used to estimate 𝜎𝐾𝐿 (eqn.16). In this expression 𝜎𝐾𝐿 is 

derived from 𝛾1 according to the function 
−1

𝛾1−1
.   To estimate 𝜎𝑊𝐿 , W-Y is simply used as a 

substitute for K-Y in equation 17. It should be noted that 𝜎𝑊𝐿 should not be considered a 

substitution elasticity in a strict sense given that a measure of wealth is not a measure of 

productive inputs unlike the measure of real capital. This paper refers to 𝜎𝑊𝐿 as an elasticity 

of substitution to reflect the fact that it is the estimate for σ that is obtained when K-Y is 

replaced with W-Y. 𝜎𝑊𝐿 is derived from β1 according to the function −
1

𝛽1−1
. As an alternate 

specification, I take overlapping 5-year first differences to obtain equations 18 and 19.  

 

ln(Sit
K) = γ1 ln (

Kit

Yit
) + γ2 ln(Unionit) + γ3 ln(TFPit) + γ4 ln (

Mit

Yit
) +φi + φt +φi ∗ tt + εit, 

 

(16) 

ln(Sit
K) = β1 ln (

Wit

Yit ∗ Pit
Y) + β2 ln(Unionit) + β3 ln(TFPit) + β4 ln (

Mit

Yit
) + φi + φt + φi ∗ tt + εit, 

 

(17) 

∆ln(Sit
K) = γ1∆ln (

Kit
Yit
) + γ2 ∆ln(Unionit) + γ3 ∆ln(TFPit) + γ4∆ ln (

Mit

Yit
) + φi + φt + φi ∗ tt + εit, 

 

(18) 

∆ln(Sit
K) = β1∆ln (

Wit

Yit ∗ Pit
Y) + β2∆ ln(Unionit) + β3∆ ln(TFPit) + β4∆ ln (

Mit

Yit
) + φi + φt + φi ∗ tt

+ εit. 
 

(19) 

3.2 Controls  

As mentioned, in these regressions I control for unionisation, total factor productivity and the 

real trade to GDP ratio. A fall in the share of the workforce that are a member of the union has 

the potential to lower the bargaining power of labour relative to capital in wage negotiations 

and thereby suppress the labour income share (Bruno and Sachs, 2013; Blanchard, 1997; Roine 

et al., 2009; Alesina et al., 2018; Madsen et al., 2018; Farber et al., 2021). As can be seen in 

figure 7, it can be observed that unionisation rose markedly until around 1980 where it 

plateaued before beginning a pronounced downward decline in the early 1990s. The inverted 

U shaped pattern roughly approximates the path of the labour share since 1950 and 

consequently offers suggestive support for this hypothesis. Data for unionisation is sourced 

from Madsen et al (2018). 
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Technological change also features regularly in theories examining developments in labour’s 

share. If technological change increases the marginal product of capital relative to the marginal 

product of labour, then faster technological change will be associated with a shift in the factor 

distribution of income in favour of capital and to the detriment of labour. I employ two 

strategies in order to address the potential for omitted variable bias arising from technological 

progress in my estimates. The first is the inclusion of time-dummies. The countries in our 

sample are all developed economies that are close to the technological frontier and 

consequently we would expect that they would be exposed to similar technological shocks, 

with advances in one country quickly spilling over to the other countries included within the 

sample. Additionally, I include total factor productivity as a control term following 

Karabarbounis and Neiman (2014). Whilst total factor productivity is a measure of overall 

rather than factor specific technological change, it can still serve as a proxy for such 

developments.   

 

Elsby et al (2013) also discuss the notion that rising trade may be responsible for the decline in 

labour’s share, particularly in the developed world. This could arise because capital is more 

mobile than labour in the global economy. Consequently, an increase in openness could 

increase the bargaining power of capital relative to labour due to a larger shift in the relative 

demand for capital than in the relative demand for labour. To control for such effects, I include 

the ratio of real imports to GDP in my regression analysis. This data is obtained primarily from 

the Penn World Tables (Feenstra et al 2017).] 

 

   
Note: The data are unweighted averages for the 21 OECD countries. LS denotes the labour share of income.  

 

As an additional control, I also examine the relationship between the non-residential wealth 

and capital to output ratios and the capital share of non-residential income. Rognlie (2015) 

argues that the residential capital stock may behave differently from the rest of the capital stock. 

This is important because residential capital is a large component of the capital stock, yet it is 
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only involved in producing output in one sector of the economy (imputed and actual rents). As 

a result, I exclude rental income (the non-residential capital share is calculated according to 

eqn.20) and residential capital from the analysis to check the sensitivity of the results and to 

ensure that the relationship between the capital share and the wealth to income or capital to 

income ratios are driven by movements in one sector.   

 

SA
K = SK ∗ (

1

1−SR
). (20) 

  

In equation 18 𝑆𝐴
𝐾 is the non-residential capital share, whilst 𝑆𝑅 is the residential rent share of 

income. 

3.3 Data – Factor Shares   

Data on the factor distribution of income in the 21 countries in the sample is sourced from 

Kerspien & Madsen (2021b). This data is compiled primarily from OECD national accounts. 

For recent data the OECD’s online statistics model is used, however for older data hardcopy 

statistical volumes were consulted. The labour share is obtained from this data by dividing 

compensation to employees by net national income. Net income shares are used because gross 

capital shares include depreciation. Given that it is only returns to capital after depreciation 

that reflect a real income gain for investors, this measure is preferable for an assessment of the 

income distribution. The ‘compensation to employees’ category in the national accounts also 

does not include the labour earnings of the self employed because these can not be directly 

distinguished from the capital earnings of this same group. As a result, the earnings of the self-

employed are imputed using self-employment rates on the assumption that the average annual 

wages of the self-employed are equivalent to the average annual wages of those employed by 

others. This imputation procedure is expressed in equation 21.  

 

S𝑖𝑡
K = SU

K
𝑖𝑡
∗ (

1

1 − 𝑆𝐸%𝑖𝑡
). 

(21) 

  

Here 𝑆𝑈
𝐾 is the labour share prior to this imputation, whilst 𝑆𝐸%  is the self-employment rate.  

3.4 Data – Capital to Output  

The capital to output ratio is obtained using asset-specific national capital stocks available from 

the capital supplement to the Penn World Tables (PWT). The tables supply both the value of 
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the nominal capital stock and the price deflator for each of the four different types of capital 

listed (Structures, Machinery, Transport Equipment and Other). I obtain real values for each 

asset class by dividing the nominal capital stock by the price index. I then use these real values 

alongside the price indices to compile a chain index of the capital stock which I then divide by 

real GDP (obtained from the National Accounts supplement to the PWT). The price indices are 

in 2017 national prices and as a consequence the real capital to output ratios reflect national 

prices from that year.  

 

Additional data is required for the separate calculation of the non-residential capital to output 

ratio and the residential capital to output ratio. This is because the PWT do not distinguish 

between non-residential and residential structures. To accomplish the decomposition, I use data 

on nominal investment obtained from the OECD for both residential and non-residential 

investment in structures. Using the perpetual inventory method and the price index for 

structures from the PWT I then estimate the residential and non-residential capital stock for 

structures. In this process, I adjust the data to ensure consistency between the total value of the 

structure stock obtained from the OECD data, and the values obtained from the PWT. This 

process is further described in the data appendix. 

 

3.4 Data – Wealth to Output   

 

Wit =
PKnrit
PYit

Knrit
Yit

𝑞𝑖𝑡 +
PKrit
PYit

Krit
Yit

+Wnkit
.     

(4) 

The wealth to output dataset is compiled according to equation 4, which was introduced in 

section 2, however due to data availability issues non-fixed-capital wealth (𝑊𝑛𝑘𝑖𝑡
) is not 

included. This is highly unlikely to overturn the results given that the capital component of 

wealth is the largest component in the modern era. If anything, the non-capital component is 

likely to further separate the value of 𝜎𝐾𝐿 from that of 𝜎𝑊𝐿 because non-capital wealth is a 

component of wealth, but not of capital.  

 

The data for the price and quantity indices for residential and non residential are compiled in 

the manner described in the preceding section. Data availability for Tobin’s q outside the 

United States is limited and as a result I estimate q for the 21 countries in the sample using the 

approach of Barro (1990). This approach estimates Tobin’s q from the residual term obtained 
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after real stock prices are regressed against a linear time-trend. In the appendix fig. A1 contrasts 

the estimates of q obtained using this approach with the estimates obtained by Wright (2004). 

It is evident from this graph, that the estimates are a close fit, suggesting that this approach 

offers an appropriate approximation.  

 

4. Results  

The results of baseline regressions without the inclusion of controls are presented in Tables I 

and II. Table I presents the results when the variables are regressed in levels, whilst table II 

shows the results when the variables are regressed in first differences. Observing table I 

regressions 1 and 2 we can see that whilst a higher capital to output ratio is associated with a 

lower capital share, a higher wealth to output ratio is associated with a higher capital share. 

Both results are significant at the 1% level of significance with robust standard errors. 

  

The coefficient on the capital to output ratio implies a relationship with the capital share of a 

stronger magnitude than the relationship between the wealth to output ratio and the capital 

share. However, this arises because there is substantially more variation in the wealth to output 

ratio then there is in the capital to output ratio with the log of wealth to output ratio having a 

standard deviation of 0.55 compared to the standard deviation of 0.23 of the capital to output 

ratio. Given the high standard deviation of the wealth to output ratio, even an elasticity of 

substitution that differs slightly from 1, can have economically significant consequences for 

the factor distribution of income.  

 

In regression 3, I regress both the wealth to output and the capital to output ratio against the 

capital share simultaneously, when this happens we can see that the coefficients on both the 

variables increase in magnitude in opposite directions. This suggests that both of these 

variables are explanatory in ways that are independent to each other.  

 

In regressions 4,5 and 6,  I regress the capital share of non-residential income against the non-

residential capital to output ratios. As can be seen, these results strongly resemble the results 

produced in equations 1,2 and 3 suggesting that the distinction between K-Y and W-Y is not 

driven primarily by developments in the housing sector.  
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Table I: Level Regressions 

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

 𝐥𝐧(𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐀
𝐊) 𝐥𝐧 (𝐒𝐀

𝐊) 𝐥𝐧 (𝐒𝐀
𝐊) 

𝐥𝐧(
𝐊

𝐘
) 

-0.28*** 

(0.052) 
- -0.33*** 

(0.054) 
- - - 

Implied 𝛔𝐊𝐋 0.78 - 0.75 - - - 

𝐥𝐧 (
𝐖

𝐘 ∗ 𝐏𝐘
) 

- 0.03** 

(0.016) 
0.07*** 

(0.017) 

- - - 

Implied 𝛔𝐖𝐋 - 1.03 1.08 - - - 

𝐥𝐧 (
𝐊𝐧𝐫
𝐘𝐧𝐫

) 
- - - -0.24*** 

(0.086) 

- -0.22*** 

(0.086) 

Implied 𝛔𝐊𝐋 - - - 0.81 - 0.82 

       

𝐥𝐧 (
𝐖𝐧𝐫

𝐘𝐧𝐫
∗ 𝐏𝐘)  

- - - - 0.05*** 

(0.015) 
0.05*** 

(0.015) 

Implied 𝛔𝐖𝐋 - - - - 1.05 1.05 

Observations 1449 1449 1449 1449 1449 1449 

Time Period 1950-2018 1950-2018 1950-2018 1950-2018 1950-2018 1950-2018 

Time Trend Y Y Y Y Y Y 

Notes. Standard errors robust to heteroscedasticity and serial correlation are contained in parentheses, *,**&*** 

denote 10%, 5% and 1% levels of significance. 𝜎𝐾𝐿 and 𝜎𝑊𝐿 are derived from 𝛽1 according to the function 𝜎 =

−
1

𝛽1−1
. 

 

The results are similar in table II, with statistically significant positive coefficients recorded on 

the wealth to output ratio in all regressions and statistically significant negative coefficients 

consistently recorded on the capital to output ratio. Interestingly, the results are considerably 

stronger in the first-difference estimates than they are in the estimates produced when the 

variables are regressed in levels. One plausible explanation for this is the mean reverting 

tendency of factor shares (Kaldor, 1957). This tendency could mean that a permanent increase 

in the capital or wealth to output ratios only leads to temporary impacts on the capital share. 

This would result in a stronger relation between the capital to output ratio over short periods 

then we would see in the long-run. Despite this, my finding that 𝜎𝑊𝐿 > 𝜎𝐾𝐿 is upheld by the 

estimates in table II.  

 

Table II: 5 Year First Differences Baseline 

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

 ∆ 𝐥𝐧(𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐀
𝐊) ∆𝐥𝐧 (𝐒𝐀

𝐊) ∆𝐥𝐧 (𝐒𝐀
𝐊) 

∆ 𝐥𝐧(
𝐊

𝐘
) 

-0.53*** 

(0.06) 

- -0.58*** 

(0.06) 

- - - 

Implied 𝛔𝐊𝐋 0.65 - 0.63 - - - 

∆𝐥𝐧(
𝐖

𝐘 ∗ 𝐏𝐘
) 

- 0.08*** 

(0.018) 
0.10*** 

(0.018) 

- - - 

Implied 𝛔𝐖𝐋 - 1.09 1.11 - - - 

∆ 𝐥𝐧 (
𝐊𝐧𝐫
𝐘𝐧𝐫

) 
- - - -0.80*** 

(0.012) 

- -0.74*** 

(0.111) 

Implied 𝛔𝐊𝐋 - - - 0.56 - 0.57 

∆𝐥𝐧(
𝐖𝐧𝐫

𝐘𝐧𝐫
∗ 𝐏𝐘)  

- - - - 0.08*** 

(0.016) 
0.06*** 

(0.016) 

Implied 𝛔𝐖𝐋 - - - - 1.09 1.06 

Observations 1344 1344 1344 1344 1344 1344 

Time Period 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 
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Notes. Standard errors robust to heteroscedasticity and serial correlation are contained in parentheses, *,**&*** 

denote 10%, 5% and 1% levels of significance. 𝜎𝐾𝐿 and 𝜎𝑊𝐿 are derived from 𝛽1 according to the function 𝜎 =

−
1

𝛽1−1
. 

 

Table III adds the unionisation and total factor productivity controls to the specification. From 

equations 1, 3, 5 and 7 we can see that the coefficient on the capital to output ratio remains 

consistently negative and significant at the 1% level with the magnitude of the coefficient 

substantially unaffected. Whilst the coefficient on the wealth to output ratio also remains 

positive and significant, as can be seen in equations 2, 4, 6 and 8. Consequently, the central 

thesis of this paper that 𝜎𝐾𝐿 < 𝜎𝑊𝐿 holds despite the inclusion of relevant control variables.   

The coefficient on unionisation is significantly negative in all regressions in table III, thereby 

offering support to theories suggesting that the decline in unionisation has increased the capital 

share. The coefficient on total factor productivity is also consistently negative, this would imply 

that total factor productivity is biased towards labour. This result is consistent with the theory 

of Grossman et al (2017) who argue that the decline in productivity growth can help explain 

the decline in the labour share. Their model argues for a positive correlation between both 

capital-augmenting and labour augmenting technological change and the labour share (thereby 

rendering even capital-augmenting technological progress labour biased17). The coefficient on 

the trade to GDP ratio is also significant and positive, suggesting that higher levels of trade are 

associated with a rise in the capital share of income as suggested by Elsby et al (2013). 

 

 

 

 

 

 

 

 

 

 

 

                                                           
17See Acemoglu (2002) for a discussion of the distinction between factor-augmenting and 

factor-biased technological change 
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Table III: Level with Controls 

 (1)18 (2) (3) (4) (5) (6) (7) (8) 

 𝐥𝐧(𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 𝐥𝐧 (𝐒𝐊) 

𝐥𝐧 (
𝐊

𝐘
) 

-0.23*** 

(0 052) 

- -0.31*** 

(0 184) 

- -0.26*** 

(0 052) 

 -0.25*** 

(0 051) 

- 

Implied 𝛔𝐊𝐋 0 81 - 0 76 - 0 79  0 8 - 

𝐥𝐧 (
𝐖

𝐘 ∗ 𝐏𝐘
) 

- 0.04** 

(0 016) 

- 0.04*** 

(0 016) 

- 0.03** 

(0 016) 

- 0.05*** 

(0 016) 

Implied 𝛔𝐖𝐋 - 1 04 - 1 04 - 1 03 - 1 05 

𝐥𝐧(𝐔𝐧𝐢𝐨𝐧) -0.11*** 

(0 026) 

-0.14*** 

(0 145) 

- - - - -0.09*** 

(0 025) 

-0.12*** 

(0 026) 

𝐥𝐧(𝐓𝐅𝐏) - - -0.18*** 

(0 055) 

-0.14*** 

(0 054) 

- - -0.18*** 

(0 055) 

-0.16*** 

(0 054) 

𝐥𝐧 (
𝐌

𝐘
) 

- - - - 0 053 

(0 035) 

0.09** 

(0 036) 

0.06* 

(0 034) 

0.08** 

(0 035) 

Observations 1449 1449 1449 1449 1449 1449 1449 1449 

Time Period 1950-2018 1950-2018 1950-2018 1950-2018 1950-2018 1950-2018 1950-2018 1950-2018 

Time-Trend Y Y Y Y Y Y Y Y 

Notes. Standard errors robust to heteroscedasticity and serial correlation are contained in parentheses, *,**&*** 

denote 10%, 5% and 1% levels of significance. 𝜎𝐾𝐿 and 𝜎𝑊𝐿 are derived from 𝛽1 according to the function 𝜎 =

−
1

𝛽1−1
. 

 

In table IV I present the results of the first difference regressions when controls are included. 

In all of these regressions there is a strong statistically significant negative relation between the 

capital to output ratio and the capital share, alongside a strong positive relation between the 

wealth to output ratio and the capital share. These results are substantially the same as those 

presented in table II and offer further confirmation of the thesis that 𝜎𝑊𝐿 > 𝜎𝐾𝐿.  

 

The unionisation coefficient remains negative and statistically significant in these regressions, 

mirroring the results in table III, however the coefficients on changes in total factor productivity 

are positive. Whilst these results are ostensibly contradictory, we ought to recall that the five 

year specification is a short-term specification whilst the level specification is a long term one. 

In the short term, total factor productivity is likely to be strongly driven by cyclical 

developments. The capital share is positively correlated with the business cycle and hence we 

ought to expect a short-term correlation between productivity growth and the capital share.  

 

Alternatively, we could conceive of a situation in which faster technological progress provides 

temporary monopoly rents to firms which dissipate over time as new innovations are adopted 

by other firms or as patent protections expire. Finally, changes in the trade to GDP ratio cease 

to have any significant association with the capital share under this specification.  

                                                           
18 We also developed error correction models with the error terms from the regressions in this 

table. The results were consistent with our hypothesis, with the coefficient on the error term 

suggesting convergence to the equilibrium suggested by these models.  
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Table IV:  5 Year First Differences with Controls 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 ∆ 𝐥𝐧(𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) ∆𝐥𝐧 (𝐒𝐊) 

∆ 𝐥𝐧 (
𝐊

𝐘
) 

-0.52*** 

(0 063) 

- -0.52*** 

(0 067) 

- -0.54*** 

(0 062) 

- -0.50*** 

(0 067) 

- 

Implied 𝛔𝐊𝐋 0 66 - 0 66 -  - 0 67 - 

∆𝐥𝐧 (
𝐖

𝐘 ∗ 𝐏𝐘
) 

- 0.07*** 

(0 018) 

- 0.07*** 

(0 018) 

- 0.07*** 

(0 018) 

- 0.06*** 

(0 018) 

Implied 𝛔𝐖𝐋 - 1 08 - 1 08 -  - 1 06 

∆𝐥𝐧(𝐔𝐧𝐢𝐨𝐧) -0.07*** 

(0 021) 

-0.09*** 

(0 022) 

- - - - -0.07*** 

(0 020) 

-0.09*** 

(0 022) 

∆𝐥𝐧(𝐓𝐅𝐏) - - 0 064 

(0 088) 

0.30*** 

(0 083) 

- - 0 088 

(0 088) 

0.31*** 

(0 081) 

∆𝐥𝐧 (
𝐌

𝐘
) 

- - - - -0 01 

(0 039) 

0 04 

(0 04) 

-0 021 

(0 039) 

0 01 

(0 041) 

Observations 1344 1344 1344 1344 1344 1344 1344 1344 

Time Period 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 1955-2018 

Notes. Standard errors robust to heteroscedasticity and serial correlation are contained in parentheses, *,**&*** 

denote 10%, 5% and 1% levels of significance. 𝜎𝐾𝐿 and 𝜎𝑊𝐿 are derived from 𝛽1 according to the function 𝜎 =

−
1

𝛽1−1
. 

 

These results have considerable significance for the rise in the capital share of income (decline 

in labour’s share). In my 21 country sample there is a notable increase in the capital share 

(∆ 𝑙𝑛(𝑆𝐾) = 0.255), alongside a relatively stable capital to output ratio (∆ 𝑙𝑛 (
𝐾

𝑌
) = −0.023) 

and a sizeable increase in the wealth to output ratio (∆ 𝑙𝑛 (
𝑊

𝑌∗𝑃𝑌
) = 1.285) since 1980. 

Simulating the impact of these changes using the results from table III regressions 7 and 8 (see 

table V), it can be observed that changes in the capital to output rate explain a negligible share 

of the change in the capital share predicted by the model. In contrast, changes in the wealth to 

output ratio can explain 36% of the predicted rise in capital’s share.  This considerable 

discrepancy highlights the relevance of the factors that are components of W-Y but not of K-Y, 

in particular Tobin’s q.  

 

My results also suggest an important role for unionisation in explaining the rise in the capital 

share, with its marked decline (∆ 𝑙𝑛(𝑈𝑛𝑖𝑜𝑛) = −0.313) explaining 11% when the coefficient 

from regression 7 is used and 18% when the coefficient from regression 8 is used. In the level 

specification, the rise in TFP (∆ 𝑙𝑛(𝑇𝐹𝑃) = 0.154) actually places downward pressure on the 

capital share (-11% and -12% contributions to the simulated rise in the capital share under 

simulations from regressions 7 and 8 respectively), although, as discussed, changes in TFP are 

associated with short-run increases in the capital share. Simulating from these tables we also 

find that increases in trade intensity (∆ 𝑙𝑛 (
𝑀

𝑌
) = 0.332) can account for 8-13% of the 

development in the capital income share, although this result is not robust to the first-difference 
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specification. Both models predict a similar decline in the labour income share, with the larger 

role of the W-Y ratio in regression 8 occurring alongside a much smaller role for the included 

time-dummies.  

Table V: Counterfactual simulations 

 Contribution to change 

in SL, 1980-2018 (Table 3, 

regression 7)  

% 

explained 

Contribution to change 

in SL, 1980-2018 (Table 

3, regression 8) 

% explained 

∆ 𝐥𝐧 (
𝑲

𝒀
) 

=0.006(-0.023*-0.25) 2% - - 

∆ 𝐥𝐧 (
𝑾

𝒀 ∗ 𝑷𝒀
) 

- - =0.077(0.06*1.285) 36% 

∆ 𝐥𝐧(𝑼𝒏𝒊𝒐𝒏) =0.028(-0.09*-0.313) 11% =0.038(-0.12*-0.313) 18% 

∆ 𝐥𝐧(𝑻𝑭𝑷) =-0.028(-0.18*0.154) -11% =-0.025(-0.16*0.154) -12% 

∆ 𝐥𝐧 (
𝑴

𝒀
) 

=0.020(0.06*0.332) 8% =0.027(0.08*0.332) 13% 

Time-dummies 0.158 61% 0.069 32% 

Time trend 0.074 29% 0.027 13% 

Simulated  
∆ 𝐥𝐧(𝑺𝑲) 

0.258 100% 0.213 100% 

Actual ∆ 𝐥𝐧(𝑺𝑲) 0.255  0.255  

Notes: The first column shows the simulated effects of changes in the capital to output ratio, unionisation, TFP 

and the import to output ratio on the capital share across the period 1980-2018. It is estimated by multiplying the 

coefficient for the relevant variable from regression 7, table 3 by the log change in that variable between 1980 and 

2018. The contribution of time-dummies is obtained by taking the change in the value of the time-dummy between 

1980 and 2018 from the same regression whilst the contribution of the time trend is obtained by multiplying the 

average slope of the country-specific time trends by 38 (the number of years over which the simulation is 

conducted). The second column shows the percentage contribution of these different variables to the total 

simulated change in the capital share. The third column shows the simulated effects of changes in the wealth to 

output ratio, unionisation, TFP, and the import to output ratio on the capital share across the period 1980-2018. 

These effects are calculated using the coefficients from regression 7, table 3 according to the procedure outlined 

for the first column. The fourth column shows the percentage contribution of these variables to the total simulated 

change in the capital share obtained using the coefficients from regression 7, table 3.  

5. Conclusion 

This paper has argued that in the debate regarding the true value of the elasticity of substitution 

between labour and ‘capital’, the definition of ‘capital’ is decisive. Using a panel of 21 OECD 

countries since 1950 I find that when ‘capital’ is defined in terms of the stock of productive 

assets measured in quality-adjusted real terms the empirical evidence strongly supports the 

conclusion that 𝜎 < 1. In contrast, when ‘capital’ denotes the market value of the assets held 

by a population we obtain 𝜎 > 1. This has important implications for the contemporary debate 

regarding the causes of the decline in the labour income share. Whilst changes in the capital to 
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output ratio cannot explain the decline in the labour share in my sample given the relative 

stability of its average value, the marked increase in the wealth to output ratio closely follows 

developments in the capital share. 

 

Importantly, the rise in the wealth to output ratio has been driven by two developments with 

which the capital share has a strong theoretical link; the rise in Tobin’s q and the rise in the 

relative price of capital (although in this paper I refrain from making causal inference regarding 

this relation from the empirical results). In this way, the findings of this paper relate closely to 

a large and growing literature examining secular developments in the capital share, the mark-

up rate, the price of capital, and the elasticity of substitution. Despite the breadth of this 

literature, there remains a number of fruitful paths for future research, particularly pertaining 

to causal linkages between the capital share, the relative price of capital and Tobin’s q.  
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CHAPTER FOUR: DOES CAPITAL COMPLEMENT SKILLS IN THE 

LONG-RUN OF HISTORY? EVIDENCE FROM THE OECD: 1870-2016 

Abstract. 

The return to skill is a crucial determinant of the distribution of income. Consequently, theories 

that seek to explain changes in its magnitude are a mainstay of the contemporary economic 

literature. The theory that machinery capital is more complementary to skilled labour than to 

unskilled labour is one such theory that is of particular prominence. Despite this, very little 

empirical work has assessed its long-run general validity. Using panel data for the skill 

premium for 16 countries since 1870 and a model of factor complementarity in production, this 

paper estimates that, throughout history, the elasticity of substitution between skills and 

machinery, 𝜎𝑀𝑆, is higher than the elasticity of substitution between unskilled labour and 

machinery, 𝜎𝑀𝑈. This suggests that unskilled labour is actually more complementary to 

machinery than skilled labour. Despite these results, we find support for the, distinct yet 

associated, hypothesis of technology-skill complementarity, with a positive association 

between research intensity and the skill premium. We also find evidence of a structural break 

in the relationship between the capital stock and the skill premium after 1980, suggesting the 

existence of capital-skill complementarity in recent decades. Our findings are robust to the 

inclusion of a number of relevant controls and suggest that capital deepening can explain 38% 

of the decline in the skill premium between 1870 and 2016, with increases in the supply of 

skills explaining a further 34%.  

 

1. Introduction  

 

The relative earnings of skilled workers are a critical area of interest across a spectrum of 

macroeconomic sub disciplines such as growth theory, (Galor & Weil 2000; Doepke 2004; 

Cervellati & Sunde 2005) development accounting, (Jones 2014; Hall & Jones 1999; Klenow 

and Rodríguez-Clare 1997; Caselli 2005) and, in particular, the study of income inequality (e.g. 

Acemoglu 2002; Katz & Murphy 1992; Krusell et al 2000; Goldin & Katz 1998). Recently, the 

literature has paid close attention to the secular rise in the US skill premium, which has 

contributed to increasing disparities in pre-tax income (e.g. Acemoglu 2002; Autor 2014; Katz 

& Murphy 1992). The theory of capital-skill complementarity, notably advanced by Krusell et 

al (2000) and Goldin and Katz (1998) attempts to explain these developments by arguing that 
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increases in the real quantity of machinery raise the relative demand for skilled labour and 

consequently the skill premium. In this literature, ‘skill’ refers to the productive human capital 

acquired by workers through formal schooling.  

 

In view of this work, this paper examines the capital-skill complementarity hypothesis in a 

broader historical context using data over the period 1870-2016 for 16 OECD countries. 

Covering almost 150 years, this data allows for the assessment of the general validity of the 

capital-skill complementarity hypothesis, in a manner that previous constraints on data 

availability has prevented.  

 

In their seminal paper, Krusell et al (2000) attribute the increase in the relative demand for 

skilled workers in the US to an increase in the quantity of machinery capital, driven by a marked 

decline in the relative price of investment (Gordon 1990). This increase, it is argued, increases 

the skill premium because machinery capital is more complementary to skilled labour than it 

is to unskilled labour. That is to say that the elasticity of substitution between skilled workers 

and machinery, 𝜎𝑀𝑈, is less than the elasticity of substitution between unskilled workers and 

machinery, 𝜎𝑀𝑆. Consequently, the capital-skill complementarity hypothesis rests upon an 

assumption of relative complementarity, that 𝜎𝑀𝑆 < 𝜎𝑀𝑈, in contrast to an assumption of 

absolute complementarity, that 𝜎𝑀𝑆 < 1.  In this way, capital-skill complementarity implies 

that an increase in the quantity of machinery changes the composition of labour demand by 

replacing simple tasks, performed by unskilled workers, with complex tasks that require 

educated labour.   

 

Krusell et al (2000) substantiate their theory by fitting a model, derived from a nested constant 

elasticity of substation (CES) production function, with time-series data for the skill premium, 

the relative supply of skilled workers, and the supply of machinery capital in the United States 

between 1963 and 1992. Their fitted model implies that 𝜎𝑀𝑈 ≈ 1.67, whilst 𝜎𝑀𝑆 ≈ 0.67. 

Despite this, the credibility of these results has been questioned by Acemoglu (2002) who 

demonstrates that a regression model of the skill premium, covering the same period, with only 

a linear time-trend, provides a better fit, a finding that is significant given that Krusell et al 

(2000) is based on only 30 data points.  
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In our analysis we show that greater machinery intensity has historically been associated with 

a falling skill premium, a finding that implies that machinery is more complementary to 

unskilled labour than it is to skilled labour (𝜎𝑀𝑈 < 𝜎𝑀𝑆) (capital-unskill complementarity). 

This may initially appear counterintuitive as we can readily conceive of contemporary 

examples of technologies that replace unskilled labour such as automated production lines, 

alongside technologies that increase the productivity of white-collar workers such as advanced 

computing software. Despite this, the theoretical basis on which to assume an inherent bias 

towards skilled labour in all types of capital is somewhat limited.  

 

The literature has already identified the capital accumulation associated with the shift to factory 

production in the 19th century as biased towards unskilled rather than skilled workers (Goldin 

& Katz 1998; Acemoglu 2002; Mokyr 1990; James & Skinner 1985). This period was 

associated with a decline in demand for the produce of the artisanal trades alongside the growth 

of the capital-intensive manufacturing sector (Braverman 1974). Indeed, the Luddites who 

protested the adoption of spinning and weaving machinery, via the destruction of these new 

devices, drew their number primarily from the artisanal classes (Acemoglu 2002). Furthermore, 

the oft-identified skill bias of computers is unlikely to have been of major relevance prior to 

the mid 1990s when computers first became a non-negligible component of the capital stock 

(Oliner & Sichel 1994). Consistent with the growing importance of IT, this paper does 

document some suggestive evidence in favour of capital-skill complementarity in the post-

1980 period, which contrasts with the capital-unskill complementarity that is observed through 

the majority of the sample.  

 

Adopting a broader perspective, we can observe that throughout history capital intensity has 

generally been the highest in sectors that disproportionately employ unskilled workers. We can 

perhaps most directly see this in the agricultural and manufacturing industries; however, sectors 

such as the retail, wholesale, and hospitality sectors have historically been particularly 

dependent on transport machinery. Likewise, construction workers require an array of tools 

and equipment, yet employment in this sector does not usually require a college education. In 

contrast, sectors that predominantly employed skilled workers, such as lawyers, teachers, 

doctors and senior public servants, required lower quantities of machinery capital given the 

office environment within which they operated. This was of course prior to the IT revolution 

of the 1980s, in which machinery entered the world of the white-collar worker with the advent 

of the personal computer. Indeed, this may explain why Krusell et al (2000) document capital-
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skill complementarity between the 1960s and 1990s in what, this paper would suggest, is a 

deviation from the historical norm.   

 

Our finding of capital-unskill complementarity implies that, on average, machinery makes 

complex tasks simpler. This could be because mechanisation facilitates greater standardisation 

in the productive process (Goldin & Katz 1998). This standardisation, in turn, diminishes the 

requirement for nuanced technological knowledge and facilitates greater specialisation, in 

which complex productive processes are broken down into simpler tasks that can be learnt and 

performed with limited cognitive effort. Such a description would accord well with the basic 

features of the history of industrialisation.  

 

This paper also directly relates to a number of notable papers that have developed models that 

specifically relate changes in the skill premium to changes in the supply of and demand for 

skilled workers relative to changes in the supply and demand for unskilled workers (Katz & 

Murphy 1992; Acemoglu 2000; Goldin & Katz 1998; Galor & Moav 2000). This work 

attributes the rise in the skill premium, which took place despite continuing expansion of the 

supply of skilled workers, to shifts in relative demand caused by factors such as skill-biased 

technological change (Acemoglu 2002), the adoption of computers (Katz & Krueger 1992; 

Autor et al 1998; Bresnahan et al 2002), trade exposure (Burstein & Vogel 2017), automation 

(Acemoglu & Restrepo 2020), immigration (Gould 2018) and shifts in the sectoral composition 

of the economy (Gould 2018; Buera 2021). Sitting alongside these explanations is work that 

attributes at least part of this shift to institutional developments such as the stagnation of the 

real minimum wage (Lee 1999; Card & DiNardo 2002; Lemieux 2006), and de-unionisation 

(Acemoglu & Aghion 2001).  

 

Krusell et al (2000) join a broader literature in examining the capital-skill complementary 

hypothesis, which was first formalised by Griliches (1969). This literature includes Fallon & 

Layard (1975), Flug & Hercowitz (2000) and Duffy et al (2004) and generally finds only weak 

support for capital-skill complementarity. Fallon and Lanyard (2000) use international cross-

sectional data to produce insignificant estimates in support of the hypothesis. Duffy et al (2004) 

use a panel of countries from the Penn World Tables and find only non-robust support for the 

capital-skill complementarity hypothesis. Furthermore, both Fallon and Lanyard (2000) and 

Duffy et al (2004) do not conduct regressions in which the skill premium is the dependent 

variable. Additionally, both sets of authors use the aggregate capital stock, which contains non-
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machinery capital such as residential and non-residential buildings, in contrast to the isolated 

machinery stock used by Krusell et al (2000). This distinction highlights that there are actually 

two versions of the capital-skill complementarity hypothesis that are commonly presented in 

the literature. The first being complementarity between machinery capital and labour, and the 

second being complementarity between capital, in general, and labour. As a result, this paper 

tests both versions of the theory. Flug & Hercowitz (2000) do find a significant positive relation 

between machinery investment and skill premium using a panel of 38 countries, however these 

results only cover the period spanning from the mid 1980s to 1992. Their results are also not 

the output of a formalised model with a clear theoretical grounding (such as a model derived 

from a production function), as is the case with the other studies mentioned. Instead, they 

simply use investment ratios as regressors.  

 

Other relevant studies include Lewis (2011) who finds a link between the adoption of 

automation technologies and skilled migration and Akerman et al (2015) who use micro-data 

from Norway to demonstrate that broadband internet adoption is associated with a rise in the 

skill premium. Both of these studies examine the impact of specific technologies at the micro-

level. Consequently, we ought to be cautious about making generalised claims of capital-skill 

complementarity at the macro-level based on their findings.  

 

Whilst some of the literature (e.g. Goldin & Katz 1998) use the concepts of capital-skill 

complementarity and technology-skill complementarity somewhat interchangeably, it is 

important for our purposes here to distinguish between them. Confounding these terms is 

perhaps understandable, as ideas are often embodied in new capital goods. However, strictly 

speaking, they cannot be considered equivalent as not all technological progress is reflected in 

falls in the relative price of investment goods. This is because decreases in the relative price of 

investment increase output by increasing the size of the real capital stock and not by increasing 

total factor productivity. Consequently, observed increases in total factor productivity 

throughout the process of development imply that there is substantial technological progress 

that occurs externally to increases in the size of the real capital stock.  

 

This paper does not argue against technology-skill complementarity, instead, we find a strong 

positive association between the skill-premium and research intensity and between the skill 

premium and research productivity. This is important, because the relative equivalency of skill-

premia across the world, despite large differences in the supply of skilled workers between 
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developed and developing countries, implies that technological progress is skill-biased (Jones 

2014). Furthermore, the conventional unified growth framework rests upon the assumption that 

increases in the rate of technological progress increase the returns to human capital 

accumulation (Galor & Weil 2000). Skill-biased technological progress can also explain why 

the skill-premium has remained relatively stable in the post WW2 period despite an increasing 

supply of skills and increasing capital intensity, shocks which, according to our theory, place 

downward pressure on the skill premium. In this way, our results are consistent with the 

literature linking technological progress to an increase in the returns to skill (Goldin & Katz 

1998; Franck & Galor 2021; Galor & Moav 2000).  

 

Given that we use time-dummies, which capture much of the variation in technological 

sophistication due to cross-country spillovers (the time-profile of changes in the relative price 

of machinery is relatively consistent across countries), the identifying variation in our sample 

will be driven primarily by changes in a country’s propensity to accumulate machinery of a 

particular vintage. Consequently, perhaps the most natural interpretation of our results is that 

whilst technological progress, which may find itself embodied in changes in the character of 

machinery (e.g. the introduction of computing technology), is associated with increases in the 

skill premium, increases in the quantity of machinery of a given character have a tendency to 

decrease the skill premium. Greenwood & Krusell (2007) and Greenwood et al (1997) argue 

that between 70s and 80s, the better part of technological progress has been investment specific, 

with their results suggesting that a much smaller share of technological progress was 

investment specific in the 50s and 60s. This is likely to explain a recent tendency to view 

capital-skill and technology-skill complementarity as at least somewhat analogous.  

 

In addition to capital-unskill and technology-skill complementarity, we also document a 

negative relationship between the unionisation rate and the skill premium. This lends support 

to a multi-faceted view of the determinants of the skill premium, and offers prima-facie support 

to the work of Acemoglu & Aghion (2001) and Card et et al (2004) who examine the link 

between earnings inequality and unionisation. Further, we are able to document a strong 

negative association between female labour force participation and the skill premium, a finding 

that accords well with Acemoglu, Autor & Lyle (2004). Our estimates for the elasticity of 

substitution also suggest a strong role for the supply of skill in determining relative wage 

outcomes. Accounting for movements in these variables, our fitted model is able to explain a 

significant proportion of long-run movements in the skill premium.  
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Henceforth, the path of the skill-premium since 1870 has been unknown, however using new 

data from Madsen (2021) these developments are illustrated in figure 1. In this figure, we can 

see a striking fall in the skill premium during the latter part of the 19th century and the first half 

of the 20th century. Whilst a downward trend is persistent between 1880 and 1920, suggestive 

of the role of important structural changes, a more marked reduction, associated with the First 

World War, is observable between 1914 and 1919. A second notable decline occurs alongside 

the great depression in the early 1930s, and continues, through the Second World War, until 

1950. The magnitude of developments in the earlier part of the sample make recent 

developments appear rather subdued, although we can still note a decline during the 60s and 

70s followed by a rise during the 80s and 90s.  

 

Importantly, Figure 1 reveals that this progression is reflected in movements in overall 

inequality (measured using the share of income accruing to the top 10%), ostensibly suggesting 

that the skill premium is an important determinant of the aggregate income distribution. 

However, it is worth acknowledging that since the Second World War, shifts in inequality have 

not followed shifts in the skill-premium as closely as they did prior to the war and there are a 

number of reasons for this. 

 

Firstly, Figure 2 reveals that there have been considerable shifts in the labour share of income 

that have driven both income compression (prior to the 1980s) and the expansion of inequality 

(post 1980). Whilst the long-run stability of factor shares has consistently been held as a 

classical stylised fact by macroeconomists since Kaldor (1961), more recent research has 

highlighted the potential for large medium-run fluctuations (Karabarbounis & Neiman 2014; 

Blanchard 1997). We can see this clearly in Figure 2, which documents a reasonably stable 

capital share in the long run (perhaps with a slight downward trend), alongside substantial 

medium-run variability in the post-WW2 era. Importantly, this variability was much milder 

prior to 1940, despite a substantial fall in overall inequality. When considered alongside the 

decline in the skill premium shown in figure 1, this suggests that the substantial drop in 

inequality between 1870 and 1945 (with the income accruing to the top 10% falling from 21% 

to 13%) occurred, in large part, as a result of reductions in labour earnings inequality (of which 

the skill premium is one measure). Since that period, it appears that changes in the factor 

distribution of income have been considerably more decisive, with both the top 10% share and 
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the capital share following a U-shaped pattern, seeing an inversion of the downward trend of 

the 50s, 60s and early 70s in the early 1980s.  

 

As a result, whilst changes in the factor distribution of income can readily explain medium-run 

developments in inequality, they are insufficient to explain the trend towards greater income 

equality associated with the early 20th century. On the other hand, Figure 1 documents a 

structural shift towards greater equality in labour earnings during this period, reflected in the 

dramatic fall in the skill premium, suggesting that labour inequalities ought to be the focus of 

research into this compression in developed-world incomes. 

 

Furthermore, recent decades have likely seen a substantial expansion in residual inequality 

(although there is a smaller literature on this point). This component of aggregate inequality is 

likely becoming increasingly relevant due to falling inequality in access to education. Finally, 

it should be noted that in the United States, which has had the most substantial increase in 

inequality in the developed world, the skill premium has been rising in recent decades. This 

has been extensively documented in the literature (Acemoglu 2002; Autor 2014; Katz & 

Krueger 1992; Goldin & Katz 1998) and is supported by our estimates for the US skill 

premium, which are presented graphically in the appendix.  

  
Note: Data presented is the unweighted average for the 16 countries considered. The top 10% income share is the 

share of national income accruing to the top 10% of income earners.  
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Note: Data presented is the unweighted average for the 16 countries considered. The labour share is the share of 

net national income paid as compensation for labour (the labour earnings of the self-employed have been imputed). 

The top 10% income share is the share of national income accruing to the top 10% of income earners.  

 

Note: Data presented is the unweighted average for the 16 countries considered. 

 

The substantial historical variation in the size of the skill premium provides an appropriate 

context within which we can consider the capital-skill complementarity hypothesis. As figure 

3 shows, the machinery-output ratio has steadily increased over the past 150 years, in marked 

contrast with the decline in the skill premium. Capital-skill complementarity suggests that the 

rise in machinery intensity would place upward, rather than downward pressure on the skill 

premium. Consequently, in the presence of capital-skill complementarity, there would have to 

be a powerful counterveiling factor to explain this divergence. Furthermore, figure 3 shows 

that there are a number of periods, such as WW1 and WW2, in which a fall in the skill premium 
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coincided with a rise in the machinery to output ratio. This observation poses yet another 

challenge for the historical validity of capital-skill complementariy, and seemingly supports 

the contention of this paper that unskilled labour has historically, relative to skilled labour, 

been complementary to machinery.  

 

Whilst the questions that we examine in this paper are hardly new, our approach to answering 

them carries a number of distinct advantages. Firstly, the employment of a large historical 

dataset means that the number of data-points examined is substantially higher than in existing 

studies, thereby adding greater efficiency to our estimates. The number of countries examined, 

along with the length of time considered also enhance the generality of our conclusions 

regarding capital-skill complementarity. 

 

Secondly, the employment of long-series panel data means that we are able to control for 

shocks that are common across our panel using time-dummies, this is particularly useful in the 

context of technological shocks, which tend to be uniform throughout our country sample due 

to international technological spillovers.  

 

Thirdly, we employ historical macro-level data for an extensive range of relevant controls to 

address, albeit imperfectly, omitted variable bias arising from other determinants of the skill 

premium identified in the literature: research intensity, research productivity, female labour 

force participation and unionisation.   

 

Fourthly, our identification strategy extends an approximation of the nested CES production 

function used by Krusell et al (2000) to produce linear estimating equations that enable OLS 

estimates to be produced for 𝜎𝑀𝑈 and 𝜎𝑀𝑆. This is in contrast to the non-linear model employed 

by Krusell et al (2000) and Duffy et al (2004).  

 

Fifthly, we allow for a structural break in the model parameters to allow for the possibility tha 

the IT revolution has altered the relationship between machinery and skilled labour. In so 

doing, we produce some evidence suggesting that machinery has been complementary to 

skilled labour in decades, despite the historic complementarity between machinery and 

unskilled labour. 
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Finally, we test the sensitivity of our conclusions to different empirical specifications. Firstly 

by allowing for alternative versions of the CES production function with variant nesting. 

Secondly, through the employment of both level and first difference estimates and thirdly, by 

testing machinery-specific and a more general versions of the capital-skill complementarity 

hypothesis in which the entirety of the non-residential capital stock is considered. We also test 

the robustness of our results to different measures of skilled labour input. Taken together, these 

contributions allow us credibly argue that higher levels of machinery generally place 

downward, rather than upward, pressure on the returns to skill. The considerable differences in 

our methodology also explain why our findings differ from those in the aforementioned 

literature. 

 

Section II of this paper develops our argument through the presentation of our theoretical 

framework. In section III we derive our empirical specification and describe the data used for 

the analysis. Section IV is devoted to the discussion of our empirical results, whilst section V 

presents counterfactual simulations based on the fitted model. Finally, we conclude in section 

VI.  

2. Theoretical model  

We begin with the four factor nested CES production function employed by Krusell et al 

(2000)19. At its outermost level, this production function is Cobb-Douglas in its treatment of 

building capital (KB
α) and an aggregation of skilled labour (S), unskilled labour (U) and the 

machinery stock (KM), with 𝛼 denoting the share of income accruing to capital. The 

aggregation function is a CES production with unskilled labour and a nest consisting of a 

further CES aggregation of skilled labour and the machinery capital stock. 𝜎𝑀𝑈 denotes the 

elasticity of substitution between the nest and unskilled labour, whilst 𝜎𝑀𝑆 denotes the 

elasticity of substitution between skilled labour and the machinery stock. The 𝜆 term denotes 

the share of unskilled labour income in the income of the three aggregated production factors. 

The 𝛿 term denotes the share of skilled labour in the income derived from both machinery and 

skilled labour. Y denotes output, 𝐴𝐵, 𝐴𝑈, 𝐴𝑆 and 𝐴𝑀 denote factor augmenting technology 

terms for buildings, unskilled labour, skilled labour and machinery.  

 

                                                           
19 Whilst functionally equivalent, our notation is distinct.  
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(1) 

 

Per Uzawa (1961), a three-factor production function cannot have three constant, arbitrary 

substitution elasticities between factors. As a result, this production function imposes a 

constant elasticity of substitution between 𝑈𝑖𝑡 and the nest of 𝑆𝑖𝑡 and 𝐾𝑀𝑖𝑡
. For simplicity, this 

restricted elasticity is denoted as 𝜎𝑀𝑈, given that it is the relation between 𝐾𝑀𝑖𝑡
 and 𝑈𝑖𝑡 and not 

between 𝑈𝑖𝑡 and 𝑆𝑖𝑡 that is of relevance to the capital-unskill complementarity hypothesis. 

Despite this, the estimated coefficient for 𝜎𝑀𝑈 ought to also be taken as an estimate of the 

elasticity of substitution between skilled and unskilled labour, 𝜎𝑈𝑆, and our discussion 

throughout this paper will reflect this fact. In section IV, we also test the sensitivity of our 

results to this elasticity restriction by deriving estimating equations from a CES production 

function that features unskilled labour, rather than skilled labour, alongside machinery in the 

innermost aggregation.  

 

Taking the first order conditions of equation 1 with respect to 𝑈𝑖𝑡 and 𝑆𝑖𝑡, we can obtain 

equation 2 which expresses the skill premium (𝜋𝑖𝑡) as a function of 𝑈𝑖𝑡, 𝑆𝑖𝑡 and 𝐾𝑀. This is 

because, under the assumption of perfectly competitive markets, the wage rate will be equal to 

the marginal product of labour.  
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Rearranging this expression to express factors in terms of their quantity per unit of effective 

skilled labour (𝐴𝑆𝑖𝑡𝑆𝑖𝑡), we obtain equation 3.  
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Log differentiating equation 3 obtains:  
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(4) 

 

For simplicity, we consider the derivation of 
𝑥𝑖𝑡−𝑥0

𝑥0
 separately in equations 5-7:  
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)

σMS−1
σMS

 

(
𝐴𝑀𝑖𝑡 − 𝐴𝑀0

𝐴𝑀0
+
KMit − KM0

KM0

−
𝐴𝑆𝑖𝑡 − 𝐴𝑆0

𝐴𝑆0
−
Sit − S0
S0

). 

 

(7) 

  

At this point, Krusell at al (2000) take an approximation around the point 𝐴𝑀0𝐾𝑀0 = 𝐴𝑆0𝑆0, 

reducing the term in the square brackets to 1 and simplifying equation 7 to produce:  

 

xit − x0
x0

≈
σMU − σMS

σMSσMU
(1 − δ) (

AM0KM0
AS0S0

)

σMS−1
σMS

 

(
𝐴𝑀𝑖𝑡 − 𝐴𝑀0

𝐴𝑀0
+
KMit − KM0

KM0

−
𝐴𝑆𝑖𝑡 − 𝐴𝑆0

𝐴𝑆0
−
Sit − S0
S0

). 

 

(8) 

 

For our purposes, we extend this simplification by approximating around the point 𝐴𝑀0𝐾𝑀0 =

𝐴𝑆0𝑆0 in the (
𝐴𝑀0𝐾𝑀0

𝐴𝑆0𝑆0
)

𝜎𝑀𝑆−1

𝜎𝑀𝑆
 

term, thereby rendering the approximation more consistent in that 

all the relevant terms are approximated around this term; thus, simplifying (8) to: 
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Substituting equation 9 into equation 4, we obtain:  

πit − π0
π0

≈
σMU − σMS

σMSσMU
(1 − δ) (

𝐴𝑀𝑖𝑡 − 𝐴𝑀0
𝐴𝑀0

+
KMit − KM0

KM0

−
𝐴𝑆𝑖𝑡 − 𝐴𝑆0

𝐴𝑆0
−
Sit − S0
S0

) +
1

σMU
(Uit − U0)

U0

−
1

σMU
(Sit − S0)

S0
−
1 − σMU

σMU
ASit − AS0

AS0
+
1 − σMU

σMU
AUit − AU0

AU0
.  

 

(10) 

Then, applying the Taylor approximation, we arrive at equation 11, our theoretical model. In 

this expression the constant 𝜏0 is the sum of the 𝑙𝑛 (𝑧0) terms20 

 

ln(πit) ≈
σMU − σMS

σMSσMU
(1 − δ) ln (

KMit

Sit
) +

σMU − σMS

σMSσMU
(1 − δ) ln (

AMit

ASit
) +

1

σMU
ln (

Uit
Sit
) +

1 − σMU

σMU
ln (

AUit
ASit

) .

+ τ0 

 

(11) 

This expression relates the skill premium to changes in the machinery to skill ratio (
𝐾𝑀𝑖𝑡

𝑆𝑖𝑡
), the 

ratio of machine augmenting technology to skill augmenting technology (
𝐴𝑀𝑖𝑡

𝐴𝑆𝑖𝑡
), the unskill to 

skill ratio (
𝑈𝑖𝑡

𝑆𝑖𝑡
), and the ratio of unskill augmenting technology to skill augmenting technology 

(
𝐴𝑈𝑖𝑡

𝐴𝑆𝑖𝑡
). Importantly, the relation between each of these variables and the skill premium depends 

critically upon the values of 𝜎𝑀𝑈 and 𝜎𝑆𝑈. From expression 11, we explicitly define the relation 

between the skill premium and the aforementioned variables.  

 

The first term, ‘
𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
(1 − 𝛿) 𝑙𝑛 (

𝐾𝑀𝑖𝑡

𝑆𝑖𝑡
)’ which Krusell et al (2000) describe as a ‘capital-

skill complementarity effect’ (equation 12), models the response of the skill premium to 

changes in machinery capital intensity. The weighting parameter 𝛿, which is normalised to the 

mean share of skilled labour in combined skill-machinery income, will always be less than 1, 

rendering the (1 − 𝛿) term decidedly positive.  Consequently, the direction of the relationship 

between 
𝐾𝑀𝑖𝑡

𝑆𝑖𝑡
 and 𝜋𝑖𝑡 will be determined exclusively by the value of  

𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
, with a negative 

                                                           
20 σMU−σMS

σMSσMU
(1 − δ) ln (

KM0

S0
) +

σMU−σMS

σMSσMU
(1 − δ) ln (

AM0

AS0
) −

1

σMU
ln (

U0

S0
) +

1−σMU

σMU
ln (

AU0

AS0
) − ln (𝜋0) 

xit − x0
x0

≈
σMU − σMS

σMSσMU
(1 − δ) (

𝐴𝑀𝑖𝑡 − 𝐴𝑀0
𝐴𝑀0

+
KMit − KM0

KM0

−
𝐴𝑆𝑖𝑡 − 𝐴𝑆0

𝐴𝑆0

−
Sit − S0
S0

). 

(9) 
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relation between them if 
𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
 < 0 but a positive association between them if 

𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
 > 0 

.  

 

Whether 
𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
 is greater than, less than or equal to zero depends entirely on whether 𝜎𝑀𝑈 >

𝜎𝑀𝑆, 𝜎𝑀𝑈 < 𝜎𝑀𝑆 or 𝜎𝑀𝑈 = 𝜎𝑀𝑆. If 𝜎𝑀𝑈 > 𝜎𝑀𝑆, machinery is more complementary with 

skilled labour than it is with unskilled labour and as a result capital deepening will increase the 

skill premium. On the other hand, if  𝜎𝑀𝑈 < 𝜎𝑀𝑆 then capital deepening will reduce the skill 

premium. If 𝜎𝑀𝑈 = 𝜎𝑀𝑆 then an increase in capital intensity will have no impact on the skill 

premium, as both unskilled and skilled labour will be equally complementary to machinery. 

Given these implications, the value of 
𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
(1 − 𝛿) is the central focus of this paper, with 

our contention being that 
𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
(1 − 𝛿) < 0.   

 

𝑑𝑙𝑛(𝜋𝑖𝑡)

𝑑𝑙𝑛 (
𝐾𝑀𝑖𝑡

𝑆𝑖𝑡
)

≈
σMU − σMS

σMSσMU
(1 − δ). 

 

(12) 

The second term, 
𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
(1 − 𝛿) 𝑙𝑛 (

𝐴𝑀𝑖𝑡

𝐴𝑆𝑖𝑡
) (from equation 13), also reflects the ‘capital-skill 

complementarity effect’, however, in this term it is factor augmenting technology rather than 

relative factor quantities that are the variable of concern. In this case we can see that 

technological change reflected in an increase in 𝐴𝑀𝑖𝑡 (machinery augmenting technological 

change21) relative to 𝐴𝑆𝑖𝑡 (skill augmenting technology) is skill biased (raises the skill 

premium) if 𝜎𝑀𝑈 > 𝜎𝑀𝑆 but unskill biased (lowers the skill premium) if 𝜎𝑀𝑈 < 𝜎𝑀𝑆. 

Importantly, the 𝐴𝑀𝑖𝑡 term only reflects machine augmenting technological progress that is not 

reflected in the declining price of machinery capital as these declines will already be reflected, 

as an increase in the quantity of real capital, in the first term (assuming that nominal investment 

in machinery remains constant). We would only expect to see machine augmenting 

technological progress occurring externally to falls in the real price of machinery if there is 

mismeasurement (such as inadequate quality-adjustment of the machinery stock) or changes in 

                                                           
21 Technological progress is factor augmenting if it is modelled in the production function as an increase in the 

number of effective units of a factor. Technological progress is factor biased if it increases the relative marginal 

product of a factor. Consult Acemoglu (2002) for further discussion of this distinction.  
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a factor external to (or incorrectly modelled by) the production function (such as an 

improvement in the management of the machinery stock).   

 

𝑑𝑙𝑛(𝜋𝑖𝑡)

𝑑𝑙𝑛 (
𝐴𝑀𝑖𝑡

𝐴𝑆𝑖𝑡
)

≈
σMU − σMS

σMSσMU
(1 − δ). 

 

(13) 

The third term, 
1

𝜎𝑀𝑈
𝑙𝑛 (

𝑈𝑖𝑡

𝑆𝑖𝑡
), referred to as the ‘relative quantity effect’ by Krusell et al (2000), 

describes the relationship between the quantities of skilled and unskilled labour to the skill 

premium (equation 14). If 𝜎𝑀𝑈, which is also the elasticity of substitution between skilled and 

unskilled labour, is greater than zero (that is, subject to the law of demand), an increase in the 

quantity of unskilled labour relative to skilled labour will always raise the skill premium. 

Consequently, an expansion in the population that are educated (skilled) will always lower the 

returns to education. The magnitude of this effect is inversely proportional to 𝜎𝑀𝑈 as a higher 

elasticity implies a greater capacity for additional skilled labour to replace the function 

performed by unskilled labour in the productive process.  

 

𝑑𝑙𝑛(𝜋𝑖𝑡)

𝑑𝑙𝑛 (
𝑈𝑖𝑡
𝑆𝑖𝑡
)
≈

1

σMU
. 

 

(14) 

The fourth term, 
1−𝜎𝑀𝑈

𝜎𝑀𝑈
𝑙𝑛 (

𝐴𝑈𝑖𝑡

𝐴𝑆𝑖𝑡
), labelled the ‘relative efficiency effect’ (Krusell et al 2000) 

(equation 15), describes the relationship between skill and unskill augmenting technological 

progress and the skill premium. Technological change that increases unskill augmenting 

technology relative to skill augmenting technology will be unskill biased if 𝜎𝑀𝑈 > 1, but skill 

biased if 𝜎𝑀𝑈 < 1.  

 

𝑑𝑙𝑛(𝜋𝑖𝑡)

𝑑𝑙𝑛 (
𝐴𝑈𝑖𝑡
𝐴𝑆𝑖𝑡

)

≈
1 − σMU

σMU
. 

(15) 

 

In this model, the skill premium is depicted as a function of three critical factors: machinery 

intensity, the relative supply of skills and technological shocks. The central thesis of this paper 

is that the skill premium is a negative function of machinery intensity, however the credibility 

of this conclusion rests upon our ability to account for other factors. We are able to directly 
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account for changes in the relative supply of skills, finding in section 4, perhaps unsurprisingly, 

that an increase in the supply of skills is associated with a decrease in the skill premium. 

Controlling for technological progress is considerably more complicated, particularly as the 𝐴𝑆 

and 𝐴𝑈 terms cannot be directly observed. Furthermore, whilst the 𝐴𝑀 term is directly 

observable, as the inverse of real machinery prices, measurement error is likely to be significant 

due to the difficulties associated with quality adjustment (Gordon’s (1990) machinery deflator 

differs markedly from that reported in the National Income and Product Accounts).  

 

The empirical strategy to address these issues will be discussed extensively in sections 3, but 

it is important to note here that our results join with much of the relative literature to suggest 

that technological progress generally raises the skill premium.  This is the central prediction of 

the technology-skill complementarity hypothesis, which posits that technological progress has 

greater complementarity with skilled labour, than it does with unskilled labour. One plausible 

mechanism for this is that skilled individuals more readily learn how to use new technologies, 

meaning that technological progress raises the relative demand for their services (Galor & 

Moav 2000). Alternatively, new technologies may be particularly substitutable for simpler 

tasks, which are more likely to be performed by unskilled workers (Acemoglu & Restrepo 

2020).  

 

Importantly, this theory makes predictions about the bias of new technologies, not about which 

factor they augment. Consequently, the technology-skill complementary hypothesis could 

operate through a number of distinct pathways within the framework described above. If 

technological progress generally increased 𝐴𝑈  relative to 𝐴𝑆 and 𝜎𝑀𝑈 < 1, the model predicts 

a rise in the skill premium. The same result is obtained if technological progress generally 

increases 𝐴𝑆 relative to 𝐴𝑈 and 𝜎𝑀𝑈 > 1. Hence, the hypothesis makes predictions about the 

outcome of technological progress and not the composition of that progress. From equation 11, 

we can see that technological progress will increase the skill premium if  
𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
(1 −

𝛿) 𝑙𝑛 (
𝐴𝑀𝑖𝑡

𝐴𝑆𝑖𝑡
) +

1−𝜎𝑀𝑈

𝜎𝑀𝑈
𝑙𝑛 (

𝐴𝑈𝑖𝑡

𝐴𝑆𝑖𝑡
) > 0. Therefore, the necessary and sufficient condition for the 

technology-skill complementarity hypothesis, is that technological progress generally takes 

such a form, with no further condition that this be accomplished through any particular 

mechanism. Despite this, if unbiased, our finding that 𝜎𝑀𝑆 > 𝜎𝑀𝑈 > 1, implies that 

technological ought to primarily take the form of increases in 𝐴𝑆. This is because when 𝜎𝑀𝑆 >
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𝜎𝑀𝑈 > 1, this will be the only form of factor augmenting technological progress that is also 

skill-biased.  

 

Equation 11 is derived under the assumption of perfectly competitive product and factor 

markets. If skilled and unskilled labourers are not paid according to their marginal product, this 

creates endogeneity that undermines the credibility of our findings. Higher levels of 

unionisation could plausibly increase the bargaining power of unskilled workers more than 

skilled workers because unskilled workers are relatively more homogenous than skilled 

workers. This would mean that unionisation decreases the skill premium by changing the 

wedge between the marginal product of unskilled labour and the unskilled wage rate. Hence 

the inclusion of unionisation as a control in section 4, tests the sensitivity of the model to a 

potential violation of the assumptions from which it is derived. 

 

Similarly, the model only distinguishes between skilled/unskilled labour and not between 

male/female labour. If historically, female labour has had distinct properties to male labour that 

are not captured by differences in educational attainment (e.g. due to discrimination that 

prevented skilled women from gaining employment as skilled workers), this would introduce 

bias into the model. Our inclusion of female labour force participation as a control is an attempt 

to ameliorate this concern.  

3. Empirics  

3.1 Estimating Specifications 

In order to fit our model to the empirical data, we adapt equation 11, to arrive at the stochastic 

specification in equation 16.  

 

ln(πit) = β1 ln (
KMit

Sit
) + β2 ln (

Uit
Sit
) + +𝜉𝑍𝑖𝑡

′ + 𝜔𝑖 + 𝜑𝑡 + 휀𝑖𝑡. 
(16) 

  

In equation 16, β1 =
σMU−σMS

σMSσMU
(1 − δ), 𝛽2 = −

1

𝜎𝑀𝑈
, 𝑍𝑖𝑡

′  is a vector of control variables, 𝜔𝑖 is a 

country dummy, 𝜑𝑡 is a time dummy, and 휀𝑖𝑡 is a stochastic error term. The term 𝜏0, from 

equation 11, is a constant and is therefore subsumed by the country dummy 𝜔𝑖. For the capital-

skill complementarity hypothesis to hold, it is a necessary and sufficient condition that 𝛽1 > 0, 
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whilst for capital-unskill complementarity to hold, it is a necessary and sufficient condition 

that 𝛽1 < 0.   

 

 As discussed in the preceding section, the technology terms 𝑙𝑛 (
𝐴𝑀𝑖𝑡

𝐴𝑆𝑖𝑡
) and 𝑙𝑛 (

𝐴𝑈𝑖𝑡

𝐴𝑆𝑖𝑡
) are 

unobservable and hence we cannot include them directly in our empirical specification. 

Nevertheless, we do employ a number of strategies to control for the impact that they could 

have on the estimated values of 𝛽1 and 𝛽2 that we discuss in section 3.6.  

 

In addition to the baseline specification presented in equation 16, we also take first differences 

of equation 11 to obtain equation 17.  

 

∆ln(πit) = β1∆ ln (
KMit

Sit
) + β2∆ ln (

Uit
Sit
) + 𝜉𝑊𝑖𝑡

′ + 𝜔𝑖 + 𝜑𝑡 + 𝑣𝑖𝑡 . 
(17) 

  

In this equation ∆ is a 5-year difference operator, 𝑊𝑖𝑡
′  is a vector of first-differenced control 

variables, and 𝑣𝑖𝑡 is a stochastic error term. All other terms are defined as in equation 16. 

Adopting this framework serves as an additional robustness check.  

 

As discussed in section 2, the production function from which equations 16 and 17 are derived 

(eqn.1) does not permit three distinct parameters for the elasticities of substitution between 

factors and instead imposes the restriction of a single elasticity of substitution between 

unskilled labour and the nest of skilled labour and machinery. An alternative production 

function for three factors is presented in equation 18.  

 

Yit = (ABitKBit)
α

{
 

 

θ(ASitSit)
σMS−1
σMS + (1 − θ) [ρ(AUitUit

σMU−1
σMU + (1 − ρ)(AMKMit)

σMU−1
σMU ]

σMU(σMS−1)

σMS(σMU−1) 

}
 

 

(1−α)σMS

σMS−1
 

. 

 

(18) 

 

In this expression, 𝜃 is a weighting parameter normalised to the average share of non-building 

income accruing to skilled labour. 𝜌 is also a weighting parameter that is normalised to the 

share of unskilled labour income in the combined income of unskilled labour and machinery. 

This production function differs from equation 1, in that it is unskilled labour in the innermost 

nest with machinery capital and not skilled labour, with skilled labour sitting outside this nest 

in the place previously held by unskilled labour. This production function imposes the 
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restriction that there be a single elasticity of substitution between skilled labour and the nest of 

machinery and unskilled labour. Given that this assumption differs from the assumption 

imposed in the derivation of the baseline estimating equations, this framework allows us to test 

the sensitivity of our results. To do this, we derive equations 19 and 20 from equation 18, 

following the procedure used to derive equation 16 and 17 from equation 1.  

 

ln (
1

πit
 ) = γ1 ln (

KMit

Uit
) + γ2 ln (

Sit
Uit
) + 𝜉𝑍𝑖𝑡

′ + 𝜔𝑖 + 𝜑𝑡 + 휀𝑖𝑡, 
(19) 

∆ ln (
1

πit
) = γ1∆ ln (

KMit
Uit

) + γ2 ∆ln (
Sit
Uit
) + ξWit

′ +ωi + φt + vit. 
(20) 

  

In this expression, 𝛾1 =
σMS−σMU

σMSσMU
(1 − ρ) whilst 𝛾2 = −

1

σMS
. Given the difference between 𝛾1 

and 𝛽1, the capital-skill complementarity hypothesis holds when 𝛾1 < 0, but capital-unskill 

complementarity when 𝛾1 > 0. As will be shown in section 4, our results are not sensitive to 

this specification choice, suggesting that our findings are not significantly influenced by the 

specification restrictions.  

 

We also test an alternate version of the capital-skill complementarity hypothesis, in which we 

test complementarity between the aggregate non-residential capital stock and skilled labour 

instead of between the machinery capital stock and skilled labour. Whilst Krusell et al (2000) 

and Griliches (1967) consider machinery-skill complementarity, Fallon and Lanyard (2000) 

and Duffy et al (2004) consider complementarity between skill and the aggregate capital stock. 

To examine the version of the hypothesis used in these papers, we use the production function 

in equation 21 to derive equations 22 and 23.    

 

Yit =

{
 
 

 
 

ϑ(AUitUit)
σKU−1

σKU + (1 − ϑ) [μ(ASitSit

σKS−1

σKS + (1 − μ)(AKKit)
σ𝐾𝑆−1

σKS ]

σKS(σKU−1)

σKU(σKS−1) 

}
 
 

 
 

σKU

σKU−1
 

, 

(21) 

ln(πit) = ς1 ln (
Kit
Sit
) + ς2 ln (

Uit
Sit
) + +𝜉𝑍𝑖𝑡

′ + 𝜔𝑖 + 𝜑𝑡 + 휀𝑖𝑡, 
(22) 

∆ ln(πit) = ς1∆ ln (
Kit
Sit
) + ς2 ∆ln (

Uit
Sit
) + ξ∆Zit

′ +ωi + φt + vit. 
(23) 

 

In equation 20, K denotes the non-residential capital stock, 𝐴𝐾 denotes capital augmenting 

technology, 𝜎𝐾𝑈 is the elasticity of substitution between the aggregate non-residential capital 
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stock and unskilled labour, 𝜎𝐾𝑆 is the elasticity of substitution between the non-residential 

capital stock and skilled labour, 𝜗 denotes the share of income accruing to unskilled labour, 

and 𝜇 denotes the share of skilled income in the sum of skilled income and capital income. In 

equation 21, 𝜍1 =
𝜎𝐾𝑈−𝜎𝐾𝑆

𝜎𝐾𝑆𝜎𝐾𝑈
(1 − 𝜇) whilst 𝜍2 = −

1

𝜎𝐾𝑈
. Consequently, this version of the capital-

skill complementarity hypothesis requires that 
𝜎𝐾𝑈−𝜎𝐾𝑆

𝜎𝐾𝑆𝜎𝐾𝑈
(1 − 𝜇) > 0, whilst capital-unskill 

complementarity requires that 
𝜎𝐾𝑈−𝜎𝐾𝑆

𝜎𝐾𝑆𝜎𝐾𝑈
(1 − 𝜇) < 0. Using this estimating equation, our results 

in section 4 will show that there is evidence of capital-unskill complementarity, regardless of 

whether we examine the machinery or aggregate capital version of the hypothesis. However 

the evidence is stronger when the machinery specific version is considered.  

 

Finally, we consider the possibility of a structural break in the regression parameters associated 

with the emergence of the IT revolution of the 1980s. To do this we allow for distinct 

coefficients for the pre- and post-1980 periods in equation 16, along with country dummies for 

both periods. Doing so produces equation 24:  

ln(πit) = ρ1 ∗ ∅𝑝𝑜𝑠𝑡1979 ln (
KMit

Sit
) + ρ2 ∗ ∅𝑝𝑟𝑒1980∆ ln (

KMit

Sit
) + ρ3∆ ln (

Uit
Sit
) + 𝜉𝑊𝑖𝑡

′

+ 𝜔𝑖 ∗ ∅𝑝𝑜𝑠𝑡1979 + 𝜔𝑖 ∗ ∅𝑝𝑟𝑒1980 + 𝜑𝑡 + 휀𝑖𝑡. 

(24) 

  

In this expression, the ∅𝑝𝑜𝑠𝑡1979 term is a dummy, which is equal to 1 for observations after 

1979, and equal to 0 for all other observations. Likewise, the ∅𝑝𝑟𝑒1980 term is a dummy that is 

equal to 1 for observations before 1980, and equal to 0 for other periods. 

 

For comparable first difference estimates, we similarly adjust equation 17 to allow for a break 

in the coefficient values. In this case, we consider the period from 1985 onwards because the 

first difference estimates consider the 5-year period ending in a given year. Doing this produces 

equation 25:  

 

∆ln(πit) = ρ1 ∗ ∅𝑝𝑜𝑠𝑡1984∆ ln (
KMit

Sit
) + ρ2 ∗ ∅𝑝𝑟𝑒1985∆ ln (

KMit

Sit
) + ρ3∆ ln (

Uit
Sit
)

+ 𝜉𝑊𝑖𝑡
′ + 𝜔𝑖 + 𝜑𝑡 + 𝑣𝑖𝑡 . 

(25) 
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In this expression, the ∅𝑝𝑜𝑠𝑡1984 term is a dummy, which is equal to 1 for observations after 

1984, and equal to 0 for all other observations. Likewise, the ∅𝑝𝑟𝑒1985 term is a dummy that is 

equal to 1 for observations before 1985, and equal to 0 for other periods. 

3.2 Data – Skill Premium   

The skill premium is measured as the ratio of the earnings of those with a tertiary education to 

the earnings of unskilled labour. This implies that the skill premium is measured as the ratio of 

income at the lower and at the higher tails of the wage income distribution. As a result, we do 

not follow the more common definition of the skill premium as the ratio of the earnings of 

employees with tertiary education beyond three years relative to the earnings of employees 

with less than three years of tertiary education. The reason for this is that almost no data on 

earnings of employees with less than three years of education are available before the 1970s. 

Whenever possible, we extract data after 1970 from the KLEMS database, the OECD’s 

publication, Education at a Glance, and the ILO. However, since these data sources have, on 

average, only a 35% coverage over the period 1970-2019, we complement these data from 

national sources including data on wages across professions. 

 

Before the OECD and KLEMS data become available, most of the data are constructed from 

wages of professionals relative to that of unskilled labour. Some earnings data on educational 

levels are available from national sources for some countries but generally do not go back much 

further than the data of either the OECD or KLEMS.  

 

No country in the world has continuous data on the labour earnings distribution across 

professions. Furthermore, there is often a large salary dispersion within each professional 

group, which means that every time the categorization within each professional group is 

changed, the average salary changes as well – a much more widespread occurrence today than 

in the past as the number of white-collar professions are ever expanding. 

 

Thus, to get the essential periods 1914-1920 and 1940-1950, where the skill premium change 

markedly, we need to resort to the earnings of professionals with a tertiary education. These 

professionals are typically academics at tertiary institutions, higher-level public servants, 

doctors, dentists, lawyers, and engineers. We focus on these professions when we derive their 

wages because they are representative for earnings of the highly educated labour force, noting 
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that these professions have degrees that are representative for the faculties of representative 

universities. Furthermore, since these professions are well defined, the wage discrepancy 

between these professions across sources is relatively small. The wages of unskilled labour are 

well defined and are available for all countries the considered period.  

 

To make the wage data comparable across professions and over time, we need to measure 

wages in the same units – an issue that is rarely dealt with when the historical data are collected. 

The wage data cover different payment periods over time and, particularly, across professions 

– payment per hour, day, week, month or year. Thus, in order to make the data comparable 

across time and profession, data has to be constructed for weekly, daily, monthly, and annual 

hours worked over time for all countries. This adjustment is important because annual hours 

worked has been reduced to a half or more of what it was in 1870 in the countries in our sample 

and because professionals are typically paid monthly while unskilled are typically paid hourly 

or daily. Furthermore, large fractions of the reduction in annual hours worked was particularly 

concentrated over the periods 1918-1922 and 1945-1950, implying that that skill premium, 

unadjusted for hours worked, will be severely biased over these periods. Since data on hours 

worked were not routinely reported and historical data are available in 10-13 year intervals, 

country-specific books and periodicals are used to pinpoint the periods at which the hours 

worked changed.  

 

Finally, as quality checks, the data are benchmarked against nominal GDP relative to annual 

hours worked by the entire labour force and multiplied by the labour share of income. For 

detailed data sources and discussion of the data construction, see Madsen, 2022, “Estimates for 

Wages Across Skills and Professions in the OECD countries”, Working Paper, UWA. 

 

While the quality of the historical data are not of the contemporary standard, the economy was 

much simpler to measure in the pre-industrial period than after. It was, for example, easy to 

keep track of births because almost everyone in the community was member of the church and 

migration was often limited to the neighbouring town. The variety of goods and professions 

were also a fraction of what it is today. The historical data are collected for the following 16 

OECD countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, 

Greece, Italy, the Netherlands, New Zealand, Norway, Portugal, and the US. 

3.3 Data – Quantity of Skilled and Unskilled Labour  



135 

 

As discussed, our estimating equations require data on the quantity of skilled and unskilled 

labour in each country during each year. Given that the measure of the skill premium reflects 

the returns to education over a period in which the definition of skilled and unskilled labour 

have changed (A high school graduate would have been considered a skilled worker in 1900, 

but is considered unskilled today), we require a flexible measure of the quantity of human 

capital. To do this, we calculate the quantity of skilled labour (or the size of the human capital 

stock) by multiplying the average years of schooling of the working population by the total 

number of hours worked (eqn.26). In contrast, our measure of unskilled labour is simply given 

by the total number of hours worked (eqn.27). Consequently, our measure of unskilled labour 

is simply a measure of labour input, unadjusted for the ‘quality’ of that labour input, whilst our 

measure of skill is a measure of quality adjusted labour input. The result of this is that the (
𝑈𝑖𝑡

𝑆𝑖𝑡
) 

ratio becomes the inverse of average schooling (𝑠𝑖𝑡). 

 

Sit = Nit ∗ sit. 

 

(26) 

Uit = Nit. 

 

(27) 

  

The data on the average years of schooling comes from Madsen (2014) and is depicted 

graphically in figure 4. Here we can see the gradual rise in average schooling across the sample 

period, accelerating markedly following the end of WWII. An increase in average schooling 

places downward pressure on the skill premium due to the increase in the relative supply of 

skilled workers that it brings about. Consequently, the growth of schooling has been an 

important contributor to the fall in the skill premium. The data for annual labour input is 

calculated from historical data covering hours worked and employment levels, and is detailed 

in the Data Appendix.  

 

Despite this, as we show in the empirics section, our results are robust to an alternate definition 

of the supply of skills in which the supply of skilled labour is measured as the number of hours 

of work performed by workers with a college degree. Correspondingly, the supply of unskilled 

labour is measured as the number of hours of work performed by workers without a college 

degree. This series can be seen in figure 5 and follows a similar path to the years of education. 

The important difference is that prior to 1950, only a very small proportion of the labour force 

had a tertiary degree. 
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3.4 Data – Quantity of Machinery   

A marked feature of the industrialisation process has been the accumulation of machinery 

capital. We can see this clearly in figure 6, which tracks the natural log of the value of the 

machinery capital to skill ratio across our sample period. As can be seen, the increase since 

1870 has been dramatic, and consequently any complementarity between machinery and either 

skilled or unskilled labour will have considerable implications for the skill premium. If capital 

is complementary to skill, then this increase in machinery intensity has placed considerable 

upward pressure on the skill premium. Conversely, if capital is complementary to unskilled 

labour, then this same development has placed considerable downward pressure on the skill 

premium. Consequently, economic growth with a steady state skill premium requires the 

existence of countervailing forces of considerable magnitude. This matter will be discussed in 

detail in the simulation section, however it appears that technological progress has been the 

primary opposing factor that has contributed to the relative stability in the skill premium 

throughout the post war period.  

 

The scale of the upward trend in figure 6 obscures the developments that are likely to have 

influenced the developments observed in the skill premium. To better examine the series, figure 

8 considers the average annual growth in the 
𝐾𝑀𝑖𝑡

𝑆𝑖𝑡
 ratio over a five year period alongside the 

growth in the skill premium. This graph reveals a negative correlation between these growth 

rates and consequently offers suggestive evidence in favour of our hypothesis of capital-unskill 

complementarity. As will be shown in section 4, the growth rate in machinery intensity is one 

of only two variables (the other being female labour force participation) for which we can find 

a statistically significant link to the skill premium, under a logged first difference specification. 

The absence of a clear effect from factors such as unionisation, research intensity, which feature 

prominently in the skill-premium literature, suggests that the level specification is probably 

more appropriate. Despite this, we present growth rates graphically in figure 7, because it 

facilitates an examination of the link between these variables that is not possible with level 

based graphs given the size of the trend in the machinery intensity series.  

 

In this graph, we can see that the start of the sample period is associated with moderate growth 

in machinery intensity. The early 1900s are associated with higher levels of growth, with 

growth rising notably in the aftermath of WWI - a period that we have already linked to a 
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considerable decline in the skill premium. Growth slowed considerably between the mid-1920s 

and early 1930s, during which time the decline in the skill-premium was arrested. The advent 

of the depression brought declines in the skill premium alongside a pickup in the growth of the 

capital per worker ratio which continued until the late 40s. The late 40s and early 50s were 

associated with sclerotic growth in machinery intensity alongside a stagnating skill premium. 

This state of affairs reversed itself in the 60s with the capital-deepening of the post-war boom 

occurring alongside a compression in incomes. The decline in the skill premium slowed during 

the 70s, alongside a drop in the growth rate of machinery intensity. The 80s and 90s saw a 

stagnant skill premium, with middling growth in the machinery stock. The skill premium 

continued to hold relatively steady through the 2000s, whilst growth in the machinery stock 

languished. Consequently, whilst there is much in the path of the skill-premium that cannot be 

explained by machinery intensity, figure 7 reveals that there remains a considerable negative 

relation between these series.  

 

Since 1950, data on the relative quantity of machinery is obtained from real machinery 

investment data from the supplementary capital file provided by the Penn World Tables 

(Feenstra et al 2017) and is backdated using a range of historical sources for investment in 

machinery detailed in the Data Appendix. The perpetual inventory method is used with this 

historical data. 

  
  

Note: Data presented is the unweighted average for the 16 countries considered. 

0

2

4

6

8

10

12

1870 1900 1930 1960 1990

Y
ea

rs
 o

f 
S

ch
o

o
li

n
g

F4. Average Years of Schooling

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

1870 1900 1930 1960 1990

S
h
ar

e 
o

f 
p

o
p

u
la

ti
o

n
 w

it
h
 t

er
ti

ar
y
 

ed
u
ca

ti
o

n

F5. Share of population with 

tertiary education



138 

 

  
Note: Data presented is the unweighted average for the 16 countries considered. Machinery intensity is defined 

as the quantity of machinery measured in national 2017 prices per unit of skill (calculated as described in section 

3.3). Capital intensity is defined as the quantity of machinery measured in national 2017 prices summed with the 

quantity of non-residential buildings also measured in 2017 prices, per unit of skill (calculated as described in 

section 3.3).  

  
Note: Data presented is the unweighted average for the 16 countries considered. Machinery intensity is defined 

as the quantity of machinery measured in national 2017 prices per unit of skill (calculated as described in section 

3.3). The growth rate in these variables is calculated by calculating the percentage change in the relevant variable 

over a five year period (ending in the year listed) and computing the average annual rate of change associated 

with the five year change.  

3.5 Data – Quantity of Non-Residential Capital    

As previously mentioned, we also consider a version of the capital-skill complementarity 

hypothesis in which the aggregate non-residential capital stock is used instead of the machinery 

stock. Whilst the arguments and examples commonly used to support capital-skill 

complementarity probably pertain most directly to the machinery stock (e.g. automation and 

computers), a broader definition of the hypothesis is still worthy of consideration given that it 
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is what a number of studies have considered (e.g. Fallon & Lanyard (2000) and Duffy et al 

(2004)). In this paper, we specifically choose to examine only the non-residential capital stock. 

This is because residential capital is not employed directly within the production process in 

most industries, and consequently there is an absence of a clear theoretical mechanism that 

would link residential capital deepening to any change in the return to skill.  

 

Whilst smaller in scale than the growth in machinery capital intensity, marked growth in non-

residential capital intensity is a notable feature of the process of development as can be seen in 

figure 7. The discrepancy in scale occurs because whilst the relative price of machinery has 

decreased, fuelling additional machinery accumulation, the relative price of non-residential 

structures (the other important component of the non-residential capital stock) has increased, 

which has depressed the growth of the real capital stock (see Kerspien & Madsen 2021).  

 

Trends similar to those observed for machinery intensity can be seen in figure 9, although the 

relationship to developments in the skill premium appears somewhat less apparent with some 

periods ostensibly showing a positive correlation and other periods showing a negative 

correlation. This would seemingly support the perhaps unsurprising conclusion that any 

complementarity between capital and unskilled labour is driven more by the relationship 

between machinery and human capital, than by any relationship between the non-residential 

structure stock and human capital.  

 

Recent data on the non-residential capital stock is obtained from the OECD and the Penn World 

Tables (Feenstra et al 2017) according to the procedure described in the Data Appendix. Older 

data is obtained from a range of historical sources, the details for which are also available in 

the Appendix. With the historical data the perpetual inventory method is used to compute the 

building capital stock from data on building investment, here a depreciation rate of 3.1% is 

assumed.  
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Note: Data presented is the unweighted average for the 16 countries considered. Capital intensity is defined as 

the quantity of machinery measured in national 2017 prices summed with the quantity of non-residential buildings 

also measured in 2017 prices, per unit of skill (calculated as described in section 3.3). The growth rate in these 

variables is calculated by calculating the percentage change in the relevant variable over a five year period (ending 

in the year listed) and computing the average annual rate of change associated with the five year change.  

3.6 Controls – Technology  

As previously discussed, technological progress represents a considerable source of omitted 

variable bias in our baseline specification. There is strong support within the literature for the 

theory that technological change since 1980 has been skill biased, and that this has been one of 

the dominant causes of the secular rise in the US skill premium (Berman, Bound & Machin 

1998; Acemoglu 2002; Autor, Katz & Kearney 2008). The skill-bias of technological progress 

can only be observed implicitly at the macroeconomic level, and this poses significant 

challenges for identification. Fortunately, a unique advantage of our historical panel data series 

is that time dummies are likely to capture significant changes in the factor bias of technology 

over time. This is because technological shocks are likely to be relatively consistent across 

countries, given the ease with which ideas are able to be transmitted across borders.  

 

Secondly, there is a separate, but related, literature that argues that technological progress is 

inherently biased towards skilled labour (e.g. Franck & Galor 2021; Galor & Moav 2000). This 

technology-skill complementarity hypothesis argues that because skilled workers have an 

advantage in adapting to technological innovation, technological progress will have a natural 

tendency to be associated with increases in the skill-premium. To account for this we control 
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for technological progress by including research intensity and research productivity in our 

vector of control variables, 𝑍𝑖𝑡
′ . Whilst research productivity will be reflected in the wage rate 

of R&D workers, it is not a given that there will be a similar relationship with other types of 

skilled workers, with R&D workers historically representing only a small subset of the skilled 

workforce. Both research productivity and research intensity have been linked to technological 

progress within the context of the extensive endogenous growth literature. If there is a systemic 

relationship between technological progress and the skill premium, as predicted by the 

technology-skill complementarity hypothesis, we would expect these variables to capture it.  

  

Figure 10 depicts developments in research intensity over our sample, where research intensity 

is defined as the share of GDP devoted to research and development. Evident, is a clear upward 

trend over time. Research intensity increases considerably, albeit from comparatively low 

levels, between 1870 and 1933, before declining following the Great Depression. Intensity 

markedly grows with the post war boom, before stagnating with the oil crises of the 1970s. In 

the 1980s, intensity began to rise again, and continued this upward trend through the 90s and 

2000s. Growth in research intensity has been subdued since the recession. Whilst it is difficult 

to establish an ostensive link with developments in the skill premium from this graph, our 

regression results reveal that once we control for time and country fixed effects, a clear positive 

relationship between the skill premium and research intensity becomes evident. Once this 

relationship is established, this graph allows us to infer that the large increase in research 

intensity following WW2 placed upward pressure on the skill premium, thereby moderating 

the rate of decline relative to what is observed in the earlier part of the 20th century.  

 
 

Note: Data presented is the unweighted average for the 16 countries considered. Research intensity is defined as 

expenditure on research and development as a share of GDP. Research productivity is defined as the number of 

patents per real dollar of research and development expenditure.  
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Unlike the upward trend in research intensity, there is a clear downward trend in research 

productivity, which can be seen in figure 11. Here research intensity is defined as the number 

of patents produced in a country divided by real expenditure on research and development. The 

natural logarithm of productivity is taken in this graph to allow for easier assessment of the 

data. Interestingly, this decline is only evident from beginning of WW1, with productivity 

increasing gradually prior to this time. Since then, the decline has been dramatic, aligning well 

with the findings of the existing literature on research productivity (Griliches 1994; Gordon 

2016; Bloom et al 2020) that finds a substantial decline in the productivity of research. In recent 

decades this decline has slowed, although it is still evident, a development that has also been 

documented in the literature (Webb et al 2018; Kortum & Lerner 1998). As with research 

intensity, relevant controls need to be considered before any clear relation with the skill 

premium becomes evident. When this is done, we document a clear positive relationship 

between these variables, suggesting that the decline in research productivity has been an 

important contributor to the long-term decline in the return to skill.   

3.7 Controls – Unionisation    

Unionisation is another factor regularly cited as a critical determinant of the income distribution 

(Card et al 2004; Farber et al 2021; Katz & Murphy 1992; Goldin & Katz 2008; Collins & 

Niemesh 2019; Callaway & Collins 2018; Dinardo et al 1996). Presumably, unionisation 

impacts inequality not by changing the relative productivity of factors, but by changing the 

ability of these different factors to extract rents in the bargaining process. For example, higher 

levels of unionisation may constrain the ability of high-skilled individuals (such as CEO’s and 

managers) to extract rent from a firm. Alternatively, unions could leverage the market power 

of their worker base to extract rent for their members.  The graphical evidence presented in 

figure 12 provides prima-facie support for this perspective, with unionisation rising markedly 

until the mid 80s, during the time in which the skill premium experienced a marked decline. 

Unionisation also rose dramatically following both world wars, mirroring the marked declines 

in the skill premium that occurred during these periods.  
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Note: Data presented is the unweighted average for the 16 countries considered. The unionisation rate is defined 

as union membership as a share of employment. The female labour force participation rate is defined as the share 

of the working age female population that is participating in the labour force.  

 

3.8 Controls – Female Labour Force Participation   

 

We also consider the possibility, raised by Acemoglu et al (2004), that, historically, female 

labour has been more substitutable with unskilled male labour than with skilled male labour. If 

this is the case, an expansion in female labour force participation will put downward pressure 

on the skill premium. Given that we already control for the education of the population, such a 

relationship would suggest the existence of structural barriers preventing skilled females from 

assuming roles performed by skilled male workers, thereby resulting in a disproportionate 

increase in the supply of unskilled labour. In Figure 13, we can see that female labour force 

participation was comparatively stable in our sample until the mid-60s, at which point it began 

to increase markedly. If the hypothesis of Acemoglu et al (2004) has held true in recent decades, 

this would suggest that female labour force participation has put considerable downward 

pressure on the skill premium.  

4. Results 

4.1 Baseline Estimates 

In table I, we present our baseline estimates for the model parameters. As discussed, the 

coefficient on the 𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑆𝑖𝑡
) term reflects capital-skill complementarity, with a positive 

coefficient implying that higher levels of machinery capital increase the skill premium and a 

negative coefficient implying that higher levels of machinery capital lower the skill premium. 

As can be seen, in all of the regressions conducted, this coefficient is negative and significant, 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

1870 1900 1930 1960 1990

U
n
io

n
 M

em
b

er
sh

ip
 (

%
)

F12. Unionisation Rate

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

1870 1900 1930 1960 1990

F
em

al
e 

L
ab

o
u
r 

F
o

rc
e 

P
ar

ti
ci

p
at

io
n

F13. Female Labour Force 

Participation



144 

 

suggesting that, throughout history, greater machinery intensity has been associated with lower, 

rather than higher returns to skill.  

 

In the first regression, we regress the skill premium against 𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑆𝑖𝑡
), without any controls and 

find a clear negative relation between the skill premium and machinery intensity. However as 

discussed in section 2, our theoretical framework also requires that we control for the relative 

quantity of skilled and unskilled labour through the inclusion of the  

𝑙𝑛 (
𝑈𝑖𝑡

𝑆𝑖𝑡
) term. As can be seen in regression 2, the inclusion of the 𝑙𝑛 (

𝑈𝑖𝑡

𝑆𝑖𝑡
) term to control for 

the quantity of skilled labour does not have any significant impact on the relation between 

machinery intensity and the skill premium. Importantly though, the coefficient on the 𝑙𝑛(
𝑈𝑖𝑡

𝑆𝑖𝑡
)  

term is positive, suggesting that an increase in the quantity of skills (which will result in a 

decrease in 𝑈𝑖𝑡/𝑆𝑖𝑡) is associated with a decrease in the skill premium, which is consistent with 

supply based theories of the skill premium and a downward sloping demand curve for skilled 

labour.  

 

Table I: Baseline estimates 
 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln (
Kit
M

Sit
) 

-0.11*** 

(0 009) 

-0.10*** 

(0 010) 

-0.11***  

(0 009) 

-0.09*** 

(0 009) 

-0.09*** 

(0 009) 

-0.07*** 

(0 009) 

-0.08*** 

(0 01) 

ln (
Uit
Sit
) - 

0.20*** 

(0 055) 

0.51*** 

(0 062) 

0.40*** 

(0 064) 

0.37*** 

(0 063) 

0.34*** 

(0 063) 

0.43*** 

(0 066) 

ln (
Rit
Yit
)         - - 

0.11*** 

(0 009) 

0.13*** 

(0 009) 

0.13*** 

(0 009) 

0.10*** 

(0 009) 

0.11*** 

(0 010) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0.03*** 

(0 005) 

0.03*** 

(0 005) 

0.02*** 

(0 005) 

0.02*** 

(0 005) 

ln(Unionit) - - - - 
-0.015** 

(0 007) 

-0.03*** 

(0 007) 

-0.03*** 

(0 007) 

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.16*** 

(0 015) 

0.16*** 

(0 015) 

ln(𝑌𝑖𝑡) - - - - - - 
-0.10*** 

(0 025) 

Implied σMU/σUS - 5 1 96 2 5 2 7 2 9 2 33 

Observations 2352 2352 2352 2352 2352 2352 2352 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-201622 

 Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑈𝑆 =
1

𝛽2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

                                                           
22 We also develop error correction models using the error terms from the results presented in this table. With 

the exception of regression 7, all results suggest convergence to the equilibrium suggested by our model. The 

absence of this result in regression 7 suggests that the long-run association between national income and the 

skill premium may be spurious, although the presence of this result in all other regressions suggests that the 

relationship between the skill premium and machinery intensity is not.  
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Given that the coefficient on the 𝑙𝑛 (
𝑈𝑖𝑡

𝑆𝑖𝑡
) term is equal to 

1

𝜎𝑀𝑈
, we are able to use the value of 

this coefficient to derive an estimate of the elasticity of substitution between machinery and 

unskilled labour via the expression 𝜎𝑀𝑈 =
1

𝛽2
 and these estimates are presented in the ‘implied 

𝜎𝑀𝑈’ row of the results table. Given that under our specification, 𝜎𝑀𝑈 = 𝜎𝑈𝑆, these values also 

serve as estimates for the elasticity of substitution between skilled and unskilled labour. In 

regression 2, the estimate produced is equal to 5, which would be on the higher side of the 

estimates for this elasticity that are commonly reported in the literature, which are around 1.5, 

(Katz & Murphy 1992; Ciccone & Peri 2005; Johnson 1970; Fallon & Layard 1975; Caselli & 

Coleman 2000; Murphy, Riddle & Romer 1998) and there are a number of plausible reasons 

for this. Firstly, the use of historical panel data means that there is considerable attenuation 

bias, which will bias the coefficient towards zero and the implied elasticity towards infinity. 

Secondly, changes in the relative quantity of skilled workers are not necessarily exogenous 

shocks to the relative supply of skilled workers and may reflect movements along the relative 

supply curve induced by shocks to the demand for skill arising from omitted variables. In the 

presence of directed technological change or adoption as proposed by Acemoglu (2002) these 

shifts may be endogenous to the quantity of skill and not be directly observable. In their recent 

study, Blundell et al (2021) find no significant relationship between the quantity of skilled 

labour and the skill premium in the United Kingdom, seemingly implying that skilled and 

unskilled labour are perfect substitutes (𝜎𝑆𝑈 = ∞). To explain this puzzle, the authors develop 

a model in which the adoption of skill biased technology in the United Kingdom responds 

endogenously to the supply of skilled labour because the UK is behind the technological 

frontier (the United States) and firms tailor their adoption of frontier technologies to the 

quantity of skilled labour. Given that in our sample all but one country (the UK in the earlier 

part of the sample, and the US in the later period) would find themselves behind the 

technological frontier, it is plausible that similar effects are at work here.  

 

In regression 3, we add the research intensity term 𝑙𝑛 (
𝑅𝑖𝑡

𝑌𝑖𝑡
) as a control. As can be seen, this 

variable has a strong positive correlation with the skill premium, implying that greater research 

effort increases skill biased technological progress. Whilst the coefficient on the machinery 

intensity is unaffected by this inclusion, the coefficient on the relative supply of skill term 

increases substantially to imply that 𝜎𝑀𝑈 is equal 1.96. This implies that regression 3 is a better 
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specified model than regression 2, as this coefficient is considerably closer to the consensus 

estimates for 𝜎𝑆𝑈. It further suggests that some of the changes in the quantity of skilled labour 

in our sample are driven by movements along the supply curve arising from shocks to the 

demand for skilled labour as a result of changes in research intensity.   

 

In regression 4, the research productivity term is added as an additional control. Whilst the 

coefficient is smaller and less significant than the coefficient on the research intensity term, the 

term remains economically and statistically significant. This is especially important because 

the descriptive statistics (see appendix) reveal substantial variation in the research productivity 

term over the sample period, suggesting that research productivity has considerable 

explanatory power for changes in the skill premium. The positive coefficient on this term 

suggests that higher research productivity is associated with a higher skill premium. 

Controlling for research productivity does lower the coefficient on the machinery intensity and 

relative skill supply terms, however they both remain highly statistically and economically 

significant.   

 

Our finding that higher research productivity and higher research intensity are both associated 

with an increase in the skill premium is consistent with general theories of technology-skill 

complementarity. This is because both greater research intensity and greater research 

productivity have a strong theoretical and empirical connection to greater levels of 

technological progress within the endogenous growth literature. Consequently, an increase in 

either of these variables implies an increase in the rate of technological progress. If 

technological progress has a tendency to be more skill-biased than unskill biased (due perhaps 

to the greater ability of skilled workers to learn the skills associated with new technology, or 

to the technical nature of innovation) then this will increase the skill premium. Hence, the 

results in Table I suggest that technological progress is generally more favourable to skilled 

workers. This should not be taken to suggest that technological progress can never be unskill 

biased, rather all these results suggest is that technological progress has a greater tendency to 

be skill biased than it does to be unskill biased. The time-dummies included in our specification 

will plausibly capture, albeit imperfectly, a significant proportion of technological shocks that 

are biased in favour of one or another productive factor, suggesting our results will be robust 

to changes in the nature, as well as the rate of technological progress.  
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The significant positive correlation between technological progress and the skill premium 

implied by these controls occurs alongside a significant negative correlation between 

machinery intensity and the skill premium. This highlights the distinction made in the 

introduction between technology-skill and capital-skill complementarity presented in the 

introduction and illustrates that it is possible for a capital-unskill complementarity to occur 

alongside technology-skill complementarity. Consequently, the empirical findings of this paper 

should not be seen as conflicting with the large body of literature in support of technology-skill 

complementarity.  

 

In regression 5, unionisation is added as a control and is found to have a negative and 

statistically significant relationship with the skill premium. One interpretation of these results 

would suggest that greater union power increases the wages of unskilled workers more than it 

increases the wages of skilled workers. This could occur because unskilled workers are more 

likely to unionise to benefit from unionisation (perhaps due to greater homogeneity in unskilled 

than in skilled labour), or because unions bargain for flat wage increases that disproportionately 

benefit unskilled workers (Acemoglu & Aghion 2001). An alternate interpretation is that 

unionisation becomes more likely when there is a smaller gap in the earnings of skilled and 

unskilled workers, because it is easier to organise a more homogenous labour force, and 

because the incentives for membership amongst skilled workers increase when their relative 

wage is lower. This effect is also part of the model presented by Acemoglu & Aghion (2001). 

Of course, both of these effects could be operating simultaneously and act to reinforce each 

other (ibid.). Despite the significance of the union term, its inclusion does not have any 

substantial implications for our variables of interest. 

 

Female labour force participation is added as a control in regression 6. As can be seen this term 

is highly statistically significant, suggesting that throughout our sample female workers have 

been relatively more complementary to unskilled male workers than to skilled male workers. 

The inclusion of female labour force participation does lower the magnitude of the coefficient 

on machinery intensity and the coefficient on the relative supply of skills term, however all 

variables remain economically and statistically significant after its inclusion.  

 

In regression 7, we control for GDP per capita. This control is because one driving force behind 

increased capital intensity is increases in the size of the economy that facilitate greater 

investment. Consequently, neglecting this control means that it is possible that machinery 
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intensity is merely acting as a proxy for GDP and captures changes in the skill premium that 

occur as a result of another factor that is associated with the development process. Whilst the 

ln (𝑌𝑖𝑡) term is significant and positive, suggesting that economic development puts upward 

pressure on the skill-premium, the coefficient the machinery intensity term remains statistically 

and economically significant, rising marginally in value. The 𝑙𝑛 (
𝑈𝑖𝑡

𝑆𝑖𝑡
) term also rises, bringing 

the estimated value for 𝜎𝑈𝑆 closer to the consensus estimates. 

4.2 First Difference Estimates 

In table II, we present the first difference estimates obtained when equation 17 is used as the 

estimating equation. In these regressions first differences are taken over a five-year period in 

order to provide time for factor prices to adjust to changes in factor quantities within each 

observation interval. Here the coefficients for the machinery intensity term are negative and 

statistically significant in all cases. The coefficient on the relative supply of skilled workers is 

insignificant, but produces estimates for the elasticity of substitution that are broadly consistent 

with those produced in Table I, when appropriate controls are included. This insignificance is 

likely to reflect a smooth evolution of education, and hence 𝑈𝑖𝑡/𝑆𝑖𝑡, over time, with the 

effective supply of labour likely fluctuating around the 𝑈𝑖𝑡/𝑆𝑖𝑡 ratio. With the exception of 

female labour force participation, all other variables are insignificant and close to zero. Given 

that the literature has identified many of these controls as determinants of the skill premium, 

this suggests that the level specification is more appropriate. This absence of significance could 

potentially be because variables such as research intensity and research productivity impact the 

skill premium over a longer period of time as research inputs only translate into observable 

technological change after considerable time lags. Similarly, an increase in union membership 

is likely to have an impact over a prolonged period of time as unions work to consolidate wage 

gains over multiple episodes of collective bargaining. In contrast, an increase in labour force 

participation could plausibly have a rather rapid impact on relative wages as it reflects an 

immediate shock to the supply of unskilled labour (assuming that female labour is more 

substitutable with unskilled than it is with skilled labour, as the estimates suggest is the case). 

Despite the insignificance of our controls. Our finding of a robust relationship between 

machinery intensity and the skill premium bolsters support for the central thesis of this paper 

and suggests that capital deepening can have a considerable impact on the skill premium, even 

over short periods of time.   
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Table II: First Difference 
 (1) (2) (3) (4) (5) (6) (7) 
Dependent 

Variable 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln (
Kit
M

Sit
) 

-0.06**  

(0 024) 

-0.06*** 

(0 024) 

-0.06*** 

(0 024) 

-0.06*** 

(0 024) 

-0.06*** 

(0 025) 

-0.06** 

(0 025) 

-0.06*** 

(0 025) 

∆ln (
Uit
Sit
) - 

0 23 

(0 200) 

0 24 

(0 202) 

0 24 

(0 196) 

0 24 

(0 199) 

0 31 

(0 201) 

0 32 

(0 201) 

∆ln (
Rit
Yit
)         - - 

0 00 

(0 013) 

0 00 

(0 0155) 

0 01 

(0 015) 

0 01 

(0 015) 

0 01 

(0 015) 

∆ ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

∆ln(Unionit) - - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

∆ ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.10*** 

(0 036) 

0.10*** 

(0 037) 

∆ ln(𝑌𝑖𝑡) - - - - - - 
-0 03 

(0 028) 

Implied σMU/σUS - 4 35 4 17 4 17 4 17 3 23 3 13 

Observations 2272 2272 2272 2272 2272 2272 2272 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝛽2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

4.3 Alternate Capital Definition 

In tables III and IV we present the results obtained when the alternate definition of the capital-

skill complementarity hypothesis is considered. To reiterate, this version of the hypothesis 

considers the size of the entire non-residential capital stock, rather than just the machinery 

stock. As can be seen from these results, we do find some evidence for the existence of a 

negative relationship between this type of capital deepening and the skill premium, particularly 

over shorter periods of time. These results are less robust than the results obtained in tables I 

and II, when only machinery capital is considered, with the coefficient on capital becoming 

insignificant in regression 6. However, when GDP is added in regression 7, the term regains 

significance, albeit only at the 10% level. Furthermore, when the first difference estimates are 

considered in table IV, the estimated coefficients on capital intensity are large and statistically 

significant in all regressions. 
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Table III: Alternate Capital Definition 
 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln(πit) 
 

ln (
Kit
Sit
) 

-0.06*** 

(0 009) 

-0.05*** 

(0 010) 

-0.06***  

(0 009) 

-0.04*** 

(0 009) 

-0.04*** 

(0 010) 

-0 01 

(0 010) 

-0.02* 

(0 011) 

ln (
Uit
Sit
) - 

0.20*** 

(0 057) 

0.50*** 

(0 062) 

0.36*** 

(0 066) 

0.34*** 

(0 067) 

0.32*** 

(0 066) 

0.36*** 

(0 067) 

ln (
Rit
Yit
)         - - 

0.11*** 

(0 009) 

0.14*** 

(0 009) 

0.13*** 

(0 009) 

0.10*** 

(0 010) 

0.11*** 

(0 010) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0.04*** 

(0 005) 

0.04*** 

(0 005) 

0.03*** 

(0 005) 

0.03*** 

(0 005) 

ln(Unionit) - - - - 
-0.014* 

(0 007) 

-0.03*** 

(0 008) 

-0.03*** 

(0 008) 

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.19*** 

(0 015) 

0.19*** 

(0 015) 

ln(𝑌𝑖𝑡) - - - - - - 
0.05** 

(0 025) 

Implied σKU/σUS - 5 2 2 78 2 94 3 13 2 78 

Observations 2352 2352 2352 2352 2352 2352 2352 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

ς2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

 

Given the results of regressions 6 and 7 in table III, we conclude that the evidence for the 

capital-unskill hypothesis is greatest when machinery capital alone is considered (following 

Krusell et al 2000). Despite this, tables III and IV shows that the conclusion of capital-unskill 

complementarity is not driven primarily by our choice of definition for capital. Importantly, 

there is no evidence in any of the regressions presented for the existence of capital-skill 

complementarity.  

  

Table IV: First Difference, Alternate Capital Definition 

 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln (
Kit
M

Sit
) 

-0.12***  

(0 034) 

-0.12*** 

(0 034) 

-0.12*** 

(0 034) 

-0.12*** 

(0 034) 

-0.13*** 

(0 032) 

-0.12** 

(0 033) 

-0.14*** 

(0 033) 

∆ln (
Uit
Sit
) - 

0 21 

(0 203) 

0 22 

(0 205) 

0 22 

(0 198) 

0 24 

(0 200) 

0 29 

(0 201) 

0 30 

(0 200) 

∆ln (
Rit
Yit
)         - - 

0 01 

(0 013) 

0 01 

(0 016) 

0 01 

(0 016) 

0 01 

(0 016) 

0 01 

(0 016) 

∆ ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

∆ln(Unionit) - - - - 
0 01 

(0 009) 

0 01 

(0 009) 

0 01 

(0 009) 

∆ ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.07*** 

(0 037) 

0.08** 

(0 038) 

∆ ln(𝑌𝑖𝑡) - - - - - - 
-0.05* 

(0 028) 

Implied σKU/σUS - 4 76 4 55 4 55 4 17 3 45 3 33 
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Observations 2272 2272 2272 2272 2272 2272 2272 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

ς2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

4.4 Alternate Nest 

In table V and VI, the results obtained from estimating equation 19, and its first difference 

equivalent are presented. As previously discussed, this estimating equation uses an alternative 

version of the production function, which imposes different restrictions on the 𝜎𝑀𝑈 and 𝜎𝑀𝑆 

parameters to the production function used to produce the other tables we present. Importantly 

in these regressions the dependent variable is 𝑙𝑛 (
1

𝜋𝑖𝑡
) rather than 𝑙𝑛 (𝜋𝑖𝑡) and consequently, the 

coefficient signs will be the reverse of what they were in the models previously specified. The 

exception to this is the coefficient on the relative supply of skills term, which remains positive 

because this term has changed from 𝑙𝑛 (
𝑈𝑖𝑡

𝑆𝑖𝑡
) to 𝑙𝑛 (

𝑆𝑖𝑡

𝑈𝑖𝑡
) under the alternate nesting. Under this 

specification, the coefficient on the 𝑙𝑛 (
𝑆𝑖𝑡

𝑈𝑖𝑡
) is equal to 

1

𝜎𝑀𝑆
 instead of 

1

𝜎𝑀𝑈
, however because 

the production function used imposes the approximate restriction that 𝜎𝑀𝑆 = 𝜎𝑈𝑆 instead of 

the 𝜎𝑀𝑈 = 𝜎𝑈𝑆 restriction, used in the baseline case, the estimated coefficient here can still be 

used to recover the elasticity of substitution between skilled and unskilled labour using the 

relation 𝜎𝑀𝑆 =
1

𝛾2
.  

 

The variable for capital intensity has also changed to 𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑈𝑖𝑡
) from 𝑙𝑛 (

𝐾𝑖𝑡
𝑀

𝑆𝑖𝑡
), with the coefficient 

being estimated changing to 
𝜎𝑀𝑆−𝜎𝑀𝑈

𝜎𝑀𝑆𝜎𝑀𝑈
(1 − 𝜌) from 

𝜎𝑀𝑈−𝜎𝑀𝑆

𝜎𝑀𝑆𝜎𝑀𝑈
(1 − 𝛿). The important 

implication of this change, and of the change in the dependent variable, is that capital-skill 

complementarity will require a negative coefficient on the 𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑈𝑖𝑡
) term, instead of the positive 

coefficient previously required on the 𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑆𝑖𝑡
) term. Similarly, capital-unskill complementarity 

requires a positive coefficient on the 𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑈𝑖𝑡
) term rather than a negative coefficient on the  

𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑈𝑖𝑡
) term. This is because when the coefficient on 𝑙𝑛 (

𝐾𝑖𝑡
𝑀

𝑈𝑖𝑡
) is positive, the implication is 

that 𝜎𝑀𝑆 > 𝜎𝑀𝑈, which is the necessary and sufficient condition for capital-unskill 

complementarity to hold.  
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Interpreting the coefficients presented in tables V and VI in this manner, we can see that the 

results continue to provide support for the capital-unskill complementarity hypothesis. This is 

evident in the statistically significant positive coefficient on the 𝑙𝑛 (
𝐾𝑖𝑡
𝑀

𝑈𝑖𝑡
) term, which holds 

robustly in all fourteen of the regressions in the two tables. The coefficients on the other 

variables suggest similar relationships between these variables and the skill premium to the 

estimated relations presented in tables I and II (once appropriate consideration is given to the 

change in sign resulting from the change in specification).  

 

Interestingly, the estimated value for 𝜎𝑈𝑆 is generally higher in these regressions than in tables 

I and II. This finding actually supports the thesis of this paper that 𝜎𝑀𝑆 > 𝜎𝑀𝑈 because this 

specification holds that 𝜎𝑈𝑆 is approximately equal to 𝜎𝑀𝑆 whereas the previous specification 

held that 𝜎𝑈𝑆 is approximately equal to 𝜎𝑀𝑆. Consequently, if 𝜎𝑀𝑆 > 𝜎𝑀𝑈 we would expect 

that the estimate for 𝜎𝑈𝑆 with the restriction that it be approximately be equal to 𝜎𝑀𝑆 would be 

higher than the estimate taken when 𝜎𝑈𝑆 ≈ 𝜎𝑀𝑈.  

 

Table V: Alternate Nest 
 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
Kit
M

Uit
) 

0.11*** 

(0 009) 

0.10*** 

(0 010) 

0.11***  

(0 009) 

0.09*** 

(0 009) 

0.09*** 

(0 009) 

0.07*** 

(0 009) 

0.08*** 

(0 010) 

ln (
Sit
Uit
) - 

0.10* 

(0 058) 

0.40*** 

(0 065) 

0.31*** 

(0 066) 

0.29*** 

(0 066) 

0.27*** 

(0 065) 

0.34*** 

(0 067) 

ln (
Rit
Yit
)         - - 

-0.11*** 

(0 009) 

-0.13*** 

(0 009) 

-0.13*** 

(0 009) 

-0.10*** 

(0 009) 

-0.11*** 

(0 010) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
-0.03*** 

(0 005) 

-0.03*** 

(0 005) 

-0.02*** 

(0 005) 

-0.02*** 

(0 005) 

ln(Unionit) - - - - 
0.015** 

(0 007) 

0.03*** 

(0 007) 

0.03*** 

(0 007) 

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
-0.16*** 

(0 015) 

-0.16*** 

(0 015) 

ln(𝑌𝑖𝑡) - - - - - - 
-0.10*** 

(0 025) 

Implied σMS/σUS - 10 2 5 3 23 3 45 3 70 2 94 

Observations 2352 2352 2352 2352 2352 2352 2352 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

 

Table VI: First Difference, Alternate Nest  
 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
1

πit
) 

 

ln (
Kit
M

Uit
) 

0.06** 

(0 024) 

0.06*** 

(0 024) 

0.06***  

(0 024) 

0.06*** 

(0 024) 

0.06*** 

(0 025) 

0.06** 

(0 025) 

0.06*** 

(0 025) 

ln (
Sit
Uit
) - 

0 17 

(0 198) 

0 18 

(0 199) 

0 17 

(0 194) 

0 18 

(0 197) 

0 24 

(0 199) 

0 25 

(0 198) 

ln (
Rit
Yit
)         - - 

-0 00 

(0 013) 

-0 00 

(0 015) 

-0 01 

(0 015) 

-0 01 

(0 015) 

-0 01 

(0 015) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
-0 00 

(0 009) 

-0 00 

(0 009) 

-0 00 

(0 009) 

-0 00 

(0 009) 
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ln(Unionit) - - - - 
-0 00 

(0 009) 

-0 00 

(0 009) 

-0 00 

(0 009) 

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
-0.10*** 

(0 036) 

-0.10*** 

(0 037) 

ln(𝑌𝑖𝑡) - - - - - - 
0 03 

(0 028) 

Implied σMU/σUS - 5 88 5 56 5 88 5 56 4 17 4 

Observations 2272 2272 2272 2272 2272 2272 2272 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝛾2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

4.5 Alternate Measure of Skill  

In table VII and VIII, we present the regression results obtained when an alternate measure of 

the supply of skills is used to test the sensitivity of our results. In these regressions the 𝑆𝑖𝑡 term 

is defined as the number of workers with a university degree, whilst 𝑈𝑖𝑡 is defined simply as 

the number of workers without a university degree. For most variables, there is little difference 

between the coefficients estimated in these regressions and the coefficients estimated with the 

baseline measure of skill that has been used throughout the paper. The exception is the 

estimates for the coefficient on the ln (
Uit

Sit
) term, which are substantially smaller (particularly 

in the level regressions) than the coefficients in the baseline regressions. The implication of 

this is that the estimates for  σSU are well above the results regularly reported in the literature. 

  

Despite this, the coefficient on ln (
Uit

Sit
) is still positive and generally significant, consistent with 

the relative supply effect discussed in section II. As for the baseline results, the high value of 

these estimated elasticities can be attributed in part to the attenuation and endogenous 

technology adoption (Blundell et al 2021) effects described earlier, which are also likely to be 

relevant to the baseline elasticity estimates. Additionally, as discussed in the data section, this 

measure of the supply of skills is fairly rigid, and doesn’t account for the large expansions of 

the supply of skills associated with the expansion of both primary and secondary education. 

 

Table VII: Alternate Measure of Skill 
 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln (
Kit
M

Sit
) 

-0.11***  

(0 008) 

-0.13***  

(0 010) 

-0.13***  

(0 009) 

-0.11***  

(0 010) 

-0.11***  

(0 010) 

-0.09*** 

(0 010) 

-0.10***  

(0 011) 

ln (
Uit
Sit
) - 

0.05***  

(0 014) 

0.11***  

(0 015) 

0.06***  

(0 016) 

0.06***  

(0 016) 

0.06** 

(0 016) 

0.08*** 

(0 017)  

ln (
Rit
Yit
)         - - 

0.09***  

(0 009) 

0.11***  

(0 009) 

0.10***  

(0 009) 

0.08***  

(0 009) 

0.09***  

(0 009) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0.04***  

(0 005) 

0.03*** 

(0 005) 

0.02*** 

(0 005) 

0.03***  

(0 005) 

ln(Unionit) - - - - 
-0.02***  

(0 007) 

-0.03***  

(0 007) 

-0.03***  

(0 008)  
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ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.15***  

(0 016) 

0.15*** 

(0 016) 

ln(𝑌𝑖𝑡) - - - - - - 
0.08*** 

(0 025) 

Implied σMU/σSU - 20 9 09 16 67 16 67 16 67 12 5 

Observations 2352 2352 2352 2352 2352 2352 2352 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

        

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝛽2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

 

This conceptual inflexibility, and the fact that the estimated skill-unskill elasticities are 

substantially above those traditionally reported in the literature, suggests that the baseline 

measure of skill we employ produces a better-specified empirical model. For this reason, we 

have focused primarily on this measure in this paper. Despite this, we note that our thesis of 

capital-unskill complementarity is not sensitive to the measure of skill employed. This is 

clearly evident in the first row of table VII and table VIII, in which the estimated coefficients 

on the machinery intensity term are similar to those produced in our earlier regressions.  

 

Table VIII: First Difference, Alternate Measure of Skill 

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝛽2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

 

To provide an additional test for the sensitivity of our results, we also compile a measure of the 

number of skilled workers that defines a skilled worker in the post-1950 period as a worker 

with tertiary education, and a skilled worker in the pre-1950 period as a worker with a 

secondary education. In this measure, the series for the number of secondary workers is spliced 

with the series for the number of tertiary workers to avoid a sharp break in the data. This 

measure accounts for the fact that, historically, those with only a secondary education would 

 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln (
Kit
M

Sit
) 

-0.04*  

(0 021) 

-0.06**  

(0 024) 

-0.06**  

(0 024) 

-0.06** 

 (0 024) 

-0.06**  

(0 025) 

-0.06** 

(0 02) 

-0.06**  

(0 025) 

ln (
Uit
Sit
) - 

0.10*** 

(0 035) 

0.10*** 

(0 036) 

0.10*** 

(0 036) 

0.10***  

(0 036) 

0.10***  

(0 036) 

0.10***  

(0 036) 

ln (
Rit
Yit
)         - - 

0 00 

(0 013) 

0 01 

(0 015) 

0 01 

(0 015) 

0 01 

(0 015) 

0 01 

(0 015) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

ln(Unionit) - - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.09** 

(0 036) 

0.10***  

(0 036) 

ln(𝑌𝑖𝑡) - - - - - - 
-0 03 

(0 028) 

Implied σMU/σSU - 10 10 10 10 10 10 

Observations 2272 2272 2272 2272 2272 2272 2272 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 
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have been considered ‘skilled’ by the standards of their time, due to lower overall levels of 

educational attainment. The results of the regressions are relegated to tables AI and AII in 

Appendix One and, as with the results for the alternate measure of skill preseted in Tables VII 

and VIII, are consistent with our baseline results.  

 

4.6 Structural Break associated with the IT Revolution   

 

Tables IX and X show the results of regressions that allow for a break in the coefficient value 

on the ln (
Kit
M

Sit
) term for observations concerning the post 1980 period (for the first difference 

estimates, these are the values after 1984 as the observations refer to the changes in ∆ ln (
𝐾𝑖𝑡
𝑀

𝑆𝑖𝑡
) 

ending in the listed year). As can be seen in Table IX, there is a clear difference between the 

periods in the coefficient estimated. In the pre-1980 period, the coefficient on the ln (
Kit
M

Sit
) term 

is consistently negative and statistically significant. In contrast, in the post 1979 period the 

coefficient is consistently positive and is significant in five out of the seven regressions. A 

similar pattern is evident in the first difference estimates in table 10, with positive, albeit 

insignificant, coefficients after 1984, and negative coefficients before 1985. These results 

provide suggestive evidence that the relationship between the machinery stock and the skill 

premium has changed after 1980, potentially resulting in the occurance of capital-skill 

complementarity, in line with the findings of the recent literature. Despite this break, the results 

continue to suggest that, throughout history, machinery capital has tended to be more 

complementary with unskilled, than with skilled labour.  

 

 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln (
Kit
M

Sit
)
𝑝𝑟𝑒1980

 
-0.10*** 

(0 010) 

-0.10***  

(0 010) 

-0.10***  

(0 010) 

-0.09*** 

 (0 010) 

-0.09***  

(0 010) 

-0.05*** 

(0 01) 

-0.06***  

(0 010) 

ln (
Kit
M

Sit
)
𝑝𝑜𝑠𝑡1979

 
0.15*** 

(0 035) 

0.12*** 

(0 036) 

0.07* 

(0 037) 

0.07** 

(0 037) 

0.07* 

(0 037) 

0 03 

(0 038) 

0 03 

(0 038) 

ln (
Uit
Sit
) - 

0.23*** 

(0 058) 

0.53*** 

(0 063) 

0.47*** 

(0 066) 

0.46***  

(0 067) 

0.68***  

(0 065) 

0.67***  

(0 066) 

ln (
Rit
Yit
)         - - 

0.08*** 

(0 009) 

0.09*** 

(0 010) 

0.08*** 

(0 010) 

0.07*** 

(0 010) 

0.07*** 

(0 010) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0.01*** 

(0 005) 

0.01** 

(0 005) 

-0 00 

(0 005) 

-0 00 

(0 005) 

ln(Unionit) - - - - 
-0.01** 

(0 007) 

-0.028*** 

(0 007) 

-0.03*** 

(0 007) 

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.21*** 

(0 017) 

0.22**  

(0 017) 

ln(𝑌𝑖𝑡) - - - - - - 
-0 03 

(0 025) 

Implied σMU/σSU - 4 35 1 89 2 13 2 17 1 47 1 49 
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 Table IX: Structural Break Associated with the IT Revolution   

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝜌2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

 

 

 

Table X: First Difference, Structural Break Associated with the IT Revolution   

 (1) (2) (3) (4) (5) (6) (7) 
Dependent 

Variable 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln(πit) 
 

∆ln (
Kit
M

Sit
)
𝑝𝑟𝑒1985

 
-0.07***  

(0 027) 

-0.07*** 

(0 027) 

-0.07*** 

(0 027) 

-0.07*** 

(0 027) 

-0.07*** 

(0 027) 

-0.07** 

(0 027) 

-0.06*** 

(0 010) 

∆ln (
Kit
M

Sit
)
𝑝𝑜𝑠𝑡1984

 
0 036 

(0 049) 

0 022 

(0 052) 

0 02 

(0 052) 

0 02 

(0 052) 

0 02 

(0 052) 

0 02 

(0 052) 

0 031 

(0 038) 

∆ln (
Uit
Sit
) - 

0 16 

(0 206) 

0 17 

(0 208) 

0 17 

(0 203) 

0 18 

(0 205) 

0 25 

(0 208) 

0 67 

(0 066) 

∆ln (
Rit
Yit
)         - - 

0 00 

(0 013) 

0 01 

(0 0155) 

0 01 

(0 015) 

0 01 

(0 015) 

0 07 

(0 010) 

∆ ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

-0 00 

(0 005) 

∆ln(Unionit) - - - - 
0 00 

(0 009) 

0 00 

(0 009) 

-0 03 

(0 007) 

∆ ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.10*** 

(0 036) 

0.22*** 

(0 017) 

∆ ln(𝑌𝑖𝑡) - - - - - - 
-0 03 

(0 025) 

Implied σMU/σUS - 6 25 5 88 5 88 5 56 4 1 49 

Observations 2272 2272 2272 2272 2272 2272 2272 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝜌2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. 

5. Counterfactual simulations   

In table XI, we show the simulated effects of changes in our variables on the skill premium 

across our sample period. These simulations are based upon the coefficients estimated in 

regression 7 of table I. In column one of table XI, we show the effect of a 1 standard deviation 

increase in the selected variable on the skill premium, measured by the standard deviation 

change in ln(π) that the increase in the selected variable induces. As can be seen from the 

results presented, every variable included in the regression has an economically significant 

impact on the skill premium in addition to the statistical significance documented in section 4. 

Despite the significance of all the included variables, machinery intensity, research intensity 

and GDP have the most significant impact on the skill premium with a 1 standard deviation 

increase in these variables implying a -0.35, 0.27 and 0.32 standard deviation change in ln (𝜋) 

respectively. The strong explanatory power of the machinery intensity term demonstrates that 

the capital-unskill complementarity effect identified by this paper has played an important role 

in explaining the long-run development of the skill premium. Changes in the relative supply of 

Observations 2352 2352 2352 2352 2352 2352 2352 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 
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skills also play a highly significant role in explaining the decline in the skill premium. Hence, 

the simulations suggest that machinery, the supply of skills, GDP and research intensity are the 

primary long-run drivers of the skill premium.   

 

In column 2 and 3 of table XI, we show the simulated change that each of the selected variables 

have induced in ln (π) over the sample period, alongside their percentage contribution to the 

overall simulated change predicted by the model. Our fitted model predicts a -0.96 change in 

ln (𝜋) which is similar to the -0.97 change that we observe within the data. The percentage 

change results presented in column 3, demonstrate that the different variables we consider have 

had substantial and often countervailing effects on the skill premium over the past one and a 

half centuries.  The result being that the net decline in the skill premium that we observe is not 

driven overwhelmingly by any one particular factor. Whilst the strong inequality compression 

effect of capital-unskill complementarity can explain 38% of the decline, this effect is 

approximately counterbalanced by the skill biased technological change implied by the 

increase in research intensity. The model highlights an important role for the decline in research 

productivity, although these effects are sufficiently smaller than the effects of research intensity 

so that, when considered together, changes in the technology variables have still increased the 

skill premium over the sample period. Whilst the dramatic expansion in the supply of skills 

over the sample period has been a relevant contributor to the decline in the skill premium, the 

simulated effect remains modest, suggesting that, in the long-run, the combined effect of 

changes in the demand for skill have been more consequential than changes in supply. An even 

milder contribution is made by the increase in unionisation, which explains only 15% of the 

decline of the skill premium. Despite the robustness of the coefficient on the female labour 

force participation term in our empirical analysis, changes in labour force participation have 

similarly placed only minimal upward pressure on the skill premium. GDP and time-effects 

both make substantial contributions to the observed decline. Whilst both of these effects 

represent important controls, they clearly reflect a range of underlying developments about 

which, at this stage, we cannot further elabourate.  
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Table XI: Simulations 
  Standard deviation change in 𝐥𝐧 (𝝅) 

arising from a 1 standard deviation 

increase in selected variable 

Contribution to decline in 𝛑𝐢𝐭, 1870-2016 % 

Machinery 

intensity 
=(2.07*-0.08)/0.47=-0.35 =4.52*-0.08=-0.36 38 

Skill supply =(0.30*0.43)/0.47=0.27 =-0.76*0.43=-0.33 34 
Research 

intensity 
=(1.42*0.11)/0.47=0.33 =3.40*0.11=0.37 -39 

Research 

productivity 
=(3.87*0.02)/0.47=0.16 =-8.90*0.02=-0.18 19 

Unionisation =(1.80*-0.03)/0.47=-0.11 =4.70*-0.03=-0.14 15 
Labour force 

participation 
=(0.39*0.16)/0.47=0.13 =0.66*0.16=0.11 -11 

GDP =(1.52*0.1)/0.47=-0.32 =2.62*0.1=0.26 -27 
Time-effects  =-0.69 72 
Total, 

Explained 
  =-0.96  

Total, Actual   =-0.97   

Notes: The first column is computed by multiplying the estimated coefficient for the selected variable by the 

overall standard deviation for the selected variable (see appendix for summary statistics) and dividing by the 

overall standard deviation of the skill premium. The second column is calculated by multiplying the estimated 

coefficient for the selected variable by the change in the natural log of the selected variable over the time period. 

The third column is obtained by dividing the estimated change in 𝜋𝑖𝑡  from the second column by the total change 

in the log of the skill premium predicted by the model. Due to rounding the last column adds to more than 100%.  

6. Conclusion    

This paper has argued that increases in the quantity of machinery capital per unit of skilled 

labour input have been a significant contributor to the decline in the skill premium over the 

past one and a half centuries. This result is based on the finding that machinery is more 

complementary to unskilled labour than it is to skilled labour. When this is the case, an increase 

in the quantity of machinery increases the marginal product of unskilled workers by more than 

it increases the marginal product of skilled workers. This result plausibly arises as a result of 

the standardisation that accompanies the accumulation of capital, which simplifies tasks and 

increases the relative demand for unskilled labour. Additionally, machinery capital is most 

prevalent in industries with large quantities of unskilled labour.  

 

This finding has broad implications for the large theoretical literature that makes the 

assumption of capital-skill complementarity (e.g. Grossman et al 2017; Parro 2013). Whilst 

our findings do not mean that these results need to be automatically rejected, they do prompt a 
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degree of caution when interpreting their findings. Additionally, the results highlight the 

problems associated with using small data samples do draw generalised conclusions about 

economic phenomena, as has been a tendency in the literature on capital-skill complementarity 

(as discussed in Section I). 

 

In concluding as we have, we have not sought to argue that machinery capital can never be 

relatively more complementary to skilled labour. Instead, we have argued that there are 

plausible examples of specific types of machinery being more complementary to unskilled 

labour alongside other examples in which the opposite is true, rendering the matter an empirical 

one about which we can only make generalised claims at the macro level. We have also not 

sought to disparage the related, yet distinct, hypothesis of technology-skill complementarity, 

which finds significant support within the existing literature. In this case, we have argued that 

technology-skill complementarity is distinguishable from machinery-skill complementarity, 

because there is substantial technological progress that is not embodied within the machinery 

stock.   

 

The finding of a sharp distinction between these processes represents another substantial break 

from much of the existing literature, which often treats these concepts as somewhat 

synonymous (e.g. Goldin & Katz 1998). As such, this work highlights that not all technological 

change is investment-specific, and that investment-specific technological change is not 

representative of all technological change in its impact on the skill premium. 

 

Using our fitted model, we have established empirically that there is indeed a robust negative 

relationship between machinery intensity and the skill premium. This result is robust to the 

inclusion of a number of controls such as unionisation, labour force participation, GDP and the 

relative supply of skills. Additionally, this relationship occurs alongside robust positive 

relationships between both research intensity and research productivity, demonstrating that 

machinery-unskill complementarity is indeed compatible with technology-skill 

complementarity. We also find some, albeit weaker, evidence for the capital-unskill 

complementarity hypothesis when the aggregate non-residential capital stock is considered as 

an alternative to the machinery capital stock.  

 

When we simulate using our fitted model, we show that machinery-unskill complementarity 

can explain approximately 38% of the decline in the skill premium between 1870 and 2016. 
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Increasing access to education can explain a further 34%, with increasing unionisation 

contributing a modest 15%. Over the same period, increasing research intensity has served as 

an important countervailing  force to these developments in placing significant upward pressure 

on the skill premium (increasing research intensity is itself counterbalanced by the long-term 

decline in research productivity). Meanwhile, increases in labour force participation, have had 

a comparatively mild upward impact on the skill premium.  

 

The implication of this is that unskilled workers need necessarily not fear greater capital 

accumulation. Rather, the long-run accumulation of capital, fuelled in large part by investment 

specific technological change, has been a force for greater equality over the past one and a half 

centuries. If investment specific technology continues to advance, in accordance with its 

historical trend, we should expect it to place further downward pressure on the skill premium 

(unless the more recent trend of capital-skill complementarity, documented since 1980, 

continues).  

 

Whilst earlier work has considered long-run developments in factor shares and overall 

inequality, this paper has made use of a novel historical dataset to specifically explore 

developments in inequality that arise from, previously unexplored, changes in the skill 

premium. In doing so, it has demonstrated that the long-run path of the skill premium, which 

has declined substantially, differs substantially from the labor share, which tends to be mean 

reverting. Further work of this nature, which seeks to understand inequality through a thorough 

analysis of its constituent parts, is clearly needed in order to provide further elucidation of 

contemporary developments in the shape of the income distribution.  
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CONCLUSION 

 

In this thesis, I have presented a series of papers examining developments in inequality 

throughout the long-run of history. All of these papers have used long-series panel data for 

OECD countries to test the general validity of a number of distinct theories regarding the 

structural determinants of the functional income distribution. These relationships are robust to 

the inclusion of relevant controls and are able to explain economically and statistically 

significant proportions of observed fluctuations in important inequality indicators.   

 

In these papers, the focus variable has either been the skill premium (in chapter 4) or the capital 

share (in chapters 1,2 and 3). Whilst, as discussed in the introduction, inequality is not 

determined solely by these two variables, they remain highly relevant constituents of the 

aggregate distribution, and are worthy of analysis in their own right. This particularly true in 

light of the secular rise in inequality throughout much of the developed world. This is because 

the rise in the Gini index, and in the share of income accruing to the top 10% of income earners, 

has taken place alongside an increase in the share of income accruing to capital. Additionally, 

the large decline in inequality that took place following WWI reflected large falls in the returns 

to education.   

 

In conducting analysis on these variables, instead of more generalised indicators of inequality 

such as the share of income accruing to the top 10% or the Gini index, I have sought to present 

a more precise picture of the way in which important structural shifts have impacted the 

aggregate distribution of income. Additionally, using these variables allows us to formally 

model relationships using estimating equations derived from the CES production function. This 

means that the results I produce in this thesis have strong theoretical, as well as empirical, 

underpinnings.    

1. Findings from Chapter One 

In the first chapter of this thesis, I introduced a novel theory for the decline in the income share 

of labour. My argument centred around a distinction between the stock of machinery capital, 

and the stock of non-residential buildings and structures. I showed that whilst the stock of 

machinery capital has risen considerably since 1980 due to a large fall in the relative price of 

machinery, the stock of non-residential buildings and structures has actually fallen relative to 
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GDP. This has occurred because of a considerable increase in the relative price of structures, 

which has been driven by considerable sluggishness in construction productivity growth 

throughout the developed world. One of the implications of this has been that whilst, as 

documented by the literature, the relative price of investment has fallen, the relative price of 

capital has actually increased. This is due to the comparatively higher weight of structures in 

non-residential capital, due to their lower rate of depreciation.  

 

Importantly, the decline in the non-residential building to output ratio is also able to explain a 

considerable proportion of the decline in the labour share of income if we model structures and 

machinery as separate inputs into the production process. As was demonstrated, this result 

arises for two important reasons. Firstly, building capital accounts for  approximately 65% of 

the income accruing to non-residential capital. This means that changes in the size of the 

building capital stock are of considerably greater importance than changes in the size of the 

machinery stock. Secondly, the elasticity of substitution between buildings and labour is lower 

than the elasticity of substitution between machinery and labour because buildings and labour 

are more complementary in the productive process than machinery and labour (the empirical 

evidence suggests that machinery and labour are weakly substitutable). This means that an 

increase in the building to output ratio will result in a rise in the labour share, whilst an increase 

in the machinery to capital ratio will result in a fall in labour’s share.  

 

Since 1980, the machinery to output ratio has risen whilst the building to output ratio has fallen. 

Whilst both of these shifts have put downward pressure on the labour share, the effects of the 

fall in the building to output ratio appear to be considerably greater. The results from 

simulations suggested that the decline in the building to output ratio can explain approximately 

35% of the decline in the labour share in the country sample, whilst the rise in the machinery 

to output ratio can explain only 8% of the decline.    

 

The finding of an elasticity of substitution between structures and labour that is less than one 

means that this paper accords well with the existing literature, which finds that the aggregate 

elasticity of substitution between labour and capital is less than one (Chirinko 2008). This is 

because the high share of building capital in both capital income and the capital stock means 

that the elasticity of substitution between buildings and labour is considerably more important 

in determining the overall capital-labour elasticity than the elasticity of substitution between 

machinery and labour (which, the evidence suggests is weakly substitutable with labour).  
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This paper is also strongly complementary to the work of Oberfield and Raval (2021), which 

considers how the decline in the capital to output ratio in the United States has lowered the 

labour share. At the same time, whilst our results suggest that the overall capital-labour 

elasticity is less than one, the finding that the machinery labour elasticity is greater than one 

brings this work into a degree of alignment with the influential findings of Karabarbounis and 

Neiman (2014). This is because the identifying variation used to estimate the overall elasticity 

of substitution in this paper comes from declines in the relative price of investment, which is 

driven largely by the decline in the relative price of machinery. Consequently, both 

Karabarbounis and Neiman (2014) and this work suggest that the decline in the relative price 

of machinery has contributed to the decline in labour’s share, although the results in chapter 

one suggest that the magnitude of this effect is much smaller than suggested by Karabarbounis 

and Neiman (2014).  

 

Another important finding from this paper is that allowing for a heterogenous capital stock, 

reveals a structural shift of macroeconomic significance. With a homogenous capital stock, the 

ability of shifts in the capital to output ratio to explain changes in labour’s share is much weaker 

than in our estimates. This is because the capital to output ratio is fairly stable (although the 

precise magnitude of any change depends considerably upon the source used) over the 1980-

2018 period, whilst the labour share has declined considerably. 

 

Clearly understanding this relationship also requires the use of the labour share as the 

dependent variable, rather than the Gini index or the top 10% share. This is because the 

relationship between factor shares and factor quantities is best understood within the context 

of a production function in which the marginal product of a factor decreases in response to an 

increase in the quantity of a factor by an amount determined by the elasticity of substitution 

between the different factors incorporated into the production function. Using a general 

indicator of inequality wouldn’t allow for the formal specification of this relationship in a 

manner consistent with the relevant economic theory. Furthermore, it wouldn’t have permitted 

the estimation of the parameters for the elasticity of substitution between machinery and labour, 

and between buildings and labour. In such a way, this paper demonstrates that there are 

important implications that can be drawn from the decomposition of inequality into its 

constituent parts.  
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Despite the specific relevance of the non-residential building capital to output ratio to the factor 

distribution of income, we can still see a clear relationship between the Gini index and this 

ratio in figure 1. For example, this figure shows that the decline in the building capital to output 

ratio during the 1850s was also associated with a rise in inequality. Additionally, the Gini index 

follows the same inverted U shaped pattern as the building capital to output ratio does in the 

post 1950 period. Despite this relationship, the correlation is far from perfect, suggesting a 

strong role for omitted variables. Importantly though, the existence of a relation clearly 

demonstrates that the change in the capital share, induced by changes in the building capital to 

output ratio, in turn results in changes to overall inequality.  

 

Data: Gini index is the unweighted average Pre-tax Gini for 21 OECD countries. The KB-Y ratio is the average 

non-residential building capital to output ratio (at PPP prices) for the same 21 OECD countries.  

2. Findings from Chapter Two 

A similar point can be made from the findings of my second chapter, which considers the 

relationship between the labour share and Tobin’s q. In this chapter, I found support for the 

mark-up theory for the decline in the labour share of income. This theory has emerged as 

perhaps the leading explanation for the decline in the labour share (Autor et al 2020; De 

Loecker et al 2020; Barkai 2020), although data limitations mean that much of this work has 

focused on only recent developments, with very little evidence for a strong long-run relation 

between mark-ups and labour’s share. This paper addresses this issue by providing evidence of 

a strong long-run relationship between Tobin’s q (estimated using de-trended real stock price 

data) and the labour share in an error correction framework. Here, Tobin’s q serves as an 
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indicator of the mark-up rate because it reflects the difference between the discounted future 

value of income accruing to the owners of capital, and the replacement cost of that capital. 

 

Due to the inherent difficulties in obtaining an appropriate instrument for Tobin’s q, this paper 

does not present causal evidence for the relationship between Tobin’s q and the labour share, 

keeping with much of the recent literature. Instead, it demonstrates that the mark-up theory is 

consistent with observed developments in Tobin’s q and the labour share since 1870 in the 

OECD. Importantly, mark-ups can explain large shifts in the labour share of income, with the 

increase in Tobin’s q explaining 26% of the increase in the capital share since 1980. Whilst 

economically significant, the size of this relationship leaves significant room for other theories 

for the decline in labour’s share, such as the one presented in chapter one.  

 

The theories of mark-ups in the recent literature (Barkai 2020; Autor et al 2020; De Loecker et 

al 2020; Eggertsson et al 2018; Farhi & Gourio 2018; Aghion et al 2021) explicitly relate 

changes in the mark-up rate to changes in the labour share. This is because an increase in mark-

ups reflects an increase in pure profits made by the representative firm. Consequently, the pure 

profit share of aggregate income will increase, to the detriment of the labour share of income. 

Given that inequality rises with mark-ups due to an increase in the profits of capital owners, it 

makes sense to model this relationship with the capital share as the dependent variable. 

Additionally, the mean reverting tendency of Tobin’s q, as predicted by theory, can explain 

part of the mean-reverting tendency of the labour share in the long-run (Kaldor, 1957). 

Inequality does not have a strong mean-reverting tendency in the long-run, so using the Gini 

index obscures this structural relation.     

 

We can see this relationship in figure 2. Here we can see that changes in the Gini index are 

indeed associated with changes in Tobin’s q. This is evident in the fall in both variables that 

we can see during the 1910s and 1920s. It is also apparent in the increase in both variables 

during the 1980s and 1990s. Despite this, the relationship between these variables is obscured 

by the downward trend in the Gini index, which is not present in the series for Tobin’s q.  
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Data: Gini index is the unweighted average Pre-tax Gini for 21 OECD countries. Tobin’s q is the unweighted 

average value for Tobin’s q for the same 21 countries.  

3. Findings from Chapter Three 

In chapter three, I examine different estimates for the aggregate elasticity of substitution 

between capital and labour. Given that these papers deal with a structural parameter, the 

estimating framework needs to be theoretically grounded, as in chapter one. Consequently, the 

appropriate dependent variable ought to be the capital share and not the Gini index. The 

elasticity of substitution between capital and labour is important to understanding inequality, 

because it will determine the relationship between the size of the capital stock and overall 

inequality. If the elasticity is less than one, then an increase in the size of the capital stock will 

lower inequality, however if it is greater than one, then an increase will increase inequality. 

The size of the elasticity of substitution has become particularly important to recent debates 

regarding inequality because the prominent theories of Piketty (2014) ascribe a fundamental 

role to capital accumulation as a driver of long-run inequality. In particular, Piketty’s prediction 

that inequality will rise when r>g depends upon an elasticity of substitution that is greater than 

one, a claim that is contested by the majority of the relevant literature (Chirinko 2008).  

 

In this paper, I argue that much of this recent disagreement can be attributed to alternate 

definitions of ‘capital’. Specifically, Piketty’s definition of capital is considerably larger than 

that conventionally employed throughout the literature, reflecting the size of the stock of 
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national wealth relative to income. Unlike the real capital stock, wealth is measured at market 

value and reflects changes in Tobin’s q. This paper finds that whilst the elasticity of substitution 

between capital and labour is less than one, the elasticity of substitution between wealth and 

labour is greater than one, although this parameter shouldn’t be considered an elasticity in the 

strict sense. This result closely relates to the findings of the previous two chapters for two 

reasons. Firstly, the finding that the elasticity of substitution is less than one aligns with the 

findings of chapter one, which finds that the elasticity of substitution between capital and 

buildings, the largest component of the capital stock, is less than one. Secondly, the higher 

elasticity of substitution between wealth and labour, is driven by the positive association 

between Tobin’s q and the capital share described in chapter two.  Importantly, I find that once 

these differences are considered, the size of the wealth to output ratio becomes an important 

determinant of the size of the capital share, and hence of inequality. This suggests that the large 

increase in the wealth to output ratio since 1980 has been an important contributor to rising 

inequality.   

 

In the aforementioned papers, I also document some evidence for a relationship between union 

membership and the capital share. This relationship is unsurprising given the strong 

relationship between overall inequality and unionisation evident in figure 3. Whilst an 

association between unionisation and inequality could conceivably arise through a number of 

different mechanisms, the association between unionisation and capital’s share suggests that at 

least some of these mechanisms pertain to the power of capitalists relative to labourers, as 

opposed to mechanisms involving a relationship between labour earnings inequality and 

unionisation. This could mean that unionisation is associated with inequality because a rise in 

unionisation increases the power of workers relative to firms and thereby results in a 

reallocation of economic rent towards labour. Alternatively, a rise in unionisation could itself 

reflect an improvement in labour’s bargaining power driven by some other factor that also 

increases the labour share. Consequently, using the capital share as a dependent variable allows 

us to gain an economically relevant observation that can inform the development of economic 

theory.  Despite this, the simulated impact of unionisation on the labour share was generally 

modest, ranging from explaining 11-18% of the decline in the labour share of income in chapter 

two. 
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Data: Gini index is the unweighted average Pre-tax Gini for 21 OECD countries. Unionisation is the unweighted 

average share of the labour force that are members of a union for the same 21 countries. 

4. Findings from Chapter Four 

In the fourth chapter, the focus variable shifted from the capital share to the skill premium, 

enabling an examination of the determinants of inequality between workers. This chapter 

specifically considered the capital-skill complementarity hypothesis advanced by Griliches 

(1967) and Krusell et al (2000) which argues that an increase in the quantity of machinery will 

increase the skill premium because machinery capital is relatively more complementary to 

skilled labour than it is to unskilled labour. In contrast to these findings, this paper actually 

found that an increase in the stock of capital was actually associated with a decrease in the skill 

premium, thereby suggesting the existence of capital-unskill complementarity. The model 

presented in this paper was derived from a nested constant elasticity of substitution similar to 

the one used in chapter one. Despite this similarity, the production function used focused on 

the distinction between skilled and unskilled labour, a distinction that was not made in chapter 

one. This framework explicitly related the skill premium to changes in the supply of machinery 

capital and the relative supply of skilled labour. As in chapters one and three, the theoretical 

grounding of this framework required that the dependent variable be the skill premium rather 

than a general index of inequality.  
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Using the skill premium as the focus variable also allowed for a more specific understanding 

of the mechanisms through which changes in the size of the capital stock can influence 

inequality. Chapter one demonstrated that higher levels of building capital will decrease 

inequality by lowering the capital share of income whilst higher levels of machinery capital 

will increase inequality by raising the capital share of income (although this second mechanism 

is relatively weak and not robust). Chapter three also demonstrated that when an aggregate 

measure of the capital stock is considered, higher levels of capital will lower inequality by 

decreasing the labour share. The results of chapter four neatly complement these findings by 

considering the ways in which the capital stock influences inequality by changing the degree 

of inequality between workers. In particular, this chapter finds that higher levels of capital will 

further decrease inequality through this channel. This paper also finds that this result holds 

when aggregate capital is considered, as well as when only machinery capital is considered. 

 

The implication of this finding of capital-unskill complementarity is that we would expect an 

increase in the aggregate capital stock to lower inequality through two channels. Firstly, by 

lowering inequalities between workers and capital owners, and secondly by lowering 

inequalities between workers. If the capital-skill complementarity hypothesis held (when the 

aggregate capital stock is considered), alongside an elasticity of substitution between capital 

and labour that was less than one, an increase in the capital stock would instead have an 

ambiguous impact on overall inequality. This is because an increase in capital would lower 

inequalities between workers and capitalists but increase inequalities between workers.  

 

If we consider the finding of machinery capital-unskill complementarity, from chapter four, 

alongside the finding that the machinery capital is weakly substitutable with labour, from 

chapter one, we can conclude that machinery capital does have counteracting effects on overall 

inequality. On the one hand, an increase in machinery capital will increase the capital share of 

income, thereby increasing inequality, whilst also decreasing the skill premium, thereby 

decreasing inequality. Despite this ambiguity, it is logical to conclude that the net impact of an 

increase in the machinery capital stock will be to decrease overall inequality. This is because 

the magnitude of the positive relationship between machinery capital and the labour share is 

weaker, than the relationship between machinery capital and the skill premium explored in 

chapter four.  

 



177 

 

The empirical and theoretical framework employed to consider capital-unskill 

complementarity, also allows for an assessment of the role of education as a long-run 

determinant of the skill premium. The empirical results presented in chapter four suggest that 

higher levels of education are associated with a lower skill premium in a manner that is 

consistent with economic theory. In the long-run, the simulations presented in the paper suggest 

that an increase in educational attainment can explain a substantial 34% of the decline in the 

skill premium between 1870 and 2016.  

 

We can find support for capital-unskill complementarity in the data for overall inequality in 

figure 4. This figure tracks the average annual percentage change in the gini index and in 

machinery intensity over a five year rolling period. I use percentage changes here because 

machinery intensity is highly trended and so it is unrealistic to expect to see any relationship 

in a graph presenting the variables in level form. Here we can see that there is a strong negative 

relationship between changes in the gini index and changes in machinery intensity. The 

implication is that higher levels of growth in machinery intensity reduce inequality. This 

provides prima-facie evidence that the implications of capital-unskill complementarity for the 

skill premium transmit to changes in the overall income distribution. It also supports the 

aforementioned conclusion that machinery-unskill complementarity is a relatively more 

powerful determinant of income inequality than machinery-labour substitutability.  

 

Data: Data series are obtained by taking the 5-year change in the natural logarithm of the variable and converting 

this to an annual rate. The Gini index is the unweighted average Pre-tax Gini for 21 OECD countries. Unionisation 

is the unweighted average share of the labour force that are members of a union for the same 21 countries. 
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Chapter four also documents the existence of technology-skill complementarity, a theme 

discussed by Galor & Moav (2000) and Galor and Franck (2021). This finding implies that 

faster technological progress results in an increase in the returns to education, thereby 

increasing inequality. Technology-skill complementarity is a critical requirement for standard 

models of unified growth (Galor and Weil 2000). This is because these theories rely on a two-

way interaction between the quantity of skills and the rate of technological progress, in which 

higher rates of technological progress induce skill accumulation by raising the returns to skill. 

In this way the skill premium is concretely linked to technological progress by relevant theory. 

As a result, we cannot assess the validity of this theory using a regression model in which the 

Gini index or top 10% share of income is the dependent variable. This is because, in this case, 

a positive relationship between technological progress could be plausibly driven by capital-

biased technological change, which will increase the capital share. Alternatively, an underlying 

positive relationship between technological progress and the skill premium being obscured by 

labour-biased technological progress, which will lower the capital share and thereby overall 

inequality.  

 

Chapter four also was able to demonstrate that there is a negative correlation between the 

degree of unionisation and the skill premium. This suggests that in addition to the mechanisms 

linking inequality to unionisation via the factor distribution of income (discussed above), there 

are also mechanisms at work which operate via influencing the degree of inequality between 

workers. One mechanism could be that unionisation disproportionately affects low skilled 

workers because these groups are more homogenous, and hence benefit more from collective 

bargaining. Alternatively, higher unionisation could itself be driven by an increase in the skill 

premium, if greater consistency in wages means that cooperation amongst workers in the 

bargaining process becomes easier and that there are greater incentives for workers to 

participate in a union (Acemoglu & Aghion 2002). In this way, our finding of significant 

relationships between the capital share and unionisation, and between the skill premium and 

unionisation suggests that the overall relation between unionisation and inequality operates 

through a variety of mechanisms, an insight that would be lost if regressions were completed 

with the Gini index as the dependent variable. It should be noted that, whilst economically and 

statistically significant, the findings of chapter four suggest only a modest role for unionisation 

as a determinant of the skill premium, with the large increase in unionisation between 1870 

and 2016 explaining only 15% of the long-run decline in the skill premium.  
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Finally, chapter four also shows that there is a positive correlation between female labour force 

participation and the skill premium, consistent with Acemoglu et al (2004). The suggestion 

here is that historically female labour has been more substitutable with unskilled male labour 

than with skilled male labour. Hence, the use of the skill-premium allows us to establish clearer 

evidence for this mechanism than would be possible by merely documenting a relationship 

between aggregate inequality and the skill premium. It should be noted that whilst robust, the 

relationship between female labour force participation and the skill premium is small in 

magnitude.   

5. Common Themes 

Through this discussion, I have demonstrated the ways in which all of my papers have 

contributed to the literature through a careful decomposition of important macroeconomic 

variables, namely inequality and the capital stock, into their constituent parts. By decomposing 

inequality into the skill premium and the capital share, I have shown, both theoretically and 

empirically, how factors such as the size of the capital stock, technological change, and 

unionisation have had an impact on inequality by changing one, or both of these central focus 

variables. I have further demonstrated that distinguishing between different types of capital, 

and between capital and wealth can reveal structural relations of considerable macroeconomic 

significance. The implication of this is that in order to more concretely understand a 

macroeconomic phenomenon, we need to be able to distinguish between the various, discrete 

yet interconnected, driving mechanisms. Further research into inequality utilizing such an 

approach, is likely to yield additional insights that can be informative to policy development.  

 

Another important theme throughout the chapters in this thesis has been the use of long series 

historical panel data. Whilst much of the recent literature has, understandably, focused on more 

recent secular developments, particularly in the United States, the limited time-span of the 

datasets employed results in a restricted ability to assess the validity of the theories proposed. 

This is because, recent data usually only permits an examination of the relationship between 

series over a period in which they trend in one direction. In contrast, long series panel data 

considers large periods of fluctuation and allows for the assessment of the general validity of a 

theory. Whilst it is of course possible that relationships between variables can differ over time, 

it is incumbent upon those proposing a theory for contemporary developments that posits a 

relation that is distinct from the historical norm to justify why ‘this time is different’. Similarly, 
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theories that are consistent with historical observations clearly demonstrate their general 

validity and are more likely to be relevant to policymakers operating under a diverse range of 

conditions.   

 

Employing historical panel data also demonstrates that changes in inequality follow a long-run 

process that is contingent upon a number of substantive structural factors. For example, the 

long-run stability of the capital share is powerfully predicted by Tobin’s q, which itself follows 

a mean reverting process. This relationship however, is a long-term process, which only 

becomes readily observable when centuries worth of data is considered. As much of the recent 

literature has demonstrated, in the medium-run, the capital share can and does fluctuate 

dramatically. Additionally, the recent fall in labour’s share appears to be driven, in part, by a 

decades long decline in the relative price of non-residential building capital. Whilst differential 

developments across countries demonstrate that the path of labour’s share is hardly inalterable, 

the consistency of these observations across countries suggest that remedies to rising inequities 

in market income need to focus on the longer term. For example, increased research and 

development in the construction industry could spur the productivity growth needed to stabilise 

or reverse the rise in the relative price of non-residential building capital.  

 

As can be seen, this thesis has made a number of distinct, yet related, contributions to the 

relevant literature. These contributions highlight the important role of long-term structural 

shifts in Tobin’s q, the real stock of building capital and the real stock of machinery capital as 

determinants of the income distribution. This work has placed particular emphasis on the 

mechanism through which these factors accomplish this - whether through compressing or 

extenuating inequalities in the skill premium or by altering the division of income between 

capital and labour. In such a manner, it has been established that inequality is multi-faceted in 

nature and it is important that policy makers give due consideration to this fact.   
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DATA APPENDIX (INTRODUCTION) 

 

Figure 1: 

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Top 10% Income Share | adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

 Countries considered: Switzerland, Ireland, Germany, Greece, Italy, Austria, Spain, 

Netherlands, USA, Norway, United Kingdom, Portugal, Sweden, France, Finland, 

Belgium, Denmark 

Figure 2:  

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

Figure 3:  

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

 Countries considered: Switzerland, Ireland, Germany, Greece, Italy, Austria, Spain, 

Netherlands, USA, Norway, United Kingdom, Portugal, Sweden, France, Finland, 

Belgium, Denmark 

Figure 4: Compiled from the sources listed under figure 3 using the method described in the 

text. 

Figures 5 and 6:     
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World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

 Countries considered: Switzerland, Slovakia, Ireland, Lithuania, Germany, Greece, 

Malta, Bulgaria, Hungary, Bosnia and Herzegovina, Italy, Austria, Montenegro, 

Spain, Kosovo, Croatia, Netherlands, USA, Romana, Norway, Moldova, 

Luxembourg, North Macedonia, United Kingdom, Slovenia, Serbia, Portugal, 

Sweden, Albania, France, Cyprus, Finland, Latvia, Iceland, Czech Republic, 

Belgium, Denmark, Poland, Estonia  

The Gini change from redistribution is calculated from the above sources using the 

method described in the text. 

Figure 7:  

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

World Inequality Database. (2021). ‘National income, Post-tax national income | Total 

population| Gini coefficient| adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

The Gini change from redistribution is calculated from the above sources using the 

method described in the text. 

Figures 8 and 9:  

World Inequality Database. (2021). ‘Pre-tax labour income, [pre-tax labour income ranking] 

Top 10% | share | adults | equal split’, Available from: https://wid.world/data/  

[30/11/2021].  

World Inequality Database. (2021). ‘Pre-tax capital income, [pre-tax capital income 

ranking] Top 10% | share | adults | equal split’, Available from: 

https://wid.world/data/  [30/11/2021].  
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World Inequality Database. (2021). ‘Pre-tax national income, Top 10% | share , Available 

from: https://wid.world/data/  [30/11/2021].  

World Inequality Database. (2021). ‘Labour share of national income Total population | ratio 

| all ages | individual, Available from: https://wid.world/data/ [30/11/2021].  

Figure 10, 11 and 12:   

Labour Share:  

Kerspien, J. A. and Madsen, J. B. 2021, The Composition of Capital and the Declining Income 

Share of Labour. Mimeo, University of Western Australia.  

Gini Index:  

Madsen, J.B. 2021, Historical Inequality in the OECD. Mimeo, University of Western 

Australia.  

Figure 10 is the unweighted average of the 21 countries listed in the text, whilst figure 

11 and 12 refer to country subsets described in the text.  

Figure 13 and 14:  

World Inequality Database. (2021). ‘National income, Pre-tax national income | Total 

population| Top 10% Income Share | adults | equal split |’, Available from: 

https://wid.world/data/  [29/11/2021].  

World Inequality Database. (2021). ‘National wealth, Top 10% | Share | adults | equal split 

|’, Available from: https://wid.world/data/  [29/11/2021].  

Figure 15:  

Gini Index:   

Madsen, J.B. 2021, Historical Inequality in the OECD. Mimeo, University of Western 

Australia.  

Skill Premium:  

Madsen, J.B 2022, Estimates Wages Across Skills and Professions in the OECD countries, 

Working Paper, UWA. 
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The series presented are the unweighted average of 16 countries: Canada, United States, 

Japan, Australia, New Zealand, Austria, Belgium, Denmark, Finland, France, 

Germany, Greece, Italy, Netherlands, Norway and Portugal.  
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APPENDIX ONE (CHAPTER ONE) – ALTERNATE NEST 

 

In Eq. (A1) we present our alternate production function formulation in which labour (L) and 

buildings (𝐾𝑆) are inside the nest with an elasticity of substitution between them of 𝜎𝐵𝐿 and an 

elasticity of substitution of 𝜎𝑀𝐿 between this nest and machinery (𝐾𝑀). Here 𝑌 refers to output, 

whilst 𝛼1 and 𝛼2 are cost share parameters with 𝛼1 referring to the cost share of the nest and 

𝛼2 referring to the cost share of labour relative to the cost share of the nest. 𝐴𝐿, 𝐴𝐾𝑆 , 𝐴𝐾𝑀 are 

factor specific technology terms. Equations (A2) and (A3) are derived from equation A1 by 

following the procedure used for the primary nested CES production function referred to in the 

main text of the paper. These equations relate changes in factor quantities to changes in factor 

shares. In eqn.A2 we can see that when 𝜎𝐵𝐿 < 1, an increase in the quantity of buildings 

relative to labour leads to the building share falling relative to the labour share, with the reverse 

occurring when 𝜎𝐵𝐿 > 1. In eqn.A3 we can see that increases in the machinery to output ratio 

will lead to increases in the machinery share when 𝜎𝑀𝐿 > 1, but decreases when 𝜎𝑀𝐿 < 1. 

Consequently, despite important functional differences, the predictions of this main predictions 

of this framework are the same as the predictions made using our primary framework.  

 

𝑌 =

{
 

 

𝜆1 [𝜆2(𝐴
𝐿𝐿)

𝜎𝐵𝐿−1
𝜎𝐵𝐿 + (1 − 𝜆2)(𝐴

𝐵𝐾𝐵)
𝜎𝐵𝐿−1
𝜎𝐵𝐿 ]

𝜎𝐵𝐿

𝜎𝐵𝐿−1
∙
𝜎𝑀𝐿−1
𝜎𝑀𝐿

+ 𝜆1(𝐴
𝑀𝐾𝑀)

𝜎𝑀𝐿−1
𝜎𝑀𝐿

}
 

 

𝜎𝑀𝐿

𝜎𝑀𝐿−1

 
(A1) 

∆ln (
𝑆𝐵

𝑆𝐿
)
𝑖𝑡

= 𝜌1∆ ln (
𝐾𝐵

𝐿
)
𝑖𝑡

 + 𝜑𝑡 + 𝜔𝑖 + 휀1𝑖𝑡 (A2) 

∆ ln(𝑆𝑀)𝑖𝑡 = 𝜏1∆ ln (
𝐾𝑀

𝑌
)
𝑖𝑡
+ 𝜑𝑡 + 𝜔𝑖 + 휀2𝑖𝑡, (A3) 

where 𝜏1 =
𝜎𝑀𝐿−1

𝜎𝑀𝐿
 and 𝜌1 =

𝜎𝐵𝐿−1

𝜎𝐵𝐿
. It is important here to emphasize that there is a technical 

distinction between 𝜎𝐵𝐿 and 𝜎𝑀𝐿 in this formulation of the nested CES production function 

and 𝜎𝐵𝐿 and 𝜎𝑀𝐿 in the nested CES production function we have used for the majority of this 

paper. This is because in this alternative specification, 𝜎𝐵𝐿 denotes the elasticity of substitution 

between buildings and labour assuming that the elasticity of substitution between the nested 

inputs and M is fixed at 𝜎𝑀𝐿 . In contrast, in our main specification 𝜎𝐵𝐿 denotes the elasticity 

of substitution between buildings and a nest of machinery and labour. We use consistent 

notation to refer to these two concepts because we consider both values of 𝜎𝐵𝐿 to be estimates 

of the elasticity of substitution between buildings and labour, and both values of 𝜎𝑀𝐿 to be 
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estimates of the elasticity of substitution between machinery and labour, even though the 

specifications in which these parameters feature differ in subtle ways. It is also important to 

stress that the factor share of buildings is small relative to the factor share of labour, with the 

factor share of machinery relative to the factor share of labour being even smaller still. This 

means that the relationship between 𝐾𝑀 and L in equation A3 will be the dominant determinant 

of 𝜎𝑀𝐿, and the relationship between 𝐾𝐵 and L in equation A2 will be the dominant determinant 

of 𝜎𝐵𝐿. Consequently, that there is strong reason to suppose that discrepancies between models 

in their definition of these parameters ought not to impact estimates too much (a conclusion 

that is supported by an examination of the empirical estimates produced by the two procedures).  
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APPENDIX TWO (CHAPTER ONE) – SUMMARY STATISTICS 

 

 

Summary Statistics: 1870-2018 

Variable Observations Mean Std. Dev 

ln (𝑠𝐵) 3,129 -1.80903 0.513791 

ln (𝑠𝑀) 3,129 0.108146 0.06665 

ln (
𝐾𝑀

𝑌
) 

3,129 -1.54899 0.96116 

ln (
𝐾𝐵

𝑌
) 

3,129 0.891356 0.546438 

ln (
𝐾𝑀

𝐿
) 

3,129 -6.62997 1.783438 

ln (
𝐾𝐵

𝐿
) 

3,129 -4.18963 1.252784 

ln (𝐶𝑜𝑚) 3,129 1.863279 1.427544 
ln (𝑈𝑛𝑖𝑜𝑛) 3,129 -2.53825 1.765019 
ln (𝑞) 3,129 -0.04607 0.28946 

 

Summary Statistics: 1800-2018 

Variable Observations Mean Std. Dev 

ln (𝑠𝐵) 4,599 -1.83373 0.59245 

ln (𝑠𝑀) 4,599 -2.30941 0.634144 

ln (
𝐾𝑀

𝑌
) 4,599 -1.96047 1.236206 

ln (
𝐾𝐵

𝑌
) 4,599 0.793068 0.738384 

ln (
𝐾𝑀

𝐿
) 4,599 -7.574 2.178199 

ln (
𝐾𝐵

𝐿
) 4,599 -4.82045 1.556098 

 

Summary Statistics: 1950-2018 

Variable Observations Mean Std. Dev 

ln (𝑠𝐵) 1,449 -1.85808 0.332379 

ln (𝑠𝑀) 1,449 -2.47193 0.298552 

ln (
𝐾𝑀

𝑌
) 1,449 -1.0352 0.585104 

ln (
𝐾𝐵

𝑌
) 1,449 0.962462 0.272341 

ln (
𝐾𝑀

𝐿
) 1,449 -5.22725 1.020264 

ln (
𝐾𝐵

𝐿
) 1,449 -3.22959 0.647198 

ln (𝐶𝑜𝑚) 1,449 2.964247 0.371563 

ln (𝑈𝑛𝑖𝑜𝑛) 1,449 -1.39155 0.69126 

ln (𝑞) 1,449 -0.06147 0.320996 
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APPENDIX THREE (CHAPTER ONE) – DERIVATION OF 

EXPRESSIONS UNDER IMPERCECT COMPETITION 

 

We begin with the nested CES production function used throughout the main-text of the 

paper: 

 

Y = {(1 − α1) [α2(ALL)
σML−1

σML + (1 − α2)(A
MKM)

σML−1

σML ]

σML

σML−1

σBL−1

σBL

+ α1(A
BKB)

σBL−1

σBL }

σBL

σBL−1

,  

We then obtain the first order conditions for each of the three factors. In this case, profit 

maximisation occurs when these conditions are equal to 𝜇𝑤, 𝜇𝑟𝐵 and 𝜇𝑟𝑀:  

dL

dY
= μw = (1 − α)Y

1

σBL [α2(ALL)
σML−1

σML + (1 − α2)(A
MKM)

σML−1

σML ]

σBL−1

σBL(σML−1)

α2L
−1

σMLAL

σML−1

σML  

dKM

dY
= μrM = (1 − α)Y

1

σBL [α2(ALL)
σML−1

σML + (1 − α2)(A
MKM)

σML−1

σML ]

σBL−1

σBL(σML−1)

α2K
M
−1

σMLAM

σML−1

σML  

dKB

dY
= μrB = Y

1

σBLα1K
B
−1

σMLAB

σBL−1

σBL  

From these expressions, we then derive expressions for each factor share:  

sL = (
1

μ
) (1 − α)Y

−σBL+1

σBL [α2(ALL)
σML−1

σML + (1 − α2)(A
MKM)

σML−1

σML ]

σBL−1

σBL(σML−1)

α2(ALL)
σML−1

σML  

sM = (
1

μ
) (1 − α)Y

−σBL+1

σBL [α2(ALL)
σML−1

σML + (1 − α2)(A
MKM)

σML−1

σML ]

σBL−1

σBL(σML−1)

α2(AMK
M)

σML−1
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1

μ
) α1 (
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Y
)

σBL−1

σBL

, 

 

As can be seen, the expression for the share of income accruing to building capital is almost 

identical to the perfect competition case, however it also contains the (
1

𝜇
) term. Importantly, 

𝑆𝐵 remains a function of the building capital to output ratio, in the manner described in the 

text. When the natural log is taken of this expression, this term will become an omitted 

variable (which we control for with Tobin’s q).   
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Despite this, the expression would suggest that 𝑆𝐵 is a negative function of mark-ups. This is 

because the expression assumes that the profits for mark-ups do not accrue to the owners of 

capital, which they do23. As mark-ups rise, the pure profit share of income does too, and this 

share will accrue to the owners of capital (both capital and  machinery), which is why there is 

a positive correlation between q and 𝑆𝐵. 

 

 

 

 

 

 

 

 

 

                                                           

23 Correcting for this means that an additional term (𝜇𝐾𝐵𝑟𝐵 + 𝜇𝐾𝑀𝑟𝑀 + 𝜇𝑤𝑁) ∗ (𝐾𝐵 ∗
𝑃𝐵

𝐾𝐵∗𝑃𝐵+𝐾𝑀∗𝑃𝑀
) is added 

to the expression for the building share. However this term does not change the fact that the relationship 

between 𝑆𝐵 and 𝐾𝐵 − 𝑌 is determined by 𝜎𝐵𝐿 . 

SM

SL
=
1 − α2
α2

(
AMKM

ALL
)

σML−1

σML

, 

SB = α1 (
ABKB

Y
)

σBL−1

σBL

, 

 

Similarly, the expression for 𝑆𝑀/𝑆𝐿 is identical to what it was in the pure competition 

case. As with buildings, this assumes that the 𝑆𝑀 share is the share of income 

accruing to the owners of machinery capital that is not pure profit. As mark-ups rise, 

the pure profit share of income does too, and this share will accrue to the owners of 

capital (both capital and  machinery), which is why there is a positive correlation 

between q and 𝑆𝑀. 
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DATA APPENDIX (CHAPTER ONE) 

   

Capital Stock  

Constant Investment Non-Residential Buildings And Structures (B&S) Pre-1950 (1951 in 

the case of Greece) 

Canada. 1800-1870. The investment-GDP ratios for the US are used. 1870-1925: Non-

residential investment is split up in M&E and B&S using the investment shares provided by 

Firestone, O. J. 1958. Canada's economic development, 1867-1953: with special reference to 

changes in the country's national product and national wealth. The investment shares are 

available every 10 years. The non-residential gross fixed investment are from Urquhart, M.C., 

1986, New Estimates of Gross National Product, Canada, 1870-1926, Some Implications for 

Canadian Development, in Stanley Engerman and Robert E. Gallman (Eds.) Long-Term 

Factors in American Economic Growth. Chicago: The University of Chicago Press, p. 16 

(Table 2.2). Investment is deflated by the GDP-deflator (Urquhart, Table 2.9). 1926-1950: F33-

F55, F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. United 

States. B&S. 1789-1850. Scaled gross fixed capital formation. Berry, T.S., 1988, Production 

and Population since 1789: Revised GNP Series in Constant Dollars, Botswick Paper No. 6, 

Richmond, VA: The Botswick Press, p. 17, Table 1. 1850-1959: Maddison, A., 1995, 

Explaining the Economic Performance of Nations. Essays in Time and Space, Edward Elgar: 

Aldershot, Table 8f. Japan: 1800-1885. The investment-income ratios for the UK/Ireland are 

used. 1870-1950. 1885-1950: Maddison, A., 1995, Explaining the Economic Performance of 

Nations. Essays in Time and Space, Edward Elgar: Aldershot, p. 156. 25.7% war damage to 

the 1945 capital stock is incorporated into the capital stock following Bolt, J. and van Zanden, 

J. L., 2013. The First Update of the Maddison Project; Re-Estimating Growth Before 1820. 

Maddison Project Working Paper 4, accessed on 18/05/2019. Australia. 1800-1861. The 

investment-GDP ratios for the UK are used. 1861-1901. B&S: sum of gross capital formation 

in shops, industry investment divided by two and investment in Agriculture. All from Butlin 

(1955). The data are deflated by the overall investment deflator, Vamplew, W. (1987). 

Australians Historical Statistics. Fairfax, Syme & Weldon Associates. New South Wales, ANA 

71 and 78. 1901-1950. B&S: Sum of private and public investment in non-residential building 

and structures from Butlin, M. W. (1977). A preliminary annual database 1900/01 to 1973/74 

(No. rdp7701). Reserve Bank of Australia. New Zealand. 1800-1846. The investment-GDP 
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ratios for the UK are used. 1846-1950. Data that distinguish between M&E and B&S are not 

available before 1950. Instead the data are decomposed into private and public non-residential 

nominal investment and are deflated by the GDP deflator. Public gross capital formation is 

available from Mulcare, T. 1994. Gross Capital Formation and Improved Estimates of Real 

Gross and Net Capital Stocks to 1990 for the New Zealand Non-market Production Sector. 

Graduate School of Business and Government Management, Victoria University of 

Wellington. Private investment. 1846-1871: The investment-GDP ratio is assumed constant 

and spliced with the ratio in 1871. 1871-1900. Non-residential private gross capital formation 

from Dowie, J. A. 1966. The course and character of capital formation in New Zealand—1871–

1900. New Zealand Economic Papers, 1(1), 38-58. 1900-1939: The private non-residential 

investment-income ratio is linearly interpolated. 1939-1950. The private non-residential 

investment-income ratio in New Zealand Statistical Yearbooks: 

(http://www.stats.govt.nz/browse_for_stats/economic_indicators/nationalaccounts/long-term-

data-series.aspx), assessed 21-10-2018. Austria. 1800-1870. The investment-GDP ratios for 

Germany are used. 1870-1913: Real gross capital formation is generated from the capital series 

of Schulze, M. S. (2005). An estimate of imperial Austria’s gross domestic fixed capital stock, 

1870-1913. methods, sources and results. WP 2005/5 Department of Economic History LSE. 

Gross capital formation is recovered from the capital stock using 3% for B&S. M&E is 

computed as the sum of the following categories: Railway tracks, rolling stock, ships, 

machinery. B&S is computed as the sum of the following categories: Roads/bridges, 

agricultural buildings, public buildings and common, non-residential, buildings. 1913-1945: 

Total real capital formation from Österreichs volkseinkommen 1913 bis 1963, Monatsberichte 

des Österreichischen Instituts für Wirtschaftsforschung, Sonderheft 14. The total investment-

GDP ratio is decomposed into M&E and B&S using their respective investment-GDP ratios at 

the endpoints. 1945-1950: Sieder, R., Steinert, H., & Tálos, E. (Eds.). 1995. Österreich 1945-

1995: Gesellschaft, Politik, Kultur (Vol. 60). Verlag für Gesellschaftskritik. Belgium. 1800-

1880 the investment-GDP ratios for M&E and B&S in the Netherlands are spliced with those 

in Belgium in 1880 and are from Albers, R. M. 2002, Machinery investment and economic 

growth: The dynamics of Dutch development 1800-1913. Amsterdam: Aksant. 1880-1899: 

noting that the Netherlands and Belgium were united over the period 1815-1830. Gross capital 

formation in agriculture Table 4.4 (B&S) van Meerten, M., 2003, Capital Formation in 

Belgium, 1900-1995, Leuven: Leuven University Press, are spliced with overall economy B&S 

in 1900. 1900-1950: van Meerten, M., 2003, Capital Formation in Belgium, 1900-1995, 

Leuven: Leuven University Press. War damage correction: WWI. 15.5% of 1913 GDP spread 
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out evenly between the years 1914-1917. WWII 7.1% spread out evenly on the years 1943-45. 

The correction for war damage follows van Meerteen, 2003, (see his footnote no. 39). 

Denmark: 1800-1835. The investment-GDP ratios for Sweden are used. 1835-1870: The 

investment data, which are in nominal values, are deflated by CPI from: Abildgren, K 2009, 

‘Consumer prices in Denmark 1502-2007’, Working Paper No. 60, Danmarks Nationalbank, 

Economics: Copenhagen, 

<http://www.nationalbanken.dk/en/publications/Documents/2009/01/CPI_DNWP_60.pdf> . 

B&S is the sum of investment in non-residential buildings and structure and maintenance. All 

the investment data are from Table 7 in Hansen, Svend Aage. Økonomisk vækst i Danmark. 

Akademisk forlag, 1976., Bind II. 1870-1950: Table V in Bjerke, Kjeld, and Niels Ussing. 

Studier over Danmarks Nationalprodukt, 1870-1950. GEC Gad, 1958. B&S is scaled total 

gross fixed investment in building and construction, thus includes residential investment. 

Finland. 1800-1861. The investment-GDP ratios for Sweden are used. 1861-1950: Hjerppe, 

R., 1989, The Finnish Economy, 1860-1985, Helsinki: Bank of Finland, Government Printing 

Centre. The data, which are in nominal values from Table 9A at the disaggregated levels, are 

deflated with the overall investment deflator (nominal investment in Table 3C, divided by real 

investment from Table 3A). France. 1800-1820. 1800-1820. The investment-GDP ratios for 

Belgium are used. 1820-1913: Lévy-Leboyer, M. 1978. Capital investment and economic 

growth in France, 1820-1930. The Cambridge economic history of Europe, 7(Part I), 231-95. 

Building and structures include residential housing investment. 1913-1939: Villa, P., 1993, A 

Macroeconomic Analysis of 20th Century France. Paris: CNRS- Editions. 1939-46: 

interpolation (construction sector employment from T. Liesner, 1989, One Hundred Years of 

Economic Statistics, Oxford: The Economist. (1989, p. 191) used to bridge the two series). 

1946-1950: interpolated. War damage of 2% is assumed each year over the periods 1914-17 

and 1942-1945. Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison Project; 

Re-Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 

18/05/2019. Germany. 1800-1850. Tilly, R. H. 1978. Capital Formation in Germany in the 

Nineteenth Century. The Cambridge Economic History of Europe, 7(part 1), 383-441. The data 

are very scattered and some of the gross investment data are in fixed 1913 prices, some in 

current values, while other categories are capital stock and not investment. The approach taken 

here is to convert all data to gross capital formation in 1913 prices and then splice them to the 

GCF series in 1851. 1851-1913: Table 35 in Hoffmann, Walther G. "Erster Teil." Das 

Wachstum der Deutschen Wirtschaft Seit der Mitte des 19. Jahrhunderts. Springer, Berlin, 

Heidelberg, 1965. There are no separate categories for M&E and B&S. Thus, M&E is 
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estimated as the sum of the following categories: Investment in agricultural M&E, rail, and 

half of business investment in M&E plus structures. B&S are estimated as total non-residential 

investment minus the investment in M&E. 1913-1950: Kirner, W., 1968, Zeitreihen fur das 

Anlagevermogen der Wirtschaftsbereiche in der Bundesreplublik Deutschland, Deutsches 

Institut fur Wirtschaftsforschnung, Duncker & Humbolt: Berlin. The data are adjusted for war 

damage in the source. Non-residential buildings and structures. The following categories are 

added together: Land und Forstwirtschaft, Energiewirtschaft, Bergbau, Grundstoff- und 

Produktionsgüterindustrie, Investeringsgüterindustrie, Verbrauchengüterindustrie, Nahrings- 

und Genussmittel-industrie, Industrie Klainbetrieb und Handwerk, Baugewerbe, Handel, 

Eisenbahnen, Schifffahrt, Übriger Verkehr, Nachrichtenübertragung, Kreditintitutionen und 

Vers. gew., Wohnungsvermietung, Sonst. Dienstleist., Strassen und Brukken, Wasser strassen 

und Hafen, and Übrige staatliches Bereiche, and maintainance (Eisenbahnen, Strassen und 

Bracken, Strassen, Wasser, Häfen). Greece. 1800-1850. The investment-GDP ratios for 

Ireland/UK are used. 1850-1920: B&S. Backdated assuming it to be a constant fraction of GDP 

at the 1920 level. 1920-1948: Derived from consumption of steel (M&E) and cement (B&S), 

Svennilson, I., 1954 Growth and stagnation in the European economy. United Nations 

Economic Commission for Europe, Geneva. 1948-1951. National Accounts of Greece, 1948-

65, T23, Statics Greece. Ireland. 1800-1920. The investment-income ratios for M&E and B&S 

are based on that of the UK since Ireland was a part of the UK during almost all of this period. 

1920-1950: B&S: Derived from consumption of cement, Svennilson, I., 1954. Growth and 

stagnation in the European economy., up to 1950. Italy. 1800-1820. The investment-GDP 

ratios for UK/Ireland are used before 1850 and Spain after 1850. 1861-1950: Baffigi, A. 2011. 

Italian National Accounts. A project of Banca d'Italia, Istat and University of Rome Tor 

Vergata. Economic History Working Papers, Banca d'Italia No 18. Investment in non-

residential buildings and structures is estimated as the sum of public investment, other 

investment and investment non-residential buildings. Netherlands. 1800-1913. Albers, R. M., 

2002. Machinery Investment and Economic Growth, The Dynamics of Dutch Development 

1800-1913, Amsterdam: Aksant. 1913-1950: Groote, P., Albers, R., & De Jong, H. 1996. A 

standardised time series of the stock of fixed capital in the Netherlands, 1900-1995. Groningen 

Growth and Development Centre, Faculty of Economics, University of Groningen. B&S is the 

sum of civil engineering and non-residential construction. 10% war damage is evenly spread 

out over the years 1943-1945. Norway. 1800-1830. The investment-GDP ratios for Sweden 

are used. 1830-1865. Grytten, O. H. 2004. The gross domestic product for Norway, 1830-2003. 

Norges Bank: Occasional Papers, (1), 241. The data are disaggregated into M&E and B&S 
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using their share of total investment in 1856 because only total investment are available. 1865-

1929. Norway, Statistisk Sentralbyrá. "Nasjonalregnskap 1900-1929." Statistics Norway, Oslo 

(1953). B&S. Total investment in building and structures. 1930-1950. Sentralbyra, Statistisk. 

"Nasjonal Regnskap, 1865–1960." (1965). Norges offisielle statistikk XII, No. 163. 1930-1960. 

B&S. Total investment in non-residential buildings and structures. Portugal. 1800-1850. The 

investment-income ratios are assumed to follow that of the UK/Ireland. 1850-1911: The 

investment-income ratios are assumed to follow that of spain. 1911-1950: da Silva, E. G., & 

Lains, P. 2013. Capital formation and long-run growth: Evidence from Portuguese data, 1910-

2011. Iberometrics VI, May, 16-17 Spain. 1800-1850. The investment-GDP ratios for 

Ireland/UK are used. 1850-1950: Table A7.2a De La Escosura, Leandro Prados. El progreso 

económico de España. Fundación BBV, 2003. Sweden. 1800-1949: Edvinsson, R., 2005: 

Growth, Accumulation, Crisis: With New Macroeconomic Data for Sweden. Almqvist & 

Wiksell. All the data are deflated by the deflator for total investment. B&S. Investment in 

building and structures minus investment in buildings. Switzerland. 1800-1850. The 

investment-GDP ratios for Germany are used. B&S. 1850-1914. Nominal investment in M&E 

divided by the GDP deflator, Table R1 in Ritzmann-Blickenstorfer (1996). Computed as total 

nominal non-residential investment (sum of the columns entitled “investment in structures” 

and investment in M&E and non-residential buildings) minus investment in M&E. The data 

are deflated by the GDP deflator. 1914-1920. Interpolated based on the investment-GDP ratio. 

1920-1926. 927-1947. Nominal investment in building and structures minus investment in 

residential buildings deflated by the GDP deflator, Table R4 in Ritzmann-Blickenstorfer 

(1996). 1948-1950: Sum of real investment in government buildings, civil engineering and 

non-residential buildings, Bundesamt für Statistik: Langfristige Reihen der Nationalen 

Buchhaltung der Schweiz. Haupttabellen 1948–1990; Detailtabellen und Konti 1970–1990. 

Bern 1992 Eidg. Statistisches Amt: Revidierte Reihen der Nationalen Buchhaltung der Schweiz 

1948–1976 sowie Produktionskonto 1970 (Beiträge zur schweizerischen Volkswirtschaftliche 

Gesamtrechnungen). UK. 1765-1920. Feinstein, C.H., Pollard, S., 1988, Studies in Capital 

Formation in the United Kingdom, 1750-1920, Oxford: Clarendon Press, p. 431, Table X. 

1920-1950: Feinstein, C. H. 1976. Statistical Tables of National Income, Expenditure, and 

Output of the UK, 1855-1965. Cambridge: Cambridge University Press, Table 40. 

Non-Residential Buildings and Structures Current Investment Post-1950 

All series are spliced using the data-sources below.  
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Australia:1959-2019 OECD online database (https://stats.oecd.org/); 1950-1959 PWT 10.0, 

‘Investment at current national prices in residential and non-residential structures’ Feenstra, 

Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn 

World Table" American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt Austria: 1976-2020 OECD online database (https://stats.oecd.org/); 1972-

1976 OECD, National Accounts 1972-84, Vol.II, Paris. ; 1968-1972 PWT 10.0, ‘Investment at 

current national prices in residential and non-residential structures’ Feenstra, Robert C., Robert 

Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" 

American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt; 1953-1968 OECD, National Accounts 1953-1969, Vol.II, Paris.; 1950-

1953 OECD, National Accounts 1950-1961, Vol.II, Paris. Belgium: 1995-2019 OECD online 

database (https://stats.oecd.org/); 1983-1995 OECD, National Accounts 1983-1995, Vol.II, 

Paris; 1972-1984 OECD, National Accounts 1972-84, Vol.II, Paris.; 1962-1972 OECD, 

National Accounts 1962-73, Vol.II, Paris.; 1959-1962 OECD, National Accounts 1953-1969, 

Vol.II, Paris.; 1950-1959 PWT 10.0, ‘Investment at current national prices in residential and 

non-residential structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), 

"The Next Generation of the Penn World Table" American Economic Review, 105(10), 3150-

3182, available for download at www.ggdc.net/pwt; Canada: 1961-2019 OECD online 

database (https://stats.oecd.org/); 1950-1961 OECD, National Accounts 1950-1961, Vol.II, 

Paris. Denmark: 1966-2020 OECD online database (https://stats.oecd.org/) ; 1953-1966 

National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National Accounts 1950-1961, 

Vol.II, Paris. Finland:1975-2020 OECD online database (https://stats.oecd.org/);1972-1974 

OECD, National Accounts 1972-84, Vol.II, Paris.;1962-1972 OECD, National Accounts 1962-

73, Vol.II, Paris.;1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 

PWT 10.0, ‘Investment at current national prices in residential and non-residential structures’ 

Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of 

the Penn World Table" American Economic Review, 105(10), 3150-3182, available for 

download at www.ggdc.net/pwt France:1959-2020 OECD online database 

(https://stats.oecd.org/).;1950-1959 National Accounts 1950-1961, Vol.II, Paris.Germany: 

1980-2020 OECD online database (https://stats.oecd.org/).;1972-1980 OECD, National 

Accounts 1972-84, Vol.II, Paris.;1962-1972.;OECD, National Accounts 1962-73, Vol.II, Paris. 

1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National 

Accounts 1950-1961, Vol.II, Paris. Greece:1960-2019 OECD online database 

(https://stats.oecd.org/).;1950-1960 OECD, National Accounts 1950-1961, Vol.II, 
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Paris.;Ireland: 1995-2019 OECD online database (https://stats.oecd.org/) .;1986-1995 OECD, 

National Accounts 1983-1995, Vol.II, Paris.;1983-1986 PWT 10.0, ‘Investment at current 

national prices in residential and non-residential structures’ Feenstra, Robert C., Robert Inklaar 

and Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" American 

Economic Review, 105(10), 3150-3182, available for download at www.ggdc.net/pwt.;1972-

1983 OECD, National Accounts 1972-84, Vol.II, Paris.;1962-1972 OECD, National Accounts 

1962-73, Vol.II, Paris.;1957-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-

1957 OECD, National Accounts 1950-1961, Vol.II, Paris. Italy: 1970-2020 OECD online 

database (https://stats.oecd.org/).; 1962-1970 OECD, National Accounts 1962-73, Vol.II, 

Paris.;1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.; 1950-1953 OECD, 

National Accounts 1950-1961, Vol.II, Paris. Japan: 1980-2018 OECD online database 

(https://stats.oecd.org/); 1972-1980 OECD, National Accounts 1972-84, Vol.II, Paris.;1950-

1972 PWT 10.0, ‘Investment at current national prices in residential and non-residential 

structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt.;Netherlands: 1980-2018 OECD online 

database (https://stats.oecd.org/).; 1972-1980 OECD, National Accounts 1972-84, Vol.II, 

Paris.; 1962-1972 OECD, National Accounts 1962-73, Vol.II, Paris.;1953-1962 OECD, 

National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National Accounts 1950-1961, 

Vol.II, Paris. New Zealand: 1971-2018 OECD online database (https://stats.oecd.org/).; 1950-

1971 PWT 10.0, ‘Investment at current national prices in residential and non-residential 

structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt.  Norway: 1970-2020 OECD online database 

(https://stats.oecd.org/).; 1968-1970 OECD, National Accounts 1962-73, Vol.II, Paris.; 1953-

1968 OECD, National Accounts 1953-1969, Vol.II, Paris.; 1950-1953 OECD, National 

Accounts 1950-1961, Vol.II, Paris. Portugal: 1995-2020 OECD online database 

(https://stats.oecd.org/).;1993-1995; 1981-1986; 1973-1977; 1950-1952 PWT 10.0, 

‘Investment at current national prices in residential and non-residential structures’ Feenstra, 

Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn 

World Table" American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt.;1986-1993 OECD, National Accounts 1983-1995, Vol.II, Paris.;1977-

1981 OECD, National Accounts 1972-84, Vol.II, Paris.; 1962-1973 OECD, National Accounts 

1962-73, Vol.II, Paris.;1959-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1952-
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1953 OECD, National Accounts 1950-1961, Vol.II, Paris. Spain: 1995-2020 OECD online 

database (https://stats.oecd.org/).;1983-1995 OECD, National Accounts 1983-1995, Vol.II, 

Paris.; 1972-1982 OECD, National Accounts 1972-84, Vol.II, Paris.; 1969-1971 OECD, 

National Accounts 1962-73, Vol.II, Paris.;1954-1969 OECD, National Accounts 1953-1969, 

Vol.II, Paris.; Leandro Prados de la Escosura (2016), Spain's Historical National Accounts: 

Expenditure and Output, 1850-2015.;1982-1983; 1971-1972; 1950-1954  Leandro Prados de 

la Escosura (2016), Spain's Historical National Accounts: Expenditure and Output, 1850-2015. 

Sweden: 1970-2020 OECD online database (https://stats.oecd.org/).;1962-1970 OECD, 

National Accounts 1962-73, Vol.II, Paris. 1953-1962 OECD, National Accounts 1953-69, 

Vol.II, Paris.; 1950-1953 OECD, National Accounts 1950-61, Vol.II, Paris. Switzerland: 

1995-2019 OECD online database (https://stats.oecd.org/).; 1994-1995 OECD, National 

Accounts, Vol. 2, Paris; 1990-1994 PWT 10.0, ‘Investment at current national prices in 

residential and non-residential structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. 

Timmer (2015), "The Next Generation of the Penn World Table" American Economic Review, 

105(10), 3150-3182, available for download at www.ggdc.net/pwt.; 1969-1990 Bureau Fédéral 

de Statistique, Comptes Nationaux de la Suisse. ;1962-1973 OECD, National Accounts 1962-

69, Vol.II, Paris.; 1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 

OECD, National Accounts 1950-1961, Vol.II, Paris. United Kingdom: 1980-2020 OECD 

online database (https://stats.oecd.org/).;1972-1980 OECD, National Accounts 1972-84, 

Vol.II, Paris.; 1962-1972 OECD, National Accounts 1962-73, Vol.II, Paris.; 1953-1962 

OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National Accounts 

1950-1961, Vol.II, Paris. United States: 1970-2019 OECD online database 

(https://stats.oecd.org/).;1968-1970 OECD, National Accounts 1962-69, Vol.II, Paris.; 1953-

1968 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National 

Accounts 1950-1961, Vol.II, Paris.  

Non-Residential Buildings and Structures Constant Investment Post-1950 

Obtained by dividing current series by: PWT 10.0; ‘Investment price index for residential and 

non-residential structures’. Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), 

"The Next Generation of the Penn World Table" American Economic Review, 105(10), 3150-

3182, available for download at www.ggdc.net/pwt. The same process is adopted for Current 

Investment in Residential Structures.  These series are then adjusted to ensure consistency with 

PWT 10.0 ‘Investment at current national prices in residential and non-residential 
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structures’Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt. This is accomplished by calculating the ratio of 

the PWT series to the sum of the Residential Investment series and Non-Residential Investment 

series, obtained using the sources listed below. This ratio is then multiplied by the Non-

Residential Investment series.  

Non-Residential Buildings and Structures Constant Capital Stock 

Pre and Post 1950 series are first spliced together to form a continuous series. The perpetual 

inventory method is then used to compile a capital stock series assuming a depreciation rate of 

3.1% (value assumed by PWT v.10). Initial value obtained by dividing investment in 1800 by 

the depreciation rate plus the average geometric growth rate of investment between 1800 and 

2018.  

Non-Residential Buildings and Structures Capital Stock Deflator Post-1950 

PWT 10.0; ‘Capital Stock price index for residential and non-residential structures’. Feenstra, 

Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn 

World Table" American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt.  

Non-Residential Investment Buildings and Structures Deflator Pre-1950  

Canada: 1800-1970. Real building deflator for the US multiplied by consumer prices of 

Canada. 1870-1920. Construction cost index, Urquhart, M. (1993). Gross national product, 

Canada, 1870-1926: The derivation of the estimates. T 8.3. McGill-Queen's Press-MQUP. 

1920-1926. Construction cost deflator, Buckley, Kenneth. "Capital Formation in 

Canada." Problems of Capital Formation: Concepts, Measurement, and Controlling Factors. 

NBER, 1957. 91-145. 1926-1950. Series K161-162, Urquhart, M. C.  (Ed.), 1965. Historical 

Statistics of Canada, The University Press, Cambridge. United States: 1800-1860. Table A-3 

Variant A, Adams Jr, Donald R. "Residential construction industry in the early nineteenth 

century." Journal of Economic History (1975): 794-816. 1860-1868. Wholesale prices of 

building materials, U.S. Department of Commerce, 1975, Historical Statistics of the United 

States: Colonial Times to 1970, Bureau of the Census, series E 52-63. 1868-1915. Building 
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costs, Rigglerman, Series N 138-139, Historical Statistics of the United States: Colonial Times 

to 1970, op. cit. 1915-1950. Average building deflator, Series N124 and N125. Japan: 1800-

1885. Bassino, J.P. and Ma, D., 2006. Japanese unskilled wages in international perspective, 

1741–1913, Research in Economic History (pp. 229-248). Emerald Group Publishing Limited. 

1800-1939. Construction investment deflator, sum of investment in non-residential private and 

government buildings, Ohkawa K., Shonohara M., and Meissneer L (1979). Patterns of 

Japanese Economic Development a Quantitative Appraisal, New haven and London, Yale 

University Press, 1979 (spliced). 1939-1952. Consumer prices. 1852-1950. Construction 

investment deflator, sum of investment in non-residential private and government buildings, 

Ohkawa K., Shonohara M., and Meissneer L (1979). Patterns of Japanese Economic 

Development a Quantitative Appraisal, New haven and London, Yale University Press, 1979 

(spliced). Australia: 1800-1824. Real building deflator for the US multiplied by consumer 

prices of Australia. 1824-1828. Hourly wage of a bricklayer in Tasmania, Butlin, N. G., 

Ginswick, J., & Statham, P. (1986). Colonial statistics before 1850. Source Papers in Economic 

History, (No. 12). Australian National University. 1828-1861. Wages of unskilled labour, 

Panza, L., & Williamson, J. G. (2019). Australian squatters, convicts, and capitalists: dividing 

up a fast‐growing frontier pie, 1821–71. The Economic History Review, 72(2), 568-594. 1861-

1950. Price index of residential buildings, Snooks, G. D. (1994), Portrait of the family within 

the total economy: A study in longrun dynamics, Australia 1788-1990. Cambridge University 

Press. New Zealand:1800-1846. Real building deflator for the US multiplied by consumer 

prices of Australia. 1846-1911. Average price index of road, harbour and rail construction, 

Mulcare, T. (1993). Gross Capital Formation and Improved Estimates of Real Gross and Net 

Capital: Stocks to 1990 for the New Zealand Non-market Production, Working Paper 7/93, 

Economic History Group, Victoria University of Wellington. 1911-1950. Construction price 

deflator, Mulcare, T. (1996). Capital formation in transport infrastructure in New Zealand to 

1950. Australian Economic History Review, 36(2), 77-101. Austria: 1800-1880. Daily wages 

for  mason handyman, Vienna, Phelps Brown, E.H. and S.V. Hopkins, A Perspective of Wages 

and Prices (London, 1981), p. 92. 1880-1913. Wage rate in textiles, Cvrcek, Tomas. 2013. 

"Wages, Prices, and Living Standards in the Habsburg Empire, 1827–1910". Journal of 

Economic History 73, 1 (March): 1-37. 1913-1950. Price deflator for building investment, 

Österreichen Statistischen Zentralamt, 1973, Statisches Handbuch Fur Die Republik 

Österreich. Belgium: Real building deflator for the Netherlands multiplied by consumer prices 

of Australia. 1835-1890. Daily wages of textile workers. G. Avondts et al. De Gentse 

Textielarbeiders in de 19e en 20e Eeuw, dossier 2. Brussels: Centrum voor Hedendaagse 
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Sociale Geschiedenis, 1976. 1890-1950. Residential building investment price index, Table 

2.2, M Meerten, 2003, Capital Formation in Belgium, 1900-1195, Leuven: Leuven University 

Press. Denmark: 1800-1802. Urban wages, Abildgren, Kim. "Trends in real wages in 

Denmark since the Late Middle Ages." Historical Methods: A Journal of Quantitative and 

Interdisciplinary History 50, no. 2 (2017): 67-78. 1801-1818. CPI from Abildgren, K 2009, 

‘Consumer prices in Denmark 1502-2007’, Working Paper No. 60, Danmarks Nationalbank, 

Economics: Copenhagen, 

<http://www.nationalbanken.dk/en/publications/Documents/2009/01/CPI_DNWP_60.pdf>.  

1818-1870. Construction and building GDP deflator, Table 7 in Hansen, Svend Aage. 

Økonomisk vækst i Danmark. Akademisk forlag, 1976., Bind II. 1870-1938. Building 

investment deflator, Bjerke, K., & Ussing, N. (1958). Studier over Danmarks Nationalprodukt, 

1870-1950. Køobenhavns universitets økonomiske Institut. 1938-1950. Building investment 

deflator. Olav Grue, 1965, Byggevirksomheden og den Økonomiske Udvikling, Gads Forlag, 

København. Finland:1800-1860. Average wages, Vattula, Kaarina. "Suomen taloushistoria 3. 

Historiallinen tilasto." Helsinki. Tammi (1983). 1860-1950. GDP deflator of building industry, 

Hjerppe, R. (1989), The Finnish Economy, 1860-1985, Helsinki: Bank of Finland, Government 

Printing Centre; 1985-1995. France: 1800-1840. Average wages of building workers: skilled 

and unskilled in Paris, Allen, R. C. (2005). Real wages in Europe and Asia: A first look at the 

long-term patterns. Living standards in the past: new perspectives on well-being in Asia and 

Europe, 1, 111-131. 1840-1913. Building industry deflator, Levy Leboyer, M. and 

Bourguignon, F. (1985), L'économie française au XIXème siècle. Analyse macro-économique, 

Paris: Economica; 1913-1950. Friggit, J. (2001), Prix des Logements, Produits Financiers 

immobiliers et Gestion des Risques, Paris: Economica. Germany:1800-1850. Wages of 

building workers, Allen, Robert. Wages, Prices & Living Standards: The World-Historical 

Perspective (2007). Available on-line: http://www. economics. ox. ac. uk/Members/robert. 

allen/WagesPrices. htm. 1851-1871. Nominal residential construction divided by real 

residential construction, Kunkel, W., Peters, H. and Presier, E. (1965), Enzyklopädie Der 

Rechts-Und Staatswissenchaft, Berlin, Heidelberg and New York: Springer-Verlag. 1871-

1926. Wages in the building and construction industry, Gerhard, B. R. Y. Wages in Germany. 

Princeton Univirstiy Pres, Princeton (1960). 1925-1950. Building costs. Statistisches 

Bundesamt, 1967, Statisches Jahrbuch fur die Bundesrepublik Deutchland, Stuttgart, p. 492. 

Greece: 1800-1950. CPI deflated building cost deflator for Italy multiplied by CPI in Greece. 

Ireland: 1800-1860. Daily wages of construction workers in Dublin, Geary, Frank, and Tom 

Stark. "Trends in real wages during the industrial revolution: a view from across the Irish Sea." 
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The Economic History Review, 57, no. 2 (2004): 362-395. 1860-1918. Wages of building 

workers, D'Arcy, F. A. (1989). Wages of labourers in the Dublin building industry, 1667-1918. 

Saothar, 14, 17-32. 1918-1934. Wages of building workers, League of Nations, Monthly 

Bulletin, Various issues. 1934-1950. Building investment deflator, Henry, E. W. "Estimation 

of Capital Stock in Irish Industry." Journal of the Statistical and Social Inquiry Society of 

Ireland, 25: 1971-1972. Italy: 1800-1861. Average daily wage of skilled and unskilled building 

workers in Milan, Allen, Robert. Wages, Prices & Living Standards: The World-Historical 

Perspective (2007). Available on-line: http://www. economics. ox. ac. uk/Members/robert. 

allen/WagesPrices. htm. 1861-1950. Construction industry GDP deflator, Tables 5 & 6, 

Alberto Baffigi (2011), Italian National Accounts. A project of Banca d'Italia, Istat and 

University of Rome "Tor Vergata, "in "Economic History Working Papers, Banca d'Italia", no. 

18. Netherlands:1800-1914. Building and construction investment deflator, Albers, R. M. 

(2002), Machinery investment and economic growth: The dynamics of Dutch development 

1800-1913. Amsterdam: Aksant. 1914-1950. Construction cost index, Eichholtz, P. (1997). A 

long run house price index: The Herengracht index, 1628–1973. Real Estate Economics, 

25(2):175–192. Norway:1800-1820. Wages in transport and communication, Grytten, Ola H. 

(2007), "Norwegian wages 1726–2006 classified by industry", 343–384, Chapter 6 in Eitrheim, 

Øyvind, Solveig K. Erlandsen, Karsten R. Gerdrup, Ola Honningdal Grytten, Jon Petter Holter, 

Jan Tore Klovland, and Jan F. Qvigstad. Historical monetary statistics for norway 1819–2003. 

Norges Bank, 2004. 1820-1830. Wages in the crafts worshops/industry, Grytten, Ola H. (2007), 

"Norwegian wages 1726–2006 classified by industry", 343–384, Chapter 6 in Eitrheim, 

Øyvind, Solveig K. Erlandsen, Karsten R. Gerdrup, Ola Honningdal Grytten, Jon Petter Holter, 

Jan Tore Klovland, and Jan F. Qvigstad. Historical monetary statistics for norway 1819–2003. 

Norges Bank, 2004. 1830-1850. Deflator in building and utility industry, Grytten, O.H., 2015. 

Norwegian GDP by industry 1830-1930. NHH Dept. of Economics Discussion Paper, No. 16. 

1850-1930. Wages in the building and construction industry, Grytten, Ola H. (2007), 

"Norwegian wages 1726–2006 classified by industry", 343–384, Chapter 6 in Eitrheim, 

Øyvind, Solveig K. Erlandsen, Karsten R. Gerdrup, Ola Honningdal Grytten, Jon Petter Holter, 

Jan Tore Klovland, and Jan F. Qvigstad. Historical monetary statistics for norway 1819–2003. 

Norges Bank, 2004. 1930-1950. Building and construction investment deflator, Statistics 

Norway, Historical Statistics of Norway, Oslo.Portugal:1800-1910. Average daily wages of 

skilled and unskilled building workers in Lisbon, PWR- Portugal. Prices, Wages and Rents in 

Portugal 1300-1910” database, http://pwr-portugal.ics.ul.pt/?page_id=56. 1910-1950. Wages 

in construction, Valério, N. (Ed.). (2001). Portuguese Historical Statistics. Instituto Nacional 
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de Estatística. Spain: 1800-1850. Wages of building workers. Hamilton, Earl. 1969. War and 

Prices in Spain, 1651-1800. New York: Russell & Russell. 1850-1950. GDP deflator in 

building and construction industry. Prados de la Escosura, Leandro (2003), EL Progreso 

Economico De Espana (1850-2000) Bilbao : Fundación BBVA. Sweden:1800-1950. Building 

and construction deflator. Schön, L. and Krantz, O.  Swedish Historical National Accounts 

1560―2010. Switzerland: 1804-1851. Building materials index from Ritzmann-

Blickenstorfer, H. (1996), Historical Statistics of Switzerland, Chronos: Zurich. 1851-1913. 

Beck, Bernhard: Lange Wellen wirtschaftlichen Wachstums in der Schweiz 1814–1913. Eine 

Untersuchung der Hochbauinvestitionen und ihrer Bestimmungsgründe. Bern 1983 (Diss. 

Zürich, Forschungsstelle für schweizerische Sozial- und Wirtschaftsgeschichte der Universität 

Zürich). 1913-1928. Cost of building material in Zurich, Stat. Jahrbuch, 1940. 1928-1950. 

Building cost index. Ritzmann-Blickenstorfer, H., 1996. Historical statistics of Switzerland. 

Zurich: Chronos. United Kingdom:1800-1845. Daily wages of builders, Clark, Gregory. "The 

condition of the working class in England, 1209–2004." Journal of Political Economy, 113, 

no. 6 (2005): 1307-1340. 1845-1938. Construction cost index, Maiwald, K. (1954), An Index 

of Building Costs in the United Kingdom, 1845-1938, The Economic History Review, 7, pp 

187-203. 1939-1954. Fleming, M. C., 1966, “The Long-Term Measurement of Construction 

Costs in the United Kingdom” Journal of the Royal Statistical Society, Series A (General), Vol. 

129, No. 4, 534-556.  

Non-Residential  Buildings and Structures Current Capital Stock 

The constant capital stock series is multiplied by the Non-Residential Capital Stock Deflator. 

This deflator is obtained by splicing the Pre-1950 and Post-1950 Capital Stock Deflator Series 

Pre-1950 Machinery Real Capital Stock 

A series for the capital stock in each country is obtained using the perpetual inventory method 

and the pre-1950 series. Depreciation is assumed to be 17% whilst initial values are calculated 

by dividing investment in 1800 by the depreciation rate summed with the average geometric 

growth rate. This series is then spliced with the post-1950 capital stock.   

The post-1950/80 data are from OECD, National Accounts, Vol. II, Paris, (NA) and the OECD 

online database (https://data.oecd.org/), where the starting year vary across countries as 

detailed for each country below. Before 1950/80 the following sources and methods are used. 
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Canada. 1800-1870. The investment-GDP ratios for the US are used. 1870-1925: Non-

residential investment is split up in M&E and B&S using the investment shares provided by 

Firestone, O. J. 1958. Canada's economic development, 1867-1953: with special reference to 

changes in the country's national product and national wealth. The investment shares are 

available every 10 years. The non-residential gross fixed investment are from Urquhart, M.C., 

1986, New Estimates of Gross National Product, Canada, 1870-1926, Some Implications for 

Canadian Development, in Stanley Engerman and Robert E. Gallman (Eds.) Long-Term 

Factors in American Economic Growth. Chicago: The University of Chicago Press, p. 16 

(Table 2.2). Investment is deflated by the GDP-deflator (Urquhart, Table 2.9). 1926-1960: F33-

F55, F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. United 

States. M&E. 1789-1834: Berry, T.S., 1988, Production and Population since 1789: Revised 

GNP Series in Constant Dollars, Botswick Paper No. 6, Richmond, VA: The Botswick Press, 

p. 17, Table 1. 1834-1889: Rhode, P. W. (2002). Gallman's annual output series for the United 

States, 1834-1909 (W8860). National Bureau of Economic Research. 1889-1950: Maddison, 

A., 1995, Explaining the Economic Performance of Nations. Essays in Time and Space, 

Edward Elgar: Aldershot, p. 156. B&S. 1789-1850. Scaled gross fixed capital formation. Berry, 

T.S., 1988, Production and Population since 1789: Revised GNP Series in Constant Dollars, 

Botswick Paper No. 6, Richmond, VA: The Botswick Press, p. 17, Table 1. 1850-1959: 

Maddison, A., 1995, Explaining the Economic Performance of Nations. Essays in Time and 

Space, Edward Elgar: Aldershot, Table 8f. Japan: 1800-1885. The investment-income ratios 

for the UK/Ireland are used. 1870-1950. 1885-1988: Maddison, A., 1995, Explaining the 

Economic Performance of Nations. Essays in Time and Space, Edward Elgar: Aldershot, p. 

156. 25.7% war damage to the 1945 capital stock is incorporated into the capital stock 

following Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison Project; Re-

Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 18/05/2019. 

Australia. 1800-1861. The investment-GDP ratios for the UK are used. 1861-1901. M&E. 

Sum of nominal gross capital formation in mining, shipping and half of manufacturing 

investment from Butlin, N. G. (1955). Private capital formation in Australia: estimates 1861-

1900 (Vol. 5). Australian National University High Wycombe, Eng.: University Microfilms. 

The data are deflated by the overall investment deflator, Vamplew, W. (1987). Australians 

Historical Statistics. Fairfax, Syme & Weldon Associates. New South Wales, ANA 71 and 78. 

1901-1960. M&E: Sum of private and public investment, where public investment is 

investment in machinery and equipment plus investment in rail, all from Butlin, M. W. (1977). 

A preliminary annual database 1900/01 to 1973/74 (No. rdp7701). Reserve Bank of Australia. 
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Butlin (1977) only provides values of on capital stock and depreciation in fixed prices. Thus 

gross capital formation is created as Kt  - Kt-1 + Depreciationt-1. New Zealand. 1800-1846. The 

investment-GDP ratios for the UK are used. 1846-1970. Data that distinguish between M&E 

and B&S are not available before 1950. Instead the data are decomposed into private and public 

non-residential nominal investment and are deflated by the GDP deflator. Public gross capital 

formation is available from Mulcare, T. 1994. Gross Capital Formation and Improved 

Estimates of Real Gross and Net Capital Stocks to 1990 for the New Zealand Non-market 

Production Sector. Graduate School of Business and Government Management, Victoria 

University of Wellington. Private investment. 1846-1871: The investment-GDP ratio is 

assumed constant and spliced with the ratio in 1871. 1871-1900. Non-residential private gross 

capital formation from Dowie, J. A. 1966. The course and character of capital formation in 

New Zealand—1871–1900. New Zealand Economic Papers, 1(1), 38-58. 1900-1939: The 

private non-residential investment-income ratio is linearly interpolated. 1939-1950. The 

private non-residential investment-income ratio in New Zealand Statistical Yearbooks: 

(http://www.stats.govt.nz/browse_for_stats/economic_indicators/nationalaccounts/long-term-

data-series.aspx), assessed 21-10-2018. 1950-1970. Real gross capital formation distributed on 

B&S and M&E from Philpott, B. 1991, “Real Gross Capital Formation in 22 SNA Sectors, 

1950–1989”, Research Project on Economic Planning Internal Paper 226b, Victoria University 

of Wellington, Wellington, August. Austria. 1800-1870. The investment-GDP ratios for 

Germany are used. 1870-1913: Real gross capital formation is generated from the capital series 

of Schulze, M. S. (2005). An estimate of imperial Austria’s gross domestic fixed capital stock, 

1870-1913. methods, sources and results. WP 2005/5 Department of Economic History LSE. 

Gross capital formation is recovered from the capital stock using 17% depreciation rates for 

M&E. M&E is computed as the sum of the following categories: Railway tracks, rolling stock, 

ships, machinery. 1913-1945: Total real capital formation from Österreichs volkseinkommen 

1913 bis 1963, Monatsberichte des Österreichischen Instituts für Wirtschaftsforschung, 

Sonderheft 14. The total investment-GDP ratio is decomposed into M&E and B&S using their 

respective investment-GDP ratios at the endpoints. 1945-1960: Sieder, R., Steinert, H., & 

Tálos, E. (Eds.). 1995. Österreich 1945-1995: Gesellschaft, Politik, Kultur (Vol. 60). Verlag 

für Gesellschaftskritik. Belgium. 1800-1880 the investment-GDP ratios for M&E and B&S in 

the Netherlands are spliced with those in Belgium in 1880 and are from Albers, R. M. 2002, 

Machinery investment and economic growth: The dynamics of Dutch development 1800-1913. 

Amsterdam: Aksant. 1880-1899: noting that the Netherlands and Belgium were united over the 

period 1815-1830. Gross capital formation in agriculture Table 4.5 (M&E) from van Meerten, 
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M., 2003, Capital Formation in Belgium, 1900-1995, Leuven: Leuven University Press, are 

spliced with overall economy M&E in 1900. 1900-1950: van Meerten, M., 2003, Capital 

Formation in Belgium, 1900-1995, Leuven: Leuven University Press. War damage correction: 

WWI. 15.5% of 1913 GDP spread out evenly between the years 1914-1917. WWII 7.1% spread 

out evenly on the years 1943-45. The correction for war damage follows van Meerteen, 2003, 

(see his footnote no. 39). Denmark: 1800-1835. The investment-GDP ratios for Sweden are 

used. 1835-1870: The investment data, which are in nominal values, are deflated by CPI. M&E 

includes transport investment. All the investment data are from Table 7 in Hansen, Svend Aage. 

Økonomisk vækst i Danmark. Akademisk forlag, 1976., Bind II. 1870-1950: Table V in Bjerke, 

Kjeld, and Niels Ussing. Studier over Danmarks Nationalprodukt, 1870-1950. GEC Gad, 1958. 

1950-1980: OECD National Accounts, Vol. II. Finland. 1800-1861. The investment-GDP 

ratios for Sweden are used. 1861-1950: Hjerppe, R., 1989, The Finnish Economy, 1860-1985, 

Helsinki: Bank of Finland, Government Printing Centre. The data, which are in nominal values 

from Table 9A at the disaggregated levels, are deflated with the overall investment deflator 

(nominal investment in Table 3C, divided by real investment from Table 3A). France. 1800-

1820. 1800-1820. The investment-GDP ratios for Belgium are used. 1820-1913: Lévy-

Leboyer, M. 1978. Capital investment and economic growth in France, 1820-1930. The 

Cambridge economic history of Europe, 7(Part I), 231-95. 1913-1939: Villa, P., 1993, A 

Macroeconomic Analysis of 20th Century France. Paris: CNRS- Editions. 1939-46: 

interpolation (construction sector employment from Liesner (1989, p. 191) used to bridge the 

two series). 1946-1950: interpolated. War damage of 2% is assumed each year over the periods 

1914-17 and 1942-1945. Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison 

Project; Re-Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 

18/05/2019. Germany. 1800-1850. Tilly, R. H. 1978. Capital Formation in Germany in the 

Nineteenth Century. The Cambridge Economic History of Europe, 7(part 1), 383-441. The data 

are very scattered and some of the gross investment data are in fixed 1913 prices, some in 

current values, while other categories are capital stock and not investment. The approach taken 

here is to convert all data to gross capital formation in 1913 prices and then splice them to the 

GCF series in 1851. Except for investment in railway there are hardly any information on 

machinery and equipment investment, partly reflecting that manufacturing was a very low 

share of total economic activity. Thus, M&E investment is estimated as the ratio of building to 

machinery and equipment gross investment in private non-agricultural business and agriculture 

over the period 1851-1855 (from Pierenkemper, T., & Tilly, R. H. 2004. The German Economy 

During the Nineteenth Century. Berghahn Books), is used to backdate machinery and 
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equipment based on investment in buildings and structure. 1851-1913: Table 35 in Hoffmann, 

Walther G. "Erster Teil." Das Wachstum der Deutschen Wirtschaft Seit der Mitte des 19. 

Jahrhunderts. Springer, Berlin, Heidelberg, 1965. There are no separate categories for M&E 

and B&S. Thus, M&E is estimated as the sum of the following categories: Investment in 

agricultural M&E, rail, and half of business investment in M&E plus structures. 1913-1950: 

Kirner, W., 1968, Zeitreihen fur das Anlagevermogen der Wirtschaftsbereiche in der 

Bundesreplublik Deutschland, Deutsches Institut fur Wirtschaftsforschnung, Duncker & 

Humbolt: Berlin. The data are adjusted for war damage in the source. Non-residential buildings 

and structures. The following categories are added together: Land und Forstwirtschaft, 

Energiewirtschaft, Bergbau, Grundstoff- und Produktionsgüterindustrie, 

Investeringsgüterindustrie, Verbrauchengüterindustrie, Nahrings- und Genussmittel-industrie, 

Industrie Klainbetrieb und Handwerk, Baugewerbe, Handel, Eisenbahnen, Schifffahrt, Übriger 

Verkehr, Nachrichtenübertragung, Kreditintitutionen und Vers. gew., Wohnungsvermietung, 

Sonst. Dienstleist., Strassen und Brukken, Wasser strassen und Hafen, and Übrige staatliches 

Bereiche, and maintainance (Eisenbahnen, Strassen und Bracken, Strassen, Wasser, Häfen). 

Machinery and equipment: Total non-residential investment minus investment in B&S Greece. 

1800-1850. The investment-GDP ratios for Ireland/UK are used. 1850-1920: M&E is 

computed as the share of machinery in total imports from T12.2 in Socrates D. Petmezas, 

“Foreign Trade and Capital Flows in Nineteenth-century Greece”, in Edhem Eldem and 

Socrates Petmezas (eds), The Economic Development of Southeastern Europe in the 19th 

Century, Athens: Alpha Bank Historical Archives, 2011, pp. 447-491, multiplied by real GDP 

and the share of nominal imports in total GDP. Imports are from the statistical yearbooks of 

Greece and nominal GDP is from George C. Kostelenos, 2003. “Historical estimates of 

National Accounts Magnitudes in Greece: 1830-1939”, Spoudai, Vol. 53, No. 1, pp. 37-64, 

esp. Table 2a, pp. 46-47. B&S. Backdated assuming it to be a constant fraction of GDP at the 

1920 level. 1920-1948: Derived from consumption of steel (M&E), Svennilson, I., 1954 

Growth and stagnation in the European economy. United Nations Economic Commission for 

Europe, Geneva. 1948-1948. National Accounts of Greece, 1948-65, T23, Statics Greece. 

Ireland. 1800-1920. The investment-income ratios for M&E and B&S are based on that of the 

UK since Ireland was a part of the UK during almost all of this period. 1920-1952: M&E: 1926-

1947, based on M&E gross fixed investment from Nevin, E. 1963. The Capital Stock of Irish 

Industry. Economic and Social Research Institute (ESRI) Research Series. 1920-1925: 

consumption of steel, Svennilson, I., 1954. Growth and stagnation in the European economy., 

up to 1950 and bridged to 1953 using the M&E investment-income ratio for the UK. 1953-
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1970: M&E and B&S: Slattery, D. G. 1975. Fixed capital stock estimation: an empirical 

exercise using Irish data. Journal of the Statistical and Social Inquiry Society of Ireland, 23(2), 

90-133. 1970-1995. Central Statistical Office, T17 Gross Domestic Physical Capital Formation 

(excluding FISIM), assessed on 21-11-2018 on 

(https://www.cso.ie/px/pxeirestat/Statire/SelectVarVal/Define.asp?maintable=NAH17&PLan

guage=0). Italy. 1800-1820. The investment-GDP ratios for UK/Ireland are used before 1850 

and Spain after 1850. 1861-1970: Baffigi, A. 2011. Italian National Accounts. A project of 

Banca d'Italia, Istat and University of Rome Tor Vergata. Economic History Working Papers, 

Banca d'Italia No 18. Netherlands. 1800-1913. M&E include transport. Albers, R. M., 2002. 

Machinery Investment and Economic Growth, The Dynamics of Dutch Development 1800-

1913, Amsterdam: Aksant. 1913-1960: Groote, P., Albers, R., & De Jong, H. 1996. A 

standardised time series of the stock of fixed capital in the Netherlands, 1900-1995. Groningen 

Growth and Development Centre, Faculty of Economics, University of Groningen.  10% war 

damage is evenly spread out over the years 1943-1945. Norway. 1800-1830. The investment-

GDP ratios for Sweden are used. 1830-1865. Grytten, O. H. 2004. The gross domestic product 

for Norway, 1830-2003. Norges Bank: Occasional Papers, (1), 241. The data are disaggregated 

into M&E and B&S using their share of total investment in 1856 because only total investment 

are available. 1865-1929. Norway, Statistisk Sentralbyrá. "Nasjonalregnskap 1900-1929." 

Statistics Norway, Oslo (1953). M&E. Sum of non-transport M&E investment and investment 

in transport.1930-1960. M&E. Sum of non-transport M&E investment and investment in 

transport. B&S. Total investment in non-residential buildings and structures. Portugal. 1800-

1850. The investment-income ratios are assumed to follow that of the UK/Ireland. 1850-1911: 

The investment-income ratios are assumed to follow that of spain. 1911-1960: da Silva, E. G., 

& Lains, P. 2013. Capital formation and long-run growth: Evidence from Portuguese data, 

1910-2011. Iberometrics VI, May, 16-17. Machinery and equipment is computed as the sum of 

transport, machinery, equipment and other with depreciation rates of 8.25 % (0.11 after 1960) 

for M&E, 5.5% % (9.1 % after 1960) for transport and 11% (16% after 1960) for other 

investment. Spain. 1800-1850. The investment-GDP ratios for Ireland/UK are used. 1850-

1950: Table A7.2a De La Escosura, Leandro Prados. El progreso económico de España. 

Fundación BBV, 2003. M&E include investment in transport equipment. Sweden. 1800-1949: 

Edvinsson, R., 2005: Growth, Accumulation, Crisis: With New Macroeconomic Data for 

Sweden. Almqvist & Wiksell. All the data are deflated by the deflator for total investment. 

M&E include investment in transport. Switzerland. 1800-1850. The investment-GDP ratios 

for Germany are used. M&E. 1850-1914: Nominal investment in M&E divided by the GDP 
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deflator, Table R1 in Ritzmann-Blickenstorfer, 1996, Historical Statistics of Switzerland, 

Zurich: Chronos.1914-1920: Interpolated using the investment-income ratio. 1920-1948: 

Derived from consumption of steel, Svennilson, I., 1954 Growth and stagnation in the 

European economy. United Nations Economic Commission for Europe, Geneva. 1948-1979. 

Table R3 in in Ritzmann-Blickenstorfer, 1996. Historical Statistics of Switzerland, Zurich: 

Chronos. B&S. 1850-1914. Nominal investment in M&E divided by the GDP deflator, Table 

R1 in Ritzmann-Blickenstorfer (1996). Computed as total nominal non-residential investment 

(sum of the columns entitled “investment in structures” and investment in M&E and non-

residential buildings) minus investment in M&E. The data are deflated by the GDP deflator. 

1914-1920. Interpolated based on the investment-GDP ratio. 1920-1948. Nominal investment 

in building and structures minus investment in residential buildings deflated by the GDP 

deflator, Table R4 in Ritzmann-Blickenstorfer (1996). 1948-1970: Sum of real investment in 

government buildings, civil engineering and non-residential buildings, Bundesamt für Statistik: 

Langfristige Reihen der Nationalen Buchhaltung der Schweiz. Haupttabellen 1948–1990; 

Detailtabellen und Konti 1970–1990. Bern 1992 Eidg. Statistisches Amt: Revidierte Reihen 

der Nationalen Buchhaltung der Schweiz 1948–1976 sowie Produktionskonto 1970 (Beiträge 

zur schweizerischen Volkswirtschaftliche Gesamtrechnungen). UK. 1765-1920. Feinstein, 

C.H., Pollard, S., 1988, Studies in Capital Formation in the United Kingdom, 1750-1920, 

Oxford: Clarendon Press, p. 431, Table X. 1920-1960: Feinstein, C. H. 1976. Statistical Tables 

of National Income, Expenditure, and Output of the UK, 1855-1965. Cambridge: Cambridge 

University Press, Table 40. 

Machinery Constant Capital Post-1950 

PWT 10.0, Chain index using ‘Current-cost net capital stock of machinery and (non-transport) 

equipment’; ’Current-cost net capital stock of transport equipment’; ‘Current-cost net capital 

stock of transport assets’; ‘Capital stock price index for machinery and (non-transport) 

equipment’; ‘Capital stock price index for transport equipment’; Capital stock price index for 

other assets’; Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt   

Machinery Deflator Post-1950  
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PWT 10.0, Chain index using ‘Current-cost net capital stock of machinery and (non-transport) 

equipment’; ’Current-cost net capital stock of transport equipment’; ‘Current-cost net capital 

stock of transport assets’; ‘Capital stock price index for machinery and (non-transport) 

equipment’; ‘Capital stock price index for transport equipment’; Capital stock price index for 

other assets’; Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt   

Machinery Deflator Pre-1950  

For data starting later than 1800, we use the average CPI-deflated machinery investment 

deflator for the countries for which it is available and multiply by consumer prices for the 

country in question. 

Australia. 1861-1950. Investment deflator for household equipment. Table 7.11 in Snooks, 

Graeme Donald. Portrait of the family within the total economy: a study in longrun dynamics, 

Australia 1788-1990. Cambridge University Press, 1994.Austria. 1870-1912 Schulze, Max-

Stephan, 1996. Engineering and Economic Growth, The Development of Austria-Hungary's 

Machine-Building Industry in the Late Nineteenth Century; 1913-1950 Kausel, A., Nemeth, N. 

and Seidel, H. 1965. Osterreichs Volkseinkommen, 1913 bis 1963, Monatsberichte des 

Osterreichischen Institutes fur Wirtschaftsforschung, 14th Sonderheft. Belgium. 1800-1890. 

Albers, R. M. (2002), Machinery investment and economic growth: The dynamics of Dutch 

development 1800-1913. Amsterdam: Aksant. 1890-1950. Meerteen Michelangelo Van, 2003. 

Capital Formation in Belgium, 1900-1995, Leiven University Press Canada. 1800-1890. 

Investment deflator for the US. 1890-1926. "Canada's Economic Development 1867–1950: 

With Special Reference to Changes in the Country's National Product and National Wealth." 

(1958): 530-531. 1926-1950. Statistics Canada, Historical statistics of Canada, F. H. Leacy 

(ed), 1983, Social Science Federation of Canada and Statistics Canada. Series F33-55 and 

F14-32. The data are the sum of private and government investment in M&E. The deflator is 

estimated by dividing nominal investment with real investment. Denmark. 1844-1870. Table 

6, Hansen, S.A., 1976, Økonomisk Vækst i Danmark, Kobenhavn: Akademisk Forlag. The total 

investment deflator was used since investment deflators for M&E is not reported. 1870-1950 

Danmarks Nationalprodukt 1870-1950, Kobenhavn, 1958.Finland. 1860-1950. Hjerppe, 

Riitta, 1989. The Finnish Economy 1860-1985: Growth and Structural Change, Bank of 

Finland, Tables 3A and 3C. France. 1820-1913. Real investment in M&E divided by real 
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investment in M&E. Real investment in M&E is from Table 60 in Lévy-Leboyer, M. (1978). 

Capital investment and economic growth in France, 1820-1930. The Cambridge economic 

history of Europe, 7(Part I), 231-95. Nominal investment in M&E is from Maurice Levy-

Leboyer and François Bourguignon. The French Economy in the Nineteenth Century: An Essay 

in Econometric Analysis. New York: Cambridge University Press. 1990. 1913-1938. Dubois, 

P., 1975. French Economic Growth, Stanford University Press. 1938-1950. OECD, National 

Accounts, Vol. II, various issues. Germany. 1838-1950. Hoffman, W. G., 1965. Das Wachstum 

der deutschen wirtschaft seit der mitte des 19 jahrhunderts, Table 34. The deflator is computed 

as the ratio of nominal and real investment in M&E in the business sector.Greece. 1800-1950. 

Real M&E investment deflator for Spain. Ireland. 1800-1850. Table 10 in Feinstein, C.H. and 

Pollard, S., 1988. Studies in Capital Formation in the United Kingdom 1750-1920. Oxford 

University Press. 1850-1960. The average CPI-deflated machinery investment deflator for the 

UK multiplied by consumer prices in Ireland.  Italy: 1861-1950. Tables 5 & 6 in Alberto 

Baffigi (2011), Italian National Accounts. A project of Banca d'Italia, Istat and University of 

Rome, Economic History Working Paper #18. Japan: 1885-1950. Tables 38 and 39 in Okawa, 

K., Shinohara, M., & Umemura, M. (Eds.). (1983). Estimates of long-term economic statistics 

of Japan since 1868. Toyo Keizai Shinpo Sha. Netherlands. 1800-1913. Albers, R. M. (2002), 

Machinery investment and economic growth: The dynamics of Dutch development 1800-1913. 

Amsterdam: Aksant.1913-1950: Groote, P., Albers, R., & De Jong, H. 1996. A standardised 

time series of the stock of fixed capital in the Netherlands, 1900-1995. Groningen Growth and 

Development Centre, Faculty of Economics, University of Groningen. B&S is the sum of civil 

engineering and non-residential construction. 10% war damage is evenly spread out over the 

years 1943-1945. Rijks Universiteit Groningen, 2001. Tweehonderd Jaar Statistiek in 

Tijdreeksen, 1800-1999, Centraal Bureau Voor de Statistiek. Norway:  1865-1950 Bjerke, 

Juul, 1966. Trends in Norwegian Economy 1865-1960, Oslo: Statistics Norway Portugal: 

1850-1950. Real M&E investment deflator for Spain. Spain: 1850-1950. M&E investment 

deflator. Prados de la Escosura, L., 2003. El progreso económico de España, 1850-2000, 

Bilbao: Fundación BBVA.Sweden: 1800-1887. Price index for the investment goods 

producing sector from Schön, L. and Krantz, O.  Swedish Historical National Accounts 

1560―2010. 1887-1950. Ljungberg, J., 1990 Priser och marknadskrafter i Sverige 1885-

1969: En prishistorisk studie (Skrifter utgivna av Ekonomisk-historiska föreningen) 

Switzerland: 1838-1950. Prices of M&E for Germany divided by CPI .multiplied by CPI in 

Switzerland. UK: 1800-1920. Feinstein, C.H., Pollard, S., 1988, Studies in Capital Formation 

in the United Kingdom, 1750-1920, Oxford: Clarendon Press, p. 431, Table X. 1920-1950: 
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Feinstein, C. H. 1976. Statistical Tables of National Income, Expenditure, and Output of the 

UK, 1855-1965. Cambridge: Cambridge University Press, Table 40.US. 1847-1869. Public 

utility deflator of the US, Goldsmith, Raymond W., 1955. A study of Savings in United States, 

Greenwood Press, NY. 1869-1909. Investment deflator manufacturing durables from Rhode, 

Paul W. Gallman's annual output series for the United States, 1834-1909. No. w8860. National 

Bureau of Economic Research, 2002. 1909-1939. Producer durables in manufacturing, series 

Dd363, from Carter, S.B. ed., 2006. Historical statistics of the United States: Millennial edition. 

Cambridge: Cambridge University Press. 1939-1950. Investment in M&E in manufacturing, 

series Dd384-686 and Dd384-689 from Carter, S.B. ed., 2006. Historical statistics of the United 

States: Millennial edition. Cambridge: Cambridge University Press. 

Machinery Current Capital  

Obtained by splicing the pre-1950 and post-1950 deflators for machinery and multiplying by 

the real machinery stock.  

Capital to Net National income Ratio’s 

Obtained by dividing a capital stock (constant) series by real net national income. Constant 

series are constant based on country prices in 2017. We consequently convert to PPP series 

using: ‘1501100: Machinery and Equipment’ (Purchasing Power Parity); ‘ 1000000: Gross 

Domestic Product’ (Purchasing Power Parity); ‘1501200: Construction’ (Purchasing Power 

Parity), ICP 2017, World Bank DataBank, Available from: 

https://databank.worldbank.org/source/icp-2017.  

Capital per Worker ratio 

Obtained by dividing a capital stock by product of employment, worker hours and the human 

capital index. Conversion to PPP accomplished using: ‘1501100: Machinery and Equipment’ 

(Purchasing Power Parity); ‘ 1000000: Gross Domestic Product’ (Purchasing Power Parity); 

‘1501200: Construction’ (Purchasing Power Parity), ICP 2017, World Bank DataBank, 

Available from: https://databank.worldbank.org/source/icp-2017.  

Human capital index calculated based on the returns to education from:  Psacharopoulos, 

George (1994), “Returns to investment in education: A global update” World Development 

22(9): 1325–1343, and implanted by: Caselli, Francesco (2005), “Accounting for cross-country 
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income differences” in Phillipe Aghion and Steven N. Durlauf (eds.) Handbook of Economic 

Growth, Volume 1A, Elsevier: 679–741 and in  ‘Human Capital in PWT 9.0’ Feenstra, Robert 

C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn World 

Table" American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt  Whereby the return to schooling is held at 0.134 per year of schooling for 

the first four years of schooling, 0.101 for the next four years of schooling and 0.068 for the 

subsequent years of schooling.  

Data on years of schooling from: Madsen, J. B. (2014), “Human Capital and the World 

Technology Frontier.” Review of Economics and Statistics, 96(4), 676-692 

Tobin’s q  

Tobin’s q obtained by removing the time-trend from the natural logarithm of real stock prices 

(stock prices divided by the GDP deflator – except for Germany and Japan between 1870-1950, 

over which time the CPI is used). The exponent is then taken of the de-trended series. This 

series is then normalized to hold a mean of 0.700357, and a standard deviation of 

0.302794821548556. Which are the mean and  standard deviation for q series for the United 

States between 1900-2007 from Smithers, A 2007, ‘Revised figures from Z1 7th December 

2006’. These figures were based of the calculations of Stephen Wright.  

Stock Prices 

Canada: 1956-2019 OECD online database (https://stats.oecd.org/).1914-1956 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/.1870-1913: Stock Prices relative to GDP Deflator for 

Canada Spliced with Stock Prices relative to GDP deflator for the United States. Spliced series 

multiplied by GDP Deflator. United States: 1957-2019 OECD online database 

(https://stats.oecd.org/). 1870-1957 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. Japan:1959-2019 

OECD online database (https://stats.oecd.org/) 1914-1959 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from: 

http://www.globalfinancialdata.com/1878-1914 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 
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1870-1878: Stock price divided by CPI for Japan spliced with real stock price sample average, 

spliced series is then multiplied by CPI. Australia: 1958-2019 OECD online database 

(https://stats.oecd.org/). 1875-1958 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/.1870-1875 Jorda, 

Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, 

"Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1.New Zealand:1967-2019 

OECD online database (https://stats.oecd.org/).1926-1967 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1925: Stock Prices relative to GDP Deflator for 

New Zealand Spliced with Stock Prices relative to GDP deflator for the Australia. Spliced 

series multiplied by GDP Deflator. Austria Stock Prices: 1957-2019 OECD online database 

(https://stats.oecd.org/). 1922-1957 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. 1870-1922: Stock 

Prices relative to GDP Deflator for Austria Spliced with Stock Prices relative to CPI for 

Germany. Belgium: 1986-2019 OECD online database (https://stats.oecd.org/). 1897-1986 

Global Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1897 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V. 

Denmark: 1983-2019 OECD online database (https://stats.oecd.org/). 1873-1983 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1872-1873 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", 1870-1871: Stock Prices relative to GDP Deflator for Denmark 

Spliced with Stock Prices relative to CPI for Sweden. Spliced series multiplied by GDP 

Deflator. https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. Finland: 1957-

2019 OECD online database (https://stats.oecd.org/). 1912-1957 Global Financial Data, 

database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ . 1870-1911: Stock Prices relative to GDP Deflator for 

Finalnd Spliced with Stock Prices relative to CPI for Sweden. Spliced series multiplied by GDP 

Deflator. France:1955-2019 OECD online database (https://stats.oecd.org/).1870-1955 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. Germany: 1960-2019 OECD online database 



216 

 

(https://stats.oecd.org/) 1870-1960 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. Divided by CPI 

Greece: 1985-2020 OECD online database (https://stats.oecd.org/). 1952-1985 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ 1870-1951: Stock price divided by GDP deflator for 

Greece spliced with real stock price sample average, spliced series is then multiplied by the 

GDP deflator. Ireland:  1955-2019 OECD online database (https://stats.oecd.org/). 1928-1955 

Global Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1928: Richard S. Grossman, Ronan C. Lyons, 

Kevin Hjortshoj O'Rourke & Madalina A. Ursu, "A monthly stock exchange index for Ireland, 

1864-1930", University of Oxford, Discussion Papers in Economic and Social History, No. 

120, Oct. 2013; Appendix 3, pp. 33-51. Italy:1957-2019 OECD online database 

(https://stats.oecd.org/) 1905-1957 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/.1870-1905 Jorda, 

Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, 

"Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. Netherlands:1957-2019 

OECD online database (https://stats.oecd.org/). 1919-1957 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ 1917-1919: Stock prices assumed to increase with GDP 

deflator 1899-1917 Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; 

Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. Norway: 1986-2019 OECD 

online database (https://stats.oecd.org/). 1914-1986 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/.  1880-1914 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 

1870-1880: Stock Prices relative to GDP Deflator for Norway Spliced with Stock Prices 

relative to CPI for Sweden. Spliced series multiplied by GDP Deflator. Portugal: 1988-2019 

OECD online database (https://stats.oecd.org/). 1931-1988 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1931 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 
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on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 

Spain: 1985-2019 OECD online database (https://stats.oecd.org/). 1899-1985 Jorda, Oscar; 

Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication 

Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 1870-1899 Global Financial 

Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ Sweden:  1950-2019 OECD online database 

(https://stats.oecd.org/). 1901-1950 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. 1870-1901 Jorda, 

Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, 

"Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 Switzerland: 1955-2019 

OECD online database (https://stats.oecd.org/).1910-1955 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ 1899-1910 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 

1870-1898: Stock price divided by GDP deflator for Greece spliced with real stock price 

sample average, spliced series is then multiplied by the GDP deflator. United Kingdom: 

1958-2019 OECD online database (https://stats.oecd.org/) 1870-1958 Global Financial Data, 

database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 

Unionisation and Communist Threat 

Madsen, J. B., M. R. Islam, and H. Doucouliagos (2018), “Inequality, Financial Development 

and Economic Growth in the OECD, 1870-2011,” European Economic Review, 101, 605-624.  

Unadjusted Labour Share   

Australia 1950-2018: 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using: 1959-2018 ‘Net 

National Income at Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD 

online database (https://stats.oecd.org/).1950-1959 ‘National Income’; ‘Compensation of 

Employees’ OECD, National Accounts, Vol.II, Paris.1911-1950 ‘Net Capital 
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Share’,Bengtsson-Waldenstrom Historical Capital Shares Database, 1875-2015, Bengtsson, 

Erik and Daniel Waldenström (2017), "Capital shares and income inequality: Evidence from 

the long run", Mimeo.1870-1911:
Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗

(
1

1−depreciation%
) using compensation to employees: Withers, G., Endres, T. and Perry, L. 

(1985), ‘Australian Historical Statistics: Labour Statistics,’ Australian National University, 

Source Papers in Economic History, No 7. 1863-1939. W. Vamplew, 1987 & Nominal GDP: 

Australian Historical Statistics, Broadway, N.S.W: Fairfax, Syme & Weldon 

Associates. 1940-1911. T. Liesner, 1989, One Hundred Years of Economic Statistics, Oxford: 

The Economist. 1844-1870: 
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
) using wages from 

Panza, L., & Williamson, J. G. (2019). Australian squatters, convicts, and capitalists: dividing 

up a fast‐growing frontier pie, 1821–71. The Economic History Review, 72(2), 568-

594..1800-1844  estimated from trend for rest of sample(1815-1845: Austria Belgium, 

France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, 

United Kingdom; 1800-1815: Austria, Belgium, France, Geramny, Ireland, Italy, 

Netherlands, Norway, Portugal, Spain, Sweden, United Kingdom). Austria 1950-2018: 

Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using: 1970-2018 ‘Net National Income at 

Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD online database 

(https://stats.oecd.org/). 1950-1970 ‘Net National Income’; ‘Compensation of Employees’ 

OECD, National Accounts, Vol.II, Paris.1924-1950 ‘Net Capital Share’,Bengtsson-

Waldenstrom Historical Capital Shares Database, 1875-2015, Bengtsson, Erik and Daniel 

Waldenström (2017), "Capital shares and income inequality: Evidence from the long run", 

Mimeo. 1800-1924:
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
) calculated for the period 

1800-2013 using wages from Cvrcek, Tomas. 2013. "Wages, Prices, and Living Standards in 

the Habsburg Empire, 1827–1910". Journal of Economic History 73, 1 (March): 1-37, and 

http://www.iisg.nl/hpw/data.php#europe. Normalised so that mean and standard deviation 

between 1924 and 2013 is consistent across datasets. Pre-1924 data is then spliced to the 

post-1924 data listed above. Belgium:1950-2018: 
Compensation to Employees

Net National Income
∗

(
1

1−self employment %
) using: 1970-2018 ‘Net National Income at Market Prices’ (Current); 

‘Compensation of Employees’ (Current) OECD online database (https://stats.oecd.org/) 

1950-1970 ‘Net National Income’; ‘Compensation of Employees’ OECD, National Accounts, 
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Vol.II, Paris.1920-1953 ‘Net Capital Share’, Bengtsson-Waldenstrom Historical Capital 

Shares Database, 1875-2015, Bengtsson, Erik and Daniel Waldenström (2017), "Capital 

shares and income inequality: Evidence from the long run", Mimeo.1800-1920: 

Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
) calculated for the period 

1870-2013 using: wages from P. Scholliers and V. Zamagni (eds), 1995, Labour’s Reward, 

London: Edward Elgar. Cahiers Economiques, De Broxelles, 1959 V.1 (3) and Cahiers 

Économiques de Bruxelles, 1959. Normalised so that mean and standard deviation between 

1870 and 2013 is consistent across datasets. Pre-1870 data is then spliced to the post-1870 

data listed above. Canada 1950-2018: 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) 

using:1970-2018 ‘Net National Income at Market Prices’ (Current); ‘Compensation of 

Employees’ (Current) OECD online database (https://stats.oecd.org/)1950-1970 ‘Net 

National Income’; ‘Compensation of Employees’ OECD, National Accounts, Vol.II, Paris. 

1926-1950 ‘Net Capital Share’,Bengtsson-Waldenstrom Historical Capital Shares Database, 

1875-2015, Bengtsson, Erik and Daniel Waldenström (2017), "Capital shares and income 

inequality: Evidence from the long run", Mimeo. 1870-1920: 
Compensation to Employees

Nominal GDP
∗

(
1

1−self employment %
) ∗ (

1

1−depreciation%
), calculated for the period 1870-2011 from using F. 

H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. USA. T. 

Liesner, One Hundred Years of Economic Statistics, The Economist: Oxford, Normalised so 

that mean and standard deviation is consistent across datasets. Pre-1920 data is then spliced 

to the post-1920 data listed above. 1855-1869: Estimated from trend for United States 1800-

1854: Estimated from trend for rest of sample (1845-1854: Australia, Austria, Belgium, 

France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, 

United Kingdom; 1815-1845: Austria, Belgium, France, Germany, Ireland, Italy, 

Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom; 1800-1815: 

Austria, Belgium, France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, 

Sweden, United Kingdom).  Denmark 1950-2018: 
Compensation to Employees

Net National Income
∗

(
1

1−self employment %
) using: ‘Net National Income at Market Prices’ (Current); 

‘Compensation of Employees’ (Current) OECD online database (https://stats.oecd.org/) 

1950-1966: ‘National Income’; ‘Compensation of Employees’ OECD, National Accounts, 

Vol.II, Paris. 1876-1950 ‘Net Capital Share’,Bengtsson-Waldenstrom Historical Capital 

Shares Database, 1875-2015, Bengtsson, Erik and Daniel Waldenström (2017), "Capital 
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shares and income inequality: Evidence from the long run", Mimeo. 1870-1920: 

Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
), calculated for the period 

1870-2011 using: Hansen, Svend Aage. Økonomisk vækst i Danmark. Akademisk forlag, 

1976., Bind II. Normalised so that mean and standard are consistent across datasets. Pre-1876 

data is then spliced to the post-1876 data listed above. 1800-1869 estimated based on trend 

from Sweden. Finland: 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using:1970-2018 

‘Net National Income at Market Prices’ (Current); ‘Compensation of Employees’ (Current) 

OECD online database (https://stats.oecd.org/).1950-1970 ‘Net National Income’; 

‘Compensation of Employees’ OECD, National Accounts, Vol.II, Paris.1900-1950 ‘Net 

Capital Share’, Bengtsson-Waldenstrom Historical Capital Shares Database, 1875-2015, 

Bengtsson, Erik and Daniel Waldenström (2017), "Capital shares and income inequality: 

Evidence from the long run", Mimeo. 1860-1900: 
Compensation to Employees

Nominal GDP
∗

(
1

1−self employment %
) ∗ (

1

1−depreciation%
)using: Table 12A, Hjerppe, R., 1989, The Finnish 

Economy, 1860-1985, Helsinki: Bank of Finland, Government Printing Centre. Normalised 

so that mean and standard deviation is consistent across datasets. Pre-1870 data is then 

spliced to the post-1870 data listed above.1800-1859 estimated based on trend from Sweden. 

France: 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using: 1978-2018 ‘Net National 

Income at Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD online 

database (https://stats.oecd.org/). 1950-1978 ‘National Income’; ‘Compensation of 

Employees’ OECD, National Accounts, Vol.II, Paris. 1900-1950 ‘Net Capital 

Share’,Bengtsson-Waldenstrom Historical Capital Shares Database, 1875-2015, Bengtsson, 

Erik and Daniel Waldenström (2017), "Capital shares and income inequality: Evidence from 

the long run", Mimeo. 1870-1900: 
Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗

(
1

1−depreciation%
), calculated for the period 1800-2011 using: Toutain, Jean-Claude, 1987. Le 

Produit Interieur Brut De La France De 1789 A 1982, Cahiers de I’I. S. M. E. A, Serie 

Historie Quantitative de I’Economie Francaise, No. 15 and, OECD, National Accounts, Vol 

2, various issues. Normalised so that mean and standard deviation is consistent across 

datasets. Pre-1900 data is then spliced to the post-1900 data listed above. Normalised so that 

mean and standard deviation are consistent across datasets. Pre-1870 data is then spliced to 

the post-1870 data listed above. Germany
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) 
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using:1970-2018 ‘Net National Income at Market Prices’ (Current); ‘Compensation of 

Employees’ (Current) OECD online database (https://stats.oecd.org/). 1950-1970 ‘Net 

National Income’; ‘Compensation of Employees’ OECD, National Accounts, Vol.II, 

Paris.1891-1950 ‘Net Capital Share’,Bengtsson-Waldenstrom Historical Capital Shares 

Database, 1875-2015, Bengtsson, Erik and Daniel Waldenström (2017), "Capital shares and 

income inequality: Evidence from the long run", Mimeo. 1870-

1891: 
Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
) using: 

‘Compensation to employees’ Table 122, W. G. Hoffmann, F. Grumbach, and H. Hesse, 

1965, Das Wachstum der Deutschen Wirtschaft seit der mitte des 19. Jahrhunderts, Springer-

Verlag: 1800-1870: 
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
), calculated for the period 

1800-2011 using: Rahlf, T., 2015. Dokumentation zum Zeitreihendatensatz für Deutschland, 

1834-2012. Historical Social Research, Transition (Online Supplement), (26v1), p.2064 and 

Allen, R.C., 2001. The great divergence in European wages and prices from the Middle Ages 

to the First World War. Explorations in economic history, 38(4), pp.411-447.. Normalised so 

that mean and standard deviation is consistent across datasets. Pre-1870 data is then spliced 

to the post-1870 data listed above. Greece
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) 

using:1970-2017 ‘Net National Income at Market Prices’ (Current); ‘Compensation of 

Employees’ (Current) OECD online database (https://stats.oecd.org/). 1953-1970 ‘Net 

National Income’; ‘Compensation of Employees’ OECD, National Accounts, Vol.II, Paris. 

Pre-1953 estimated based on trend in rest of sample (1906-1953: Canada, United States, 

Japan, Australia, New Zealand, Austria, Belgium, Denmark, Finland, France, Germany, 

Ireland, Italy, Netherlands, Norway, Portugal Spain, Sweden, Switzerland, United Kingdom; 

(1855-1905: Canada, United States, Australia, New Zealand, Austria, Belgium, Denmark, 

Finland, France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, 

Switzerland, United Kingdom; 1845-1854: Australia, Austria, Belgium, France, Germany, 

Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom; 

1815-1845: Austria, Belgium, France, Germany, Ireland, Italy, Netherlands, Norway, 

Portugal, Spain, Sweden, Switzerland, United Kingdom; 1800-1815: Austria, Belgium, 

France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, United 

Kingdom) . Ireland: 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using:1970-2018 ‘Net 

National Income at Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD 

online database (https://stats.oecd.org/) 1950-1970 ‘Net National Income’; ‘Compensation of 
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Employees’ OECD, National Accounts, Vol.II, Paris.1938-1950: ‘Net Capital 

Share’,Bengtsson-Waldenstrom Historical Capital Shares Database, 1875-2015, Bengtsson, 

Erik and Daniel Waldenström (2017), "Capital shares and income inequality: Evidence from 

the long run", Mimeo.1800-1938: 
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
) calculated for 

the period 1800-2013 using wages from Williamson, J.G., 1995. The evolution of global 

labour markets since 1830: background evidence and hypotheses. Explorations in Economic 

History, 32(2), pp.141-196, and OECDStat, viewed on Dec 23, 2020. Normalised so that 

mean and standard deviation are consistent across datasets. Pre-1938 data is then spliced to 

the post-1938 data listed above. Italy: 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) 

using:1970-2018 ‘Net National Income at Market Prices’ (Current); ‘Compensation of 

Employees’ (Current) OECD online database (https://stats.oecd.org/). 1950-1970: ‘National 

Income’; ‘Compensation of Employees’ OECD, National Accounts, Vol.II, Paris.1800-

1938:
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
), for the period 1800-2013 using wages 

Table A2, F Geary and Tom Stark, 2004, “Trends in Real Wages During the Industrial 

Revolution: A View from Across the Irish Sea,” Economic History Review, LVII(2), 362-

395. Normalised so that mean and standard deviation are consistent across datasets. Pre-1938 

data is then spliced to the post-1938 data listed above. Japan 
Compensation to Employees

Net National Income
∗

(
1

1−self employment %
) using: 1970-2017 ‘Net National Income at Market Prices’ (Current); 

‘Compensation of Employees’ (Current) OECD online database (https://stats.oecd.org/) 

1952-1970: ‘National Income’; ‘Compensation of Employees’ OECD, National Accounts, 

Vol.II, Paris.1906-1952 ‘Net Capital Share’,Bengtsson-Waldenstrom Historical Capital 

Shares Database, 1875-2015, Bengtsson, Erik and Daniel Waldenström (2017), "Capital 

shares and income inequality: Evidence from the long run", Mimeo.1800-1905: trend 

estimated from the rest of the sample (1855-1905: Canada, United States, Australia, New 

Zealand, Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Netherlands, 

Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom; 1845-1854: Australia, 

Austria, Belgium, France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, 

Sweden, Switzerland, United Kingdom; 1815-1845: Austria, Belgium, France, Germany, 

Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom; 

1800-1815: Austria, Belgium, France, Germany, Ireland, Italy, Netherlands, Norway, 

Portugal, Spain, Sweden, United Kingdom). Netherlands 
Compensation to Employees

Net National Income
∗
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(
1

1−self employment %
) using: 1970-2018 ‘Net National Income at Market Prices’ (Current); 

‘Compensation of Employees’ (Current) OECD online database 

(https://stats.oecd.org/).1950-1970 ‘Net National Income’; ‘Compensation of Employees’ 

OECD, National Accounts, Vol.II, Paris. 1923-1950 ‘Net Capital Share’,Bengtsson-

Waldenstrom Historical Capital Shares Database, 1875-2015, Bengtsson, Erik and Daniel 

Waldenström (2017), "Capital shares and income inequality: Evidence from the long run", 

Mimeo. 1870-1923: 
Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
), for 

the period 1870-2011 using: Central Bureau voor de Statistiek, 2001, Tweehondred Jaar 

Statistiek in Tijdreeksen, 1800-1999, Centraal Bureau voor de Statistiek, Voorburg for 

compensation to employees. Series normalised to have the same mean and standard deviation 

as the post 1923 data. The pre-1923 data is then spliced with the post 1923 data. 1800-1870: 

Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
), calculated for the period 1800-2013 using: wages 

from Scholliers, P. and Zamagni, V. eds., 1995. Labour's reward: real wages and economic 

change in 19th-and 20th-century Europe. Edward Elgar Publishing and Allen, RC 2001, 

‘Great divergence in European wages and prices from the Middle Ages to the First World 

War’, Explorations in Economic History, vol. 38, pp. 411-447. Data available from Allen RC 

2014, Nuffield College, University of Oxford, Oxford, viewed 20 July 2014, 

<http://www.nuffield.ox.ac.uk/People/sites/Allen/SitePages/Biography.aspx> and 

.OECDStat, viewed on 23 Dec. , 2020. Normalised so that mean and standard deviation are 

consistent across datasets. Pre-1938 data is then spliced to the post-1938 data listed above. 

New Zealand 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using:1970-2016 ‘Net 

National Income at Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD 

online database (https://stats.oecd.org/). 1950-1970 ‘National Income’; ‘Compensation of 

Employees’OECD, National Accounts, Vol.II, Paris. 1939-1950 ‘Net Capital 

Share’,Bengtsson-Waldenstrom Historical Capital Shares Database, 1875-2015, Bengtsson, 

Erik and Daniel Waldenström (2017), "Capital shares and income inequality: Evidence from 

the long run", Mimeo. 1891-1939: 
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
) , calculated for 

the period 1891-1974 using wages from Galt, Margaret Nell. "Wealth and Income in New 

Zealand: c. 1870 to c. 1939." (1985), PhD Thesis, Victoria University of Wellington and 

Sadetskaya, K., 2014. Measuring wellbeing in New Zealand during the 19th-early 20th 

centuries: a spatial perspective. PhD< University of Canterbury. Normalised so that mean and 
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standard deviation between 1939 and 1974 is consistent across datasets. Pre-1939 data is then 

spliced to the post-1939 data listed above. 1845-1890 estimated from trend for Australia 

1800-1845  estimated from trend for rest of sample (1815-1845: Austria Belgium, France, 

Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United 

Kingdom; 1800-1815: Austria, Belgium, France, Germany, Ireland, Italy, Netherlands, 

Norway, Portugal, Spain, Sweden, United Kingdom). Norway: 
Compensation to Employees

Net National Income
∗

(
1

1−self employment %
) using:1970-2018 ‘Net National Income at Market Prices’ (Current); 

‘Compensation of Employees’ (Current) OECD online database (https://stats.oecd.org/). 

1951-1970 ‘Net National Income’; ‘Compensation of Employees’ OECD, National Accounts, 

Vol.II, Paris.1910-1951 ‘Net Capital Share’, Bengtsson-Waldenstrom Historical Capital 

Shares Database, 1875-2015, Bengtsson, Erik and Daniel Waldenström (2017), "Capital 

shares and income inequality: Evidence from the long run", Mimeo.1870-1910: 

Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
), calculated for the period 

1870-2011 using: Nasjonalregnskap 1865-1960, Statistisk Sentralbyrå Oslo 1968. Series 

normalised to have the same mean and standard deviation as the post 1910 data. The pre-

1910 data is then spliced with the post 1910 data. 1800-1870: 
Wages∗Employment∗hours

Nominal GDP
∗

(
1

1−depreciation%
), calculated for the period 1800-2013 using: wages from Grytten, O.H., 

2007. Norwegian wages 1726–2006 classified by industry. Historical Monetary Statistics, 

Part II, Norges Bank, Oslo, pp.343-384. Normalised so that mean and standard deviation are 

consistent across datasets. Pre-1870 data is then spliced to the post-1870 data listed above. 

Portugal 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using: 1970-2018 ‘Net National 

Income at Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD online 

database (https://stats.oecd.org/). 1957-1970: 
Compensation to Employees

Nominal GDP
∗

(
1

1−self employment %
) ∗ (

1

1−depreciation%
), computed for the period 1957-2011  using OECD, 

National Accounts, Vol. II, various issues. Series normalised to have the same mean and 

standard deviation for the period 1970-2011 as the post 1970 data. The pre-1970 data is then 

spliced with the post 1970 data. 1800-1957: 
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
), 

computed for the period 1800-2011 using: Martins, Conceição Andrade. "Trabalho e 

condições de vida em Portugal (1850-1913)." Análise Social (1997): 483-535, and Pimenta, 

C. (1985). Contributos para a caracterização e explicação da inflação em Portugal. Tese de 
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doutoramento em Economia pelo ISEG-UL. Normalised so that mean and standard deviation 

for the period 1957-2011 are consistent across datasets. Pre-1957 data is then spliced to the 

post-1957 data listed above. Spain: 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) 

using:1970-2018 ‘Net National Income at Market Prices’ (Current); ‘Compensation of 

Employees’ (Current) OECD online database (https://stats.oecd.org/)1950-1970 ‘National 

Income’; ‘Compensation of Employees’ OECD, National Accounts, Vol.II, Paris.1900-1954 

‘Net Capital Share’,Bengtsson-Waldenstrom Historical Capital Shares Database, 1875-2015, 

Bengtsson, Erik and Daniel Waldenström (2017), "Capital shares and income inequality: 

Evidence from the long run", Mimeo.1800-1870:
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
), 

computed for the period 1800-2013 using: wages multiplied by 
1

1−𝑑𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛%
, divided by 

nominal GDP. Normalised so that mean and standard deviation are consistent across datasets. 

Pre-1900 data is then spliced to the post-1900 data listed above. Sweden 

Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using:1970-2018 ‘Net National Income at 

Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD online database 

(https://stats.oecd.org/). 1875-1950 ‘Net Capital Share’,Bengtsson-Waldenstrom Historical 

Capital Shares Database, 1875-2015, Bengtsson, Erik and Daniel Waldenström (2017), 

"Capital shares and income inequality: Evidence from the long run", Mimeo. 1870-1875: 

Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
) using: Jungenfelt, K.G. 

(1966), Lonandelen och den Ekonomiska Utvecklingen, Almquvist & Wiksell, Stockholm. 

1800-1870: 
Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
) using: Karl G 

Jungenfelt, 1966, Lonandelen och den Ekonomiska Utvecklingen, Almquvist & Wiksell: 

Stockholm and Edvinsson, R., 2005. Growth, accumulation, crisis: with new macroeconomic 

data for Sweden 1800-2000 (Doctoral dissertation, Acta Universitatis Stockholmiensis).. 

Normalised so that mean and standard deviation are consistent across datasets. Pre-1850 data 

is then spliced to the post-1850 data listed above. Switzerland 
Compensation to Employees

Net National Income
∗

(
1

1−self employment %
) using: 1970-2016 ‘Net National Income at Market Prices’ (Current); 

‘Compensation of Employees’ (Current) OECD online database (https://stats.oecd.org/). 

1950-1970 ‘Net National Income’; ‘Compensation of Employees’ OECD, National Accounts, 

Vol.II, Paris. 1870-1950: 
Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗ (

1

1−depreciation%
), 

computed for the period 1870-2011 using: Ritzmann-Blickenstorfer, 1996, Historical 
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Statistics of Switzerland, Zurich: Chronos: and “Blatt für Patent-, Muster- und Zeichenwesen 

mit Urheberrechts-Teil”. Series normalised to have the same mean and standard deviation as 

the post 1950 data. The pre-1950 data is then spliced with the post 1950 data. 1814-1870: 

Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
), computed for the period 1814-2013 using Studer, 

R., 2008. When did the Swiss get so rich? Comparing Living Standards in Switzerland and 

Europe, 1800-1913. Journal of European Economic History, 37(2). Normalised so that mean 

and standard deviation are consistent across datasets. Pre-1870 data is then spliced to the 

post-1870 data listed above. 1800-1814 estimated from sample trend (Austria, Belgium, 

France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, United 

Kingdom). United Kingdom 1855-2018: ‘Labour Share of National Income’ World 

Inequality Database 2021, Available from: https://wid.world/data/  [13/07/2021]. 1800-1855: 

Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
) , computed for the period 1800-2009 using: wages 

from Humphries, Jane & Weisdorf, Jacob, 2016. "Unreal Wages? A New Empirical 

Foundation for the Study of Living Standards and Economic Growth in England, 1260‐

1860," CAGE Online Working Paper Series 310, Competitive Advantage in the Global 

Economy (CAGE) , Mitchell B. R., (1988). British Historical Statistics. Cambridge 

University Press, and OECDStat, accessed on Dec 23, 2020, multiplied by 
1

1−𝑑𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛%
, 

divided by nominal GDP. Normalised so that mean and standard deviation between 1855-

2009 are consistent across datasets. Pre-1855 data is then spliced to the post-1855 data listed 

above United States 
Compensation to Employees

Net National Income
∗ (

1

1−self employment %
) using:1970-2017 ‘Net 

National Income at Market Prices’ (Current); ‘Compensation of Employees’ (Current) OECD 

online database (https://stats.oecd.org/)1950-1970 ‘National Income’; ‘Compensation of 

Employees’ OECD, National Accounts, Vol.II, Paris. 1929-1950 ‘Net Capital 

Share’,Bengtsson-Waldenstrom Historical Capital Shares Database, 1875-2015, Bengtsson, 

Erik and Daniel Waldenström (2017), "Capital shares and income inequality: Evidence from 

the long run", Mimeo. 1926-1929: 
Compensation to Employees

Nominal GDP
∗ (

1

1−self employment %
) ∗

(
1

1−depreciation%
) using T. Liesner, One Hundred Years of Economic Statistics, The 

Economist: Oxford. 1855-1926: 
Wages∗Employment∗hours

Nominal GDP
∗ (

1

1−depreciation%
) using wages 

from: United Stated Department of Labour, Bureau of Labour Statistics 1934. “History of 

Wages in the United States from Colonial Times to 1928” Bulletin of the United States 
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Bureau of Labour Statistics No.604, Available from: 

https://fraser.stlouisfed.org/files/docs/publications/bls/bls_0604_1934.pdf. Multiplied by 

employment and then divided by nominal GDP. This series was then spliced with the pre-

1926 data. 1800-1854 estimated from trend for rest of sample (1845-1854: Australia, Austria, 

Belgium, France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, 

Switzerland, United Kingdom; 1815-1845: Austria, Belgium, France, Germany, Ireland, 

Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom; 1800-

1815: Austria, Belgium, France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, 

Spain, Sweden, United Kingdom) 

Rent Share 

Australia: 2018: estimated using average sample trend 1970-2017 ‘Net National Income at 

Market Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ 

(Current) OECD online database (https://stats.oecd.org/). 1870-1970: Backdated based on 

product of real housing prices, rent yield and the residential capital to output ratio from: Rental 

Yield: 1901-1970 ‘Housing rental yield’, Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; 

Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on 

Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 

Value for 1901 used in calculations back to 1870. 1871-1970 House price index calculated by 

(1 + 𝑟𝑡) ∗ 𝑃𝑡1 (gaps 1924-25;43-50) ‘housing_capgain’ Jorda, Oscar; Knoll, Katharina; 

Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The 

Rate of Return on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard 

Dataverse, V1. Gaps in series filled using:   Stapleton, N. (2007), Long Term Housing Prices 

in Australia and Some Economic Perspectives, PhD thesis, University of New South Wales, 

http://www.apialliance.com.au/articles/Long%20Term%20Housing%20Prices%20in%20Aus

tralia%20-%20Stapleton%20UNSW.pdf. The data are constant quality index for real median 

house prices in Australia’s capital cities, Table 2.5. The data are reflated using CPI in Appendix 

Table B4 in Stapleton (2007) op.cit.Residential investment 1861-2000. real residential 

construction as a percent of GDP from Ville Simon and Withers Glenn., (2015), The 

Cambridge Economic History of Australia, Cambridge University Press. 2000-2019. OECD, 

National Accounts, Vol. 2, various issues.1840-1961: Backdated using I-Y from the US from:  

New residential buildings, Gottlieb, Manuel. "Front matter, Estimates of Residential Building, 

United States, 1840–1939." In Estimates of Residential Building, United States, 1840–1939, 
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pp. 16-0. NBER, 1964. 1800-1840: Backdated using I-Y from the UK from:  Feinstein, C. H., 

1988, National Statistics, 1760-1920: Sources and Methods of Estimation for Domestic 

Reproducible Fixed Assets, Stocks and Works in Progress, Overseas Assets, and Land, in 

Feinstein, C. H. and Pollard, S. (eds.), Studies in Capital Formation in the United Kingdom, 

1750-1920, Oxford: Oxford University Press, 257-471Residential Capital: Compiled from 

residential investment data assuming depreciation rate of 3.1% and initial value based on 

investment in 1800, depreciation rate and geometric growth rate.  1800-1870: Backdated based 

on product of residential capital and P-Rent to GDP deflator: 

P-Rent: 1800-1870. CPI-deflated rent in the UK multiplied by CPI for Australia. 1831-1851. 

Rent in New York and surrounding areas, Appendix Table 1, p. 623, Robert A. Margo (1996) 

"The rental price of housing in New York City, 1830-1860", Journal of Economic History, vol. 

56, no. 3, Sep 1996, pp. 605-625. 1851-1880. Table 1, p. 182, Ethel D. Hoover (1960) "Retail 

prices after 1850", Trends in the American Economy in the Nineteenth Century, The 

Conference on Research in Income and Wealth, Princeton University Press. multiplied by CPI  

1870-1880. Panel B p. 13 in McLean, I.W., 1999. Consumer prices and expenditure patterns in 

Australia 1850–1914. Australian Economic History Review, 39(1), pp.1-28. Austria: 1995-

2018 ‘Net National Income at Market Prices’ (Current); ‘Actual rentals for housing’ (Current); 

imputed rentals for housing’ (Current) OECD online database (https://stats.oecd.org/). 1800-

1995: Backdated using the product of the capital to output ratio and the P-Rent to CPI ratio 

obtained from the sources listed: Residential Investment: 1800-1839: backdated based on 

investment to output ratio in the Netherlands from:1800-1828: Smits, Jan Pieter Herman, 

Edwin Horlings, and Jan Luiten Zanden. Dutch GNP and its components, 1800-1913. 

Groningen: Groningen Growth and Development Centre, 2000.1828-1980 from Groote P., 

Albers R., and Jong H De., (1996), A Standardised Time Series of the Stock of Fixed Capital 

in the Netherlands, 1900-1995.;1840-1950 from Österreichisches Statistisches Zentralamt., 

(1979), Geschichte und Ergebnisse der zentralen amtlichen Statistik in Österreich 1829-1979: 

Festschrift aus Anlass des 150jähr. Bestehens d. zentralen amtl. Statistik in Österreich, Issue 

550 of Beiträge zur. To obtain housing investment, population per dwelling data (backdated to 

1840 based on 1869 value) is used to compute the total stock of housing using total population 

from Maddison (2010) Historical GDP Database 

(http://www.worldeconomics.com/Data/MadisonHistoricalGDP). Investment is then 

computed from housing stock assuming a depreciation rate of 3% annum and the figures are 

subsequently spliced to the OECD national accounts level; 1950-1975 from OECD National 

Accounts of OECD countries; 1975 to 2018 from ‘Dwellings, Constant Prices, National Base 
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Year’ OECD online database (https://stats.oecd.org/). Residential Capital: Compiled from 

residential investment data assuming depreciation rate of 3.1% and initial value based on 

investment in 1800, depreciation rate and geometric growth rate.  P-Rent 1800-1913. 

Geschichte und Ergebnisse der zentralen amtlichen Statistik in Österreich 1829-1979: 

Festschrift aus Anlass des 150 jähr. Bestehens d. zentralen amtl. Statistik in Österreich, Österr. 

Staatsdruckerei in Komm., 1979. 1913-1969. CPI-deflated rent CPI for Switzerland multiplied 

by CPI. 1969-1988. OECD, Main Economic Indicators, various issues. 1988-1995. Statistics 

Austria, http://www.statistik.at/web_de/statistiken/wohnen/wohnkosten/index.html, accessed 

25.4.2015. Belgium 1995-2018 ‘Net National Income at Market Prices’ (Current); ‘Actual 

rentals for housing’ (Current); imputed rentals for housing’ (Current) OECD online database 

(https://stats.oecd.org/). 1970-1995 ‘Gross Output at Current Basic Prices’ (Total industries); 

‘Gross Output at Current Basic Prices’ (Real estate activities) EUKLEMS database, November 

2009 release (http://www.euklems.net/) 1835-1970 ‘Value Added at Market Prices in Current 

Prices’ (Total GDP); ‘Value Added at Market prices in Current Prices’ (Real Estate, Renting 

and Business Activities), Groningen Growth and Development Centre, Historical National 

Accounts Database, January 2009 1800-1835: Backdated based on product of residential 

capital to output ratio and housing prices based on: Residential Investment 1995-2018 from 

‘Dwellings, Constant Prices, National Base Year’ OECD online database 

(https://stats.oecd.org/).1800-1995: Backdated from the I-Y for the Netherlands from: 1800-

1828: Smits, Jan Pieter Herman, Edwin Horlings, and Jan Luiten Zanden. Dutch GNP and its 

components, 1800-1913. Groningen: Groningen Growth and Development Centre, 2000.1828-

1980 from Groote P., Albers R., and Jong H De., (1996), A Standardised Time Series of the 

Stock of Fixed Capital in the Netherlands, 1900-1995.; 1828-1980: P Groote, R Albers and H 

De Jong,  A Standardised Time Series of the Stock of Fixed Capital in the Netherlands, 1900-

1995. Residential Capital: Compiled from residential investment data assuming depreciation 

rate of 3.1% and initial value based on investment in 1800, depreciation rate and geometric 

growth rate.  P-Rent:1800-1920. Table 7.1 in Segers, Yves, 1999, De Huishuren In Belgie, 

1800-1920. Voorstelling Van Een Databank, Center For Economic Studies Discussion paper 

Series, Katholieke Universiteit Leuven. Canada 1981-2018 ‘Net National Income at Market 

Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ (Current) 

OECD online database (https://stats.oecd.org/). 1800-1981: Backdated based on product of 

residential capital to output ratio and housing prices from sources: Residential Investment: 

1868-1950. The investment is derived from housing stock from censuses with a 2% 

depreciation rate. Firestone, O. J. (1960). Development of Canada's Economy, 1850-1900. 
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In Trends in the American Economy in the Nineteenth Century (pp. 217-252). Princeton 

University Press, and Leacy, F. H. (1983). Historical statistics of Canada. 

http://www.statcan.gc.ca/pub/11-516-x/sectionf/4057751-eng.htm#3. 1951-2019. OECD, 

National Accounts, Vol. 2, various issues. 1840-1961: Backdated using I-Y from the US from:  

New residential buildings, Gottlieb, Manuel. "Front matter, Estimates of Residential Building, 

United States, 1840–1939." In Estimates of Residential Building, United States, 1840–1939, 

pp. 16-0. NBER, 1964. 1800-1840: Backdated using I-Y from the UK from:  Feinstein, C. H., 

1988, National Statistics, 1760-1920: Sources and Methods of Estimation for Domestic 

Reproducible Fixed Assets, Stocks and Works in Progress, Overseas Assets, and Land, in 

Feinstein, C. H. and Pollard, S. (eds.), Studies in Capital Formation in the United Kingdom, 

1750-1920, Oxford: Oxford University Press, 257-471Residential Capital:Compiled from 

residential investment data assuming depreciation rate of 3.1% and initial value based on 

investment in 1800, depreciation rate and geometric growth rate.  1800-1870: Backdated based 

on product of residential capital and P-Rent to GDP deflator.  

Housing Prices:1872-1921: Average House Values, Pickett, J. (1963), Residential Capital 

Formation in Canada, 1871-1921, The Canadian Journal of Economics and Political Science, 

29(1), 40-58; 1921-1949: Firestone, O.J. (1951), Residential Real Estate in Canada, University 

of Toronto Press: Toronto, Table 18; 1949-1951: interpolated; 1951-1969: 1951-1955, Real 

New House Price Index from Table 3.3, reflated using CPI and spliced with, 1956-1974, MLS 

Real Average House Price Index reflated using CPI, Steele, M. (1993), Incomes, Prices and 

Tenure Choice, in Miron, J.R. (ed), House, Home, and Community: Progress in Housing 

Canadians, 1945 -1986: Montreal & Kingston, and CMHC, Ottawa: McGill-Queen's 

University Press, pp 41-63; 1970-1981: MLS Average house price indices from - Long-term 

series on nominal residential property prices, BIS Residential Property Price database 

(http://www.bis.org/statistics/pp.htm).1800-1872: Backdated based on average housing prices 

-  see sources listed under United States 1800-1890:Denmark 1970-2018 ‘Net National 

Income at Market Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed rentals for 

housing’ (Current) OECD online database (https://stats.oecd.org/): 1876-1970: calculated from 

the product of the rental yield, real house prices and the residential capital to output ratio from 

the following sources:1875-1970 ‘Housing rental yield’, Jorda, Oscar; Knoll, Katharina; 

Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The 

Rate of Return on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard 

Dataverse, V1 House price index calculated by (1 + 𝑟𝑡) ∗ 𝑃𝑡1using 1876-1970 
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‘housing_capgain’ Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; 

Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 1800-1876: Backdated based 

on product of P-Rent to GDP deflator and the residential capital to output ratio compiled from 

the sources below: P-Rent 1800-1818. CPI-deflated rent in the UK multiplied by CPI. 1818-

1966. Nominal GDP divided by real GDP for Boligbenyttelse (rental costs), T 10.1 and T 10.2, 

Johansen, H.C., 1985. Dansk Historisk Statistik, 1814-1980. Copenhagen, Denmark: 

Gyldendal. 1966-2019. OECD.Stat accessed on 19.4.2021.Residential investment:1918-1980, 

number of flats constructed per year from Johansen Hans C., (1985), Dansk Okonomisk 

Statistik, 1814-1980. The data is spliced to the level of OECD database 1980-2013 from 

‘Dwellings, Constant Prices, National Base Year’ OECD online database 

(https://stats.oecd.org/).1800-1919: Backdated based on average I-Y ratio: 1800-1819 Sweden 

& UK; 1820-1827 Sweden UK Switzerland France 1828-1849 Sweden UK Switzerland France 

& Netherlands 1850 US,Sweden UK Switzerland France & Netherlands 1851-1859 Germany, 

US,Sweden UK Switzerland France & Netherlands 1860 Finland, Germany, US,Sweden UK 

Switzerland France & Netherlands 1861-1869 Australia, Italy, Finland, Germany, US,Sweden 

UK Switzerland France & Netherlands 1870-1873 Austria, Australia Italy, Finland, Germany, 

US,Sweden UK Switzerland France & Netherlands, 1874-1882 New Zealand Austria, 

Australia Italy, Finland, Germany, US,Sweden UK Switzerland France & Netherlands, 1883-

1884 Spain New Zealand Austria, Australia Italy, Finland, Germany, US,Sweden UK 

Switzerland France & Netherlands, 1885-1899 Japan, Spain New Zealand Austria, Australia 

Italy, Finland, Germany, US,Sweden UK Switzerland France & Netherlands, 1900-1917 

Belgium, Japan, Spain New Zealand Austria, Australia Italy, Finland, Germany, US,Sweden 

UK Switzerland France & Netherlands From: USA 1850-1938. New residential buildings, 

Gottlieb, Manuel. "Front matter, Estimates of Residential Building, United States, 1840–1939." 

In Estimates of Residential Building, United States, 1840–1939, pp. 16-0. NBER, 1964. Japan 

1885-. Ohkawa K., Shonohara M., and Meissneer L., (1979). Patterns of Japanese Economic 

Development: A Quantitative Appraisal, New haven and London, Yale University Press. 

25.7% war damage to the 1945 capital stock is incorporated into the capital stock. 

Australia1861-. real residential construction as a percent of GDP from Ville Simon and Withers 

Glenn., (2015), The Cambridge Economic History of Australia, Cambridge University 

Press.New Zealand 1874-1900. Nominal investment in residential buildings divided by 

construction price deflator, Dowie, J. A. "The course and character of capital formation in New 

Zealand—1871–1900." New Zealand Economic Papers 1, no. 1 (1966): 38-58. 1900-. 
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Investment derived from the number residential dwellings and a 2% depreciation rate from 

Bloomfield G. T., (1984). New Zealand: A Handbook of Statistics. Austria 1870-. 

Österreichisches Statistisches Zentralamt (1979). Geschichte und Ergebnisse der zentralen 

amtlichen Statistik in Österreich 1829-1979: Festschrift aus Anlass des 150jähr. Bestehens d. 

zentralen amtl. Statistik in Österreich, Issue 550 of Beiträge zur österreichischen Statistik. 

Österr. Staatsdruckerei in Komm. To obtain housing investment, population per dwelling data 

is used to compute the total stock of housing using total population from Maddison (2010) 

Historical GDP Database (http://www.worldeconomics.com/Data/MadisonHistoricalGDP). 

Investment is then computed from housing stock assuming a depreciation rate of 2% per 

annum. 1950-2019. OECD, National Accounts, Vol. 2, various issues. Belgium 1900-. from 

Meerteen, Michalangelo va., (2003), Capital formation in Belgium, 1900-1995, Leuven Lewen 

University Press; page 386. Finland 1860-. Hjerppe, Riita., (1989), The Finnish Economy 1860-

1985: Growth and Structural Change, Front Cover, Bank of Finland, Government Printing 

Centre. 1970-2018 ‘Net National Income at Market Prices’ (Current); ‘Actual rentals for 

housing’ (Current); imputed rentals for housing’ (Current) OECD online database 

(https://stats.oecd.org/)France 1820-1896. Lévy-Leboyer, M. "et Bourguignon F." L’Économie 

Française au XIXème siècle, analyse macroéconomique (1985). 1896-from Villa, P. (1993), 

Une Analyse Macroéconomique de la France au XXe, Siècle, Paris, CNRS Éditions. Germany. 

1850-Hoffmann, W., 1965, Das Wachstum der Deutschen Wirtschaft seit der Mitte des 19. 

Jahrhunderts, Berlin: Springer.Italy1861- Fua Giorgio (1965). Notes on Italian Economic 

Growth 1861-1964. Editore, Giuffre, Milano. 1952-1970. Alberto Baffigi (2011), Italian 

National Accounts. A project of Banca d'Italia, Istat and University of Rome "Tor Vergata, "in 

"Economic History Working Papers, Banca d'Italia", n. 18 (methodological notes are in section 

2 and appendices 1 to 5). Netherlands 1800-1828. Smits, Jan Pieter Herman, Edwin Horlings, 

and Jan Luiten Zanden. Dutch GNP and its components, 1800-1913. Groningen: Groningen 

Growth and Development Centre, 2000. 1828- P Groote, R Albers and H De Jong, A 

Standardised Time Series of the Stock of Fixed Capital in the Netherlands, 1900-1995. Spain 

1883-1995. Prados de la Escosura, Leandro (2003), EL Progreso Economico De Espana (1850-

2000) Bilbao : Fundación BBVA. Sweden 1800-. Schön, L. and Krantz, O.  Swedish Historical 

National Accounts 1560―2010. Switzerland 1820-1913. R.1. Residential Capital Stock, Total 

Investment Current Prices (page 889) and deflated using the construction costs index, 

Ritzmann-Blickenstorfer, 1996, Historical Statistics of Switzerland, Chronos: Zurich, and 

deflated using the construction costs index. 1913-. Number of new flats build in 10 major cities, 

Ritzmann-Blickenstorfer, 1996, Historical Statistics of Switzerland, Chronos: Zurich. 
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UK1800-1855. Feinstein, C. H., 1988, National Statistics, 1760-1920: Sources and Methods of 

Estimation for Domestic Reproducible Fixed Assets, Stocks and Works in Progress, Overseas 

Assets, and Land, in Feinstein, C. H. and Pollard, S. (eds.), Studies in Capital Formation in the 

United Kingdom, 1750-1920, Oxford: Oxford University Press, 257-471. 1855- Feinstein, C. 

H., 1972, National Income, Expenditure and the Output of the United Kingdom, 1855-1965, 

Cambridge University Press: Cambridge. Residential Capital: Compiled from residential 

investment data assuming depreciation rate of 3.1% and initial value based on investment in 

1800, depreciation rate and geometric growth rate.  Finland:1975-2018 ‘Net National Income 

at Market Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ 

(Current) OECD online database (https://stats.oecd.org/)1970-1975 ‘Gross Output at Current 

Basic Prices’ (Total industries); ‘Gross Output at Current Basic Prices’ (Real estate activities) 

EUKLEMS database, November 2009 release (http://www.euklems.net/)1860-1970 ‘Finland, 

GDP by sector of Origin at Market Prices in Current Prices (Total GDP); ‘Finland, GDP by 

sector of Origin at Market Prices in Current Prices’ (Real Estate, Renting and Business 

Activities), Groningen Growth and Development Centre, Historical National Accounts 

Database, January 20091800-1860 Backdated using the product of the capital to output ratio 

and the P-Rent to CPI ratio obtained from the sources below:P-Rent 1800-1860: CPI-deflated 

rent in Sweden multiplied by CPI.  Residential Investment:1800-1860: backdated using 

Swedish residential investment to output ratio. Swedish Investment: 1800-1860 Nominal 

residential investment adjusted using the CC cost index from Rodney Edvinsson, Historical 

national accounts for Sweden 1800-2000 (Historiska nationalräkenskaper för Sverige 1800-

2000) Version 1.0, accessed Last updated (senast uppdaterad), 050404; 1860-1985 from 

Hjerppe, Riita., (1989), The Finnish Economy 1860-1985: Growth and Structural Change, 

Front Cover, Bank of Finland, Government Printing Centre. Spliced to the level of the OECD 

data in 1975; 1975-2018 from ‘Dwellings, Constant Prices, National Base Year’ OECD online 

database (https://stats.oecd.org/).Residential Capital: Compiled from residential investment 

data assuming depreciation rate of 3.1% and initial value based on investment in 1800, 

depreciation rate and geometric growth rate.  France: 1970-1978 ‘Gross Output at Current 

Basic Prices’ (Total industries); ‘Gross Output at Current Basic Prices’ (Real estate activities) 

EUKLEMS database, November 2009 release (http://www.euklems.net/);1978-2018 ‘Net 

National Income at Market Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed 

rentals for housing’ (Current) OECD online database (https://stats.oecd.org/);1815-1938 

‘France, GDP by sector of Origin at Market Prices in Current Prices (Total GDP); ‘France, 

GDP by sector of Origin at Market Prices in Current Prices’ (Real Estate, Renting and Business 
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Activities), Groningen Growth and Development Centre, Historical National Accounts 

Database, January 2009;1800-1815: Backdated using the product of the capital to output ratio 

and the P-Rent to CPI ratio obtained from the sources below: P-Rent;1800-1815. Rent in Paris, 

Eichholtz, P., Korevaar, M., & Lindenthal, T. (2019). 500 Years of Housing Rents, Quality and 

Affordability. Quality and Affordability (July 11, 2019). Residential Investment: 1800-1839: 

backdated based on investment to output ratio in the Netherlands from:1800-1828: Smits, Jan 

Pieter Herman, Edwin Horlings, and Jan Luiten Zanden. Dutch GNP and its components, 1800-

1913. Groningen: Groningen Growth and Development Centre, 2000.1828-1980 from Groote 

P., Albers R., and Jong H De., (1996), A Standardised Time Series of the Stock of Fixed Capital 

in the Netherlands, 1900-1995.;1820-1896 from Levy-Leboyer and Bourguignon, (1985),  

1896-1939 and 1946-50 from Villa, P. (1993)., Une Analyse Macroéconomique de la France 

au XXe, Siècle, Paris, CNRS Éditions; 1950-1968; from National Accounts of OECD countries 

and 1970-2018 from ‘Dwellings, Constant Prices, National Base Year’ OECD online database 

(https://stats.oecd.org/).Residential Capital: Compiled from residential investment data 

assuming depreciation rate of 3.1% and initial value based on investment in 1800, depreciation 

rate and geometric growth rate.  Germany: 2018: estimated using average sample trend 1995-

2017 ‘Net National Income at Market Prices’ (Current); ‘Actual rentals for housing’ (Current); 

imputed rentals for housing’ (Current) OECD online database (https://stats.oecd.org/) 1970-

1995 ‘Gross Output at Current Basic Prices’ (Total industries); ‘Gross Output at Current Basic 

Prices’ (Real estate activities) EUKLEMS database, November 2009 release 

(http://www.euklems.net/)1800-1970: Backdated based on the product of the residential capital 

to output ratio and the price of rent relative to the consumer price index from the sources below: 

Price of Rent to CPI 1750-1850. CPI-deflated rent in Austria from: Geschichte und Ergebnisse 

der zentralen amtlichen Statistik in Österreich 1829-1979: Festschrift aus Anlass des 150 jähr. 

Bestehens d. zentralen amtl. Statistik in Österreich, Österr. Staatsdruckerei in Komm., 1979 

multiplied by CPI. 1850-1970. Series X0646 in Rahlf, T., 2015. Dokumentation zum 

Zeitreihendatensatz für Deutschland, 1834-2012. Historical Social Research, Transition 

(Online Supplement), (26v1). Residential Investment 1818-1850. Derived from number of 

agricultural houses from census and converted to investment using a 2% depreciation rate, 

Tilly, Richard H. "Capital formation in Germany in the nineteenth century." The Cambridge 

economic history of Europe 7 (1978): 382-441. 1850-1950. Hoffmann, W., 1965, Das 

Wachstum der Deutschen Wirtschaft seit der Mitte des 19. Jahrhunderts, Berlin: Springer. 

1950-2019. OECD, National Accounts, Vol. 2, various issues.1800-1818: Backdated using the 

I-Y ratio from the Netherlands from: Smits, Jan Pieter Herman, Edwin Horlings, and Jan Luiten 
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Zanden. Dutch GNP and its components, 1800-1913. Groningen: Groningen Growth and 

Development Centre, 2000. Residential Capital Compiled from residential investment data 

assuming depreciation rate of 3.1% and initial value based on investment in 1800, depreciation 

rate and geometric growth rate.  Greece 1995-2017 ‘Net National Income at Market Prices’ 

(Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ (Current) OECD 

online database (https://stats.oecd.org/)1800-1995: Backdated using the product of the capital 

to output ratio and the P-Rent to CPI ratio obtained from the sources below:P-Rent 1833-1914. 

CPI-deflated rent in Spain from: Bernet, J.M.D.M.I., 2006. «La paradisíaca estabilidad de la 

anteguerra». Elabouración de un índice de precios de consumo en España, 1830–1936. Revista 

de Historia Economica-Journal of Iberian and Latin American Economic History, 24(2), 

pp.333-382.multiplied by CPI. 1914-1989. Statistical Yearbook, various Issues. 1989-1995. 

OECD.Stat accessed on 19.4.2021. Residential Investment 1800-1840: backdated based on 

investment to output ratio in the Netherlands from: 1800-1828: Smits, Jan Pieter Herman, 

Edwin Horlings, and Jan Luiten Zanden. Dutch GNP and its components, 1800-1913. 

Groningen: Groningen Growth and Development Centre, 2000.1828-1840 from Groote P., 

Albers R., and Jong H De., (1996), A Standardised Time Series of the Stock of Fixed Capital 

in the Netherlands, 1900-1995.;1840-1861: backdated based on investment to output ratio in 

Austria from Österreichisches Statistisches Zentralamt., (1979), Geschichte und Ergebnisse der 

zentralen amtlichen Statistik in Österreich 1829-1979: Festschrift aus Anlass des 150jähr. 

Bestehens d. zentralen amtl. Statistik in Österreich, Issue 550 of Beiträge zur. To obtain 

housing investment, population per dwelling data (backdated to 1840 based on 1869 value) is 

used to compute the total stock of housing using total population from Maddison (2010) 

Historical GDP Database (http://www.worldeconomics.com/Data/MadisonHistoricalGDP). 

1861-1950: Backdated using Investment to Output ratio for Italy obtained from: 1861-1970 

from Toniolo Gianni., (2013), The Oxford Handbook of The Italian Economy since 

Unification, Oxford University Press; 1970-2013 from ‘Dwellings, Constant Prices, National 

Base Year’ OECD online database (https://stats.oecd.org/).1950-1960 from Statistics of 

National Accounts: 1950-1961; 1960-2018 from ‘Dwellings, Constant Prices, National Base 

Year’ OECD online database (https://stats.oecd.org/).Residential Capital Compiled from 

residential investment data assuming depreciation rate of 3.1% and initial value based on 

investment in 1800, depreciation rate and geometric growth rate.  1800-1833: Backdated based 

on rent share in Italy. Ireland 1970-1995 ‘Gross Output at Current Basic Prices’ (Total 

industries); ‘Gross Output at Current Basic Prices’ (Real estate activities) EUKLEMS database, 

November 2009 release (http://www.euklems.net/)1995-2018 ‘Net National Income at Market 
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Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ (Current) 

OECD online database (https://stats.oecd.org/)1800-1970 Backdated using the product of the 

capital to output ratio and the price of housing to CPI ratio obtained from the sources below: 

Price of Housing 1950-1970: Department of Environment and Local Government, Ireland. 

Second hand prices of family houses and apartments. The data were kindly provided by Alice 

O'Reilly, Department of the Environment, Heritage, and Local Government. The data cover 

the whole Ireland after 1974 and Dublin before then. 1970-2015 Department of Environments, 

Annual Housing statistics Available from: 

http://www.environ.ie/en/Publications/StatisticsandRegularPublications/HousingStatistics/ 

1900-1950: Measuring house prices in the long run: Insights from Dublin, 1900-2015, Ronan 

C. Lyons, August 19, 2015 version 1800-1900: Figure 3. Dublin House Prices, 1709-1949, 

Time Dummy Hedonic, Nominal from Deeter, K. Duffy, D. and Quinn, F. Dublin House 

Prices: A History of Booms and Busts from 1708-1949 Residential Investment 1950-1956, 

Statistics of National Accounts: 1950-1961; 1956-1995 National Accounts of OECD countries; 

1995-2018 from ‘Dwellings, Constant Prices, National Base Year’ OECD online database 

(https://stats.oecd.org/).1905-1950: Backdated using Investment to Output ratio of the United 

Kingdom from: 1885-1920, Liesner T (1989), One hundred years of Economic Statistics. Facts 

on File, New York, Oxford. 1920-80. Sefton, J., & Weale, M. (2009). Reconciliation of 

national income and expenditure. Cambridge Books. 1857-1905: Backdated using Timber 

Imports Burke, A.E. ed., 1995. Enterprise and the Irish economy. Oak Tree Press who states 

that timber imports are a good indicator of building activity. 1800-1857: Backdated using 

Investment to Output ratio of the United Kingdom from: 1800-1885, real building works data 

from Mitchell B. R., (1988). British Historical Statistics. Cambridge University Press; 

Residential Capital: Compiled from residential investment data assuming depreciation rate of 

3.1% and initial value based on investment in 1800, depreciation rate and geometric growth 

rate.  Italy1995-2018 ‘Net National Income at Market Prices’ (Current); ‘Actual rentals for 

housing’ (Current); imputed rentals for housing’ (Current) OECD online database 

(https://stats.oecd.org/)1970-1995 ‘Gross Output at Current Basic Prices’ (Total industries); 

‘Gross Output at Current Basic Prices’ (Real estate activities) EUKLEMS database, November 

2009 release (http://www.euklems.net/)1800-1970: Backdated based on product of P-Rent to 

GDP deflator and residential capital to output ratio obtained from the sources below: 

Residential Investment: 1970-2019: OECD online database (https://stats.oecd.org/).1952-1970 

Alberto Baffigi (2011), Italian National Accounts. A project of Banca d'Italia, Istat and 

University of Rome "Tor Vergata, "in "Economic History Working Papers, Banca d'Italia", n. 
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18 (methodological notes are in section 2 and appendices 1 to 5)1861-1952: Fua Giorgio 

(1965). Notes on Italian Economic Growth 1861-1964. Editore, Giuffre, Milano1800-1840: 

backdated based on investment to output ratio in the Netherlands from:1800-1828: Smits, Jan 

Pieter Herman, Edwin Horlings, and Jan Luiten Zanden. Dutch GNP and its components, 1800-

1913. Groningen: Groningen Growth and Development Centre, 2000.1828-1840 from Groote 

P., Albers R., and Jong H De., (1996), A Standardised Time Series of the Stock of Fixed Capital 

in the Netherlands, 1900-1995.;1840-1861: backdated based on investment to output ratio in 

Austria from Österreichisches Statistisches Zentralamt., (1979), Geschichte und Ergebnisse der 

zentralen amtlichen Statistik in Österreich 1829-1979: Festschrift aus Anlass des 150jähr. 

Bestehens d. zentralen amtl. Statistik in Österreich, Issue 550 of Beiträge zur. To obtain 

housing investment, population per dwelling data (backdated to 1840 based on 1869 value) is 

used to compute the total stock of housing using total population from Maddison (2010) 

Historical GDP Database (http://www.worldeconomics.com/Data/MadisonHistoricalGDP). 

Residential Capital Compiled from residential investment data assuming depreciation rate of 

3.1% and initial value based on investment in 1800, depreciation rate and geometric growth 

rate.  P-Rent  1800-1860. Housing rent in Milano, Aldo de Maddalena. 1974. Prezzi e Mercedi 

a Milano dal 1701 al 1860. Milano: Banca Commerciale Italiana. 1860-1952. Consumption 

deflator for rent, Tables 116 and 117, Istituto Centrale Di Statistica. Sommario Di. Statistiche 

Storiche Dell'italia. 1861-1965. 1952-1980. Statistical Yearbook, various issues. 

Netherlands1970-1995 ‘Gross Output at Current Basic Prices’ (Total industries); ‘Gross 

Output at Current Basic Prices’ (Real estate activities) EUKLEMS database, November 2009 

release (http://www.euklems.net/)1995-2018 ‘Net National Income at Market Prices’ 

(Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ (Current) OECD 

online database (https://stats.oecd.org/)1807-1913 ‘Netherlands, GDP by sector of Origin at 

Market Prices in Current Prices (Total GDP); ‘Netherlands, GDP by sector of Origin at Market 

Prices in Current Prices’ (Real Estate, Renting and Business Activities), Groningen Growth 

and Development Centre, Historical National Accounts Database, January 2009 1913-1970: 

Product of real housing prices, residential capital to output ratio and rental yield: 1913-1970 

House price index calculated by (1 + 𝑟𝑡) ∗ 𝑃𝑡1 using ‘housing_capgain’ Jorda, Oscar; Knoll, 

Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data 

for: 'The Rate of Return on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, 

Harvard Dataverse, V1. This index is divided by the GDP deflator to obtain real housing prices. 

Rental Yield: 1913-1970 ‘Housing rental yield Jorda, Oscar; Knoll, Katharina; Kuvshinov, 
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Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1  

Residential Investment 1800-1828: Smits, Jan Pieter Herman, Edwin Horlings, and Jan Luiten 

Zanden. Dutch GNP and its components, 1800-1913. Groningen: Groningen Growth and 

Development Centre, 2000.1828-1980 from Groote P., Albers R., and Jong H De., (1996), A 

Standardised Time Series of the Stock of Fixed Capital in the Netherlands, 1900-1995.;1840-

1950 from Österreichisches Statistisches Zentralamt., (1979), Geschichte und Ergebnisse der 

zentralen amtlichen Statistik in Österreich 1829-1979: Festschrift aus Anlass des 150jähr. 

Bestehens d. zentralen amtl. Statistik in Österreich, Issue 550 of Beiträge zur. To obtain 

housing investment, population per dwelling data (backdated to 1840 based on 1869 value) is 

used to compute the total stock of housing using total population from Maddison (2010) 

Historical GDP Database (http://www.worldeconomics.com/Data/MadisonHistoricalGDP). 

Investment is then computed from housing stock assuming a depreciation rate of 3% annum 

and the figures are subsequently spliced to the OECD national accounts level; 1950-1975 from 

OECD National Accounts of OECD countries; 1975 to 2018 from ‘Dwellings, Constant Prices, 

National Base Year’ OECD online database (https://stats.oecd.org/). Residential Capital: 

Compiled from residential investment data assuming depreciation rate of 3.1% and initial value 

based on investment in 1800, depreciation rate and geometric growth rate.  1800-1807: 

Backdated with the product of P-Rent to GDP and the residential capital to output ratio. P-Rent 

from: 1800-1807. Table A2, p. 281, Piet Eichholtz, Stefan Straetmans and Marcel Theebe, "The 

Amsterdam rent index: The housing market and the economy, 1550-1850" (2012) Journal of 

Housing Economics, vol. 21, pp. 269-282 Norway 2018: estimated using average sample trend 

1970-2017 ‘Net National Income at Market Prices’ (Current); ‘Actual rentals for housing’ 

(Current); imputed rentals for housing’ (Current) OECD online database 

(https://stats.oecd.org/) 1930-1970 ‘GDP in market value, in current million NOK’; 

‘Dwellings, in current million NOK’, Table A.5 pp. 81-98, Dean, SL 2018, “Norwegian Gross 

Domestic Product by Industry 1830-2006”, Masters Thesis, Norwegian School of Economics. 

Available from: https://www.researchgate.net/profile/Ola-

Grytten/publication/334192646_Norwegian_Gross_Domestic_Product_by_industry_1830_-

_2006_Empirical_Evidence_on_Norwegian_Industrial_Development_and_Business_Cycle_

Chronology_Sonja_Ladehaug_Dean/links/5d1c30f0458515c11c0cbebd/Norwegian-Gross-

Domestic-Product-by-industry-1830-2006-Empirical-Evidence-on-Norwegian-Industrial-

Development-and-Business-Cycle-Chronology-Sonja-Ladehaug-Dean.pdf .  1830-1930: 

‘Property Dwellings & Commercial Properties, Norwegian GDP per industry 1830-1930 in 



239 

 

current 1000 NOK’; ‘Total, Norwegian GDP per industry 1830-1930 in current 1000 NOK’, 

Table 1, pp.31-34, Grytten, OH 2015, ‘Norwegian GDP by industry 1830-1930’, Discussion 

Paper, Norwegian School of Economics. Available from: 

https://core.ac.uk/download/pdf/52120864.pdf. 1800-1830: backdated based on the product of 

the residential capital to output ratio and the price of rent relative to GDP from: Schön, L. and 

Krantz, O.  Swedish Historical National Accounts 1560―2010.Residential Investment: 1832-

1900. Grytten, O. H. (2004). The gross domestic product for Norway, 1830'2003. Norges Bank: 

Occasional Papers, (1), 241. 1900-1960. Statistics Norway. Nasjonalregnskap 1865-1960, 

Oslo: Statistisk Sentralbyra (1965). 1960-1970. Statistisk Sentralbyrå. Historisk statistikk 

1994. (1995). 1970-2019. OECD, National Accounts, Vol. 2, various issues.1800-1832: 

Backdated based on I-Y ratio for Sweden Residential CapitalCompiled from residential 

investment data assuming depreciation rate of 3.1% and initial value based on investment in 

1800, depreciation rate and geometric growth rate.  New Zealand 2018: estimated using 

average sample trend 1970-2017: ‘Net National Income at Market Prices’ (Current); ‘Housing, 

water, electricity, gas and other fuels’ (Current) OECD online database 

(https://stats.oecd.org/)multiplied by 0.78 (chosen based on assumption that 78% of Housing, 

water, electricity, gas and other fuels in New Zealand is Housing expenses).  1870-1970: 

Backdated based on product of P-Rent to CPI and Residential Capital  Residential Investment  

1871-1900, Dowie, J, A., (1966), The Course and Character of Capital Formation in New 

Zealand – 1871-1900, New Zealand Economic Papers, 1:1, 38-58; 1901-1976 total residential 

dwellings from Bloomfield G. T., (1984). New Zealand: A Handbook of Statistics, spliced to 

the level of OECD in 1976; 1976-1986 from OECD National accounts; 1986-2013 from 

‘Dwellings, Constant Prices, National Base Year’ OECD online database 

(https://stats.oecd.org/).1861-1870: Backdated using I-Y ratio in Australia from: 1861-1958, 

real residential construction as a percent of GDP from Ville Simon and Withers Glenn., (2015), 

The Cambridge Economic History of Australia, Cambridge University Press.1840-1861: 

Backdated using I-Y ratio in the United States from: 1840-1850, 1850-1889, nominal 

residential construction at current prices adjusted by Construction Cost (CC) Index; from  

Carter, S.B., Gartner S.S., Haines M.R., Olmstead A.L., Sutch R., and Wright, G., (2006). 

Historical Statistics of the United States: Millennial Edition. Cambridge University Press: 

Cambridge;  1800-1840: Backdated using I-Y in the United Kingdom from: real building works 

data from Mitchell B. R., (1988). British Historical Statistics. Cambridge University Press; 

Residential Capital Compiled from residential investment data assuming depreciation rate of 

3.1% and initial value based on investment in 1800, depreciation rate and geometric growth 
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rate.  P-Rent 1870-1891. CPI. 1891-1914. Malcolm Fraser (1915)  "Report of the Cost of living 

in New Zealand 1891-1914", John Macakay, Government Printer: Wellington. 1914-1971. 

New Zealand Official Yearbook, various issues, https://www.stats.govt.nz/indicators-and-

snapshots/digitised-collections/yearbook-collection-18932012/. 1979-2007. OECD, Main 

Economic Indicators. 2007-2019. OECD.Stat accessed on 19.4.2021.1800-1869: Backdated 

based on rental share in Australia  Portugal 1995-2018 ‘Net National Income at Market Prices’ 

(Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ (Current) OECD 

online database (https://stats.oecd.org/) 1970-1995 ‘Gross Output at Current Basic Prices’ 

(Total industries); ‘Gross Output at Current Basic Prices’ (Real estate activities) EUKLEMS 

database, November 2009 release (http://www.euklems.net/)1931-1970: Backdated based on 

product of residential capital to output ratio, rental yield,  and housing prices from:1932-1970 

‘Housing rental yield Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; 

Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. Backdated to 1932 based on 

value in 1948. House price index calculated by (1 + 𝑟𝑡) ∗ 𝑃𝑡1using 1932-1970 

‘housing_capgain’ Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; 

Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 Residential Investment 

Residential Capital Compiled from residential investment data assuming depreciation rate of 

3.1% and initial value based on investment in 1800, depreciation rate and geometric growth 

rate.  1800-1932: Backdated based on the product of the residential capital to output ratio and 

P-rent to GDP Deflator. P-Rent obtained from: 1750-1949. CPI-deflated rent in Spain 

multiplied by CPI.Spain1970-1995 ‘Gross Output at Current Basic Prices’ (Total industries); 

‘Gross Output at Current Basic Prices’ (Real estate activities) EUKLEMS database, November 

2009 release (http://www.euklems.net/) 1995-2018 ‘Net National Income at Market Prices’ 

(Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ (Current) OECD 

online database (https://stats.oecd.org/) 1900-1970: Backdated based on the product of the 

residential capital to output ratio, the rental yield and the real price of housing from the 

following sources: Rent Yield: 1900-1970 ‘Housing rental yield Jorda, Oscar; Knoll, Katharina; 

Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The 

Rate of Return on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard 

Dataverse, V1 House price index calculated by (1 + 𝑟𝑡) ∗ 𝑃𝑡1 using 1901-1970 

‘housing_capgain’ Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; 
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Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 Residential Investment: 1850-

1995. Prados de la Escosura, Leandro (2003), EL Progreso Economico De Espana (1850-2000) 

Bilbao : Fundación BBVA. 1995-2019. OECD, National Accounts, Vol. 2, various 

issues.1820-1850: Backdated on I-Y ratio in France from: Lévy-Leboyer, M. "et Bourguignon 

F." L’Économie Française au XIXème siècle, analyse macroéconomique (1985). 1896-1939 

and 1946-50 from Villa, P. (1993), Une Analyse Macroéconomique de la France au XXe, 

Siècle, Paris, CNRS Éditions.1800-1820: Backdated using I-Y ratio in the Netherlands from: . 

Smits, Jan Pieter Herman, Edwin Horlings, and Jan Luiten Zanden. Dutch GNP and its 

components, 1800-1913. Groningen: Groningen Growth and Development Centre, 

2000.Residential Capital: Compiled from residential investment data assuming depreciation 

rate of 3.1% and initial value based on investment in 1800, depreciation rate and geometric 

growth rate.  1800-1900 Backdated based on the product of the residential capital to output 

ratio and the price of rent relative to GDP. P-Rent 1800-1830. CPI-deflated rent in Italy from: 

Housing rent in Milano, Aldo de Maddalena. 1974. Prezzi e Mercedi a Milano dal 1701 al 

1860. Milano: Banca Commerciale Italiana multiplied by CPI. 1830-1936. Bernet, J.M.D.M.I., 

2006. «La paradisíaca estabilidad de la anteguerra». Elabouración de un índice de precios de 

consumo en España, 1830–1936. Revista de Historia Economica-Journal of Iberian and Latin 

American Economic History, 24(2), pp.333-382. Sweden1993-2018 ‘Net National Income at 

Market Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ 

(Current) OECD online database (0) 1970-1995 ‘Gross Output at Current Basic Prices’ (Total 

industries); ‘Gross Output at Current Basic Prices’ (Real estate activities) EUKLEMS database, 

November 2009 release (http://www.euklems.net/) 1800-1970 ‘Sweden, GDP by sector of 

Origin at Market Prices in Current Prices (Total GDP); ‘Sweden, GDP by sector of Origin at 

Market Prices in Current Prices’ (Real Estate, Renting and Business Activities), Groningen 

Growth and Development Centre, Historical National Accounts Database, January 2009 

United Kingdom 1970-1995 ‘Gross Output at Current Basic Prices’ (Total industries); ‘Gross 

Output at Current Basic Prices’ (Real estate activities) EUKLEMS database, November 2009 

release (http://www.euklems.net/) 1995-2018 ‘Net National Income at Market Prices’ 

(Current); ‘Actual rentals for housing’ (Current); imputed rentals for housing’ (Current) OECD 

online database (https://stats.oecd.org/) 1855-1970: Product of real rental and business 

activities as a share of GDP and price of housing (divided by GDP deflator) from: Real rental 

and business activities as a share of GDP:‘United Kingdom, GDP by sector of Origin at Market 

Prices in Constant Prices (Total GDP); ‘United Kingdom, GDP by sector of Origin at Market 



242 

 

Prices in Constant Prices’ (Real Estate, Renting and Business Activities), Groningen Growth 

and Development Centre, Historical National Accounts Database, January 2009. House price 

index calculated by (1 + 𝑟𝑡) ∗ 𝑃𝑡1using1896-1995 ‘housing_capgain’ Jorda, Oscar; Knoll, 

Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data 

for: 'The Rate of Return on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, 

Harvard Dataverse, V1 divided by the GDP deflator.  1895: Samy, Luke, 2015, Indices of 

House Prices and Rent Prices of Residential Property in London, 1895-1939, Discussion Papers 

in Economic and Social History No. 134, Oxford University. 1855-1895: based on average 

housing price – sources listed under United States 1800-1890; alongside data from the US: 

1890-2013: Figure 3.1 in Shiller, R.J. (2015), Irrational Exuberance, 3rd. Edition, Princeton 

University Press: Princeton NJ, available at: http://www.irrationalexuberance.com. 1800-1855: 

Backdated based on product of residential capital to output ratio and P-Rent to GDP deflator 

from: Residential investment: 1800-1885, real building works data from Mitchell B. R., (1988). 

British Historical Statistics. Cambridge University Press; 1885-1920, Liesner T (1989), One 

hundred years of Economic Statistics. Facts on File, New York, Oxford. 1920-80. Sefton, J., 

& Weale, M. (2009). Reconciliation of national income and expenditure. Cambridge Books. 

Data is spliced to the level of OECD in 1980; 1980 to 2018 is from ‘Dwellings, Constant Prices, 

National Base Year’ OECD online database (https://stats.oecd.org/).Residential Capital 

Compiled from residential investment data assuming depreciation rate of 3.1% and initial value 

based on investment in 1800, depreciation rate and geometric growth rate.  P-Rent 1770-1870. 

Feinstein, C.H., 1972. National income, expenditure and output of the United Kingdom, 1855-

1965 (Vol. 6). Cambridge: Cambridge University Press. United States1970-2018 ‘Net 

National Income at Market Prices’ (Current); ‘Actual rentals for housing’ (Current); imputed 

rentals for housing’ (Current) OECD online database (https://stats.oecd.org/)1890-1970: 

Backdated using the product of housing rental yield, an index of house prices and the residential 

capital to output ratio. Rental Yield:‘Housing rental yield Jorda, Oscar; Knoll, Katharina; 

Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The 

Rate of Return on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard 

Dataverse, V1  House price index calculated by (1 + 𝑟𝑡) ∗ 𝑃𝑡1 using: ‘housing_capgain’ Jorda, 

Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, 

"Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. This nominal index is then 

divided by the GDP deflator.  Residential Investment 1800-1840: backdated based on I-Y from 
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the UK from: real building works data from Mitchell B. R., (1988). British Historical Statistics. 

Cambridge University Press 1840-1850 Robert A. Margo (1996) "The rental price of housing 

in New York City, 1830-1860", Journal of Economic History, vol. 56, no. 3, Sep 1996, pp. 

605-625, Appendix table 1. 1850-1889, nominal residential construction at current prices 

adjusted by Construction Cost (CC) Index; from Carter, S.B., Gartner S.S., Haines M.R., 

Olmstead A.L., Sutch R., and Wright, G., (2006). Historical Statistics of the United States: 

Millennial Edition. Cambridge University Press: Cambridge; 1889-1950 number of housing 

units from Cater et al (2006), spliced to the level of OECD data in 1950. 1950-1968; from 

National Accounts of OECD countries and 1970-2013 from ‘Dwellings, Constant Prices, 

National Base Year’ OECD online database (https://stats.oecd.org/).. All pre 1970 data is 

spliced to the level of OECD database;Residential Capital Compiled from residential 

investment data assuming depreciation rate of 3.1% and initial value based on investment in 

1800, depreciation rate and geometric growth rate.  1800-1890: Backdated using the product 

of residential capital to output (see sources above) and housing prices obtained from average 

of sources below: Canada: 1872-1921: Average House Values, Pickett, J. (1963), Residential 

Capital Formation in Canada, 1871-1921, The Canadian Journal of Economics and Political 

Science, 29(1), 40-58; Japan: 1880-1912: Rural residential land, Statistics Department, Bank 

of Japan (1966), Supplement to Hundred-Year Statistics of the Japanese Economy, English 

translation of Explanatory Notes; Australia: 1861-1880: Victoria, sales price, pounds/room, 

Butlin, N.G. (1964), Investment in Australian Economic Development 1861-1900, Cambridge 

University Press, Table 62, p. 276; 1881-1969: Stapleton, N. (2007), Long Term Housing 

Prices in Australia and Some Economic Perspectives, PhD thesis, University of New South 

Wales, 

http://www.apialliance.com.au/articles/Long%20Term%20Housing%20Prices%20in%20Aus

tralia%20-%20Stapleton%20UNSW.pdf. The data are constant quality index for real median 

house prices in Australia’s capital cities, Table 2.5. The data are reflated using CPI in Appendix 

Table B4 in Stapleton (2007) op.cit. New Zealand: 1878-1962: The house price index is not 

directly available, but is computed indirectly. The index is based on the value of land for 

boroughs (city districts, Table IX.6 pp. 400-402 in Bloomfield (1984) op.cit., which includes 

the value of land, buildings and land improvements. The index cannot be used as a house price 

index since the housing stock is increasing over time. Therefore, the value of the housing stock 

is deducted from the land values. The housing stock is computed as the number of dwellings 

from Bloomfield (1984) op.cit. (interpolated between the 5-year intervals) multiplied by 

construction costs (see under construction costs) and spliced with the value of dwelling capital 
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stock computed based on the perpetual inventory method with a 3% depreciation rate for 

dwelling investment. The resulting index is a land price index since the area covered by 

boroughs has been constant over time. The housing price index is computed as the geometric 

average of construction costs and urban land prices. Belgium: 1878-1952: De Bruyne, J.-P. 

(1956), L'evolution des prix des immeubles urbains de l'agglomeration bruxelloise de 1878 a 

1952, Bulletin de l'Institut de Recherches Economiques et Sociales, 22(1), data is for Brussels 

only; Denmark: 1860-1937: Real house price index multiplied by CPI, Lunde, J., Helding 

Madsen, A. & Lundbaek Laursen, M. (2013) op.cit.; France: 1201-1935: CGEDD, Paris Home 

price indices since 1200, Data are for Paris only; Germany: 1867-1876: Average sales price of 

dwellings in Greater Berlin, Statistisches Jahrbuch der Stadt Berlin, 1877, p. 98. 1876-1883: 

Geometrically interpolated; 1883-1892: Average sales price of dwellings in Greater Berlin, 

Statistisches Jahrbuch der Stadt Berlin, 1893, p. 130; 1892-1903: interpolated using land prices; 

1903-1962: Square meter sales price of all non-foreclosure sales in Greater Hamburg only, 

Matti, W. (1963), Hamburg in Zahlen - Hamburger Grundeigentumswechsel und 

Baulandpreise 1903 bis 1937 und 1955 bis 1962, Sonderheft 1, Montasschrift des Statisischen 

landesamtes der Freien und Hansestadt Hamburg: Hamburg, Germany. Netherlands: 1628-

1969: House price index – all types of existing dwellings, Amsterdam only, Eichholtz, P.M.A. 

(1997), A Long Run House Price Index: The Herengracht Index, 1628-1973, Real Estate 

Economics, 25(2), 175-192; Norway: 1819-2013: Bank of Norway, House Price Index, 

available at: http://www.norges-bank.no/en/Statistics/Historical-monetary-statistics/House-

price-indices/. Sweden: 1875-1956, Residential property price index – average of Göteborg 

and Stockholm only from (Göteborg - Table A.2.2) Bohlin, J. (2014), A Price Index for 

Residential Property in Göteborg, 1875–2010, pp. 26-62, and (Stockholm & Sweden Table 

A.3.5) Söderberg, J., Blöndal, S. & Edvinsson, R. (2014), A Price Index for Residential 

Property in Stockholm, 1875–2011, pp. 63-100, both in Edvinsson, R., Jacobson, T. and 

Waldenstrom, D. (eds.) Historical Monetary and Financial Statistics for Sweden, Volume II: 

House Prices, Stock Returns, National Accounts, and the Riksbank Balance Sheet, 1620–2012, 

Stockhom: Sveriges Riksbank; Switzerland: 1867-1935: 1867-1898, Land price - Average 

purchase price of property, Luzerne only, Table T 5.5.1, 1899-1935, Average developed land 

price per square metre, Zurich, Table T 5.5.2, Federal Statistics Office Switzerland, Historische 

statistische Tabellen der Schweiz, 05-Preise – Bodenpreise available at: 

http://www.bfs.admin.ch/bfs/portal/de/index/dienstleistungen/history/01/00/05/04.html.Switz

erland 2017-2018: estimated using average sample trend 1995-2016: ‘Net National Income at 

Market Prices’ (Current); ‘Housing, water, electricity, gas and other fuels’ (Current) OECD 
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online database (https://stats.oecd.org/)multiplied by 0.7 (chosen based on assumption that 

70% of Housing, water, electricity, gas and other fuels in Switzerland is Housing expenses).  

1901-1995 ‘Housing rental yield Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; 

Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on 

Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 

1902-1995 ‘housing_capgain’ Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, 

Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on Everything, 

1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 Japan 2018: 

estimated using average sample trend 2009-2017: ‘Net National Income at Market Prices’ 

(Current); ‘Housing, water, electricity, gas and other fuels’ (Current) OECD online database 

(https://stats.oecd.org/, spliced to 2009 level from EUKLEMS database 1970-2009 ‘Gross 

Output at Current Basic Prices’ (Total industries); ‘Gross Output at Current Basic Prices’ (Real 

estate activities) EUKLEMS database, November 2009 release 

(http://www.euklems.net/)1885-1940 ‘Japan, GDP by sector of Origin at Market Prices in 

Current Prices (Total GDP); ‘Japan, GDP by sector of Origin at Market Prices in Current 

Prices’ (Real Estate, Renting and Business Activities), Groningen Growth and Development 

Centre, Historical National Accounts Database, January 2009 

1800-1885: Backdated based on product of P-Rent to GDP deflator and residential capital to 

output ratio obtained from the sources below: Residential Investment 1885-1945 from Ohkawa 

K., Shonohara M., and Meissneer L., (1979). Patterns of Japanese Economic Development A 

Quantitative Appraisal, New haven and London, Yale University Press, 1979; 1952-1968 from 

National Accounts of OECD countries; 1969-1980 interpolated using the Investment to GDP 

ratio; 1981-2018 from ‘Dwellings, Constant Prices, National Base Year’ OECD online 

database (https://stats.oecd.org/).1870-1885: Backdated growth rate in total investment from 

Maddison (1995) op cit. 1800-1870: Backdated using I-Y ratio from the United Kingdom from: 

real building works data from Mitchell B. R., (1988). British Historical Statistics. Cambridge 

University Press; Residential Capital Compiled from residential investment data assuming 

depreciation rate of 3.1% and initial value based on investment in 1800, depreciation rate and 

geometric growth rate.  P-Rent 1800-1874. CPI-deflated rent in Belgium multiplied by CPI. 

1874-1885. Tables A34 and A36, Ohkawa, Kazushi; Shinohara, Miyohei and Umemura, Mataji 

(eds.), 1974. Estimates of Long-Term Economic Statistics of Japan Since 1868: National 

Income, Toyo keizai Shinposha, Tokyo.  

Income and Output  
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Real and Nominal GDP 

General Note: The principal data source is the OECD.Stat’s Real Gross Domestic Product 

(GDP) (http://stats.oecd.org/index.aspx?), accessed on 10/4/2018. The data are backdated by 

splicing figures from different sources as mentioned below: 

Australia 

1800-1958 GDP Deflator, Snooks, Graeme D., 1994. Portrait of the Family within the Total 

Economy-A Study in Long-run Dynamics, Australia 1788-1990, Cambridge University Press; 

Real & Nominal GDP  1959-2010 OECD.Stat. Austria. Real GDP 1870-1913 Schulze, M.S., 

2000. Patterns of Growth and Stagnation in the Late Nineteenth Century Hasburg Economy, 

European Review of Economic History, 4, pp. 311-340; 1914-1969 Maddison, A., 2007. The 

World Economy: A Millennial Perspective/Historical Statistics (Development Centre Studies), 

OECD: Paris, France; 1970-2011 OECD.Stat, Nominal GDP  1870-1913 Schulze, M. S. 

(2000). Patterns of growth and stagnation in the late nineteenth century Habsburg 

economy. European Review of Economic History, 4(3), 311-340; 1914-1919 Real GDP × CPI 

of Austria (Mitchell, B. R., 2007. International Historical Statistics: Europe 1750-2005, 

Palgrave Macmillan, New York); 1920 Osterreichischen Institutes Fur Wirtschaftsforschung 

1965, Monatsberichte des Osterreichischen Institutes fur Wirtschaftsforschung - Osterreichs 

Volkseinkommen 1913 bis 1963, Sonderheft, No. 14, Austria, pp. 1-44; 1921-1923 Interpolated 

figures using Growth & Trend; 1924-1937 & 1948-1963 Osterreichischen Institutes Fur 

Wirtschaftsforschung 1965, Monatsberichte des Osterreichischen Institutes fur 

Wirtschaftsforschung - Osterreichs Volkseinkommen 1913 bis 1963, Sonderheft, No. 14, 

Austria, pp. 1-44 1938-1947 Real GDP × CPI of Austria (Mitchell, B. R., 2007. International 

Historical Statistics: Europe 1750-2005, Palgrave Macmillan, New York.); 1964-1969 

Mitchell, B. R., 2007. International Historical Statistics: Europe 1750-2005, Palgrave 

Macmillan, New York. 1970-2011 OECD.Stat. Belgium. Real & Nominal GDP 1835-1969 

Groningen Growth and Development Centre (GGDC), 2009. Historical National Accounts 

Database, accessed on 10/07/2012 

(http://www.rug.nl/feb/Onderzoek/Onderzoekscentra/GGDC/data/hna); 1970-2011 

OECD.Stat. Canada 1790-1869 GDP Deflator of the USA, Real GDP 1870-1926 Urquhart, 

M. C., 1986. New Estimates of Gross National Product, Canada, 1870-1926 Some Implications 

for Canadian Development, in Stanley, L. E. & Gallman, R. E., Long-Term Factors in 

American Economic Growth, , National Bureau of Economic Research Inc., No. 9678, 
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Cambridge, Massachusetts; 1927-1960 GNE in constant 1971 million dollars, Social Science 

Federation of Canada and Statistics Canada, 1983. Historical Statistics of Canada, 2nd Ed., 

Table F33-35, accessed on 10/07/2012 (http://www.statcan.gc.ca/pub/11-516-

x/sectionf/4057751-eng.htm#1); 1961-2011 Statistics Canada, 2012. Gross domestic product 

(GDP), expenditure-based, Table 380-0017, accessed on 10/07/2012 

(http://www5.statcan.gc.ca/cansim/a05), Nominal GDP 1870-1926 Urquhart, M. C., 1986. 

New Estimates of Gross National Product, Canada, 1870-1926 Some Implications for 

Canadian Development, in Stanley, L. E. & Gallman, R. E., Long-Term Factors in American 

Economic Growth, National Bureau of Economic Research Inc., No. 9678, Cambridge, 

Massachusetts 1927-1960 Social Science Federation of Canada and Statistics Canada, 1983. 

Historical Statistics of Canada, 2nd Ed., Table F33-35, accessed on 10/07/2012 

(http://www.statcan.gc.ca/pub/11-516-x/sectionf/4057751-eng.htm#1) 1961-2011 Statistics 

Canada, 2012. Gross domestic product (GDP), expenditure-based, Table 380-0017, accessed 

on 10/07/2012 (http://www5.statcan.gc.ca/cansim/a05). Denmark. Real & Nominal GDP 

1818-1965 Hansen, S. A., 1972. Økonomisk vækst i Danmark Bind II: 1914-1970, 2nd Ed., 

Universitetsforlaget, Copenhagen; 1966-2011 OECD.Stat. Finland Real & Nominal GDP 

1860-1969 Groningen Growth and Development Centre (GGDC), 2009. Historical National 

Accounts Database, accessed on 10/07/2012 

(http://www.rug.nl/feb/Onderzoek/Onderzoekscentra/GGDC/data/hna) 1970-2011 

OECD.Stat. France Real & Nominal GDP 1815-1949 Toutain, Jean-Claude, 1987. Le Produit 

Interieur Brut De La France De 1789 A 1982, Cahiers de I’I. S. M. E. A, Serie Historie 

Quantitative de I’Economie Francaise, No. 15; 1950-2011 OECD.Stat. Germany. Real & 

Nominal GDP 1870-1969 Fremdling, Rainer, 1995. German National Accounts for the 19th 

and Early 20th Century, Scandinavian Economic History Review, 43(1), pp. 77-100; 1970-

2011 OECD.Stat, Greece. Real GDP 1858-1938 Kostelenos, G. C., 1995. Money and Output 

in Modern Greece: 1858-1938, Centre of Planning and Economic Research, Athens; 1939-

1947 Maddison, A., 2007. The World Economy: A Millennial Perspective/Historical Statistics 

(Development Centre Studies), OECD: Paris, France; 1948-1959 General Directorate of 

Economic Policy and Programming, 1967. National Accounts of Greece 1948-1965, accessed 

on 10/07/2012 

(http://dlib.statistics.gr/portal/page/portal/ESYE/showdetails?p_id=10096778&p_derive=boo

k&p_topic=10007939); 1960-2011 OECD.Stat, Nominal GDP 1858-1938 Kostelenos, G. C., 

1995. Money and Output in Modern Greece: 1858-1938, Centre of Planning and Economic 

Research, Athens; 1939-1945 Real GDP × CPI of Greece (Mitchell, B. R., 2007. International 
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Historical Statistics: Europe 1750-2005, Palgrave Macmillan, New York.); 1946-1947 

Mitchell, B. R., 2007. International Historical Statistics: Europe 1750-2005, Palgrave 

Macmillan, New York.; 1948-1959 General Directorate of Economic Policy and Programming, 

1967. National Accounts of Greece 1948-1965, accessed on 10/07/2012 

(http://dlib.statistics.gr/portal/page/portal/ESYE/showdetails?p_id=10096778&p_derive=boo

k&p_topic=10007939); 1960-2011 OECD.Stat. Ireland. Real GDP 1270-1870 Campbell, 

Bruce MS, Alexander Klein, Mark Overton, and Bas van Leeuwen. British economic growth, 1270–

1870. Cambridge University Press, 2015.; 1871-1946 Mitchell, B. R., 1988. British Historical 

Statistics, the Press Syndicate of the University of Cambridge, Cambridge; 1947-1969, 

Mitchell, B. R., 2007. International Historical Statistics: Europe 1750-2005, Palgrave 

Macmillan, New York; 1970-1995 Central Statistics Office Ireland, 2012. T04 Gross Value 

Added at Factor Cost by Sector of Origin and Gross National Income at Constant Market 

Prices by Item and Year, NAH04, accessed on 18/07/2012, 

(http://www.cso.ie/px/pxeirestat/Database/eirestat/National%20Accounts%20Historical%20S

eries%201970%20to%201995/National%20Accounts%20Historical%20Series%201970%20t

o%201995_statbank.asp?sp=National%20Accounts%20Historical%20Series%201970%20to

%201995&Planguage=0); 1996-2001 Central Statistics Office Ireland, 2002. 2002 Statistical 

Yearbook, Cork, accessed on 18/07/2012, 

(http://www.cso.ie/en/releasesandpublications/statisticalyearbookofireland/statisticalyearbook

ofireland2002edition/); 2002-2004 Central Statistics Office Ireland, 2007. 2007 Statistical 

Yearbook, Cork, accessed on 18/07/2012, 

(http://www.cso.ie/en/releasesandpublications/statisticalyearbookofireland/statisticalyearbook

ofireland2007edition/); 2005-2006 Central Statistics Office Ireland, 2011. 2011 Statistical 

Yearbook, Cork, accessed on 18/07/2012, 

(http://www.cso.ie/en/releasesandpublications/statisticalyearbookofireland/statisticalyearbook

ofireland2011edition/); 2007-2011 Central Statistics Office Ireland, 2012. Gross value added 

at constant factor cost by sector of origin and gross national income at constant market prices 

(chain linked annually and referenced to year 2010), accessed on 18/07/2012, 

(http://www.cso.ie/en/statistics/nationalaccounts/principalstatistics/grossvalueaddedatconstan

tfactorcostbysectoroforiginandgrossnationalincomeatconstantmarketpriceschainlinkedannuall

yandreferencedtoyear2010/), Nominal GDP 1270-1870 Broadberry, S. et al., 2011.  British 

Economic Growth, 1270-1870: An Output-Based Approach, School of Economics Discussion 

Papers, KDPE1203, University of Kent.; 1871-1925 Mitchell, B. R., British Historical 

Statistics, Cambridge: Cambridge University Press; 1926-1959 Mitchell, B. R., 2007. 
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International Historical Statistics: Europe 1750-2005, Palgrave Macmillan, New York.; 1960-

1969 Central Statistics Office Ireland, 2002. 2002 Statistical Yearbook, Cork, accessed on 

18/07/2012,(http://www.cso.ie/en/releasesandpublications/statisticalyearbookofireland/statisti

calyearbookofireland2002edition/); 1970-2007 Central Statistics Office Ireland, 2011. 2011 

Statistical Yearbook, Cork, accessed on 18/07/2012, 

(http://www.cso.ie/en/releasesandpublications/statisticalyearbookofireland/statisticalyearbook

ofireland2011edition/); 2008-2011 Central Statistics Office Ireland, 2012. National Income 

(Current Market Prices) €m, accessed on 18/07/2012, 

(http://www.cso.ie/en/statistics/nationalaccounts/principalstatistics/nationalincomecurrentmar

ketpricesm/). Italy. Real GDP 1310-1913 Malanima, P., 2011. The Long Decline of a Leading 

Economy: GDP in Central and Northern Italy, 1300-1913, European Review of Economic 

History, 15, pp. 169-219; 1914-1969 Growth and Development Centre (GGDC), 2009. 

Historical National Accounts Database, accessed on 14/07/2012 

(http://www.rug.nl/feb/Onderzoek/Onderzoekscentra/GGDC/data/hna); 1970-2011 

OECD.Stat, Nominal GDP  1310-1913 Malanima, P., 2011. The Long Decline of a Leading 

Economy: GDP in Central and Northern Italy, 1300-1913, European Review of Economic 

History, 15, pp. 169-219; 1914-1969 Rossi, Nicola; Sorgato, Andrea and Toniolo, Gianni, 

1993. I Conti Economici Italiani: Una Ricostruzione Statistica, 1890-1990, Revista di Storia 

Economica, 10(1), pp. 1-47; 1970-2011 OECD.Stat. Japan Real GDP 1885-1939 39, J.P. 

Smits, P.J. Woltjer and D. Ma (2009), 'A Dataset on Comparative Historical National 

Accounts, ca. 1870-1950: A Time-Series Perspective', Groningen Growth and Development 

Centre Research Memorandum GD-107, Groningen: University of Groningen; 1940-1954 

Ohkawa, K. et al., 1957. The Growth Rate of The Japanese Economy Since 1878, Kinokuniya 

Bookstore Co. Ltd, Tokyo; 1955-1969 Statistics Bureau, 2008. Table 3-3-a, Gross Domestic 

Product Classified by Economic Activities (Major Industry Group), accessed on 14/07/2012, 

(http://www.stat.go.jp/english/data/chouki/03.htm); 1970-2011 OECD.Stat, Nominal GDP 

1885-1939, J.P. Smits, P.J. Woltjer and D. Ma (2009), 'A Dataset on Comparative Historical 

National Accounts, ca. 1870-1950: A Time-Series Perspective', Groningen Growth and 

Development Centre Research Memorandum GD-107, Groningen: University of Groningen; 

1940-1954 Ohkawa, K. et al., 1957. The Growth Rate of The Japanese Economy Since 1878, 

Kinokuniya Bookstore Co. Ltd, Tokyo; 1955-1969 Statistics Bureau, 2008. Table 3-3-a, Gross 

Domestic Product Classified by Economic Activities (Major Industry Group), accessed on 

14/07/2012, (http://www.stat.go.jp/english/data/chouki/03.htm); 1970-2011 OECD.Stat. 

Netherlands. Real GDP 1510-1806 Zanden, J. L.V. and Leeuwen, B. V., 2012. Persistent but 
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not Consistent: The Growth of National Income in Holland 1347-1807, Explorations in 

Economic History, 49(2), pp.119-130; 1807-1939 Centraal Bureau voor de Statistiek, 2001. 

Tweehonderd jaar statistiek in tijdreeksen, 1800-1999, Voorburg; 1940-1968 Maddison, A. 

2010, Historical Statistics on World Population, GDP and Per Capita GDP, Accessed on 

10/07/2012 (http://www.ggdc.net/MADDISON/oriindex.htm; 1969-2011 OECD.Stat, 

Nominal GDP 1510-1806 Zanden, J. L.V. and Leeuwen, B. V., 2012. Persistent but not 

Consistent: The Growth of National Income in Holland 1347-1807, Explorations in Economic 

History, 49(2), pp.119-130; 1807-1939 Centraal Bureau voor de Statistiek, 2001. Tweehonderd 

jaar statistiek in tijdreeksen, 1800-1999, Voorburg; 1940-1945 Mitchell, B. R., 2007. 

International Historical Statistics: Europe 1750-2005, Palgrave Macmillan, New York.; 1946-

1968 Centraal Bureau voor de Statistiek, 2001. Tweehonderd jaar statistiek in tijdreeksen, 

1800-1999, Voorburg; 1969-2011 OECD.Stat. New Zealand. Real GDP 1860-1987 Statistics 

New Zealand, 2004. Table E1.2  New Zealand Long Term Data Series – Real Gross Domestic 

Product (GDP), accessed on 11/07/2012, 

(http://www.stats.govt.nz/browse_for_stats/economic_indicators/NationalAccounts/long-

term-data-series/national-income.aspx); 1988-2011 Statistics New Zealand, 2012. Table 

SND087AA, Infoshare database, accessed on 11/07/2012, 

(http://www.stats.govt.nz/infoshare/ViewTable.aspx?pxID=1d64d347-c981-4556-8744-

b8055c53a6d5),  Nominal GDP 1860-1971 Statistics New Zealand, 2004. Table E1.2  New 

Zealand Long Term Data Series – Real Gross Domestic Product (GDP), accessed on 

11/07/2012, 

(http://www.stats.govt.nz/browse_for_stats/economic_indicators/NationalAccounts/long-

term-data-series/national-income.aspx); 1972-2011 Statistics New Zealand, 2012. Table 

SNC046AA, Infoshare database, accessed on 11/07/2012, 

(http://www.stats.govt.nz/infoshare/ViewTable.aspx?pxID=d32556a0-967d-4c86-b1b5-

0ed9bbb03311). Norway. 1830-1869 Implicit Price Deflator (GDP); Real & Nominal GDP 

1870-1969 Grytten, O.H., 2004. The gross domestic product for Norway 1830-2003, pp.241-

288, in Eitrheim, Ø., J.T. Klovland and J.F. Qvigstad (eds.), Historical Monetary Statistics for 

Norway 1819-2003, Norges Bank Occasional Papers no. 35, Oslo, 2004; 1970-2011 

OECD.Stat. Portugal. Real & Nominal GDP 1833-1969 Nunes, A. B., Mata, E. and Valerio, 

N., 1989. Portuguese Economic Growth 1833-1985, Journal of European Economic History, 

18(2), 291-330; 1970-2011 OECD.Stat. Spain. Real GDP 1850-1958 39, J.P. Smits, P.J. 

Woltjer and D. Ma (2009), 'A Dataset on Comparative Historical National Accounts, ca. 1870-

1950: A Time-Series Perspective', Groningen Growth and Development Centre Research 
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Memorandum GD-107, Groningen: University of Groningen;1959-1969 Bardini, C., Carreras, 

A. and Lains, P.,1995. The National Accounts for Italy, Spain and Portugal, Scandinavian 

Economic History Review, 43(1), 115-146; 1970-2011 OECD.Stat, Nominal GDP  1850-1958 

39, J.P. Smits, P.J. Woltjer and D. Ma (2009), 'A Dataset on Comparative Historical National 

Accounts, ca. 1870-1950: A Time-Series Perspective', Groningen Growth and Development 

Centre Research Memorandum GD-107, Groningen: University of Groningen; 1959-1969 Real 

GDP × CPI of Spain (OECD.Stat);1970-2011 OECD.Stat. Sweden. Real & Nominal GDP 

1665-2010 Edvinsson, R., 2011. New Estimates of Swedish GDP by Activity, 1665-2010, 

Stockholm Papers in Economic History No. 12, Stockholm University, pp. 55-61. 

Switzerland. Real & Nominal GDP 1851-1912 Ritzmann-Blickenstorfer, Heiner, 1996. 

Historical Statistics of Switzerland, Zurich: Chronos; 1913-1979 Real GDP (Bolt, Jutta, Robert 

Inklaar, Herman de Jong, and Jan Luiten Van Zanden. "Rebasing ‘Maddison’: new income 

comparisons and the shape of long-run economic development." GGDC Research 

Memorandum 174 (2018).) & Nominal GDP (Ritzmann-Blickenstorfer, 1996, Historical 

Statistics of Switzerland, Zurich: Chronos); 1980-2010 OECD.Stat. United Kingdom. Real & 

Nominal GDP 1270-1870 39, J.P. Smits, P.J. Woltjer and D. Ma (2009), 'A Dataset on 

Comparative Historical National Accounts, ca. 1870-1950: A Time-Series Perspective', 

Groningen Growth and Development Centre Research Memorandum GD-107, Groningen: 

University of Groningen; 1871-1947. Mitchell, B. R., British Historical Statistics, Cambridge: 

Cambridge University Press; 1948-1969 Office for National Statistics, 2011. United Kingdom 

National Accounts - Blue Book 2011, Newport, South Wales, accessed on 18/07/2012, 

(http://www.ons.gov.uk/ons/rel/naa1-rd/united-kingdom-national-accounts/2011-edition/tsd--

-blue-book-2011-dataset.html); 1970-2011 OECD.Stat. United States of America. Real & 

Nominal GDP 1790-1928 Johnston, L. and Williamson, S. H., 2011.  What Was the U.S. GDP 

Then? Measuring Worth, accessed on 18/07/2012, (http://www.measuringworth.com/); 1929-

2011 US Department of Commerce, Bureau of Economic Analysis, 2012. Current-Dollar and 

“Real” Gross Domestic Product, accessed on 18/07/2012, 

(http://www.bea.gov/national/index.htm#gdp). 

Real Depreciation as a share of GDP  

1950-2018: PWT 10.0, ‘Average Depreciation Rate of the Capital Stock’ multiplied by‘Capital 

Stock at Constant 2017 National Prices(in mil. 207US$)’ divided by‘Real GDP at constant 

2017 national prices (in mil. 207US$)’ Feenstra, Robert C., Robert Inklaar and Marcel P. 
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Timmer (2015), "The Next Generation of the Penn World Table" American Economic Review, 

105(10), 3150-3182, available for download at www.ggdc.net/pwt  

1800-1950: Non-Residential Capital to Output multiplied by 0.031 summed with Residential 

Capital to Output multiplied by 0.011 (depreciation rate used by PWT), summed with 0.17 

multiplied by machinery to output ratio.   

Real Depreciation series obtained by splicing 1800-1950 series to 1950-2018 series.  

Nominal Depreciation as a share of GDP 

1950-2018: PWT 10.0, ‘Average Depreciation Rate of the Capital Stock’ Feenstra, Robert C., 

Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" 

American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt multiplied by nominal capital divided by nominal GDP.  

1800-1950: Nominal Non-Residential Capital to Output multiplied by 0.031 summed with 

nominal Residential Capital to Output multiplied by 0.011 (depreciation rate used by PWT), 

summed with 0.17 multiplied by nominal machinery to output ratio.   

Nominal Depreciation series obtained by splicing 1800-1950 series to 1950-2018 series.  

Net National Income to Net Domestic Product Ratio  

 

Obtained where available from: ‘Net National Income at market prices’;‘Gross National 

income at Market Prices’;‘Gross Domestic Product’ OECD online database 

(https://stats.oecd.org/).     

Nominal Net National Domestic Product  

Obtained by multiplying Nominal Gross Domestic Product by one minus nominal depreciation 

as a share of GDP.  

Real Net National Domestic Product   
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Obtained by multiplying Real Gross Domestic Product by one minus real depreciation as a 

share of GDP.  

Nominal Net National Income  

Obtained by multiplying the Net National Income by Nominal Net Domestic Product  

Real Net National Income  

Obtained by multiplying the Net National income ratio by Real Net Domestic Product 

Annual hours worker per employee 

General data. 1800-1870. Assumed constant at the 1870-level except for the countries for 

which the data are available. 1870-1913. Huberman, Michael, 2004, “Working Hours of the 

World Unite? New International Evidence of Worktime, 1870-1913,” Journal of Economic 

History, 64, 964-1001. The data are interpolated between the years 1870, 1880, 1890, 1900, 

1913. 1913-1950. Clark, 1957, The Conditions of Economic Progress, London: Macmillan, 

1950-2016. The Conference Board Total Economy Database™, https://www.conference-

board.org/data/economydatabase/index.cfm?id=27762 (viewed on 18.11.2018). Country-

specific data are used for the following countries in the specified time intervals. Belgium. 1846-

1870. Available from Clark (1954) in 1846 and interpolated with hours worked from Huberman 

(2004) in 1870. Denmark. 1870-74: Huberman (2004), 1875-1963: Abildgren, Kim. 

"Quantitative Studies on the Monetary and Financial History of Denmark." PhD diss., 

University of Copenhagen, 2010. Netherlands. 1800-1913. The data are available annually and 

calculated as annual man-hours worked (Table C2) divided by employment (Table C1) from 

Smits, Jan Pieter Herman, Edwin Horlings, and Jan Luiten van Zanden. Dutch GNP and its 

components, 1800-1913. Groningen: Groningen Growth and Development Centre, 2000. UK. 

1780-1870. Gregory Clark, 2007, The Condition of the Working Class in England, 1200-2000: 

Magna Carta to Tony Blair, WP, UC, Davies. Clark provides data on the length of the day. The 

data are adjusted to the annual hours in 1870 from Huberman (2004). USA. 1830-1850. 

Interpolated scaled weekly hours work in manufacturing in 1830, 1940 and 1850. Table 2.1 in 

Whaples, Robert MacDonald, The shortening of the American work week: An economic and 

historical analysis of its context, causes, and consequences. ProQuest Dissertations 

and Theses; 1990; ProQuest Dissertations & Theses Global. 1850-1950. Carter et al. (eds), 
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2006, Historical Statistics of the United States, Millennial Edition, Cambridge: Cambridge 

University Press., tables Ba4546-4551, Ba4545, Ba4552 and Ba4589. 

Employment 

Includes all economic active on full-time equivalents. 1950/60 -2016: OECD, Labour Force 

Statistics. Before 1950/60 the following sources are used.  

Canada. 1800-1851. Employment is assumed to be a constant proportion of the population of 

working age and at the level that prevailed in 1851. 1851-1881. Series D498-504 in F. H. Leacy 

(ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. 1881-1921. Series D1-

7 in F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. 1921-

1959. Series D124-133 in F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics 

Canada: Ottawa. USA. 1800-1900. Available at decennial frequencies. Series D 167-181, 

Historical Statistics of the United States: Colonial Times to 1970. 1900-1949. T. Liesner, 1989, 

One Hundred Years of Economic Statistics, Oxford: The Economist. 1870, 1890, and 1893: 

Maddison, 1991, op. cit. Japan. 1800-1872. 1800-1858. Employment is assumed to be a 

constant proportion of the population of working age and at the level that prevailed in 1872. 

1872-1940. K. Ohkawa, M. Shinchara and L. Meissner, 1979, Patterns of Japanese Economic 

Development: A Quantitative Appraisal, New Haven: Yale University Press. 1940-1950. Table 

15, K. Ohkawa & Rosovsky, H., 1973. Japanese economic growth: Trend acceleration in the 

twentieth century. Stanford University Press.Australia. 1800-1828: Butlin, N. G. (1994), 

Forming A Colonia Economy, Australia 1810-1850, Cambridge University Press. 1828-1861. 

Endres, Tony (1984), Australian Workforce Aggregates 1828-1901: Estimates from Colonial 

Censuses, Source Paper No. 3, Source Papers in Economic History, The Australian National 

University. 1861-1900. Withers, Glenn; Endres, Tony; and Perry, Len (1985), Australian 

Historical Statistics: Labour Statistics, Source Paper No. 7, Source Papers in Economic 

History, The Australian National University. 1901-1950: Table IV.5 : Workforce, Employment 

and the Unemployment Rate (pp. 90-92), Butlin, M.W. (1977), A Preliminary Annual 

Database 1900/01 to 1973/74, Discussion Paper 7701, Reserve Bank of Australia, May 1977, 

p. 90-92.New Zealand. 1800-1858. Employment is assumed to be a constant proportion of the 

population of working age and at the level that prevailed in 1806. Table IV. 1858-1958. New 

Zealand: A handbook of Historical Statistics, G. T. Bloomfield, G.K. Hall & Co.Austria. 1800-

1920. Employment is assumed to be a constant proportion of the population of working age 

and at the level that prevailed in 1920. 1920 B. R. Mitchell, 1975, European Historical 
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Statistics 1750-1975, Macmillan: London. 1927-1950. ILO, Yearbook, various issues. 

Although census surveys on employment are available before 1920 they are not used because 

they refer to the entire Austrian-Hungarian empire and females are not accounted for in the 

1857 and 1869 censuses.Belgium. 1800-1846. 1800-1806. Employment is assumed to be a 

constant proportion of the population of working age and at the level that prevailed in 1846. 

1846-1900. Available at 10-year intervals in B. R. Mitchell, 1975, European Historical 

Statistics 1750-1975, Macmillan: London. 1900-35 and 1945-1949. M. van Meerten, 2003, 

Capital Formation in Belgium, 1900-1995, Leuven: Leuven University Press. Denmark. 1800-

1818. Employment is assumed to be a constant proportion of the population of working age 

and at the level that prevailed in 1818. 1818-1950. Table 1, Svend Aage Hansen, 1974, 

Økonomisk vækst I Danmark, Akademisk Forlag.Finland. 1769, 1805. B. R. Mitchell, 1975, 

European Historical Statistics 1750-1975, Macmillan: London. The employment data are 

divided by population of working age and linearly interpolated between the years 1769, 1805 

and 1860. 1860-1959. Table 11A in R. Hjerppe, 1989, The Finnish Economy, 1860-1985, 

Helsinki: Bank of Finland, Government Printing Centre. France. 1800-1806. Employment is 

assumed to be a constant proportion of the population of working age and at the level that 

prevailed in 1806. 1806-1896. Marchand, Olivier, and Claude Thélot, 1991, "Deux siècles de 

travail en France: population active et structure sociale, durée et productivité du travail." 

ETUDES. 1896-1960. P. Villa, 1993, Une Analyse Macroeconomique De La France Au Xxe 

Siecle, Paris: CNRS Editions. Germany. 1800-1926. Employment is assumed to be a constant 

proportion of the population of working age and at the level that prevailed in 1846. 1846-1950 

Series x0457 in Rahlf, Thomas: Dokumentation zum Zeitreihendatensatz für Deutschland, 

1834-2012. In: Historical Social Research in Transition (Online Supplement) (2015), 26v1, 

DOI: http://dx.doi.org/10.12759/hsr.trans.26.v01.2015, and W. G. Hoffmann, F. Grumbach, 

and H. Hesse, 1965, Das Wachstum der Deutschen Wirtschaft seit der mitte des 19. 

Jahrhunderts, Springer-Verlag: Berlin. Greece. 1800-1926. Employment is assumed to be a 

constant proportion of the population of working age and at the level that prevailed in 1926. 

1926-1960. B. R. Mitchell, 1975, European Historical Statistics 1750-1975, Macmillan: 

London. The employment data, which are available decentially, are divided by population of 

working age and and linearly interpolated between the benchmark years.Ireland. 1800-1841. 

Employment is assumed to be a constant proportion of the population of working age and at 

the level that prevailed in 1841. 1841-1960. Bairoch, Paul, and Tilo Deldycke. La population 

active et sa structure: The working population and its structure. Centre d'Économie Politique, 

Institut de Sociologie, Université Libre de Bruxelles, 1968. The employment data, which are 
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available decennially, are divided by population of working age and linearly interpolated 

between the benchmark years.Italy. 1800-1861. Employment is assumed to be a constant 

proportion of the population of working age and at the level that prevailed in 1861. 1861-1950. 

Table A2 in Claire Giordano and Francesco Zollino, 2016,A Historical Reconstruction of 

Capital and Labour in Italy, 1861-2013, Quaderni di Storia Economica, No. 37.Netherlands. 

1800-1899. Statline, CBS, 

https://opendata.cbs.nl/statline/#/CBS/en/dataset/71882eng/table?ts=1551234599645, viewed 

on 16 5 2019. 1899-1913. Table C.1 in Smits, Jan Pieter Herman, Edwin Horlings, and Jan 

Luiten Zanden. Dutch GNP and its components, 1800-1913. Groningen: Groningen Growth 

and Development Centre, 2000. 1913-1950. Central Bureau voor de Statistiek, 2001, 

Tweehondred Jaar Statistiek in Tijdreeksen, 1800-1999, Centraal Bureau voor de Statistiek, 

Voorburg. Norway. 1800-1875. Assumed to be a constant proportion of the population of 

working age. 1875-1950. Statistisk sentralbyrå, 1994, Historisk statistikk 1994.Portugal. 1800-

1890. Assumed to be a constant proportion of the population of working age. 1890-1950. Table 
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1850-2015, Table 18.Sweden. O. Johansson, 1967, The Gross Domestic Product of Sweden 

and its Composition 1861-1955, Stockholm: Almquist and Wiksell. Switzerland. 1800-1850. 
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Macmillan: London.UK. 1801-1870: Guy Routh, 1987, Occupations of the People of Grea 

Britain, 1801-1981, Tables 1.1 and 5.1, London:Macmillan and Feinstein, C. H. 

(1996). Conjectures and contrivances: economic growth and the standard of living in Britain 

during the industrial revolution. University of Oxford. 1870-1960. A millennium of 

macroeconomic data for the UK The Bank of England's collection of historical macroeconomic 

and financial statistics Version 3 - finalised 30 April 2017  

Self-Employment  

General note. The data are backdated by multiplying employment by the average ratio of self-

employment and total employment for the countries for which data are available.  
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is assumed to be a constant fraction and equal to 29% (1940 number) of recorded selfemployed 
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Japan.https://warp.da.ndl.go.jp/info:ndljp/pid/11423429/www.stat.go.jp/english/data/chouki/i

ndex.html, accessed on 3-3-2020. 2015-2019. OECD, Labour Force Statistics, various issues. 

Netherlands 1899-1980. Wennekers, Sander, and Mickey Folkeringa, 2002. "The 
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employees on own account but without employees and relatives assisting but not receiving 
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OECD, Labour Force Statistics, various issues.Spain 1860-1950. Carreras, Albert and 

Tafunell, Xavier (Eds.), 2005. Estadísticas históricas de España: Siglos XIX - XX. Bilbao: 
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https://data.worldbank.org/indicator/FP.CPI.TOTL Austria: 1800-1967: Statistik Austria 

1979, Geschichte und Ergebnisse der zentralen amtlichen Statistik in Osterreich 1829-1979, 

Beitrage zur Österreichischen Statistik, Vol.1, Heft 550, Vienna. 1967-2013: Statistik Austria 
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‘Portrait of the family within the total economy: a study in longrun dynamics, Australia 1788-

1900’, Cambridge University Press: Cambridge, UK, pp. 164-165, Table 7.1.1850-1901: 
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War’, Explorations in Economic History, vol. 38, pp. 411-447. Data available from Allen RC 
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Bureau of the Census 1960, Statistical Abstract of the United States: 1960, 81st ed., Washington 

D.C.U.S. Bureau of the Census 1961, Statistical Abstract of the United States: 1961, 82nd ed., 
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Modern Irish History since 1800, Pearson Education Limited: Harlow, UK, pp. 566-572. 1922-

2013: Central Statistics Office 2014, Cork, viewed 23 July 2014, 
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Index Italy 1250-2007, viewed 24 July 
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Interpolated. 1861-2013: Instituto nazionale di statistica (ISTAT) 2014, Il valore della moneta 

in Italia dal 1860 al 2012, Nota informativa, Rome, viewed 24 July 2014, 

<http://www.istat.it/it/archivio/118813>, pg 2, Table 1. Japan 1800-1865: Hiroshi Shimbo 

1978, Kinsei no buka to keizai hatten: zen kogyoka shakai e no suryoteki sekkin, Toyo Keizai 

Shimposha: Tokyo, Tables 2-1 and 5-9, pp. 30-37, 282. 1714-1725, 1734-1737, 1739-1740, 

1763-1772: Interpolated. 1866-1878: E.S Crawcour and Kozo Yamamura 1970, ‘The 

Tokugawa Monetary System: 1787-1868’, Economic Development and Cultural Change, Vol. 

18, No. 4, Part 1 (Jul. 1970), pp. 489-518, esp. Appendix, Tables A1- A4, pp. 511-518. 1879-

1965: Ohkawa, K, Shinohara, M & Umemura, M (eds) 1967, Estimates of Long-term 
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van Riel, A 2008, Constructing the nineteenth-century cost of living deflator (1800-1913), 

IISG, KNAW, Amsterdam, viewed 24 July 2014, <http://www.iisg.nl/hpw/brannex.php>. 

1824-1900: Centraal Bureau voor de Statistiek (CBS) and Rijks Universiteit Gronigen 2001, 

Tweehondred jaar statistiek in tijdreeksen 1800-1999, Uitgeverij Stichting Beheer ISSG: 

Amsterdam, pp. 110-111, Table 11. 1900-2013: CBS 2014, StatLine database, Den 

Haag/Herrelen, viewed 24 July 2014, 

<http://statline.cbs.nl/StatWeb/publication/?DM=SLEN&PA=71905ENG&D1=a&D2=a&H
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Klovland, JT & Qvigstad, JF (eds) Historical Monetary Statistics for Norway 1819-2003, Part 
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<http://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_base_dados&bdpagenumber=1&bd
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1986-2001: Instituto Nacional de Estadística (INE), Anuario Estadística de España 1996 and 
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<http://www.ine.es/jaxi/menu.do?type=pcaxis&path=/t25/p138/enla01&file=pcaxis&L=1>, 
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Sweden1800-1830: Edvinsson R & Söderberg J 2007, Consumer Price Index for Sweden 
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vol. 41, no. 3, pp. 137-153, especially pp. 149-153, Appendix, Table A-1. 1813-1915: Institut 

fuer Empirische Wirtschaftsforschung – Forschungsstelle fuer Sozial- und 

Wirtschaftsgeschichte 2013, Historical Statistics of Switzerland online, University of Zurich, 
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<http://www.fsw.uzh.ch/hstat/nls_rev/ls_files.php?chapter_var=././h/&timeline=no&lang=en

>, Table H.1. 1915-2013: Bundesamt für Statistik (Swiss Federal Statistical Office) 2014, CPI, 

Change in % compared to the same month of the preceding year, incl. annual average, 

Neuchâtel, viewed 23 July 2014, 

<http://www.bfs.admin.ch/bfs/portal/en/index/themen/05/02/blank/key/basis_aktuell.html>. 

United Kingdom 1800-1998 (composite price index): O’Donoghue, J, Goulding, L & Allen, 

Grahame 2004, ‘Consumer price inflation since 1750’, Economic Trends, No. 604, March, 

Office for National Statistics: Newport, pg 43, Table 1, available at: 

<http://www.ons.gov.uk/ons/rel/elmr/economic-trends--discontinued-/no--604--march-

2004/index.html> . 1998-2013: Office for National Statistics 2014, Consumer Price Inflation 

Reference Tables, June 2014, Newport, viewed 24 July 2014, 

<http://www.ons.gov.uk/ons/taxonomy/search/index.html?nscl=Consumer+Price+Indices&ns

cl-orig=Consumer+Price+Indices&content-type=Dataset&content-
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Structure and Performance, Cambridge University Press: New York, pg 3-158, Table Cc1-

2.1913-2013: (urban consumers only) Crawford, M and Church, J (eds) 2014, CPI Detailed 
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DATA APPENDIX (CHAPTER TWO) 

 

Tobin’s q  

Tobin’s q obtained by removing the time-trend from the natural logarithm of real stock prices 

(stock prices divided by the GDP deflator – except for Germany and Japan between 1870-1950, 

over which time the CPI is used). The exponent is then taken of the de-trended series. This 

series is then normalized to hold a mean of 1.  

Stock Prices 

Canada: 1956-2019 OECD online database (https://stats.oecd.org/).1914-1956 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/.1870-1913: Stock Prices relative to GDP Deflator for 

Canada Spliced with Stock Prices relative to GDP deflator for the United States. Spliced series 

multiplied by GDP Deflator. United States: 1957-2019 OECD online database 

(https://stats.oecd.org/). 1870-1957 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. Japan:1959-2019 

OECD online database (https://stats.oecd.org/) 1914-1959 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from: 

http://www.globalfinancialdata.com/1878-1914 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 

1870-1878: Stock price divided by CPI for Japan spliced with real stock price sample average, 

spliced series is then multiplied by CPI. Australia: 1958-2019 OECD online database 

(https://stats.oecd.org/). 1875-1958 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/.1870-1875 Jorda, 

Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, 

"Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1.New Zealand:1967-2019 

OECD online database (https://stats.oecd.org/).1926-1967 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1925: Stock Prices relative to GDP Deflator for 

New Zealand Spliced with Stock Prices relative to GDP deflator for the Australia. Spliced 
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series multiplied by GDP Deflator. Austria Stock Prices: 1957-2019 OECD online database 

(https://stats.oecd.org/). 1922-1957 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. 1870-1922: Stock 

Prices relative to GDP Deflator for Austria Spliced with Stock Prices relative to CPI for 

Germany. Belgium: 1986-2019 OECD online database (https://stats.oecd.org/). 1897-1986 

Global Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1897 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V. 

Denmark: 1983-2019 OECD online database (https://stats.oecd.org/). 1873-1983 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1872-1873 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", 1870-1871: Stock Prices relative to GDP Deflator for Denmark 

Spliced with Stock Prices relative to CPI for Sweden. Spliced series multiplied by GDP 

Deflator. https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. Finland: 1957-

2019 OECD online database (https://stats.oecd.org/). 1912-1957 Global Financial Data, 

database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ . 1870-1911: Stock Prices relative to GDP Deflator for 

Finalnd Spliced with Stock Prices relative to CPI for Sweden. Spliced series multiplied by GDP 

Deflator. France:1955-2019 OECD online database (https://stats.oecd.org/).1870-1955 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. Germany: 1960-2019 OECD online database 

(https://stats.oecd.org/) 1870-1960 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. Divided by CPI 

Greece: 1985-2020 OECD online database (https://stats.oecd.org/). 1952-1985 Global 

Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ 1870-1951: Stock price divided by GDP deflator for 

Greece spliced with real stock price sample average, spliced series is then multiplied by the 

GDP deflator. Ireland:  1955-2019 OECD online database (https://stats.oecd.org/). 1928-1955 

Global Financial Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1928: Richard S. Grossman, Ronan C. Lyons, 

Kevin Hjortshoj O'Rourke & Madalina A. Ursu, "A monthly stock exchange index for Ireland, 

1864-1930", University of Oxford, Discussion Papers in Economic and Social History, No. 
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120, Oct. 2013; Appendix 3, pp. 33-51. Italy:1957-2019 OECD online database 

(https://stats.oecd.org/) 1905-1957 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/.1870-1905 Jorda, 

Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, 

"Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. Netherlands:1957-2019 

OECD online database (https://stats.oecd.org/). 1919-1957 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ 1917-1919: Stock prices assumed to increase with GDP 

deflator 1899-1917 Jorda, Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; 

Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. Norway: 1986-2019 OECD 

online database (https://stats.oecd.org/). 1914-1986 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/.  1880-1914 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 

1870-1880: Stock Prices relative to GDP Deflator for Norway Spliced with Stock Prices 

relative to CPI for Sweden. Spliced series multiplied by GDP Deflator. Portugal: 1988-2019 

OECD online database (https://stats.oecd.org/). 1931-1988 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 1870-1931 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 

Spain: 1985-2019 OECD online database (https://stats.oecd.org/). 1899-1985 Jorda, Oscar; 

Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication 

Data for: 'The Rate of Return on Everything, 1870-2015'", 

https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1. 1870-1899 Global Financial 

Data, database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ Sweden:  1950-2019 OECD online database 

(https://stats.oecd.org/). 1901-1950 Global Financial Data, database Globalfinancialdata.com 

Retrieved 1 February 2018, from http://www.globalfinancialdata.com/. 1870-1901 Jorda, 

Oscar; Knoll, Katharina; Kuvshinov, Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, 

"Replication Data for: 'The Rate of Return on Everything, 1870-2015'", 
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https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 Switzerland: 1955-2019 

OECD online database (https://stats.oecd.org/).1910-1955 Global Financial Data, database 

Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/ 1899-1910 Jorda, Oscar; Knoll, Katharina; Kuvshinov, 

Dmitry; Schularick, Moritz; Taylor, Alan M., 2019, "Replication Data for: 'The Rate of Return 

on Everything, 1870-2015'", https://doi.org/10.7910/DVN/GGDQGJ, Harvard Dataverse, V1 

1870-1898: Stock price divided by GDP deflator for Greece spliced with real stock price 

sample average, spliced series is then multiplied by the GDP deflator. United Kingdom: 

1958-2019 OECD online database (https://stats.oecd.org/) 1870-1958 Global Financial Data, 

database Globalfinancialdata.com Retrieved 1 February 2018, from 

http://www.globalfinancialdata.com/. 

Unionisation  

Madsen, J. B., M. R. Islam, and H. Doucouliagos (2018), “Inequality, Financial Development 

and Economic Growth in the OECD, 1870-2011,” European Economic Review, 101, 605-624.  

Capital Share   

Kerspien, J. A. and Madsen, J. B. (2021), Capital Heterogeneity, the Building-Machinery 

Dichotomy, and the Declining Income Share of Labour. Mimeo, University of 

Western Australia. 

Capital to Output Ratio  

Capital to Output ratio computed by summing the capital to output ratio for machinery and 

equipment, non-residential buildings and structures, intellectual property products and 

residential buildings and structures. The capital stock for each of these asset classes is 

calculated using the investment data listed below. The perpetual inventory method is used with 

the assumption that the depreciation rate is 3% for buildings and structures 17% for machinery 

and 25% for IPP (a compromise between the 15% used for Rand D and the 30-34% overall 

depreciation rate for IPP (Koh et al 2018)).  
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Investment Machinery And Equipment (M&E), Non-Residential Buildings And 

Structures (B&S) And Intellectual Property Products.  

The post-1950/80 data are from OECD, National Accounts, Vol. II, Paris, (NA) and the OECD 

online database (https://data.oecd.org/), where the starting year vary across countries as 

detailed for each country below. Before 1950/80 the following sources and methods are used.  

Canada. 1800-1870. The investment-GDP ratios for the US are used. 1870-1925: Non-

residential investment is split up in M&E and B&S using the investment shares provided by 

Firestone, O. J. 1958. Canada's economic development, 1867-1953: with special reference to 

changes in the country's national product and national wealth. The investment shares are 

available every 10 years. The non-residential gross fixed investment are from Urquhart, M.C., 

1986, New Estimates of Gross National Product, Canada, 1870-1926, Some Implications for 

Canadian Development, in Stanley Engerman and Robert E. Gallman (Eds.) Long-Term 

Factors in American Economic Growth. Chicago: The University of Chicago Press, p. 16 

(Table 2.2). Investment is deflated by the GDP-deflator (Urquhart, Table 2.9). 1926-1960: F33-

F55, F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. United 

States. M&E. 1789-1834: Berry, T.S., 1988, Production and Population since 1789: Revised 

GNP Series in Constant Dollars, Botswick Paper No. 6, Richmond, VA: The Botswick Press, 

p. 17, Table 1. 1834-1889: Rhode, P. W. (2002). Gallman's annual output series for the United 

States, 1834-1909 (W8860). National Bureau of Economic Research. 1889-1950: Maddison, 

A., 1995, Explaining the Economic Performance of Nations. Essays in Time and Space, 

Edward Elgar: Aldershot, p. 156. B&S. 1789-1850. Scaled gross fixed capital formation. Berry, 

T.S., 1988, Production and Population since 1789: Revised GNP Series in Constant Dollars, 

Botswick Paper No. 6, Richmond, VA: The Botswick Press, p. 17, Table 1. 1850-1959: 

Maddison, A., 1995, Explaining the Economic Performance of Nations. Essays in Time and 

Space, Edward Elgar: Aldershot, Table 8f. Japan: 1800-1885. The investment-income ratios 

for the UK/Ireland are used. 1870-1950. 1885-1988: Maddison, A., 1995, Explaining the 

Economic Performance of Nations. Essays in Time and Space, Edward Elgar: Aldershot, p. 

156. 25.7% war damage to the 1945 capital stock is incorporated into the capital stock 

following Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison Project; Re-

Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 18/05/2019. 

Australia. 1800-1861. The investment-GDP ratios for the UK are used. 1861-1901. M&E. 

Sum of nominal gross capital formation in mining, shipping and half of manufacturing 
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investment from Butlin, N. G. (1955). Private capital formation in Australia: estimates 1861-

1900 (Vol. 5). Australian National University High Wycombe, Eng.: University Microfilms. 

The data are deflated by the overall investment deflator, Vamplew, W. (1987). Australians 

Historical Statistics. Fairfax, Syme & Weldon Associates. New South Wales, ANA 71 and 78. 

B&S: sum of gross capital formation in shops, industry investment divided by two and 

investment in Agriculture. All from Butlin (1955). The data are deflated by the overall 

investment deflator, Vamplew, W. (1987). Australians Historical Statistics. Fairfax, Syme & 

Weldon Associates. New South Wales, ANA 71 and 78. 1901-1960. M&E: Sum of private and 

public investment, where public investment is investment in machinery and equipment plus 

investment in rail, all from Butlin, M. W. (1977). A preliminary annual database 1900/01 to 

1973/74 (No. rdp7701). Reserve Bank of Australia. Butlin (1977) only provides values of on 

capital stock and depreciation in fixed prices. Thus gross capital formation is created as Kt  - 

Kt-1 + Depreciationt-1. B&S: Sum of private and public investment in non-residential building 

and structures from Butlin, M. W. (1977). A preliminary annual database 1900/01 to 1973/74 

(No. rdp7701). Reserve Bank of Australia. New Zealand. 1800-1846. The investment-GDP 

ratios for the UK are used. 1846-1970. Data that distinguish between M&E and B&S are not 

available before 1950. Instead the data are decomposed into private and public non-residential 

nominal investment and are deflated by the GDP deflator. Public gross capital formation is 

available from Mulcare, T. 1994. Gross Capital Formation and Improved Estimates of Real 

Gross and Net Capital Stocks to 1990 for the New Zealand Non-market Production Sector. 

Graduate School of Business and Government Management, Victoria University of 

Wellington. Private investment. 1846-1871: The investment-GDP ratio is assumed constant 

and spliced with the ratio in 1871. 1871-1900. Non-residential private gross capital formation 

from Dowie, J. A. 1966. The course and character of capital formation in New Zealand—1871–

1900. New Zealand Economic Papers, 1(1), 38-58. 1900-1939: The private non-residential 

investment-income ratio is linearly interpolated. 1939-1950. The private non-residential 

investment-income ratio in New Zealand Statistical Yearbooks: 

(http://www.stats.govt.nz/browse_for_stats/economic_indicators/nationalaccounts/long-term-

data-series.aspx), assessed 21-10-2018. 1950-1970. Real gross capital formation distributed on 

B&S and M&E from Philpott, B. 1991, “Real Gross Capital Formation in 22 SNA Sectors, 

1950–1989”, Research Project on Economic Planning Internal Paper 226b, Victoria University 

of Wellington, Wellington, August. Austria. 1800-1870. The investment-GDP ratios for 

Germany are used. 1870-1913: Real gross capital formation is generated from the capital series 

of Schulze, M. S. (2005). An estimate of imperial Austria’s gross domestic fixed capital stock, 



270 

 

1870-1913. methods, sources and results. WP 2005/5 Department of Economic History LSE. 

Gross capital formation is recovered from the capital stock using 17% depreciation rates for 

M&E and 3% for B&S. M&E is computed as the sum of the following categories: Railway 

tracks, rolling stock, ships, machinery. B&S is computed as the sum of the following 

categories: Roads/bridges, agricultural buildings, public buildings and common, non-

residential, buildings. 1913-1945: Total real capital formation from Österreichs 

volkseinkommen 1913 bis 1963, Monatsberichte des Österreichischen Instituts für 

Wirtschaftsforschung, Sonderheft 14. The total investment-GDP ratio is decomposed into 

M&E and B&S using their respective investment-GDP ratios at the endpoints. 1945-1960: 

Sieder, R., Steinert, H., & Tálos, E. (Eds.). 1995. Österreich 1945-1995: Gesellschaft, Politik, 

Kultur (Vol. 60). Verlag für Gesellschaftskritik. Belgium. 1800-1880 the investment-GDP 

ratios for M&E and B&S in the Netherlands are spliced with those in Belgium in 1880 and are 

from Albers, R. M. 2002, Machinery investment and economic growth: The dynamics of Dutch 

development 1800-1913. Amsterdam: Aksant. 1880-1899: noting that the Netherlands and 

Belgium were united over the period 1815-1830. Gross capital formation in agriculture Table 

4.4 (B&S) and Table 4.5 (M&E) from van Meerten, M., 2003, Capital Formation in Belgium, 

1900-1995, Leuven: Leuven University Press, are spliced with overall economy M&E and 

B&S in 1900. 1900-1950: van Meerten, M., 2003, Capital Formation in Belgium, 1900-1995, 

Leuven: Leuven University Press. War damage correction: WWI. 15.5% of 1913 GDP spread 

out evenly between the years 1914-1917. WWII 7.1% spread out evenly on the years 1943-45. 

The correction for war damage follows van Meerteen, 2003, (see his footnote no. 39). 

Denmark: 1800-1835. The investment-GDP ratios for Sweden are used. 1835-1870: The 

investment data, which are in nominal values, are deflated by CPI. M&E includes transport 

investment and B&S is the sum of investment in non-residential buildings and structure and 

maintenance. All the investment data are from Table 7 in Hansen, Svend Aage. Økonomisk 

vækst i Danmark. Akademisk forlag, 1976., Bind II. 1870-1950: Table V in Bjerke, Kjeld, and 

Niels Ussing. Studier over Danmarks Nationalprodukt, 1870-1950. GEC Gad, 1958. B&S is 

scaled total gross fixed investment in building and construction, thus includes residential 

investment. 1950-1980: OECD National Accounts, Vol. II. Finland. 1800-1861. The 

investment-GDP ratios for Sweden are used. 1861-1950: Hjerppe, R., 1989, The Finnish 

Economy, 1860-1985, Helsinki: Bank of Finland, Government Printing Centre. The data, which 

are in nominal values from Table 9A at the disaggregated levels, are deflated with the overall 

investment deflator (nominal investment in Table 3C, divided by real investment from Table 

3A). France. 1800-1820. 1800-1820. The investment-GDP ratios for Belgium are used. 1820-
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1913: Lévy-Leboyer, M. 1978. Capital investment and economic growth in France, 1820-1930. 

The Cambridge economic history of Europe, 7(Part I), 231-95. Building and structures include 

residential housing investment. 1913-1939: Villa, P., 1993, A Macroeconomic Analysis of 20th 

Century France. Paris: CNRS- Editions. 1939-46: interpolation (construction sector 

employment from Liesner (1989, p. 191) used to bridge the two series). 1946-1950: 

interpolated. War damage of 2% is assumed each year over the periods 1914-17 and 1942-

1945. Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison Project; Re-

Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 18/05/2019. 

Germany. 1800-1850. Tilly, R. H. 1978. Capital Formation in Germany in the Nineteenth 

Century. The Cambridge Economic History of Europe, 7(part 1), 383-441. The data are very 

scattered and some of the gross investment data are in fixed 1913 prices, some in current values, 

while other categories are capital stock and not investment. The approach taken here is to 

convert all data to gross capital formation in 1913 prices and then splice them to the GCF series 

in 1851. Except for investment in railway there are hardly any information on machinery and 

equipment investment, partly reflecting that manufacturing was a very low share of total 

economic activity. Thus, M&E investment is estimated as the ratio of building to machinery 

and equipment gross investment in private non-agricultural business and agriculture over the 

period 1851-1855 (from Pierenkemper, T., & Tilly, R. H. 2004. The German Economy During 

the Nineteenth Century. Berghahn Books), is used to backdate machinery and equipment based 

on investment in buildings and structure. 1851-1913: Table 35 in Hoffmann, Walther G. "Erster 

Teil." Das Wachstum der Deutschen Wirtschaft Seit der Mitte des 19. Jahrhunderts. Springer, 

Berlin, Heidelberg, 1965. There are no separate categories for M&E and B&S. Thus, M&E is 

estimated as the sum of the following categories: Investment in agricultural M&E, rail, and 

half of business investment in M&E plus structures. B&S are estimated as total non-residential 

investment minus the investment in M&E. 1913-1950: Kirner, W., 1968, Zeitreihen fur das 

Anlagevermogen der Wirtschaftsbereiche in der Bundesreplublik Deutschland, Deutsches 

Institut fur Wirtschaftsforschnung, Duncker & Humbolt: Berlin. The data are adjusted for war 

damage in the source. Non-residential buildings and structures. The following categories are 

added together: Land und Forstwirtschaft, Energiewirtschaft, Bergbau, Grundstoff- und 

Produktionsgüterindustrie, Investeringsgüterindustrie, Verbrauchengüterindustrie, Nahrings- 

und Genussmittel-industrie, Industrie Klainbetrieb und Handwerk, Baugewerbe, Handel, 

Eisenbahnen, Schifffahrt, Übriger Verkehr, Nachrichtenübertragung, Kreditintitutionen und 

Vers. gew., Wohnungsvermietung, Sonst. Dienstleist., Strassen und Brukken, Wasser strassen 

und Hafen, and Übrige staatliches Bereiche, and maintainance (Eisenbahnen, Strassen und 
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Bracken, Strassen, Wasser, Häfen). Machinery and equipment. Total non-residential 

investment minus investment in M&E. Greece. 1800-1850. The investment-GDP ratios for 

Ireland/UK are used. 1850-1920: M&E is computed as the share of machinery in total imports 

from T12.2 in Socrates D. Petmezas, “Foreign Trade and Capital Flows in Nineteenth-century 

Greece”, in Edhem Eldem and Socrates Petmezas (eds), The Economic Development of 

Southeastern Europe in the 19th Century, Athens: Alpha Bank Historical Archives, 2011, pp. 

447-491, multiplied by real GDP and the share of nominal imports in total GDP. Imports are 

from the statistical yearbooks of Greece and nominal GDP is from George C. Kostelenos, 2003. 

“Historical estimates of National Accounts Magnitudes in Greece: 1830-1939”, Spoudai, Vol. 

53, No. 1, pp. 37-64, esp. Table 2a, pp. 46-47. B&S. Backdated assuming it to be a constant 

fraction of GDP at the 1920 level. 1920-1948: Derived from consumption of steel (M&E) and 

cement (B&S), Svennilson, I., 1954 Growth and stagnation in the European economy. United 

Nations Economic Commission for Europe, Geneva. 1948-1948. National Accounts of Greece, 

1948-65, T23, Statics Greece. Ireland. 1800-1920. The investment-income ratios for M&E 

and B&S are based on that of the UK since Ireland was a part of the UK during almost all of 

this period. 1920-1952: B&S: Derived from consumption of cement, Svennilson, I., 1954. 

Growth and stagnation in the European economy., up to 1950 and bridged to 1953 using the 

B&S investment-income ratio for the UK. M&E: 1926-1947, based on M&E gross fixed 

investment from Nevin, E. 1963. The Capital Stock of Irish Industry. Economic and Social 

Research Institute (ESRI) Research Series. 1920-1925: consumption of steel, Svennilson, I., 

1954. Growth and stagnation in the European economy., up to 1950 and bridged to 1953 using 

the M&E investment-income ratio for the UK. 1953-1970: M&E and B&S: Slattery, D. G. 

1975. Fixed capital stock estimation: an empirical exercise using Irish data. Journal of the 

Statistical and Social Inquiry Society of Ireland, 23(2), 90-133. 1970-1995. Central Statistical 

Office, T17 Gross Domestic Physical Capital Formation (excluding FISIM), assessed on 21-

11-2018 on 

(https://www.cso.ie/px/pxeirestat/Statire/SelectVarVal/Define.asp?maintable=NAH17&PLan

guage=0). Italy. 1800-1820. The investment-GDP ratios for UK/Ireland are used before 1850 

and Spain after 1850. 1861-1970: Baffigi, A. 2011. Italian National Accounts. A project of 

Banca d'Italia, Istat and University of Rome Tor Vergata. Economic History Working Papers, 

Banca d'Italia No 18. Investment in non-residential buildings and structures is estimated as the 

sum of public investment, other investment and investment non-residential buildings. 

Netherlands. 1800-1913. M&E include transport. Albers, R. M., 2002. Machinery Investment 

and Economic Growth, The Dynamics of Dutch Development 1800-1913, Amsterdam: Aksant. 



273 

 

1913-1960: Groote, P., Albers, R., & De Jong, H. 1996. A standardised time series of the stock 

of fixed capital in the Netherlands, 1900-1995. Groningen Growth and Development Centre, 

Faculty of Economics, University of Groningen. B&S is the sum of civil engineering and non-

residential construction. 10% war damage is evenly spread out over the years 1943-1945. 

Norway. 1800-1850. The investment-GDP ratios for Sweden are used. 1830-1865. Grytten, O. 

H. 2004. The gross domestic product for Norway, 1830-2003. Norges Bank: Occasional 

Papers, (1), 241. The data are disaggregated into M&E and B&S using their share of total 

investment in 1856 because only total investment are available. 1865-1929. Norway, Statistisk 

Sentralbyrá. "Nasjonalregnskap 1900-1929." Statistics Norway, Oslo (1953). M&E. Sum of 

non-transport M&E investment and investment in transport. B&S. Total investment in building 

and structures. 1930-1960. Sentralbyra, Statistisk. "Nasjonal Regnskap, 1865–1960." (1965). 

Norges offisielle statistikk XII, No. 163. 1930-1960. M&E. Sum of non-transport M&E 

investment and investment in transport. B&S. Total investment in non-residential buildings 

and structures. Portugal. 1800-1850. The investment-income ratios are assumed to follow that 

of the UK/Ireland. 1850-1911: The investment-income ratios are assumed to follow that of 

spain. 1911-1960: da Silva, E. G., & Lains, P. 2013. Capital formation and long-run growth: 

Evidence from Portuguese data, 1910-2011. Iberometrics VI, May, 16-17. Machinery and 

equipment is computed as the sum of transport, machinery, equipment and other with 

depreciation rates of 8.25 % (0.11 after 1960) for M&E, 5.5% % (9.1 % after 1960) for transport 

and 11% (16% after 1960) for other investment. Spain. 1800-1850. The investment-GDP ratios 

for Ireland/UK are used. 1850-1950: Table A7.2a De La Escosura, Leandro Prados. El progreso 

económico de España. Fundación BBV, 2003. M&E include investment in transport 

equipment. Sweden. 1800-1949: Edvinsson, R., 2005: Growth, Accumulation, Crisis: With 

New Macroeconomic Data for Sweden. Almqvist & Wiksell. All the data are deflated by the 

deflator for total investment. B&S. Investment in building and structures minus investment in 

buildings. M&E include investment in transport. Switzerland. 1800-1850. The investment-

GDP ratios for Germany are used. M&E. 1850-1914: Nominal investment in M&E divided by 

the GDP deflator, Table R1 in Ritzmann-Blickenstorfer, 1996, Historical Statistics of 

Switzerland, Zurich: Chronos.1914-1920: Interpolated using the investment-income ratio. 

1920-1948: Derived from consumption of steel, Svennilson, I., 1954 Growth and stagnation in 

the European economy. United Nations Economic Commission for Europe, Geneva. 1948-

1979. Table R3 in in Ritzmann-Blickenstorfer, 1996. Historical Statistics of Switzerland, 

Zurich: Chronos. B&S. 1850-1914. Nominal investment in M&E divided by the GDP deflator, 

Table R1 in Ritzmann-Blickenstorfer (1996). Computed as total nominal non-residential 
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investment (sum of the columns entitled “investment in structures” and investment in M&E 

and non-residential buildings) minus investment in M&E. The data are deflated by the GDP 

deflator. 1914-1920. Interpolated based on the investment-GDP ratio. 1920-1926. 927-1947. 

Nominal investment in building and structures minus investment in residential buildings 

deflated by the GDP deflator, Table R4 in Ritzmann-Blickenstorfer (1996). 1948-1970: Sum 

of real investment in government buildings, civil engineering and non-residential buildings, 

Bundesamt für Statistik: Langfristige Reihen der Nationalen Buchhaltung der Schweiz. 

Haupttabellen 1948–1990; Detailtabellen und Konti 1970–1990. Bern 1992 Eidg. Statistisches 

Amt: Revidierte Reihen der Nationalen Buchhaltung der Schweiz 1948–1976 sowie 

Produktionskonto 1970 (Beiträge zur schweizerischen Volkswirtschaftliche 

Gesamtrechnungen). UK. 1765-1920. Feinstein, C.H., Pollard, S., 1988, Studies in Capital 

Formation in the United Kingdom, 1750-1920, Oxford: Clarendon Press, p. 431, Table X. 

1920-1960: Feinstein, C. H. 1976. Statistical Tables of National Income, Expenditure, and 

Output of the UK, 1855-1965. Cambridge: Cambridge University Press, Table 40. 

Residential Investment 

General Note:  

Except for the cases where actual references are given, all data were backdated to 1800 by 

splicing with 'computed investment' obtained by multiplying the average Residential Inv/GDP 

ratio for the countries listed. 

Canada: 1868-1950. The investment is derived from housing stock from censuses with a 2% 

depreciation rate. Firestone, O. J. (1960). Development of Canada's Economy, 1850-1900. 

In Trends in the American Economy in the Nineteenth Century (pp. 217-252). Princeton 

University Press, and Leacy, F. H. (1983). Historical statistics of Canada. 

http://www.statcan.gc.ca/pub/11-516-x/sectionf/4057751-eng.htm#3. 1951-2019. OECD, 

National Accounts, Vol. 2, various issues. Backdated using USA residential Inv/GDP ratio. 

USA:1840-1938. New residential buildings, Gottlieb, Manuel. "Front matter, Estimates of 

Residential Building, United States, 1840–1939." In Estimates of Residential Building, United 

States, 1840–1939, pp. 16-0. NBER, 1964. 1939-1970. Real investment in residential 
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A. and Lains, P.,1995. The National Accounts for Italy, Spain and Portugal, Scandinavian 

Economic History Review, 43(1), 115-146; 1970-2011 OECD.Stat, Nominal GDP  1850-1958 

39, J.P. Smits, P.J. Woltjer and D. Ma (2009), 'A Dataset on Comparative Historical National 

Accounts, ca. 1870-1950: A Time-Series Perspective', Groningen Growth and Development 

Centre Research Memorandum GD-107, Groningen: University of Groningen; 1959-1969 Real 

GDP × CPI of Spain (OECD.Stat);1970-2011 OECD.Stat. Sweden. Real & Nominal GDP 

1665-2010 Edvinsson, R., 2011. New Estimates of Swedish GDP by Activity, 1665-2010, 

Stockholm Papers in Economic History No. 12, Stockholm University, pp. 55-61. 

Switzerland. Real & Nominal GDP 1851-1912 Ritzmann-Blickenstorfer, Heiner, 1996. 

Historical Statistics of Switzerland, Zurich: Chronos; 1913-1979 Real GDP (Bolt, Jutta, Robert 

Inklaar, Herman de Jong, and Jan Luiten Van Zanden. "Rebasing ‘Maddison’: new income 

comparisons and the shape of long-run economic development." GGDC Research 

Memorandum 174 (2018).) & Nominal GDP (Ritzmann-Blickenstorfer, 1996, Historical 

Statistics of Switzerland, Zurich: Chronos); 1980-2010 OECD.Stat. United Kingdom. Real & 

Nominal GDP 1270-1870 39, J.P. Smits, P.J. Woltjer and D. Ma (2009), 'A Dataset on 

Comparative Historical National Accounts, ca. 1870-1950: A Time-Series Perspective', 

Groningen Growth and Development Centre Research Memorandum GD-107, Groningen: 

University of Groningen; 1871-1947. Mitchell, B. R., British Historical Statistics, Cambridge: 

Cambridge University Press; 1948-1969 Office for National Statistics, 2011. United Kingdom 

National Accounts - Blue Book 2011, Newport, South Wales, accessed on 18/07/2012, 

(http://www.ons.gov.uk/ons/rel/naa1-rd/united-kingdom-national-accounts/2011-edition/tsd--

-blue-book-2011-dataset.html); 1970-2011 OECD.Stat. United States of America. Real & 

Nominal GDP 1790-1928 Johnston, L. and Williamson, S. H., 2011.  What Was the U.S. GDP 

Then? Measuring Worth, accessed on 18/07/2012, (http://www.measuringworth.com/); 1929-

2011 US Department of Commerce, Bureau of Economic Analysis, 2012. Current-Dollar and 

“Real” Gross Domestic Product, accessed on 18/07/2012, 

(http://www.bea.gov/national/index.htm#gdp). 
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APPENDIX ONE (CHAPTER THREE) – SUMMARY STATISTICS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A1: Summary Statistics 

Variable  Mean 

Std. 

Dev. Observations 

𝐥𝐧 (𝐒𝐊) overall -1.20 0.20 N =    1449 

 between  0.13 n =      21 

 within  0.15 T =      69 

𝐥𝐧 (
𝐖

𝐏𝐘 ∗ 𝐘
) overall 1.07 0.55 N =    1449 

 between  0.17 n =      21 

 within  0.53 T =      69 

𝐥𝐧 (
𝐊

𝐘
) 

overall 1.18 0.23 N =    1449 

 between  0.13 n =      21 

 within  0.19 T =      69 

𝐥𝐧 (𝐔𝐧𝐢𝐨𝐧) overall -1.39 0.69 N =    1449 

 between  0.61 n =      21 

 within  0.35 T =      69 

𝐥𝐧 (𝐓𝐅𝐏) overall -0.21 0.26 N =    1449 

 between  0.12 n =      21 

 within  0.23 T =      69 

𝐥𝐧 (
𝐌

𝐘
) 

overall -1.76 0.70 N =    1449 

 between  0.48 n =      21 

 within   0.53 T =      69 

𝐥𝐧 (𝐒𝐀
𝐊) overall -1.41 0.27 N =    1449 

 between  0.17 n =      21 

 within  0.21 T =      69 

𝐥𝐧 (
𝐖𝐧𝐫

𝐏𝐘 ∗ 𝐘
) 

overall 0.58 0.77 N =    1449 

 between  0.16 n =      21 

 within  0.75 T =      69 

𝐥𝐧 (
𝐊𝐧𝐫
𝐘
) 

overall 0.96 0.27 N =    1449 

 between  0.22 n =      21 

 within  0.15 T =      69 





287 
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Unionisation  

Madsen, J. B., M. R. Islam, and H. Doucouliagos (2018), “Inequality, Financial Development 

and Economic Growth in the OECD, 1870-2011,” European Economic Review, 101, 605-624.  

Trade 

Obtained by dividing real imports by real GDP. Real imports obtained from: 

PWT 10.0; ‘Imports at constant national 2017 prices’. Feenstra, Robert C., Robert Inklaar and 

Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" American 

Economic Review, 105(10), 3150-3182, available for download at www.ggdc.net/pwt.  

TFP 

PWT 10.0; ‘TFP at constant national prices (2017=1)’. Feenstra, Robert C., Robert Inklaar and 

Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" American 

Economic Review, 105(10), 3150-3182, available for download at www.ggdc.net/pwt.  

Real GDP 

PWT 10.0; ‘GDP at constant national 2017 prices’. Feenstra, Robert C., Robert Inklaar and 

Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" American 

Economic Review, 105(10), 3150-3182, available for download at www.ggdc.net/pwt.  

Nominal GDP 

PWT 10.0; ‘GDP at current national prices’. Feenstra, Robert C., Robert Inklaar and Marcel P. 

Timmer (2015), "The Next Generation of the Penn World Table" American Economic Review, 

105(10), 3150-3182, available for download at www.ggdc.net/pwt.   

Real and Nominal Residential and Non-Residential Capital 

Shares of nominal residential and non-residential Investment in total investment in buildings 

and structures obtained from: OECD, National Accounts, Vol.II, Various Issues, Paris. 

These shares were then multiplied by nominal investment in buildings and structures from the 

PWT to obtain series for nominal residential and non-residential buildings and structure 

investment.  
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PWT Buildings and Structures investment series: 

PWT 10.0; ‘Investment at current national prices in residential and non-residential structures’; 

Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of 

the Penn World Table" American Economic Review, 105(10), 3150-3182, available for 

download at www.ggdc.net/pwt.  

Real investment series obtained by dividing by: 

PWT 10.0; ‘Capital stock price index for residential and non-residential structures (2017=1); 

Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of 

the Penn World Table" American Economic Review, 105(10), 3150-3182, available for 

download at www.ggdc.net/pwt.  

Real capital stock series obtained using real investment series and the perpetual inventory 

method. Depreciation rate is assumed to be 1.1% for residential capital and 3.1% for non-

residential capital following Inklaar et al (2019). Initial values are obtained by dividing 

investment in 1950 by depreciation and the geometric growth rate of investment across the 

sample period.   

Inklaar et al citation:  

Inklaar, R Woltjer, P & Albarrán, DG 2019. ‘The Composition of Capital and Cross-Country 

Productivity Comparisons’, International Productivity Monitor, vol.36, pp.34-52, Spring, 

Centre for the Study of Living Standards 

The share of non-residential capital and the share residential capital in total buildings and 

structure capital are then computed from these series.  

These shares are then multiplied by the real capital stock from the PWT obtained by dividing 

the nominal buildings and structure capital stock by the capital stock price index for buildings 

and structures. The nominal buildings and structure capital stock is obtained from:  

PWT 10.0; ‘Current-cost net capital stock of residential and non-residential structures’; 

Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of 

the Penn World Table" American Economic Review, 105(10), 3150-3182, available for 

download at www.ggdc.net/pwt.  
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This process provides series for non-residential and residential capital in buildings and 

structures that are consistent with the series for the other components of capital obtained from 

the PWT.   

Nominal values of these series are obtained by multiplying the real series by the capital stock 

price index for buildings and structures cited above.  

Real Capital Stock 

Chain index compiled using nominal quantities and prices from:  

Residential and Non-Residential Structures: As described above 

All other capital:  

PWT 10.0 ‘Current-cost net capital stock of machinery and (non-transport) equipment’; 

‘Current-cost net capital stock of transport equipment’; ‘Current-cost net capital stock of other 

assets’; ‘Capital stock price index for machinery and (non-transport) equipment (2017 =1)’ ; 

‘Capital stock price index for transport equipment (2017 = 1)’ ; ‘Capital stock price index for 

other assets (2017 = 1)’. Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), 

"The Next Generation of the Penn World Table" American Economic Review, 105(10), 3150-

3182, available for download at www.ggdc.net/pwt.   

The chain index is then adjusted so that 2017=1 and the series is then multiplied by the value 

of the nominal capital stock in 2017 to obtain a chained values for the capital stock. 

The non-residential capital stock is obtained in the same way except residential buildings and 

structures are omitted from the calculation of the chain index and the chain index is multiplied 

by the value of the non-residential nominal capital stock in 2017. 

Wealth 

As described in the main text, wealth is obtained by summing the product of tobin’s q and 

nominal non-residential capital with the nominal residential capital stock.  

The nominal non-residential capital stock is obtained by adding the nominal stock of non-

residential structures, obtained as described above, to the PWT series for all other capital (cited 

above).  

Labour Share and Rent Share 
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Kerspien, J. A. and Madsen, J. B. 2021, Capital Heterogeneity, the Building-Machinery 

Dichotomy, and the Declining Income Share of Labour. Mimeo, University of Western 

Australia.  

Tobin’s q  

Kerspien, J. A. and Madsen, J. B. 2021, Markups, Tobin’s q and the Declining Labour Share. 

Mimeo, University of Western Australia. 
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APPENDIX ONE (CHAPTER FOUR) 

 

Table AI: Second Alternate Measure of Skill  
 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln (
Kit
M

Sit
) 

-0.03***  

(0 012) 

-0.06***  

(0 010) 

-0.07***  

(0 010) 

-0.06***  

(0 010) 

-0.06***  

(0 010) 

-0.05*** 

(0 010) 

-0.06***  

(0 011) 

ln (
Uit
Sit
) - 

0.25***  

(0 011) 

0.26***  

(0 011) 

0.24***  

(0 011) 

0.24***  

(0 012) 

0.21*** 

(0 013) 

0.22*** 

(0 017)  

ln (
Rit
Yit
)         - - 

0.10***  

(0 008) 

0.12***  

(0 009) 

0.11***  

(0 009) 

0.09***  

(0 009) 

0.10***  

(0 009) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0.02***  

(0 004) 

0.02*** 

(0 004) 

0.01*** 

(0 004) 

0.02***  

(0 005) 

ln(Unionit) - - - - 
-0.01**  

(0 006) 

-0.02***  

(0 006) 

-0.02***  

(0 006)  

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.13***  

(0 015) 

0.13*** 

(0 015) 

ln(𝑌𝑖𝑡) - - - - - - 
0.08*** 

(0 023) 

Implied σMU/σSU - 4 3 85 4 17 4 17 4 76 4 55 

Observations 2352 2352 2352 2352 2352 2352 2352 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 

        

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝛽2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. In these regressions, the series for the number of skilled workers is obtained 

by splicing a series for the number of workers with a tertiary degree in the post-1950 period, with a series for the 

number of workers with a secondary degree in the pre-1950 period.  

 

Table AII: First Difference, Second Alternate Measure of Skill  

Notes. 𝜎𝑈𝑆 recovered according to 𝜎𝑀𝑆 =
1

𝛽2
 Robust standard errors are shown in parentheses. *, **, ***: 

Significant at 10%, 5% and 1% level. In these regressions, the series for the number of skilled workers is obtained 

by splicing a series for the number of workers with a tertiary degree in the post-1950 period, with a series for the 

number of workers with a secondary degree in the pre-1950 period.  

 

 

  

 (1) (2) (3) (4) (5) (6) (7) 

Dependent 

Variable 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln(𝜋𝑖𝑡) 
 

ln (
Kit
M

Sit
) 

-0 03  

(0 023) 

-0.06***  

(0 024) 

-0.07***  

(0 024) 

-0.07*** 

 (0 024) 

-0.07***  

(0 024) 

-0.07*** 

(0 025) 

-0.07***  

(0 025) 

ln (
Uit
Sit
) - 

0.25*** 

(0 052) 

0.25*** 

(0 052) 

0.25*** 

(0 052) 

0.25***  

(0 052) 

0.27***  

(0 053) 

0.27***  

(0 053) 

ln (
Rit
Yit
)         - - 

0 00 

(0 013) 

0 00 

(0 015) 

0 01 

(0 015) 

0 01 

(0 015) 

0 01 

(0 015) 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

ln(Unionit) - - - - 
0 00 

(0 009) 

0 00 

(0 009) 

0 00 

(0 009) 

ln(𝐿𝐹𝑃𝑖𝑡) - - - - - 
0.11*** 

(0 036) 

0.11***  

(0 036) 

ln(𝑌𝑖𝑡) - - - - - - 
-0 03 

(0 028) 

Implied σMU/σSU - 4 4 4 4 3 7 3 7 

Observations 2272 2272 2272 2272 2272 2272 2272 

Time Period 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 1870-2016 
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APPENDIX TWO (CHAPTER FOUR) 

 

Summary Statistics: 1870-2016 

Variable 
 

Mean 

Std. 

Dev. Observations 

ln(𝜋𝑖𝑡) overall 0.961752 0.469215 N =    2352 

 
between 

 
0.234763 n =      16 

 
within 

 
0.410453 T =     147 

ln (
𝐾𝑖𝑡
𝑀

𝑆𝑖𝑡
) 

overall -0.62363 2.03299 N =    3087 

 
between 

 
1.434892 n =      21 

 
within 

 
1.473615 T =     147 

ln (
𝑈𝑖𝑡
𝑆𝑖𝑡
) 

overall -1.72572 0.291637 N =    3087 

 
between 

 
0.162078 n =      21 

 
within 

 
0.245001 T =     147 

ln (
𝑅𝑖𝑡
𝑌𝑖𝑡
) 

overall -5.55364 1.42154 N =    3087 

 
between 

 
0.864803 n =      21 

 
within 

 
1.143799 T =     147 

ln(𝑅𝑃𝑟𝑜𝑑𝑖𝑡) overall 5.516144 3.858007 N =    3087 

 
between 

 
1.554223 n =      21 

 
within 

 
3.547237 T =     147 

 
overall -2.55106 1.77172 N =    3087 

 
between 

 
0.64499 n =      21 

 
within 

 
1.656098 T =     147 

ln(𝐿𝐹𝑃𝑖𝑡) overall -0.80057 0.393134 N =    3087 

 
between 

 
0.25614 n =      21 

 
within 

 
0.303399 T =     147 

ln(𝑌𝑖𝑡) overall 9.727289 1.518726 N =    3087 

 
between 

 
1.27391 n =      21 

 
within 

 
0.872044 T =     147 
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Unionisation  

Madsen, J. B., M. R. Islam, and H. Doucouliagos (2018), “Inequality, Financial Development 

and Economic Growth in the OECD, 1870-2011,” European Economic Review, 101, 

605-624.  

R and D  

Madsen, J. B., A. Minniti, and F. Venturini (2021), “Wealth Inequality in the Long Run: A 

Schumpeterian Growth Perspective,” Economic Journal, 131(633), 476-497. 

 

Female Labour Force participation   

 Madsen, J. B., R. Islam and Xueli Tang (2020), “Was the Post-1870 Fertility Transition a 

Key Contributor to Growth in the West in the 20th Century?” Journal of Economic 

Growth, 25(4), 431-454. 

 

Skill Premium  
 

Madsen, J.B 2022, Estimates Wages Across Skills and Professions in the OECD countries, 

Working Paper, UWA. 

 

Real Machinery Investment    
 

General Note: The principal data source is the Penn World Table’s Capital Supplement 

Package. From this package a chain index compiled is compiled using: 

 

Investment at current national prices in machinery and (non-transport) equipment (PWT 10.0; 

‘Investment at current national prices in machinery and (non-transport) equipment’. Feenstra, 

Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn 

World Table" American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt).   

Deflated by: 

Investment price index for machinery and (non-transport) equipment(PWT 10.0; ‘Investment 

price index for machinery and (non-transport) equipment’. Feenstra, Robert C., Robert Inklaar 
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and Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" American 

Economic Review, 105(10), 3150-3182, available for download at www.ggdc.net/pwt).   

And  

Investment at current national prices in transport equipment (PWT 10.0; ‘Investment at current 

national prices in transport equipment’. Feenstra, Robert C., Robert Inklaar and Marcel P. 

Timmer (2015), "The Next Generation of the Penn World Table" American Economic Review, 

105(10), 3150-3182, available for download at www.ggdc.net/pwt).   

Deflated by: 

Investment price index for transport equipment (PWT 10.0; ‘Investment price index for 

transport equipment’. Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The 

Next Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt).   

 

The data are backdated by splicing figures from different sources as mentioned below: 

 

Canada. 1800-1870. The investment-GDP ratios for the US are used. 1870-1925: Non-

residential investment is split up in M&E and B&S using the investment shares provided by 

Firestone, O. J. 1958. Canada's economic development, 1867-1953: with special reference to 

changes in the country's national product and national wealth. The investment shares are 

available every 10 years. The non-residential gross fixed investment are from Urquhart, M.C., 

1986, New Estimates of Gross National Product, Canada, 1870-1926, Some Implications for 

Canadian Development, in Stanley Engerman and Robert E. Gallman (Eds.) Long-Term 

Factors in American Economic Growth. Chicago: The University of Chicago Press, p. 16 

(Table 2.2). Investment is deflated by the GDP-deflator (Urquhart, Table 2.9). 1926-1960: F33-

F55, F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. United 

States. M&E. 1789-1834: Berry, T.S., 1988, Production and Population since 1789: Revised 

GNP Series in Constant Dollars, Botswick Paper No. 6, Richmond, VA: The Botswick Press, 

p. 17, Table 1. 1834-1889: Rhode, P. W. (2002). Gallman's annual output series for the United 

States, 1834-1909 (W8860). National Bureau of Economic Research. 1889-1950: Maddison, 

A., 1995, Explaining the Economic Performance of Nations. Essays in Time and Space, 

Edward Elgar: Aldershot, p. 156. B&S. 1789-1850. Scaled gross fixed capital formation. Berry, 

T.S., 1988, Production and Population since 1789: Revised GNP Series in Constant Dollars, 

Botswick Paper No. 6, Richmond, VA: The Botswick Press, p. 17, Table 1. 1850-1959: 

Maddison, A., 1995, Explaining the Economic Performance of Nations. Essays in Time and 
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Space, Edward Elgar: Aldershot, Table 8f. Japan: 1800-1885. The investment-income ratios 

for the UK/Ireland are used. 1870-1950. 1885-1988: Maddison, A., 1995, Explaining the 

Economic Performance of Nations. Essays in Time and Space, Edward Elgar: Aldershot, p. 

156. 25.7% war damage to the 1945 capital stock is incorporated into the capital stock 

following Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison Project; Re-

Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 18/05/2019. 

Australia. 1800-1861. The investment-GDP ratios for the UK are used. 1861-1901. M&E. 

Sum of nominal gross capital formation in mining, shipping and half of manufacturing 

investment from Butlin, N. G. (1955). Private capital formation in Australia: estimates 1861-

1900 (Vol. 5). Australian National University High Wycombe, Eng.: University Microfilms. 

The data are deflated by the overall investment deflator, Vamplew, W. (1987). Australians 

Historical Statistics. Fairfax, Syme & Weldon Associates. New South Wales, ANA 71 and 78. 

1901-1960. M&E: Sum of private and public investment, where public investment is 

investment in machinery and equipment plus investment in rail, all from Butlin, M. W. (1977). 

A preliminary annual database 1900/01 to 1973/74 (No. rdp7701). Reserve Bank of Australia. 

Butlin (1977) only provides values of on capital stock and depreciation in fixed prices. Thus 

gross capital formation is created as Kt  - Kt-1 + Depreciationt-1. New Zealand. 1800-1846. The 

investment-GDP ratios for the UK are used. 1846-1970. Data that distinguish between M&E 

and B&S are not available before 1950. Instead the data are decomposed into private and public 

non-residential nominal investment and are deflated by the GDP deflator. Public gross capital 

formation is available from Mulcare, T. 1994. Gross Capital Formation and Improved 

Estimates of Real Gross and Net Capital Stocks to 1990 for the New Zealand Non-market 

Production Sector. Graduate School of Business and Government Management, Victoria 

University of Wellington. Private investment. 1846-1871: The investment-GDP ratio is 

assumed constant and spliced with the ratio in 1871. 1871-1900. Non-residential private gross 

capital formation from Dowie, J. A. 1966. The course and character of capital formation in 

New Zealand—1871–1900. New Zealand Economic Papers, 1(1), 38-58. 1900-1939: The 

private non-residential investment-income ratio is linearly interpolated. 1939-1950. The 

private non-residential investment-income ratio in New Zealand Statistical Yearbooks: 

(http://www.stats.govt nz/browse for stats/economic indicators/nationalaccounts/long-term-data-series.aspx), 

assessed 21-10-2018. 1950-1970. Real gross capital formation distributed on B&S and M&E 

from Philpott, B. 1991, “Real Gross Capital Formation in 22 SNA Sectors, 1950–1989”, 

Research Project on Economic Planning Internal Paper 226b, Victoria University of 

Wellington, Wellington, August. Austria. 1800-1870. The investment-GDP ratios for 
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Germany are used. 1870-1913: Real gross capital formation is generated from the capital series 

of Schulze, M. S. (2005). An estimate of imperial Austria’s gross domestic fixed capital stock, 

1870-1913. methods, sources and results. WP 2005/5 Department of Economic History LSE. 

Gross capital formation is recovered from the capital stock using 17% depreciation rates for 

M&E. M&E is computed as the sum of the following categories: Railway tracks, rolling stock, 

ships, machinery. 1913-1945: Total real capital formation from Österreichs volkseinkommen 

1913 bis 1963, Monatsberichte des Österreichischen Instituts für Wirtschaftsforschung, 

Sonderheft 14. The total investment-GDP ratio is decomposed into M&E and B&S using their 

respective investment-GDP ratios at the endpoints. 1945-1960: Sieder, R., Steinert, H., & 

Tálos, E. (Eds.). 1995. Österreich 1945-1995: Gesellschaft, Politik, Kultur (Vol. 60). Verlag 

für Gesellschaftskritik. Belgium. 1800-1880 the investment-GDP ratios for M&E and B&S in 

the Netherlands are spliced with those in Belgium in 1880 and are from Albers, R. M. 2002, 

Machinery investment and economic growth: The dynamics of Dutch development 1800-1913. 

Amsterdam: Aksant. 1880-1899: noting that the Netherlands and Belgium were united over the 

period 1815-1830. Gross capital formation in agriculture Table 4.5 (M&E) from van Meerten, 

M., 2003, Capital Formation in Belgium, 1900-1995, Leuven: Leuven University Press, are 

spliced with overall economy M&E in 1900. 1900-1950: van Meerten, M., 2003, Capital 

Formation in Belgium, 1900-1995, Leuven: Leuven University Press. War damage correction: 

WWI. 15.5% of 1913 GDP spread out evenly between the years 1914-1917. WWII 7.1% spread 

out evenly on the years 1943-45. The correction for war damage follows van Meerteen, 2003, 

(see his footnote no. 39). Denmark: 1800-1835. The investment-GDP ratios for Sweden are 

used. 1835-1870: The investment data, which are in nominal values, are deflated by CPI. M&E 

includes transport investment. All the investment data are from Table 7 in Hansen, Svend Aage. 

Økonomisk vækst i Danmark. Akademisk forlag, 1976., Bind II. 1870-1950: Table V in Bjerke, 

Kjeld, and Niels Ussing. Studier over Danmarks Nationalprodukt, 1870-1950. GEC Gad, 1958. 

1950-1980: OECD National Accounts, Vol. II. Finland. 1800-1861. The investment-GDP 

ratios for Sweden are used. 1861-1950: Hjerppe, R., 1989, The Finnish Economy, 1860-1985, 

Helsinki: Bank of Finland, Government Printing Centre. The data, which are in nominal values 

from Table 9A at the disaggregated levels, are deflated with the overall investment deflator 

(nominal investment in Table 3C, divided by real investment from Table 3A). France. 1800-

1820. 1800-1820. The investment-GDP ratios for Belgium are used. 1820-1913: Lévy-

Leboyer, M. 1978. Capital investment and economic growth in France, 1820-1930. The 

Cambridge economic history of Europe, 7(Part I), 231-95. 1913-1939: Villa, P., 1993, A 

Macroeconomic Analysis of 20th Century France. Paris: CNRS- Editions. 1939-46: 
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interpolation (construction sector employment from Liesner (1989, p. 191) used to bridge the 

two series). 1946-1950: interpolated. War damage of 2% is assumed each year over the periods 

1914-17 and 1942-1945. Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison 

Project; Re-Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 

18/05/2019. Germany. 1800-1850. Tilly, R. H. 1978. Capital Formation in Germany in the 

Nineteenth Century. The Cambridge Economic History of Europe, 7(part 1), 383-441. The data 

are very scattered and some of the gross investment data are in fixed 1913 prices, some in 

current values, while other categories are capital stock and not investment. The approach taken 

here is to convert all data to gross capital formation in 1913 prices and then splice them to the 

GCF series in 1851. Except for investment in railway there are hardly any information on 

machinery and equipment investment, partly reflecting that manufacturing was a very low 

share of total economic activity. Thus, M&E investment is estimated as the ratio of building to 

machinery and equipment gross investment in private non-agricultural business and agriculture 

over the period 1851-1855 (from Pierenkemper, T., & Tilly, R. H. 2004. The German Economy 

During the Nineteenth Century. Berghahn Books), is used to backdate machinery and 

equipment based on investment in buildings and structure. 1851-1913: Table 35 in Hoffmann, 

Walther G. "Erster Teil." Das Wachstum der Deutschen Wirtschaft Seit der Mitte des 19. 

Jahrhunderts. Springer, Berlin, Heidelberg, 1965. There are no separate categories for M&E 

and B&S. Thus, M&E is estimated as the sum of the following categories: Investment in 

agricultural M&E, rail, and half of business investment in M&E plus structures. 1913-1950: 

Kirner, W., 1968, Zeitreihen fur das Anlagevermogen der Wirtschaftsbereiche in der 

Bundesreplublik Deutschland, Deutsches Institut fur Wirtschaftsforschnung, Duncker & 

Humbolt: Berlin. The data are adjusted for war damage in the source. Non-residential buildings 

and structures. The following categories are added together: Land und Forstwirtschaft, 

Energiewirtschaft, Bergbau, Grundstoff- und Produktionsgüterindustrie, 

Investeringsgüterindustrie, Verbrauchengüterindustrie, Nahrings- und Genussmittel-industrie, 

Industrie Klainbetrieb und Handwerk, Baugewerbe, Handel, Eisenbahnen, Schifffahrt, Übriger 

Verkehr, Nachrichtenübertragung, Kreditintitutionen und Vers. gew., Wohnungsvermietung, 

Sonst. Dienstleist., Strassen und Brukken, Wasser strassen und Hafen, and Übrige staatliches 

Bereiche, and maintainance (Eisenbahnen, Strassen und Bracken, Strassen, Wasser, Häfen). 

Machinery and equipment: Total non-residential investment minus investment in B&S Greece. 

1800-1850. The investment-GDP ratios for Ireland/UK are used. 1850-1920: M&E is 

computed as the share of machinery in total imports from T12.2 in Socrates D. Petmezas, 

“Foreign Trade and Capital Flows in Nineteenth-century Greece”, in Edhem Eldem and 
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Socrates Petmezas (eds), The Economic Development of Southeastern Europe in the 19th 

Century, Athens: Alpha Bank Historical Archives, 2011, pp. 447-491, multiplied by real GDP 

and the share of nominal imports in total GDP. Imports are from the statistical yearbooks of 

Greece and nominal GDP is from George C. Kostelenos, 2003. “Historical estimates of 

National Accounts Magnitudes in Greece: 1830-1939”, Spoudai, Vol. 53, No. 1, pp. 37-64, 

esp. Table 2a, pp. 46-47. B&S. Backdated assuming it to be a constant fraction of GDP at the 

1920 level. 1920-1948: Derived from consumption of steel (M&E), Svennilson, I., 1954 

Growth and stagnation in the European economy. United Nations Economic Commission for 

Europe, Geneva. 1948-1948. National Accounts of Greece, 1948-65, T23, Statics Greece. 

Ireland. 1800-1920. The investment-income ratios for M&E and B&S are based on that of the 

UK since Ireland was a part of the UK during almost all of this period. 1920-1952: M&E: 1926-

1947, based on M&E gross fixed investment from Nevin, E. 1963. The Capital Stock of Irish 

Industry. Economic and Social Research Institute (ESRI) Research Series. 1920-1925: 

consumption of steel, Svennilson, I., 1954. Growth and stagnation in the European economy., 

up to 1950 and bridged to 1953 using the M&E investment-income ratio for the UK. 1953-

1970: M&E and B&S: Slattery, D. G. 1975. Fixed capital stock estimation: an empirical 

exercise using Irish data. Journal of the Statistical and Social Inquiry Society of Ireland, 23(2), 

90-133. 1970-1995. Central Statistical Office, T17 Gross Domestic Physical Capital Formation 

(excluding FISIM), assessed on 21-11-2018 on 

(https://www.cso.ie/px/pxeirestat/Statire/SelectVarVal/Define.asp?maintable=NAH17&PLanguage=0). Italy. 

1800-1820. The investment-GDP ratios for UK/Ireland are used before 1850 and Spain after 

1850. 1861-1970: Baffigi, A. 2011. Italian National Accounts. A project of Banca d'Italia, Istat 

and University of Rome Tor Vergata. Economic History Working Papers, Banca d'Italia No 

18. Netherlands. 1800-1913. M&E include transport. Albers, R. M., 2002. Machinery 

Investment and Economic Growth, The Dynamics of Dutch Development 1800-1913, 

Amsterdam: Aksant. 1913-1960: Groote, P., Albers, R., & De Jong, H. 1996. A standardised 

time series of the stock of fixed capital in the Netherlands, 1900-1995. Groningen Growth and 

Development Centre, Faculty of Economics, University of Groningen.  10% war damage is 

evenly spread out over the years 1943-1945. Norway. 1800-1830. The investment-GDP ratios 

for Sweden are used. 1830-1865. Grytten, O. H. 2004. The gross domestic product for Norway, 

1830-2003. Norges Bank: Occasional Papers, (1), 241. The data are disaggregated into M&E 

and B&S using their share of total investment in 1856 because only total investment are 

available. 1865-1929. Norway, Statistisk Sentralbyrá. "Nasjonalregnskap 1900-1929." 

Statistics Norway, Oslo (1953). M&E. Sum of non-transport M&E investment and investment 
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in transport.1930-1960. M&E. Sum of non-transport M&E investment and investment in 

transport. B&S. Total investment in non-residential buildings and structures. Portugal. 1800-

1850. The investment-income ratios are assumed to follow that of the UK/Ireland. 1850-1911: 

The investment-income ratios are assumed to follow that of spain. 1911-1960: da Silva, E. G., 

& Lains, P. 2013. Capital formation and long-run growth: Evidence from Portuguese data, 

1910-2011. Iberometrics VI, May, 16-17. Machinery and equipment is computed as the sum of 

transport, machinery, equipment and other with depreciation rates of 8.25 % (0.11 after 1960) 

for M&E, 5.5% % (9.1 % after 1960) for transport and 11% (16% after 1960) for other 

investment. Spain. 1800-1850. The investment-GDP ratios for Ireland/UK are used. 1850-

1950: Table A7.2a De La Escosura, Leandro Prados. El progreso económico de España. 

Fundación BBV, 2003. M&E include investment in transport equipment. Sweden. 1800-1949: 

Edvinsson, R., 2005: Growth, Accumulation, Crisis: With New Macroeconomic Data for 

Sweden. Almqvist & Wiksell. All the data are deflated by the deflator for total investment. 

M&E include investment in transport. Switzerland. 1800-1850. The investment-GDP ratios 

for Germany are used. M&E. 1850-1914: Nominal investment in M&E divided by the GDP 

deflator, Table R1 in Ritzmann-Blickenstorfer, 1996, Historical Statistics of Switzerland, 

Zurich: Chronos.1914-1920: Interpolated using the investment-income ratio. 1920-1948: 

Derived from consumption of steel, Svennilson, I., 1954 Growth and stagnation in the 

European economy. United Nations Economic Commission for Europe, Geneva. 1948-1979. 

Table R3 in in Ritzmann-Blickenstorfer, 1996. Historical Statistics of Switzerland, Zurich: 

Chronos. B&S. 1850-1914. Nominal investment in M&E divided by the GDP deflator, Table 

R1 in Ritzmann-Blickenstorfer (1996). Computed as total nominal non-residential investment 

(sum of the columns entitled “investment in structures” and investment in M&E and non-

residential buildings) minus investment in M&E. The data are deflated by the GDP deflator. 

1914-1920. Interpolated based on the investment-GDP ratio. 1920-1948. Nominal investment 

in building and structures minus investment in residential buildings deflated by the GDP 

deflator, Table R4 in Ritzmann-Blickenstorfer (1996). 1948-1970: Sum of real investment in 

government buildings, civil engineering and non-residential buildings, Bundesamt für Statistik: 

Langfristige Reihen der Nationalen Buchhaltung der Schweiz. Haupttabellen 1948–1990; 

Detailtabellen und Konti 1970–1990. Bern 1992 Eidg. Statistisches Amt: Revidierte Reihen 

der Nationalen Buchhaltung der Schweiz 1948–1976 sowie Produktionskonto 1970 (Beiträge 

zur schweizerischen Volkswirtschaftliche Gesamtrechnungen). UK. 1765-1920. Feinstein, 

C.H., Pollard, S., 1988, Studies in Capital Formation in the United Kingdom, 1750-1920, 

Oxford: Clarendon Press, p. 431, Table X. 1920-1960: Feinstein, C. H. 1976. Statistical Tables 
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of National Income, Expenditure, and Output of the UK, 1855-1965. Cambridge: Cambridge 

University Press, Table 40. 

 

Real Machinery Capital  

 

Compiled using the machinery investment series above and the perpetual investment method 

assuming a depreciation rate of 0.0763 (the average depreciation rate for machinery from the 

PWT). Initial values for the machinery stock are calculated as the steady state level of capital 

given the average growth rate in real investment over the sample and the depreciation rate.  

 

Building Capital  

 

Constant Investment Non-Residential Buildings And Structures (B&S) Pre-1950 (1951 in 

the case of Greece) 

 

Canada. 1800-1870. The investment-GDP ratios for the US are used. 1870-1925: Non-

residential investment is split up in M&E and B&S using the investment shares provided by 

Firestone, O. J. 1958. Canada's economic development, 1867-1953: with special reference to 

changes in the country's national product and national wealth. The investment shares are 

available every 10 years. The non-residential gross fixed investment are from Urquhart, M.C., 

1986, New Estimates of Gross National Product, Canada, 1870-1926, Some Implications for 

Canadian Development, in Stanley Engerman and Robert E. Gallman (Eds.) Long-Term 

Factors in American Economic Growth. Chicago: The University of Chicago Press, p. 16 

(Table 2.2). Investment is deflated by the GDP-deflator (Urquhart, Table 2.9). 1926-1950: F33-

F55, F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. United 

States. B&S. 1789-1850. Scaled gross fixed capital formation. Berry, T.S., 1988, Production 

and Population since 1789: Revised GNP Series in Constant Dollars, Botswick Paper No. 6, 

Richmond, VA: The Botswick Press, p. 17, Table 1. 1850-1959: Maddison, A., 1995, 

Explaining the Economic Performance of Nations. Essays in Time and Space, Edward Elgar: 

Aldershot, Table 8f. Japan: 1800-1885. The investment-income ratios for the UK/Ireland are 

used. 1870-1950. 1885-1950: Maddison, A., 1995, Explaining the Economic Performance of 

Nations. Essays in Time and Space, Edward Elgar: Aldershot, p. 156. 25.7% war damage to 

the 1945 capital stock is incorporated into the capital stock following Bolt, J. and van Zanden, 

J. L., 2013. The First Update of the Maddison Project; Re-Estimating Growth Before 1820. 

Maddison Project Working Paper 4, accessed on 18/05/2019. Australia. 1800-1861. The 

investment-GDP ratios for the UK are used. 1861-1901. B&S: sum of gross capital formation 
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in shops, industry investment divided by two and investment in Agriculture. All from Butlin 

(1955). The data are deflated by the overall investment deflator, Vamplew, W. (1987). 

Australians Historical Statistics. Fairfax, Syme & Weldon Associates. New South Wales, ANA 

71 and 78. 1901-1950. B&S: Sum of private and public investment in non-residential building 

and structures from Butlin, M. W. (1977). A preliminary annual database 1900/01 to 1973/74 

(No. rdp7701). Reserve Bank of Australia. New Zealand. 1800-1846. The investment-GDP 

ratios for the UK are used. 1846-1950. Data that distinguish between M&E and B&S are not 

available before 1950. Instead the data are decomposed into private and public non-residential 

nominal investment and are deflated by the GDP deflator. Public gross capital formation is 

available from Mulcare, T. 1994. Gross Capital Formation and Improved Estimates of Real 

Gross and Net Capital Stocks to 1990 for the New Zealand Non-market Production Sector. 

Graduate School of Business and Government Management, Victoria University of 

Wellington. Private investment. 1846-1871: The investment-GDP ratio is assumed constant 

and spliced with the ratio in 1871. 1871-1900. Non-residential private gross capital formation 

from Dowie, J. A. 1966. The course and character of capital formation in New Zealand—1871–

1900. New Zealand Economic Papers, 1(1), 38-58. 1900-1939: The private non-residential 

investment-income ratio is linearly interpolated. 1939-1950. The private non-residential 

investment-income ratio in New Zealand Statistical Yearbooks: 

(http://www.stats.govt.nz/browse_for_stats/economic_indicators/nationalaccounts/long-term-

data-series.aspx), assessed 21-10-2018. Austria. 1800-1870. The investment-GDP ratios for 

Germany are used. 1870-1913: Real gross capital formation is generated from the capital series 

of Schulze, M. S. (2005). An estimate of imperial Austria’s gross domestic fixed capital stock, 

1870-1913. methods, sources and results. WP 2005/5 Department of Economic History LSE. 

Gross capital formation is recovered from the capital stock using 3% for B&S. M&E is 

computed as the sum of the following categories: Railway tracks, rolling stock, ships, 

machinery. B&S is computed as the sum of the following categories: Roads/bridges, 

agricultural buildings, public buildings and common, non-residential, buildings. 1913-1945: 

Total real capital formation from Österreichs volkseinkommen 1913 bis 1963, Monatsberichte 

des Österreichischen Instituts für Wirtschaftsforschung, Sonderheft 14. The total investment-

GDP ratio is decomposed into M&E and B&S using their respective investment-GDP ratios at 

the endpoints. 1945-1950: Sieder, R., Steinert, H., & Tálos, E. (Eds.). 1995. Österreich 1945-

1995: Gesellschaft, Politik, Kultur (Vol. 60). Verlag für Gesellschaftskritik. Belgium. 1800-

1880 the investment-GDP ratios for M&E and B&S in the Netherlands are spliced with those 

in Belgium in 1880 and are from Albers, R. M. 2002, Machinery investment and economic 
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growth: The dynamics of Dutch development 1800-1913. Amsterdam: Aksant. 1880-1899: 

noting that the Netherlands and Belgium were united over the period 1815-1830. Gross capital 

formation in agriculture Table 4.4 (B&S) van Meerten, M., 2003, Capital Formation in 

Belgium, 1900-1995, Leuven: Leuven University Press, are spliced with overall economy B&S 

in 1900. 1900-1950: van Meerten, M., 2003, Capital Formation in Belgium, 1900-1995, 

Leuven: Leuven University Press. War damage correction: WWI. 15.5% of 1913 GDP spread 

out evenly between the years 1914-1917. WWII 7.1% spread out evenly on the years 1943-45. 

The correction for war damage follows van Meerteen, 2003, (see his footnote no. 39). 

Denmark: 1800-1835. The investment-GDP ratios for Sweden are used. 1835-1870: The 

investment data, which are in nominal values, are deflated by CPI from: Abildgren, K 2009, 

‘Consumer prices in Denmark 1502-2007’, Working Paper No. 60, Danmarks Nationalbank, Economics: 

Copenhagen, <http://www.nationalbanken.dk/en/publications/Documents/2009/01/CPI DNWP 60.pdf> . 

B&S is the sum of investment in non-residential buildings and structure and maintenance. All 

the investment data are from Table 7 in Hansen, Svend Aage. Økonomisk vækst i Danmark. 

Akademisk forlag, 1976., Bind II. 1870-1950: Table V in Bjerke, Kjeld, and Niels Ussing. 

Studier over Danmarks Nationalprodukt, 1870-1950. GEC Gad, 1958. B&S is scaled total 

gross fixed investment in building and construction, thus includes residential investment. 

Finland. 1800-1861. The investment-GDP ratios for Sweden are used. 1861-1950: Hjerppe, 

R., 1989, The Finnish Economy, 1860-1985, Helsinki: Bank of Finland, Government Printing 

Centre. The data, which are in nominal values from Table 9A at the disaggregated levels, are 

deflated with the overall investment deflator (nominal investment in Table 3C, divided by real 

investment from Table 3A). France. 1800-1820. 1800-1820. The investment-GDP ratios for 

Belgium are used. 1820-1913: Lévy-Leboyer, M. 1978. Capital investment and economic 

growth in France, 1820-1930. The Cambridge economic history of Europe, 7(Part I), 231-95. 

Building and structures include residential housing investment. 1913-1939: Villa, P., 1993, A 

Macroeconomic Analysis of 20th Century France. Paris: CNRS- Editions. 1939-46: 

interpolation (construction sector employment from T. Liesner, 1989, One Hundred Years of 

Economic Statistics, Oxford: The Economist. (1989, p. 191) used to bridge the two series). 

1946-1950: interpolated. War damage of 2% is assumed each year over the periods 1914-17 

and 1942-1945. Bolt, J. and van Zanden, J. L., 2013. The First Update of the Maddison Project; 

Re-Estimating Growth Before 1820. Maddison Project Working Paper 4, accessed on 

18/05/2019. Germany. 1800-1850. Tilly, R. H. 1978. Capital Formation in Germany in the 

Nineteenth Century. The Cambridge Economic History of Europe, 7(part 1), 383-441. The data 

are very scattered and some of the gross investment data are in fixed 1913 prices, some in 
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current values, while other categories are capital stock and not investment. The approach taken 

here is to convert all data to gross capital formation in 1913 prices and then splice them to the 

GCF series in 1851. 1851-1913: Table 35 in Hoffmann, Walther G. "Erster Teil." Das 

Wachstum der Deutschen Wirtschaft Seit der Mitte des 19. Jahrhunderts. Springer, Berlin, 

Heidelberg, 1965. There are no separate categories for M&E and B&S. Thus, M&E is 

estimated as the sum of the following categories: Investment in agricultural M&E, rail, and 

half of business investment in M&E plus structures. B&S are estimated as total non-residential 

investment minus the investment in M&E. 1913-1950: Kirner, W., 1968, Zeitreihen fur das 

Anlagevermogen der Wirtschaftsbereiche in der Bundesreplublik Deutschland, Deutsches 

Institut fur Wirtschaftsforschnung, Duncker & Humbolt: Berlin. The data are adjusted for war 

damage in the source. Non-residential buildings and structures. The following categories are 

added together: Land und Forstwirtschaft, Energiewirtschaft, Bergbau, Grundstoff- und 

Produktionsgüterindustrie, Investeringsgüterindustrie, Verbrauchengüterindustrie, Nahrings- 

und Genussmittel-industrie, Industrie Klainbetrieb und Handwerk, Baugewerbe, Handel, 

Eisenbahnen, Schifffahrt, Übriger Verkehr, Nachrichtenübertragung, Kreditintitutionen und 

Vers. gew., Wohnungsvermietung, Sonst. Dienstleist., Strassen und Brukken, Wasser strassen 

und Hafen, and Übrige staatliches Bereiche, and maintainance (Eisenbahnen, Strassen und 

Bracken, Strassen, Wasser, Häfen). Greece. 1800-1850. The investment-GDP ratios for 

Ireland/UK are used. 1850-1920: B&S. Backdated assuming it to be a constant fraction of GDP 

at the 1920 level. 1920-1948: Derived from consumption of steel (M&E) and cement (B&S), 

Svennilson, I., 1954 Growth and stagnation in the European economy. United Nations 

Economic Commission for Europe, Geneva. 1948-1951. National Accounts of Greece, 1948-

65, T23, Statics Greece. Ireland. 1800-1920. The investment-income ratios for M&E and B&S 

are based on that of the UK since Ireland was a part of the UK during almost all of this period. 

1920-1950: B&S: Derived from consumption of cement, Svennilson, I., 1954. Growth and 

stagnation in the European economy., up to 1950. Italy. 1800-1820. The investment-GDP 

ratios for UK/Ireland are used before 1850 and Spain after 1850. 1861-1950: Baffigi, A. 2011. 

Italian National Accounts. A project of Banca d'Italia, Istat and University of Rome Tor 

Vergata. Economic History Working Papers, Banca d'Italia No 18. Investment in non-

residential buildings and structures is estimated as the sum of public investment, other 

investment and investment non-residential buildings. Netherlands. 1800-1913. Albers, R. M., 

2002. Machinery Investment and Economic Growth, The Dynamics of Dutch Development 

1800-1913, Amsterdam: Aksant. 1913-1950: Groote, P., Albers, R., & De Jong, H. 1996. A 

standardised time series of the stock of fixed capital in the Netherlands, 1900-1995. Groningen 
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Growth and Development Centre, Faculty of Economics, University of Groningen. B&S is the 

sum of civil engineering and non-residential construction. 10% war damage is evenly spread 

out over the years 1943-1945. Norway. 1800-1830. The investment-GDP ratios for Sweden 

are used. 1830-1865. Grytten, O. H. 2004. The gross domestic product for Norway, 1830-2003. 

Norges Bank: Occasional Papers, (1), 241. The data are disaggregated into M&E and B&S 

using their share of total investment in 1856 because only total investment are available. 1865-

1929. Norway, Statistisk Sentralbyrá. "Nasjonalregnskap 1900-1929." Statistics Norway, Oslo 

(1953). B&S. Total investment in building and structures. 1930-1950. Sentralbyra, Statistisk. 

"Nasjonal Regnskap, 1865–1960." (1965). Norges offisielle statistikk XII, No. 163. 1930-1960. 

B&S. Total investment in non-residential buildings and structures. Portugal. 1800-1850. The 

investment-income ratios are assumed to follow that of the UK/Ireland. 1850-1911: The 

investment-income ratios are assumed to follow that of spain. 1911-1950: da Silva, E. G., & 

Lains, P. 2013. Capital formation and long-run growth: Evidence from Portuguese data, 1910-

2011. Iberometrics VI, May, 16-17 Spain. 1800-1850. The investment-GDP ratios for 

Ireland/UK are used. 1850-1950: Table A7.2a De La Escosura, Leandro Prados. El progreso 

económico de España. Fundación BBV, 2003. Sweden. 1800-1949: Edvinsson, R., 2005: 

Growth, Accumulation, Crisis: With New Macroeconomic Data for Sweden. Almqvist & 

Wiksell. All the data are deflated by the deflator for total investment. B&S. Investment in 

building and structures minus investment in buildings. Switzerland. 1800-1850. The 

investment-GDP ratios for Germany are used. B&S. 1850-1914. Nominal investment in M&E 

divided by the GDP deflator, Table R1 in Ritzmann-Blickenstorfer (1996). Computed as total 

nominal non-residential investment (sum of the columns entitled “investment in structures” 

and investment in M&E and non-residential buildings) minus investment in M&E. The data 

are deflated by the GDP deflator. 1914-1920. Interpolated based on the investment-GDP ratio. 

1920-1926. 927-1947. Nominal investment in building and structures minus investment in 

residential buildings deflated by the GDP deflator, Table R4 in Ritzmann-Blickenstorfer 

(1996). 1948-1950: Sum of real investment in government buildings, civil engineering and 

non-residential buildings, Bundesamt für Statistik: Langfristige Reihen der Nationalen 

Buchhaltung der Schweiz. Haupttabellen 1948–1990; Detailtabellen und Konti 1970–1990. 

Bern 1992 Eidg. Statistisches Amt: Revidierte Reihen der Nationalen Buchhaltung der Schweiz 

1948–1976 sowie Produktionskonto 1970 (Beiträge zur schweizerischen Volkswirtschaftliche 

Gesamtrechnungen). UK. 1765-1920. Feinstein, C.H., Pollard, S., 1988, Studies in Capital 

Formation in the United Kingdom, 1750-1920, Oxford: Clarendon Press, p. 431, Table X. 
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1920-1950: Feinstein, C. H. 1976. Statistical Tables of National Income, Expenditure, and 

Output of the UK, 1855-1965. Cambridge: Cambridge University Press, Table 40. 

 

Non-Residential Buildings and Structures Current Investment Post-1950 

All series are spliced using the data-sources below.  

Australia:1959-2019 OECD online database (https://stats.oecd.org/); 1950-1959 PWT 10.0, 

‘Investment at current national prices in residential and non-residential structures’ Feenstra, 

Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn 

World Table" American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt Austria: 1976-2020 OECD online database (https://stats.oecd.org/); 1972-

1976 OECD, National Accounts 1972-84, Vol.II, Paris. ; 1968-1972 PWT 10.0, ‘Investment at 

current national prices in residential and non-residential structures’ Feenstra, Robert C., Robert 

Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" 

American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt; 1953-1968 OECD, National Accounts 1953-1969, Vol.II, Paris.; 1950-

1953 OECD, National Accounts 1950-1961, Vol.II, Paris. Belgium: 1995-2019 OECD online 

database (https://stats.oecd.org/); 1983-1995 OECD, National Accounts 1983-1995, Vol.II, 

Paris; 1972-1984 OECD, National Accounts 1972-84, Vol.II, Paris.; 1962-1972 OECD, 

National Accounts 1962-73, Vol.II, Paris.; 1959-1962 OECD, National Accounts 1953-1969, 

Vol.II, Paris.; 1950-1959 PWT 10.0, ‘Investment at current national prices in residential and 

non-residential structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), 

"The Next Generation of the Penn World Table" American Economic Review, 105(10), 3150-

3182, available for download at www.ggdc.net/pwt; Canada: 1961-2019 OECD online 

database (https://stats.oecd.org/); 1950-1961 OECD, National Accounts 1950-1961, Vol.II, 

Paris. Denmark: 1966-2020 OECD online database (https://stats.oecd.org/) ; 1953-1966 

National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National Accounts 1950-1961, 

Vol.II, Paris. Finland:1975-2020 OECD online database (https://stats.oecd.org/);1972-1974 

OECD, National Accounts 1972-84, Vol.II, Paris.;1962-1972 OECD, National Accounts 1962-

73, Vol.II, Paris.;1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 

PWT 10.0, ‘Investment at current national prices in residential and non-residential structures’ 

Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of 

the Penn World Table" American Economic Review, 105(10), 3150-3182, available for 

download at www.ggdc.net/pwt France:1959-2020 OECD online database 

(https://stats.oecd.org/).;1950-1959 National Accounts 1950-1961, Vol.II, Paris.Germany: 



306 

 

1980-2020 OECD online database (https://stats.oecd.org/).;1972-1980 OECD, National 

Accounts 1972-84, Vol.II, Paris.;1962-1972.;OECD, National Accounts 1962-73, Vol.II, Paris. 

1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National 

Accounts 1950-1961, Vol.II, Paris. Greece:1960-2019 OECD online database 

(https://stats.oecd.org/).;1950-1960 OECD, National Accounts 1950-1961, Vol.II, 

Paris.;Ireland: 1995-2019 OECD online database (https://stats.oecd.org/) .;1986-1995 OECD, 

National Accounts 1983-1995, Vol.II, Paris.;1983-1986 PWT 10.0, ‘Investment at current 

national prices in residential and non-residential structures’ Feenstra, Robert C., Robert Inklaar 

and Marcel P. Timmer (2015), "The Next Generation of the Penn World Table" American 

Economic Review, 105(10), 3150-3182, available for download at www.ggdc.net/pwt.;1972-

1983 OECD, National Accounts 1972-84, Vol.II, Paris.;1962-1972 OECD, National Accounts 

1962-73, Vol.II, Paris.;1957-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-

1957 OECD, National Accounts 1950-1961, Vol.II, Paris. Italy: 1970-2020 OECD online 

database (https://stats.oecd.org/).; 1962-1970 OECD, National Accounts 1962-73, Vol.II, 

Paris.;1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.; 1950-1953 OECD, 

National Accounts 1950-1961, Vol.II, Paris. Japan: 1980-2018 OECD online database 

(https://stats.oecd.org/); 1972-1980 OECD, National Accounts 1972-84, Vol.II, Paris.;1950-

1972 PWT 10.0, ‘Investment at current national prices in residential and non-residential 

structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt.;Netherlands: 1980-2018 OECD online 

database (https://stats.oecd.org/).; 1972-1980 OECD, National Accounts 1972-84, Vol.II, 

Paris.; 1962-1972 OECD, National Accounts 1962-73, Vol.II, Paris.;1953-1962 OECD, 

National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National Accounts 1950-1961, 

Vol.II, Paris. New Zealand: 1971-2018 OECD online database (https://stats.oecd.org/).; 1950-

1971 PWT 10.0, ‘Investment at current national prices in residential and non-residential 

structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt.  Norway: 1970-2020 OECD online database 

(https://stats.oecd.org/).; 1968-1970 OECD, National Accounts 1962-73, Vol.II, Paris.; 1953-

1968 OECD, National Accounts 1953-1969, Vol.II, Paris.; 1950-1953 OECD, National 

Accounts 1950-1961, Vol.II, Paris. Portugal: 1995-2020 OECD online database 

(https://stats.oecd.org/).;1993-1995; 1981-1986; 1973-1977; 1950-1952 PWT 10.0, 

‘Investment at current national prices in residential and non-residential structures’ Feenstra, 
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Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next Generation of the Penn 

World Table" American Economic Review, 105(10), 3150-3182, available for download at 

www.ggdc.net/pwt.;1986-1993 OECD, National Accounts 1983-1995, Vol.II, Paris.;1977-

1981 OECD, National Accounts 1972-84, Vol.II, Paris.; 1962-1973 OECD, National Accounts 

1962-73, Vol.II, Paris.;1959-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1952-

1953 OECD, National Accounts 1950-1961, Vol.II, Paris. Spain: 1995-2020 OECD online 

database (https://stats.oecd.org/).;1983-1995 OECD, National Accounts 1983-1995, Vol.II, 

Paris.; 1972-1982 OECD, National Accounts 1972-84, Vol.II, Paris.; 1969-1971 OECD, 

National Accounts 1962-73, Vol.II, Paris.;1954-1969 OECD, National Accounts 1953-1969, 

Vol.II, Paris.; Leandro Prados de la Escosura (2016), Spain's Historical National Accounts: 

Expenditure and Output, 1850-2015.;1982-1983; 1971-1972; 1950-1954  Leandro Prados de 

la Escosura (2016), Spain's Historical National Accounts: Expenditure and Output, 1850-2015. 

Sweden: 1970-2020 OECD online database (https://stats.oecd.org/).;1962-1970 OECD, 

National Accounts 1962-73, Vol.II, Paris. 1953-1962 OECD, National Accounts 1953-69, 

Vol.II, Paris.; 1950-1953 OECD, National Accounts 1950-61, Vol.II, Paris. Switzerland: 

1995-2019 OECD online database (https://stats.oecd.org/).; 1994-1995 OECD, National 

Accounts, Vol. 2, Paris; 1990-1994 PWT 10.0, ‘Investment at current national prices in 

residential and non-residential structures’ Feenstra, Robert C., Robert Inklaar and Marcel P. 

Timmer (2015), "The Next Generation of the Penn World Table" American Economic Review, 

105(10), 3150-3182, available for download at www.ggdc.net/pwt.; 1969-1990 Bureau Fédéral 

de Statistique, Comptes Nationaux de la Suisse. ;1962-1973 OECD, National Accounts 1962-

69, Vol.II, Paris.; 1953-1962 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 

OECD, National Accounts 1950-1961, Vol.II, Paris. United Kingdom: 1980-2020 OECD 

online database (https://stats.oecd.org/).;1972-1980 OECD, National Accounts 1972-84, 

Vol.II, Paris.; 1962-1972 OECD, National Accounts 1962-73, Vol.II, Paris.; 1953-1962 

OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National Accounts 

1950-1961, Vol.II, Paris. United States: 1970-2019 OECD online database 

(https://stats.oecd.org/).;1968-1970 OECD, National Accounts 1962-69, Vol.II, Paris.; 1953-

1968 OECD, National Accounts 1953-1969, Vol.II, Paris.;1950-1953 OECD, National 

Accounts 1950-1961, Vol.II, Paris.  

 

Non-Residential Buildings and Structures Constant Investment Post-1950 

 



308 

 

Obtained by dividing current series by: PWT 10.0; ‘Investment price index for residential and 

non-residential structures’. Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), 

"The Next Generation of the Penn World Table" American Economic Review, 105(10), 3150-

3182, available for download at www.ggdc.net/pwt. The same process is adopted for Current 

Investment in Residential Structures.  These series are then adjusted to ensure consistency with 

PWT 10.0 ‘Investment at current national prices in residential and non-residential 

structures’Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), "The Next 

Generation of the Penn World Table" American Economic Review, 105(10), 3150-3182, 

available for download at www.ggdc.net/pwt. This is accomplished by calculating the ratio of 

the PWT series to the sum of the Residential Investment series and Non-Residential Investment 

series, obtained using the sources listed below. This ratio is then multiplied by the Non-

Residential Investment series.  

 

Non-Residential Buildings and Structures Constant Capital Stock 

 

Pre and Post 1950 series are first spliced together to form a continuous series. The perpetual 

inventory method is then used to compile a capital stock series assuming a depreciation rate of 

3.1% (value assumed by PWT v.10). Initial value obtained by dividing investment in 1800 by 

the depreciation rate plus the average geometric growth rate of investment between 1800 and 

2018.   

This series is then summed using a similar series compiled for the Residential building stock 

to compute the ratio of the building stock from this series with the building stock from the 

PWT. The non-residential building stock is then multiplied by this ratio so that the series is 

consistent with the PWT data. 

 

Aggregate capital  

 

Non-residential building and structure capital stock is added to the machinery capital stock and 

this series is then spliced with the non-residential aggregate capital stock from:  

 

Kerspien, J. A 2021, Wealth, Capital and the Elasticity of Substitution. Mimeo, University of 

Western Australia. 

 

Output  
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Real GDP 

 

General Note: The principal data source is the Penn World Table’s Real GDP at Constant 

National 2017 Prices from the National Accounts Supplement package. (PWT 10.0; ‘Real GDP 

at Current National Prices’. Feenstra, Robert C., Robert Inklaar and Marcel P. Timmer (2015), 

"The Next Generation of the Penn World Table" American Economic Review, 105(10), 3150-

3182, available for download at www.ggdc.net/pwt).  The data are backdated by splicing 

figures from different sources as mentioned below: 

 

Australia 

1800-1950 Snooks, Graeme D., 1994. Portrait of the Family within the Total Economy-A Study 

in Long-run Dynamics, Australia 1788-1990, Cambridge University Press; 1950-2019 Feenstra 

et al (2015) Austria. Real GDP 1870-1913 Schulze, M.S., 2000. Patterns of Growth and 

Stagnation in the Late Nineteenth Century Hasburg Economy, European Review of Economic 

History, 4, pp. 311-340; 1914-1950 Maddison, A., 2007. The World Economy: A Millennial 

Perspective/Historical Statistics (Development Centre Studies), OECD: Paris, France; 1950-

2019 Feenstra et al (2015) Belgium. Real GDP 1835-1969 Groningen Growth and 

Development Centre (GGDC), 2009. Historical National Accounts Database, accessed on 

10/07/2012 (http://www.rug.nl/feb/Onderzoek/Onderzoekscentra/GGDC/data/hna); 1950-

2019 Feenstra et al (2015)  Canada 1790-1869 GDP Deflator of the USA, Real GDP 1870-

1926 Urquhart, M. C., 1986. New Estimates of Gross National Product, Canada, 1870-1926 

Some Implications for Canadian Development, in Stanley, L. E. & Gallman, R. E., Long-Term 

Factors in American Economic Growth, , National Bureau of Economic Research Inc., No. 

9678, Cambridge, Massachusetts; 1927-1960 GNE in constant 1971 million dollars, Social 

Science Federation of Canada and Statistics Canada, 1983. Historical Statistics of Canada, 2nd 

Ed., Table F33-35, accessed on 10/07/2012 (http://www.statcan.gc.ca/pub/11-516-

x/sectionf/4057751-eng.htm#1); 1950-2019 Feenstra et al (2015) Denmark. Real GDP 1818-

1965 Hansen, S. A., 1972. Økonomisk vækst i Danmark Bind II: 1914-1970, 2nd Ed., 

Universitetsforlaget, Copenhagen; 1950-2019 Feenstra et al (2015) Finland Real GDP 1860-

1969 Groningen Growth and Development Centre (GGDC), 2009. Historical National 

Accounts Database, accessed on 10/07/2012 

(http://www.rug.nl/feb/Onderzoek/Onderzoekscentra/GGDC/data/hna) 1950-2019 Feenstra et 

al (2015)  France Real GDP 1815-1949 Toutain, Jean-Claude, 1987. Le Produit Interieur Brut 

De La France De 1789 A 1982, Cahiers de I’I. S. M. E. A, Serie Historie Quantitative de 
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I’Economie Francaise, No. 15; 1950-2011 OECD.Stat. Germany. Real GDP 1870-1969 

Fremdling, Rainer, 1995. German National Accounts for the 19th and Early 20th Century, 

Scandinavian Economic History Review, 43(1), pp. 77-100; 1950-2019 Feenstra et al (2015) 

Greece. Real GDP 1858-1938 Kostelenos, G. C., 1995. Money and Output in Modern Greece: 

1858-1938, Centre of Planning and Economic Research, Athens; 1939-1947 Maddison, A., 

2007. The World Economy: A Millennial Perspective/Historical Statistics (Development 

Centre Studies), OECD: Paris, France; 1948-1959 General Directorate of Economic Policy and 

Programming, 1967. National Accounts of Greece 1948-1965, accessed on 10/07/2012 

(http://dlib.statistics.gr/portal/page/portal/ESYE/showdetails?p_id=10096778&p_derive=boo

k&p topic=10007939); 1950-2019 Feenstra et al (2015) Ireland. Real GDP 1270-1870 

Campbell, Bruce MS, Alexander Klein, Mark Overton, and Bas van Leeuwen. British economic growth, 

1270–1870. Cambridge University Press, 2015.; 1871-1946 Mitchell, B. R., 1988. British 

Historical Statistics, the Press Syndicate of the University of Cambridge, Cambridge; 1947-

1969, Mitchell, B. R., 2007. International Historical Statistics: Europe 1750-2005, Palgrave 

Macmillan, New York; 1950-2019 Feenstra et al (2015) Italy. Real GDP 1310-1913 

Malanima, P., 2011. The Long Decline of a Leading Economy: GDP in Central and Northern 

Italy, 1300-1913, European Review of Economic History, 15, pp. 169-219; 1914-1969 Growth 

and Development Centre (GGDC), 2009. Historical National Accounts Database, accessed on 

14/07/2012 (http://www.rug.nl/feb/Onderzoek/Onderzoekscentra/GGDC/data/hna); 1950-

2019 Feenstra et al (2015) Japan Real GDP 1885-1939 39, J.P. Smits, P.J. Woltjer and D. Ma 

(2009), 'A Dataset on Comparative Historical National Accounts, ca. 1870-1950: A Time-

Series Perspective', Groningen Growth and Development Centre Research Memorandum GD-

107, Groningen: University of Groningen; 1940-1954 Ohkawa, K. et al., 1957. The Growth 

Rate of The Japanese Economy Since 1878, Kinokuniya Bookstore Co. Ltd, Tokyo; 1955-1969 

Statistics Bureau, 2008. Table 3-3-a, Gross Domestic Product Classified by Economic 

Activities (Major Industry Group), accessed on 14/07/2012, 

(http://www.stat.go.jp/english/data/chouki/03.htm); 1970-2011 OECD.Stat, Netherlands. 

Real GDP 1510-1806 Zanden, J. L.V. and Leeuwen, B. V., 2012. Persistent but not Consistent: 

The Growth of National Income in Holland 1347-1807, Explorations in Economic History, 

49(2), pp.119-130; 1807-1939 Centraal Bureau voor de Statistiek, 2001. Tweehonderd jaar 

statistiek in tijdreeksen, 1800-1999, Voorburg; 1940-1968 Maddison, A. 2010, Historical 

Statistics on World Population, GDP and Per Capita GDP, Accessed on 10/07/2012 

(http://www.ggdc.net/MADDISON/oriindex.htm; 1950-2019 Feenstra et al (2015) New 

Zealand. Real GDP 1860-1987 Statistics New Zealand, 2004. Table E1.2  New Zealand Long 
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Term Data Series – Real Gross Domestic Product (GDP), accessed on 11/07/2012, 

(http://www.stats.govt.nz/browse_for_stats/economic_indicators/NationalAccounts/long-

term-data-series/national-income.aspx); 1950-2019 Feenstra et al (2015)  Norway. Real GDP 

1870-1969 Grytten, O.H., 2004. The gross domestic product for Norway 1830-2003, pp.241-

288, in Eitrheim, Ø., J.T. Klovland and J.F. Qvigstad (eds.), Historical Monetary Statistics for 

Norway 1819-2003, Norges Bank Occasional Papers no. 35, Oslo, 2004; 1950-2019 Feenstra 

et al (2015) Portugal. Real GDP 1833-1969 Nunes, A. B., Mata, E. and Valerio, N., 1989. 

Portuguese Economic Growth 1833-1985, Journal of European Economic History, 18(2), 291-

330; 1950-2019 Feenstra et al (2015) Spain. Real GDP 1850-1958 39, J.P. Smits, P.J. Woltjer 

and D. Ma (2009), 'A Dataset on Comparative Historical National Accounts, ca. 1870-1950: A 

Time-Series Perspective', Groningen Growth and Development Centre Research Memorandum 

GD-107, Groningen: University of Groningen;1959-1969 Bardini, C., Carreras, A. and Lains, 

P.,1995. The National Accounts for Italy, Spain and Portugal, Scandinavian Economic History 

Review, 43(1), 115-146; 1950-2019 Feenstra et al (2015)  Sweden. Real GDP 1665-2010 

Edvinsson, R., 2011. New Estimates of Swedish GDP by Activity, 1665-2010, Stockholm 

Papers in Economic History No. 12, Stockholm University, pp. 55-61. 1950-2019 Feenstra et 

al (2015) Switzerland. Real GDP 1851-1912 Ritzmann-Blickenstorfer, Heiner, 1996. 

Historical Statistics of Switzerland, Zurich: Chronos; 1913-1979 Real GDP (Bolt, Jutta, Robert 

Inklaar, Herman de Jong, and Jan Luiten Van Zanden. "Rebasing ‘Maddison’: new income 

comparisons and the shape of long-run economic development." GGDC Research 

Memorandum 174 (2018).) & Nominal GDP (Ritzmann-Blickenstorfer, 1996, Historical 

Statistics of Switzerland, Zurich: Chronos); 1950-2019 Feenstra et al (2015) United Kingdom. 

Real GDP 1270-1870 39, J.P. Smits, P.J. Woltjer and D. Ma (2009), 'A Dataset on 

Comparative Historical National Accounts, ca. 1870-1950: A Time-Series Perspective', 

Groningen Growth and Development Centre Research Memorandum GD-107, Groningen: 

University of Groningen; 1871-1947. Mitchell, B. R., British Historical Statistics, Cambridge: 

Cambridge University Press; 1948-1969 Office for National Statistics, 2011. United Kingdom 

National Accounts - Blue Book 2011, Newport, South Wales, accessed on 18/07/2012, 

(http://www.ons.gov.uk/ons/rel/naa1-rd/united-kingdom-national-accounts/2011-edition/tsd--

-blue-book-2011-dataset.html); 1950-2019 Feenstra et al (2015) United States of America. 

Real GDP 1790-1928 Johnston, L. and Williamson, S. H., 2011.  What Was the U.S. GDP 

Then? Measuring Worth, accessed on 18/07/2012, (http://www.measuringworth.com/); 1929-

2011 US Department of Commerce, Bureau of Economic Analysis, 2012. Current-Dollar and 
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“Real” Gross Domestic Product, accessed on 18/07/2012, 

(http://www.bea.gov/national/index.htm#gdp). 1950-2019 Feenstra et al (2015) 

 

 

Education   

 

Madsen, J. B. (2014), “Human Capital and the World Technology Frontier.” Review of 

Economics and Statistics, 96(4), 676-692 

 

Annual hours worker per employee 

 

General data. 1800-1870. Assumed constant at the 1870-level except for the countries for 

which the data are available. 1870-1913. Huberman, Michael, 2004, “Working Hours of the 

World Unite? New International Evidence of Worktime, 1870-1913,” Journal of Economic 

History, 64, 964-1001. The data are interpolated between the years 1870, 1880, 1890, 1900, 

1913. 1913-1950. Clark, 1957, The Conditions of Economic Progress, London: Macmillan, 

1950-2016. The Conference Board Total Economy Database™, https://www.conference-

board.org/data/economydatabase/index.cfm?id=27762 (viewed on 18.11.2018). Country-

specific data are used for the following countries in the specified time intervals. Belgium. 1846-

1870. Available from Clark (1954) in 1846 and interpolated with hours worked from Huberman 

(2004) in 1870. Denmark. 1870-74: Huberman (2004), 1875-1963: Abildgren, Kim. 

"Quantitative Studies on the Monetary and Financial History of Denmark." PhD diss., 

University of Copenhagen, 2010. Netherlands. 1800-1913. The data are available annually and 

calculated as annual man-hours worked (Table C2) divided by employment (Table C1) from 

Smits, Jan Pieter Herman, Edwin Horlings, and Jan Luiten van Zanden. Dutch GNP and its 

components, 1800-1913. Groningen: Groningen Growth and Development Centre, 2000. UK. 

1780-1870. Gregory Clark, 2007, The Condition of the Working Class in England, 1200-2000: 

Magna Carta to Tony Blair, WP, UC, Davies. Clark provides data on the length of the day. The 

data are adjusted to the annual hours in 1870 from Huberman (2004). USA. 1830-1850. 

Interpolated scaled weekly hours work in manufacturing in 1830, 1940 and 1850. Table 2.1 in 

Whaples, Robert MacDonald, The shortening of the American work week: An economic and 

historical analysis of its context, causes, and consequences. ProQuest Dissertations 

and Theses; 1990; ProQuest Dissertations & Theses Global. 1850-1950. Carter et al. (eds), 

2006, Historical Statistics of the United States, Millennial Edition, Cambridge: Cambridge 

University Press., tables Ba4546-4551, Ba4545, Ba4552 and Ba4589.  
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Employment 

 

Includes all economic active on full-time equivalents. 1950/60 -2016: OECD, Labour Force 

Statistics. Before 1950/60 the following sources are used.  

 

Canada. 1800-1851. Employment is assumed to be a constant proportion of the population of 

working age and at the level that prevailed in 1851. 1851-1881. Series D498-504 in F. H. Leacy 

(ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. 1881-1921. Series D1-

7 in F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics Canada: Ottawa. 1921-

1959. Series D124-133 in F. H. Leacy (ed.), 1983, Historical Statistics of Canada, Statistics 

Canada: Ottawa. USA. 1800-1900. Available at decennial frequencies. Series D 167-181, 

Historical Statistics of the United States: Colonial Times to 1970. 1900-1949. T. Liesner, 1989, 

One Hundred Years of Economic Statistics, Oxford: The Economist. 1870, 1890, and 1893: 

Maddison, 1991, op. cit. Japan. 1800-1872. 1800-1858. Employment is assumed to be a 

constant proportion of the population of working age and at the level that prevailed in 1872. 

1872-1940. K. Ohkawa, M. Shinchara and L. Meissner, 1979, Patterns of Japanese Economic 

Development: A Quantitative Appraisal, New Haven: Yale University Press. 1940-1950. Table 

15, K. Ohkawa & Rosovsky, H., 1973. Japanese economic growth: Trend acceleration in the 

twentieth century. Stanford University Press.Australia. 1800-1828: Butlin, N. G. (1994), 

Forming A Colonia Economy, Australia 1810-1850, Cambridge University Press. 1828-1861. 

Endres, Tony (1984), Australian Workforce Aggregates 1828-1901: Estimates from Colonial 

Censuses, Source Paper No. 3, Source Papers in Economic History, The Australian National 

University. 1861-1900. Withers, Glenn; Endres, Tony; and Perry, Len (1985), Australian 

Historical Statistics: Labour Statistics, Source Paper No. 7, Source Papers in Economic 

History, The Australian National University. 1901-1950: Table IV.5 : Workforce, Employment 

and the Unemployment Rate (pp. 90-92), Butlin, M.W. (1977), A Preliminary Annual 

Database 1900/01 to 1973/74, Discussion Paper 7701, Reserve Bank of Australia, May 1977, 

p. 90-92.New Zealand. 1800-1858. Employment is assumed to be a constant proportion of the 

population of working age and at the level that prevailed in 1806. Table IV. 1858-1958. New 

Zealand: A handbook of Historical Statistics, G. T. Bloomfield, G.K. Hall & Co.Austria. 1800-

1920. Employment is assumed to be a constant proportion of the population of working age 

and at the level that prevailed in 1920. 1920 B. R. Mitchell, 1975, European Historical 

Statistics 1750-1975, Macmillan: London. 1927-1950. ILO, Yearbook, various issues. 
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Although census surveys on employment are available before 1920 they are not used because 

they refer to the entire Austrian-Hungarian empire and females are not accounted for in the 

1857 and 1869 censuses.Belgium. 1800-1846. 1800-1806. Employment is assumed to be a 

constant proportion of the population of working age and at the level that prevailed in 1846. 

1846-1900. Available at 10-year intervals in B. R. Mitchell, 1975, European Historical 

Statistics 1750-1975, Macmillan: London. 1900-35 and 1945-1949. M. van Meerten, 2003, 

Capital Formation in Belgium, 1900-1995, Leuven: Leuven University Press. Denmark. 1800-

1818. Employment is assumed to be a constant proportion of the population of working age 

and at the level that prevailed in 1818. 1818-1950. Table 1, Svend Aage Hansen, 1974, 

Økonomisk vækst I Danmark, Akademisk Forlag.Finland. 1769, 1805. B. R. Mitchell, 1975, 

European Historical Statistics 1750-1975, Macmillan: London. The employment data are 

divided by population of working age and linearly interpolated between the years 1769, 1805 

and 1860. 1860-1959. Table 11A in R. Hjerppe, 1989, The Finnish Economy, 1860-1985, 

Helsinki: Bank of Finland, Government Printing Centre. France. 1800-1806. Employment is 

assumed to be a constant proportion of the population of working age and at the level that 

prevailed in 1806. 1806-1896. Marchand, Olivier, and Claude Thélot, 1991, "Deux siècles de 

travail en France: population active et structure sociale, durée et productivité du travail." 

ETUDES. 1896-1960. P. Villa, 1993, Une Analyse Macroeconomique De La France Au Xxe 

Siecle, Paris: CNRS Editions. Germany. 1800-1926. Employment is assumed to be a constant 

proportion of the population of working age and at the level that prevailed in 1846. 1846-1950 

Series x0457 in Rahlf, Thomas: Dokumentation zum Zeitreihendatensatz für Deutschland, 

1834-2012. In: Historical Social Research in Transition (Online Supplement) (2015), 26v1, 

DOI: http://dx.doi.org/10.12759/hsr.trans.26.v01.2015, and W. G. Hoffmann, F. Grumbach, 

and H. Hesse, 1965, Das Wachstum der Deutschen Wirtschaft seit der mitte des 19. 

Jahrhunderts, Springer-Verlag: Berlin. Greece. 1800-1926. Employment is assumed to be a 

constant proportion of the population of working age and at the level that prevailed in 1926. 

1926-1960. B. R. Mitchell, 1975, European Historical Statistics 1750-1975, Macmillan: 

London. The employment data, which are available decentially, are divided by population of 

working age and and linearly interpolated between the benchmark years.Ireland. 1800-1841. 

Employment is assumed to be a constant proportion of the population of working age and at 

the level that prevailed in 1841. 1841-1960. Bairoch, Paul, and Tilo Deldycke. La population 

active et sa structure: The working population and its structure. Centre d'Économie Politique, 

Institut de Sociologie, Université Libre de Bruxelles, 1968. The employment data, which are 

available decennially, are divided by population of working age and linearly interpolated 
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between the benchmark years.Italy. 1800-1861. Employment is assumed to be a constant 

proportion of the population of working age and at the level that prevailed in 1861. 1861-1950. 

Table A2 in Claire Giordano and Francesco Zollino, 2016,A Historical Reconstruction of 

Capital and Labour in Italy, 1861-2013, Quaderni di Storia Economica, No. 37.Netherlands. 

1800-1899. Statline, CBS, 

https://opendata.cbs.nl/statline/#/CBS/en/dataset/71882eng/table?ts=1551234599645, viewed 

on 16 5 2019. 1899-1913. Table C.1 in Smits, Jan Pieter Herman, Edwin Horlings, and Jan 

Luiten Zanden. Dutch GNP and its components, 1800-1913. Groningen: Groningen Growth 

and Development Centre, 2000. 1913-1950. Central Bureau voor de Statistiek, 2001, 

Tweehondred Jaar Statistiek in Tijdreeksen, 1800-1999, Centraal Bureau voor de Statistiek, 
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