
3
GDP per Head and Labour Productivity

A breakdown of GDP per head into labour productivity and the amount
of labour used per person can be made. Thus, GDP per person (GDP/N)
will be expressed as GDP per hour worked (GDP/H), a measure of
labour productivity, times the number of hours worked per person
(H/N), a measure of effort.

GDP=N ¼ GDP=H � H=N ð1Þ

And using lower case to denote rates of variation,

gdp=nð Þ ¼ gdp=hð Þþ h=nð Þ ð2Þ

GDP per head and per hour worked evolved alongside over 1850–
2015, even though labour productivity grew at a faster pace—labour
productivity increased 23-fold against GDP per head 16-fold—as the
amounts of hours worked per person shrank—from about 1000 h per
person-year to less than 700—(Table 3.1 and Fig. 3.1). Thus, it can be
claimed that gains in output per head are fully attributable to produc-
tivity gains, with phases of accelerating GDP per head, such as the 1920s
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or the Golden Age (1950–1974), matching those of faster labour
productivity growth.
A closer look at the last four decades reveals, however, significant

discrepancies over long swings. In fact, a pattern can be observed

Table 3.1 GDP per head growth and its components, 1850–2015 (%) (average
yearly logarithmic rates)

Per capita GDP GDP/hour Hours/population
1850–2015 1.7 1.9 −0.2

Panel A
1850–1950 0.7 0.8 −0.1
1950–1974 5.3 5.8 −0.5
1974–2007 2.5 2.7 −0.1
2007–2015 −0.8 1.3 −2.1

Panel B
1850–1883 1.3 1.2 0.0
1883–1920 0.6 0.8 −0.2
1920–1929 2.8 3.1 −0.3
1929–1950 −0.9 −1.0 0.1
1950–1958 5.0 5.1 −0.1
1958–1974 5.5 6.1 −0.7
1974–1984 1.4 5.6 −4.1
1984–1992 4.2 2.7 1.5
1992–2007 2.4 0.7 1.7
2007–2013 −1.9 1.6 −3.5
2013–2015 2.6 0.5 2.1

Panel C
1850–1855 2.1 2.3 −0.2
1855–1866 0.4 0.1 0.3
1866–1873 2.9 2.5 0.4
1873–1883 0.6 1.0 −0.4
1883–1892 0.6 0.9 −0.4
1892–1901 0.7 0.6 0.1
1901–1913 0.5 0.7 −0.2
1913–1918 −0.6 −0.2 −0.4
1918–1929 3.1 3.4 −0.3
1929–1935 −1.5 −1.6 0.0
1935–1939 −6.9 −5.9 −1.0
1939–1944 4.8 4.5 0.4
1944–1950 −1.0 −1.6 0.7
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according to which phases of acceleration in labour productivity corre-
spond to those of GDP per person slowdown, and vice versa (Fig. 3.2).
Thus, periods of sluggish (1974–1984) or negative (2007–2013) per
capita GDP growth paralleled episodes of vigorous or recovering
productivity growth, although only in the first case, during the ‘transition
to democracy’ decade, labour productivity offset the sharp contraction in
hours worked—resulting from unemployment—and prevented a decline
in GDP per head. Conversely, the years between Spain’s accession to the
European Union (1985) and the eve of the Great Recession (2007),
particularly since 1992, exhibited substantial per capita GDP gains, while
labour productivity slowed down. Thus, during the three decades after
Spain joined the EU, in which GDP per head doubled, growing at 3.0%
per year, more than half was contributed by the increase in hours worked
per person.
Thus, it can be concluded that since the mid-1970s, the Spanish

economy has been unable to combine employment and productivity
growth, with the implication that sectors that expanded and created new
jobs (mostly in construction and services) were less successful in
attracting investment and technological innovation. Actually, labour

Fig. 3.1 Real per capita GDP and its components, 1850–2015 (logs)
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productivity in construction and services grew at a yearly rate of −0.2 and
0.3%, respectively, compared to 1.1% for the overall economy over
1985–2007 (Table 3.2).
Gains in aggregate labour productivity can be broken down into the

contribution made by the increase in output per hour worked in each
economic sector (internal productivity) and by the shift of labour from
less productive to more productive sectors (structural change).1 The level
of aggregate labour productivity (A), which is obtained by dividing gross
value added (GVA) by the number of hours worked (H) for the economy
as a whole in the year t, can be expressed as the result of adding up labour
productivity (GVAi/Hi) for each economic sector i (i = 1, 2, …, n),
weighted by each sector’s contribution to total hours worked (Hi/H).2

At ¼ GVA=Hð Þt¼ R GVAi=Hið Þt Hi=Hð Þt¼ R AitUitð Þ ð3Þ

where Ai is gross value added per hour worked in sector i, and Ui is the
contribution of sector i to total hours worked.

Fig. 3.2 Real per capita GDP growth and its breakdown over long swings,
1850–2015 (logarithmic growth rates) (%). Note per capita GDP growth results
from adding up the growth rates of GDP/hour and hours per person
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Table 3.2 Labour productivity growth by sectors, 1850–2015 (%) (GVA per hour
worked) (average yearly logarithmic rates)

Agriculture Industry Construction Services Total
1850–2015 2.3 2.5 1.8 1.4 1.9

Panel A
1850–1950 0.2 1.4 0.7 0.9 0.8
1950–1974 6.2 6.4 5.5 3.4 6.0
1974–2007 6.1 3.4 1.6 1.4 2.5
2007–2015 1.8 2.2 4.8 0.7 1.4

Panel B
1850–1883 0.6 3.2 2.1 1.1 1.2
1883–1920 0.7 0.4 0.4 1.1 0.8
1920–1929 2.6 3.4 3.2 1.3 2.9
1929–1950 −2.2 −0.7 −2.1 0.3 −1.0
1950–1958 6.0 6.7 −2.9 2.5 5.0
1958–1974 6.3 6.2 9.7 3.8 6.5
1974–1984 8.0 6.5 5.7 3.8 5.6
1984–1992 9.3 2.1 2.2 0.4 2.1
1992–2007 3.2 2.1 −1.5 0.3 0.6
2007–2013 3.1 2.0 7.4 1.0 1.8
2013–2015 −2.1 2.9 −3.0 −0.2 0.1

Panel C
1850–1855 3.4 4.7 2.0 0.5 2.7
1855–1866 −0.7 2.0 2.1 0.2 0.0
1866–1873 2.6 4.0 −0.8 2.3 2.6
1873–1883 −0.6 3.3 4.0 1.4 0.8
1883–1892 0.7 1.4 0.1 0.7 0.9
1892–1901 0.6 0.9 0.9 0.0 0.5
1901–1913 0.0 −0.2 2.7 1.4 0.7
1913–1918 1.5 −0.6 −11.2 0.9 0.3
1918–1929 2.7 2.6 5.5 2.3 3.1
1929–1935 0.4 −3.9 −8.8 −1.8 −1.4
1935–1939 −9.7 −1.0 −15.8 −1.7 −5.8
1939–1944 2.0 4.3 17.4 4.8 3.9
1944–1950 −3.4 −1.3 −2.5 −0.3 −1.5
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Using lower case letters to represent rates of change,

at ¼ R ait Uitþ RAit uit ð4Þ

The method usually employed in this calculation, shift-share analysis,
involves estimating, in the first place, internal productivity growth (the
first term on the right-hand side of expression (4), that is, the result
obtained by adding up the labour productivity growth of GVA per hour
worked in each economic sector weighted by the initial composition of
employment (expressed in hours worked). The difference between
aggregate productivity and internal productivity will then provide the
contribution of structural change. Structural change would have made a
positive contribution to productivity growth over 1850–1974 by shifting
labour from agriculture into industry (Table 3.3, column 3 and
Fig. 3.3). Conversely, since 1985, structural change, represented by the
shift of labour from both agriculture and industry into services, would
have slowed down aggregate productivity growth. Carrying out the
shift-share analysis at a high level of aggregation, that is, between main
economic sectors, precludes a more nuanced picture, as within industry
and services there were shifts from sectors of lower productivity levels or
growth rates to others of higher productivity levels or more intense
growth.
Nonetheless, the shift-share analysis is based on the assumption that,

in the absence of labour shift between sectors, each sector’s productivity
would have been identical to the actual ones. This is an unrealistic
assumption when labour is rapidly absorbed by industry and services and
productivity tends to stagnate or even decline in these sectors. This seems
to be the case in Spain.3 It would appear more plausible to assume that
agricultural productivity partly improved, say, between 1950 and 1975,
due to the reduction in the number of hours worked in the sector.
Furthermore, during the ‘transition to democracy’ (1975–1985) GVA
per hour worked in industry would have grown more slowly had
employment not fallen in the sector, a result of industrial restructuring
that shrank or eliminated less competitive branches. Thus, the result for
the contribution of structural change to productivity growth obtained
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Table 3.3 Labour productivity growth and structural change, 1850–2015 (%)
(average yearly logarithmic rates)

GVA/hour
worked

Internal
productivity
(shift-share)

Structural
change
(lower
bound)

Internal
productivity
(modified
shift-share)

Structural
change
(upper
bound)

1850–2015 1.9 2.1 −0.2 1.2 0.7
Panel A
1850–1950 0.8 0.5 0.2 0.4 0.3
1950–1974 6.0 5.4 0.6 3.6 2.4
1974–2007 2.5 2.9 −0.4 1.6 0.9
2007–2015 1.4 1.5 −0.1 −0.2 1.6

Panel B
1850–1883 1.2 1.1 0.1 1.1 0.1
1883–1920 0.8 0.7 0.1 0.6 0.2
1920–1929 2.9 2.5 0.5 1.5 1.5
1929–1950 −1.0 −1.2 0.3 −1.4 0.4
1950–1958 5.0 4.6 0.4 3.0 2.0
1958–1974 6.5 5.9 0.6 4.4 2.1
1974–1984 5.6 5.6 0.0 4.5 1.1
1984–1992 2.1 2.3 −0.3 0.8 1.3
1992–2007 0.6 0.7 −0.1 0.0 0.7
2007–2013 1.8 2.1 −0.3 −0.1 2.0
2013–2015 0.1 −0.1 0.1 −0.3 0.4

Panel C
1850–1855 2.7 2.8 −0.2 2.5 0.1
1855–1866 0.0 −0.1 0.1 −0.1 0.1
1866–1873 2.6 2.6 0.1 2.4 0.3
1873–1883 0.8 0.5 0.3 0.4 0.4
1883–1892 0.9 0.8 0.1 0.7 0.2
1892–1901 0.5 0.5 0.0 0.4 0.1
1901–1913 0.7 0.4 0.3 0.2 0.5
1913–1918 0.3 0.5 −0.2 0.4 −0.1
1918–1929 3.1 2.7 0.4 1.8 1.2
1929–1935 −1.4 −1.4 0.0 −2.3 0.8
1935–1939 −5.8 −5.9 0.2 −8.0 2.2
1939–1944 3.9 4.0 −0.1 3.7 0.2
1944–1950 −1.5 −2.2 0.8 −2.7 1.2
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using the conventional shift-share analysis (Table 3.3) would arguably
represent a lower bound.
Alternatively, an upper bound can be derived using Broadberry’s

modified version of the shift-share analysis.4 The contribution of struc-
tural change is derived by subtracting from aggregate productivity the
figure that would result by weighting output per hour worked growth in
each sector according to its contribution to total employment in the
initial year, but with an exception for those sectors whose contribution to
employment falls (e.g. agriculture over the entire time span considered
and industry since 1975). In such a case, the differential between the rate
of variation in hours worked for the economy as a whole and for the
relevant sector would be subtracted from the latter’s productivity
growth.5 As Table 3.3 shows, the difference between upper and lower
bounds can be significant for some periods.
Structural change, derived with the modified shift-share approach,

would account for 38% of the aggregate productivity growth achieved
over the last 166 years. This figure is not far below from Broadberry’s
own findings for Germany and the USA.6 Over 1850–1950, its

Fig. 3.3 Labour productivity growth and structural change over long swings:
shift-share, 1850–2015 (logarithmic growth rates) (%)
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contribution would reach two-fifths of labour productivity growth,
against the one-fourth suggested by the conventional shift-share
approach. A closer look indicates that structural transformation made a
larger contribution to productivity growth between the 1870s and 1929,
with decade 1874–1883, the long decade before World War I, and the
1920s as the most intense episodes (Fig. 3.4).
According to the modified shift-share analysis, it is in the Golden Age

(1950–1974) when structural change would have made the larger and
more sustained contribution to productivity growth.
Since 1975 and up to the eve of the Great Recession (2007), structural

change accounted for more than one-third of the increase in aggregate
labour productivity and avoided an even deeper productivity deceleration
after 1984. This result is at odds with the negative contribution of
structural change to productivity advance suggested by the conventional
shift-share analysis. In this phase, the transfer of labour away from agri-
culture (which still absorbed one-fifth of the total number of hours
worked in 1975 and, since then, hours worked in agriculture declined at
yearly rate of −4% to 2007) was accompanied by a sustained destruction

Fig. 3.4 Labour productivity growth and structural change over long swings:
modified shift-share, 1850–2015 (logarithmic growth rates) (%)
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of employment in less competitive manufacturing industries, which
intensified during the ‘transition to democracy’ decade (−3.8% yearly
decline of hours worked in industry during 1974–1984). Since 2007,
structural change prevented labour productivity from stalling con-
tributing a moderate increase in output per hour worked during the
Great Recession.
A clearer picture of the evolution of the number of hours worked per

person, (H/N), is obtained by breaking it down into its components
(Table 3.4). Thus, (H/N) equals hours worked per full-time equivalent
worker, L, (H/L), times the participation rate—that is, the ratio of L, to
the working age population, WAN-, (L/WAN), times the share of WAN
in total population, N, (WAN/N),

H=Nð Þ ¼ H=Lð Þ � L=WANð Þ � WAN=Nð Þ ð5Þ

Table 3.4 Hours worked per head growth and its composition, 1850–2015 (%)
(average yearly logarithmic rates)

Hours
worked/N

Hours/FTE
worker

FTE
worker/WAN

WAN/N

1850–2015 −0.2 −0.3 0.0 0.0
Panel A
1850–1950 −0.1 −0.1 0.0 0.1
1950–1974 −0.5 −0.5 0.3 −0.3
1974–2007 −0.1 −0.6 0.2 0.3
2007–2015 −2.1 0.2 −1.8 −0.5

Panel B
1850–1883 0.0 0.0 0.0 0.0
1883–1920 −0.2 −0.1 −0.1 0.0
1920–1929 −0.3 −0.5 0.0 0.1
1929–1950 0.1 −0.1 −0.1 0.3
1950–1958 −0.1 −0.3 0.6 −0.3
1958–1974 −0.7 −0.6 0.2 −0.2
1974–1984 −4.1 −1.7 −2.8 0.3
1984–1992 1.5 −0.4 1.3 0.6
1992–2007 1.7 0.0 1.5 0.2
2007–2013 −3.5 0.3 −3.3 −0.5
2013–2015 2.1 −0.1 2.7 −0.5

(continued)
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That in rates of change (lower case letters) can be expressed as:

h=lð Þ ¼ h=lð Þþ l=wanð Þþ wan=nð Þ ð6Þ

The change in hours per full-time equivalent worker-year (H/L), which
fell from 2800 by mid-nineteenth century to less than 1900 at the begin-
ning of the twenty-first century, represents themain driver of the amount of
work per person, especially in periods of industrialization and urbanization
such as the 1920s (to which the gradual adoption of the 8 h per day
standard also contributed) and the Golden Age (1950–1974) (Fig. 3.5).
Changes in the participation rate (L/WAN) also made a contribution

(Fig. 3.6). For example, in the Golden Age (1950–1974), it mitigated the
decline in hours worked per person. However, it is since 1975 when the
participation rate becomes the main determinant of changes in the amount
of hours worked per person. Thus, (L/WAN) accounts for two-thirds of its
contraction during the ‘transition to democracy’ decade (1975–1984).
Such a decline was due to a dramatic surge in unemployment, largely
resulting from the impact of the oil shocks and the exposure to interna-
tional competition on traditionally sheltered industrial sectors, plus the
return of migrants from Europe. The higher bargaining power of trade
unions and industrial restructuring made the rest. Another surge in

Table 3.4 (continued)

Hours
worked/N

Hours/FTE
worker

FTE
worker/WAN

WAN/N

Panel C
1850–1855 −0.2 −0.3 0.0 0.1
1855–1866 0.3 0.1 0.0 0.2
1866–1873 0.4 0.2 0.3 −0.1
1873–1883 −0.4 −0.1 −0.2 −0.1
1883–1892 −0.4 −0.1 −0.2 −0.1
1892–1901 0.1 −0.1 0.1 0.0
1901–1913 −0.2 −0.1 0.0 −0.1
1913–1918 −0.4 −0.3 −0.3 0.1
1918–1929 −0.3 −0.4 0.0 0.1
1929–1935 0.0 −0.4 0.2 0.2
1935–1939 −1.0 0.0 −1.3 0.2
1939–1944 0.4 0.0 −0.1 0.4
1944–1950 0.7 0.0 0.2 0.5
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Fig. 3.5 Hours per full-time equivalent worker, 1850–2015

Fig. 3.6 Hours worked per head growth and its breakdown over long swings,
1850–2015 logarithmic growth rates (%)
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unemployment made the participation rate accountable for most of the
reduction in hours worked per person during the Great Recession (2008–
2013).
Conversely, between Spain’s EU accession and the Great Recession

(1985–2007), the increase in (L/WAN) was the main contributor to the
increase in the number of hours worked per person, helped by increasing
female participation and the post-1990 inflow of migrants. Again, the rise
in the participation rate, as unemployment has gradually declined, is a
main actor in the post-2013 recovery in hours worked per person. Lastly, a
demographic gift, as the dependency rate fell increasing the share of
potentially active over total population, prevented a further decline of
hours worked per person during the 1930s, contributed to its recovery in
the 1940s and helped the surge in employment over 1985–2007.

Notes

1. As correctly pointed out by Matthews et al. (1982: 248–254), structural
change is not really exogenous as it is caused by the interaction between the
supply and demand of resources. Hence, any attempt to establish causal
relationships between structural change and growth is flawed. From a
historical point of view, however, perfect factor mobility does not exist and,
consequently differences of marginal productivity between sectors tend to
exist, as the movement of resources from one sector to another does not
take place automatically. For this reason, improvements in resource allo-
cation will contribute to growth during a given period of time. It is also the
case that even when marginal productivity is the same in different indus-
tries, they will not all grow at the same rate. Growth will depend on their
use of technological innovation and the existence of increasing returns.

2. I draw on Broadberry (1998) in the subsequent paragraphs.
3. Broadberry (1998) puts forward the idea that if we accept, as proposed by

Kindleberger (1967), that labour moving from agriculture to industry and
services is surplus labour, then it must be assumed that the hypothetical
return of this labour to the agricultural sector would have a negative effect
on productivity.

4. It provides an upper bound because it does not take into account differences
in levels of physical and human capital per worker across economic sectors.
Ideally, the contribution of structural change should be calculated.
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5. In this case, internal productivity would be calculated as R a0it Uit, where
a0it ¼ ait � ht � hitð Þ, if Uit \ 0 (h representing hours worked)
(Broadberry 1998).

6. Broadberry (1998: 390) finds that, over 1870–1990, structural change
would account for up to 45.7 and 50.3% of productivity growth in
Germany (1.75%) and the USA (1.4%), respectively.
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