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Abstract
According to Verdoorn’s law, productivity growth is endogenous to output growth, due to
the existence of increasing returns to scale, broadly defined. Such an idea is at the root of both the
endogenous growth theory and the Kaldorian approach. Whilst in Kaldor’s view, a country’s
growth is demand-driven, in the endogenous growth theory, growth is determined by the growth
of the factors of production and hence growth is supply-constrained. This paper empirically tests
both assumptions for Verdoorn’s law by using a dynamic panel of manufacturing industries for 70
countries at different stages of development for the years between 1963 and 2009. In order to
distinguish between these approaches, two different specifications are estimated where the growth
of output and of the supply of factors of production are instrumentalised by System GMM
estimators. The results show that, if it is assumed that the growth rates of countries are demanddriven, a faster growth of output increases productivity growth due to the existence of increasing
returns. Alternatively, if it is assumed that output growth is driven by the growth of the supply of
the factors of production, it is not possible to conclude that productivity growth is induced by
output growth.
Keywords: Verdoorn’s law, productivity growth, demand-led growth, increasing returns,
manufacturing.
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1.

Introduction
One of the main explanations for differences in countries’ productivity growth rates arises

from the existence of static and dynamic increasing returns to scale. The centrality of this
explanation is at the root of both the new growth theory and the Kaldorian approach to economic
growth. New growth models arose from the criticism that the neoclassical Solow-Swan approach
(Solow, 1956; Swan, 1956), assumed that steady-state productivity growth is determined by the
exogenously determined rate of technical progress. The new growth theory shows that although
firms may be subject to constant returns to scale, regions and countries exhibit increasing returns
due to externalities generated by capital accumulation (Romer, 1986) or by resource allocation in
specific activities, such as R&D and education (Lucas, 1988; Romer, 1990). This has shifted the
focus of the neoclassical models from exogenous technological change to the externalities
generated by the growth process itself.
These models, however, have paid little attention to sectoral specificities in explaining
differences in countries’ growth rates, as well as neglecting the importance of the growth of
demand. Although these models emphasise the importance of some activities, such as R&D,
increasing returns are not associated with the size of any specific sector, such as manufacturing,
agriculture or services (Palma, 2005). Furthermore, productivity growth is ultimately constrained
by the growth of the supply side and, in these models, the latter is determined exogenously, rather
than induced by the growth of demand (McCombie, 2002; Dutt, 2006).
In contrast to the new growth theory, the Kaldorian approach stresses the existence of
increasing returns to scale in some sectors and the importance of demand as an ultimate source of
growth. Unlike the endogenous growth theories, Kaldor (1966; 1972) emphasised that sectors have
different degrees of increasing returns, and thus countries may grow at different rates due to
differences in their sectoral structure of production. Moreover, capital is a produced means of
production and investment responds to demand. Consequently, output growth determines the rate
of capital accumulation, and technological change is, to a large extent, induced by the growth of
demand.
Therefore, although both the new growth theory and the Kaldorian approach consider that
productivity growth is partly determined by output growth, in the former approach, output growth
is constrained by the supply of factors of production, while in the latter, it is determined by the
growth of demand. This distinction is significant empirically because different results concerning
the existence of increasing returns to scale can be obtained according to which assumption is
adopted in specifying the regression model.
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This paper applies a panel data analysis for 70 countries where instrumental variables are
used both for the demand-oriented and supply-oriented approaches in order to test both approaches
empirically. The aim of this analysis is to determine to what extent the assumptions about the
ultimate determinants of output growth are important in understanding the dynamics of
productivity growth.
The paper is divided into five sections, in addition to this introduction. In the next section,
the debate over the different specifications of Verdoorn’s law is presented, focusing on the
implications of the demand-oriented and supply-oriented approaches for the existence of
increasing returns to scale. Section 3 presents a method to estimate Verdoorn’s law from the
demand-side and supply-side and approaches, contrasting their assumptions. Section 4 discusses
the data used in the estimations, as well as the sectoral aggregation and the estimation method
used. In Section 5, Verdoorn’s law is estimated based on each approach by using a large database
for countries in different stages of development in order to contrast the results. Finally, the last
section presents the concluding remarks.

2. Verdoorn’s law specifications and interpretations
Based on countries’ data for two lengthy periods (between 1870-1914 and 1914-1930),
Verdoorn (1949) established a long-term relationship between industrial productivity growth and
output growth, by estimating the following equation:
𝑞 =𝜆+𝑏𝑦

(1),

where 𝑞 is industrial productivity growth, 𝑦 is industrial output growth, 𝜆 is the rate of technical
progress not explained by output growth and 𝑏 is the elasticity of productivity with respect to
output growth, known as the Verdoorn coefficient.
Verdoorn (1949) found an average value of “approximately 0.45 (with limits of 0.41 and
0.57)” for the elasticity of productivity growth with respect to output growth. Verdoorn (1949,
Appendix) derived the relationship from a Cobb-Douglas production function, initially expressed
in levels. He suggested that one could have expected these results a priori because the division of
labour depends upon the volume of production, which, in turn, creates scope for rationalisation
and increased mechanisation.
Kaldor (1966) argued for a one-way causal relationship between these two variables. He
stressed that Verdoorn’s findings reflect a dynamic, rather than a static, relationship which is
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between productivity and output growth, primarily because technological progress enters into it.
According to Kaldor, a faster growth rate of output induces faster productivity growth due to the
existence of dynamic increasing returns to scale in manufacturing and induced technical change.1
In a series of papers, Rowthorn (1975a; 1975b) and Kaldor (1975) debated the most
appropriate specification of the law based on both theoretical and empirical issues. According to
Rowthorn (1975a), the law should be estimated explicitly as the elasticity of productivity growth
with respect to employment growth, as output growth is constrained by the growth of the labour
force. This was what Kaldor (1966) initially assumed was the case for the UK in the early postwar period, although he later changed his mind (Kaldor 1975). Hence, according to Rowthorn, in
contrast to equation (1), the law should be estimated as follows:
𝜆

𝑞 = 1−𝑏 + 𝑑 𝑙

(2),

where 𝑙 is employment growth and 𝑑 = 𝑏/(1 − 𝑏) is the elasticity of productivity with respect to
employment. By doing so, Rowthorn, using data for the advanced countries, found that there is a
positive Verdoorn coefficient, but it depends solely on the inclusion of Japan in the analysis.2
Kaldor (1975) replied that Rowthorn’s estimation procedure is correct only if one considers
that the growth rates of factors of production are exogenously determined. However, output
growth, rather than that of labour or capital, is the exogenous variable. According to Kaldor, capital
required for industrial production is self-generated by output growth as investment responds to the
growth of demand. Labour is absorbed by manufacturing during the process of industrialisation
because it has a low opportunity cost of employment in agriculture and services. Moreover,
additional labour can be obtained from disguised unemployment and immigration. In this sense,
Kaldor argued that the original specification, given by equation (1), was the more appropriate way
to estimate Verdoorn’s law.3
The main conclusions of this debate are twofold. First, the results of the estimations for the
degree of increasing returns to scale depend on the variables that are considered as exogenous. On
the one hand, the demand-side specification assumes that the growth of output is exogenous, which
implies that causation runs from growth of demand to productivity growth. One the other hand,
the supply-side specification assumes that the growth of the supply of factors of production is
exogenous and thus, the causation runs in the other direction.
Secondly, because output, employment and productivity are conjunctly determined,
Verdoorn’s should be estimated using an instrumental variables approach to guard against
5

simultaneous equation bias. Both Kaldor’s and Rowthorn’s specifications rely on the assumption
that the explanatory variable is exogenously determined. However, due to the notion of cumulative
causation, productivity growth is endogenous to output growth (Verdoorn’s law). But output
growth is, in turn, determined by productivity growth, if the latter affects the price competitiveness
of countries, or regions, and thus their exports. Hence, the need for an instrumental variable
technique to estimate the law correctly (Rowthorn, 1975b).4
According to Angeriz et al. (2008), the distinction between the supply-side and demandside specifications is important, because estimating Verdoorn’s law by the different approaches
produces different results. Moreover, it is necessary to consider these different views because they
depend on a priori theoretical arguments. On the one hand, the neoclassical endogenous growth
approach assumes that savings determine investment, and, consequently, the estimations produced
by the supply-side specification are more appropriate to estimate the degree of increasing returns.
On the other hand, the Kaldorian approach sees investment as being determined by the accelerator
mechanism and profits, rather than by savings and, consequently, the demand-side specification is
the more appropriate.
Based on this distinction between supply-side and demand-side specifications, some
studies have attempted to estimate Verdoorn’s law using both these two approaches. McCombie
and de Ridder (1984), for example, constructed a series for the capital stock with the aim of
controlling for the growth of the non-labour inputs, and estimated the law for total manufacturing
for 49 US states. Their results show that both specifications corroborate the presence of increasing
returns to scale in manufacturing, even though it is greater if the demand-side specification is used.
While the supply-side specification gives a value of returns to scale of 1.33, Kaldor’s specification
gives a value of 1.45. Consequently, the results for both specifications were in line with the
traditional approach, providing further evidence for the existence of increasing returns to scale in
manufacturing.
More recently, Angeriz et al. (2008) estimated the law based on both the supply-side and
demand-side specifications for EU regional data, controlling for spatial autocorrelation and using
an instrumental variable (IV) approach. They found values for the degree of returns to scale that
were statistically significantly greater the unity when output growth is the regressor. However, in
contrast to the results obtained by McCombie and de Ridder (1984), they found that when the
growth of factor inputs are specified as the regressors, the estimates suggested that manufacturing
industries are subject to either diminishing, or constant returns, to scale. These results highlighted
the importance of distinguishing between the supply and demand approaches, even when an IV
procedure is used.
6

3. Methods and data
3.1. Estimating Verdoorn’s law: demand- and supply-side specifications
Section 2 discussed the problems of estimating the long-term relationship between the
growth of productivity and output through equation (1), as Verdoorn (1949) and Kaldor (1966)
did, and the growth of productivity and employment using equation (2), as suggested by Rowthorn
(1975a). Furthermore, although Verdoorn’s law addresses the importance of technological change
in promoting growth, if we assume that investment is induced by the growth of output, the latter
has two impacts on productivity growth. First, an increase of output increases the capital-labour
ratio, which has a direct impact on productivity due to the increase of “the same kind” of capital
in the production process. Secondly, increased output stimulates investment in new technologies
and thus labour productivity increases through induced technological change, which is part of
Kaldor’s explanation for Verdoorn’s law. In this sense, to estimate Verdoorn’s law from a
Kaldorian perspective, it is necessary to include the growth of the capital stock.5
Hence, the regressions discussed in Section 2 are unable to estimate correctly the degree of
increasing returns, unless an assumption is made about the growth of the capital stock. A more
appropriate specification must consider explicitly the direct impact of the growth of the capital
stock and the effect of technological change induced by the growth of output, and hence
investment, through, say, a technical progress function.
It is now well established that aggregate production functions are merely picking up an
accounting identity, and the data will suggest constant returns to scale regardless of the actual
degree of increasing returns (Felipe and McCombie, 2013). However, Verdoorn’s law can still be
interpreted as showing increasing returns to scale, although not within the conventional
framework. According to McCombie and Spreafico (2016), as theoretically an aggregate
production function does not exist, one cannot interpret the intercept as the separate contribution
of exogenous technological change to growth. In addition, the Verdoorn coefficient should not be
interpreted as a measure of increasing returns to scale, per se. All that can be said is that a faster
growth of output leads to a faster growth of productivity due to many factors, such as induced
technological change, increasing returns and greater efficiency in the use of resources, but one
cannot determine their individual contributions to productivity growth. Hence, if the coefficients
are not interpreted as the contributions of the various factors that determine growth, such as in the
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neoclassical approach, Verdoorn’s law can still be estimated based on this approach. However,
here we follow the traditional approach.6
Following McCombie (2002), it is assumed that output growth is determined by the growth
of capital, labour and technical progress, as follows:
𝑦𝑖 = 𝜆 + 𝛼𝑙𝑖 + 𝛾𝑘𝑖

(3),

where 𝜆 is the rate of technical progress, 𝑦, 𝑘, and 𝑙 are the growth rates of output, capital and
labour of firm, or industry, 𝑖. 𝛼 and 𝛾 are the output elasticities of labour and capital, where 𝛼 +
𝛾 =  measures the degree of internal returns to scale, and 𝛼 =  𝑎 and 𝛾 =  (1 − 𝑎).
According to the Kaldorian view of Verdoorn’s law, the rate of technical progress is
partially determined by the growth of output. Hence, the rate of technical progress at the
industry, or manufacturing, level is given by:
𝜆 = 𝜆̅ + 𝜋𝑦

(4),

where 𝜆̅ is the rate of exogenous technical progress, and 𝜋 is the elasticity of induced technical
progress in respect to the growth of output, where it is assumed that 0 ≤ 𝜋 < 1 (The i subscript is
dropped for notational convenience.) Although many authors have emphasised the existence of
induced technical progress in different forms, such as Arrow (1962), who stressed the importance
of learning-by-doing at the firm level, and Young (1928), who focused on increasing returns on
the macroeconomic level, here induced technical progress is also due to the existence of
localisation economies, once production is considered at the industrial level.7
Substituting (4) into equation (3) and using the conditions that 𝛼 =  𝑎 and 𝛾 =  (1 − 𝑎),
we obtain:
𝑦 = 𝜈[𝜆′ + 𝑎𝑙 + (1 − 𝑎)𝑘]

(5),

where 𝜈 = /(1 − 𝜋) is the degree of encompassing increasing returns and 𝜆′ = 𝜆̅/𝜑. In this
equation, the importance of factor accumulation for economic growth is made explicit. In contrast
to equations (2) and (3), where one can only see implicitly the direct impact of the growth of both
of the factors of production on output growth, here it is possible to see that accumulation of capital
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and the growth of labour increases output growth by stimulating endogenous technical progress.
This will occur if the degree of encompassing increasing returns, 𝑣, is greater than the unity.
Re-arranging equation (5), it is possible to present Verdoorn’s law, augmented by capital
accumulation, as follows:

𝑞=

𝜆′
𝑎

+

𝑣𝑎−1
𝑣𝑎

𝑦+

(1−𝑎)
𝑎

𝑘

(6).

.
According to the demand-led approach for Verdoorn’s law, capital accumulation is not
determined exogenously by savings. Instead, it is induced by demand growth. Hence, equation (6)
can be rearranged to present a production function where the impact of the change in the capitaloutput ratio on productivity is made explicit:

𝑞=

𝜆′
𝑎

+

𝑣−1
𝑣𝑎

𝑦+

1−𝑎
𝑎

(𝑘 − 𝑦)

(7).

In this equation, productivity growth is explained by the impact of exogenous technological
change, output growth and the rate of increase of the capital-output ratio. The Verdoorn coefficient
can be obtained directly from this equation by assuming ex-ante that capital and output grow at
the same rate in the long run, which is one of Kaldor ’s (1961) stylized facts. In so doing, equation
(7) is equal to equation (1), which is the original Verdoorn’s law. Alternatively, the rate of growth
of the capital-output ratio can be included directly in Verdoorn’s law. In the approach here, the
law is specified as allowing for changes in the capital-output ratio. The Verdoorn coefficient,
which is the long-term impact of output growth on productivity growth, can be expressed as:

𝑏=

𝑣−1
𝑣𝑎

(8).8

It can be seen that a positive value for the Verdoorn coefficient implies the presence of
increasing returns to scale.
This methodology is important because it considers explicitly that output growth is
exogenous to the growth of productivity, and thus it implies that demand factors are the main
drivers of the growth process.
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Another possibility for estimating the degree of increasing returns is by re-arranging
equation (5) to consider explicitly the impact of the growth of the factors of production on that of
labour productivity, as follows:
𝑞 = 𝑣𝜆′ + (𝑣𝑎 − 1)𝑙 + 𝑣(1 − 𝑎)𝑘

(9).

As with equation (7), in equation (9) the direct and indirect impacts of capital accumulation
on productivity growth are made explicit. Essentially, both approaches consider that if capital
embodies technological advances and generates external economies, we can explain at least part
of technological change by capital accumulation (if 𝑣 is greater than the unity). The difference
between equations (7) and (9) is that in equation (9) the growth rates of the factors of production
(inputs) are taken to be regressors, so it is the supply-side specification of Verdoorn’s law (i.e.,
Rowthorn’s version including the growth of capital as well as labour), whilst in equation (7) output
growth is a regressor.

3.2. The human capital augmented specification
Because Verdoorn’s law is estimated in this paper for countries at different stages of
development, it is important to consider that educational levels differ significantly across
countries, and that labour is not homogenous. Mankiw et al. (1992), for example, show that
Solow’s model augmented with human capital can explain more precisely countries’ growth paths
during the post-war period. In this view, the growth of labour in a production function must be
adjusted for the degree of schooling in order to account for the growth of human capital. In an
alternative approach, Amable (1993) argues that a higher level of schooling enhances the rate of
technical progress. According to him, the technical skills of the labour force is essential for both
borrowing external technologies and for developing technology indigenously. Hence, the level of
education (not simply its growth rate) increases the pace of technological progress.
Therefore, in order to consider that the quality of labour differs between countries, the
specification needs to account for each country’s level of schooling. Assuming technological
change as determined, as before, by an exogenous component, 𝜆̅, and endogenously by output
growth, as before, but also by human capital, equation (4) is replaced by:
𝜆 = 𝜆̅ + 𝜋𝑦 + 𝜌𝐻

(10),
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where 𝐻 is the level of schooling, and 𝜌 measures the impact of schooling on technological change.
Therefore, if one assumes the educational level to be exogenous, output growth will be given by
equation (11), instead of (5):
𝑦 = 𝑣[𝜆′ + 𝑎𝑙 + (1 − 𝑎)𝑘 + 𝜌′𝐻]

(11),

where 𝜌′ = 𝜌/𝜑. Thus, we can proceed exactly as before, but instead of estimating equations (7)
or (9), we estimate equation (12), for the demand-side version and equation (13) for the supplyside version of Verdoorn’s law, as follows:

𝑞=

𝜆′
𝑎

+

𝑣−1
𝑣𝑎

𝑦+

1−𝑎
𝑎

(𝑘 − 𝑦) +

𝜌′
𝑎

𝐻

(12),

and
𝑞 = 𝜆′ + (𝑣𝑎 − 1)𝑙 + 𝑣(1 − 𝑎)𝑘 + 𝜌′𝐻

(13).

3.3. Increasing returns to scale and the technological gap
The estimation of Verdoorn’s law also needs to consider that the technological gap may
affect productivity growth. The fact that countries at a lower technological level than countries at
the innovation frontier have the possibility of imitating, and thus growing faster, has been
discussed in the context of both approaches.
In the neoclassical approach, the idea that the technological gap is a relevant explanation
for productivity growth is presented, for example, by Barro and Sala-i-Martin (1997). They argue
that although there are costs of imitation, if they are lower than the costs of invention, the
technological gap is relevant in explaining productivity convergence. According to Rodrick
(2013), manufacturing is the sector for which imitation is the easiest, and thus specialising in
manufacturing is an important method of catching-up.
Cornwall and Cornwall (2002) also argue that in the literature on catching-up, the prime
determinant of growth is the size of the technology gap, with the less advanced economies growing
faster. From a Kaldorian perspective, they argue that investment embodies the most advanced
technologies and thus for two countries with the same investment rate, the less developed is the
economy, the higher is the growth bonus.
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The importance of the technological gap in explaining productivity growth is also
addressed from a neo-Schumpeterian perspective. According to Fagerberg (1994) and Fagerberg
and Verspagen (2002), the Solow neoclassical growth model assumes that technology is a public
good, and thus countries’ productivity differences cannot be explained by the technological gap.
However, technology, rather than being a global public good, is embodied in organisational
structures, such as firms and regions. Hence, engaging in technological catch-up (narrowing the
technology gap) is an important source of productivity growth.
Therefore, the technological gap must be taken into account to estimate correctly
Verdoorn’s law, and thus the growth rate of an individual industry, rather than given by equation
(11), is given by:
𝑦 = 𝜈[𝜆′ + 𝑎𝑙 + (1 − 𝑎)𝑘 + 𝜌′𝐻 + 𝜃′𝐺]

(14),

where 𝐺 is the technological gap, and 𝜃 ′ = 𝜃/𝜑 measures the impact of the technological gap on
output (and hence productivity) growth.
Based on this, equation (12) can be re-specified as equation (15), which is the demand-side
version of Verdoorn’s law, augmented for human capital and the technological gap. Equation (13)
can be re-specified as equation (16), which is its supply-side version:

𝑞=

λ′
𝑎

+

𝑣−1
𝑣𝑎

𝑦+

1−𝑎
𝑎

(𝑘 − 𝑦) +

𝜌′
𝑎

𝐻+

𝜃′
𝑎

𝐺

(15),

and
𝑞 = λ′ + (𝑣𝑎 − 1)𝑙 + 𝑣(1 − 𝑎)𝑘 + 𝜌′𝐻 + 𝜃′𝐺

(16).

4. Data, sectoral aggregation and method
4.1. Data and sectoral aggregation
Verdoorn’s law is estimated using a panel dataset for 70 countries between 1963 and 2009.
Data for employees and value added are available in the UNIDO Industrial Statistics Database at
the 2-digit level of the International Standard Industrial Classification (ISIC), Rev. 3 (UNIDOINDUSTAT2). Data for output and value added, however, are only available in nominal prices
(US current prices or the various national currencies), and it is therefore necessary to deflate them
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before conducting the econometric tests. Although countries’ price indices by sector should be
used to deflate the output data, these indices are not available for most of the analysed countries.
Therefore, in the absence of the ideal deflator, it is replaced with the GDP deflator for each country.
These deflators are available in the Penn World Table (PWT) 7.1 (Helson et al., 2012).
Another relevant issue is that data on fixed capital stocks are not available. This variable is
therefore calculated using data for gross fixed capital formation (GFCF), also available in the
UNIDO database, across countries and sectors at the ISIC 2-digit level. Following the approach
adopted in Angeriz et al. (2008), GFCF data is combined with approximations of probable average
asset lives to calculate the gross fixed capital stocks. Investment deflators, also available at PWT
7.1, for each country are applied to deflate this data.
The main issue with these data, however, is that they are not available for all countries in
the same years and do not employ a common sectoral division. Therefore, before performing the
regressions, each country was analysed separately with the aim of identifying those countries that
were to be used and those that were to be discarded, as well as the level of sectoral aggregation
that minimises the missing values. Although data on employees, output or value added and gross
fixed capital formation are available between 1963 and 2009 for 38 countries, most of these are
developed countries, and may lead to sample bias. As a result, data on other countries have to be
analysed (and in some cases calculated by interpolation) prior to conducting the econometric tests.
In terms of the sectoral aggregation, sectors originally classified at a 2-digit level of the
International Standard Industrial Classification (ISIC) are grouped to make it possible to extend
the analysis for the longest possible time series. The sectors considered are the following: food,
beverages and tobacco products [Food]; textiles, wearing apparel and leather products [Textiles];
wood and paper [Paper]; fuels [Fuels]; chemicals, rubber and plastic [Chemicals]; non-metallic
mineral products [Non-metallic]; basic and fabricated metals [Metals]; machinery, equipment,
office and computing machinery [Machinery]; electrical machinery, communication, medical,
precision and optical equipment [Electrical]; motor vehicles and other transport equipment
[Transport]; and furniture and other manufacturing products [Others].
Finally, these sectors are grouped according to their technological intensity and categories
of demand. Regarding the aggregation by technological intensity, industries are grouped based on
UNIDO (2013:205) classification for manufacturing activities. Food, Textiles, Paper, Fuels, Nonmetallic, Metals and Others are grouped as low-tech manufacturing industries [LT] and Chemical,
Machinery, Electrical and Transport as high-tech manufacturing industries [HT]. In terms of the
categories of demand, Food, Paper, Fuels, Non-metallic and Metals are grouped as natural resource
based manufacturing [NR], Textiles and Others as consumption goods chains [CG] and
13

Machinery, Electrical and Transport as capital goods chains [KG]. Because Chemicals cannot be
considered as either capital or consumption goods, this sector is not classified in any of these
groups.
The analysis also uses data for the level of schooling to estimate Verdoorn’s law, as well
as the technological gap. Regarding the level of schooling, 𝐻, data on the average years of total
schooling (for the population aged 15 and over) are obtained from Barro and Lee’s (2012) dataset.
The technological gap is defined as the complexity of the countries’ sectoral exports in
relation to the US. Following Hausmann et al. (2007), a proxy for the technological complexity of
sectoral exports is obtained based on the income per capita of the countries that export similar
goods. First, using the UN-COMTRADE database (SITC Rev.1), the weighted average of the
income per capita of the countries that export each good is calculated, as follows:
𝑋𝑗𝑘 /𝑋𝑗

𝑃𝑅𝑂𝐷𝑌𝑘 = ∑𝑗 ∑

𝑗 𝑋𝑗𝑘 /𝑋𝑗

𝐺𝐷𝑃𝑝𝑐𝑗

(17),

where 𝐺𝐷𝑃𝑝𝑐 is the GDP per capita (obtained at PWT 8.0), 𝑋 are exports, 𝑗 stands for the country
and 𝑘 stands for the product. Then, the technological complexity of exports for the sector 𝑖 is
calculated by the weighted average of each good, 𝑃𝑅𝑂𝐷𝑌, as follows:
𝑋

𝐸𝑋𝑃𝑌𝑗𝑖 = ∑𝑘 𝑋𝑗𝑘 𝑃𝑅𝑂𝐷𝑌𝑘
𝑗𝑖

(18),

where 𝑘 stands for all products classified inside sector 𝑖. Finally, for each sector 𝑖, the variable
technological gap, 𝐺, is defined as the ratio between the sectoral 𝐸𝑋𝑃𝑌 of the country under
consideration for the current year divided by the US’s 𝐸𝑋𝑃𝑌 for the same sector in the same year.

4.2. Estimation method
The estimation technique employed here, as well as those employed in the other regressions
in this paper, is the System GMM estimator (Brundel and Bond, 1998). This estimator was
developed based on the Arellano and Bond (1991) GMM estimator (AB estimator), which
considers two sources of persistence over time: autocorrelation due to the inclusion of lagged
variables, and individual effects, controlling for the heterogeneity among countries. In these
estimators, the orthogonality between lagged variables and the disturbances generates additional
instruments. The difference between AB and System GMM estimators is that the latter is estimated
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without exogenous regressors. Essentially, the System GMM estimator uses lagged differences as
instruments for equations in level and lagged levels as instruments for equations in first difference.
Hence, there is no need to find exogenous regressors as instruments for output growth.
As Verdoorn’s law is a long-run relationship between productivity and output growth, its
estimation should be undertaken using average growth rates calculated over periods long enough
to avoid merely picking up the short-run cyclical relationship between these two variables, which
is reflected in Okun’s law. The latter is the relationship between the rate of change of output and
unemployment (and employment) over the business cycle. It results from the fact that cyclical
changes in the observed measures of the capital stock and total hours worked do not correctly
measure short-run changes in the flow of their services. Labour is a “quasi-fixed factor” (Oi, 1962).
Moreover, due to data limitations, it is not possible adequately to correct for these measurement
errors. Hence, the finding that there is a positive relationship between productivity growth and
output growth using annual or quarterly data has nothing to do with the existence or otherwise of
increasing returns to scale, but is merely reflecting the Okun effect (McCombie and de Ridder,
1983). Consequently, it is important to use growth rates calculated over time periods that are long
enough to avoid these short-run pro-cyclical fluctuations in productivity growth, which will be
confused with estimates of the Verdoorn coefficient.9
Therefore, to avoid this misspecification issue, rather than using annual growth rates,
growth rates for seven-year periods are used, from 1967 to 1973 and 1973 to 1980, and so on.
Alternatively, it would be possible to use the variables from the same data set in log-levels to
analyse this relationship (rather than growth rates) using cross-country data for, say, the terminal
years. However, McCombie (1982) shows that estimating the law through these two different
methods gives different results. Verdoorn’s law obtained using exponential growth rates (which
reflects Verdoorn’s original approach) gives support for the existence of increasing returns to
scale, whilst estimations based on log-level values often suggest constant returns to scale. This
result is known as the “static-dynamic Verdoorn’s law paradox”, and is found in many other
studies. McCombie and Roberts (2007) argue that if Verdoorn’s law is correctly specified, the
paradox can be attributed to spatial aggregation bias. When data are summed by the statistical
authorities to the regional level (including, for example, countries and states), the relationship
between the variables is at a higher level of aggregation than the correct unit of observation. This
leads to a bias towards constant returns to scale when log-levels are used. Nevertheless, McCombie
and Roberts (2007) show theoretically, and by simulation analysis, that the dynamic law will give
a relatively unbiased estimate of the true degree of encompassing returns to scale. Angeriz et al.
(2009) provide empirical evidence in support of this hypothesis.
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Moreover, even though long-run average growth rates are used, it is still important to take
into account the effect of lagged variables on the growth of productivity in the regression analysis
(Setterfield, 1997).

5. Different specifications, different results
5.1. The demand-side version
As discussed in Section 3, different approaches can be adopted to estimate the relationship
between productivity growth and output growth according to which variables are assumed to be
the regressors. In the demand-side version, output is exogenous to the growth of the inputs (capital
and labour), once demand is the ultimate determinant of output growth. Therefore, in order to
determine the degree of increasing returns from this approach, based on equations (7), (12) and
(15), the Verdoorn coefficient is estimated using equations (19) to (20), as follows:

𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑦𝑗,𝑡 + 𝛽2 𝑦𝑗,𝑡−1 + 𝛽3 (𝑘𝑗,𝑡 − 𝑦𝑗,𝑡 ) + 𝜀𝑗,𝑡

(19),

𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑦𝑗,𝑡 + 𝛽2 𝑦𝑗,𝑡−1 + 𝛽3 (𝑘𝑗,𝑡 − 𝑦𝑗,𝑡 ) + 𝛽4 𝐻𝑗,𝑡 + 𝜀𝑗,𝑡

(20),

𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑦𝑗,𝑡 + 𝛽2 𝑦𝑗,𝑡−1 + 𝛽3 (𝑘𝑗,𝑡 − 𝑦𝑗,𝑡 ) + 𝛽4 𝐺𝑗,𝑡 + 𝜀𝑗,𝑡

(21),

𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑦𝑗,𝑡 + 𝛽2 𝑦𝑗,𝑡−1 + 𝛽3 (𝑘𝑗,𝑡 − 𝑦𝑗,𝑡 ) + 𝛽4 𝐺𝑗,𝑡 + 𝛽5 𝐻𝑗,𝑡 + 𝜀𝑗,𝑡 (22).

where the subscript 𝑗 represents each country, 𝜀𝑗,𝑡 is the error component, which includes panelspecific error terms for years and countries, and the estimate of (v-1)/va (the Verdoorn coefficient),
is given by
̂

̂

𝛽1 +𝛽2
𝑏̂1 = 1−δ
̂

(23),

Table 1 presents the Verdoorn coefficients estimated from equations (19) to (22) based on
the System GMM estimator for individual industries, different sectoral aggregations and total
manufacturing. From the results, it is clear that all but two of the industries exhibit a statistically
significant Verdoorn coefficient, which indicates that they are subject to dynamic increasing
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returns to scale. Including the schooling and technological gap variables in the regressions has
very little effect on the size of the estimate of the Verdoorn coefficient.
.
Table 1 – Estimated Verdoorn coefficient (demand-side version), by industries and level of
aggregation [about here]

Manufacturing takes a value of 0.572 when both controls are included in the regression. If
we assume that a takes a value of 0.75, then this implies a large value of encompassing returns to
scale of 1.75. There is a range of values for the Verdoorn coefficient according the specific
industries but they are all statistically significant and take a value of 0.334 or above. The
exceptions are Others and Consumption Goods where the Verdoorn coefficient is not statistically
significant. The industries Food, Fuels, Chemicals, Metals and Natural Resources all have values
that exceed that of manufacturing.
Turning to the sectoral results, the comparison between Capital Goods and Natural Resources

shows that although the value of the Verdoorn coefficient is higher in the latter, where it is over
0.6, this difference is not statistically significant at the 10% confidence level.10 Finally, with regard
to the category of technological intensity, both the High-tech and Low-tech industries have
statistically significant Verdoorn coefficients 0.482 and 0.502 respectively when the controls are
included in the regressions. However, the difference between these values is not statistically
significant at the 10% confidence level.11
Overall, these results contradict the view of Young (1928) and, following him, Kaldor
(1966), that increasing returns are largely a macroeconomic phenomenon. Kaldor, for example,
argues that Verdoorn’s law is not to be found at the firms or industry level, but it is derived from
the inter-industry division of labour and specialisation. Consequently, the largest increasing
returns to scale are to be found at the level of total manufacturing. However, the results here
confirm those of other studies, such as McCombie (1985) and Angeriz et al. (2009), that have
found significant Verdoorn coefficients at the level of the individual industries.12

5.2. The supply-side version
The assumption that the growth of factor inputs are exogenous to output growth implies
that long-term economic growth is not determined by the growth of demand, as emphasised by
Kaldor (1966; 1970). Instead, it is determined by the capability of a country to increase savings by
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reducing consumption or by the allocation of resources to activities that generate substantial
positive externalities, such as R&D and education. This notion is at the root of the neoclassical
endogenous growth models, in this supply-side, or supply-oriented, approach. Therefore,
equations (9), (13) and (16) are estimated to obtain the degree of increasing returns.
As in the case of the estimation of the demand-side approach, it is necessary to consider
that the relationship between productivity growth and output growth is a long-term relationship.
Hence, the same method to calculate seven-year growth rates, rather than annual growth rates, is
applied. Moreover, lags are also considered in the estimation to account for the impact of
investments in former periods. The following equations are thus estimated through a System
GMM:
𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑙𝑗,𝑡 + 𝛽2 𝑙𝑗,𝑡−1 + 𝛽3 𝑘𝑗,𝑡 + 𝛽4 𝑘𝑗,𝑡−1 + 𝜀𝑗,𝑡

(24),

𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑙𝑗,𝑡 + 𝛽2 𝑙𝑗,𝑡−1 + 𝛽3 𝑘𝑗,𝑡 + 𝛽4 𝑘𝑗,𝑡−1 + 𝛽5 𝐻𝑗,𝑡 + 𝜀𝑗,𝑡

(25),

𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑙𝑗,𝑡 + 𝛽2 𝑙𝑗,𝑡−1 + 𝛽3 𝑘𝑗,𝑡 + 𝛽4 𝑘𝑗,𝑡−1 + 𝛽5 𝐺𝑗,𝑡 + 𝜀𝑗,𝑡

(26),

and
𝑞𝑗 = 𝛽0 + δ𝑞𝑗,𝑡−1 + 𝛽1 𝑙𝑗,𝑡 + 𝛽2 𝑙𝑗,𝑡−1 + 𝛽3 𝑘𝑗,𝑡 + 𝛽4 𝑘𝑗,𝑡−1 + 𝛽5 𝐺𝑗,𝑡 + 𝛽6 𝐻𝑗,𝑡 + 𝜀𝑗,𝑡

(27),

where the subscript 𝑗 represents each country, 𝜀𝑗,𝑡 is the error component, which includes panelspecific error terms for years and countries.
From these regressions, the estimate of the Verdoorn coefficient, (v-1)/va, is given by:
̂

̂

̂

̂

𝛽1 +𝛽2 +𝛽3 +𝛽4
𝑏̂2 = (1−𝛿
̂ )(1+𝛽
̂ +𝛽
̂ )
1

2

(28).

Table 2 presents the results of the supply-oriented specification for the individual
industries, different sectoral aggregation and total manufacturing. From these results, it is clear
that industries are not subject to statistically significant increasing returns. For example,
manufacturing has a value for returns to scale of 0.822 when the controls are included, but this
value is not statistically significantly different from unity. (It is assumed again that a equals 0.75)
This true for all the specifications of all the individual industries and sectors. An increase
in the growth of factor inputs has a statistically insignificant impact on labour productivity growth
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(at the 5% level), even when the Verdoorn coefficient is positive, which means that the industries
are either subject to constant or diminishing returns to scale. These results corroborate the findings
of Angeriz et al. (2008) for total manufacturing and the findings of Angeriz et al. (2009) for
individual manufacturing industries. In their studies, they show that in the demand-side
specification, manufacturing and its individual industries are subject to increasing returns, whilst
in the supply-side specification they are not. Here, these findings are extended and are based on
countries in different stages of development, but the results remain the same.
Consequently, although an instrumental variable approach has been used to estimate both
the demand-oriented and the supply-oriented approaches, the method of normalisation, i.e.,
variables are chosen as the regressors, still makes a significant difference to the values of the
estimates. This will occur when a regression equation is over-identified using methods based on
classical least squares or when different instruments are used.

Table 2 – Estimated Verdoorn coefficient (supply-side version), by industries and level of
aggregation [Here]

Consequently, the comparison between the demand-side and supply-side specification
results shows that the assumptions made about the determinants of investment and labour mobility
are very relevant in explaining cumulative causation and disparities in the growth rates of
countries. One the one hand, based on the supply-side assumption, the results suggest that
productivity growth is not induced by output growth, as the estimates show that the industries are
not subject to increasing returns. On the other hand, the Kaldorian view is substantiated to the
extent that if one assumes growth is ultimately demand driven, productivity growth responds
positively to output growth.
Therefore, only if it is assumed that growth is demand-driven rather than supply-driven,
can it be inferred that technological progress is induced by output growth, and thus high and
sustained growth rates depend on the specialisation in those sectors with the highest degree of
increasing returns to scale, namely manufacturing and individual industries such as natural
resources and capital goods.

6.

Concluding remarks
The existence of increasing returns to scale is one of the main explanations for the

divergence in countries’ per capita income. According to the new growth theory (Romer, 1986,
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1990; Lucas, 1988), although firms may be faced internally with constant returns to scale, regions
and countries exhibit increasing returns, due to the externalities generated by the production
process. This view is shared by the Kaldorian approach, which argues that a faster growth of output
can increase productivity growth, especially in manufacturing, because this sector presents
dynamic increasing returns to scale.
Besides the fact that the Kaldorian view argues that dynamic increasing returns are sectorspecific, there is another important difference between the Kaldorian and the new growth theory.
Although in both views productivity growth is endogenous to output growth, in the new growth
theory, growth is ultimately supply determined, while, in the Kaldorian approach, growth is
demand-driven.
This difference is important because the regression results concerning the existence of
increasing returns to scale may vary according to which assumption is adopted. In the supply-side
view, which was presented originally by Rowthorn (1975a), a faster growth of factor inputs
promotes a faster growth of output, which, in turn, may increase productivity growth. In this view,
factor inputs are exogenous to output growth. On the other hand, in the demand-side version of
this relationship, which was presented originally by Verdoorn (1949) and Kaldor (1966), demand
is exogenous to output growth even in the long run, once investment and the growth of labour
services are stimulated by growth of demand. The latter occurs through the transfer of labour from
low productivity (agriculture, services) to high productivity sectors (such as manufacturing),
immigration, the more efficient use of the existing labour force, and the reduction of disguised
unemployment.
With the aim of testing the degree of returns to scale based on both the demand-side and
the supply-side approaches, a panel analysis was undertaken for 70 developed and less developed
countries where instrumental variables were used for both specifications. Variables to capture the
effect of human capital and the technological gap were also included.
In spite of using the instrumental variable approach, the results show that these assumptions
are very important in understanding the growth process. By estimating Verdoorn’s law through a
Kaldorian approach, we found significant results for dynamic increasing returns to scale, whilst
the results obtained through the supply-side version of the law suggest that manufacturing and its
industries are not subject to increasing returns.
In this sense, if one considers a priori the Kaldorian view, in which investment and thus
factor inputs are determined by the growth of demand, then manufacturing industries are subject
to increasing returns to scale, which means that productivity growth in this sector is determined
by demand growth. Conversely, if one assumes that factor inputs are exogenous with respect to
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demand in the long run, as in the neoclassical or endogenous growth models, then manufacturing
industries are subject to constant returns to scale, and thus productivity growth is not induced by
output, as predicted by Verdoorn’s law. This is even when instrumental variables are used.
Therefore, a priori assumptions about the determinants of output growth are still relevant in
explaining the relationship between productivity and output growth. Once it is assumed that output
growth (and hence factor inputs) are endogenously determined by demand growth, then
manufacturing industries present significant degrees of increasing returns, and thus productivity
growth is demand-driven due to the existence of dynamic increasing returns to scale, and it is
strictly related to specialization in manufacturing.

Notes
1. Some authors consider that this relationship could result if increases in productivity growth
reduce the growth of relative prices, which in turn might increase the growth rate of demand for
particular industries (Salter, 1966). Nevertheless, according to Kaldor, in this view productivity is
mainly to be explained by autonomous technical progress, but if this is true, how can we explain
large differences in productivity growth across different countries at the same level of development
in similar industries for such long periods? Hence, Kaldor argues that this relation can only have
one significant direction of causality: from output to productivity growth.
2. Kaldor (1966) estimated Verdoorn’s equation using data for the advanced countries over the
period 1953/4 to 1963/4, and found a coefficient of 0.484 for the elasticity of manufacturing
productivity to output, which is very similar to the value found by Verdoorn.
3. Kaldor (1975) suggested, alternatively, to regress employment, rather productivity, growth on
output growth. As productivity growth is defined as the growth of output minus employment
growth, there is an element of spurious correlation engendered by having output growth on both
sides of the regression of the Verdoorn law. Nevertheless, regressing employment on output
growth does not affect the value of the derived Verdoorn coefficient, which is the same whichever
of these two specifications is estimated.
4. See McCombie (2002: 95-96) for a detailed discussion about simultaneous equation bias in both
estimations.
5. Under the assumption of constant growth of the capital-output ratio for the long term,
Verdoorn’s law can be reduced to equation (1). However, it is not assumed here because shortterm variations in the growth of capital-output ratio can affect the value of Verdoorn’s coefficient.
6. McCombie (2002) presents a detailed discussion about problems and advantages of this
theoretical approach.
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7. There are many explanations for the existence of increasing returns to scale. Krugman (1991;
1998), for example, emphasises the effects of external economies of scale. According to him, the
geographical clustering of activities can result in localisation economies. Clustering facilitates
research and innovation in an industry, as well as the exchange of ideas and knowledge between
firms. Furthermore, there is also the importance of Marshallian sources of external economies,
such as market-size effects (backward and forward linkages), a thick local labour market,
especially for specialised skills, and information spillovers.
8. Many studies, such as Angeriz et al. (2008, 2009), estimate the Verdoorn coefficient regressing
total factor productivity growth on output growth. The advantage of this approach is that there is
no need to assume that the capital-output ratio as exogenous to output growth to obtain the
Verdoorn coefficient, such as assumed in this work. Nevertheless, to obtain the total factor
productivity it is necessary to assume a value a priori for 𝑎, and (1-a), which, following the
neoclassical tradition, is usually obtained as the share of wages and profits in total income
respectively.
9. Harris and Liu (1999), for example, use annual time-series data for GDP for a number of
individual countries, but the data (and hence the estimates) are subject to the serious measurement
errors discussed in the text. Most studies of the Verdoorn law use long-term average growth rates
and very few use annual or quarterly data.
10. Hypothesis tests comparing these results were constructed based on the estimated coefficient
and standard errors presented in Table 1. The t-statistic comparing capital goods and natural
resources for equations (19) to (22) are, respectively, 0.91, 0.79, 0.82 and 0.79, indicating that the
null hypothesis that they present different Verdoorn coefficients cannot be rejected at the 10
percent level.
11. The t-statistic comparing high-tech and low-tech products for equations (19) to (22) are,
respectively, 0.21, 0.06, 0.13 and 0.07.
12. The authors found higher increasing returns for all sub-sectors than for manufacturing, with
the only exception of Textiles.
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Table 1 – Estimated Verdoorn coefficients (demand-side version), by industries and
level of aggregation

Food
Textiles
Paper
Fuels
Chemicals
Non-metallic
Metals
Machinery
Electrical
Transport
Others
Consumption Goods (CG)
Capital Goods (KG)
Natural Resources (NR)
Low-tech manuf. (LT)
High-tech manuf. (HT)
Manufacturing

No controls

Controls:
Schooling

Controls:
Tech Gap

0.674***
(0.136)
0.334**
(0.140)
0.466***
(0.062)
1.027**
(0.466)
0.687***
(0.110)
0.579***
(0.193)
0.670***
(0.136)
0.483***
(0.132)
0.338**
(0.158)
0.467***
(0.12)
0.208
(0.372)
-0.089
(0.138)
0.473***
(0.149)
0.645***
(0.116)
0.462**
(0.209)
0.519***
(0.173)
0.527***
(0.162)

0.695***
(0.139)
0.369**
(0.145)
0.471***
(0.064)
1.027**
(0.474)
0.706***
(0.095)
0.566***
(0.212)
0.696***
(0.138)
0.492***
(0.136)
0.350**
(0.157)
0.474***
(0.117)
0.226
(0.360)
0.020
(0.14)
0.49***
(0.156)
0.642***
(0.113)
0.478**
(0.197)
0.493***
(0.149)
0.571***
(0.159)

0.766***
(0.137)
0.369***
(0.132)
0.47***
(0.081)
1.025**
(0.451)
0.696***
(0.105)
0.555***
(0.204)
0.673***
(0.120)
0.483***
(0.136)
0.371***
(0.136)
0.484***
(0.124)
0.209
(0.375)
0.163
(0.15)
0.484***
(0.176)
0.661***
(0.126)
0.466**
(0.227)
0.503***
(0.171)
0.548***
(0.152)

Controls:
Schooling,
Tech Gap
0.768***
(0.134)
0.408***
(0.128)
0.474***
(0.083)
1.025**
(0.435)
0.714***
(0.103)
0.532***
(0.202)
0.686***
(0.131)
0.491***
(0.137)
0.366***
(0.138)
0.489***
(0.121)
0.210
(0.361)
0.233
(0.143)
0.496***
(0.174)
0.662***
(0.12)
0.482**
(0.208)
0.502***
(0.168)
0.572***
(0.153)

Notes: Verdoorn coefficients estimated through System GMM for 70 countries and data ranging
from 1963 to 2009 (unbalanced) based on seven-year average growth rates.
*: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.
Standard errors in parentheses.
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Table 2 – Estimated Verdoorn coefficients (supply-side version), by industries
and level of aggregation
Controls:
Controls: Controls:
No controls
Schooling,
Schooling Tech Gap
Tech Gap
Food
Textiles
Paper
Fuels
Chemicals
Non-metallic
Metals
Machinery
Electrical
Transport
Others
Consumption Goods (CG)
Capital Goods (KG)
Natural Resources (NR)
Low-tech manuf. (LT)
High-tech manuf. (HT)
Manufacturing

0.115
(0.279)
-0.157
(0.796)
0.085
(0.278)
5.381
(5.053)
0.022
(0.442)
0.337
(0.416)
-0.613
(0.759)
0.094
(0.348)
-0.172
(0.513)
-0.414*
(0.244)
-0.633
(0.86)
-0.502
(0.471)
-0.490
(0.604)
0.075
(0.449)
-0.272
(0.420)
0.045
(0.451)
-0.356
(1.035)

0.072
(0.287)
-0.152
(0.741)
0.079
(0.287)
8.853
(9.222)
0.062
(0.474)
0.293
(0.55)
-0.472
(0.506)
0.094
(0.353)
-0.244
(0.541)
-0.385
(0.244)
-0.664
(0.884)
-0.557
(0.471)
-0.473
(0.608)
0.018
(0.372)
-0.251
(0.336)
0.042
(0.446)
-0.352
(1.02)

0.136
(0.302)
-0.085
(0.598)
0.059
(0.286)
3.479
(2.923)
0.170
(0.496)
0.224
(0.765)
-0.413
(0.507)
0.140
(0.326)
-0.116
(0.356)
-0.309
(0.286)
-0.635
(0.886)
-0.327
(0.467)
-0.022
(0.442)
-0.088
(0.425)
-0.437
(0.391)
0.145
(0.403)
-0.326
(1.015)

0.115
(0.302)
-0.042
(0.591)
0.054
(0.294)
3.988
(3.586)
0.174
(0.495)
0.278
(0.736)
-0.377
(0.472)
0.135
(0.326)
-0.155
(0.359)
-0.307
(0.284)
-0.744
(0.94)
-0.344
(0.475)
-0.026
(0.441)
-0.077
(0.421)
-0.419
(0.388)
0.147
(0.398)
-0.289
(0.988)

Notes: Verdoorn coefficients estimated through System GMM for 70 countries and data ranging
from 1963 to 2009 (unbalanced) based on seven-year average growth rates.
*: significant at 10% level; **: significant at 5% level; ***: significant at 1% level.
Standard errors in parentheses.
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