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Abstract: We revisit unconditional convergence within manufacturing with a focus
on differences in technology intensity across industries. For Latin American and Sub-
SaharanAfrican economies,weobserve that low-technology andmedium-technology
intensive industries experience a significantly slower convergence in comparison to
high-technology intensive ones. In contrast, we find no evidence of a significant
differential for low-technology industries’ convergence in Asian economies, and if
anything, we see that medium-technology intensive sectors experience a faster
convergence than high-technology industries. In developed economies, we observe
that while low-technology industries experience a slightly slower convergence,
medium-technology industries converge at similar rates to high-technology in-
dustries. We also find that these differences emerge during the period of increased
global integration, which exposed developing economies to increased competition
both from advanced markets and fast industrializers within the developing world.
Finally, we show that differential convergence patterns are stronger after the peak of
manufacturing employment share has been reached. We discuss the implications of
these trends for the future of development policy making.
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1 Introduction

Despite the absence of economy-wide convergence across countries, it has been
well-documented that formal manufacturing industries exhibit unconditional
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convergence in labor productivity (Madsen and Timol 2011; Rodrik 2012). This
implies that industries that have initially lower levels of labor productivity expe-
rience more rapid growth in labor productivity, allowing them to catch up with
industries at the technology frontier. The evidence shows that this process is un-
conditional withinmanufacturing industries; that is, it does not depend on specific
characteristics, policies, or institutions of countries. Given the positive external-
ities of manufacturing to other sectors and economy as a whole, one potential
implication of this finding is that developing countries should aim to kick start
manufacturing production even if it will be rather inefficient at the initial stages.
Due to unconditional convergence, such manufacturing industries are likely to
absorb new technologies through global production networks, and achieve higher
labor productivity over time. In fact, this viewpoint has been the main motivation
for industrial policies widely implemented across developing countries.1

Yet, it has also been documented that many developing countries have been
experiencing premature deindustrialization, particularly driven by declining
shares of manufacturing employment in total employment (Felipe, Mehta, and
Rhee 2019; Haraguchi, Cheng, and Eveline Smeets 2017; Rodri 2016; Tregenna
2009, 2011). The evidence suggests that skill-biased technological change and
globalization explain the degree to which countries prematurely deindustrialize,
without obtaining the full benefits that come from the industrialization process.

In this paper, we revisit unconditional convergence within manufacturing
with a focus on differences in technology intensity across industries. The tech-
nology intensity of manufacturing industries matters for productivity growth for a
number of reasons: (1) most countries start industrializing at the lower end of the
technological spectrum, producing low-technology intensive manufactures, such
as textiles, food, and raw materials. If convergence effects are lower for these
industries, this will have implications for how fast a lagging industry may achieve
frontier productivity rates and how fast such effects may spillover to other sectors.
(2) New and emerging (partly digital) technologies that foster automation and
computerization have been pushing the technological frontier further out across
several industries, but particularly strongly for low- and medium-technology
intensive sectors, including textiles, automobiles, and other industries with a high
volume of routine tasks (Frey and Osborne 2017). If the technology frontier is
shifting outward faster in these categories, these technological advancementsmay
also make it more difficult to converge. (3) The intensity of global competition also
varies by technology intensity across industries. Since low-technology intensive
products are easier to replicate and reverse engineer, there is a higher likelihood of

1 See, for example, Harrison and Rodríguez-Clare (2010) for a survey of the literature on industrial
policy and arguments developed for and against it.
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new entrants from low-cost countries where wages are low, and a greater risk of
being out-competed by producers from countries that have a comparative
advantage in producing low-technology manufactures.

More specifically, we examine whether there are significant differences in
convergence rates by technology intensity of manufacturing industries. Using the
technology intensity definition proposed by the OECD, we categorize industries
into three groups based on their R&D intensities (i.e. direct R&D expenditures as a
percentage of gross output): low-, medium-, and high-technology intensive
industries (Galindo-Rueda and Verger 2016). We then test whether low-technology
intensive industries exhibit convergence rates that differ from medium- and high-
technology intensive industries, and whether such differential convergence rates
are more significant for certain groups of developing countries.

To this end, we employ data from the United Nations Industrial Development
Organization’s (UNIDO) industrial statistics database, which relies on country-
specific industrial surveys (UNIDO 2017). Since these surveys generally exclude
small, informal firms, the results documented in this paper should be regarded as
applying to more formal firms within manufacturing sectors. We also use country-
level manufacturing employment and output data to show recent trends in pre-
mature deindustrialization that is increasingly observed in recent decades.

Our primary findings indicate that there are important differences across
country groups in unconditional convergence by technology intensity. For Latin
American and Sub-Saharan African economies, we find that low-technology
and medium-technology intensive industries experience a significantly slower
convergence in comparison to high-technology intensive ones. In contrast, we find
no evidence of a significant differential for low-technology industries’ convergence
in Asian economies—instead, we find that medium-technology intensive sectors
experience a faster convergence than high-technology industries in these coun-
tries. In developed economies, we observe that while low-technology industries
experience a slightly slower convergence, medium-technology industries
converge at similar rates to high-technology industries.

We further examine whether the rate of unconditional convergence across
industries varies across time. In particular, we test whether the differential
convergence patterns we observe emerge during the period of global integration,
which generally exposed developing economies to increased competition both
from advanced markets and also from fast industrializers within the developing
world. We find that for the most part, the differential convergence patterns emerge
in post-1985 period, and we find no evidence of a significant difference across
industries before the onset of global integration.

A related and equally noteworthy explanation for why we observe differential
convergence across industries in certain regions could be that these economies
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might have experienced premature deindustrialization (Felipe, Mehta, and Rhee
2019; Haraguchi, Cheng, and Eveline Smeets 2017; Rodrik 2016; Tregenna 2009,
2011). The latter is particularly important in the presence of automation-related
technology shocks that render it more difficult to reach the technological frontier
as well as increased competitive pressure in the global markets from newly
emerging competitors. To examine this channel, we test whether differential
convergence emerges after the peak of manufacturing employment share has been
reached. Our findings show that low- and medium-technology industries begin to
converge at slower rates in Latin America and Sub-Saharan Africa after the
employment deindustrialization begins to take place. This is also the case for low-
technology intensive industries in developed economies. In contrast, we find
no evidence that differential convergence takes place before the peak of
manufacturing employment is reached.

Finally, we examine whether the differential convergence patterns across coun-
tries can be explained by their comparative advantage. In particular, wewould expect
that countries specialized in producingmanufactured goods due to their comparative
advantage to performbetter in terms of unconditional convergence inmanufacturing.
We find evidence that differential convergence, particularly for low-technology
intensivemanufactures, is significant for thenon-manufactures exporters. In contrast,
for manufactures exporters, the low- and medium-tech industries experience at least
ashighconvergence rates as thehigh-tech industries. These results are consistentwith
the view that specialization patterns driven by comparative advantage matter for
explaining patterns of differential convergence by technology intensity.

1.1 Related Literature

Our work contributes to the growing literature on understanding the dynamics of
(un)conditional convergence across countries and industries. Early studies in the
1990s focused on testing convergence with the goal of differentiating between
endogenous growth models and neoclassical growth theories (see, for example,
Mankiw, Romer, and Weil (1992). It is a well-established fact that when we take
developing countries as a whole, there is no systematic tendency for them to grow
faster than rich countries over time. The convergence effects only appear when we
condition on country-specific characteristics such as institutions, policies, and
other circumstances. There is evidence of unconditional convergence only within
the group of Organisation for Economic Co-operation and Development (OECD)
countries (Baumol 1986; De Long 1988), and among regions within a unified
economy such as the U.S. (Barro et al. 1991). More recently, however, studies have
shown evidence of unconditional convergence for manufacturing within OECD
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(Madsen and Timol 2011) and for manufacturing industries covering both devel-
oped and developing countries (Rodrik 2012). Similarly, there is also recent
evidence showing unconditional convergence for service industries (Kinfemichael
and Morshed 2019). We contribute to this literature by demonstrating the presence
of systematic differences in unconditional convergence by technology intensity of
manufacturing industries.

A related body of literature examines the determinants of premature dein-
dustrialization inmanufacturing. A large body of work going back to Kaldor (1966)
focused on causes of early deindustrialization in the British context (see, for
example, Singh 1977; Rowthorn and Wells 1987). The term ‘premature deindus-
trialization’ was first used by Dasgupta and Singh (2006) to refer to the fact that
developing countries began to deindustrialize at levels of income that are a small
proportion of whose at which developed countries started to turn into service
economies. Palma (2008) and Tregenna (2009) focused on developing a better
conceptualization of deindustrialization by focusing not only on manufacturing
employment, but also manufacturing output shares for a much broader set of
countries. Building on this work, recent studies analyzed the factors that explain
premature deindustrialization, with a focus on technology and trade shocks
(Felipe, Mehta, and Rhee 2019; Haraguchi, Cheng, and Eveline Smeets 2017;
Harrison 2019; Rodrik 2016). Our study contributes to this growing literature by
showing how these shocks also matter for explaining differential convergence by
technology intensity across manufacturing sectors.

Finally, our study relates to the extended literature on the effects of new tech-
nologies aswell as technological capabilities on economic development. Early studies
focused on understanding the role of industrial policy in developing technological
capabilities at the firm and national levels, and the importance of this process for
achieving economic development (Amsden and Hikino 1993; Lall 1992). With the rise
of digitization and automation as new technologies, several studies have aimed to
understandwhether these new technologies are conducive to economic development
in poor countries (De Souza 2017; International Monetary Fund 2019; Rodrik 2018;
United Nations 2018; World Bank 2019). It is generally recognized that these tech-
nologies present new opportunities for developing countries; however, theymay also
create new challenges. In this paper, we focus on some of the challenges new tech-
nologies may pose on developing countries based on their existing patterns of in-
dustrial specialization, but these also present opportunities for countries that invest in
technological upgrading to move up in the industrial ladder.

The remainder of the paper proceeds as follows. Section 2 provides a con-
ceptual framework, and Section 3 describes the data sources used in our analysis.
Section 4 presents the empirical strategy and results. Section 5 concludes and
draws policy implications.
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2 Conceptual Framework

We briefly discuss the recent trends in deindustrialization, and how the main
drivers of deindustrialization—primarily skill-biased technological change and
globalization—may explain differential convergence rates in labor productivity
across manufacturing industries. This discussion guides the empirical framework
and analysis in Section 4.

It is well-known that manufacturing exhibits an inverted U-shaped pattern
over the course of development. That is, the share of population employed in
manufacturing increases as countries begin to industrialize, followed by a sub-
sequent decline as the economy shifts away frommanufacturing into the provision
of services. Yet, the turning point in which economies begin to deindustrialize
started to occur at much lower levels of income in the recent time period. This
process of premature deindustrialization is particularly concerning for developing
countries in which manufacturing industries began to shrink without reaching
maturity and at levels of income that were much lower than those at which
developed countries began to deindustrialize.

Figure 1 illustrates the simulated relationship betweenmanufacturing share of
employment and income per capita. Following earlier studies (Felipe, Mehta, and
Rhee 2019; Rodrik 2016), we use a quadratic estimation with country and period
fixed effects, controlling for population size. We divide the time period into three
parts: (i) pre-1980, (ii) 1980–2000, and (iii) post-2000. Consistent with the pre-
mature deindustrialization view, we observe that the inverse U-shaped relation-
ship has been shifting downwards over time, with the post-2000 period showing
that the peak is reached atmuch lower levels of income than the earlier episodes of
development. In addition, we also see that the turning point decreases at each
episode, implying that the maximum attainable employment share for
manufacturing is reduced in each episode. An implication of this observation is
that the ability of manufacturing to absorb large quantities of low-skilled work
force is increasingly reduced over time.

Figure 2 shows the simulated relationship between manufacturing share of
output (measured by the manufacturing value added divided by GDP at constant
prices) and income per capita. Although we continue to observe a downward move-
ment in this relationship, this is much smaller compared to the one we observe for
manufacturing employment share as illustrated in Figure 1. The main reason for this
difference is that while productivity improvements inmanufacturing lead to a decline
in employment in this sector, in turn they result in an improvement in output since
better technology allows fewer workers to produce a greater level of output. Hence,
althoughas a share of total GDPmanufacturing value addedalso starts to decline over
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time as economies become more service-oriented, this is a much slower process,
allowing for post-industrial economies to continue their production of industrial
goods at relatively large volumes.

Figure 2: Simulated manufacturing output shares. Note: The figure displays simulated
manufacturing output shares (measured by the manufacturing value added divided by GDP at
constant prices) as a function of income (in GDP per capita in 2011 international dollars) using a
quadratic estimation with country and period fixed effects, controlling for population size. For
further details on data and methodology, please see text.

Figure 1: Simulated manufacturing employment shares. Note: The figure displays simulated
manufacturing employment shares as a function of income (in GDP per capita in 2011
international dollars) using a quadratic estimation with country and period fixed effects,
controlling for population size. For further details on data and methodology, please see text.
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Among the drivers of premature deindustrialization, previous research has
emphasized twomain factors (Lawrence and Edwards 2013; Rodrik 2016). First, during
the process of structural transformation, manufacturing industries experience faster
productivity growth compared to other sectors. This results in a shift of workers previ-
ously employed in manufacturing into other industries, in particular towards services.
As a result, we observe that the employment share of manufacturing peaks and begins
to decline as structural change occurs over time. Second, if this decline in employment
share of manufacturing is accompanied by a decline in its output share as well, this
generally results from increased global competition that manifests itself in a negative
trade balance in manufactures or a shifting demand away from manufactures (Rodrik
2016). In other words, exposure to increased global competition due to trade shocks
results in some firms in less-productive countries to exit themarket, resulting in a lower
output share of manufacturing coupled with a lower employment share.

Meanwhile, the presence of unconditional convergence in labor productivity
within manufacturing industries may generate the impression that manufacturing
still has a special role in fostering structural change and economic catch-up in
low-income countries, no matter what the initial conditions of these economies
are. However, the benefits of unconditional convergence in manufacturing pro-
ductivity depend on the technology intensity of manufacturing industries that
countries specialize in, primarily because of the effects of the same factors driving
premature deindustrialization. First consider skill-biased technological change.
There is now a growing body of evidence showing that new technologies linked to
artificial intelligence and more broadly automation capabilities have been raising
the technological frontier in producing several relatively labor-intensive industries
that cluster in low- and medium-technology intensive sectors (Frey and Osborne
2017). These include food manufacturing, textiles, toys, automobiles, as well as
several other manufacturing industries with a high share of routine tasks that are
easily automatable. The faster shift of the technological frontier in these sectors
make it more difficult to emulate these new production processes by the lagging
producers, and hence, more difficult to converge to the same productivity levels.

Second, as another driver of premature deindustrialization, the degree
of global competition also varies by technology intensity of manufacturing
industries. Given the easy replicability of low-technology intensive products,
these sectors observe a larger volume of new producers from low-wage
developing countries. This results in a higher degree of competition in inter-
national markets for low- and medium-technology products compared to high-
technology ones that are much more difficult to replicate and reverse engineer.
In addition, the sunk costs to undertake relatively lower technology intensive
production are also less than those required to produce higher technology
intensive goods. If the existing producers of low-technology goods fail to
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technologically upgrade, they can easily run into the risk of being outcompeted
by new entrants from low-cost countries. To the extent that such capabilities for
technological upgrading vary by country groups, we may observe differences
across countries in how they are affected by these differential competitive
pressures generated by exposure to trade shocks.

Potentially, both of these factors—skill-biased technological change and
globalization—have constraining effects on the ability to realize unconditional
convergence in industries with low- and medium-technology intensity. Given that
most poor economies begin to industrialize at the lower end of the technological
spectrum, the potentially lower convergence effects in these sectors will have
implications for how fast an economy can undergo structural transformation.

Prior to testing for differential convergence, it is also useful to illustrate
unconditional convergence within manufacturing industries. Figure 3 shows that,
regardless of the regional classification, manufacturing industries that begin at lower
levels of labor productivity experience faster growth in labor productivity. Sincewedo
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(d) Sub−Saharan Africa

Figure 3: Unconditional convergence in two-digit manufacturing sectors by region. Note: The
variable on the y-axis is the growth of value added per worker in two-digit manufacturing
industries across four country groups (i.e. developed countries, Asian countries, Latin American
countries, and Sub-Saharan African countries), controlling for industry, period, and
period × industry fixed effects, where for each country we include five decades 1965–1975,
1975–1985, 1985–1995, 1995–2005, and 2005–2015. The data comes from INDSTAT2. For further
details on data and methodology, please see text.

Rethinking Unconditional Convergence 9



not control for countryfixedeffects, thisfiguredemonstrates thatmanufacturinghas a
strong tendency to exhibit unconditional convergence. In Panel (a), we observe un-
conditional convergence for developed economies, compared to Panels (b), (c), and
(d) that display the same tendency in productivity convergence in different regions of
the developing world, focusing on Asia, Latin America, and Sub-Saharan Africa. The
steeper slope of the lines in the latter panels indicate that the baseline convergence
estimates are larger in developing countries, which is not surprising since we expect
the initially lagging industries to exist in higher proportion in these countries.2

In the following sections, we will examine whether there is any evidence for
differential convergence by technology intensity, and whether this process differs
by country groups as well as over time.

3 Data

The empirical analysis incorporates two primary sources of data: industry-level
data on formal manufacturing employment and value added, country-level data
on total manufacturing employment and value added as well as other time-
varying, country-specific variables. We will discuss each data source in turn.

3.1 Industry-Level Formal Manufacturing Data

We use data from UNIDO’s INDSTAT2 database, which provides employment and
value added statistics for a large range of countries at the ISIC two-digit level of
disaggregation (UNIDO 2017). The industry statistics reported by INDSTAT2 data-
base go back to the 1960s for several countries. The employment and value added
data provided by INDSTAT2 covers up to 23 manufacturing industries for each
country. We use this information to calculate labor productivity—value added per
employee—and its growth rate over 10 yearly increments.

Since the latest possible year of observation in INDSTAT2 database is 2016 and
about half the countries do report their industry statistics for 2016, we will pri-
marily focus on 2015 as the final year of observation. To maximize the number of
observations in our sample, we will use the panel dimension of the data by
stacking five decades 1965–1975, 1975–1985, 1985–1995, 1995–2005, and

2 Note that this specification controls for industry, period, and period × industry fixed effects,
where for each country we include five decades 1965–1975, 1975–1985, 1985–1995, 1995–2005, and
2005–2015. In this specification, we do not include interaction terms for technology intensity that
we explain in Section 4.
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2005–2015 for all countries with data for at least one of those decades. Our sample
covers a maximum of 100 countries. Although some developing countries do not
have data for the earlier part of the sample, we have 75 developing countries with a
wide range of geographical coverage in our sample. Appendix Table A1 provides a
summary description of the list of countries and time period in our sample. Since
some countries have gaps within these time periods, we also provide a breakdown
of how many countries are included in each 10-year period in Appendix Table A2.

It is also important to note that UNIDO gathers data from industrial surveys,
which differ in terms of types of firms covered across countries. While in most
developed countries industrial surveys typically cover firms of all sizes, in devel-
oping countries they generally exclude firms with less than 5 or 10 employees.
Hence, the sample excludes informal firms or micro-enterprises in developing
countries, but does a good job of covering formal manufacturing industries across
both developing and developed countries.

We use the technology intensity definition proposed by the OECD to categorize
industries into three groups based on their R&D intensities (i.e. direct R&D
expenditures as a percentage of gross output): low-, medium-, high-technology
intensive industries. Since we expect industries that invest a higher portion of their
output into research activities to generally invent and innovate new technologies,
higher values of R&D intensity correspond to higher technology intensity. At the
two-digit level, this classification includes the following industries in each category.
The low-technology intensive industries include food products and beverages;
tobacco products; textiles; wearing apparel and fur; leather and footwear; wood
products; paper and paper products; printing and publishing; and recycling. The
medium-technology intensive industries include coke, refined petroleum products
andnuclear fuel; rubber andplastics products; other non-metallicmineral products;
basic metals; fabricated metal products; electrical machinery and apparatus; motor
vehicles, trailers and semi-trailers; chemicals and chemical products; machinery
and equipment; other transport equipment. Finally, the high-technology intensive
industries include office, accounting and computing machinery; radio, television
and communications equipment; medical, precision and optical instruments.

3.2 Country-Level Manufacturing Data

We complement our industry-level analysis with a country-level analysis focusing
onmanufacturing employment and value added. Themain source of datawe use is
the Groningen Growth and Development Center (GGDC, Timmer et al. 2014). The
data covers 42 countries, including developed anddeveloping ones, from the 1950s
to early 2010s. The manufacturing value added includes constant-price series at
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2005 prices. For further analysis, we incorporate data from a range of sources on
manufacturing employment and output indicators, including the ILO, U.N., and
World Bank. The downside of this data is that it starts earliest in the 1970s.

Finally, we use data from a number of sources to capture other time-varying,
country-specific factors. First, we use data fromWorld Development Indicators and
Maddison (2009) on population, and GDP per capita. This data is used in our
country-level analysis. Second, we use data from Penn World Tables on real
exchange rates and related macroeconomic variables. This data is used in the
robustness checks for the industry-level analysis.

4 Empirical Results

4.1 Baseline Specification

The sample includes a maximum of 100 countries and stacked decades from 1965
to 2015. We use a fixed-effects specification to estimate the convergence effect by
regressing the growth rate of labor productivity on the log of initial labor pro-
ductivity. Since we are interested in differential convergence by technology in-
tensity across industries, our baseline specification takes the form:

growthijt = α+β1ln yijt +β2ln yijt ×LowTech+β3ln yijt ×MedTech+σit +δi +ηj +νt
+uijt (1)

where growthijt is the growth rate of labor productivity over a 10-year period in
industry i, country j, at time period t; ln yijt is the log of initial labor productivity at
the beginning of the 10-year period; LowTech andMedTech are indicator variables
for whether an industry is a low-technology or medium-technology intensive in-
dustry, respectively; σit are a set of industry × time period fixed effects that control
for unobserved factors that affect each industry at a particular time period; δi are
industry fixed effects that control for time-invariant heterogeneity at the industry
level; ηj are countryfixed effects that control for time-invariant heterogeneity at the
country level; and νt are time period fixed effects that control for unobserved
worldwide changes each year. The omitted category is high-technology intensive
industries. We use OLS to estimate the model.

We are interested in the coefficient estimates β1, β2, and β3, which aremeasures
of conditional convergence under the current specification, since we explicitly
control for country-specific conditions using country fixed effects. More specif-
ically, β1 shows the conditional convergence parameter for high-technology
intensive industries, β2 shows whether there is a significant difference in
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conditional convergence between high-technology and low-technology intensive
industries, and β3 shows whether there is a significant difference between high-
technology andmedium-technology intensive industries. To test for unconditional
convergence, we exclude country fixed effects from the specification and check
whether the estimated convergence parameters continue to be statistically
significant and negative.

Since the value added reported for manufacturing industries in the UNIDO
datasets is reported in nominal US$ terms, the labor productivity (value added per
employee) is also denominated inUS$ terms. TheUNIDOdata does not have anyprice
deflators to be able to calculate real productivity changes at the industry level.
Following Rodrik (2012), we will assume that there is a common global US$ inflation
rate for each industry combinedwith a randomerror termbecause the tradable nature
of manufacturing industries implies that they face common world prices. If this
assumptionholds, the industry×periodfixedeffectswill capture suchprices changes,
allowing us to isolate the convergence parameter for real productivity growth over
time.3 In the robustness section, we will also test if the results hold using labor
productivity measures adjusted for real exchange rate changes.

4.2 Primary Results: Convergence Patterns by Technology
Intensity

Table 1 shows the results for Eq. (1) for the whole sample and for different country
groups. The dependent variable in every specification is the compound annual
growth rate of labor productivity for two-digit manufacturing industries. The
explanatory variables of interest are the log of initial labor productivity and its
interactions with technology intensity indicators, controlling for a range of fixed
effects. We estimate each specification first without country fixed effects, which
provide unconditional convergence coefficients. We then include country fixed
effects and obtain conditional convergence estimates. We cluster standard errors
at the country level to account for serial correlation in outcomes across countries.

The estimates in column (1) of Table 1 show the baseline results for the whole
sample. The estimated unconditional convergence coefficient for high-technology
intensive industries (reported in thefirst row) is 2.5%and significant at the 1% level. In
the second row, we observe that the convergence coefficient for low-technology
intensive industries is0.8%smaller than that forhigh-technology intensive industries.
In the third row, we find no evidence of a significant difference in convergence rates
between medium- and high-technology intensive industries. Controlling for country

3 We omit the lengthy derivation to save space. Rodrik (2012) provides more details on this point.
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fixed effects, the results presented in column (2) yield similar results, with a condi-
tional convergence estimate of 6.3% and a smaller and imprecisely estimated inter-
action coefficient, implying a slower convergence rate for low-technology intensive
industries compared to high-technology ones.

In terms of magnitude, a convergence rate of 2.5% a year in our baseline
specification including all countries implies that high-technology intensive
industries that are a tenth of the way to the technology frontier (approximately the
bottom 20% of the industries in the sample) experience a convergence increase in
their labor productivity growth of 5.8 percentage points per year (0.025 × ln(10)).
For low-technology intensive industries, the same convergence increase in their
labor productivity growth is 1.6 percentage points smaller (0.007 × ln(10)),
resulting in a 4.1 percentage point annual growth in labor productivity.

Examining regional heterogeneity, the remaining columns of Table 1 indicate
substantial differences across country groups. For Latin American and Sub-Saharan
African economies, we observe that both low-technology and medium-technology
intensive industries experience a significantly slower convergence in comparison to
high-technology intensive ones. On the other hand, wefindno evidence of a significant
differential for low-technology industries’ convergence in Asian economies, and if
anything, we see that medium-technology intensive sectors experience a faster
convergence thanhigh-technology industries. Indevelopedeconomies,weobserve that
while low-technology industries experience a slightly slower convergence, medium-
technology industries converge at similar rates to high-technology industries.

Focusing on the magnitudes, a convergence rate of 7.4% a year in Latin
American countries implies that high-technology intensive industries that are a
tenth of the way to the technology frontier experience a convergence increase in
their labor productivity growth of 17 percentage points per annum. This boost in
convergence is 11.3 percentage points smaller for low-technology industries,
resulting in a 5.8 percentage point annual growth in labor productivity. For
medium-technology intensive industries, the convergence increase is 7.4 per-
centage points smaller (albeit less precisely estimated), yielding a labor produc-
tivity growth of 9.7 percentage points per year.4

These patterns can be explained by two main trends that have particularly
become salient in the recent decades. First, the entry of highly competitive Asian

4 The estimates are similar for Sub-Saharan African economies. A convergence rate of 8.7% a year in
Latin American countries implies that high-technology intensive industries that are a tenth of the way
to the technology frontier experience a convergence increase in their labor productivity growth of 20
percentage points per annum. This increase in convergence is 11.5 percentage points smaller for low-
technology industries, resulting in a 8.5 percentage point annual growth in labor productivity. For
medium-technology intensive industries, the convergence increase is 9 percentage points smaller,
resulting in a labor productivity growth of 11.1 percentage points per annum.

Rethinking Unconditional Convergence 15



producers in the global markets has increased the competition faced by Latin Amer-
ican and Sub-Saharan African economies, out-competing them in several low- and
medium-technology intensive sectors. This competitive pressure makes catching up
with the technological frontier much harder as producers in Latin America and Sub-
Saharan Africa keep losing market share in world markets. This is also evident for
developed country producers of low-technology manufactured goods. Second, the
skill-biased technological change and increased automation enabled advanced
countries to keep their labor productivity high in sectors with higher technology
intensity, while countries that were not successful in transferring technologies failed
to achieve significant catch-up in low- and medium-technology industries.

4.3 Convergence Patterns Over Time

In the next step, we examine whether the rate of convergence across industries varies
over time. In particular, we test whether the differential convergence patterns we
observe emerge during the period of global integration, which exposed developing
economies to increased competition both from advanced markets and also from fast
industrializers within the developing world. The evidence presented in Tables 2 and 3
allow us to compare the period of globalization from 1985 to 2015 with the earlier
period from 1965 to 1985. We find that for the most part, the differential convergence
patterns emerge in post-1985 period, and we find no evidence of a significant differ-
ence across industries before the onset of global integration.

A related explanation for why we observe differential convergence across
industries in certain regions could be that these economies might have experi-
enced premature deindustrialization (Felipe, Mehta, and Rhee 2019; Haraguchi,
Cheng, and Eveline Smeets 2017; Rodrik 2016; Tregenna 2009, 2011). That is, given
their income levels and population levels, one would have expected these econ-
omies to continue increasing their industrial employment as a share of their total
employment; however, due to both technological shocks thatmake itmore difficult
to reach the technological frontier and due to increased global competition from
more advanced and newly emerging economies, the developing countries partic-
ularly in Latin America and Sub-SaharanAfricamay have started deindustrializing
at earlier income levels (Tregenna 2011).

To examine this potential channel, we test whether differential convergence
emerges after the peak of manufacturing employment (as a share of total
employment) has been reached. Table 4 presents the results. We find strong evi-
dence that the low- andmedium-technology industries begin to converge at slower
rates in Latin America and Sub-Saharan Africa after the employment deindustri-
alization begins to take place. This is also the case for low-technology intensive
industries in developed economies. In contrast, the findings presented in Table 5
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show no evidence that differential convergence takes place before the peak of
manufacturing employment is reached.

4.4 Convergence Patterns by Comparative Advantage

Finally, we test for whether these differences across country groups can be
explained by their comparative advantage. In particular, we would expect that
countries specialized in producing manufactured goods due to their comparative
advantage to perform better in terms of unconditional convergence in
manufacturing. In Table 6, we compare the results for manufactures exporters to
non-manufactures exporters. In particular, we use two definitions for manufac-
tures exporters: (1) ifmanufactured exports as a share of total exports exceeds 75%,
and (2) if the share of manufactures exports is greater than the share of manu-
factures imports, then we consider this economy as a manufactures exporter.
Despite slightly different categorizations, these results are consistent with the
interpretation that differential convergence, particularly for low-technology
intensive manufactures, is significant for the non-manufactures exporters;
whereas for manufactures exporters, the low- and medium-technology industries
experience at least as high convergence rates as the high-technology industries
(and even higher for themedium-technology group). Overall, these results confirm
that specialization patterns driven by comparative advantage matter for explain-
ing underlying trends in differential convergence by technology intensity.

4.5 Robustness Checks

In this section, we present several robustness checks to test the sensitivity of our
primary results presented in Table 1. First, one concern could be that if countries
experience sustained changes in their real exchange rate, changes in value added
denominated in U.S. dollars may be systematically biased. This would not happen
as long as increases in domestic costs are offset by a depreciation of the home
currency, without changing the dollar values. If, however, exchange rates do not
adjust as they should, then themeasured changes in productivity expressed inU.S.
dollars can be misleading. In particular, if low-income countries that have a high-
share of low-productivity industries experience real exchange rate apprecia-
tions(such that a rise in domestic costs not being compensated by nominal
depreciation), this would lead to an upward bias in convergence estimates.

To check the robustness of our results to this concern, Table 7 presents
regressions where we use a measure of labor productivity growth that is adjusted
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for real exchange rate changes. In particular, following Rodrik (2012), we deflated
the growth rate of value added perworker by the real exchange rate appreciation of
the country where the industry is located in. As a result of this adjustment, the
productivity growth rates of industries have been reduced in countries that have
experienced a real exchange rate appreciation, and vice versa. The results pre-
sented in Table 7 are entirely consistent with our results in Table 1.

Another concern could be that the results might be driven by countries with
very few industries represented in the dataset. This could be particularly a concern
for small developing countries that do not have observations for all industries
covered in the data. To test the robustness of our results, we reestimate our
baseline results by excluding countries with less than 10 industries. The results
provided in Table 8 show that the convergence estimates remain very similar,
indicating that this potential concern is not a source of bias in this case.

Moreover, we have so far clustered standard errors at the country level. One
concern could be that there might be serial correlation across outcomes at the
industry level. In Table 9, we reestimate our baseline results by clustering standard
errors at the industry level. We observe that the convergence estimates remain
significant in this specification, and if anything, the significance increases formost
estimates. We conclude that clustering at the country level is in fact more con-
servative for the precision of our estimates.

In addition, we also test whether the results are driven by an unbalanced
sample that includes the largest possible number of observations. In Appendix
Table A3, we restrict the sample to a common list of countries with the necessary
data. The estimates are quite similar to those reported in Table 1.

Another robustness check that we conduct is to examine whether our results
are driven by extreme values of growth rates. In Appendix Table A4, we exclude
observations with the lowest 10% of values for growth, and in Appendix Table A5,
we exclude observationswith the highest 10%of values for growth. In both of these
restricted samples, the estimates are consistent with our primary results.

Moreover, we test whether the results are driven by particular country groups.
InAppendixAppendix TableA6,we exclude the former socialist countries from the
sample, and in Appendix Table A7, we exclude the OECD countries. In the latter
case, since all developed countries are OECD countries, we drop reporting esti-
mates for this category. In both sets of results,we observe that the estimates remain
consistent with our main results.

Furthermore, we drop industry controls, including industry fixed effects and
period-industry fixed effects, keeping country fixed effects in the same specifications as
we did before. In Appendix Table A8, we observe similar, but muted effects, indicating
that the effects we observe in our main specification are within industry effects,
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accounting for time-invariant characteristics of industries and time-specific shocks that
industries experience.

Besides, we estimate a weighted regression by using the size of the industry as
weights. In Appendix Table A9, we use the log of value added at the industry level
to estimate a weighted regression. The results are very similar to our main esti-
mates, indicating that our estimates are not driven by the small industries.

In addition, we use growth rates calculated from log-linear trend using 10 annual
observations instead of only using the endpoints. One advantage of using these growth
rates is that they prevent the introduction of a spurious bias from having lagged labor
productivity appearing on both right and left side of the specification. The results
presented in Appendix Table A10 are again very similar to our main estimates.

Another concern with our estimates could be that they reflect regional dis-
parities as opposed to global ones since we have reported regions separately. To
address this issue, we reestimate differential convergence rates by using a fully
interacted specification with regional dummy variables using the full sample.
Appendix Table A11 provides region-specific differential convergence rates.
Including country fixed effects, we continue to observe larger positive coefficients
for low-technology and medium-technology intensive products for Latin America
and Sub-Saharan Africa.

To consider the robustness of our results for across time periods, we use an alter-
native timeperiodsplit, taking 1995as thebreakpoint (insteadof 1985).Onecouldargue
that globalization gained momentum after 1995. Appendix Table A12 reports estimates
from1965 to 1995,whileAppendixTableA13 reports themfrom1995 to 2015.Weobserve
that the differential effects appear for Latin America in the earlier time period, and
become slightly muted in the latter period. For Sub-Saharan Africa, on the other hand,
we observe strong effects in the latter part of the sample, in the post-1995 period. These
patterns are consistent with the fact that opening to international trade began to occur
earlier for many Latin American countries than those in Sub-Saharan Africa (Bates,
Coatsworth, and Williamson 2007; Belli 1991).

Finally, we examine the potential heterogeneity among different product
groups. In Appendix Table A14, we examine heterogeneity among low-technology
intensive products. In particular, we group these products into three categories:
(i) textiles, clothing, and footwear, (ii) food, beverages, and tobacco, (iii) wood,
paper, and recycling. While the differential convergence coefficients for food,
beverages, and tobacco appear larger than those for textiles, clothing, and foot-
wear, and wood, paper, and recycling for Latin America and Sub-Saharan Africa,
the differences are small and not statistically significant in most cases. In a similar
vein, in Appendix Table A15, we focus on heterogeneity among medium-
technology intensive products by dividing them into four categories: (i) petro-
leum, chemicals, and plastics, (ii) iron, steel, and metal products, (iii) machinery
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and equipment, and (iv) transport equipment. The differential convergence co-
efficients are particularly large for petroleum, chemicals, and plastics for Latin
America and Sub-Saharan Africa, while those for machinery and equipment for
Sub-Saharan Africa and transport equipment for Latin America appear also large
and significant. However, the differences among products are in most cases small
in magnitude and not statistically significant.

5 Conclusion

The main objective of this paper is to provide evidence on whether unconditional
convergencewithinmanufacturing industries varies by the technology intensity of
the industry. Using a comprehensive panel dataset from 1965 to 2015 in 10-year
period intervals for 100 countries, we test whether there is any evidence of dif-
ferential convergence depending on the level of technology intensity. While pre-
vious studies have established strong evidence for unconditional convergence for
manufacturing industries as a whole, there is no evidence as to whether such
convergence systematically differs by technology intensity. The key contribution
of this paper is the assessment of the differential convergence effects by technology
intensity both across different country groups and different time periods, with the
goal of understanding the underlying factors that give rise to such effects.

We find that there are systematic difference in unconditional convergence
across industries. For Latin American and Sub-Saharan African countries, we find
that low-technology and medium-technology intensive industries experience a
significantly slower convergence in comparison to high-technology intensive
ones. In contrast, we find no evidence of a significant differential for low-
technology industries’ convergence in Asian economies, and if anything, we
observe the opposite thatmedium-technology intensive sectors experience a faster
convergence than high-technology industries. In developed economies, we find
that while low-technology industries experience a slightly slower convergence,
medium-technology industries converge at similar rates to high-technology in-
dustries. We also find that these differences emerge during the period of increased
global integration, which exposed developing economies to increased competition
both from advanced markets and fast industrializers within the developing world.
Our findings show that differential convergence patterns are stronger after the
peak of manufacturing employment share has been reached. Finally, we find that
specialization patterns driven by comparative advantage play an important role in
explaining patterns of differential convergence by technology intensity.

Our findings have important policy implications for developing countries,
particularly for those that focus on manufacturing as an engine of economic
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development. The new technologies that embody skill-biased technological change
are likely to keep posing new challenges for catching up with the technological
frontier that is extended at a greater pace, particularly in relatively more labor-
intensive sectors most of which also tend to be low- and medium-technology inten-
sive. Moreover, these industries are also more prone to increased global competition
by new entrants from relatively lower-cost economies. Under these circumstances, an
industrial policy that is focused on exploiting the convergence potential in
manufacturing industries can only be viable if it successfully incentivizes techno-
logicalupgrading from lower- tohigher-technology intensive industries. This is crucial
for remaining competitive as wages increase over the course of development, and for
delaying premature industrialization to reap the full benefits of a mature industrial
economy before the share of services begins to rise.

Appendix: Additional tables

Table A: List of countries and time period.

Country Time period Country Time period

Algeria – Kuwait –
Argentina – Latvia –
Australia – Libya –
Austria – Luxembourg –
Bangladesh – Madagascar –
Barbados – Malawi –
Belgium – Malaysia –
Bolivia – Malta –
Brazil – Mauritius –
Canada – Mexico –
Central African Republic – Mongolia –
Chile – Morocco –
China – Netherlands –
China, Hong Kong SAR – New Zealand –
China, Macao SAR – Nicaragua –
Colombia – Nigeria –
Costa Rica – Norway –
Cyprus – Occupied Palestinian Territory –
Czech Republic – Oman –
Czechoslovakia – Pakistan –
Denmark – Panama –
Dominican Republic – Papua New Guinea –
Ecuador – Peru –
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Table A: (continued)

Country Time period Country Time period

Egypt – Philippines –
El Salvador – Poland –
Eritrea – Portugal –
Ethiopia – Republic of Korea –
Ethiopia and Eritrea – Romania –
Fiji – Russian Federation –
Finland – Senegal –
France – Singapore –
Germany, Fed. Rep – Slovakia –
Germany – Slovenia –
Ghana – South Africa –
Greece – Spain –
Guatemala – Swaziland –
Honduras – Sweden –
Hungary – Syrian Arab Republic –
Iceland – Taiwan –
India – Macedonia –
Indonesia – Trinidad and Tobago –
Iran – Tunisia –
Iraq – Turkey –
Ireland – United Kingdom –
Israel – United Republic of Tanzania –
Italy – United States of America –
Jamaica – Uruguay –
Japan – Venezuela –
Jordan – Yugoslavia –
Kenya – Zambia –

The table provides the list of countries in our sample together with the time coverage for each country, including
the beginning and end dates of data.

Table A: Time period and number of countries.

Time period Number of countries

– 

– 

– 

– 

– 

This table provides the number of countries we have data on key indicators for the
different time periods.
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Table A: Robustness check focusing on region-specific differential effects in a fully interacted
specification with full sample.

All

() ()

Base × developed −.** −.***
(.) (.)

Base × Asia −. −.***
(.) (.)

Base × Latin America −.*** −.***
(.) (.)

Base × Sub-Saharan Africa −.*** −.***
(.) (.)

Base × other −.*** −.***
(.) (.)

Base × developed × low-technology intensive −. .
(.) (.)

Base × Asia × low-technology intensive . .*
(.) (.)

Base × Latin America × low-technology intensive . .**
(.) (.)

Base × Sub-Saharan Africa × low-technology intensive . .
(.) (.)

Base × other × low-technology intensive . .
(.) (.)

Base × developed × medium-technology intensive −. −.
(.) (.)

Base × Asia × medium-technology intensive −. .**
(.) (.)

Base × Latin America × medium-technology intensive . .**
(.) (.)

Base × Sub-Saharan Africa × medium-technology intensive . .**
(.) (.)

Base × other × medium-technology intensive . .*
(.) (.)

Country fixed effects No Yes
Industry fixed effects Yes Yes
Period fixed effects Yes Yes
Period × industry fixed effects Yes Yes
Number of countries  

Number of observations  

The table presents evidence on unconditional convergence using regression results from Eq. (). Robust
standard errors are clustered at the country level. ***, **, * denote significance at the , , and % levels,
respectively.
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