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1. Introduction  

Catching up and falling behind the world technology frontier is a recurring phenomenon in the 

developing world. During the golden age of Africa’s independence, growth in GDP per worker was 

similar to that in South Asia (Collier and Gunning, 1999). After a long period of falling behind the 

frontier, Sub-Saharan Africa is recently experiencing another surge in output per worker. Growth 

accelerations and decelerations can be found in Asia and Latin America as well. Notable examples 

include the phenomenal productivity performance of successive newly-industrializing East-Asian 

countries (World Bank, 1994), and the long-run divergence from the technology frontier by Argentina 

since 1900 (Bulmer-Thomas, 2003).  

   What explains these periods of catching up, stagnation, and falling behind? Do technology 

transfers and spillovers through imports of intermediate inputs and capital goods affect productivity 

growth? How do technological capabilities and the institutional environment condition such knowledge 

flows? For long, scholars have argued that technology transfer from leader to follower countries is 

potentially an important source that underlies these processes of convergence and divergence.
1
 New 

technologies are often embodied in physical capital inputs that are traded between leader and follower 

countries. And these imported inputs can raise productivity via learning, variety, and quality effects 

(Amiti and Konings, 2007).
2
   

  This paper examines the role of technology transfer in explaining productivity growth at the 

sector level in the developing world since 1960. We refer to technology transfer as convergence in 

productivity levels within individual sectors over time. The analysis is based on a Schumpeterian 

technology growth model as in Acemoglu et al. (2006). In this model, a crucial feature is the distance of 

an economy to the technology frontier. Growth processes far away from the frontier will be governed 

differently than growth closer to the frontier. The larger the distance, the greater is the scope for 

catching-up.
3
 But the realization of this potential is conditioned by capability variables like human capital 

and the institutional and business environment.   

  In contrast to the large literature on aggregate cross-country analysis of productivity growth, we 

distinguish various sectors of the economy since possibilities for technology spillovers are not limited to 

manufacturing but also include the agro-industry and tradable services activities due to the emergence 

of global value chains (Page, 2012). Moreover, trade, institutions, and the business environment may 

have heterogeneous effects across firms in different sectors (Harrison et al., 2013). We focus in 

particular on the role of imports of intermediate inputs and capital goods, which may have two facets 

with respect to production: a direct effect on productivity growth and an indirect effect by stimulating 

the imitation of existing technologies. The latter effect is captured by interacting the share of imported 

intermediates with the gap to the world technology frontier.   

  The analysis is based on an update and extension of the GGDC 10-sector database (Timmer and 

de Vries, 2009) as well as a collection of detailed import-use tables. The coverage for Asia and Latin 

                                                           
1
 See e.g. Gerschenkron (1952), Nelson and Phelps (1966), Abramovitz (1986), and Landes (1998).  

2
 Already under the Import Substitution Industrialization strategies in the early post WW II period, policymakers in 

Africa and Latin America recognized the productivity potential of imported inputs and therefore often subsidized 

the imports of capital goods. 
3
 Recent studies for OECD countries include Cameron et al. (2005), Griffith et al. (2004), and Inklaar et al. (2008). 
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America has been extended by including the development of eleven African countries since 

independence (building upon earlier efforts by McMillan and Rodrik, 2011), and it includes newly 

derived sector-specific PPPs that allow for new measures of productivity gaps that proxy the distance to 

the technology frontier.4 In contrast to the recent analysis of productivity and convergence in 

manufacturing by Rodrik (2013), value added and employment series include both the formal and the 

informal sector. The broad longitudinal panel dataset allows us to test for differences in the strength of 

knowledge spillovers in Africa compared to Asia and Latin America.   

  We use the GGDC 10-sector database to document the main trends in productivity and 

convergence in developing countries. We find that the distance to the technology frontier differs 

considerably across sectors. In tradable industries such as agriculture and manufacturing, the 

productivity gap is typically larger compared to non-tradable sectors such as construction and  

government services at any moment in time during the period from 1960 to 2010. Such sector 

differences are partly obscured if we would have used aggregate PPPs as has been common practice in 

the past. This suggests that the use of a whole economy PPP yields misleading conclusions concerning 

sector-specific relative levels of LP (Bernard and Jones, 2001).  

  Also, we find that (positive) growth rates were below those at the frontier in most tradable 

sectors. Agriculture, manufacturing and market services sectors (retail, transport, and financial services) 

were falling behind the frontier. At the start, the productivity level in Latin America’s manufacturing 

sector was about 40 percent of the US level. Relative productivity levels were about 20 percent in Asia 

and Africa in 1960. Thereafter, we observe long run divergence in Africa and Latin America and a catch 

up in Asia only.    

  The use of panel data on sectors over time enables us to examine the disaggregate drivers 

underlying country-level growth performance. By sector, we explicitly test whether technology transfer 

occurs through international trade, and that it proceeds autonomously. We find imported inputs 

enhance technology transfer in agriculture and industry, but not in (market and non-market) services 

and for the total economy. These findings are robust to controlling for financial development, human 

capital, adjusting for business cycles effects, and to using instrument variables estimation.   

  This paper relates to two main strands of existing literature. First, an extensive literature that 

looks at the effects of trade on productivity performance. Typically, firm-level studies find a strong and 

positive effect of imported intermediate inputs and capital goods on productivity performance (Amiti 

and Konings, 2007). These studies are mainly for manufacturing firms. Strikingly, cross-country analysis 

of the effects of trade on aggregate productivity growth often do not confirm these firm-level findings. 

For example, Rodriguez and Rodrik (2000) find that trade openness is unrelated to growth. Our analysis 

reconciles firm-level findings with these cross-country results. Our findings suggest that the positive 

effect of traded intermediates and capital goods mainly accrues to productivity growth in agriculture 

and manufacturing, but is obscured in more aggregate analysis.    

 Second, this paper relates to an equally large literature on convergence in productivity levels at 

the sector level. Most research so far is for developed countries only, due to limited availability of 

industry data. In addition, information on sector-specific prices is often missing and researchers 

                                                           
4
 This database provides sectoral detail to the long-run macro data in Maddison (2003) and is a complement to the 

sector data for OECD countries available at www.euklems.net. 
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therefore use aggregate Purchasing Power Parities (PPPs). For example, Bernard and Jones (1996) 

analyzed productivity growth at the level of sectors for OECD countries using aggregate PPPs. They find 

that convergence is driven by reductions in the dispersion of productivity in services sectors. However, 

they argue that one needs conversion factors appropriate to each sector for a reliable analysis of 

productivity growth (Bernard and Jones, 2001). Recently, Inklaar and Timmer (2009) showed that 

relative prices indeed differ considerably across sectors. We take a similar disaggregated analysis, and 

also use sector-specific PPPs in order to extend the analysis of productivity and convergence to a large 

set of developing countries across Asia, Africa, and Latin America.  

  The remainder of this paper is structured as follows. The next section presents the theoretical 

framework and the econometric specification. Section 3 introduces the GGDC 10-sector database and 

the other data that is used. A descriptive analysis of productivity growth by sector in developing 

countries is presented in section 4. Next, section 5 presents the empirical results from a model of 

distance to the frontier and quantifies the importance of international trade for innovation and 

technology transfer. Section 6 offers concluding remarks.  

 

2. Theoretical framework and model specification 

To set-up the economic model, consider two countries. One country is the productivity leader and 

defines the technology frontier (F) and another country is behind the leader (B), � ∈ ��, ��. Each country 

consists of a fixed number of sectors, j = 1, …,n. Production in each sector is modeled as 

 �	
� � 	
��
��	
��,         (1) 

where L denotes labor input; A is an index of technical efficiency, and subscript t denotes time. The 

function G(.) is assumed to exhibit diminishing marginal returns to labor. Technical efficiency (A) is 

allowed to vary across sectors, countries, and time. In this model, the process of economic development 

is driven not by capital accumulation, but by technological progress, that is increases in 	
�.
5
 

  In our empirical analysis we take the United States to be the technological frontier (F) and the 

behavior of the world technology frontier as given. We will show that levels of LP in our dataset lie well 

below the US in all sectors throughout the sample period.
6
 LP in sector j of country i may grow because 

of innovation (developing new technologies by itself)  or technology transfer from the frontier (imitation 

of existing technologies)
7
 

                                                           
5
 Note that we exclude capital, which is typically included in a neoclassical production function due to data 

constraints. Differences in labor productivity across sectors may arise from the use of capital inputs (e.g. 

differences in capital intensity between mining and retail trade). We will return to this issue later but note here 

that in our econometric method we examine productivity growth within sectors. 
6
 To the extent that the US has been overtaken by other countries in certain sectors, our choice of the US as 

frontier will underestimate the extent of technology transfer. Note however that the US is the technological leader 

in most industries and has been overtaken in only a small set of sub-industries of the sectors analyzed here, and 

this leapfrogging has been rather late in our sample period (Inklaar and Timmer, 2012). 
7
 See Griffith et al. (2000) for a detailed exposition of the modeling strategy for determinants of labor productivity, 

which we follow here. We deviate from their approach to the extent that we ignore the role of R&D. 
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where �	
 reflects the rate of innovation and �	
 the rate of technology transfer. The larger the distance 

of a country to the world technology frontier, the higher the potential for growth through imitation will 

be. If equation (2) is combined for leader and follower countries, we obtain a first-order difference 

equation for the change of relative LP in sector j, given by 

 ∆�� ��#��
����

 � ��$
 % �&
� % �$
�� ��#����
������

 .      (3) 

In equilibrium, LP in sector j of the follower country will lie an equilibrium distance behind the frontier 

such that LP growth through innovation and imitation equals LP growth through innovation alone in the 

frontier. As a result, the equilibrium relative LP depends on the rates of innovation in both countries 

(�$
 , �&
) and the speed at which technology is emulated (�$
).
8
 It also implies that we study the 

existence and determinants of long-run differences in productivity across countries within individual 

sectors. 

  Many scholars have emphasized the roles of trade in intermediate inputs and capital goods in 

promoting innovation and/or technology transfer (see e.g. Amiti and Konings, 2007). We therefore 

extend the analysis to allow innovation and technology transfer to be functions of traded intermediates 

 �	
 � '	
 � ()	
,   �	
 � * � +)	
, 

where )	
 is a vector including imported intermediate inputs and other potential determinants of 

innovation and technology transfer such as human capital. Equation (2) for LP growth in sector j of 

country i therefore becomes 

 ∆��	
� � '	
 � ()	
�,- � *�� �������
������

 � +)	
�,-�� �������
������

 � .	
�,   (4) 

where the term ()	
�,- captures a direct effect on changes in technical efficiency and the interaction 

term )	
�,-�� �������
������

  measures an effect on the speed of technology transfer within sectors. For non-

frontier countries, relative LP (���&
�,-/	
�,-�) is positive. The more positive is relative LP, the 

further a country lies behind the frontier, and the greater the potential for technology transfer. 

Therefore, the estimated coefficient on relative LP (*) is expected to be positive. Country-sector fixed 

effects are captured by '	
.   

  In this paper we examine the role of trade for innovation and technology transfer within sectors. 

Obviously, technology can be transferred across industries as well (Griliches, 1992). One would need to 

specify a knowledge spillover function, perhaps using input-output matrices or mapping users and 

suppliers of innovation (e.g. ICT using and producing industries). In the empirical application, our main 

                                                           
8
 In steady-state, ∆�� ��#��

���� � 0 and one can solve for the implied steady-state level of relative LP (0∗2 ≡ $
∗ /&
∗ ) 

given by ��0∗2 � �� ��#�∗

���∗
 � 4#�,4��

5#�
. 
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interests will be in technology spillovers at the sector level, an area where there has been little empirical 

work. We will however conduct specification tests where the amount of imports in all sectors of the 

economy is added, basically assuming that all sectors are equally capable of gaining spillovers from all 

others.  

 Equation (4) reflects an equilibrium correction model (ECM) of a long-run cointegrating 

relationship between LP in the follower country and LP in the frontier (Hendry, 1996). We closely follow 

Griffith et al. (2000) by including contemporaneous frontier growth to allow for a more flexible 

specification of the relation between LP in frontier and follower countries. Our main econometric 

equation is then given by 

∆��	
� � '	
 � 6Δ��&
� � ()	
�,- � *�� �������
������

 � +)	
�,-�� �������
������

 � .	
�.  (5) 

Unobserved country-sector characteristics may affect productivity growth and this may be correlated 

with the explanatory variables. For example, characteristics of the production technology in particular 

sectors of a country may result in a high LP growth in precisely the sectors characterized by high shares 

of imported intermediates. We therefore employ the within sector (fixed effects) estimator, which 

allows for a country-sector fixed effect that is correlated with the explanatory variables (and we will also 

explore IV regressions). All other factors are in the serially uncorrelated error term (.	
�).  
 

3. The GGDC 10-sector database 

We use the Groningen Growth and Development Centre (GGDC) 10-sector database which is the first 

database to provide long-term series on sectoral developments in developing countries since the 

seminal effort by Chenery et al. (1986).
9
 Compared to the database presented in Timmer and de Vries 

(2009), it has been updated to 2010 and extended with value added in international prices using sector-

specific prices, and eleven African countries. The database is constructed on the basis of an in-depth 

study of available statistical sources on a country-by-country basis. We briefly discuss the contents of 

the database, the selection procedure of the sources, and the methods used to ensure intertemporal, 

international and internal consistency. Compliance with consistency requirements is important to 

ensure the usefulness of the database in long-term analyses of growth and productivity.   

  Table 1 gives an overview of the contents of the GGDC 10-sector database. The data set consists 

of ten Asian countries, eleven African, and nine Latin American countries. It includes annual data on 

gross value added at current, constant, and international prices from 1960 onwards. It also includes data 

on persons employed, which allows the derivation of labor productivity (value added per worker) 

trends. The database covers the ten main sectors of the economy as defined in the International 

Standard Industrial Classification, Revision 3 (ISIC rev. 3). Together these ten sectors cover the total 

                                                           
9
 Various international organizations such as the World Bank, the United Nations, the Asian Development Bank, 

and also the Oxford Latin American Economic History Database collect sectoral data for developing countries and 

make it publicly available. But series are often short (starting only in the 1980s or 90s), not always consistent over 

time and across countries, and especially for employment the series have little sectoral detail. Timmer and de Vries 

(2007) compare the GGDC 10-sector database with other publicly available sectoral data sets. 
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economy. Data and detailed documentation of sources and methods are publicly and freely available at 

http://www.rug.nl/research/ggdc/data/10-sector-database. Note that the new dataset that we use here 

will be released in spring 2014. 

** Table 1 about here ** 

Gross value added in current and constant prices is taken from the National Accounts of the various 

countries. As these have all been compiled according to the UN System of National Accounts, 

international comparability is high, in principle. However, national statistical institutes frequently 

change their methodologies. In the National Accounts, GDP series are periodically revised which includes 

changes in the coverage of activities (for example after a full economic census has been carried out and 

“new” activities have been discovered), changes in the methods of calculation (for example the inclusion 

of software expenditures as investment rather than intermediate consumption), and changes in base 

year of the prices used for calculating volume growth rates.
10

 For sectoral GDP our general approach is 

to start with GDP levels for the most recent available benchmark year, expressed in that year’s prices, 

from the National Accounts provided by the National Statistical Institute or Central Bank. Historical 

national accounts series were subsequently linked to this benchmark year.
11

 This linking procedure 

ensures that growth rates of individual series are retained although absolute levels are adjusted 

according to the most recent information and methods.  

  Employment in our data set is defined as ‘all persons employed’, thus including all paid 

employees, but also self-employed and family workers of 15 year and older. Ideally, hours worked 

should be collected as well, but this data is irregular and sparse and typically only covers the formal 

sector. Labor input is often not available from a country’s national accounts as they are not part of the 

System of National Accounts. Two different primary sources of employment exist, namely labor force 

surveys (LFS) with data collected at the household level, and business surveys which are based on firm-

level questionnaires. Both have their advantages and disadvantages as a source for annual sectoral 

employment trends.   

  The LFS is a comprehensive and well-established source with substantive international 

harmonization of concepts as it uses definitions set out by the International Labor Organization (ILO), 

although sampling size and techniques may still differ substantially between countries. They cover 

employees as well as self-employed and family-labor. The main problem of labor force surveys is the 

limited consistency with output data from the national accounts, especially at the sectoral level due to 

the relatively small sample size. In addition, the sample is sometimes restricted to particular regional 

areas, such as urban areas.  

  Information from business surveys is often more consistent with value added measures in the 

national accounts, as output series for the national accounts are also based on this source. However, 

while the coverage by business surveys is reasonably accurate for goods producing industries, it is not 

always for services. Moreover business surveys typically only cover firms who surpass a certain 

                                                           
10

 In most developing countries a fixed-base Laspeyres volume index is used and this base is usually updated every 

5 or 10 years. 
11

 Because of the application of fixed-base Laspeyres volume indexes by most statistical offices, linked sectoral GDP 

does not add up to total GDP for earlier periods. 
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threshold (for example, >20 employees or above a certain turnover level). This excludes smaller firms, 

which are especially abundant in developing countries. Another limitation is that data on self-employed 

and unpaid family members are usually not collected. This is problematic for sectors like agriculture and 

informal parts of the economy, where these categories make up a significant share of total employment. 

Business surveys are therefore not well suited to provide employment statistics by sectors that cover 

the total economy.  

  Therefore we often use an alternative source based on household questionnaires but with a 

much larger coverage than the samples of the LFS: the population census. This ensures full coverage of 

the working population and a much more reliable sectoral breakdown than from the LFS.
12

 However, 

typically population censuses are quinquennial or decennial and cannot be used to derive annual trends. 

Therefore we use the population census to indicate absolute levels of employment, and use LFS and 

business surveys to indicate trends in between. This is the general strategy followed for most countries, 

but not for all.
13

   

  In constructing the database, we paid careful attention to three checks on consistency, namely 

intertemporal consistency, international consistency, and internal consistency. Our time series of gross 

value added and employment are consistent over time (that is, intertemporal consistent). Through our 

linking procedure as described above, major breaks in the series have been repaired. International 

consistency of the cross-country sectoral data is ensured through the system of national accounts for 

value added, the employment concept of persons engaged and the use of a harmonized sectoral 

classification. We classify activities into ten sectors, using the International Standard Industrial 

Classification (ISIC), Revision 2. The industrial classification used in the national primary data sources is 

based on this classification or is directly related to it.   

  For the derivation of meaningful productivity measures, the labor input and output measures 

should cover the same activities (that is, being internally consistent). As we use persons employed as our 

employment concept rather than employees, and base our employment numbers on large-scale 

surveys, overlap in coverage of the employment statistics and value added from the National Accounts is 

maximized. However, a notable exception is the own-account production of housing services by owner-

occupiers. For this an imputation of rent is made and added to GDP in many countries, according to the 

System of National Accounts. This imputed production does not have an employment equivalent and 

should preferably not be included in output for the purposes of labor productivity comparisons.
14

 

Therefore, the GGDC 10-sector database presents separate series for imputed rents. In our analysis we 

exclude imputed rents.   

  We also draw on information from other sources. To examine the role of trade, we measure the 

                                                           
12

 Official population censuses data for 1950, 1960 and 1970 appear to be unreliable in Latin America. In order to 

remedy this problem we used the harmonized population census results published by PREALC (1982). This study 

makes adjustments in order for the population censuses to be reliable and comparable within and between 

countries (for example correcting for age limitations, reference periods, ISIC revisions, workers entering the labor 

market, unspecified workers and on the underestimation of agricultural workers). 
13

 The sources and methods document available at http://www.ggdc.net/dseries/10-sector.html provides a 

detailed discussion of the construction of the employment and value added series on a country-by-country basis. 
14

 Typically, imputed rents are included in the output of the financial and business services sector and frequently 

increase output in this sector by 50 percent or more without any labor input equivalent. Worse, this percentage 

varies over time and across countries. 



9 

 

amount of investment goods and intermediate inputs that are imported by the various sectors of the 

economy as a share in the sector’s GDP. To this end, we use the newly released Penn World Table 8.0 

that provide import data by broad economic categories. We distinguish between the imports of 

intermediates (industrial supplies, and fuel and lubricants), capital goods (capital goods and transport 

equipment), and goods for final consumption (food and beverages, and consumer goods). Only imports 

of intermediate and capital goods will be considered in our econometric analysis. Distribution of imports 

across sectors is currently based on sector value added shares (in current prices).  

  For human capital, we use aggregate data from the updated educational attainment dataset by 

Barro and Lee (2010). We use the ‘percentage of higher school attained in the total population’ variable. 

These data are for the whole economy and are given at five-yearly intervals for the period from 1960 to 

2010.15 We interpolate between non-missing observations.   

  To measure relative LP levels, a key issue is how to convert real value added into common 

currency units. Conceptually, the appropriate rate of exchange is a Purchasing Power Parity (PPP). In 

addition, by now it is well known that relative prices vary substantially across tradable and non-tradable 

sectors, such that the use of aggregate PPPs is not appropriate (Inklaar and Timmer, 2012). Therefore, 

we use sector-specific PPPs for our LP measures. Relative prices across sectors are based on price data 

collected by the World Bank in the 2005 ICP round except for agriculture, which is based on unit value 

information from FAO. Basic headings from the ICP round are matched to sectors that are the main 

producers of the good or service and PPPs are estimated using the EKS method. The FAO data for 

agriculture are used in the CPD method to estimate agricultural PPPs (Prasada Rao, 2005).  

 Some caveats apply. First, we use output PPPs instead of value added PPPs. Second, for finance 

and business services (sector #9), limited basic headings are available to estimate a PPP and we use the 

total consumption PPP instead. For government services (sector #10) only input prices, not output 

prices, are available. Finally, the expenditure data is at purchasers’ prices, with no adjustments for 

margins and taxes.  

  The use of a within groups (fixed effects) estimator means that the econometric results are not 

sensitive to the PPP chosen. The PPP is a country-sector specific constant that is used to multiply one 

country’s real value added. Taking logarithms, the output PPPs become a country-sector specific 

intercept that is controlled for using country-sector fixed effects. However, in the specification with 

interaction terms (equation 5), the fixed effects are no longer complete controls.  

 

4. Productivity Levels and growth rates across Industries and Countries 

In this section we use the new GGDC 10-sector database to document various stylized facts on 

productivity levels and growth rates across sectors in Asia, Africa, and Latin America. We define the 

United States as the frontier country and measure the relative labor productivity level to the frontier for 

each sector j in each country i at each moment in time t. We will also explore the correlation between 

labor productivity growth and the initial distance to the technology frontier in this section as a prelude 

                                                           
15

 Educational attainment data for Ethiopia is missing. We assume the ‘percentage of higher school attained in the 

total population’ is similar to those observed for Tanzania. 
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to the more formal approach in the next section.  

  We are the first to use sector-specific PPPs to examine relative LP levels for developing 

countries. Therefore, it is appropriate to pause here and discuss the implications before turning to the 

empirical results. To examine the implications of using sector-specific PPPs, we compared the results to 

aggregate economy PPPs available from the Penn World Tables version 7.1, and another set from the 

Conference Board’s Total Economy Database. The main findings from this analysis are as follows. First, 

relative output prices do vary substantially across sectors, so that as expected the use of a total 

economy PPP yields misleading conclusions concerning sector-specific relative levels of LP (Bernard and 

Jones, 2001; Inklaar and Timmer, 2009). Second, the whole economy PPP is lower compared to most 

sector-specific PPPs, especially in services. This implies that the use of an aggregate PPP typically 

overstates the level of LP in a developing country relative to that in the United States.  

   Table 2 shows the mean relative productivity level and the average productivity growth rate by 

decade for all developing countries combined.
16

 A value of the mean closer to the frontier (set at 100 

percent) corresponds to a higher level of relative LP. Clearly, the mean relative LP lies substantially 

below the US productivity level. For the total economy the sample mean across all developing countries 

is about 21 percent, taking 2010 for comparison. This implies that the labor productivity of an average 

US worker is about 5 times that of a worker in a developing country. However, the relative LP level 

differs across sectors. For example, in agriculture in 2010 the average US worker is 16 times more 

productive whereas the average US worker in the construction sector is only 2.5 times more productive 

than a worker at the sample mean for our set of developing countries. Part of these cross-sector 

differences in relative LP may relate to the use of capital inputs as possibilities for improving productivity 

using capital inputs differ across sectors (McMillan and Rodrik, 2011). However, not the differences 

across sectors but the substantial distances from the sector-specific technological frontiers reflect the 

potential for technology transfer within sectors, which we will exploit in our econometric analysis.  

 

*** Table 2 about here *** 

 

  A second finding in table 2 relates to the dynamics of LP with respect to the technology frontier. 

On average, sectors like agriculture, mining, manufacturing, finance and business services, and transport 

and distributive trade services were falling behind the frontier. This is observed in table 2 by the 

increase in the average distance to the technology frontier during the period from 1960 to 2010. 

However, other sectors such as construction, public utilities, government services, and community and 

personal services were catching up. The overall effect (partly related to the shift of workers from 

agriculture to industry and services) was a minor convergence to the frontier as the total economy 

relative LP level increased from 17 percent in 1960 to 21 percent in 2010.  

  Most studies of convergence have looked at manufacturing only, because it is often claimed that 

the potential for technology transfer is greatest in this sector (Szirmai, 2005), although technology 

                                                           
16

 Note that we do not aim to examine beta and sigma convergence as we are interested in the determinants of 

productivity growth, in which technology transfer will have a role to play. 



11 

 

transfer need not be limited to manufacturing anymore due to the emergence of global value chains 

(Page, 2012). For manufacturing we find that the sample mean relative LP was about 31 percent in 1960, 

which fell to 19 percent in 2010 (see table 2). These findings contrast with those by Rodrik (2013) who 

finds productivity convergence in formal manufacturing industries across the developing world. Our 

analysis suggests that taking into account informal activities alters the conclusions regarding 

unconditional convergence to the technology frontier.   

  Productivity divergence in manufacturing is further substantiated in figure 1, which plots the 

average relative productivity level for manufacturing in Africa, Asia, and Latin America from 1960 

onwards. Average manufacturing productivity levels differ substantially at the start of our analysis in the 

1960s. Relative LP is much higher in Latin America at about 40 percent of the US level, whereas levels in 

Africa are comparable to those in Asia at about 20 percent in 1960. Similar initial post World War II 

relative productivity levels for Asia and Africa has been observed in the literature before (see e.g. 

Szirmai, 2005), but we show here that it also holds if a much larger sample of countries is considered.
17

 

Productivity growth in Latin American manufacturing was on par with that in the United States but fell 

below after the 1980s, which resulted in a divergence from the technology frontier. In contrast, in Asia 

we observe prolonged catch up during the period analyzed although leveling off after the 1990s. African 

manufacturing was catching up until 1980 and fell back considerably thereafter. In 2010, relative LP in 

African manufacturing was 7.5 percent compared to 20 percent in the initial post-independence period. 

 

*** Figure 1 about here *** 

 

  We aim to explain productivity growth within individual sectors over time in our econometric 

analysis. The second panel of table 2 therefore shows average annual productivity growth rates by 

decade. Although some sectors are falling behind the frontier (the top panel in table 2), productivity 

growth rates in these sectors can be positive, but their growth rates are simply lower than those at the 

frontier. In fact, we find that agriculture and manufacturing show positive growth rates despite falling 

behind the frontier during the period from 1960 onwards. Manufacturing productivity grew particularly 

fast in the 1960s and 1970s, fell in the 1980s, and rebounded thereafter. A similar pattern is observed in 

agriculture and mining. Growth rates in non-market services sectors (government services and 

community and personal services) were below that of the total economy.
18

 However, also a large 

market-services sector such as wholesale and retail trade shows low growth rates that even turns 

negative in the 1980s and 90s. This low growth rate might be related to the expansion of low productive 

                                                           
17

 Note that the descriptive statistics shown are based on an unbalanced sample, because the time series start 

later in the 1960s and sometimes 1970s for some countries. The key findings in this section are qualitatively similar 

if we restrict attention to a balanced sample. For example, in figure 2 the spike in relative LP for Asia around 1970 

relates to the inclusion of various other Asian countries from 1970 onwards. The overall trend in relative LP, 

however, clearly indicates catching up. 
18

 Note that some activities in non-market services are nevertheless traded through markets. For example many 

personal services, but also private education and health services should be part of ‘‘market services’’. However, 

our data is not detailed enough to distinguish market from non-market in these sectors. They are relatively small 

compared to the non-market part of this sector, although this will differ across countries and over time. 
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informal retail activities (de Vries et al., 2012). The variation in mean distances to the frontier and the 

variation in growth rates within sectors shown in table 2 will be used to identify the parameters of 

interest in the econometric analysis that follows.  

  To gain some intuition on the effect that we pick up in our econometric analysis, figure 2 shows 

the correlation between labor productivity growth and the initial distance to the technology frontier. 

The initial distance to the frontier is on the x-axis and measured as �� �������
������

  as in our main 

econometric specification, equation 5. Based on the model we outlined in section 2, we expect a 

positive relation between distance to the frontier and labor productivity growth. This is born out in 

figure 2: country-sectors that were initially far removed from the technology frontier have higher 

growth rates compared to country-sectors close to the technology frontier in 1960. We will test whether 

the imports of intermediate and capital goods affect technology transfer in the next section.  

 

*** Figure 2 about here *** 

 

5. Distance to the Frontier: Econometric results  

In this paper we examine technology transfer and the role played by international trade in driving rates 

of productivity growth. To preview, our main finding is that imported inputs enhance technology 

transfer in agriculture and industry, but not in (market and non-market) services and for the total 

economy. These findings provide a bridge between the strong firm-level support for the effects of 

imported intermediates on productivity growth and the weak support for it in aggregate cross-country 

analysis. We present a large set of regressions in support of our main finding. We show that results do 

not change if we control for business cycles, adjust for potential endogeneity concerns, add additional 

controls such as human capital, distinguish between various types of imports (intermediates or capital 

goods), and by region. However, a regional distinction does suggest that our findings are not robust if 

we consider Africa only. 

*** Table 3 about here *** 

 

  Column (1) of table 3 presents the results of regressing LP growth on distance from the 

technological frontier (ln(LPgap)ijt-1). There may be unobserved heterogeneity in the determinants of LP 

growth. Therefore, we employ the within sectors (fixed effects) estimator, which allows for a country-

sector fixed effect that is correlated with the explanatory variables. The estimated coefficient on 

distance from the technological frontier is positive and highly statistical significant. This finding is 

consistent with the predictions of the distance to the frontier model: the further a sector lies behind the 

technological frontier, the higher its rate of LP growth.  

  Column (2) of table 3 introduces a role for international trade in determining rates of innovation 

and technology transfer. International trade is considered one of the primary avenues for the diffusion 

and adoption of new technologies (Kasahara and Rodrigue, 2008). For the total economy, we find no 
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significant effect of imported inputs on productivity growth. This result changes once we distinguish 

between different sectors of the economy. In column (3) we only look at goods-producing sectors, and 

in column (4) at agriculture and manufacturing. Here, we find that imported intermediates enhance 

technology transfer. This effect is not present in market and non-market services sectors (column (5) 

and (6)). If we run these regressions using either intermediate inputs or capital goods, the results are 

similar, suggesting that both types of imports have the same effects. These findings suggest that trade 

mainly stimulates technology transfer in goods-producing sectors, but are masked at the aggregate 

level, because the effects of trade are weak in services. In what follows we further investigate these 

findings.  

  In this paper we analyze labor productivity, which is not the best proxy for technology. The 

literature spends considerable attention on obtaining accurate measures of (total factor) productivity 

using index number approaches and aims to account for capital, differences in hours worked, skill levels, 

mark-ups, capacity utilization and so on (O’Mahony and Timmer, 2009). We are unable to take many of 

these adjustments into account. However, in our econometric specification we aim to control for some 

of the adjustments that are needed for a better measure of productivity. In particular, we include 

country-sector fixed effects to capture any permanent cross-country differences. In table 4 we also 

explore the use of ten year intervals as to adjust for variation in capacity utilization over time. Our 

findings here confirm that imports only affect goods producing sectors and this positive effect is 

obscured in the aggregate (results using 5-year averages (not shown) are similar).   

*** Table 4 about here *** 

 Another issue for analyzing the relationship between imports of intermediates and productivity 

growth is that neoclassical trade theory suggests that relative levels of productivity are a key 

determinant of international trade flows (Melitz, 2003). Other things equal, positive shocks to 

productivity in a particular sector may lead to a decrease in imports from the rest of the world. This 

would give rise to a downwardly estimated bias in the coefficients for the effects of trade on technology 

transfer. To address this concern, we use instrumental variables estimation, using internal instruments 

at time t-2 as instruments. The model is exactly identified, so a Sargan test of overidentifying restrictions 

is not needed. The instruments are significant in the first stage regressions and the null hypotheses that 

the coefficients on the excluded exogenous variables are equal to zero in the first stages are rejected 

using F-tests. This provides empirical support for the instrumental variables estimation. Table 5 suggests 

that our results do not change if we use internal instruments, except that most instrumented 

coefficients increase in value, consistent with our expectations. 

*** Table 5 about here *** 

In table 6 we control for human capital and financial development. Human capital might be an 

important determinant of productivity growth. Like trade, it may have two faces, affecting innovation 

and the transfer of technologies. In this specification we also include contemporaneous frontier growth 

to allow for a more flexible specification of the relation between LP in frontier and follower countries 

(results do not change if we include these in the previous regressions as well). Our main results with 

respect to the effect of trade are not affected in the sense that trade positively affects technology 
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transfer in goods producing sectors but not in services.  

  In goods producing sectors, human capital stimulates innovation. While the effect of human 

capital on LP growth is also positive in services sectors, it is not significant. Somewhat surprisingly, 

human capital does not appear to stimulate technology transfer as the coefficient is significantly 

negative. Perhaps the use of total economy schooling data is too rough to bear out these effects at the 

sector level.   

  Contemporaneous frontier growth positively affects LP growth in goods-producing sectors, but 

not in other sectors and also not if we look at agriculture and manufacturing only. As expected, (high) 

inflation is negatively related to productivity growth. Financial development (measured by private 

credit/GDP) does not seem to affect productivity growth at the sector level. 

*** Table 6 about here *** 

 Finally, in table 7 we distinguish results by region. Here it turns out that the effect of trade on 

technology transfer is not robust if the sample is split into regions, perhaps due to the reduction in 

sample size for each regression. However, the results for agriculture and manufacturing remain. The 

imports of inputs have a statistically significant effect on technology transfer in Asia and Latin America, 

but not Africa. 

 

*** Table 7 about here *** 

 

6. Concluding remarks 

This paper examined the determinants of productivity growth across sectors in developing countries. 

We began by outlining innovation and technology transfer as two potential sources of productivity 

growth for a country behind the technology frontier. The gap in sectoral labor productivity between the 

frontier country (the United States) and the developing country is used as a direct measure of the 

potential for technology transfer. The model specification allows for knowledge spillovers from the 

imports of intermediates and capital goods, while controlling for other potentially relevant determinants 

such as human capital and financial development.   

  We find that international trade affects rates of labor productivity growth through technology 

transfer, while human capital appears to facilitate innovation. These results are observed for goods 

producing sectors only, but not for services sectors and for the aggregate economy. These findings 

provide a bridge between the strong (typically manufacturing) firm-level support for the effects of 

imported intermediates on productivity growth and the weak support for it in aggregate cross-country 

analysis. The results are robust across a wide range of econometric specifications and to instrumenting 

international trade.  

  Future research might further explore the interaction between micro- and macro-based studies. 

Typically, firm-level studies find substantial heterogeneity in productivity. As a result, convergence 

patterns within sectors might only apply to a limited set of firms within a sector (Bartelsman et al., 
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2008). The increasing availability of microdata across all sectors of the economy increases the 

opportunity for this type of cross-national research. 
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Table 1. Overview of the GGDC 10-sector database 

Economic activities (ISIC rev. 3.1): Agriculture, hunting, forestry and fishing (AtB); Mining and quarrying (C); 

 
Manufacturing (D); Electricity, gas and water supply (E); Construction (F); 

 
Wholesale and retail trade, hotels and restaurants (GtH); Transport, storage, 

 
and communication (I); Finance, insurance, real estate and business services (JtK); 

 
Government services (LtN); Community, social and personal services (OtP) 

Variables included: Persons engaged, gross value added at current and constant 

 
national prices and international prices (PPPs) 

African countries included: 
Botswana, Ethiopia, Ghana, Kenya, Malawi, Mauritius,  

Nigeria, Senegal, South Africa, Tanzania, and Zambia 

Asian countries included: 
Hong Kong (China), India, Indonesia, Japan, Korea (Rep. Of), Malaysia,  

Philippines, Singapore, Taiwan, Thailand 

Latin American countries included: 
Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Mexico, Peru,  

Venezuela (Rep. bol.) 

Time period: 1950 to 2010 (1960 to 2010 in the case of Africa) 
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Table 2. Relative Labor Productivity Levels and Growth rates  

  1960 1970 1980 1990 2000 2010 

Panel A: Mean relative LP 

 (United States = 100)             

Total 17.3 16.4 18.6 18.4 20.6 21.2 

Agriculture 10.8 9.0 14.2 10.1 7.9 6.4 

Mining 34.6 25.6 38.0 24.0 28.5 27.3 

Manufacturing 31.0 29.3 29.2 20.7 21.2 18.6 

Public utilities 15.0 13.6 17.3 15.7 18.1 22.5 

Construction 19.8 24.4 30.4 26.9 24.9 42.4 

Distributive trade 51.6 45.6 45.0 32.0 24.5 20.9 

Transport and communication services 42.9 31.0 28.1 26.0 25.4 24.4 

Finance and business services 37.6 33.4 36.8 37.5 32.2 27.4 

Government services 30.5 30.7 29.4 29.3 34.9 36.0 

Other services 40.3 36.5 37.6 33.9 41.8 52.5 

Panel B: Growth rate of LP             

Total 3.4 2.7 0.5 2.0 2.1   

Agriculture 2.0 2.3 0.9 2.2 2.6   

Mining 4.5 0.7 1.7 2.2 1.3   

Manufacturing 4.5 3.1 0.4 2.3 1.6   

Public utilities 6.5 3.5 2.8 4.0 2.3   

Construction 3.0 0.8 -1.5 -0.7 0.6   

Distributive trade 1.9 0.8 -1.5 -0.3 0.3   

Transport and communication services 2.9 2.9 1.2 1.2 2.5   

Finance and business services 2.9 3.0 0.0 -0.6 0.4   

Government services 1.1 1.9 0.0 0.4 0.8   

Other services 1.1 0.2 0.8 1.6 1.8   

Notes: Mean is the sample mean of relative labor productivity at the start of each decade. A value of the 

mean closer to unity corresponds to a higher level of relative LP. Growth rate is the average growth rate 

of relative LP across developing countries over each decade (e.g. 1960-1969). 

Source: Authors’ calculations, GGDC 10-sector database 
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Table 3. The role of imported inputs in LP growth           

∆ln(LPijt)  (1) (2) (3) (4) (5) (6) 

variable 

total 

economy 

total 

economy 

goods 

producing 

sectors 

agriculture 

and 

manufacturing 

market 

services 

sectors 

non-market 

services 

sectors 

Productivity gapt-1 0.0327*** 0.0337*** 0.0357*** 0.0256*** 0.0273*** 0.0118 

  -0.00864 -0.00914 -0.00625 -0.00853 -0.00598 -0.00752 

Imports of inputst-1   0.00441 -0.247 -0.137** -0.084 -0.0742 

    -0.0128 -0.203 -0.0664 -0.0728 -0.204 

Imports of inputst-1*   0.0127 0.162** 0.128*** 0.0645 -0.104 

     Productivity gapt-1   -0.014 -0.0723 -0.0398 -0.0917 -0.239 

              

Country-sector fixed effects Yes Yes Yes Yes Yes Yes 

Observations 1,474 1,416 7,080 2,832 4,248 2,393 

R
2 

0.042 0.049 0.025 0.023 0.024 0.004 

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 4. The role of imported inputs in LP growth, 10 year moving averages 

  ∆ln(LPijt)  (1) (2) (3) (4) (5) 

variable 

total 

economy 

goods 

producing 

sectors 

agriculture and 

manufacturing 

market 

services 

sectors 

non-market 

services 

sectors 

Productivity gapt-1 0.0283*** 0.0206*** 0.0190 0.0168** 0.00232 

  (0.00716) (0.00669) (0.0132) (0.00779) -0.00795 

Imports of inputst-1 0.0284* -0.0160 -0.0220 0.000257 0.00427 

  (0.0161) (0.0285) (0.0337) (0.0266) -0.0367 

Imports of inputst-1* -0.00326 0.113** 0.139*** 0.0150 -0.166 

     Productivity gapt-1 (0.0119) (0.0456) (0.0442) (0.155) -0.212 

  

     Country-sector fixed effects Yes Yes Yes Yes Yes 

Observations 1,416 7,080 2,832 4,248 2,393 

R2 0.113 0.043 0.063 0.027 0.003 

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 

 

Table 5. The role of imported inputs in LP growth, instrumental variables regressions 

 ∆ln(LPijt)  (2) (3) (4) (5) (6) 

variable 

total 

economy 

goods 

producing 

sectors 

agriculture and 

manufacturing 

market 

services 

sectors 

non-market 

services 

sectors 

Productivity gapt-1 0.0428*** 0.0333*** 0.0253*** 0.0289*** 0.0211*** 

  (0.00484) (0.00325) (0.00431) (0.00331) (0.00432) 

Imports of inputst-1 0.00674 -0.383** -0.111 -0.0958 -0.0518 

  (0.0181) (0.179) (0.149) (0.0807) (0.138) 

Imports of inputst-1* 0.00326 0.206*** 0.112* 0.0466 -0.0663 

     Productivity gapt-1 (0.0103) (0.0733) (0.0670) (0.0819) (0.124) 

  

     Country-sector fixed effects Yes Yes Yes Yes Yes 

Observations 1,386 6,930 2,772 4,158 2,342 

R2 0.0436 0.0226 0.0208 0.0204 0.0041 

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 6. The role of imported inputs in LP growth, controlling for human capital and financial development 

∆ln(LPijt)  (1) (2) (3) (4) (5) 

variable total economy 

goods 

producing 

sectors 

agriculture and 

manufacturing 

market services 

sectors 

non-market 

services sectors 

Productivity gapt-1 0.0259** 0.0521*** 0.0396*** 0.0442*** 0.00542 

  (0.0105) (0.00950) (0.0120) (0.00791) (0.00920) 

Imports of inputst-1 0.00275 -0.267 -0.0792 -0.0687 -0.176 

  (0.0147) (0.220) (0.0790) (0.0844) (0.237) 

Imports of inputst-1* 0.0227 0.157** 0.0869* 0.191 0.0506 

    Productivity gapt-1 (0.0177) (0.0761) (0.0511) (0.115) (0.303) 

∆lp_US -0.802 0.846** 0.309 -0.491 0.792 

 

(1.125) (0.349) (0.394) (0.440) (1.265) 

Human capitalt-1 -0.0133 0.404*** 0.135 0.116 0.0560 

 

(0.0751) (0.133) (0.0989) (0.0897) (0.0431) 

Human capital t-1 *  -0.0484 -0.330*** -0.141** -0.246*** -0.0225 

    Productivity gapt-1 (0.0594) (0.0737) (0.0627) (0.0714) (0.0609) 

∆Inflation -0.0113** -0.0164*** -0.0165** -0.0202** -0.0162* 

 

(0.00522) (0.00505) (0.00658) (0.00805) (0.00863) 

Financial development -0.0270 0.0373 0.00320 -0.0144 -0.229*** 

 

(0.0332) (0.0718) (0.108) (0.0595) (0.0640) 

      Country-sector fixed effects Yes Yes Yes Yes Yes 

Observations 1,315 6,547 2,630 3,944 2,209 

R
2
 0.070 0.048 0.041 0.054 0.021 

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Table 7. The role of imported inputs in LP growth, results by region 

     (1) (2) (3) (4) (5) 

VARIABLES 

total 

economy 

goods 

producing 

sectors 

agriculture and 

manufacturing 

market services 

sectors 

non-market 

services sectors 

Panel A: Africa 

     Productivity gapt-1 0.0549* 0.0310*** 0.0375* 0.0315** 0.0142 

  (0.0255) (0.00762) (0.0201) (0.0127) (0.00943) 

Imports of inputst-1 -0.133 -0.272 0.0219 -0.936 1.251 

  (0.259) (0.736) (0.899) (1.454) (1.803) 

Imports of inputst-1* 0.0534 0.158 0.0702 0.303 -0.928 

    Productivity gapt-1 (0.0922) (0.197) (0.245) (0.621) (1.079) 

Country-sector fixed effects Yes Yes Yes Yes Yes 

Observations 505 2,525 1,010 1,515 965 

R2 0.090 0.029 0.047 0.037 0.010 

Panel B: Asia 

     Productivity gapt-1 0.0154* 0.0380** 0.0207** 0.0513*** 0.0173* 

  (0.00832) (0.0146) (0.00855) (0.00819) (0.00894) 

Imports of inputst-1 0.00363 -0.264 -0.102** 0.0289 0.400 

  (0.0141) (0.224) (0.0433) (0.0485) (0.458) 

Imports of inputst-1* 0.0470* 0.300* 0.161*** 0.131 0.385 

    Productivity gapt-1 (0.0233) (0.175) (0.0499) (0.119) (0.453) 

Country-sector fixed effects Yes Yes Yes Yes Yes 

Observations 440 2,200 880 1,320 757 

R
2
 0.060 0.028 0.013 0.071 0.019 

Panel C: Latin America           

Productivity gapt-1 0.0157 0.0396*** 0.00112 0.00521 0.00731 

  (0.0249) (0.0107) (0.00563) (0.00847) (0.0147) 

Imports of inputst-1 -0.574** -1.425 -1.310** -1.266*** -1.463** 

  (0.211) (0.954) (0.567) (0.440) (0.548) 

Imports of inputst-1* 0.317** 0.567 0.669** 0.447 0.814 

    Productivity gapt-1 (0.134) (0.524) (0.312) (0.382) (0.536) 

Country-sector fixed effects Yes Yes Yes Yes Yes 

Observations 471 2,355 942 1,413 671 

R
2 

0.063 0.023 0.006 0.011 0.030 

Notes: Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 
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Figure 1. Relative labor productivity in manufacturing (United States is 100) 

 
Notes: unweighted averages across regions.  

Sources: Authors’ calculations using the GGDC 10-sector database and sector-specific PPPs. 
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Figure 2. Initial distance to the frontier versus average LP growth 

 
Notes: initial distance is measured as the log of the relative LP gap between the USA-sector and sample 

country-sector in 1960. Average labor productivity growth is value added in constant prices divided by 

employment. 

Sources: Authors’ calculations using the GGDC 10-sector database and sector-specific PPPs. 
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