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1 Introduction 

A recurring theme in international economics is the relationship between openness and economic 

growth. Based on postwar data that typically span the period from 1970 to 1990, there has until 

recently, been a consensus of a negative relationship between trade barriers and growth and a positive 

relationship between growth and import penetration. However, these findings have been challenged by 

Rodrik (1999), Harrison and Hanson (1999), Yanikkaya (2003) and, particularly, by Rodríguez and 

Rodrik (2000).3 Rodríguez and Rodrik (2000) seriously question the empirical method underlying the 

regression analysis in the most important studies that find a positive relationship between openness and 

growth. Rodríguez and Rodrik (2000) demonstrate that the positive correlation between growth and 

openness found by Dollar (1992), Ben-David (1993), Sachs and Warner (1995) and Edwards (1998) is 

not robust to various measures of openness and important control variables. 

Similarly, studies using pre-WWII data consistently fail to uncover a robust positive relationship 

between openness and growth (see Bairoch, 1972, Capie, 1994, Foreman-Peck, 1995, Clements and 

Williamson, 2001, Irwin, 2002, Irwin and Terviö, 2002, O’Rourke, 2000, and Vamvakidis, 2002). The 

empirical study of Vamvakidis (2002) is one of the few studies that consider the relationship between 

openness and growth over a long historical period. Using cross-section data over the periods 1870-

1910, 1920-1940, 1950-1970 and 1970-1990 Vamvakidis (2002) finds a negative or no relationship 

between growth and openness before 1970 and a positive relationship thereafter.  

A problem associated with most empirical studies is that cross sectional data as opposed to panel 

data are used, which prevents them from controlling for fixed effects. More importantly very little 

attention has been given to growth versus level effects of openness and, particularly, to the channel 

through which openness influence growth. Endogenous growth theories have highlighted trade as the 

principal channel through which knowledge is transmitted internationally (Helpman and Grossman, 

1991). The early endogenous growth models have been developed within the first generation 

endogenous growth framework in which the level of R&D activity and growth vary proportionally.  

Since the seminal paper of Jones (1995), however, it is widely believed that first generation 

growth models are not consistent with the empirical evidence. In response to Jones’ critique 

endogenous growth theories have evolved into two distinct second generation growth models, namely 

                                                 
3 Often cited studies finding a negative relationship between trade barriers and economic growth are Dollar (1992), 
Edwards (1998), Frankel and Romer (1999), Harrison (1996), and Sachs and Warner (1995). 
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semi-endogenous and Schumpeterian growth models. Policies that seek to promote productivity have 

only temporary growth effects in the semi-endogenous growth models of Jones (1995) and Kortum 

(1997). In the Schumpeterian models of Aghion and Howitt (1998) and Howitt (1999) R&D can have 

permanent growth effects so long as R&D is increased along with the increasing income in the 

economy to counteract the increasing product proliferation. To allow for this posibility knowledge 

spillovers have to be modeled following the Schumpeterian framework. 

 The contribution of this paper is two-fold. First, an annual dataset for a panel of 16 relatively 

homogeneous industrialized countries, which spans 137 years, is used to examine the productivity 

growth and productivity level effects of trade barriers and import penetration.4 Since trade barriers, and 

import penetration have fluctuated substantially over the past 137 years, the data yield ample 

identifying movements and, at the same time, enable one to control for country characteristics. 

Furthermore, it is tested whether openness has permanent or temporary output-growth effects.  

Second, the paper tests whether openness influences growth because it enables countries to 

import knowledge that is produced in other countries. Recent developments within endogenous growth 

theory suggest that openness influences growth through the channel of imports (Romer, 1990, 1992, 

Grossman and Helpman, 1991, Rivera-Batiz and Romer, 1991, Aghion and Howitt, 1998, Baldwin and 

Forslid, 2000). While some studies have investigated the relationship between growth and knowledge 

spillovers very few, if any, have explicitly investigated the issue in the context of openness. Domestic 

patent applications are used in this paper to construct domestic and foreign stock of knowledge and 

bilateral trade shares are used to quantify trade-related spillover effects. Spillover effects through the 

channel of import follow the theories described in Grossman and Helpman (1991) whereby 

productivity is enhanced by imports of intermediate products that embody technological knowledge. 

Similarly in the model of Rivera-Batiz and Romer (1991) countries can tap into the world knowledge 

through the channel of imports. It follows that imports that contain technological knowledge may 

increase productivity in the importing country, whereas imports of products that do not embody 

technology might not influence growth at all. A problem associated with the empirical estimates of 

these models, following the seminal paper of Coe and Helpman (1995), is that knowledge spillovers 

are assumed only to have level effects as opposed to permanent growth effects along a balanced 

                                                 
4 O’Rourke (2000) and Edwards (1998) are among the few studies that condition their output growth regressions on factors 
of production. O’Rourke (2000) allows for land under cultivation and capital stock in his regressions, however, capital 
stock is proxied by coal consumption. Edwards (1998) uses TFP as the dependent variable for a cross-section sample of 93 
countries over the period from 1950 to 1990.  
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growth path. The possibility that knowledge spillovers may have permanent growth effects following 

the predictions of Schumpeterian growth theories is allowed for in the empirical estimates in this 

paper. 

The literature is briefly surveyed in the next section while the empirical framework and the 

empirical estimates are presented in Sections 3 and 4. Sensitivity analysis is carries out in Section 5 

and Section 6 concludes the paper. 

 

2 Trade barriers, openness, and growth 

Why should openness impact positively on growth? The traditional development literature considered 

exports as growth-enhancing because of the positive productivity spillovers from the tradable to the 

non-tradable sector and because exports encourage more efficient investment projects (Edwards, 

1993). The recent endogenous growth literature has re-oriented the growth enhancing effects of 

openness from exports to imports of knowledge (Romer, 1990, Romer, 1992, Grossman and Helpman, 

1991, Rivera-Baltiz and Romer, 1991, Baldwin and Forslid, 2000). Barro and Sala-i-Martin (1995) 

argue that imports give domestic producers access to a wider variety of capital goods, thus, effectively 

enlarging the efficiency in production.  

The theories described in Grossman and Helpman (1991) suggest that that the quality of 

intermediate products positively influences the efficiency of production. The new technology 

embodied in imported intermediate products renders imported products more productive and, 

therefore, increases labor productivity and TFP. As a consequence trade will only enhance growth to 

the extent that a country trades with research-intensive economies. The model of Barro and Sala-i-

Martin (1995, Ch. 8) considers a two-country world, where the technologically less advanced country 

taps into the knowledge of the technologically more advanced country. Provided that the costs of 

imitation are lower than the costs of innovation, the less advanced country will catch-up to the more 

advanced country.  

 Although most theories predict that growth is impeded by trade barriers, some models predict 

that, under certain circumstances, trade barriers may be good for growth (see for instance the 

discussion by Rodrìguez and Rodrik, 2000). Grossman and Helpman (1991) and Matsuyama (1992) 

show examples in which countries that are sufficiently far behind the technological frontier may, 

through imports, be driven towards production of traditional goods and, consequently, experience a 

lower growth rate. A closely related argument is that the host country needs a sufficiently highly 
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developed capacity to absorb the technology developed in the technologically more advanced countries 

(see for instance Howitt, 2000). These models underscore the importance of using a sample of 

countries that are technologically not too far apart. The countries used in this paper are quite 

homogenous in terms of economic development, length of schooling, and technological knowledge. 

We would, therefore, expect the theoretical prior to go in the direction where trade barriers are bad for 

economic growth. 

 Empirically, some studies find a positive relationship between growth and openness while others 

don’t. The studies of Dollar (1992), Ben-David (1993), Sachs and Warner (1995), Edwards (1998), 

Vamvakidis (1998) and Frankel and Romer (1999) are well-known studies that find a negative 

relationship between trade barriers and growth. Studies that fail to find a negative relationship between 

trade barriers and economic growth are the studies of studies Rodrik (1999), Harrison and Hanson 

(1999), O’Rourke (2000), Rodríguez and Rodrik (2000), Irwin (2002), Yanikkaya (2003), and, to some 

extent, also Vamvakidis (2002). Harrison (1996) and Rodríguez and Rodrik (2000) argue that the 

results are sensitive to measurement of openness and inclusion of control variables. Furthermore, 

Vamvakidis (2002) argues that most studies find a positive relationship between growth and openness 

because the estimates rely predominantly on post 1970-data. Vamvakidis (2002) shows that the 

positive relationship between growth and openness is limited to the post 1970-period and that no such 

relationship can be found in earlier data.  

 

3 Empirical framework  

The empirical estimates in this paper seek to be as inclusive as possible by including important control 

variables and time-dummies that capture the effects of omitted variables that change by the same 

magnitude across countries over time. Furthermore, in addition to estimates covering the whole sample 

period, the estimation period is decomposed into three sub-periods to examine whether the nexus 

between growth and openness is period specific. Instruments for openness are used to overcome 

potential endogeneity problems and error-in-variables biases.  

 The following model is estimated for a panel of 16 OECD countries: 

 
 ∆  ∆ ∆ ∆   

   , ,     (1) 
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where TFP is total factor productivity, Op is trade openness, Sd is the domestic stock of knowledge, Sf 

is foreign stock of knowledge spillovers through the channel of imports, X is the productivity adjusted 

innovative activity, Q is product variety, (X/Q)d is domestic research intensity, (X/Q)f is foreign 

research intensity spillovers through the channel of imports, m is nominal imports of goods as the share 

of nominal GDP, CD is fixed effect country dummies, TD is time-dummies, ε  is a disturbance term, 

Δ  is a five-year difference operator, and the subscripts t and i signify time and country.5 Trade 

openness, Op, is proxied by m or by the macro tariff rate, Tr, which is measured as nominal import 

duties divided by the nominal import values of goods. Tariffs and the import penetration ratio are 

measured in decimal points. 

 In addition to imports of research intensity the interaction between m and import of research 

intensity has been added as a regressor in Equation (1). Although (X/Q)f consists of import weighted 

knowledge stocks, as shown in Section 3.2, these weights are fractions that add up to one and, 

therefore, do not reflect openness. (X/Q)f is multiplied by m to capture the role of international trade. 

The more open an economy is the easier it is to taping on international knowledge. Note, however, that 

the stock of foreign knowledge, Sf, is not multiplied by m since it is already based on import weights 

that do not add up to one as shown below (Section 3.2). A term that allows for the interaction between 

m and Sf is included in the estimates inn Section 5. 

The model is estimated in five-year differences to filter out business cycle influences. Quah and 

Rauch (1990) found that short-run cyclical fluctuations in import penetration and growth are highly 

correlated without necessarily showing any structural relationship. Inclusion of country dummies is not 

essential; the principal results are insensitive to whether or not they are included (the results are 

available from the author). Product variety is measured by employment since Schumpeterian models 

assume that product varieties follow the size of population at steady state. X is measured by the number 

of domestic patent applications following Madsen (2008a). Patents are used because statistics on R&D 

expenditures or R&D workers are only available for a couple of countries before WWII and because 

the long historical R&D data are of bad quality.  

                                                 
5 Only direct knowledge transfers are allowed for in the estimates. Lumenga-Neso et al. (2005) advocate the importance of 
allowing for indirect knowledge transfer through the channel of imports. The indirect effect arises from fact that imports of 
knowledge from country X to country Y is transmitted to country Z when country Z imports from country Y. Although 
indirect spillover effects are potentially important it is beyond the scope of this paper to consider these effects. More 
importantly, following endogenous growth theory it is only the intermediate products from country X that are passed on to 
country Z, through country Y, that are relevant for knowledge spillovers. These product types cannot easily be indentified 
by the historical data that are available. 
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 Equation (1) is estimated using TFP, per capita output, Y/Pop, and output per hour worked, Y/H, 

as dependent variables. The advantage of using TFP as dependent variable is that the growth effects of 

factor accumulation have been taken into account in the TFP estimates. Thus, TFP should in principle 

measure productivity. The advantages of using per capita output and output per hour worked is that no 

theory-dictated restrictions have been imposed on them and that they are not influenced by 

measurement errors of land and capital. Furthermore, output per hour worked acknowledges that TFP 

has been derived under assumptions that may not apply over the whole period such as perfect 

competition and constant returns to scale (see Section 3.2 for computation of TFP). Finally, the growth 

in TFP and in labor productivity is the same along the balanced growth path provided that land is 

insignificant in production.6 Per capita output is used as dependent variable to compare the results with 

the results of most studies that measure productivity as per capita output. Per capita output is the least 

useful productivity measure of the three since it does not acknowledge the marked changes in annual 

working hours and labor force participation rates that have taken place over the past 137 years. 

 Equation (1) follows the predictions of second generation models of economic growth extended 

to allow for international trade (see Madsen, 2008a, for derivation). In the semi-endogenous growth 

models developed by Jones (1995), Kortum (1997), and Segerstrom (1998), a positive growth in R&D 

inputs is required to maintain sustained growth in TFP due to the assumption of diminishing returns to 

knowledge. This would suggest that the growth in the innovative activity is the key variable in 

explaining growth. Depreciation of the stock of knowledge is allowed for in Equation (1), following 

Grossman and Helpman (1991) and Coe and Helpman (1995), so that it is the change in the net 

research activity that is essential for growth. The Schumpeterian growth models of Aghion and Howitt 

(1998), Howitt (1999), and Young (1998) assume that R&D spreads more thinly across product 

varieties as the economy grows. To ensure sustained TFP growth, R&D has to increase over time to 

counteract the increasing range of products that lowers the productivity effects of the R&D activity. 

The normalization of R&D by product varieties ensures that highly populated countries do not grow 

faster than small countries and it also insures that proportionally higher R&D outlays, in terms of R&D 

expenditures, are required to maintain growth as the economy becomes richer. The larger an economy 

                                                 
6 Consider the constant returns to scale production function which is used in Section 3.2 to estimate TFP: 

, where B is productivity, K is capital, T is land area, and L is labor. Since Y/K is constant along a 
balanced growth path the growth in output per worker, gy, follows the following growth path: / 1 , where 
n is the population growth rate and g is the rate of technological progress. Thus the growth in output per capita or output per 
hour worked is lower than TFP growth due to diminishing returns introduced by land as a fixed factor of production. 
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is, in terms of total output, the more likely it is that the R&D-induced product lines for a representative 

firm are replications of R&D-induced product lines of other firms. In other words, it is not the product 

variety but product quality that generates growth in Schumpeterian growth models. 

 Equation (1) is extended to allow knowledge spillovers through the channel of imports following 

Coe and Helpman (1995) and Madsen (2008a). Again the model distinguishes between the predictions 

of semi-endogenous growth theories and Schumpeterian growth models. Following the early 

endogenous growth literature import penetration may influence growth positively because it enhances 

the potential for an importing country to tap into the world stock of knowledge (Grossman and 

Helpman, 1991, Rivera-Batiz and Romer, 1991, Romer, 1990, Romer, 1992). The theories described in 

Grossman and Helpman (1991) suggest that the quality of intermediate products positively influences 

the efficiency of production. The new technology embodied in imported intermediate products 

increases productivity. As a consequence trade will only enhance growth to the extent that knowledge 

is embodied in the intermediate products that are imported from elsewhere. Several papers have found 

that the foreign stock knowledge enhances TFP through the channel of imports (Coe and Helpman, 

1995, Coe et al., 1997, Engelbrecht, 1997, Lichtenberg and Van Pottelsberghe de la Potterie, 1998, 

Frantzen, 2000, Guellec and Van Pottelsberghe de la Potterie, 2001, 2004, del Barrio-Castro et al., 

2002, Lumenga-Neso et al., 2005, Madsen, 2007, 2008b). 

 The Coe-Helpman model has been extended to allow for research intensity spillovers through the 

channel of imports by Madsen (2008a). This allows for permanent growth effects of imports of 

research intensity following the predictions of Schumpeterian growth theory. This has important 

implications for the growth effects of imports of knowledge. While import of knowledge has only level 

effects on productivity in the Coe-Helpman model imports of research intensity has permanent growth 

effects in the Schumpeterain model.  

 Tr (tariff rates) and m (import penetration) are used as proxies for trade openness noting that 

there is no universal measure of trade openness. The theoretical literature gives more attention to the 

relationship between trade policies and income growth rather than the relationship between trade and 

growth (Yanikkaya, 2003). Furthermore, there is no clear consensus as to what represents openness or 

what is meant by openness and trade liberalization (Yanikkaya, 2003). Anderson and Neary (1992) 

have constructed a trade restrictiveness index, which incorporates tariffs and non-tariff trade barriers. 

Unfortunately, the data that is required to construct such an index back in history is not available. The 

literature has predominantly focused on m, however, Rodríguez and Rodrik (2000) argue that m is not 
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a good measure of trade barriers and recommend the use of Tr instead. While Tr specifically measures 

trade barriers, m is influenced by several factors other than trade barriers and, as such, may be a bad 

proxy for trade barriers. As discussed by Edwards (1998) there are several ways in which m influences 

income and, in that sense, the coefficient of m may not be very informative about causal factors.  

 Another issue is whether the Tr and m are exogenous. The endogenous tariff literature has long 

advocated that tariffs are an outcome of endogenous forces (see for example Magee et al., 1989). 

Furthermore, the propensity to import is heavily influenced by economic conditions. Madsen (2001) 

shows that the sharp reduction in world trade during the Great Depression was a result of increasing 

tariffs and non-tariff trade barriers and decreasing income, which are all endogenous. Furthermore, 

Frankel and Romer (1999) argue that countries implementing free-market trade policies may also 

implement free-market policies in addition to implementing stable monetary and fiscal policies. The 

income effects of tariff policies in regression analysis may, therefore, be disguised by the income 

effects of other policies that are not controlled for in the regressions. Finally, Irwin (2002) argues that 

the positive relationship between growth and tariff rates, as often found in the growth literature, does 

not indicate anything about causality. To address this issue Tr and m are instrumented based on some 

of the instruments recommended by Frankel and Romer (1999) and Trefler (1993). The choice of 

instruments is discussed in the next section (Section 3.1).  

 Equation (1) allows for the possibility that the openness has permanent direct growth effects 

through the variable Op (openness) following most of the empirical literature on the nexus between 

growth and openness. In any event, it cannot automatically be taken for granted that openness has 

permanent growth effects. To satisfy the permanent growth-effects-criteria in endogenous growth 

models foreign knowledge must continuously produce a flow of ideas. In other words there must be 

constant returns to the foreign knowledge stock through the channel of import. However, R&D 

knowledge spillovers through the channel of imports are already accounted for in the estimates. Thus 

the residual knowledge spillovers must stem from sources other than R&D or patents such as human 

capital or other sources unaccounted for such as increasing competition and efficiency. 

 

3.1 Instruments for tariffs and the propensity to import 

As mentioned above Op is proxied by Tr or m. Tariffs and the propensity to imports are instrumented 

because they need not be exogenous and because they are proxies for trade openness and, as such, are 

measured by an error. Some of the instruments used here follow the suggestion by Trefler (1993) and 
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Frankel and Romer (1999). Not all of their instruments are used here because they are either fixed over 

time for each individual country or because they are not available over the past 137 years. The 

following instruments are used for Op: Population density (ratio of population and the land area), time-

dummies, population size, the rate of unemployment, the change in the rate of unemployment, per 

capita mining GDP, per capita agricultural production, per capita arable land, and the rate of inflation. 

The change in population density and the population size are much influenced by fertility and death 

rates that are not strictly determined by growth. Sachs and Warner (1995) argue that countries with 

higher population densities are more likely to be open and have more international contacts. Frankel 

and Romer (1999) find that once population is controlled for variables representing geography account 

only for a small proportion of the variations in trade.  

The literature on endogenous tariffs suggests that unemployment is an important determinant of 

tariffs (see Magee et al. 1989). Trefler (1993) also notes that politicians insist that trade protection 

safeguards the livelihood of unemployed in industries that are particularly threatened by international 

competition. Per capita agricultural GDP is included as an instrument because agricultural products 

have traditionally been subject to much higher tariff rates than other tradables, presumably because the 

agricultural lobby has been particularly strong (Madsen, 2001). Per capita GDP in mining is included 

in the estimates because it is likely to be exogenous and a commodity that is often traded 

internationally. Finally, the rate of inflation serves as a potential important instrument for Tr because 

tariffs are often in fixed nominal values, which implies that tariff rates are reduced in periods of 

inflation and vice versa (see discussion below). Furthermore, a country that experiences inflation in 

excess of inflation among its trade partners will experience lobbying among firms for tariff escalations 

to be able to compete with the outside world (Magee et al., 1989).  

 

3.2 Data  

The data cover 16 countries (G16) that have consistent data on macro tariff rates, import penetration 

ratios, and variables used to compute TFP over the period from 1870 to 2006. These countries are 

Canada, the US, Japan, Australia, Belgium, Denmark, Finland, France, Germany, Italy, the 

Netherlands, Norway, Spain, Sweden, Switzerland and the UK.  

Macro tariff rates are measured as revenues from import duties divided by nominal imports of 

goods. Although macro tariff rates suffer from the index number problem, where substitution away 

from imports of high to low tariff items mutes the mean and the variance of the average tariff rate, it is 



 11

widely agreed that macro tariff rates are good measures of tariff rates (Irwin, 1998, Madsen, 2001, 

O’Rourke, 2000). Furthermore, Rodríguez and Rodrik (2000), who are among the strongest critics of 

the empirical literature on the nexus between growth and trade barriers, recommend tariff rates as 

measures of trade barriers. 

 

Note. Weighted average of the G16 countries where GDP at purchasing power parity is used as weights. 

 

Figure 1 displays the weighted average of the macro tariff rate for G16 countries. The figure shows 

that tariff rates have changed substantially over the course of history; particularly when the index 

number problem is taken into account. Increasing tariffs can be identified over the following four 

periods: 1875-1890, 1918-1923, 1930-1935, and 1951-1960. The increasing tariffs during some of 

these periods were partly deflation-induced. Madsen (2001) finds that almost half of the variations in 

the macro tariff rates were price-induced in the interwar period. This finding suggests that the tariff 

escalations in the 1880s, the beginning of the 1920s, and the 1930s were in part or entirely deflation-

induced, assuming that price changes were equally influential for tariff rates before WWI and during 

WWII. The finding also suggests that the tariff reductions during the world wars were inflation-

induced.  

 The import penetration ratio is displayed in Figure 2. The ratio grew slowly during the 

globalization period from 1870 to 1913. Thereafter it declined markedly as a result of increasing 

nationalism, increasing trade barriers and reduced or negative income growth (Madsen, 2001). The 

1913 level was first reestablished in the end of the 1970s. The post 1914 decline occurred abruptly in 

three stages: WWI, the Great Depression and WWII. Measured in terms of import penetration it is 

remarkable that the level of globalization, which resumed after WWII, has only recently reached the 

level that prevailed in 1913. Although the growth in services partly explains why the G16 countries are 

not more open today than they were a century ago, the figure nevertheless indicates that today’s 
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globalization is not historically unique. The decline in import penetration over the period from 1913 to 

1945 and its slow recovery is more unusual than the level of import penetration that prevails today. 

 The economy-wide TFP data are based on the three-factor homogenous Cobb-Douglas 

production technology. Following the Divisa-Törnqvist method, the land shares are allowed to vary 

over time and across countries: 

 
 ,     

 
where Yr is real GDP, L is labor inputs (annual hours worked times economy-wide employment), K is 

capital stock, T is land area under cultivation, 1  is labor’s income share for country i, s is the 

agricultural sector’s share of the economy-wide GDP, which is allowed to vary across countries and 

over time. Labor’s income share is calculated as the economy-wide compensation to employees 

divided by nominal GDP, where labor’s compensation is corrected for imputed payments to the self-

employed and the data are calculated as far back in history as income share data are available (see data 

appendix for details). This correction is essential since earnings from self-employment in national 

accounts are counted as profits and, consequently, do not count as labor income earned by the self-

employer’s own labor. To correct for this bias the average earning per employee, multiplied by the 

number of self-employed, is added to the compensation of employees. Labor inputs are measured as 

annual hours worked per worker multiplied by economy-wide employment as opposed to population, 

to cater for the fact that the labor force participation rate and annual hours worked have changed 

substantially over the past 137 years.  

The division of output elasticities between land and capital follows the method suggested by 

Denison (1967, p 41) in which the output elasticity of land is measured as the share of agriculture in 

total GDP. While land is not an important factor of production for the industrial countries today, it was 

an essential production factor before the mid 20th century. The unweighted average of the share of 

agriculture in total GDP has declined from 37% in 1870 to 2% in 2002 for G16 countries. This 

underscores the importance of including land as a factor of production in the TFP estimates that go far 

back in history. 

 Land is also included in the estimates of TFP to avoid an omitted variable bias. The protectionist 

countries such as the US, Canada and Australia, enjoyed high per capita growth. However, the low-

protectionist countries, such as the UK and the Netherlands, experienced low per capita growth during 
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the sample period. Irwin (2002) argues that the protectionist countries were land-abundant but labor 

scarce; thus giving them unusually good growth prospects. He also suggests that the negative bivariate 

relationship between trade and growth in the pre-WWI period was spurious because land-abundant 

countries relied on customs duties to raise revenue and, at the same time, they experienced strong 

growth. This emphasis the importance of conditioning the per capita GDP growth estimates in the pre-

WWII period on inputs of land, as done by O’Rourke (2000) in his estimates for the pre-WWI period.  

 

 
Note. See note to Figure 1.  
 

The average TFP for the G16 countries is displayed in Figure 3. TFP has been increasing at a relatively 

constant rate over the whole period, except during the period 1948-73 where the growth rate was 

exceptionally high. The growth in TFP coincides only partially with increasing import penetration 

(Figure 2). The increasing openness over the period from 1870 to 1913 is associated with a steady 

increase in TFP. However, TFP continues its steady increase from 1913 to 1930 despite a significant 

reduction in openness during the same period. Conversely during the period from 1948 to 1973 the 

strong growth in TFP is associated with a significant increase in openness. The periods of rapid TFP 

growth are also only weakly associated with tariff reductions (Figure 1). During the period from 1890 

to 1930 the macro tariff rate followed a U-shaped path despite a relatively stable upward trend in TFP, 

however, the average tariff rate was reduced in the high growth period from WWII to 1973. Overall, 

the figures indicate a blurred relationship between TFP, tariffs and import penetration. Therefore, 

suggesting that factors other than openness have been influential for TFP growth. 

The stock of knowledge and research activity are estimated using patent application count data 

because R&D data, which are used by Coe and Helpman (1995) and most of the subsequent literature, 

have first become consistently available for the OECD countries over the past couple of decades. 

Patent data, by contrast, have been consistently collected on an annual basis for almost all OECD 
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countries since 1870 and are considered to be useful indicators of new knowledge (see for instance 

Griliches, 1990). Since the time-lag between the time at which a patent application is filed and 

eventually granted and the chance of success, vary substantially over time and across countries, the 

estimates of the stock of knowledge and research activity are based on patents applied for. The stock of 

knowledge is computed using the inventory perpetual method on the domestic patent applications with 

a 20% geometric depreciation rate following the estimates by Pakes and Schankerman (1984). Patent 

data for 21 OECD member countries are used to construct Sf as detailed in the Data Appendix. These 

countries have, over the entire period considered, filed more than 90% of the patent applications in the 

world (WIPO, 2002). 

 Spillovers through imports of knowledge from country j to country i are computed from the 

following weighting scheme suggested by Lichtenberg and van Potterie (1998): 
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where ijM λ  is nominal imports of goods of high-technological products from country j to country i, n

jY  

is nominal income of country j, and d
jS  is the stock of country j’s domestic knowledge. The following 

SITC classifications for high technological products are used after WWII: Chemicals and related 

products (SITC Section 5), machinery and transport equipment (SITC Section 7), and professional and 

scientific instruments (SITC Section 8.7). Total bilateral trade is used before WWII due to data 

availability. An advantage of using high technological products, in addition to the fact that technology 

is transmitted through trade in technological products, is that they are much more representative of 

intermediate products, which, according to the Coe & Helpman hypothesis, are the transmitters of 

technology. From the Lichtenberg and van Potterie weighting scheme it is seen that Sf depends on 

import penetration, which is the reason as to why it has not been multiplied by m in the empirical 

estimates (see Equation (1)). 

 Imports of research intensity from country j to country i are computed from the following 

weighting scheme suggested by Madsen (2008a): 

 

 ∑ ,    

 

i j≠
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where Mij is the flow of imports of high technological products from country j to country i and M is 

total imports of high technological products of country i. From this weighting schedule it can be seen 

that the interaction between m and (X/Q)f is allowed for in the estimates because the import weights 

add up to one.   

 

3.3 Estimation method 

To gain efficiency and to correct for serial correlation and heteroscedasticity, the covariance matrix is 

weighted by the correlation of the disturbance terms using the variance-covariance structure as 

follows: 

 
E{ 2

itε }   = 2
iσ ,    i = 1, 2,... N, 

E{εit,εjt} = σij,    i ≠ j, 
 ,  
 
where 2

iσ  is the variance of the disturbance terms for country i = 1, 2,... N, σij is the covariance of the 

disturbance terms across countries i and j, ε is the disturbance term and v is an iid disturbance term. 

The variance 2
iσ  is assumed to be constant over time but to vary across countries and the error terms 

are assumed to be mutually correlated across countries, σij, as random shocks are likely to impact all 

countries at the same time. The parameters 2
iσ ,  and σij are estimated using feasible generalized least 

squares. The correlation between the error terms, σij, is only allowed for in the estimates that cover the 

entire period from 1875 to 2006.  

 

3.4 Tests for unit roots 

The variables contained in Equation (1) need to be either stationary or, if not, need to form a 

cointegrated relationship, provided that the dependent variables are stationary. The bartZ~  and CIPS 

panel unit root tests of Im et al. (2003) and Pesaran (2005), respectively, are used to test whether the 

variables used in this study contain unit roots. The test of Im et al. (2003) does not allow for cross-

sectional dependence while the test of Pesaran (2005) belongs to the family of second-generation panel 

unit root tests in which cross-sectional dependence, and serial correlation in the residuals are allowed 

for. Pesaran’s (2005) test is based on the t-statistics associated with the OLS estimate of îb , in the 

following cross-sectionally augmented Dickey-Fuller test (CADF): 
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where Y  is the cross-sectional average and ε  is the regression error. The cross-sectional average is 

included in the estimates as a proxy for unobserved common factors.  

 The associated truncated panel unit root test is given by: 
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where CADF is the cross-sectionally augmented Dickey-Fuller statistics for the i’th cross-sectional 

unit given by the t-ratio of îb . The distribution of the CIPS statistic is shown to be non-standard (the 

critical values are reported in the notes to Table 1 and are from Pesaran (2005) Table 3b). 

The unit root tests are presented in Table 1. According to both unit root tests all the variables 

included in Equation (1) are stationary. The only exception is foreign research intensity which is a 

borderline case. It is stationary according to the bartZ~  test, however, only stationary according to the 

CIPS at the 15% level. These test results suggest that it is valid to regress productivity growth on the 

regressors included in Equation (1). 

 

Table 1. Tests for unit root. 
Variable CIPS 

bartZ~  Variable CIPS 
bartZ~  

Tr -2.72 -2.56(0.001) m -2.59 -3.34(0.000) 
∆ln(TFP) -10.67 -166.4(0.000) ∆ln(Y/H) -27.27 -222.1(0.000) 
∆ln(Y/Pop) -10.66 -166.4(0.000) I/Y -3.04 -4.16(0.000) 
∆lnSf -14.39 -84.72(0.000) ∆lnSd -6.09 -225.1(0.000) 
ln(X/Q)d -2.39 -8.83(0.000) ln(X/Q)f -1.84 -3.41(0.000) 
Notes. The numbers in parentheses are p-values. The critical values for the CIPS test are approximately -2.24 (5%) and -
2.40 (1%). The bartZ~  statistic is distributed as N(0,1) under the null hypothesis that the variable contains a unit root. Y/Pop 
= per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = macro tariff rate, m = propensity 
to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the channel of imports, I/Y = ratio of 
investment and income, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 
 

4 Estimation results 

4.1 Simple regression results 

First consider the estimates in Table 2 where the coefficients of all the research related variables are 

restricted to zero. Tr and m are instrumented in all the estimates in this paper. Consider the level effects 
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of openness. Openness is measured by Tr in the first three columns in the table. The estimated 

coefficients of the level of Tr are negative, however, they are only statistically significant in the 

estimates where productivity is measured in per capita terms. As discussed above per capita is the least 

reliable measure of productivity advances of the three productivity measures because it fails to 

acknowledge changes in per capita hours worked and labor force participation. These results suggest 

that per capita output measures of productivity can give misleading results about the nexus between 

openness and growth. In the estimates in columns 4-6, where openness is measured by import 

penetration, the estimated coefficients of openness are statistically insignificant except for the 

estimates where per capita output is regressor. Overall these results suggest that openness does not 

have permanent productivity growth effects in this simple framework. 

Turning to the estimated coefficients of the change in openness the results contradict each other. 

The estimated coefficients of the change in Tr are significantly positive suggesting that increasing 

tariffs bring productivity up to a higher level. Conversely, the estimated coefficients of the change in m 

are significantly positive in two of the three regressions, which is more in line with the predictions of 

standard models of growth and openness. These contradictionary results indicate that Tr or m may be 

bad proxies for trade openness, that important control variables are omitted from the estimates, or that 

specification problems are present in the estimates. Furthermore, the coefficient estimates of Tr and m 

do not give any indication as to how openness influences growth. It is now investigated whether these 

results hold against the inclusion of control variables and changes in estimation periods.  

 
Table 2. Parameter estimates of the restricted version of Equation (1) in the period 1875-2006. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
Tr -1.763(10.8) -0.177(1.18) -0.212(1.16)    
∆  0.870(7.40) 0.234(1.93) 0.543(4.46)    
m    -0.245(2.85) -0.022(0.27) -0.124(1.38) 
∆     2.000(3.46) 2.380(4.50) 0.055(0.10) 

 0.02 0.01 0.06 0.02 0.03 0.05 
DW 2.05 1.95 1.98 2.00 2.00 1.98 
R2(B) 0.90 0.77 0.89 0.69 0.76 0.85 
Notes. The numbers in parentheses are absolute t-statistics. R2(B) is Buse’s raw-moment R2.  is the p-values of tests for 
overidentifying restrictions. The following instruments are used for tariffs and openness: The rate of unemployment, the 
change in the rate of unemployment, the growth in per capita agricultural GDP, the growth in per capita mining GDP, 
growth in consumer prices, the growth in per capita arable land, population growth, the change in population density and 
time-dummies. Time dummies and country dummies are included in the estimates but not shown. The following data points 
are used: 1875, 1880, 1885, 1890, 1895, 1900, 1905, 1910, 1915, 1920, 1925, 1930, 1935, 1940, 1951, 1956, 1961, 1966, 
1971, 1976, 1981, 1986, 1991, 1996, 2001, and 2006. Y/Pop = per capita income, TFP = total factor productivity, Y/H = 
output per hour worked, Tr = macro tariff rate, m = propensity to import. 
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3.2. Unrestricted estimates of Equation (1) 

Unrestricted estimates of Equation (1) over the periods 1875-2006, 1956-2006, 1915-1951 and 1870-

1910 are presented in Tables 3-6. Consider first the estimates over the period 1875-2006 in Table 3. 

The estimated coefficients of Tr and ∆  (columns 1-3) are generally of low statistical significance 

and with conflicting signs, which suggests that there is no clear direct relationship between growth and 

tariffs when knowledge and research intensity are allowed for in the estimates. The estimated 

coefficients of m in the estimates in columns 4-6 are statistically insignificant, while the estimated 

coefficients of ∆  are positive and mostly statistically significant. Overall, these results suggest that 

there openness does not have any direct permanent growth effects but may have direct temporary 

positive growth effects. 

 
Table 3. Parameter estimates of Equation (1) in the period 1875-2006. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
Tr -1.387(7.31) -0.159(0.79) 0.614(2.57)    
∆  0.324(2.25) 0.073(0.50) 0.167(1.11)    

    -0.185(2.04) 0.008(0.10) -0.081(0.91) 
∆     1.857(3.21) 2.577(4.71) 0.355(0.61) 
∆lnSd 0.023(2.41) 0.029(3.13) 0.018(1.67) 0.002(0.15) 0.019(2.16) 0.020(1.93) 
∆lnSf 0.044(9.94) 0.029(6.86) 0.027(5.83) 0.044(10.83) 0.030(7.58) 0.029(6.16) 
(X/Q)d 0.007(2.18) 0.009(3.41) 0.016(4.42) 0.015(5.05) 0.010(3.99) 0.013(3.88) 
(X/Q)f 0.006(2.41) -0.004(1.59) 0.003(1.20) 0.005(1.66) -0.003(1.46) 0.002(0.90) 
m(X/Q)f 0.010(1.39) 0.022(3.08) 0.028(3.84) 0.011(1.57) 0.023(3.53) 0.031(4.09) 

 0.01 0.01 0.04 0.02 0.02 0.05 
DW 2.07 2.01 1.98 2.08 2.05 1.99 
R2(B) 0.90 0.79 0.88 0.89 0.78 0.88 
Note. See notes to Table 2.Y/Pop = per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = 
macro tariff rate, m = propensity to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the 
channel of imports, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 
 
 
The estimated coefficients of ∆lnSf are consistently positive and highly significant. Since ∆lnSf is based 

on the interaction between import penetrations and foreign stock of knowledge this result suggests that 

openness has temporary growth effects provided that the country trades with countries that have 

positive knowledge stocks. The estimated coefficients of (X/Q)f are in most cases insignificant; 

however, the estimated coefficients of m(X/Q)f are positive and, often, highly significant. This result 
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suggests that foreign research intensity, conditional on import penetration, is influential for growth. 

The estimated coefficients of (X/Q)d are positive and highly significant pointing towards strong growth 

effects of domestic research intensity. Finally, the estimated coefficients of ∆lnSd positive and, in most 

cases, statistically significant. 

 
Table 4. Parameter estimates of Equation (1) in the period 1956-2006. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
Tr -0.978(2.45) 0.682(1.74) 1.244(2.68)    
∆  0.270(0.72) 0.342(0.92) 1.514(0.84)    

    0.136(0.87) 0.066(0.42) 0.049(0.26) 
∆     1.392(1.76) 1.450(1.99) -0.124(0.13) 
∆lnSd 0.103(3.01) 0.038(1.14) 0.023(0.59) 0.095(2.75) 0.040(1.23) 0.048(1.27) 
∆lnSf 0.097(7.08) 0.051(3.82) 0.055(3.55) 0.095(8.71) 0.061(6.30) 0.104(10.1) 
(X/Q)d 0.005(0.40) 0.032(2.62) 0.001(0.10) 0.000(0.02) 0.027(2.21) -0.005(0.39) 
(X/Q)f 0.019(1.89) 0.007(0.77) 0.019(1.65) 0.023(2.33) 0.012(1.24) 0.032(2.68) 
m(X/Q)f 0.009(0.64) -0.002(0.18) 0.016(1.24) 0.009(0.66) 0.012(1.25) 0.020(1.21) 

 0.03 0.03 0.07 0.01 0.02 0.07 
DW 1.85 1.78 1.81 1.92 1.80 1.84 
R2(B) 0.89 0.77 0.88 0.88 0.74 0.90 
Note. See notes to Table 2. Y/Pop = per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = 
macro tariff rate, m = propensity to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the 
channel of imports, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 
 
 
In the estimates over the period from 1956 to 2006 in Table 4 the levels of tariffs have either positive 

or negative growth effects, while the estimated coefficients of and ∆  are statistically insignificant. 

The estimates in columns 4-6 in Table 4 indicate that the level and change in import penetration have 

not been influential for growth over the past 50 years. The estimates shown that research is essential 

for growth and that knowledge and research intensity spillovers through the channel of imports, are 

important for growth. In summary, the estimates in Table 4 suggest that openness has been important 

for growth in the post-WWII period, but that the beneficial effects of openness stem from knowledge 

spillovers. 

 
Table 5. Parameter estimates of Equation (1) in the period 1915-1951. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
Tr -5.169(3.52) -5.774(3.64) -6.452(3.86)    
∆  -0.030(0.07) -0.414(0.94) -0.304(0.61)    
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m    -1.222(2.68) -0.072(0.16) 0.204(0.39) 
∆     7.654(3.24) 7.786(3.37) 2.019(0.73) 
∆lnSd 0.264(4.39) 0.187(2.83) 0.132(1.80) 0.246(3.75) 0.281(3.92) 0.178(2.13) 
∆lnSf 0.027(3.13) 0.019(2.06) 0.012(1.01) 0.036(5.17) 0.028(3.43) 0.018(1.65) 
(X/Q)d 0.008(0.25) 0.024(0.65) 0.044(1.06) 0.014(0.41) 0.010(0.30) 0.038(0.95) 
(X/Q)f 0.006(0.41) 0.000(0.07) 0.005(0.28) -0.008(0.63) 0.002(0.11) 0.011(0.60) 
m(X/Q)f 0.026(0.71) 0.004(0.10) 0.049(1.05) 0.037(1.15) -0.010(0.26) 0.039(0.89) 

 0.05 0.02 0.07 0.04 0.04 0.02 
DW 1.90 1.85 1.82 1.95 1.95 1.85 
R2(B) 0.77 0.60 0.73 0.83 0.65 0.75 
Note. See notes to Table 2. Y/Pop = per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = 
macro tariff rate, m = propensity to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the 
channel of imports, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 
 
The estimates in Table 5 over the period from 1915 to 1951 are interesting because they cover a period 

during which the world was exposed to two depressions and two wars. The regressions suggest that the 

tariff escalations during the period 1929-32 had strong negative growth effects. The estimated 

coefficients of Tr are consistently highly significant and negative while the estimated coefficients of 

∆  are insignificant; thus, pointing towards permanent negative growth effects of tariffs. Conversely, 

the estimated coefficients of m are insignificant while the estimated coefficient of ∆  are positive and 

mostly significant. The estimated coefficients of ∆lnSd and ∆lnSf are positive and highly significant 

while the estimated coefficients of research intensity are insignificant.    

 Overall, these estimates give insight into an unusual growth process during the world wars and 

the interwar period. First growth was significantly adversely affected by the escalating trade barriers 

shortly before the Great Depression and during the first half of the Great Depression. Second, the 

negative growth effects of trade barriers were reinforced by the reduced knowledge spillovers through 

the channel of imports. Third, research activity did not have permanent but temporary growth effects 

during that period, which may be a result of the large gyrations in output and productivity during that 

period. This may have blurred the genuine relationship between productivity growth and foreign and 

domestic research intensity. 

 
Table6. Parameter estimates of Equation (1) in the period 1875-1910. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
Tr 0.955(0.95) 0.902(1.08) 2.114(2.43)    
∆  -0.391(0.65) -0.328(0.69) -0.598(1.09)    
m    -0.347(1.20) -0.230(1.03) -0.494(1.96) 
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∆     2.972(1.16) 2.936(1.24) 3.165(1.40) 
∆lnSd 0.021(1.26) 0.051(3.64) 0.040(2.55) 0.018(1.10) 0.045(3.03) 0.043(2.65) 
∆lnSf 0.077(3.94) 0.052(2.74) 0.052(2.41) 0.067(3.38) 0.043(2.32) 0.040(1.93) 
(X/Q)d 0.007(1.02) 0.001(0.27) 0.008(1.38) 0.009(1.21) 0.002(0.42) 0.012(1.62) 
(X/Q)f -0.024(1.88) -0.017(1.42) -0.013(0.88) -0.026(1.93) -0.018(1.46) -0.014(0.87) 
m(X/Q)f 0.029(2.26) 0.052(4.12) 0.032(2.36) 0.031(2.12) 0.056(4.00) 0.035(2.54) 

 0.02 0.03 0.03 0.01 0.02 0.05 
DW 1.85 1.81 1.78 1.74 1.74 1.76 
R2(B) 0.82 0.77 0.89 0.82 0.75 0.88 
Note. See notes to Table 2. Y/Pop = per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = 
macro tariff rate, m = propensity to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the 
channel of imports, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 
 

 

 

Finally, consider the estimates over the period from 1875 to 1913 in Table 6. Only one of the estimated 

coefficients of ∆ , Tr, ∆ , and m is significant at conventional significance levels. This result is 

consistent with the results from pre-WWI estimates in the literature (Bairoch, 1972, Capie, 1994, 

Clements and Williamson, 2001, Foreman-Peck, 1995, Irwin, 2002, Irwin and Terviö, 2002, 

O’Rourke, 2000, and Vamvakidis, 2002). Furthermore, the estimates indicate that domestic and 

foreign research activity were influential for growth during that period. The estimated coefficients of 

the domestic and the foreign stock of knowledge and imports of research intensity are almost all highly 

significant.  

 Overall the estimates suggest the absence of direct productivity effects of openness over the past 

137 years except during the interwar period and the world wars during which tariff had permanent 

adverse productivity growth effects. The estimates, however, show that knowledge spillovers through 

the channel of imports were influential for growth for all periods considered. Furthermore, the 

estimates indicate that R&D intensity has permanent growth effects which are consistent with the 

predictions of Schumpeterian growth theories and the findings of Madsen (2008a).  

 
5 Sensitivity analyses 

To test for the sensitivity of the results to model specification Equation (1) is extended to allow for the 

investment ratio and the interaction between import penetration and international knowledge 

spillovers. The following two equations are estimated: 
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 ∆  ∆ ∆ ∆  

   , ,    (2) 

and 

 ∆  ∆ ∆ ∆  

   ∆ , ,   (3) 

 

where I is real non-residential investment and Y is real GDP. Equation (2) is Equation (1) augmented 

with the investment ratio to allow for transitional dynamics noting that the growth-effects of 

knowledge and knowledge spillovers are derived from growth models along their balanced growth 

paths. Equation (3) is Equation (1) augmented to allow for the interaction between import penetration 

and foreign knowledge. Following the lead of Coe and Helpman (1995) most of the subsequent 

empirical literature has included this interaction term in their regressions. Coe and Helpman (1995) 

multiplied m and lnSf to capture the role of international trade. They argued that although Sf consists of 

import weighted knowledge stocks, these weights are fractions that add up to one and, therefore, do not 

reflect openness. The weights used in this paper to construct Sf , which are based on the weighting 

scheme of Lichtenberg and van Pottelsberghe de la Potterie (1998), do not add up to one, however, 

they are influenced by import penetration as argued above. Thus, the variable  counts import 

penetration twice. Here, m and lnSf are multiplied to investigate whether knowledge spillovers through 

the channel of imports influence growth in a non-linear fashion.  

 
Table 7. Parameter estimates of Equation (2) in the period 1875-2006. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
I/Y 0.167(3.38) -0.024(0.54) 0.089(1.88) 0.212(4.38) -0.023(0.47) 0.067(1.01) 
Tr -1.276(6.59) -0.174(0.85) 0.658(2.70)    
∆  0.334(2.35) 0.068(0.48) 0.186(1.24)    
m    -0.195(2.18) 0.013(0.15) -0.076(0.84) 
∆     1.811(3.22) 2.550(4.61) 0.245(0.58) 
∆lnSd 0.030(3.14) 0.028(2.99) 0.022(2.03) 0.011(1.10) 0.018(1.99) 0.023(2.24) 
∆lnSf 0.043(9.79) 0.029(6.84) 0.027(5.84) 0.044(10.9) 0.031(7.55) 0.029(6.16) 
(X/Q)d 0.007(2.30) 0.010(3.39) 0.015(4.09) 0.014(4.81) 0.010(3.87) 0.012(3.42) 
(X/Q)f 0.005(1.90) -0.003(1.49) 0.003(1.12) 0.003(1.21) -0.002(0.78) 0.019(0.85) 
m(X/Q)f 0.016(2.07) 0.021(2.81) 0.030(4.01) 0.018(2.51) 0.024(3.24) 0.032(4.21) 

 0.01 0.02 0.03 0.02 0.03 0.02 
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DW 2.07 2.00 1.99 2.08 2.05 2.00 
R2(B) 0.91 0.79 0.88 0.89 0.79 0.88 
Note. See notes to Table 2. Y/Pop = per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = 
macro tariff rate, m = propensity to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the 
channel of imports, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 
 

The results of estimating Equation (2) are displayed in Table 7. The estimated coefficient of the 

investment ratio is only significant in the estimates where the dependent variable is per capita output, 

which suggests that I/Y is not capturing transitional dynamics but it is correlated with the labor force 

participation rate and hours worked. The parameter estimates of the other regressors are almost 

unaffected by the inclusion of the investment ratio.  

 

Table 8. Parameter estimates of Equation (3) in the period 1875-2006. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
∆ m lnSf) 0.010(1.79) 0.026(4.42) 0.012(1.82) 0.006(1.21) 0.020(3.53) 0.011(1.81) 
Tr -1.379(7.30) -0.169(0.84) 0.593(2.48)    
∆  0.379(2.55) 0.181(1.27) 0.220(1.44)    
m    -0.184(2.03) 0.001(0.02) -0.089(1.01) 
∆     1.836(3.17) 2.268(4.18) 0.231(0.39) 
∆lnSd 0.025(2.57) 0.032(3.51) 0.019(1.82) 0.003(0.26) 0.021(2.48) 0.021(2.06) 
∆lnSf 0.041(7.94) 0.021(4.44) 0.022(4.18) 0.041(9.00) 0.024(5.33) 0.025(4.62) 
(X/Q)d 0.007(2.05) 0.009(3.35) 0.015(4.09) 0.015(5.01) 0.010(3.87) 0.012(3.62) 
(X/Q)f 0.006(2.34) -0.005(2.07) 0.003(1.14) 0.005(1.59) -0.004(1.86) 0.002(0.85) 
m(X/Q)f 0.011(1.56) 0.023(3.36) 0.029(3.98) 0.011(1.65) 0.026(3.75) 0.031(4.18) 

 0.03 0.02 0.05 0.05 0.01 0.03 
DW 2.06 1.99 1.99 2.08 2.04 2.00 
R2(B) 0.92 0.81 0.88 0.89 0.79 0.88 
Note. See notes to Table 2. Y/Pop = per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = 
macro tariff rate, m = propensity to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the 
channel of imports, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 
 

The results of estimating Equation (3) are presented in Table 8. The estimated coefficient of m lnSf is 

statistically significant in most cases. Coupled with the fact that the estimated coefficient of lnSf 

remains statistically highly significant this result suggests an independent effects on growth comes 

from the import penetration. In other words, the more open is the economy, the stronger is its capacity 

to absorb knowledge that is produced elsewhere. Furthermore, the estimates suggest that the spillover 
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effect is increasing more than proportionally with import penetration since import penetration 

influence knowledge spillovers in a non-linear fashion. 

 The estimated coefficients of m(X/Q)f are highly significant in the estimates where productivity 

is measured as TFP or output per hour worked. This suggests that the capacity of a country to take 

advantage of the research intensity among its trade partners is an increasing function of import 

penetration. Note that the estimated coefficients of (X/Q)f have gone from being statistically significant 

in Table 2 to be insignificant in Table 8, which reinforces the result that the opportunity to import 

research intensity from trade partners depends positively on imports. Finally, the estimated coefficients 

of openness have hardly been affected by the inclusion of the interaction terms, which reinforces that 

the results obtained in the previous section are robust to inclusion of other control variables. 

 Finally, Equation (1) is estimated using OLS over the period from 1975 to 2006. The results, 

which are reported in Table 9, are very close to the IV estimates in Table 1. The estimated coefficients 

of Tr and ∆  (columns 1-3) are generally of low statistical significance. Only in one instance is the 

estimated coefficient of ∆  negative and significant. The estimated coefficients of m in the estimates 

in columns 4-6 are statistically insignificant, while the estimated coefficients of ∆  are positive and 

mostly statistically significant. The knowledge variables remain significant as in the other regressions. 

From these results it can be concluded that the results are fairly insensitive to whether or not 

instruments are used in the regressions. 

 

Table 9. OLS estimates of Equation (1) in the period 1875-2006. 
 1 2 3 4 5 6 
 Y/Pop TFP Y/H Y/Pop TFP Y/H 
Tr 0.010(0.30) 0.032(1.03) 0.053(1.42)    
∆  0.073(1.65) -0.053(1.29) -0.184(4.14)    

    -0.033(0.59) 0.009(0.15) -0.116(1.82) 
∆     0.174(3.37) 0.206(3.66) 0.163(2.50) 
∆lnSd 0.010(0.88) 0.022(2.47) 0.019(1.77) 0.012(1.11) 0.027(3.19) 0.018(1.68) 
∆lnSf 0.046(11.1) 0.029(6.93) 0.025(5.58) 0.042(10.6) 0.027(6.78) 0.027(5.52) 
(X/Q)d 0.016(5.06) 0.009(3.72) 0.012(3.71) 0.013(4.21) 0.010(3.78) 0.011(3.29) 
(X/Q)f 0.006(2.10) -0.003(1.29) 0.003(1.09) 0.008(2.46) -0.004(1.20) 0.006(2.05) 
m(X/Q)f 0.069(0.97) 0.022(3.00) 0.003(4.40) 0.005(0.44) 0.023(2.20) 0.014(1.26) 
DW 2.07 2.00 2.02 2.07 1.99 1.99 
R2(B) 0.88 0.81 0.89 0.89 0.82 0.88 
Note. See notes to Table 1. Y/Pop = per capita income, TFP = total factor productivity, Y/H = output per hour worked, Tr = 
macro tariff rate, m = propensity to import, Sd = domestic knowledge stock, Sf = foreign knowledge spillovers through the 
channel of imports, (X/Q)d = domestic research intensity, (X/Q)f = foreign spillovers of research intensity through the 
channel of imports. 



 25

 
 
6 Conclusion and implications of the findings 

This paper argues that simple models relating per capita GDP growth to the level of tariffs and 

openness may not uncover a genuine relationship between growth and trade barriers. This is because 

important conditional variables may be omitted from the regressions and because the interaction 

between imports and the foreign stock of technology is not allowed for in such models. Estimates in 

this paper based on a simple model relating productivity and openness confirm the findings in the 

literature that productivity growth tends to be unrelated to tariffs and the propensity to import.  

 Extending the model to allow for the influence on productivity growth of the growth in domestic 

and foreign knowledge stock and research intensity through the channel of imports changes the results 

in important ways. The estimated coefficients of openness, measured by tariff rates and import 

penetration, remained mostly insignificant, except for the period 1915-1951 during which the level of 

tariff rates had significant negative effects on productivity growth. However, openness is influential for 

productivity growth once the interaction between the propensity to import and foreign knowledge 

stock or research intensity is allowed for in the estimates. First, the estimated coefficients of the 

interaction between the propensity to import and trade-weighted research intensity were mostly highly 

significant. Second the growth in foreign knowledge through the channel of imports, was highly 

influential for productivity growth. Furthermore, the interaction between the growth in the import of 

knowledge through the channel of imports and the propensity to import was influential for growth, 

which reinforces the findings that openness is important for growth when conditioned on knowledge 

spillovers. These results are powerful because they show 1) that the positive relationship between 

imports of technology and growth is not spuriously driven by openness; and 2) that openness is not a 

virtue in its own right but that trade needs to be targeted at products that embody technological 

knowledge before a country can benefit from trade.  

Another noteworthy result is that tariff rates had markedly negative effects on growth during the 

period 1915-1951, a period that covers two depressions and two world wars. The tariff escalations over 

the period from 1916 to 1932 consequently contributed significantly to a reduction in the growth rates 

during that period. Simulations of the models suggest that tariffs reduced productivity growth by 0.7% 

on an annual basis. This figure suggests that, although the tariff escalations at the onset of the Great 

Depression contributed to the Depression, they cannot stand alone as factors that were responsible for 

the Great Depression as claimed by Meltzer (1976).  
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The findings that the interaction between the propensity to import and research intensity were 

influential for productivity growth suggest that openness can have permanent growth effects as long as 

a country’s trading partners undertake at least some research. The measure used for research intensity 

in this paper, namely patents applied for per worker, has been relatively constant over the past century. 

This implies that the increasing propensity to import since the end of WWII has increased the 

contribution of foreign research intensity to productivity growth. This may partly explain the 

productivity convergence among the OECD countries that has intensified since the end of WWII.  

The question is whether the results are limited to the OECD countries, or whether they can be 

generalized to developing countries, particularly the poorest developing countries. Coe, Hoffman, and 

Helpman (1998) find significant knowledge spillovers through the channel of imports from North to 

South, which suggests that the findings in this paper, to some extent, operate effectively for developing 

countries. However, whether the interaction between the propensity to import and research intensity 

influence growth in developing countries has thus far not been tested. A problem facing the low-

income developing countries is that they do not as yet have the educational and research related 

capacity to exploit effectively the technology that has been developed elsewhere. Future research in 

this area should shed some light on this issue. 

 

APPENDIX: Instrument variable regressions 

Table 1A shows the results from the first-stage instrumental variable regressions. The estimated 

coefficients are generally significant in the regressions in which Tr and m are measured in levels and 

the R2 are of acceptable levels. This suggests that the instruments for Tr and m are potentially useful. 

The R2 are lower side in the regressions in which ∆  and ∆  are dependent variables and most of the 

estimated coefficients are insignificant. These results suggest that the instruments used for ∆  and 

∆  are not of high quality and that they may potentially give misleading coefficient estimates of  ∆  

and ∆ . However, since the OLS estimates in Table 9 are almost identical to the IV estimates the 

potential bias introduced by the use of bad instruments is unlikely to be significant.  

 

Table A1. Absolute t-ratios associated with the instruments in the first round regression 
 Tr ∆  M ∆  
U 1.84 0.65 1.97 0.31 
∆  1.54 0.20 0.22 0.20 
∆Min 2.31 0.61 1.29 0.92 
∆Landp 2.84 1.87 2.99 0.65 
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∆Agr 0.79 0.10 1.87 1.14 
 0.36 6.19 1.42 0.74 

∆Pden 2.06 0.89 3.61 0.04 
Pop 1.03 0.50 9.22 0.15 
R2 0.32 0.21 0.47 0.29 
Notes. Pden = population density, Pop = population size, U = the rate of unemployment, Min = per capita mining GDP, 
Landp = per capita arable land, Agr = per capita agricultural production,  = the 5-year inflation rate, ∆ = five-year 
difference estimator. Time-dummies and constant terms are included in the regressions but not shown. 
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available. Canada. 1870-1900: Both types of investment are assumed to follow total non-residential 
investment in nominal prices deflated by the CPI. 1901-1925: 5-year average disaggregated into 1-year 
intervals using total non-residential investment deflated by CPI. Source: F. H. Leacy et al., , 1983, 
Historical Statistics of Canada, Ottawa: Statistics Canada. United States. A.Maddison, 1995, 
Explaining the Economic Performance of Nations, Edward Elgar. Japan. 1885-1988: A. Maddison 
,1995, op cit., Backdated to 1870 using the growth rate in total investment from A. Maddison ,1995, op 
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Research Discussion Paper 7701, Reserve Bank of Australia: Sydney. Belgium. M. van Meerten, 2003, 
Capital Formation in Belgium, 1900-1995, Leuven: Leuven University Press. Before 1900: The ratio 
of investment and GDP in 1900 multiplied by real GDP is used backdated to the data to 1870. War 
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1958, Studier Over Danmarks Nationalprodukt 1870-1950, G. E. C. Copenhagen :Gads Forlag. 
Finland. R. Hjerppe, 1989, The Finnish Economy, 1860-1985, Helsinki: Bank of Finland, Government 
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and 1921-1938: J-J. Carre P. Dubois and E. Malinvaud, 1975, French Economic Growth, Stanford: 
Stanford University Press. 1914-1921 and 1939-1949: Crude steel production adjusted. T. Liesner, 
1989, One Hundred Years of Economic Statistics, Oxford: The Economist. War damage of 2% is 
assumed each year over the periods 1914-17 and 1942-1945 following A. Maddison, 1995, op cit. 
Germany: W. Kirner, 1968, Zeitreihen fur das Anlagevermogen der Wirtschaftsbereiche in der 
Bundesreplublik Deutschland, Deutsches Institut fur Wirtschaftsforschnung, Berlin: Duncker & 
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1861-1975. Residential building investment is included in investment in buildings. Only 10-year 
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Prediction and Interpolation for Nonstationary Series with the Kalman Filter,” Journal of the American 
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1913, and A. Maddison, 1991, Dynamic Forces in Capitalist Development, Oxford: Oxford University 
Press. The USA. 1900-1949. T. Liesner,1989, op cit. 1870, 1890, and 1893: A. Maddison, 1991, op. 
cit. Japan. K. Ohkawa, et al., 1979, op. cit. Australia. 1901-1949. M. W. Butlin, 1977, op. cit. A. 
Maddison, 1991, op. cit. Belgium. 1927-35 and 1945-1949. van Meerteen, 2003, op cit. Backdated 
from 1927 using population of working age (15-64) assuming a constant labour force participation 
rate, Mitchell, 1975, op cit. Denmark. 1870-1949. Hansen, 1976, op cit. Finland.  1870-1959.  R. 
Hjerppe, 1989, op. cit. Germany. 1870-1872, 1874-1914, 1924-1940, and 1949. W. G. Hoffmann, F. 
Grumbach, and H. Hesse, 1965, Das Wachstum der Deutschen Wirtschaft seit der mitte des 19. 
Jahrhunderts, Springer-Verlag: Berlin. Italy. 1901-1949. Clark, 1957, op. cit. 1870, and 1990. 
Maddison, 1991, op. cit. Netherlands. Central Bureau voor de Statistiek, 2001, op cit. Norway. 1903-
1919. P. Flora, F. Kraus, and W. Phenning, 1987, State, Economy, and Society in Western Europe 
1815-1975, London: Macmillan. 1920-1949. C. Clark, 1957, op. cit. 1870, and 1890. Maddison, 1991, 
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imports and are from B.R. Mitchell, 1975, 1982, 1983, op cit.  
 
Land. After 1961 the data are from FAOSTAT database http://apps.fao.org/faostat. Before 1961 the 
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B.R.  Mitchell, 1988, British Historical Statistics, Cambridge: Cambridge University Press.  
 
Population. A Maddison, 1982, Phases of Capitalist Development, Oxford: Oxford University Press. 
Updated using IMF, International Financial Statistics. 
 
Tariffs. B.R. Mitchell (1975, 1982, 1983) op cit. Australia. Wray Vamplew, 1987, Australian 
Historical Statistics, New South Wales: Fairfax. Updated using OECD, Revenue Statistics, Paris.  
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Unemployment 
The data are available back to 1870 for three countries, while the data are available from the beginning 
of the 20th century for most countries. The data are interpolated by using the predicted values from 
regressing the log of real per capita GDP on the a time-trend and time-dummies using pooled cross 
section and time-series analysis for all 16 countries over the period from 1870 to 2004. The real per 
capita GDP is from A. Maddison, 1995, op cit. Over the period from 1950/1960 to 2004 the data are 
from OECD, Labour Force Statistics, Paris. The following data sources are used for the individual 
countries where the underlined numbers in parenthesis are the starting year. Canada (1916). A. 
Maddison, 1964, Economic Growth in the West. Comparative Experience in Europe and North 
America. London: George Allen & Unwin LTD. USA (1890). 1890-1930, C. Romer, 1986, “Spurious 
Volatility in Historical Unemployment Data,” Journal of Political Economy, 94, 1-37. 1931-39, M. R. 
Darby, 1976, “Three and a Half Million US Employees have been Mislead: Or, and Explanation of 
Unemployment,” Journal of Political Economy, 84, 1-16. Japan (1930). W. Galenson and A. Zellner, 
1957, Measurement and Behaviour of Unemployment, NBER, Princeton: Princeton University Press. 
Australia (1870). 1870-1920. G. Withers, T. Endres, and L. Perry, 1985, op cit. M. Keating, 1973, 
Australian Workforce and Employment 1910-11 to 1960-1, the Australian National University, 
Canberra. Belgium (1921). A. Maddison, 1964, op cit. Denmark (1903). P. J. Pedersen, 1977, 
“Langtidssammenhæng mellem Produktivitetsstigning og Beskæftigelsesgrad,” Nationaløkonomisk 
Tidsskrift, 175-192. Finland (1920). A. Maddison, 1977, “Phases of Capitalist Development,” Banca 
Nazionale del Lavoro-Quarterly Review, 121, 103-137. France (1895). W. Galenson and A. Zellner, 
1957, op cit. Germany (1887). A. Maddison, 1964, op cit. Italy (1925). A. Maddison, 1964, op cit. 
Netherlands (1870). 1870-1913. Dutch GDP and its components, 1800-1913. 1913-1950. W. Galenson 
and A. Zellner, 1957, op cit. Norway (1904). B.R. Mitchell, 1975, op cit. 1918-39. O. H. Grytten, 
1995, “The Scale of Norwegian Interwar Unemployment in International Perspective,” Scandinavian 
Economic History Review, 226-250. Spain (1932). Monthly Bulletin of Statistics, League of Nations, 
Geneva. Sweden (1914). B.R, Mitchell, 1975, op cit. 1920-1938. O. H. Grytten, 1992, 
”Arbeidsledighetens Omfang i Mellomkrigstiden”, Historisk Tidsskrift, 3. Switzerland (1926). B.R. 
Mitchell, 1975, op cit. and A. Maddison, 1964, op cit. UK (1870). C. H. Feinstein, 1976, op cit. 
 
Population. A. Maddison, 1995, op cit. From 1970: Groningen Growth and Development Centre and 
The Conference Board, Total Economy Database, January 2005, http://www.ggdc.net. 
 
Consumer prices: B. R. Mitchell, 1983, op cit , B. R. Mitchell, 1975, op cit, and B. R. Mitchell, 1982, 
op cit. 
 
Mining sector nominal value added. From 1950-2006 or 1960-2006, OECD, National Accounts, Vol 
II, Paris. Canada. 1870-1926. M. C. Urquhart, , 1986, “New Estimates of Gross National Product, 
Canada, 1870-1926: Some Implications for Canadian Development,” in S. Engermann, and R. E. 
Gallman (eds?), National Bureau of Economic Research, Studies in Income and Wealth 51: Long-Term 
Factors in American Economic Growth, Chicago: University of Chicago, 9-94. 1926-1960. T. 
Liesner,1989, op cit . USA. Mineral Resources of the US and Minerals Year Book, US Geographical 
Survey. Japan. K. Ohkawa et al., 1979, op cit. Australia: Vamplew, 1987, op cit. Belgium. Production 
of coal and steel (B.R. Mitchell, 1975, op cit.) multiplied by coal and steel prices. The total value of 
coal and steel production is spliced with the mining sector value of production in 1960. Coal prices are 
estimated using the following sources: 1870-1879. Unweighted average of the US (Historical 
Statistics, op cit. E 123-134), the Netherlands (Arthur van Riel, Constructing the nineteenth-century 
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cost of living deflator (1800-1913.), and Switzerland (Ritzmann-Blickenstorfer, 1996, op cit., H.7). 
1879-1913. Unweighted average of the US (Historical Statistics, op cit. E 123-134 and M 93-106), the 
Netherlands (Van Riel op cit.), and Switzerland (Ritzmann-Blickenstorfer, 1996, op cit., H.7). 1913-
1963. Unweighted average of the US (Historical Statistics, op cit. E 123-134 and M 93-106), and 
Switzerland (Ritzmann-Blickenstorfer, 1996, op cit., H.7). Steel prices. Historical Statistics of the 
United States: Colonial Times to 1970, 1970, op cit. E 123-134. The coal and steel prices are first 
converted to USD and thereafter to Euro’s (see below for exchange rate sources). Denmark. S.A. 
Hansen, 1976, op cit. Finland: R. Hjerppe, 1989, op cit. France. Following the method used for 
Belgium production of coal and iron (B.R. Mitchell, 1975, op cit.) multiplied by coal and iron prices. 
The sources of coal prices are discussed above. Iron prices are found as follows: 1900-1970. 
Unweighted average of US (Historical Statistics of the United States, 1970, op. cit. Table M 205-220), 
UK (B. R. Mitchell, 1988, British Historical Statistics, Cambridge: Cambridge University Press, 
Cleveland Pig Iron, Prices 20) and Canada (F. H. Leacy et al., 1983, Historical Statistics of Canada, 
Statistics Canada: Ottawa). Germany. Following the method used for Belgium for the following 
commodities: Coal, oil, iron, copper, lead, and zinc. The production of these commodities is from B.R. 
Mitchell, 1975, op cit. See under Belgium for sources of coal and iron prices. The other prices are from 
the following sources: Copper. 1970-1900. Unweighted average of wholesale prices for copper in the 
US (Historical Statistics,1970, op. cit), The Netherlands (Van Riel op cit), 
(http://www.iisg.nl/hpw/brannex.php) and Denmark ( S.A. Hansen, 1976, op cit.) 1900-1960. Bureau 
of Mines and the U.S. Geological Survey (http://minerals.usgs.gov/ds/2005/140/#data). Lead. 1870-
1900. W. H. Beveridge, 1939, Prices and Wages in England from the Twelfth Century, London: 
Longmans Green & Co, p 738. 1900-1950. Grilli, Enzo and Maw Cheng Yang, 1988, “Primary 
Commodity Prices, Manufactured Goods Prices, and the Terms of Trade in Developing Countries,” 
World Bank Economic Review, 2, 1-47. Oil. Unweighted average of the US (Historical Statistics op cit. 
M 138-142), US (before 1945) (http://www.eia.doe.gov/emeu/international/petroleu.html) and World 
spot prices (after 1945) (Arabian light), the Netherlands (Van Riel op cit), Sweden (Jonas Ljungberg, 
1990, Priser och Marknadskrafter i Sverige 1885-1969, Lund: Ekonomisk-Historiska Föreningen), and 
Switzerland (Ritzmann-Blickenstorfer, 1996, op cit., H.7). Zinc. 1870-1900. Bureau of Mines and the 
U.S. Geological Survey op cit. 1900-2005. Grilli, Enzo and Maw Cheng Yang, 1988, op cit. Italy. G. 
Fua, 1965, Notes on Italian Economic Growth 1861-1964, Milano: Mvlta Pavcis. Netherlands. Based 
on the same method and the same commodities as Belgium. Norway. Based on the same method and 
the same commodities as Belgium. Spain. Following the method used for Belgium for the following 
commodities: Coal, iron, copper and lead. See under Germany for sources. Sweden. Rodney 
Edvinsson, 2005, Growth, Accumulation, Crisis: With New Macroeconomic Data for Sweden 1800-
2000, Stockholm: Almqvist & Wiksell International. 
 
 
Exchange rates. 1950-2005. IFS. Before 1950 the following sources are used for individual countries. 
Canada. Global Financial Data. Japan. Global financial data. Australia. W. Vamplew, 1987, op cit. 
Denmark. H.C.Johansen, 1985, op cit. J.T. Klovland, 2004, “Historical exchange rate data 1819-2003,” 
Historical Monetary Statistics for Norway 1819-2003, Norges Bank Occasional Papers no. 35, Oslo, 
2004, Norges Bank. Netherlands. 1870-1913: N. W. Poathumus, 1946, Inquiry into the History of 
Prices in Holland, Leiden: Amsterdam. 1913-1950. Central Bureau voor de Statistiek, 2001, op cit. 
Norway. J.T. Klovland, 2004, op cit. Sweden. J.T. Klovland, 2004, op cit. UK. J.T. Klovland, 2004, op 
cit. 
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Agricultural sector nominal value added. From 1950-2006 or 1960-2006, OECD, National 
Accounts, Vol II, Paris. Canada. 1870-1926. M.C. Urquhart, 1986, op cit. and T. Liesner, 1989, op cit. 
USA. Historical Statistics, 1970, op cit. Japan. Kazuski, Miyohei and  Meissner, 1979, “Patterns of 
Japanese economic development: a quantitative appraisal”, London: Yale University Press. Australia. 
B. Haig, 2001, op cit. Denmark. S.A. Hansen, 1976, op cit. Finland. R. Hjerppe, 1989, op cit. France. 
P. Villa, 1993, op cit. Germany. W.J. Hoffmann et al., 1965, op cit. Italy. Fua, 1965, op cit. 
Netherlands. Central Bureau voor de Statistiek, 2001, op cit. Norway. Statistisk Sentralbyrå, 1968, op 
cit. Spain. Instituto De Estudies Fiscales, 1978, op cit. Sweden. Johansson, 1967, op cit. UK. B.R. 
Mitchell, 1988, op cit. and C.H. Feinstein, 1976, op cit.  
 



 35

 

 

References 

Aghion, Philippe, and Peter Howitt, 1998, Endogenous Growth, Cambridge, MA: MIT Press. 
 
Anderson, J E and J Peter Neary, 1992, “Trade Reform with Quotas, Partial Rent Retention, and 
Tariffs,” Econometrica, 60, 57-76. 
 
Bairoch, Paul, 1972, “Free Trade and European Economic Development in the 19th Century,” 
European Economic Review, 3, 211-245. 
 
Baldwin, Richard E and Rikard Forslid, 2000, “Trade Liberalization and Endogenous Growth: A q-
theory Approach,” Journal of International Economics, 50, 497-517. 
 
Barro, Robert J and Xavier Sala-i-Martin, 1995, Economic Growth, New York: McGraw-Hill. 
 
Ben-David, D., 1993, “Equalizing Exchange: Trade Liberalization and Income Convergence,” The 
Quarterly Journal of Economics, 108, 653-679. 
 
Capie, Forest, 1994, Tariffs and Growth: Some Insights from the World Economy, 1850-1940, 
Manchester: Manchester University Press. 
 
Clements, Michael A and Jeffrey G Williamson, 2001, “A Tariff-Growth Paradox? Protection’s Impact 
the World Around 1875-1997,” NBER Working Paper 8459. 
 
Coe, David T, and Elhanan Helpman, 1995, “International R&D Spillovers,” European Economic 
Review, 39, 859-887. 
 
Coe, David T., Elhanan Helpman, and Alexander W. Hoffmaister, 1997, “North-South R&D 
Spillovers,” Economic Journal, vol.107, no. 440, pp. 134-149. 
 
Del Barrio-Castro, Thomás, Enrique López-Bazo, Guadalupe Serrano-Dominingo, 2002, “New 
Evidence on International R&D Spillovers, Human Capital and Productivity in the OECD,” Economics 
Letters, vol. 77, no. 1, pp. 41-45. 
 
Denison, Edward F, 1967, Why Growth Rates Differ, Washington DC: Brookings Institution. 
 
Dollar, D, 1992, “Outward-Oriented Developing Economies Really Do Grow More Rapidly: Evidence 
from 95 LDCs, 1976-85,” Economic Development and Cultural Change, 40, 523-544. 
 
Edwards, Sebastian, 1993, “Openness, Trade Liberalization, and Growth in Developing Countries,” 
Journal of Economic Literature, 111, 1358-1393. 
 
Edwards, Sebastian, 1998, “Openness, Productivity and Growth: What do we Really Know?” 
Economic Journal, 108, 383-398. 



 36

 
Engelbrecht, Hans-Jürgen, 1997, “International R&D Spillovers, Human Capital and Productivity in 
the OECD Economies: An Empirical Investigation,” European Economic Review, vol. 41, no. 8, pp. 
1479-1488. 
 
Foreman-Peck, James, 1995, “A Model of later Nineteenth Century European Economic 
Development,” Revista de Historia Econòmia, 13, 441-471. 
 
Frankel, Jeffrey A and David Romer, 1999, “Does Trade Cause Growth?” American Economic 
Review, 89, 379-399. 
 
Frantzen, Dirk, 2000, “R&D, Human Capital and International Technology Spillovers: A Cross-
Country Analysis,” Scandinavian Journal of Economics, vol. 102, no.1, pp. 57-75. 
 

Griliches, Zvi, 1990, “Patent Statistics as Economic Indicators: A Survey,” Journal of Economic 
Literature, 107, 1661-1707. 
 
Grossman, Gene and Elhanan Helpman, 1991, Innovations and Growth in the Global Economy, 
Cambridge, MA: MIT Press. 
 
Guellec, Dominique and Van Pottelsberghe de la Potterie, Bruno, 2001, “The Internationalisation of 
Technology Analysis with patent Data” Research Policy, vol. 30, no. 8, pp.1253-1266. 
 
Guellec, Dominique and Bruno Van Pottelsberghe de la Potterie, 2004, “From R&D to Productivity 
Growth: Do the Institutional Setting and the Source of Funds of R&D Matter?” Oxford Bulletin of 
Economics and Statistics, vol. 66, no.3, pp. 353-378. 
 
Harrison, Ann, 1996, “Openness and Growth: A Time-Series, Cross-Country Analysis for Developing 
Countries,” Journal of Development Economics, 48, 419-447. 
 
Harrison, Ann and Gordon Hanson, 1999, “Who Gains from Trade Reform? Some Remaining 
Puzzles,” Journal of Development Economics, 50, 125-154. 
 
Howitt, Peter, 1999, “Steady Endogenous Growth with Population and R&D Growing,” Journal of 
Political Economy, 107, 715-730. 
 
Howitt, Peter, 2000, “Endogenous Growth and Cross-Country Income Differences,” American 
Economic Review, 90, 829-846. 
 
Im, K S, H Peseran and Y Shin, 2003, “Testing for Unit Roots in Heterogeneous Panels,” Journal of 
Econometrics, 115, 53-74. 
 
Irwin, Douglas A, 1998, “Changes in U.S. Tariffs: The Role of Import Prices and Commercial 
Policies,” American Economic Review, 88, 1015-1026. 
 
Irwin, Douglas A, 2002, “Interpreting the Tariff-Growth Correlation of the Late 19th Century,” 



 37

American Economic Review, Papers and Proceedings, 92, 165-169. 
 
Irwin, Douglas A and Marko Terviö, 2002, “Does Trade Raise Income? Evidence from the Twentieth 
Century,” Journal of International Economics, 58, 1-18. 
 
Jones, Charles I., 1995, “R&D Based Models of Economic Growth,” Journal of Political Economy, 
103, 759-784. 
 
Kortum, Samuel, 1997, “Research, Patenting, and Technological Change,” Econometrica, 65, 1389-
1419. 
 
Lichtenberg, Frank R and Bruno van Pottelsbergh de la Potterie, 1998, “International R&D Spillovers: 
A Comment,” European Economic Review, 42, 1483-1491. 
 
Lumenga-Neso, Olivier; Olarreaga, Marcelo; Schiff, Maurice, 2005, “On ‘Indirect’ Trade-Related 
R&D Spillovers,” European Economic Review, vol. 49, no. 7, pp. 1785-1798. 
 
Madsen, Jakob B, 2001, “Trade Barriers and the Collapse of World Trade during the Great 
Depression,” Southern Economic Journal, 67, 2001, 848-868. 
 
Madsen, Jakob B, 2007, “Technology Spillover through Trade and TFP Convergence: 135 Years of 
Evidence for the OECD Countries,” Journal of International Economics, 2007, 72, 464-480. 
 
Madsen, Jakob B, 2008a, “Semi-Endogenous Models versus Schumpeterian Theory: International 
Evidence over a Century,” Journal of Economic Growth, 13, 1-26 
 
Madsen, Jakob B, 2008b, “Economic Growth and World Exports of Ideas: A Century of Evidence,” 
Scandinavian Journal of Economics, 110, 145-167. 
 
Magee, Stephen P, William A Brock, and Leslie Young, 1989, Black Hole Tariffs and Endogenous 
Policy Theory: Political Economy in General Equilibrium, Cambridge, UK: Cambridge University 
Press. 
 
Matsuyama, Kiminori, 1992, “Agricultural Productivity, Comparative Advantage, and Economic 
Growth,” Journal of Economic Theory, 58, 317-334. 
 
Meltzer, Allan H, 1976, “Monetary and Other Explanations of the Start of the Great Depression,” 
Journal of Monetary Economics, 2, 455-471. 
 
O’Rourke, Kevin, 2000, “Tariffs and Growth in the Late 19th Century,” Economic Journal, 110, 456-
483. 
 
Pakes, Ariel and Mark Schankerman, 1984, “The Rate of Obsolescence of Patents, Research Gestation 
Lags, and the Private Rate of Return to Research Resources,” in Z Griliches (ed), R&D, Patents, and 
Productivity, Chicago: Chicago University Press. 
 



 38

Peseran, M H, 2005, “A Simple Panel Unit Root Test in the Presence of Cross Section Dependence,” 
Cambridge University DAE Working Paper # 0346. 
 
Quah, Danny and James E Rauch, 1990, “Openness and the Rate of Economic Growth,” Working 
Paper, Department of Economics, University of California, San Diego. 
 
Rivera-Batiz, Luis and Paul M Romer, 1991, “Economic Integration and Endogenous Growth,” 
Quarterly Journal of Economics, 106, 531-555. 
 
Rodrìguez, Francisco and Dani Rodrik, 2000, “Trade Policy and Economic Growth: A Sceptic’s Guide 
to Cross-National Evidence,” in B S Bernanke and K Rogoff (eds), NBER Macroeconomics Annual, 
Cambridge: MIT Press. 
 
Rodrik, Dani, 1999, The New Global Economy and Developing Countries: Making Openness Work. 
Washington: Overseas Development Council. 
 
Romer, Paul, 1990, “Endogenous Technological Change,” Journal of Political Economy, 98, S71-
S102. 
 
Romer, Paul M, 1992, “Two Strategies for Economic Development: Using Ideas and Producing Ideas,” 
World Bank Annual Conference on Economic Development, Washington DC, World Bank. 
 
Sachs, Jeffrey and Andrew Warner, 1995, “Economic Reform and the Process of Global Integration”, 
Brookings Papers on Economic Activity, No 1, 1-118. 
 
Segerstrom, Paul S., 1998, “Endogenous Growth without Scale Effects,” American Economic Review, 
88, 1290-1310. 
 
Trefler, Daniel, 1993, “Trade Liberalization and the Theory of Endogenous Protection: An 
Econometric Study of U.S. Import Policy,” Journal of Political Economy, 101, 138-160. 
 
Vamvakidis, Athanasios, 1998, “Regional Integration and Economic Growth,” The World Bank 
Economic Review, 12, 251-270. 
 
Vamvakidis, Athanasios, 2002, “How Robust is the Growth-Openness Connection? Historical 
Evidence,” Journal of Economic Growth, 7, 57-80. 
 
WIPO, 2002, 100 Years of Industrial Property Statistics.  
 
Yanikkaya, Halit, 2003, “Trade Openness and Economic Growth: A Cross-Country Empirical 
Investigation,” Journal of Development Economics, 72, 57-89. 
 
Young, Alwyn, 1998, “Growth without Scale Effects,” Journal of Political Economy, 106, 41-63. 
 


