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Abstract 

In this paper we look at international rent spillovers at the industry level with special attention 

to the effects of institutional quality on the size of these spillovers. Using the World Input-Output 

Database (WIOD), we move away from the traditional approach of using trade in intermediates for 

the estimation of international spillovers to the application of input-output linkages between 

industries in different countries. The database also covers service sectors which are of growing 

importance in terms of input-output linkages but have rarely been analysed in the literature. Looking 

at manufacturing industries, we confirm past findings of substantial productivity effects from 

international manufacturing spillovers and also find evidence for significant positive effects 

stemming from the service sector. Furthermore we analyze the effects of the institutional variables 

patent protection, corruption and law enforcement in the property rights area on the R&D activities 

within the country and spillovers from other countries. A high quality of contract enforcement and 

property rights protection is found to foster R&D activities in the country. Poor contract enforcement 

and little protection of property rights in the country of the trading partner however leads to higher 

spillovers since the reporter is able to extract more knowledge. On the other hand trading with 

partners based in countries exhibiting high corruption and bad private sector government policies is 

cumbersome and leads to negative productivity effects. 
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1. Introduction 

A vast empirical literature has evolved in the last two decades analysing the extent of spillovers 

across firms, industries and countries. The importance of this question is evident since the size of 

these technology transfers shapes the worldwide distribution of productivity. Limited diffusion likely 

leads to global divergence whereas large spillover effects promote convergence. 

The studies analysing international rent spillovers mostly follow the international spillover 

framework designed by Coe and Helpman (1995). Using import weights in order to measure the 

importance of spillover channels across trade partner countries, they find that foreign R&D has 

positive effects on domestic productivity and that the size of the spillover effect depends on the 

trade openness of the country. A notable correction of the model by Lichtenberg and van 

Pottelsberghe de la Potterie (1996) lead to an alternative construction of the foreign knowledge 

variable in the subsequent literature. Kao, Chiang and Chen (1999) later criticized the OLS estimation 

method under panel cointegration and show that alternative estimation procedures, such as Fully 

Modified OLS and Dynamic OLS have superior small-sample properties. 

At the industry level, most studies at that time were due to data limitations still restricted to the 

analysis of domestic inter-industry technology transmission (Bernstein, Nadiri, 1988; Terleckyj, 1974). 

Keller (2002) finally incorporated the analysis of domestic spillovers between industries into an 

international setting. The international spillover component is thereby constructed using trade in 

advanced intermediate goods. Input-output relations have shown to be the preferable specification 

for domestic inter-industry spillovers since they perform better than technology flow matrices, which 

indicate the usage of technology developed in other industries (Keller 2002). Keller’s findings suggest 

that the productivity effects from international and domestic spillovers are substantial and as large 

as the effects of the industries own R&D efforts. Another industry level study by Wang (2007) 

analyses trade related North-South and indirect South-South technology spillovers. The results 

clearly show that innovations from R&D transmitted via North-South trade have substantial impact 

on TFP in the South. 

The intensity of trade relations however is not the only determinant affecting the size of the 

spillover effect. Institutions are increasingly viewed as one of the key factors influencing total factor 

productivity whereby part of the effect is caused by their influence on R&D spillovers (Coe, Helpman, 

Hoffmaister, 2009). One determinant of the spillover size has been extensively discussed in the 

literature, namely the quality of educational institution which is influencing the absorptive capacity 

(Engelbrecht, 1997, 2002; Frantzen, 2000; Falvey, Foster, Greenaway, 2007). The paper by Wang 

(2007) is one of the few studies analyzing the importance of the absorptive capacity at the industry 

level. His findings suggest that increases in human capital in developing countries, proxied by the 

secondary school completion ratio of the population aged 25 and above, play a significant role in 
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facilitating spillovers. Wang states that according to the estimates, increases in human capital in 

developing countries have a much larger impact on TFP than additional spillovers from increased 

R&D in the North. 

Another important component of the institutional infrastructure is law enforcement in the 

property rights area. A recent paper by Coe, Helpman and Hoffmaister (2009) estimates the effects 

of various institutional characteristics at the country level. There are various reasons why patent 

protection is interesting to look at with respect to R&D spillovers at the industry level. First of all, lax 

law enforcement in the property rights area will decrease returns to R&D, usually leading to an 

underinvestment in this country (Kanwar, Evenson, 2003; Arora, Ceccagnoli, Cohen, 2003). On the 

other hand, the spillovers to other industries and also other countries are expected to be larger 

relative to the actual R&D investment. A major question that we are trying to answer is whether only 

the patent protection of the researching country matters or the distribution of trading partners and 

their patent protection play a role as well. Similarly the analysis will include factors as corruption and 

general policies related to private sector development. 

In this paper we will use, among other sources, the newly constructed World Input-Output 

Database (WIOD) in order to take a closer look at these rent and knowledge spillovers empirically. 

International input-output tables covering 40 countries and 35 industries will enable us to go beyond 

the traditional approach of using trade in intermediates and incorporate service trade in the analysis. 

In the baseline specification we’ll take a look at spillovers with respect to industry proximity 

measured by the input-output linkages. We’ll then include institutional variables from the World 

Governance Indicators and analyse their influence on technology spillovers. 

Section 2 provides a theoretical model, and the related empirical specification, chapter 3 gives 

an overview on the data and finally the results are presented in section 4. 

2. Theory and empirical estimation 

In our theoretical model, productivity depends upon R&D investments and technological 

improvements transmitted via trade in intermediate inputs. The output � of a country is produced 

using the inputs labour � and capital � with � denoting a positive constant. 

� � � ����	� 
(1)

The capital good is produced according to the function (following Keller, 2002) 

� � 
� � �������	��
���

�
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where ������ denotes the produced intermediate products used from country c and 

industry i. The R&D investment of a country influences �, the production function of the capital 

good. The trade in intermediate products and services allows firms to profit from more efficient 

production of goods through R&D in other countries. 

It is straightforward to extend this framework in order to split the components into intra and 

inter-industry linkages differentiated by domestic or foreign source as well as products from the 

service sector 

�� �
�
���������	� � � �������	��
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� � ���������	��
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(3)

������ are now the own-industry intermediates, followed by domestic intermediates of other 

industries ������, foreign intermediates of the same industry �������� and of those other than i 

�������� and finally products from the service sectors ��!���!�. As stated before, the production 

function � is assumed to depend upon the R&D investment as changes in productivity stem from 

innovations. Thus productivity depends upon the R&D expenditures of the industry as well as 

technological spillovers which are constructed by weighting the R&D expenditures of the source 

industry by the intermediate input share between the analysed and the source industry. This 

approach is a major improvement over the traditional spillover literature conducted at the industry 

level as it does not rely on trade data for inter-country linkages. The disadvantage of the hitherto 

existing approach is the assumption that the import structure of each industry is equal to the one of 

the whole country which obviously causes distortions in the estimation. Using the World Input 

Output Database, we are able to obtain the intermediate inputs of industry i in country c from 

industry j in country d at time t allowing us to construct the intermediate input shares %���& and 

subsequently the spillover variables. 

On this foundation we can construct the baseline specification of our model 

'()  *+,�& � -� '() ./�&! � -0 '() ./�&1 � -2 '() ./�&3! � -4 '() ./�&31 � 

 �-5 '() ./�&!678 � 9� � 9& � :�& (4)

./�&!  is simply the R&D stock of industry i, ./�&1  represents the R&D stocks of all other 

industries in country c, weighted by intermediate input shares. ./�&3!
 denotes the variable capturing 
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foreign spillovers from industry i and ./�&31
 stands for the weighted foreign R&D stocks of industries 

other than i. Finally the coefficient for ./�&!678 captures spillovers from the service sector, 9� is a set 

of interacted country and industry dummies and 9& represents the time dummies. 

./�&1 � � %��& ; .�&
�

������
 ./�&31 � � � %���& ; .��&

�
������

�
�����

 
(5)

./�&3! � � %���& ; .��&
�

�����
 ./�&!678 � � %�!�& ; .!�&

�
���

 (6)

In a next step, the baseline specification is extended with indicators on institutional quality in 

the home and the partner country. The extended specification of the model is presented in the 

following equation 

'()  *+,�& � -� '() ./�&! � -0 '() ./�&1 � -2 '() ./�&3! � -4 '() ./�&31 � 

 �-5 '() ./�&!678 � -< ��=& � -> ?@..& � -A .BC& � 

�-D '() ��=&3 � -�E '() ?@..&3 � -�� '() .BC&3 � 9� � 9& � :�& 
(7)

The foreign institutional variables are weighted by the intermediate input shares multiplied by 

the R&D conducted in the source industry. This will allow us to investigate whether institutions have 

an effect on the size of the spillover determined by the trade intensity and the R&D investment of 

the partner country. 

FGH*&3 � � FGH*�& ; � %���& ; .��&
�

���
�

�����
 

(8)

��=&, ?@..& and .BC&, the indicators for the home country are included without R&D 

interaction due to the relative stability of the indicators over time and the attached multicollinearity 

problems. 

3. Data 

In this paper we use data from 1995 to 2005 for 18 countries, which together make up for a 

large part of the world economy.
2
 The sample includes productivity, R&D and institutional data for 

                                                                        

2
  The countries in the sample are Australia, Belgium, the Czech Republic, Germany, Denmark, Finland, France, Great 

Britain, Hungary, Ireland, Italy, Japan, the Netherlands, Portugal, Slovenia, Spain, Sweden and the United States. 
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these countries as well as input-output linkages between the countries and their industries. 

Indicators from four different data sources were combined to the final dataset. 

The input/output linkages were taken from the newly constructed World Input-Output Database 

(WIOD) containing data for 40 countries and 35 industries. It allows us to not only look at 

manufacturing industries but include spillovers from service industries as well. Total factor 

productivity data based on value added was taken from the EU Klems database. The OECD STAN 

ANBERD database is the source of the R&D data. In order to make R&D investments comparable 

across time and countries, they were adjusted using purchasing power parity exchange rates and 

deflated using the gross fixed capital formation deflator taken from Eurostat. From the original R&D 

flows, stocks were constructed according to the perpetual inventory model assuming a 10% 

depreciation rate. The initial R&D stock .1 was calculated by the commonly used formula .1 � J�KLMNOP  

introduced by Griliches (1979). RINV0 denotes the R&D investment in that year, δ represents the 

depreciation rate of R&D capital and g the growth rate of the R&D investments over the analysed 

time period. 

Finally the institutional data is based on the Worldwide Governance Indicators. The aggregate 

indicators of governance are constructed using an unobserved components methodology described 

in Kaufmann et. al. (2010) and measured in units ranging from about -2.5 to 2.5, with higher values 

corresponding to better governance outcomes. Three measures were picked out which likely affect 

the R&D investment in a country. Clearly the quality of courts, contract enforcement and patent 

protection play a major role. Since R&D is a rather long-term investment, the firm has to be sure that 

the monopoly rent of the innovation outcome is not lost due to bad law enforcement in the property 

rights area. The location choices of companies which want build up human resources and the 

infrastructure to conduct R&D likely also depends upon general policies and regulations that permit 

and promote private sector development. Last but not least corruption will be analyzed as another 

innovation risk factor. 

 

 



 

Table 1 – Input-Output linkages in 2005 (input shares averaged across countries) 

production / use 15t16 17t19 20 21t22 23 24 25 26 27t28 29 30t33 34t35 36t37 

15t16 Food, Beverages and Tobacco 31.7 1.6 0.3 0.6 0.7 2.1 0.6 0.4 0.2 0.3 0.3 0.2 0.6 

17t19 Textiles, textile products, leather and footwear 0.2 37.8 0.5 0.7 0.2 0.5 1.6 0.5 0.2 0.3 0.4 0.9 5.2 

20 Wood and Products of Wood and Cork 0.4 0.3 39.4 1.9 0.8 0.3 0.9 1.2 0.6 0.4 0.3 0.5 12.8 

21t22 Pulp, Paper, Paper , Printing and Publishing 4.8 1.9 2.3 38.7 1.3 2.6 2.6 3.0 1.0 1.2 1.7 0.6 2.9 

23 Coke, Refined Petroleum and Nuclear Fuel 1.0 1.0 1.4 0.9 34.6 7.7 1.6 3.3 1.5 0.6 0.4 0.3 1.2 

24 Chemicals and Chemical Products 2.4 11.0 5.6 6.0 11.0 38.3 31.5 6.5 2.8 1.8 2.6 1.6 4.5 

25 Rubber and Plastics 3.5 2.3 2.3 2.2 1.5 2.6 16.8 2.1 1.4 3.5 3.7 5.5 5.4 

26 Other Non-Metallic Mineral 1.3 0.4 1.8 0.2 0.7 0.9 1.1 24.3 1.2 0.8 1.2 1.2 1.2 

27t28 Basic Metals and Fabricated Metal 2.8 1.7 6.5 1.5 3.1 2.3 5.7 7.1 55.3 28.4 12.7 15.5 17.2 

29 Machinery, nec 1.2 1.1 1.8 1.4 1.9 1.4 2.2 3.1 3.1 19.8 2.8 5.2 1.9 

30t33 Electrical and Optical Equipment 0.8 1.0 1.0 1.1 1.5 1.3 1.9 1.5 2.2 10.3 39.9 8.3 1.9 

34t35 Transport Equipment 0.4 1.0 0.4 0.3 0.3 0.4 0.9 0.5 0.8 2.3 1.1 35.6 1.0 

36t37 Manufacturing, nec; Recycling 0.3 1.5 1.2 0.6 0.4 0.3 1.0 1.0 3.4 0.7 0.6 1.2 9.9 

50t52 Wholesale and retail trade, repairs 21.4 17.4 14.0 13.5 15.0 11.9 12.1 13.9 9.6 10.4 10.2 9.7 13.6 

55 Hotels and Restaurants 0.8 0.7 0.7 0.8 0.7 0.8 0.7 1.0 0.6 0.7 0.8 0.4 0.7 

60t64 Transport, storage and communications 8.9 6.1 9.3 9.5 10.3 6.2 5.6 13.7 5.1 4.4 4.2 3.4 6.1 

65t67 Financial Intermediation 3.2 3.4 3.1 3.2 4.8 2.6 2.5 4.1 2.8 3.1 2.3 1.9 3.4 

70 Real Estate Activities 1.4 1.5 1.6 2.0 1.4 1.0 1.3 1.6 1.5 1.2 1.2 1.0 1.7 

71t74 Renting of Machinery & Equ. and Other Business Act. 13.2 8.2 6.8 14.9 9.9 16.9 9.4 11.3 6.6 9.9 13.7 6.9 8.7 

Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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At the centre of the analysis are the manufacturing industries. As can be seen from Table 1, 

most of the intermediate inputs of an enterprise come from other firms in same the industry. 

Another interesting observation is the relative importance of certain industries – f.e. NACE 24 

“Chemicals and Chemical Products” and NACE 27t28 “Basic Metals and Fabricated Metal” are very 

much interconnected and provide a lot of essential inputs for other industries. By exploiting the rich 

dataset we are also able to go beyond the analysis of linkages within manufacturing industries and 

investigate spillovers from the service sector. To our knowledge, an estimation of rent spillovers from 

the service sector in an international context has so far not been done. Table 1 highlights the 

importance of this undertaking as the input share of the tertiary sector amounts to around 30-50% 

for most manufacturing industries. Due to possible distortion effects, we will not consider the service 

industries “Hotels and Restaurants”, “Financial Intermediation” and “Real Estate Activities” and only 

include "Wholesale and retail trade, repairs", "Transport, storage and communications" and "Renting 

of Machinery and Equipment and Other Business Activities" with the latter including consultancy, 

legal, accounting, advertising and technical testing activities. These are also the most relevant 

industries in terms of input/output linkages. 

3.1. Stationarity and cointegration preliminaries 

Panel cointegration techniques have become widely used in the spillover literature (Coe et al., 

2009,  López-Pueyo, et al., 2008). Estimates from cointegrated panels have a number of advantages 

as they are robust to endogeneity, omitted variables and measurement error (Banerjee, 1999; 

Phillips and Moon, 2000; Baltagi and Kao, 2000). As Kao et al. (2000) pointed out in their influential 

paper, the OLS estimator is (super)consistent even under panel cointegration, but  has a second-

order asymptotic bias that leads to invalid standard errors. Alternative estimation procedures, such 

as Fully Modified OLS (FMOLS) and Dynamic OLS (DOLS) are able to construct valid t-statistics.  

Thus in a first step, the panel will be tested for unit roots and cointegration. The Im-Pesaran-

Shin test (IPS) (2003) is used In order to test for the existence of unit roots in the dataset. In contrast 

to the Levin-Lin-Chu, Harris-Tzavalis and Breitung test, it relaxes the assumption of a common rho for 

the whole panel. The null hypothesis of the test states that all panels??? have a unit root (H0: Q� � 0 ST) with the alternative hypothesis being that at least one panel is stationary. 

 Table 2 – Panel unit root test 

log(TFP) log(RDs) log(RDo) log(RDfs) log(RDfo) log(RDserv) 

1.63 1.80 4.01 -0.41 -1.99** . 

LAW CORR REG LAWf CORRf REGf 

1.56 -38.53*** -28.38*** -41.63*** -3.2e02*** -56.59*** 

The values represent W-t-bar statistics of the one-sided Im-Pesaran-Shin test (2003). The number of lags included in 

respective tests is chosen using the Akaike information criterion. . ***, ** and * denote tests being significant at a 1, 5 and 

10% level, respectively. 
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The test results indicate that the null hypothesis of stationarity cannot be rejected for 

productivity as well as all RD variables apart from ./31. For the institutional variables, the null 

hypothesis is mostly rejected and thus the fraction of stationary panels is non-zero.  

Subsequently, the Westerlund error-correction-based panel cointegration tests (Persyn, 

Westerlund, 2008) are performed to test for cointegration between log(TFP) and various spillover 

variables. The shortness of the time series with a panel of only eleven years clearly poses a problem 

for the cointegration test and the results are rather ambiguous with respect to the whole panel but 

strongly reject the null hypothesis that all time series are not cointegrated.
3
 We will therefore use 

Dynamic OLS in order to obtain valid t-statistics for our estimates. 

4. Results and Conclusions 

Table 3 presents the estimations for the empirical specifications presented in equations (4) and 

(7). In line with previous studies, the results highlight the significant productivity effects stemming 

from the industry’s own R&D as well as from international rent spillovers. Also the service sector is 

found to be a major source of spillovers. Concerning the institutional variables we find that higher 

patent protection and better quality of courts has a significant and positive influence on productivity. 

Interestingly the opposite is true when looking at the trading partner. The worse the law 

enforcement in the property right area of the partner, the more knowledge can be absorbed and the 

higher the productivity effects. On the other hand, corruption and bad private sector regulations 

make it cumbersome to trade with firms in the respective country, decreasing the productivity 

effects from spillovers of these countries given their R&D investment. 

Overall the estimations confirm the necessity to take into account institutional factors when 

trying to determine the size of the spillover effect. 

 

                                                                        

3
  Results are not included yet and available from the authors upon request. 
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Table 3 – Regression results 

Standard 

(i) 

Dom. Inst. 

(ii) 

For. Inst. 

(iii) 

All Inst. 

(iv) 

All Inst. 

(v) 

VARIABLES DOLS DOLS DOLS OLS DOLS 

β�: R&D same  

industry and country 

0.063*** 0.061*** 0.063*** 0.049*** 0.060*** 

(3.133) (2.995) (2.753) (2.710) (2.652) β0: R&D other ind., same 

country 

-0.046*** -0.053*** -0.033** -0.048*** -0.038** 

(-3.080) (-3.538) (-2.199) (-3.965) (-2.538) β2: R&D same ind., other 

country 

0.038** 0.037** 0.048** 0.059*** 0.051** 

(2.093) (2.031) (2.316) (3.523) (2.445) β4: R&D other ind. and 

country 

0.041* 0.047** 0.103*** 0.077*** 0.109*** 

(1.728) (1.989) (4.033) (3.917) (4.299) β5: R&D service ind.  0.017*** 0.017*** 0.039*** 0.024*** 0.041*** 

(3.056) (3.175) (4.606) (3.779) (4.761) β<: patent protection 

home country 
 

0.132*  0.240*** 0.301*** 

 (1.952)  (4.681) (3.505) β>: corruption home 

country 

 -0.058**  -0.047* -0.091* 

 (-2.122)  (-1.747) (-1.884) βA: private sector reg. 

home country 

 0.048  0.011 0.025 

 (1.471)  (0.372) (0.552) βD: patent prot.*R&D 

foreign countries 

  -1.281*** -0.743*** -1.325*** 

  (-4.431) (-4.134) (-4.595) β�E: corruption*R&D 

foreign countries 

  0.789*** 0.432*** 0.846*** 

  (4.355) (3.642) (4.661) β��: priv. sector reg. *R&D 

foreign cou. 

  0.436*** 0.266** 0.416** 

  (2.737) (2.340) (2.560) 

Country*Industry yes yes yes yes yes 

Time yes yes yes yes yes 

Observations 1,584 1,584 1,408 1,760 1,408 

R-squared 0.822 0.824 0.875 0.823 0.877 

t-statistics in parentheses. The dependent variable is ln(TFP). Coefficients are estimated using ordinary least squares (OLS) 

with robust standard errors and dynamic ordinary least squares (DOLS) with one lead and lag of the differenced R&D and 

foreign institutional variables. ***, ** and * denote coefficients being significantly different from zero at a 1, 5 and 10% 

level, respectively. 
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