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Abstract	

Despite the fact that Research and Development (R&D) activities are carried out in most 
countries in public research institutes such as universities and public research organisations, 
there have been few studies that attempted to estimate the economic impact of such public 
investment in R&D. In this paper we analyse the relations between total factor productivity 
(TFP) and R&D as well as GDP for a set of 17 OECD countries using a vector-error-correction 
model (VECM). We find that for the period 1975-2014, investment in public R&D has had a 
clearly positive effect on TFP growth in the majority of countries analysed. In simulations 
allowing for a permanent positive shock on public R&D, we observe a strong dynamic 
complementarity between the public and private (domestic) stocks of R&D for a number of 
countries. In countries where this complementarity is strong, the TFP effect of extra public R&D 
investments is also strong. We also show that the share of foreign funding of R&D performed in 
the business sector combined with a high business R&D intensity, tends to be low in countries 
with high complementarity between private and public R&D. On the other hand, the share of 
basic R&D in business R&D combined with a higher public R&D intensity, tends to be higher in 
countries with strong complementarity.  

 

Keywords: R&D policy; public R&D investment; economic effects of R&D; vector-error-
correction model. 

JEL	Codes: O38, O30, H4 
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1. Introduction	
 
The literature on the economic impact of investments in Research and Development (R&D) on 
economic growth and productivity focuses mostly on the R&D investments carried out by 
private firms (Hall et al., 2010). Although many public policies address these private R&D 
investments, e.g. through the provision of subsidies and tax credits, the largest part of Science 
and Technology policy consists of the provision of R&D by entities working in the public sector 
such as universities and (semi-)public research organisations (PROs). Surprisingly, this form of 
R&D support has received far less attention in the econometric literature, although there are a 
number of studies that have tried to estimate the economic impact of such public R&D 
investments.  
 
In the current study, we provide new estimations of the economic impact of public R&D 
investments using a more comprehensive methodological approach that also includes private 
R&D investment. Our approach starts from the recognition that the institutional differences 
between countries in the provision of public R&D, reflected e.g. in the “national innovation 
systems” (Soete et al., 2010) concept, are significant, even in a set of developed countries such 
as the OECD countries, most of which we are analysing here. One may think of the importance 
given to military versus civilian R&D, or the institutional differences in the set-up of public R&D, 
e.g., whether universities are fully autonomous or government controlled (see Aghion et al., 
2010), or the predominance and funding structure of PRO’s which are likely to differ 
significantly between countries. From an economic point of view, differences will exist in the 
international openness of the country, and the type of role that the government plays (laissez 
faire vs. more directive). Although one will not be able to estimate the effect of all these 
differences individually, the essence of the approach chosen here is to allow these country 
factors to have an impact on how public investment in R&D affects productivity and economic 
growth. We therefore adopt a time series approach for individual countries to estimate the 
impact of public (and private) research investments. Contrary to most other econometric 
studies that pool data from various countries under the assumption that the estimated effects 
do not differ between countries, our approach ensures that the economic effects of R&D (public 
as well as private) that we estimate are specific to the institutional setting and economic 
structure of each country. Using this approach allows us also to focus more closely on the 
interaction between the various kinds of public, private, domestic and foreign R&D allowing for 
a much richer kind of dynamics in the ways in which R&D affects productivity and GDP in a 
country. 
 
 
In the next section, we briefly review the literature, putting special emphasis to those studies 
that argue why a country specific estimation methodology is particularly appropriate when 
attempting to measure the economic impact of R&D. In Section 3, we provide a broad empirical 
overview of national R&D systems across the global economy. Here we use data on a much 
broader set of countries than the OECD countries subject to the detailed econometric analysis 
performed in Section 4. The purpose of Section 3 is to provide useful background information 
on the nature of the set of countries that will be used in the remainder of the paper.  
 
Section 4 explains the econometric approach and the underlying data that are the basis of the 
country-level estimations on the relation between productivity and public R&D. Section 5 
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presents simulation effects for a permanent domestic shock in public R&D investment. These 
results represent the core of our findings about the impact of private and public R&D on 
productivity growth. The section also provides an interpretation of what drives the observed 
differences between countries in terms of the productivity effect of the public R&D policy shock. 
Section 6 summarises the analysis and outcomes. Detailed model estimations by country are 
available in an online appendix. 
 
 
2. A	brief	literature	review	
	
Only a small number of econometric studies have attempted to estimate the economic impact of 
public investment in R&D for different high-income countries, such as the OECD. Until recently, 
a broad consensus, based largely on a study carried out by Guellec and van Pottelsberghe de la 
Potterie (2004), concluded that the rate of return to public R&D expenditures was high. The 
Guellec and van Pottelsberghe de la Potterie (2004) study analysed a panel of 16 OECD 
countries, using, among others, an error-correction model to estimate the impact of public and 
private R&D on Total Factor Productivity (TFP). The model they applied assumed identical 
coefficients for all 16 countries in the analysis.  
 
Guellec and van Pottelsberghe obtained output elasticity for business (private) R&D in OECD 
countries over the period 1980-98 equal to 13% and increasing over time. For public research, 
they found that the long-term elasticity of government and university-performed research was 
even higher: around 17%.1 Their study also highlighted the importance of “foreign” R&D 
activities for many countries, particularly the smaller OECD countries in their sample. The 
impact of received “cross-border” spillovers appeared e.g. much higher for smaller countries 
than for larger ones, reflecting the higher shares of international co-publication and co-
patenting of smaller nations. To achieve such benefits though, the smaller country would over 
time need to become more R&D intensive and more specialised.  
 
A recent study by Van Elk et al. (2019), also based on cross-country analysis but using R&D data 
going back to 1963, arrived at rather different conclusions on the economic returns to public 
R&D. Their results depended strongly on the specific model used in the estimations. They 
implemented three classes of econometric models: (i) a Cobb-Douglas production function, (ii) a 
translog production function, and (iii) an “augmented” production function as proposed by 
Khan and Luintel (2006). In the “raw” Cobb-Douglas estimations, none of the R&D measures 
appeared significant. In the error-correction model (ECM) version of the Cobb-Douglas model, 
private R&D had a positive impact, but public R&D had a negative, often not significant impact. 
In the translog model, results varied widely depending on the exact implementation of the 
profit-maximisation conditions. In the “augmented” model based on Khan and Luintel, the 
impact of public R&D appeared overall positive. Only in this latter “augmented” model which 
now allowed indirectly for different rates of return of public (and private) R&D between 
countries, did the impact of public R&D appear robustly positive. The estimates showed that 
public R&D had widely different impacts between countries.  
	

                                                            
1 Within that, the effect of universities was again higher, possibly because in some countries, government 
laboratories had primarily non-economic objectives such as supporting defense. 
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It is the Van Elk et al. (2019) paper which inspired us to have a closer look at the ways in which 
public R&D has a different impact between a set of similar high-income countries. The paper 
that is methodologically closest to our approach is Luintel and Khan (2004). As we will do 
below, they applied a vector-error-correction model (VECM) and related TFP to foreign and 
domestic R&D, following an earlier paper by Coe and Helpman (1995). They did not consider 
public R&D explicitly, but provided separate estimates for total (domestic) R&D and for private 
(domestic) R&D. In their results for 10 OECD countries, they found less significant effects for 
business R&D than for total domestic R&D. One might interpret this as suggesting that non-
business, i.e. public R&D, might play a strong role.  
 
Bottazzi and Peri (2007) also used a VECM approach, but their interest focused primarily on the 
way R&D might explain the dynamics of patents as indicator of ideas, rather than productivity 
(TFP). They also did not deal explicitly with the economic impact of public R&D expenditures. 
They used R&D employment rather than R&D expenditures data.2  We do not follow this 
approach as we believe that the broader measures of total R&D costs as reflected in the use of 
R&D expenditures and of TFP as the direct measure of productivity rather than the indirect one 
of patents appear more adequate and are also more in line with the empirical literature in this 
area (see Hall et al. 2010).  
 
In the Khan and Luintel (2006) article no error-correction approach was followed. Instead, they 
adopted a generalised production function model in which the intercepts and slopes were 
allowed to differ between countries. To allow for variation in the slopes of the R&D variables 
per country, they constructed interaction terms of a range of variables such as Foreign Direct 
Investment and the share of high-tech industries in exports, with the country-specific averages 
of the knowledge stock variables. The heterogeneity of country-specific regression coefficients 
that resulted from this exercise were then related to the variety of the interaction variables. In 
such an approach, it is, however, not possible to analyse potential feedbacks from productivity 
on the left-hand side of the equation to the knowledge stocks and the various dynamic 
interactions between the knowledge stocks, productivity, and output on the right hand side.3 In 
short, this particular approach excludes indirect effects from the analysis, which is an important 
drawback.  
 
The existence of complementarities between public and private R&D is a particularly crucial 
topic when trying to estimate the impact of public (or private) R&D. If public R&D stimulates 
private R&D, there are direct and indirect effects of such public R&D investments. Jaumotte and 
Pain (2005a, 2005b) analysed e.g. 19 OECD countries over a 20-year period up to 2001 and 
found evidence of significant complementarity between public sector and business sector R&D. 
They argued that such complementarities more than offset any negative effect from the extra 

                                                            
2 This is rather crucial as Bottazzi and Peri (2007) support the semi-endogenous growth approach in line 
with Jones (1995), who emphasised the strong growth in the numbers of researchers to defend his semi-
endogenous growth approach, whereas e.g. Ha and Howitt (2007) emphasised the constancy of R&D 
expenditure (as a % of GDP) and TFP growth in favour of fully-endogenous growth approaches. 
3 This is important because it is well known from basic macroeconomics that impact effects may vanish 
after a system of equations has run through the various rounds of adjustment. The most well-known 
example is probably the ineffectiveness of fiscal policy in the Mundell-Fleming model under the special 
assumption of flexible exchange rates and perfect capital mobility. For our purpose here, this empirically 
controversial result is not important, but the theoretical possibility highlights the need for more empirical 
analyses of indirect and feedback effects in this area. 
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public R&D investments on the labour costs in the business R&D sector. They found that “an 
increase of one standard deviation in the share of non-business R&D in GDP (an increase of 0.06 
percentage points for the average economy) raises business sector R&D by over 7% and total 
patenting by close to 4%.” (Jaumotte and Pain 2005b, p.38). In a similar vein, Falk (2006) 
showed that the R&D of universities triggered additional business R&D in a panel of 21 OECD 
countries. And in research presented by Cohen et al. (2002) using microeconomic data, it was 
shown that for US manufacturing firms the influence of public research on industrial R&D 
appeared disproportionately greater for larger firms as well as for start-ups. 
  
One dimension of complementarity between public and private investment in research arises 
from the attraction it exerts on internationally mobile R&D, what could be called a domestic 
R&D ‘crowding-in’ effect. Factors such as the prospect of high-quality collaborators, recruitment 
opportunities, and the presence of a local knowledge cluster, often accompanied by an 
infrastructure for knowledge and technology transfer, feature variously in such studies 
(Cassiman and Veugelers 2002). The overall message is that particularly for small countries, a 
high quality research base will attract international R&D. The same factors will encourage 
domestic companies to retain and expand their R&D investments domestically. A positive 
impact of foreign R&D on productivity has been confirmed through country-panel analyses by 
Luintel and Khan (2004), and Khan and Luintel (2006). More recent evidence on a large country 
such as the UK, found that besides public sector financed R&D also foreign R&D had a significant 
impact on TFP growth (see e.g. Haskel and Wallis, 2010).  
 
Summarising, when estimating the economic impact of public R&D, it is rather important to 
account for the heterogeneity between countries, and for the possible (indirect) effects of the 
interactions between the main variables involved (public R&D, private R&D, foreign R&D and 
productivity). The VECM approach, when applied to a single country, incorporates these 
aspects. Because it exploits the time series nature of the data rather than the cross-section, it 
will yield country-specific effects, and the modelling of interactions between the variables 
comes naturally with the approach because all variables are considered endogenous and 
impacting on each other.  
To our knowledge, the present study following on from the pilot exercise carried out in 2019 on 
The Netherlands (Soete et al. 2020) is the first one to adopt this more appropriate VECM 
approach in trying to estimate the impact of public R&D at a broad internationally comparative 
level.  
 
3. Research	and	development:	a	global	outlook	
Before presenting estimations on the economic impact of public R&D investment, we take a 
brief descriptive look at a few basic dimensions of what can be considered to be the national 
R&D “system” in a country (Freeman, 1995). Based on available national R&D data, the 
following indicators exist for an increasingly large number of countries (41) as collected by the 
OECD. These include the absolute size or scale of the R&D performed in a country (small 
countries vs large countries), the intensity of R&D activities (compared to GDP), the relative 
contributions of the private and public sectors, the relative importance of different kinds of 
actors in the public sector (universities, public research organisations), the interaction between 
the public and private sector and interactions with foreign actors (in terms of funding).  
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Table 1 presents the descriptive statistics (average and standard deviation) on the indicators 
that catch these dimensions. There is one observation per country, in most cases 2010. The 
table distinguishes also between the 41 countries and the 17 OECD countries for which time 
series data are available and will be the subject of the econometric analysis presented in the 
next section. In Table 1 equality of averages between the 41 countries and the 17 sample OECD 
countries are tested with a t-test, and we observe significant differences (mostly at 1% level) for 
eight of twelve indicators.  
 
 
Table	1.	Summary	statistics	on	national	R&D	systems,	41	countries,	approximately	2010	

 41 countries 17 sample countries 
Av. Stdev Av. t-test 

Share of business sector in total R&D (perf.) 0.569 0.142 0.617 -2.086** 
Share of HE in non-business R&D (perf.) 0.600 0.169 0.689 -3.280*** 
Share of gov. sector in non-business R&D (perf.) 0.361 0.183 0.270 3.176*** 
Share of business funding in R&D perf. by HE 0.067 0.065 0.051   1.453 
Share of gov. funding in R&D perf. by business 0.099 0.106 0.068 1.821* 
Share of foreign funding in R&D perf. by business 0.093 0.095 0.106 -0.787 
Share of foreign funding in R&D perf. by HE 0.062 0.055 0.051 1.141 
Natural log of R&D perf. by business 8.421 1.782 9.364 -3.289*** 
Natural log of R&D perf. by non-business 8.125 1.513 8.868 -2.951*** 
R&D perf. by business as a share of GDP 0.012 0.008 0.014 -2.085** 
R&D perf. by non-business as a share of GDP 0.007 0.002 0.008 -3.510*** 
Share of basic R&D in R&D perf. by business 0.057 0.033 0.055 0.329 
Note: t-test indicates t-statistic for H0 that average of the variable are equal for countries in  and not in 
the sample (not in sample average minus in sample average); the t-test assumes unequal variances 
between the groups; one, two and three stars denote significance at 1%, 5% and 10% in a 2-sided test. 

 

The 17 OECD countries are more R&D intensive (R&D as a share of GDP) than the reference 
group of all countries: 2.2% for the sample countries vs. 1.9% for the total group. Splitting R&D-
intensity into business and non-business, the sample countries are significantly higher in both 
categories. R&D performed by the business sector is the majority share in the total group and is 
somewhat larger (significantly so) in the sample group. Within the non-business sector, higher 
education (HE) is the largest share, in the total group, and again this share is significantly higher 
in the sample countries. The share of the government sector in non-business R&D is lower in the 
sample countries. The share of government funding in business R&D is lower in the sample 
group, although this is significant only at the 10% level. The scale of R&D (indicated by the log of 
R&D expenditures) is higher in the sample group than in the total group. This holds both, for 
business R&D and non-business R&D. Summarising, our sample countries tend to be large and 
intensive R&D performers and have a relatively high importance of the higher education sector.  

 

4. Econometric	model,	data	and	estimation	

4.1.	The	vector‐error‐correction	model	(VECM)	
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The vector-error-correction model (VECM) represents a standard approach in the time series 
econometric literature. It allows for non-stationarity in the data and incorporates multi-way 
interaction between all (endogenous) variables in the model. The models that we will apply 
here do not have any exogenous variables, except an intercept and a time trend in most cases. In 
formal terms, the VECM consists of two main parts that correspond to the long and the short 
run. The long-run part consists of a number of so-called co-integrating equations, which take the 
general form  

𝛽 𝑦 𝜇 𝑡 𝑐 0, 𝑘 1, … , 𝑟 

Here y is an endogenous variable, t indicates the time period (in our case annual), and  and  
are parameters that are estimated. Subscripts refer either to time (t), to a variable index (j), or 
to the specific co-integrating equation (k), and 𝑐  its intercept. We have to put restrictions on 
the s, e.g., in each of the co-integrating equations one of the s will be equal to (minus) unity, 
and some will be equal to zero. How many co-integrating equations a model of a certain 
dimension (number of endogenous variables) has, is determined by empirical tests. 
 
The short-run part of the model is a vector-autoregressive (VAR) model in first differences of 
the variables. This has one equation for each of the M endogenous variables in the model, as 
follows: 

Δ𝑦 𝛾 ∆𝑦 𝛼 Ε 𝜀 𝑐 , 𝑖 1, … ,𝑀 

Thus, each equation in the VAR part has the first difference of an endogenous variable as the 
dependent variable and includes lagged endogenous variables as explanatory variables. 𝜀  is a 
white noise error term added for estimation purposes. Ε  is a so-called error term (as before, k	
=	1,…,	r is an index that points to the kth co-integrating equation), which is defined from the co-
integrating equations in the following way 

Ε 𝛽 𝑦 𝜇 𝑡 𝑐  

Thus, if co-integrating equation k is in long-run equilibrium – i.e., it is satisfied exactly – the 
error term Ε  is equal to zero. Out of long-run equilibrium, the error term may either be 
negative or positive. The value of the parameters , together with 𝛾 if lagged differences are 
present, determines whether the system is stable. For example, if all s are negative (but > -1), a 
state in which the endogenous variables overshoot their long-run equilibrium (positive Ε s) is 
more likely to revert to equilibrium.  
 
Because adjustment to equilibrium occurs at different speed in each of the equations of this 
vector-error-correction model, and because the long-run equations may contain a variety of 
relationships between the variables (s), the system may display very different dynamic 
adjustment paths between countries. If lagged differences are present, different parameters 
have a similar effect.   
 
We estimate the VECM for each country using Eviews 10. The estimation procedure involves 
determining the number of lags in the VAR part (indicated by ), and the number (r ≤ M) of 
co-integrating equations (indicated by k	=1,..,r	 above), which appear in each equation i. These 
are determined by running the statistical tests available in Eviews, and we will report the values 
used in the estimations for each country below. Estimation also involves putting restrictions on 
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the s in the co-integrating equations, and possibly on the s in the VAR part. Eviews will put 
necessary restrictions on the s, but sometimes we impose additional ones, or different ones. 4 
The s are not restricted by default, but, again, sometimes, we do impose restrictions. We 
document the cases where such additional restrictions (to zero or unity) were used below, and 
the models that are ultimately used, including the specific restrictions that were used, in an 
online appendix. 
 
4.2.	Variables	and	data5	
	
The model for each country includes a potential of six endogenous variables: total factor 
productivity (TFP, denoted by A), GDP (denoted by Y), the domestic public R&D capital stock 
(G), the domestic private R&D capital stock (P), the foreign public R&D capital stock (G*) and the 
foreign private R&D capital stock (P*). For some countries, where a 6-variables model turns out 
to be unstable or where the fit of such a model is inferior, we exclude GDP and estimate the 
model with just five variables. All variables are specified as natural logs (log or ln), and TFP 
(non-log) is normalised to unity for 2011.  
 
Our approach assumes that all variables in the model affect each other mutually, and therefore 
are endogenous, going beyond the assumptions of Luintel and Khan (2004) where foreign R&D 
is weakly exogenous (receiving no feedback effects) and Haskel and Wallis (2010) where it is 
fully exogenous. This implies that we also assume that variables for each individual country, for 
which we estimate a model, may affect the foreign R&D stocks. In other words, we treat every 
country as a “large” country, as in imperfect competition theory.6 However, the estimations may 
still show that the effect of the variables in an individual country on the foreign R&D capital 
stocks is negligible, suggesting instead a “small country” effect.7 

                                                            
4 The matrices α and β have M rows and r	(≤	M) columns. In the second equation above, we have αβ’, 
which has M rows and r columns. This vector product is identified through the estimation. As αβ’ = αIβ’= 
α(Q’)-1Q’β’, for any (r,r) matrix Q that has an inverse, the vector β is only identified if Q is determined by r2 
restrictions, which implies that its inverse is also determined. Eviews uses the Johansen default β = (Ir,r , 
βM-r,M), which means that the upper part of the matrix β is restricted to be an (r,r) identity matrix until the 
user imposes other r2 restrictions. All this is purely technical and has no impact on any of the results 
(estimation of short-term coefficients, baseline simulation, shock analysis) unless additional restrictions 
are imposed, e.g., if some coefficients are statistically insignificant (Pesaran 2015 ch.22.5). However, to 
get an economically convincing matrix β, the estimated coefficients also have to be statistically significant 
and economically plausible. The number r of cointegrating equations is found using Johansen’s trace and 
maximum eigenvalue tests. 
5 Variable descriptions below draw on our earlier paper for the Netherlands (Soete at al., 2020). 
6 According to basic microeconomics, under fixed costs and therefore imperfect competition, firms are 
price setters and there are no small countries in the sense of being price takers (Helpman and Krugman 
1989). In the literature on SMEs (small and medium enterprises) firms are defined as small in line with 
convenient statistical indicators (see Loveman and Sengenberger 1991). Firms that are small according to 
these indicators will normally have some fixed costs and by implication they have to determine their 
prices; in other words, some firms, which are defined as small according to the SME literature, are not 
small according to the microeconomic definition. We use the definitions of microeconomics and 
international trade theory. In terms of examples, when Philips and Siemens both decide to specialise in 
health technology, they will observe each other irrespective of the geographical size of their countries of 
location.  
7 Estimation results suggest that the foreign R&D stocks are endogenous in the model. However, we also 
estimated a model in which the two foreign R&D stock variables are considered as exogenous. In this 
model, which we do not document to save space, a permanent shock on public R&D (implemented in the 
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Data are an updated version of those in van Elk et al. (2019), using more recent sources that 
extend the time period to 2014. GDP and TFP are from the Penn World Tables (version 9.0; 
Feenstra et al. 2015). We use the national accounts version (RGDPNA) for GDP; the TFP variable 
uses data on employment that is not augmented with the human capital index that is available 
in PWT.  
 
R&D data come from the OECD, and as in the case of van Elk et al. (2019), we use older versions 
of the OECD database kept at UNU-MERIT to extend the coverage of R&D data back into the 
1960s. Gaps in the R&D data are filled by interpolating R&D intensity (R&D as a share of GDP) 
and using GDP data to recover the implied R&D expenditures. The time series for R&D 
expenditures are then converted into R&D capital stocks, to represent the idea that it is not only 
current R&D expenditures that influence productivity, but rather the accumulated knowledge 
that results from present and past R&D expenditures. It is also assumed that this accumulated 
knowledge depreciates (we use a rate of 15% as common in the literature, Hall et al. 2010). We 
use a perpetual inventory method to construct the stocks: St = (1-0.15)St‐1+Rt, where S is the 
stock and R is current expenditure.8 We apply this to both public and private R&D, yielding a 
stock for both types of R&D. Private R&D expenditures are expenditures by business 
enterprises, public R&D expenditures are total domestic expenditures minus business 
enterprise expenditures (higher education and public labs are the largest categories of public 
expenditures defined in this way).9  
 
The foreign R&D capital stocks, private and public, are distance-weighted averages of the stocks 
of countries in the sample of van Elk et al. (2019), excluding the country for which the model is 
estimated. Using patent applications as weights instead, as Khan and Luintel (2006) do, would 
have meant that one had to deal with the strong structural change in the data for the period 
2000-2010.10 The broad discussion of this issue in Hall et al. (2010) does not lead to any better 
alternative than our choice. 
 
 
 
4.3.	Summary	of	the	estimated	models 

Table 2 documents the summaries of the models that we estimated, as well as the countries in 
the analysis. The fully detailed documentation of all models is given in the online appendix to 
the paper. Of the 17 countries, there are two for which we exclude GDP from the analysis 

                                                                                                                                                                                         
in the same way as our scenario 1 below) has a positive impact on TFP, but additional private R&D 
(implemented in the same way as our scenario 3 below) has a slightly negative effect. 
8 We also need to assume a value for the growth rate of the stock for the initial period. This is chosen to 
minimise the difference between the initial growth rate and the next one that results from the formula. In 
contrast, Khan and Luintel (2006) use the average growth rate over the sample of the flow variables, 
which is intuitively less likely to represent the initial rate required by the PIM. With little difference in the 
intensities noticed by the authors, stock differences (emphasised on p.12 of their paper) must be highly 
sensitive to the method constructing the initial value. As depreciation is also a common rate, the 
sensitivity comes from the chosen growth rate. 
9 Lucas (1988) points out that even in the richest private universities in the USA half of the money comes 
from governments. 
10 For example, UK applications by nonresidents dropped by 20% in 2005/6. They do so even more 
strongly for Croatia and several other countries in connection with changes in their relation to the EPO. 
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(Ireland and the USA11). In these cases, the model contains five endogenous variables. In all 
other cases, the model contains six endogenous variables. In one case (Sweden), we use the first 
difference of the domestic private R&D stock. The periods for which we estimate the model 
depend on data availability. We always start in the mid- to late 1960s or early 1970s, and the 
final observation is 2014 except for the USA where it is 2013 (because of data availability).  

We determine the number of lags to use by estimating a VAR and testing for optimal lag length. 
The number of lags used in the VECM, shown in Table 2, is equal to the number of lags in the 
VAR minus one. This varies between four and zero. The VAR with the optimal lag length is 
tested for stability. If the VAR is unstable, we exclude the lag length and carry out a new lag 
length test. Finally, we also test the VECM that has a certain number of co-integrating or long-
term equations for stability. 

 

Table	2.	Summary	characteristics	of	the	estimated	models	

Country	 GDP	included?	
Estimation	
period	

#	lags	
used*	

#	LR	
equations	
used	

Austria Yes 1969-2014 2 5 
Belgium Yes 1968-2014 1 4 
Canada Yes 1971-2014 0 5 
Denmark Yes 1968-2014 1 4 
Finland Yes 1971-2014 1 5 
France Yes 1964-2014 0 5 
Germany Yes 1973-2014 2 4 
Ireland No 1965-2014 1 3 
Italy Yes 1966-2014 2 5 
Japan Yes 1965-2014 1 3 
Netherlands Yes 1968-2014 0 4 
Norway Yes 1971-2014 1 3 
Portugal Yes 1965-2014 1 5 
Spain Yes 1967-2014 0 5 
Sweden** Yes 1969-2014 1 3 
United Kingdom Yes 1966-2014 2 4 
USA No 1966-2013 2 4 
Notes: 
* Number of lags used in the VECM. 
** In the estimation for Sweden, the first difference of the domestic private R&D stock is used. 
LR equations means long-run equations or cointegrating equations. 
Restrictions indicated as LR are in the LR equations, restrictions indicated as ADJ are on the adjustment 
coefficient multiplied to the long-term relations. 
 
 

The minimum number of co-integrating equations is three, the maximum is five, but never six, 
and thereby smaller than the number of variables. Note that with six co-integrating equations 
and six endogenous variables, the VECM reduces to a VAR model in log-levels; this case does not 
appear in this paper. Details of these models are again available in the online appendix. We also  

                                                            
11 When GDP is included, we get a very low adjusted R-squared for the growth equation of the USA, and 
instability of the VECMs for Ireland. 
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impose additional or alternative restrictions in all models. In case of restrictions in the co-
integrating equations, this is either because we because we find three to five long-term relation 
rather than six, or to exclude statistically insignificant variables, and because one of the 
coefficients can be normalised to unity.12 In case of restrictions on the adjustment coefficients, 
this is usually to exclude statistically insignificant feedbacks from disequilibrium error terms. 

When the model estimation is fixed, we stochastically simulate the model for a baseline solution. 
This baseline solution approximates the data, and can be seen as the model’s summary of the 
economic reality. The baseline solutions, along with the actual data are documented in graphical 
format in the online appendix. 

 
5. The	economic	impact	of	public	R&D	
 
We now proceed to analyse the economic effects of public and private R&D in the 17 countries 
under analysis. This is done by simulations that analyse the effects of an exogenous shock to the 
R&D capital stock variables. When these variables are shocked, they will invoke deviations from 
long-run equilibrium (the co-integrating equations in the model). These deviations will lead to 
adjustment dynamics in the short run (non-zero error terms and their repercussions in the VAR 
part of the models). Given that the estimated models are all stable, the economy will, over time, 
show an adjustment path that ultimately leads to a new long-run equilibrium, in which the 
shock may have caused some changes relative to the original equilibrium state. Coming close to 
a new equilibrium may take long periods (decades), and therefore we look at the adjustment 
paths rather than the equilibria in isolation of the adjustment path. These adjustment paths are 
considered as the (causal) effects of the original shocks, i.e., as the economic effects of public or 
private R&D (depending on which variables were shocked in the first place). 
 
We analyse the effect of permanent shocks to the R&D stock variables. We will implement this 
by adding 0.005 to the intercept of the short-run equation for an R&D stocks, ci in the model 
above, either the domestic public or the domestic private stock. For example, in the model for 
Canada, the intercept of the VAR equation for the domestic public R&D stock is estimated at 
0.022, and we add 0.005 to this. By doing this, we effectively increase the growth rate of this 
stock by half a percent annually. This is implemented for all years from 1975 onwards. We then 
stochastically solve the model with this new intercept, for the same period as was used in the 
estimation and compare the time paths that were generated to the baseline simulation. 
Deviations from the baseline will occur from 1975 onwards, when the shock is first 
implemented. We document these deviations in graphical form below. What we document in the 
graphs is deviations from the baseline where both the baseline and the alternative scenario 
have all variables specified in logs. Therefore, the deviations can be interpreted as percent 
deviations from the baseline. 
 

                                                            
12 In addition, if there are r long-term relation, identification requires that there are r constraints in each 
of the r long-term relations; see also footnote 5. In the standard version, one variable has a unit coefficient 
and r‐1 have a zero constraint. In the case of M variables, there are only M‐r variables for which we get an 
estimate of the coefficient and the standard error. This limits the freedom of adding control variables in 
the specification. It is a major difference between long-term relations in VECMs and other forms of 
regression analysis. 
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In interpreting the results of the shocks in public and private R&D stocks, we may expect both 
negative and positive effects on productivity. This is in line with the analysis in, e.g., Jones and 
Williams (1998), who apply a theoretical “new growth” approach that is based on a knowledge 
production function with various types of externalities. In this knowledge production function, 
knowledge is measured in terms of the number of “ideas”. New ideas are generated with two 
inputs: R&D and existing knowledge (again measured in terms of ideas). There are various 
kinds of externalities that are involved in the knowledge production process, some of them 
negative, and some positive. One externality is the fact that knowledge itself is an input in the 
generation of new knowledge. This is a positive externality and is an important factor in 
enabling endogenous growth.  
 
Negative externalities may arise from duplication of research efforts, from a “fishing out” effect, 
and from “creative destruction”. Duplication arises because firms, universities and other 
research organisations may chase the same research goals, without pooling resources or 
cooperating otherwise. The private benefits to such competing research projects will fall to 
whoever reaches the goal first, while the investment of the other contestants in the race will be 
(largely) lost. Fishing out refers to the notion that some ideas are easier to develop than others, 
and that over time, the harder to implement ideas remain the ones to be discovered, thus 
requiring higher R&D effort. Finally, creative destruction refers to the idea that new ideas may 
make older ones obsolete, and hence may destroy rents that previous innovators are collecting. 
 
As is well known from new growth theory (e.g., Jones and Williams, 1998), if positive 
externalities dominate, there will be a tendency for the economy to underperform in terms of 
R&D and growth, while if the negative externalities dominate, there will be tendency for too 
much investment in R&D. Although the distinction between private and social rates of return is 
not our main concern in this paper, the existence of negative spillovers (outweighing the 
positive ones), also opens up the possibility of R&D investments that reduce productivity rather 
than enhance it.  
 
Spillovers may also run through the labour market. If researchers are well allocated to public 
and private R&D, additional (public) R&D expenditure will drive up the wages of researchers. 
This may affect private R&D (which could even decline if wages increase strongly), leading to 
unpredictable net effects on productivity.  
 
 
5.1.	A	permanent	shock	on	domestic	public	R&D	
 
In our policy simulations experiments, we look at the effects of the permanent shock in G, the 
domestic public R&D stock. Figure 1, Figure 2 and Figure 3 document the simulation results for 
the 17 countries in the analysis. These figures show the deviations from baseline for all (five or 
six) variables in the analysis. There are 12 countries (i.e., a large majority in the set of 17) in 
which there is a positive effect on TFP, but also five countries in which the effect on TFP is 
negative. These five countries are the UK, Spain, Ireland, France and Canada. In France, it is not 
only TFP that falls below the baseline, also the public R&D stock itself is negatively affected. 
Norway, Finland, Japan, Germany and Portugal have the highest TFP effect: in these countries 
the average yearly effect is larger than 0.1. 
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Y	      1 
 
 
 
The conclusion from these country level results is that there is a large variety between countries 
in terms of how public R&D affects productivity. The effect of a permanent shock on domestic 
public R&D is positive for the majority of countries, but not for all of them. This raises the 
question whether there is any way in which we can interpret and better understand the variety 
in results obtained. Why is it that some countries have large positive effects, and others are 
characterised by effects that are close to zero or even slightly negative?  
 
However, this raises a next question: why does the specific interaction between public and 
private R&D lead to a positive productivity impact in one country, and to a lack of impact, or 
even negative impact, in another country. We try to provide an answer to this question by going 
back to the indicators of the R&D systems in our sample countries that we introduced in Section 
3.  
 
5.2.	What	drives	the	differences	in	productivity	effects	of	public	R&D?	
 
Our core hypothesis is that the differences in productivity and other effects that result from the 
country level estimations are related to unobserved characteristics of the innovation systems in 
the countries analysed. Although unobserved in a direct sense, we can learn something about 
these differences by observing some of the key correlation coefficients in Table 3, and relating 
them back to the R&D indicators used in Section 3.  
 
Figure 5 presents scatterplots between three main outcome variables in the simulations: the 
effects of the policy shocks on public R&D, on private (business) R&D and on TFP. These effects 
are measured as average log-differences over the simulation time period. The top part of the 
figure shows the relation between the public R&D effect and the private R&D effect. These 
effects are both positive in 10 countries, and both negative in one country, France. This 
indicates that in these countries, public and private R&D are complementary: a positive shock 
on public R&D leads to more private R&D. However, in the six other countries, public and 
private R&D appear as substitutes: a positive shock on public R&D leads to a decline of the 
private R&D stock. These six countries are coloured red in Figure 5. 
 
In the bottom panel of the figure, we see the relation between the two R&D effects and the TFP 
effect. On the left, it can clearly be seen that countries with complementarity between public and 
private R&D tend to have a positive TFP effect. There are five countries with a negative TFP 
effect in the simulations, and four of those are countries where private and public R&D appear 
as substitutes. France is the only country with complementarity that also has a negative TFP 
effect, but this seems to be related to the result that the effect of the policy shock on public R&D 
is negative in France. All other countries (than France) with complementarity have a positive 
TFP effect. 
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excluded were the share of the government sector in non-business R&D (because this is highly 
correlated, by definition, to the share of higher education in non-business R&D), and the scale 
(natural log) of business and non-business R&D (because the variable share of business sector 
in total R&D is correlated strongly to the ratio of these two variables). Instead of these last two 
scale variables, we included a single scale variable, defined as the natural log of total R&D in the 
country. All variables were z-scored.  
 
As it turns out, dropping variables in this way, up to where we have only two variables left, 
improves, or leaves unaffected, the ability of the estimated model to correctly classifies the data. 
This ability is assessed using the so-called “leaving-one-out” classification table. Each 
observation (country) is, in turn, left out of the estimation, and then the estimated model is used 
to classify the country that was left out. We document two final models, one with four variables, 
and one with just two variables. Both of these models mis-classify two (of 17) countries. Models 
that include five or more variables mis-classify at least three countries, while a model with just 
one variable mis-classifies five countries. In the ultimate models, the two countries that are mis-
classified are Norway (shows complementarity and is classified as substitution) and Spain 
(shows substitution and is classified as complementarity). 
 
Table	4	.	Canonical	discriminant	analysis	for	complementarity	between	public	and	
private	R&D	

	 Standardised	canonical	
coefficients	

Variable	 Model	1	 Model	2	
Share of foreign funding in R&D performed by business -1.22 -1.27 
Share of basic R&D in R&D performed by business 1.12 1.04 
R&D performed by business as a share of GDP -0.19  
R&D performed by non-business sector as a share of GDP 0.41  
Canonical correlation  
(eigenvalue) 

0.799 
(1.768) 

0.784  
(1.593) 

F  
(p-value) 

5.304 
(0.0107) 

11.153 
(0.0013) 

Number of countries mis-classified (“leave-out-one”) 2 2 
 

Table 4 shows the results for the canonical discriminant analysis. In both models in the table, 
the share of foreign funding of R&D performed in the business sector has a negative impact on a 
country being classified complementary, and the share of basic R&D in R&D performed by 
business has a positive impact.14 Both of these variables correspond to basic intuition. A higher 
share of foreign funding in business R&D makes domestic R&D more “footloose” and 
disconnects it from the domestic public R&D institutions. Firms performing basic R&D makes 
them more compatible with public R&D performers, which also tend to do much basic R&D. 

The two other variables in the table are the intensity (share of GDP) of public and private R&D. 
These variables do not add much to the classification (their canonical coefficients are small, and 
the model with two variables classifies just as well as the model with four variables). 
Nevertheless, public R&D intensity leads to complementarity, while business R&D intensity has 
the reverse effect.  
                                                            
14 Higher values of the canonical functions in the table lead countries to be classified as complementary. 
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6. Summary	and	conclusions	
	
We presented individual country estimations of an econometric times series model (a Vector-
Error-Correction Model) for the impact of public R&D investment on total factor productivity. 
Our choice to look at individual countries rather than at a pooled dataset was motivated by the 
expectation (based on previous econometric results such as in Khan and Luintel, 2006) that the 
effects of especially public R&D would be highly country specific and cannot be estimated by a 
single effect in a pooled dataset. Our approach also has the advantage of allowing for multi-
directional endogeneity between the variables, thus allowing for a richer dynamics based on 
various types of feedback between R&D and other variables.  
 
The simulation results of a permanent shock to public R&D suggest that this will increase the 
growth rate of TFP (and GDP) in a majority of countries, but that there are also countries in 
which such extra public R&D investment has small effects, or leads even to lower productivity. 
We attribute this variety in results by the different importance of positive vs. negative 
externalities of R&D in the different countries. There is a relatively strong effect on productivity 
of the complementarity between public and private domestic R&D investments: i.e. when the 
public R&D shock leads to extra private R&D, the effect on productivity is stronger. This works 
through the incentives that public R&D gives to firms to increase their own R&D investment.  
 
The results suggest that national R&D systems have an impact on the nature of the economic 
effects of investment in public (and private) R&D. Specifically, we find that the more firms are 
involved in basic research, the higher complementarity between private and public R&D is, and 
the higher complementarity, the higher the productivity effect of public R&D. Similarly, the 
more foreign funding of private R&D, the weaker complementarity, and the weaker the 
productivity effect of public R&D.  
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Austria	

 
Sample (adjusted): 1969 2014     
Included observations: 46 after adjustments    
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(4,2)=0, A(3,5)=0, A(3,2)=0, A(4,1)=0, A(4,3)=0, A(3,3)=0, A(2,1)=0, A(3,4)=0, B(1,1)=1, B(1,3)=0, B(1,4)=0, 
B(1,5)=0, B(1,6)=0, B(2,1)=0, B(2,2)=1, B(2,5)=0, B(2,4)=0, B(2,6)=0, B(3,1)=0, B(3,2)=0, B(3,3)=1, B(3,5)=0, 
B(3,6)=0, B(4,2)=0, B(4,1)=0, B(4,3)=0, B(4,4)=1, B(4,5)=0, B(5,1)=0, B(5,2)=0, B(5,3)=0, B(5,4)=0, B(5,5)=1 
Convergence achieved after 60 iterations.    
Restrictions identify all cointegrating vectors   
LR test for binding restrictions (rank = 5):    
Chi-square(8)  1.949333      
Probability  0.982526      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4 CointEq5  

AUTLGDP(-1)  1.000000  0.000000  0.000000  0.000000  0.000000  
       

AUTLTFP(-1) -1.350757  1.000000  0.000000  0.000000  0.000000  
  (0.03752)      
 [-36.0004]      
       

AUTLBERDST(-1)  0.000000 -1.338654  1.000000  0.000000  0.000000  
   (0.02331)     
  [-57.4285]     
       

AUTLPUBST(-1)  0.000000  0.000000 -0.215071  1.000000  0.000000  
    (0.01143)    
   [-18.8115]    
       

AUTLFBERDST(-1)  0.000000  0.000000  0.000000  0.000000  1.000000  
       

AUTLFPUBST(-1)  0.000000  0.000000  0.000000 -3.367861 -2.014266  
     (0.21362)  (0.10783)  
    [-15.7655] [-18.6805]  
       

@TREND(63) -0.007298  0.064463 -0.046615  0.048355  0.018047  
  (0.00112)  (0.00411)  (0.00246)  (0.00631)  (0.00336)  
 [-6.53157] [ 15.6879] [-18.9223] [ 7.66626] [ 5.37325]  
       

C -12.19768  10.39504 -5.841378  33.50408  12.01236  

Error Correction: D(AUTLGDP) D(AUTLTFP) 
D(AUTLBERD

ST) 
D(AUTLPUBS

T) 
D(AUTLFBER

DST) 
D(AUTLFPUB

ST) 

CointEq1 -0.471419  0.000000 -0.136886  0.000000 -0.600841  0.115184 
  (0.13626)  (0.00000)  (0.04164)  (0.00000)  (0.10005)  (0.07051) 
 [-3.45973] [NA] [-3.28765] [NA] [-6.00570] [ 1.63370] 
       

CointEq2 -1.153344 -0.658025  0.000000  0.000000 -0.296568  0.174216 
  (0.18980)  (0.15649)  (0.00000)  (0.00000)  (0.08647)  (0.05712) 
 [-6.07675] [-4.20488] [NA] [NA] [-3.42956] [ 3.05013] 
       

CointEq3 -1.334686 -0.766786  0.000000  0.000000 -0.271907  0.291692 
  (0.26127)  (0.22439)  (0.00000)  (0.00000)  (0.11063)  (0.07174) 
 [-5.10837] [-3.41717] [NA] [NA] [-2.45785] [ 4.06577] 
       

CointEq4 -0.454488 -0.286601  0.000000 -0.179991  0.032482  0.023298 
  (0.07807)  (0.07212)  (0.00000)  (0.04091)  (0.02715)  (0.01646) 
 [-5.82161] [-3.97393] [NA] [-4.39977] [ 1.19650] [ 1.41544] 
       

CointEq5  0.921952  0.860203  0.000000  0.097378 -0.102931  0.127221 
  (0.19243)  (0.17449)  (0.00000)  (0.05041)  (0.07143)  (0.04448) 
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 [ 4.79113] [ 4.92969] [NA] [ 1.93173] [-1.44094] [ 2.86003] 
       

D(AUTLGDP(-1)) -0.754744 -0.682712  0.289300 -0.008195  0.454931  0.024345 
  (0.85719)  (0.75901)  (0.48722)  (0.61814)  (0.19862)  (0.12663) 
 [-0.88048] [-0.89948] [ 0.59377] [-0.01326] [ 2.29042] [ 0.19226] 
       

D(AUTLGDP(-2)) -0.512474 -0.471412 -0.101277  0.091577  0.281435  0.007837 
  (0.68919)  (0.61025)  (0.39173)  (0.49699)  (0.15969)  (0.10181) 
 [-0.74359] [-0.77249] [-0.25854] [ 0.18427] [ 1.76234] [ 0.07698] 
       

D(AUTLTFP(-1))  0.816625  0.431506 -0.367719  0.226942 -0.383320 -0.098784 
  (0.89215)  (0.78996)  (0.50709)  (0.64335)  (0.20672)  (0.13179) 
 [ 0.91534] [ 0.54624] [-0.72515] [ 0.35275] [-1.85426] [-0.74956] 
       

D(AUTLTFP(-2))  0.339659  0.237919 -0.008814 -0.132046 -0.263535 -0.008977 
  (0.75260)  (0.66640)  (0.42778)  (0.54272)  (0.17439)  (0.11118) 
 [ 0.45131] [ 0.35702] [-0.02060] [-0.24331] [-1.51119] [-0.08074] 
       

D(AUTLBERDST(-1))  0.877422  0.644039  0.521171 -0.415850 -0.017740 -0.089946 
  (0.48528)  (0.42970)  (0.27583)  (0.34995)  (0.11245)  (0.07169) 
 [ 1.80806] [ 1.49882] [ 1.88945] [-1.18832] [-0.15776] [-1.25472] 
       

D(AUTLBERDST(-2))  0.723030  0.395698  0.126962  0.603557  0.032115 -0.179525 
  (0.51127)  (0.45271)  (0.29060)  (0.36869)  (0.11847)  (0.07553) 
 [ 1.41419] [ 0.87407] [ 0.43689] [ 1.63705] [ 0.27109] [-2.37701] 
       

D(AUTLPUBST(-1)) -0.092592 -0.097951 -0.397376  0.656740  0.055058 -0.080056 
  (0.24612)  (0.21793)  (0.13990)  (0.17749)  (0.05703)  (0.03636) 
 [-0.37620] [-0.44945] [-2.84052] [ 3.70025] [ 0.96541] [-2.20189] 
       

D(AUTLPUBST(-2))  0.214332  0.111425  0.211998  0.059377 -0.023540 -0.006986 
  (0.21116)  (0.18697)  (0.12002)  (0.15227)  (0.04893)  (0.03119) 
 [ 1.01502] [ 0.59593] [ 1.76632] [ 0.38994] [-0.48111] [-0.22396] 
       

D(AUTLFBERDST(-1))  1.238199  1.004277  0.049975  0.313154  0.705853 -0.161957 
  (0.84968)  (0.75236)  (0.48295)  (0.61272)  (0.19688)  (0.12552) 
 [ 1.45726] [ 1.33484] [ 0.10348] [ 0.51109] [ 3.58515] [-1.29033] 
       

D(AUTLFBERDST(-2)) -2.953543 -2.705883 -0.226065 -0.086188 -0.145401  0.009741 
  (1.01548)  (0.89917)  (0.57719)  (0.73228)  (0.23530)  (0.15001) 
 [-2.90852] [-3.00932] [-0.39166] [-0.11770] [-0.61794] [ 0.06494] 
       

D(AUTLFPUBST(-1))  0.027293 -0.194708 -0.146127  0.753138  0.285040  0.568341 
  (1.01124)  (0.89541)  (0.57478)  (0.72922)  (0.23432)  (0.14938) 
 [ 0.02699] [-0.21745] [-0.25423] [ 1.03280] [ 1.21647] [ 3.80464] 
       

D(AUTLFPUBST(-2)) -0.502508  0.207543 -0.131956 -1.789270 -0.722783 -0.077252 
  (1.00642)  (0.89115)  (0.57204)  (0.72575)  (0.23320)  (0.14867) 
 [-0.49930] [ 0.23289] [-0.23068] [-2.46541] [-3.09938] [-0.51962] 
       

C  0.013662  0.025009  0.046226  0.025030  0.014016  0.042620 
  (0.06781)  (0.06004)  (0.03854)  (0.04890)  (0.01571)  (0.01002) 
 [ 0.20147] [ 0.41651] [ 1.19933] [ 0.51186] [ 0.89203] [ 4.25464] 

R-squared  0.744810  0.730005  0.834584  0.925953  0.958869  0.968751 
Adj. R-squared  0.589873  0.566079  0.734153  0.880995  0.933896  0.949778 
Sum sq. resids  0.004453  0.003491  0.001439  0.002316  0.000239  9.72E-05 
S.E. equation  0.012611  0.011166  0.007168  0.009094  0.002922  0.001863 
F-statistic  4.807190  4.453264  8.310012  20.59625  38.39690  51.05973 
Log likelihood  147.3146  152.9104  173.3019  162.3543  214.5781  235.2863 
Akaike AIC -5.622374 -5.865670 -6.752255 -6.276274 -8.546875 -9.447230 
Schwarz SC -4.906819 -5.150114 -6.036700 -5.560718 -7.831320 -8.731675 
Mean dependent  0.025027  0.008807  0.065846  0.049102  0.034678  0.030165 
S.D. dependent  0.019692  0.016951  0.013902  0.026361  0.011365  0.008313 

Determinant resid covariance (dof adj.)  1.70E-29     
Determinant resid covariance  8.66E-31     
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Log likelihood  1199.721     
Akaike information criterion -45.94439     
Schwarz criterion -40.25970     
Number of coefficients  143     
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Belgium	

 
Sample: 1968 2014     
Included observations: 47     
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(3,2)=0, A(3,1)=0, A(6,1)=0, A(6,3)=0, A(2,4)=0, A(2,3)=0, A(3,3)=0, A(5,3)=0,  A(5,2)=0, A(5,4)=0, 
A(3,4)=0,B(1,3)=1, B(1,2)=0,B(1,4)=0,   B(1,5)=0, B(1,6)=0, B(2,3)=0, B(2,5)=0,  B(2,1)=1, B(2,4)=0, B(2,6)=0, 
B(3,3)=0, B(3,5)=1, B(3,6)=0,B(3,1)=0,  B(4,2)=0, B(4,4)=0, B(4,6)=1,B(4,3)=0, 
Convergence achieved after 1124 iterations.    
Restrictions identify all cointegrating vectors   
LR test for binding restrictions (rank = 4):    
Chi-square(13)  16.04683      
Probability  0.246610      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4   

BELLPUBST(-1)  0.320184  1.000000  0.000000 -0.911835   
  (0.02838)    (0.04955)   
 [ 11.2833]   [-18.4006]   
       

BELLBERDST(-1)  0.000000  1.045679 -4.303222  0.000000   
   (0.08229)  (0.42308)    
  [ 12.7068] [-10.1713]    
       

BELLFPUBST(-1)  1.000000  0.000000  0.000000  0.000000   
       

BELLFBERDST(-1)  0.000000  0.000000  3.828950  0.000000   
    (0.32808)    
   [ 11.6708]    
       

BELLTFP(-1)  0.000000  0.000000  1.000000 -1.578792   
     (0.05482)   
    [-28.8019]   
       

BELLGDP(-1)  0.000000  0.000000  0.000000  1.000000   
       

@TREND(63) -0.051989 -0.095879  0.045346  0.035902   
  (0.00269)  (0.00560)  (0.01638)  (0.00411)   
 [-19.3472] [-17.1126] [ 2.76758] [ 8.74400]   
       

C -14.39554 -16.26771 -11.88943 -5.506622   

Error Correction: 
D(BELLPUBS

T) 
D(BELLBERD

ST) 
D(BELLFPUB

ST) 
D(BELLFBER

DST) D(BELLTFP) D(BELLGDP) 

CointEq1  0.540737  0.222629  0.000000  0.129715  0.086516  0.000000 
  (0.06603)  (0.05733)  (0.00000)  (0.03977)  (0.02819)  (0.00000) 
 [ 8.18953] [ 3.88325] [NA] [ 3.26158] [ 3.06908] [NA] 
       

CointEq2 -0.194630 -0.097592  0.000000 -0.216478  0.000000 -0.149031 
  (0.05403)  (0.03173)  (0.00000)  (0.03249)  (0.00000)  (0.03667) 
 [-3.60251] [-3.07523] [NA] [-6.66224] [NA] [-4.06356] 
       

CointEq3 -0.031395  0.000000  0.000000 -0.050958  0.000000  0.000000 
  (0.01221)  (0.00000)  (0.00000)  (0.00724)  (0.00000)  (0.00000) 
 [-2.57168] [NA] [NA] [-7.03586] [NA] [NA] 
       

CointEq4  0.146687  0.000000  0.000000 -0.166083  0.000000 -0.225157 
  (0.04833)  (0.00000)  (0.00000)  (0.02879)  (0.00000)  (0.04781) 
 [ 3.03531] [NA] [NA] [-5.76850] [NA] [-4.70930] 
       

D(BELLPUBST(-1))  0.825231  0.087772  0.055286 -0.008826  0.276483 -0.067102 
  (0.10784)  (0.09711)  (0.04192)  (0.04866)  (0.23580)  (0.29710) 
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 [ 7.65211] [ 0.90379] [ 1.31872] [-0.18138] [ 1.17252] [-0.22586] 
       

D(BELLBERDST(-1)) -0.172036  0.719555 -0.091784 -0.051721 -0.241148 -0.153133 
  (0.11587)  (0.10435)  (0.04505)  (0.05229)  (0.25336)  (0.31922) 
 [-1.48468] [ 6.89582] [-2.03758] [-0.98921] [-0.95180] [-0.47971] 
       

D(BELLFPUBST(-1)) -0.286159 -0.578012  0.609163  0.161766  0.303123  0.932140 
  (0.34809)  (0.31346)  (0.13532)  (0.15707)  (0.76111)  (0.95897) 
 [-0.82208] [-1.84395] [ 4.50164] [ 1.02991] [ 0.39826] [ 0.97202] 
       

D(BELLFBERDST(-1))  0.856307  0.385107  0.104495  0.918861  0.038447  0.332211 
  (0.22057)  (0.19863)  (0.08575)  (0.09953)  (0.48228)  (0.60766) 
 [ 3.88223] [ 1.93884] [ 1.21865] [ 9.23224] [ 0.07972] [ 0.54671] 
       

D(BELLTFP(-1))  0.155925  0.051334 -0.092434 -0.091516 -0.276359 -0.324168 
  (0.19621)  (0.17669)  (0.07628)  (0.08853)  (0.42901)  (0.54054) 
 [ 0.79469] [ 0.29053] [-1.21184] [-1.03367] [-0.64417] [-0.59971] 
       

D(BELLGDP(-1)) -0.075476 -0.118654  0.092287  0.109085 -0.068457  0.100988 
  (0.16016)  (0.14423)  (0.06226)  (0.07227)  (0.35019)  (0.44123) 
 [-0.47126] [-0.82269] [ 1.48224] [ 1.50944] [-0.19548] [ 0.22888] 
       

C -0.009433  0.016440  0.008606 -0.002388  0.005628 -0.008272 
  (0.01347)  (0.01213)  (0.00524)  (0.00608)  (0.02945)  (0.03710) 
 [-0.70039] [ 1.35551] [ 1.64377] [-0.39298] [ 0.19112] [-0.22295] 

R-squared  0.904751  0.895450  0.930726  0.947543  0.482722  0.350969 
Adj. R-squared  0.878293  0.866408  0.911484  0.932971  0.339033  0.170683 
Sum sq. resids  0.001515  0.001229  0.000229  0.000308  0.007244  0.011499 
S.E. equation  0.006488  0.005842  0.002522  0.002927  0.014185  0.017873 
F-statistic  34.19574  30.83326  48.36792  65.02734  3.359505  1.946730 
Log likelihood  176.3557  181.2807  220.7626  213.7577  139.5872  128.7265 
Akaike AIC -7.036411 -7.245987 -8.926067 -8.627986 -5.471794 -5.009638 
Schwarz SC -6.603398 -6.812974 -8.493054 -8.194972 -5.038781 -4.576624 
Mean dependent  0.028540  0.042486  0.030533  0.034698  0.009871  0.023610 
S.D. dependent  0.018596  0.015984  0.008477  0.011307  0.017448  0.019626 

Determinant resid covariance (dof adj.)  1.15E-28     
Determinant resid covariance  2.32E-29     
Log likelihood  1145.055     
Akaike information criterion -44.72575     
Schwarz criterion -41.02545     
Number of coefficients  94     
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Canada	

 
Sample (adjusted): 1971 2014     
Included observations: 44 after adjustments    
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(1,4)=0, A(4,1)=0, A(4,3)=0, A(5,5)=0,A(2,4)=0, A(3,5)=0, A(3,4)=0, A(5,3)=0,B(1,1)=1, B(1,3)=0, B(1,4)=0, B(1,5)=0, 
B(1,6)=0, B(2,2)=0, B(2,3)=1, B(2,4)=0, B(2,5)=0, B(2,6)=0, B(3,1)=0, B(3,2)=0, B(3,3)=1, B(3,5)=0, B(3,6)=0, B(4,1)=0, 
B(4,2)=0, B(4,3)=0, B(4,4)=1, B(4,6)=0, B(5,1)=0, B(5,2)=0, B(5,3)=0, B(5,4)=0, B(5,5)=1 
Convergence achieved after 1890 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 5):     
Chi-square(8)  4.003969      
Probability  0.856765      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4 CointEq5  

CANLFBERDST(-1)  1.000000 -1.862284  0.000000  0.000000  0.000000  
   (0.01365)     
  [-136.383]     
       

CANLFPUBST(-1) -0.170251  0.000000  0.000000  0.000000  0.000000  
  (0.01284)      
 [-13.2610]      
       

CANLPUBST(-1)  0.000000  1.000000  1.000000  0.000000  0.000000  
       

CANLGDP(-1)  0.000000  0.000000 -0.181181  1.000000  0.000000  
    (0.01309)    
   [-13.8371]    
       

CANLTFP(-1)  0.000000  0.000000  0.000000 -0.542655  1.000000  
     (0.09432)   
    [-5.75364]   
       

CANLBERDST(-1)  0.000000  0.000000  0.000000  0.000000 -0.265537  
      (0.02178)  
     [-12.1910]  
       

@TREND(63) -0.022988  0.014488 -0.032668 -0.021259  0.007909  
  (0.00087)  (0.00247)  (0.00110)  (0.00049)  (0.00126)  
 [-26.4486] [ 5.85586] [-29.6076] [-43.3394] [ 6.25964]  
       

C -10.84530  14.68999 -7.045523 -12.99533  2.606370  

Error Correction: 
D(CANLFBERD

ST) 
D(CANLFPUBS

T) 
D(CANLPUBST

) D(CANLGDP) D(CANLTFP) 
D(CANLBERDS

T) 

CointEq1  2.137026  1.833795  1.975360  0.000000 -0.177586  4.588441 
  (0.25854)  (0.18290)  (0.29453)  (0.00000)  (0.03451)  (0.55051) 
 [ 8.26567] [ 10.0263] [ 6.70684] [NA] [-5.14568] [ 8.33495] 
       

CointEq2  1.208461  0.937209  0.962220 -0.075948 -0.102220  2.541599 
  (0.13581)  (0.09552)  (0.14858)  (0.01706)  (0.01435)  (0.28927) 
 [ 8.89797] [ 9.81216] [ 6.47632] [-4.45306] [-7.12499] [ 8.78612] 
       

CointEq3 -1.204673 -0.856771 -0.947953  0.000000  0.000000 -2.668404 
  (0.12754)  (0.08949)  (0.13770)  (0.00000)  (0.00000)  (0.27372) 
 [-9.44556] [-9.57389] [-6.88441] [NA] [NA] [-9.74877] 
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CointEq4  0.000000  0.000000  0.000000 -0.487700 -0.415137 -0.426260 
  (0.00000)  (0.00000)  (0.00000)  (0.08958)  (0.05398)  (0.08483) 
 [NA] [NA] [NA] [-5.44459] [-7.69105] [-5.02479] 
       

CointEq5 -0.290217 -0.135327  0.000000  0.272698  0.000000 -0.344492 
  (0.05479)  (0.03327)  (0.00000)  (0.06544)  (0.00000)  (0.11286) 
 [-5.29726] [-4.06788] [NA] [ 4.16739] [NA] [-3.05251] 
       

C  0.031809  0.028381  0.021512  0.027736  0.003170  0.042200 
  (0.00105)  (0.00067)  (0.00117)  (0.00252)  (0.00144)  (0.00189) 
 [ 30.2677] [ 42.1332] [ 18.3574] [ 11.0102] [ 2.20246] [ 22.2823] 

R-squared  0.735782  0.724768  0.872795  0.410803  0.565905  0.850681 
Adj. R-squared  0.701016  0.688553  0.856058  0.333277  0.508787  0.831034 
Sum sq. resids  0.001847  0.000759  0.002296  0.010610  0.003463  0.005997 
S.E. equation  0.006971  0.004468  0.007773  0.016710  0.009547  0.012563 
F-statistic  21.16407  20.01302  52.14622  5.298906  9.907675  43.29785 
Log likelihood  159.2954  178.8660  154.5027  120.8291  145.4609  133.3811 
Akaike AIC -6.967973 -7.857544 -6.750123 -5.219506 -6.339130 -5.790050 
Schwarz SC -6.724674 -7.614245 -6.506825 -4.976207 -6.095831 -5.546752 
Mean dependent  0.031809  0.028381  0.021512  0.027736  0.003170  0.042200 
S.D. dependent  0.012749  0.008006  0.020489  0.020465  0.013621  0.030562 

Determinant resid covariance (dof adj.)  2.58E-26     
Determinant resid covariance  1.07E-26     
Log likelihood  940.0443     
Akaike information criterion -39.50201     
Schwarz criterion -36.62298     
Number of coefficients  71     
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Denmark	

 
 Sample: 1968 2014     
 Included observations: 47     
 Standard errors in ( ) & t-statistics in [ ]   

Cointegration Restrictions:      
      A(2,2)=0, A(6,3)=0,  A(6,2)=0, B(3,7)=0, B(2,7)=0, B(1,7)=0, A(5,1)=0, A(3,1)=0, A(4,2)=0, A(2,4)=0, A(4,4)=0, 
A(1,2)=0, A(2,1)=0, B(1,2)=1,B(1,3)=0,B(1,4)=0, B(1,6)=0, B(2,1)=0, B(2,3)=1,  B(2,4)=0, B(2,5)=0, B(3,1)=0, 
B(3,3)=0, B(3,4)=1, B(3,6)=0, B(4,3)=0, B(4,4)=0, B(4,5)=0, B(4,6)=1 
Convergence achieved after 236 iterations.    
Restrictions identify all cointegrating vectors   
LR test for binding restrictions (rank = 4):    
Chi-square(13)  9.162801      
Probability  0.760540      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4   

DNKLTFP(-1)  1.767577  0.000000  0.000000 -1.527507   
  (0.25428)    (0.11271)   
 [ 6.95117]   [-13.5528]   
       

DNKLPUBST(-1)  1.000000 -1.418282  1.986776 -0.480171   
   (0.09291)  (0.18666)  (0.05041)   
  [-15.2645] [ 10.6437] [-9.52525]   
       

DNKLBERDST(-1)  0.000000  1.000000  0.000000  0.000000   
       

DNKLFBERDST(-1)  0.000000  0.000000  1.000000  0.000000   
       

DNKLFPUBST(-1) -1.917784  0.000000 -3.946659  0.000000   
  (0.08207)   (0.24231)    
 [-23.3681]  [-16.2874]    
       

DNKLGDP(-1)  0.000000 -0.629663  0.000000  1.000000   
   (0.16774)     
  [-3.75383]     
       

@TREND(63)  0.000000  0.000000  0.000000  0.011610   
     (0.00169)   
    [ 6.87041]   
       

C  16.74792  10.77280  20.91444 -8.313745   

Error Correction: D(DNKLTFP) 
D(DNKLPUBS

T) 
D(DNKLBERD

ST) 
D(DNKLFBER

DST) 
D(DNKLFPUB

ST) D(DNKLGDP) 

CointEq1 -0.277095  0.000000  0.000000  0.064859  0.000000 -0.376262 
  (0.07130)  (0.00000)  (0.00000)  (0.01533)  (0.00000)  (0.08622) 
 [-3.88608] [NA] [NA] [ 4.23044] [NA] [-4.36396] 
       

CointEq2  0.000000  0.000000 -0.172396  0.000000  0.054191  0.000000 
  (0.00000)  (0.00000)  (0.04952)  (0.00000)  (0.01268)  (0.00000) 
 [NA] [NA] [-3.48144] [NA] [ 4.27495] [NA] 
       

CointEq3  0.079658 -0.072202 -0.101791 -0.045976  0.032895  0.000000 
  (0.02244)  (0.01729)  (0.03212)  (0.01297)  (0.00880)  (0.00000) 
 [ 3.55049] [-4.17624] [-3.16956] [-3.54397] [ 3.73738] [NA] 
       

CointEq4 -0.682225  0.000000 -0.252659  0.000000  0.074079 -1.331050 
  (0.17239)  (0.00000)  (0.06941)  (0.00000)  (0.01885)  (0.20935) 
 [-3.95739] [NA] [-3.64006] [NA] [ 3.93055] [-6.35806] 
       

D(DNKLTFP(-1))  0.436151 -0.091956  0.172642  0.185164  0.007715 -0.000606 
  (0.28760)  (0.11947)  (0.13350)  (0.08915)  (0.03933)  (0.37642) 
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 [ 1.51650] [-0.76968] [ 1.29319] [ 2.07693] [ 0.19617] [-0.00161] 
       

D(DNKLPUBST(-1)) -0.658168  0.590613 -0.157724  0.012831  0.006625 -0.715472 
  (0.26009)  (0.10804)  (0.12073)  (0.08062)  (0.03556)  (0.34041) 
 [-2.53057] [ 5.46651] [-1.30644] [ 0.15915] [ 0.18629] [-2.10181] 
       

D(DNKLBERDST(-1))  0.049901  0.209260  0.887629 -0.058674  0.097073 -0.231747 
  (0.17038)  (0.07078)  (0.07909)  (0.05282)  (0.02330)  (0.22300) 
 [ 0.29287] [ 2.95654] [ 11.2231] [-1.11091] [ 4.16656] [-1.03921] 
       

D(DNKLFBERDST(-1))  0.882355  0.020701  0.802117  1.042776 -0.011920  2.221627 
  (0.51750)  (0.21497)  (0.24022)  (0.16042)  (0.07076)  (0.67732) 
 [ 1.70503] [ 0.09630] [ 3.33916] [ 6.50043] [-0.16846] [ 3.28004] 
       

D(DNKLFPUBST(-1))  0.351158  0.622090  0.116031 -0.232723  0.372067 -0.241215 
  (0.85731)  (0.35613)  (0.39795)  (0.26575)  (0.11723)  (1.12207) 
 [ 0.40961] [ 1.74680] [ 0.29157] [-0.87572] [ 3.17389] [-0.21497] 
       

D(DNKLGDP(-1)) -0.397864  0.051615 -0.220717 -0.144157  0.033651 -0.005191 
  (0.26866)  (0.11161)  (0.12471)  (0.08328)  (0.03674)  (0.35163) 
 [-1.48090] [ 0.46248] [-1.76985] [-1.73096] [ 0.91599] [-0.01476] 
       

C -0.006945 -0.018628 -0.017349  0.010055  0.011548 -0.005869 
  (0.02048)  (0.00851)  (0.00951)  (0.00635)  (0.00280)  (0.02680) 
 [-0.33909] [-2.18967] [-1.82495] [ 1.58381] [ 4.12377] [-0.21896] 

 R-squared  0.500866  0.880405  0.958659  0.901953  0.967164  0.481667 
 Adj. R-squared  0.362218  0.847184  0.947175  0.874718  0.958043  0.337686 
 Sum sq. resids  0.006157  0.001063  0.001327  0.000592  0.000115  0.010547 
 S.E. equation  0.013078  0.005433  0.006071  0.004054  0.001788  0.017117 
 F-statistic  3.612498  26.50165  83.48039  33.11721  106.0350  3.345343 
 Log likelihood  143.4066  184.6958  179.4779  198.4547  236.9216  130.7574 
 Akaike AIC -5.634322 -7.391312 -7.169271 -7.976795 -9.613684 -5.096062 
 Schwarz SC -5.201308 -6.958299 -6.736258 -7.543782 -9.180671 -4.663048 
 Mean dependent  0.006174  0.042029  0.066698  0.035146  0.030622  0.019756 
 S.D. dependent  0.016376  0.013897  0.026413  0.011453  0.008730  0.021032 

 Determinant resid covariance (dof adj.)  9.26E-29     
 Determinant resid covariance  1.87E-29     
 Log likelihood  1150.335     
 Akaike information criterion -44.95041     
 Schwarz criterion -41.25011     
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Finland	

 
 Sample: 1971 2014     
 Included observations: 44     
 Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(4,3)=0,A(4,4)=0, A(6,2)=0, A(3,3)=0, A(5,1)=0, A(6,1)=0, A(3,1)=0, A(6,5)=0, A(6,3)=0, A(3,2)=0, B(1,2)=1, B(1,3)=0,  
B(1,4)=0, B(1,5)=0,  B(1,6)=0,   B(2,1)=0,B(2,4)=0,  B(2,3)=1,   B(2,5)=0,B(2,6)=0,  B(3,2)=1, B(3,3)=0, B(3,1)=0,  B(3,5)=0, 
B(3,6)=0, B(4,1)=0, B(4,2)=0,B(4,3)=0, B(4,5)=1,B(4,6)=0,B(5,1)=0, B(5,2)=0, B(5,3)=0, B(5,4)=0, B(5,6)=1 
Convergence achieved after 217 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 5):     
Chi-square(10)  1.145355      
Probability  0.999680      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4 CointEq5  

FINLFPUBST(-1) -2.121804  0.000000  0.000000  0.000000  0.000000  
  (0.14016)      
 [-15.1388]      
       

FINLFBERDST(-1)  1.000000 -1.886839  1.000000  0.000000  0.000000  
   (0.12858)     
  [-14.6742]     
       

FINLBERDST(-1)  0.000000  1.000000  0.000000  0.000000  0.000000  
       

FINLTFP(-1)  0.000000  0.000000 -3.154150 -2.074234  0.000000  
    (0.25165)  (0.12253)   
   [-12.5341] [-16.9279]   
       

FINLGDP(-1)  0.000000  0.000000  0.000000  1.000000 -2.128421  
      (0.12025)  
     [-17.7005]  
       

FINLPUBST(-1)  0.000000  0.000000  0.000000  0.000000  1.000000  
       

@TREND(63)  0.019676  0.020464 -0.055559 -0.017482 -0.021768  
  (0.00413)  (0.00880)  (0.01497)  (0.00519)  (0.00576)  
 [ 4.76033] [ 2.32570] [-3.71097] [-3.37101] [-3.77601]  
       

C  13.37883  16.33519 -12.74573 -11.64048  17.10424  

Error Correction: 
D(FINLFPUBST

) 
D(FINLFBERDS

T) 
D(FINLBERDST

) D(FINLTFP) D(FINLGDP) D(FINLPUBST) 

CointEq1  0.092429  0.052947  0.000000  0.266637  0.000000  0.000000 
  (0.02560)  (0.04086)  (0.00000)  (0.06525)  (0.00000)  (0.00000) 
 [ 3.61118] [ 1.29593] [NA] [ 4.08616] [NA] [NA] 
       

CointEq2  0.026260  0.029022  0.000000  0.281607  0.519571  0.000000 
  (0.01318)  (0.02140)  (0.00000)  (0.06518)  (0.09139)  (0.00000) 
 [ 1.99241] [ 1.35644] [NA] [ 4.32017] [ 5.68498] [NA] 
       

CointEq3  0.036832 -0.093135  0.000000  0.000000  0.230809  0.000000 
  (0.01719)  (0.02751)  (0.00000)  (0.00000)  (0.05693)  (0.00000) 
 [ 2.14235] [-3.38518] [NA] [NA] [ 4.05429] [NA] 
       

CointEq4 -0.032180  0.233473 -0.082255  0.000000 -0.328896  0.032329 
  (0.02987)  (0.04807)  (0.04741)  (0.00000)  (0.09981)  (0.00712) 
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 [-1.07737] [ 4.85649] [-1.73504] [NA] [-3.29528] [ 4.54272] 
       

CointEq5 -0.056769  0.084312  0.106497  0.402514  0.453409  0.000000 
  (0.01381)  (0.02458)  (0.04698)  (0.09702)  (0.13802)  (0.00000) 
 [-4.11144] [ 3.43070] [ 2.26664] [ 4.14897] [ 3.28506] [NA] 
       

D(FINLFPUBST(-1))  0.435411  0.421203  1.645841  1.794859  2.823694 -0.148348 
  (0.16304)  (0.35780)  (1.12784)  (1.87262)  (2.65084)  (0.62631) 
 [ 2.67050] [ 1.17720] [ 1.45928] [ 0.95848] [ 1.06521] [-0.23686] 
       

D(FINLFPUBST(-2)) -0.198370 -0.359190 -1.828796  0.094043 -0.631667  0.463203 
  (0.12966)  (0.28453)  (0.89688)  (1.48914)  (2.10801)  (0.49805) 
 [-1.52996] [-1.26240] [-2.03906] [ 0.06315] [-0.29965] [ 0.93003] 
       

D(FINLFBERDST(-1)) -0.244810  0.520694  0.216567  1.002571  0.781831 -0.132600 
  (0.10498)  (0.23039)  (0.72622)  (1.20578)  (1.70688)  (0.40328) 
 [-2.33187] [ 2.26009] [ 0.29821] [ 0.83147] [ 0.45805] [-0.32880] 
       

D(FINLFBERDST(-2))  0.023120 -0.338337  0.371036  0.053786  1.657423 -0.051808 
  (0.09918)  (0.21765)  (0.68606)  (1.13911)  (1.61250)  (0.38098) 
 [ 0.23311] [-1.55451] [ 0.54082] [ 0.04722] [ 1.02786] [-0.13599] 
       

D(FINLBERDST(-1))  0.108565  0.167436  0.541899 -0.381301 -0.296776  0.434488 
  (0.03902)  (0.08564)  (0.26994)  (0.44819)  (0.63446)  (0.14990) 
 [ 2.78206] [ 1.95521] [ 2.00749] [-0.85075] [-0.46777] [ 2.89849] 
       

D(FINLBERDST(-2))  0.017288 -0.043381 -0.287131 -0.192383 -0.587666  0.082112 
  (0.03211)  (0.07045)  (0.22209)  (0.36874)  (0.52198)  (0.12333) 
 [ 0.53848] [-0.61573] [-1.29289] [-0.52173] [-1.12584] [ 0.66581] 
       

D(FINLTFP(-1))  0.137512  0.086289 -0.320570 -0.870755 -1.588974  0.255040 
  (0.07066)  (0.15506)  (0.48878)  (0.81155)  (1.14881)  (0.27143) 
 [ 1.94612] [ 0.55648] [-0.65586] [-1.07296] [-1.38314] [ 0.93963] 
       

D(FINLTFP(-2))  0.169050 -0.015295 -0.230550 -0.804920 -1.106629 -0.171839 
  (0.05599)  (0.12288)  (0.38733)  (0.64310)  (0.91036)  (0.21509) 
 [ 3.01909] [-0.12447] [-0.59523] [-1.25162] [-1.21559] [-0.79892] 
       

D(FINLGDP(-1)) -0.144049  0.041747  0.510459  1.106037  2.258196 -0.259402 
  (0.05408)  (0.11867)  (0.37408)  (0.62110)  (0.87922)  (0.20773) 
 [-2.66372] [ 0.35178] [ 1.36458] [ 1.78077] [ 2.56841] [-1.24874] 
       

D(FINLGDP(-2)) -0.144348  0.062644  0.214770  0.516976  0.845550  0.189280 
  (0.05131)  (0.11261)  (0.35495)  (0.58935)  (0.83427)  (0.19711) 
 [-2.81306] [ 0.55631] [ 0.60506] [ 0.87720] [ 1.01352] [ 0.96027] 
       

D(FINLPUBST(-1))  0.025634  0.121207  0.536064  0.182880  0.231658  0.347462 
  (0.04218)  (0.09256)  (0.29178)  (0.48446)  (0.68579)  (0.16203) 
 [ 0.60771] [ 1.30944] [ 1.83723] [ 0.37750] [ 0.33780] [ 2.14444] 
       

D(FINLPUBST(-2)) -0.096906 -0.116702 -0.156469  0.015848  0.167483 -0.387665 
  (0.04122)  (0.09046)  (0.28515)  (0.47344)  (0.67020)  (0.15835) 
 [-2.35086] [-1.29009] [-0.54873] [ 0.03347] [ 0.24990] [-2.44821] 
       

C  0.027896  0.013294  0.009780 -0.067597 -0.124974  0.015083 
  (0.00588)  (0.01290)  (0.04067)  (0.06753)  (0.09560)  (0.02259) 
 [ 4.74421] [ 1.03026] [ 0.24044] [-1.00093] [-1.30726] [ 0.66774] 

 R-squared  0.976975  0.952929  0.944477  0.688013  0.666942  0.959614 
 Adj. R-squared  0.961920  0.922151  0.908173  0.484022  0.449173  0.933208 
 Sum sq. resids  5.45E-05  0.000263  0.002609  0.007194  0.014415  0.000805 
 S.E. equation  0.001448  0.003178  0.010018  0.016634  0.023546  0.005563 
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 F-statistic  64.89368  30.96192  26.01591  3.372760  3.062612  36.34034 
 Log likelihood  236.7858  202.2041  151.6882  129.3789  114.0870  177.5697 
 Akaike AIC -9.944810 -8.372915 -6.076736 -5.062676 -4.367592 -7.253170 
 Schwarz SC -9.214914 -7.643019 -5.346841 -4.332780 -3.637697 -6.523274 
 Mean dependent  0.029419  0.034726  0.077213  0.011844  0.024349  0.056317 
 S.D. dependent  0.007422  0.011391  0.033060  0.023157  0.031726  0.021526 

 Determinant resid covariance (dof adj.)  7.54E-29     
 Determinant resid covariance  3.21E-30     
 Log likelihood  1119.031     
 Akaike information criterion -44.36507     
 Schwarz criterion -38.56645     

 

		

	 	



 

	

GGraphs	d

	

data	and	b

18 

baseline	solutionn	‐	Finlandd	

 

 

 



19 
 

France		

 
Sample (adjusted): 1964 2014     
Included observations: 51 after adjustments    
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(3,4)=0, A(1,3)=0, A(6,4)=0, A(1,4)=0, A(2,5)=0, A(5,5)=0, A(6,3)=0, A(6,1)=0, A(5,2)=0,A(4,4)=0, B(1,1)=0, B(1,2)=0,  
B(1,4)=1, B(1,5)=0,  B(1,6)=0,   B(2,1)=0,  B(2,2)=1, B(2,4)=0, B(2,5)=0,B(2,6)=0,  B(3,1)=1, B(3,3)=0, B(3,4)=0,  B(3,5)=0, 
B(3,6)=0, B(4,4)=0, B(4,2)=0,B(4,3)=0, B(4,5)=1,B(4,6)=0,B(5,1)=0, B(5,2)=0, B(5,3)=0, B(5,4)=0, B(5,6)=1 
Convergence achieved after 134 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 5):     
Chi-square(10)  5.107598      
Probability  0.883875      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4 CointEq5  

FRALBERDST(-1)  0.000000  0.000000  1.000000 -0.246163  0.000000  
     (0.00801)   
    [-30.7440]   
       

FRALPUBST(-1)  0.000000  1.000000 -1.053863  0.000000  0.000000  
    (0.01944)    
   [-54.2097]    
       

FRALFBERDST(-1)  0.048286 -2.054731  0.000000  0.000000  0.000000  
  (0.03054)  (0.07947)     
 [ 1.58110] [-25.8547]     
       

FRALFPUBST(-1)  1.000000  0.000000  0.000000  0.000000  0.000000  
       

FRALTFP(-1)  0.000000  0.000000  0.000000  1.000000 -0.773217  
      (0.02810)  
     [-27.5215]  
       

FRALGDP(-1)  0.000000  0.000000  0.000000  0.000000  1.000000  
       

@TREND(63) -0.029219  0.044588 -0.001897  0.002546 -0.012297  
  (0.00111)  (0.00290)  (0.00077)  (0.00040)  (0.00040)  
 [-26.2100] [ 15.3593] [-2.47286] [ 6.32879] [-30.9081]  
       

C -12.64332  15.37929  0.299132  2.879682 -13.86917  

Error Correction: 
D(FRALBERDS

T) D(FRALPUBST) 
D(FRALFBERD

ST) 
D(FRALFPUBS

T) D(FRALTFP) D(FRALGDP) 

CointEq1 -0.225655 -0.558552 -0.537932 -0.067657 -0.037487  0.000000 
  (0.05453)  (0.05698)  (0.05384)  (0.02955)  (0.01933)  (0.00000) 
 [-4.13843] [-9.80204] [-9.99073] [-2.28987] [-1.93943] [NA] 
       

CointEq2 -0.145601 -0.183754  0.069730 -0.041372  0.000000  0.034898 
  (0.01217)  (0.01724)  (0.01196)  (0.00648)  (0.00000)  (0.00821) 
 [-11.9653] [-10.6555] [ 5.83064] [-6.38542] [NA] [ 4.25209] 
       

CointEq3  0.000000  0.178870 -0.062964 -0.204950  0.023417  0.000000 
  (0.00000)  (0.03005)  (0.03070)  (0.01574)  (0.01165)  (0.00000) 
 [NA] [ 5.95286] [-2.05069] [-13.0171] [ 2.01021] [NA] 
       

CointEq4  0.000000 -0.244616  0.000000  0.000000 -0.299532  0.000000 
  (0.00000)  (0.07605)  (0.00000)  (0.00000)  (0.03218)  (0.00000) 
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 [NA] [-3.21665] [NA] [NA] [-9.30657] [NA] 
       

CointEq5 -0.206922  0.000000  0.370556  0.316893  0.000000 -0.225184 
  (0.03832)  (0.00000)  (0.06283)  (0.03335)  (0.00000)  (0.02521) 
 [-5.40032] [NA] [ 5.89729] [ 9.50288] [NA] [-8.93171] 
       

C  0.051481  0.040800  0.035315  0.032165  0.011721  0.026234 
  (0.00083)  (0.00113)  (0.00082)  (0.00046)  (0.00140)  (0.00198) 
 [ 62.3909] [ 36.1503] [ 43.0348] [ 70.6691] [ 8.39793] [ 13.2795] 

R-squared  0.983757  0.971293  0.764152  0.888342  0.595686  0.530610 
Adj. R-squared  0.981952  0.968103  0.737946  0.875936  0.550762  0.478456 
Sum sq. resids  0.001563  0.002923  0.001545  0.000475  0.004470  0.008957 
S.E. equation  0.005893  0.008060  0.005860  0.003250  0.009967  0.014108 
F-statistic  545.0833  304.5098  29.16012  71.60338  13.25990  10.17383 
Log likelihood  192.6626  176.6896  192.9430  223.0029  165.8574  148.1365 
Akaike AIC -7.320101 -6.693709 -7.331097 -8.509918 -6.268917 -5.573979 
Schwarz SC -7.092828 -6.466435 -7.103823 -8.282644 -6.041643 -5.346705 
Mean dependent  0.051481  0.040800  0.035315  0.032165  0.011721  0.026234 
S.D. dependent  0.043863  0.045129  0.011448  0.009228  0.014871  0.019536 

Determinant resid covariance (dof adj.)  2.17E-28     
Determinant resid covariance  1.02E-28     
Log likelihood  1207.006     
Akaike information criterion -44.54926     
Schwarz criterion -41.85985     
Number of coefficients  71     
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Germany	

 
Sample (adjusted): 1973 2014     
Included observations: 42 after adjustments    
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(3,2)=0,A(6,1)=0,  A(3,4)=0, A(5,2)=0,A(5,4)=0, A(2,3)=0, B(1,1)=1, B(1,2)=0,B(1,6)=0, B(1,5)=0, B(2,5) =0, B(2,2)=1, 
B(2,6)=0,  B(2,4)=0, B(3,1)=0, B(3,2)=0, B(3,3)=1, B(3,5)=0, B(4,1)=0, B(4,6)=0, B(4,2)=0, B(4,4)=1,  
Convergence achieved after 2236 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 4):     
Chi-square(6)  1.988958      
Probability  0.920711      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4   

DEULGDP(-1)  1.000000 -1.282449  0.000000  0.000000   
   (0.35650)     
  [-3.59737]     
       

DEULPUBST(-1)  0.000000  1.000000  0.000000  0.000000   
       

DEULFBERDST(-1)  3.240537 -5.876326  1.000000 -8.293008   
  (0.13052)  (0.77946)   (0.48270)   
 [ 24.8275] [-7.53895]  [-17.1804]   
       

DEULTFP(-1) -1.537647  0.000000 -0.267293  1.000000   
  (0.04475)   (0.03366)    
 [-34.3622]  [-7.94089]    
       

DEULBERDST(-1)  0.000000  0.000000  0.000000 -0.364076   
     (0.02621)   
    [-13.8924]   
       

DEULFPUBST(-1)  0.000000  0.000000 -0.339990  0.000000   
    (0.05803)    
   [-5.85852]    
       

@TREND(63) -0.115113  0.194747 -0.022283  0.283221   
  (0.00472)  (0.02378)  (0.00174)  (0.01660)   
 [-24.3865] [ 8.19102] [-12.8306] [ 17.0640]   
       

C -54.81220  80.40846 -8.421804  107.3926   

Error Correction: D(DEULGDP) 
D(DEULPUBST

) 
D(DEULFBERD

ST) D(DEULTFP) 
D(DEULBERDS

T) 
D(DEULFPUBS

T) 

CointEq1 -2.505480 -0.295123 -0.151841 -1.186354 -0.507147  0.000000 
  (0.72458)  (0.17696)  (0.06332)  (0.70556)  (0.07882)  (0.00000) 
 [-3.45782] [-1.66772] [-2.39805] [-1.68143] [-6.43462] [NA] 
       

CointEq2  0.296261  0.039563  0.000000  0.263765  0.000000 -0.049836 
  (0.06512)  (0.02625)  (0.00000)  (0.06481)  (0.00000)  (0.00968) 
 [ 4.54942] [ 1.50722] [NA] [ 4.06972] [NA] [-5.15041] 
       

CointEq3  4.504259  0.000000  0.566208  2.845370  1.694553  0.355622 
  (1.11340)  (0.00000)  (0.24098)  (1.05415)  (0.30018)  (0.08981) 
 [ 4.04551] [NA] [ 2.34960] [ 2.69920] [ 5.64504] [ 3.95992] 
       

CointEq4 -0.786489 -0.134358  0.000000 -0.432250  0.000000  0.071634 
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  (0.21652)  (0.07565)  (0.00000)  (0.21346)  (0.00000)  (0.01375) 
 [-3.63246] [-1.77615] [NA] [-2.02497] [NA] [ 5.20840] 
       

D(DEULGDP(-1))  0.785559  0.412028  0.260106 -0.030433  0.630614  0.006574 
  (0.64962)  (0.22517)  (0.16891)  (0.61694)  (0.20911)  (0.08023) 
 [ 1.20926] [ 1.82982] [ 1.53991] [-0.04933] [ 3.01571] [ 0.08194] 
       

D(DEULGDP(-2))  2.116838  0.587057 -0.077069  1.539971  0.736841 -0.147176 
  (1.02147)  (0.35407)  (0.26560)  (0.97009)  (0.32881)  (0.12616) 
 [ 2.07234] [ 1.65805] [-0.29017] [ 1.58745] [ 2.24096] [-1.16658] 
       

D(DEULPUBST(-1)) -0.278954  0.451044 -0.012343 -0.211652 -0.103147  0.039662 
  (0.56208)  (0.19483)  (0.14615)  (0.53380)  (0.18093)  (0.06942) 
 [-0.49629] [ 2.31508] [-0.08446] [-0.39650] [-0.57009] [ 0.57132] 
       

D(DEULPUBST(-2))  0.123207  0.297331 -0.067414 -0.007027 -0.054338 -0.188222 
  (0.51383)  (0.17811)  (0.13360)  (0.48799)  (0.16540)  (0.06346) 
 [ 0.23978] [ 1.66940] [-0.50458] [-0.01440] [-0.32852] [-2.96588] 
       

D(DEULFBERDST(-1)) -1.157780 -0.209302  0.993329 -0.666961 -1.055840 -0.125920 
  (1.17759)  (0.40818)  (0.30619)  (1.11836)  (0.37906)  (0.14544) 
 [-0.98318] [-0.51277] [ 3.24418] [-0.59638] [-2.78541] [-0.86578] 
       

D(DEULFBERDST(-2)) -1.727704  0.297958 -0.310415 -1.996180  0.841405  0.206706 
  (1.32380)  (0.45886)  (0.34420)  (1.25721)  (0.42612)  (0.16350) 
 [-1.30511] [ 0.64934] [-0.90183] [-1.58779] [ 1.97456] [ 1.26426] 
       

D(DEULTFP(-1)) -0.050272 -0.203191 -0.229225  0.613585 -0.325288 -0.039079 
  (0.60554)  (0.20989)  (0.15745)  (0.57508)  (0.19492)  (0.07479) 
 [-0.08302] [-0.96807] [-1.45588] [ 1.06696] [-1.66883] [-0.52252] 
       

D(DEULTFP(-2)) -2.008225 -0.578369  0.075292 -1.429213 -0.601087  0.142405 
  (0.98079)  (0.33997)  (0.25502)  (0.93146)  (0.31571)  (0.12114) 
 [-2.04755] [-1.70126] [ 0.29524] [-1.53438] [-1.90391] [ 1.17558] 
       

D(DEULBERDST(-1))  0.368613 -0.182916 -0.035674  0.044724  0.329432 -0.057876 
  (0.50285)  (0.17430)  (0.13075)  (0.47756)  (0.16187)  (0.06211) 
 [ 0.73304] [-1.04943] [-0.27285] [ 0.09365] [ 2.03522] [-0.93189] 
       

D(DEULBERDST(-2))  0.505736  0.075448 -0.030168  0.569914 -0.328662  0.045902 
  (0.44326)  (0.15364)  (0.11525)  (0.42096)  (0.14268)  (0.05475) 
 [ 1.14096] [ 0.49106] [-0.26175] [ 1.35385] [-2.30347] [ 0.83845] 
       

D(DEULFPUBST(-1))  3.091373  0.871723  0.358537  2.838010  0.994369  0.661479 
  (1.31784)  (0.45679)  (0.34265)  (1.25154)  (0.42420)  (0.16276) 
 [ 2.34580] [ 1.90836] [ 1.04636] [ 2.26761] [ 2.34408] [ 4.06407] 
       

D(DEULFPUBST(-2)) -2.550032 -0.241338 -0.103917 -2.306484 -0.213095 -0.049906 
  (1.26850)  (0.43969)  (0.32983)  (1.20469)  (0.40832)  (0.15667) 
 [-2.01027] [-0.54888] [-0.31507] [-1.91458] [-0.52188] [-0.31854] 
       

C  0.035274 -0.023448  0.006357  0.045688  0.009867  0.015226 
  (0.03864)  (0.01339)  (0.01005)  (0.03670)  (0.01244)  (0.00477) 
 [ 0.91288] [-1.75069] [ 0.63278] [ 1.24503] [ 0.79331] [ 3.19055] 

R-squared  0.660247  0.926110  0.922072  0.643069  0.959193  0.953688 
Adj. R-squared  0.442805  0.878820  0.872197  0.414634  0.933077  0.924049 
Sum sq. resids  0.005674  0.000682  0.000384  0.005118  0.000588  8.66E-05 
S.E. equation  0.015066  0.005222  0.003917  0.014308  0.004850  0.001861 
F-statistic  3.036431  19.58374  18.48796  2.815100  36.72783  32.17619 
Log likelihood  127.5033  172.0031  184.0785  129.6710  175.1117  215.3443 
Akaike AIC -5.262063 -7.381101 -7.956118 -5.365288 -7.529127 -9.444968 
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Schwarz SC -4.558721 -6.677758 -7.252775 -4.661945 -6.825785 -8.741626 
Mean dependent  0.018876  0.031016  0.033103  0.009000  0.037000  0.027968 
S.D. dependent  0.020183  0.015001  0.010958  0.018701  0.018746  0.006752 

Determinant resid covariance (dof adj.)  1.50E-29     
Determinant resid covariance  6.68E-31     
Log likelihood  1100.954     
Akaike information criterion -46.23590     
Schwarz criterion -40.85740     
Number of coefficients  130     
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Ireland	

 
Sample (adjusted): 1965 2014   
Included observations: 50 after adjustments  
Standard errors in ( ) & t-statistics in [ ]  

Cointegration Restrictions:    
      A(1,3)=0,A(4,3)=0,B(1,1)=1,B(1,2)=0,B(1,3)=0,B(2,1)=0,B(2,2)=1,B(2,4)=0,B(3,3)=1,B(3,4
)=0,B(3,5)=0 
Convergence achieved after 121 iterations.  
Restrictions identify all cointegrating vectors  
LR test for binding restrictions (rank = 3):   
Chi-square(2)  0.253127    
Probability  0.881118    

Cointegrating Eq:  CointEq1 CointEq2 CointEq3  

IRLLPUBST(-1)  1.000000  0.000000 -0.095004  
    (0.08372)  
   [-1.13477]  
     

IRLLTFP(-1)  0.000000  1.000000 -0.449176  
    (0.12762)  
   [-3.51973]  
     

IRLLBERDST(-1)  0.000000 -0.342653  1.000000  
   (0.07352)   
  [-4.66078]   
     

IRLLFBERDST(-1)  3.499803  0.000000  0.000000  
  (0.18169)    
 [ 19.2623]    
     

IRLLFPUBST(-1) -5.542365  0.772112  0.000000  
  (0.28435)  (0.18720)   
 [-19.4916] [ 4.12456]   
     

@TREND(63) -0.009040 -0.005497 -0.077412  
  (0.00342)  (0.00763)  (0.00468)  
 [-2.64134] [-0.72065] [-16.5279]  
     

C  17.45643 -7.089443 -4.613797  

Error Correction: D(IRLLPUBST) D(IRLLTFP) 
D(IRLLBERDST

) 
D(IRLLFBERDS

T) 

CointEq1 -0.134893 -0.079176 -0.127984  0.025031 
  (0.03143)  (0.07723)  (0.04511)  (0.01879) 
 [-4.29177] [-1.02523] [-2.83693] [ 1.33193] 
     

CointEq2  0.099918 -0.285052  0.144986 -0.023700 
  (0.03485)  (0.07575)  (0.04369)  (0.02084) 
 [ 2.86719] [-3.76318] [ 3.31876] [-1.13742] 
     

CointEq3  0.000000  0.128551 -0.152601  0.000000 
  (0.00000)  (0.04854)  (0.02962)  (0.00000) 
 [NA] [ 2.64817] [-5.15242] [NA] 
     

D(IRLLPUBST(-1))  0.807387 -0.373604  0.088576  0.020964 
  (0.07291)  (0.15612)  (0.08988)  (0.04360) 
 [ 11.0741] [-2.39310] [ 0.98553] [ 0.48084] 
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D(IRLLTFP(-1)) -0.036909  0.276983 -0.103385  0.070086 

  (0.06104)  (0.13070)  (0.07524)  (0.03650) 
 [-0.60471] [ 2.11927] [-1.37404] [ 1.92015] 
     

D(IRLLBERDST(-1)) -0.026766 -0.055023  0.981698  0.006573 
  (0.05798)  (0.12416)  (0.07148)  (0.03468) 
 [-0.46160] [-0.44315] [ 13.7338] [ 0.18955] 
     

D(IRLLFBERDST(-1))  0.763415 -0.069454  0.716746  0.827760 
  (0.26173)  (0.56045)  (0.32265)  (0.15652) 
 [ 2.91675] [-0.12392] [ 2.22143] [ 5.28853] 
     

D(IRLLFPUBST(-1))  1.045358  0.574896  0.208700 -0.257933 
  (0.22749)  (0.48712)  (0.28043)  (0.13604) 
 [ 4.59524] [ 1.18019] [ 0.74421] [-1.89601] 
     

C -0.050345  0.018809 -0.036642  0.011195 
  (0.01061)  (0.02273)  (0.01309)  (0.00635) 
 [-4.74298] [ 0.82753] [-2.80024] [ 1.76358] 

R-squared  0.946048  0.554902  0.931335  0.874447 
Adj. R-squared  0.935521  0.468054  0.917936  0.849949 
Sum sq. resids  0.002496  0.011444  0.003793  0.000893 
S.E. equation  0.007802  0.016707  0.009618  0.004666 
F-statistic  89.86755  6.389322  69.51230  35.69433 
Log likelihood  176.6814  138.6105  166.2193  202.3887 
Akaike AIC -6.707254 -5.184420 -6.288771 -7.735549 
Schwarz SC -6.363090 -4.840256 -5.944606 -7.391385 
Mean dependent  0.051687  0.014262  0.090422  0.035520 
S.D. dependent  0.030726  0.022907  0.033575  0.012045 

Determinant resid covariance (dof adj.)  4.75E-23   
Determinant resid covariance  1.76E-23   
Log likelihood  955.0918   
Akaike information criterion -35.68367   
Schwarz criterion -33.27452   
Number of coefficients  63   
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Italy	

 
Sample (adjusted): 1966 2014     
Included observations: 49 after adjustments    
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(3,4)=0, A(6,2)=0, A(6,1)=0, A(6,4)=0,A(4,1)=0, A(1,4)=0,A(3,5)=0, A(2,5)=0,  A(3,3)=0, A(4,3)=0, B(1,1)=1, B(1,3)=0, 
B(1,4)=0, B(1,5)=0, B(1,6)=0, B(2,2)=1, B(2,1)=0,  B(2,4)=0,B(2,5)=0, B(2,6)=0, B(3,1)=0, B(3,2)=0, B(3,3)=1, 
B(3,5)=0,B(3,6)=0, B(4,1)=0, B(4,2)=0, B(4,3)=0,B(4,4)=1,B(4,6)=0, B(5,1)=0, B(5,2)=0, B(5,3)=0, B(5,4)=0, B(5,5)=1,  
Convergence achieved after 200 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 5):     
Chi-square(10)  4.078332      
Probability  0.943744      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4 CointEq5  

ITALGDP(-1)  1.000000  0.000000  0.000000  0.000000  0.000000  
       

ITALTFP(-1) -1.501161  1.000000  0.000000  0.000000  0.000000  
  (0.07004)      
 [-21.4321]      
       

ITALBERDST(-1)  0.000000 -0.490138  1.000000  0.000000  0.000000  
   (0.02417)     
  [-20.2793]     
       

ITALPUBST(-1)  0.000000  0.000000 -1.215356  1.000000  0.000000  
    (0.06099)    
   [-19.9256]    
       

ITALFBERDST(-1)  0.000000  0.000000  0.000000 -2.260082  1.000000  
     (0.05524)   
    [-40.9172]   
       

ITALFPUBST(-1)  0.000000  0.000000  0.000000  0.000000 -2.001030  
      (0.29452)  
     [-6.79414]  
       

@TREND(63) -0.014666  0.018120  0.008533  0.043650  0.017588  
  (0.00120)  (0.00187)  (0.00300)  (0.00211)  (0.00862)  
 [-12.1963] [ 9.69984] [ 2.84210] [ 20.6624] [ 2.04125]  
       

C -13.78062  4.716875  1.809969  18.78350  11.71479  

Error Correction: D(ITALGDP) D(ITALTFP) 
D(ITALBERDST

) D(ITALPUBST) 
D(ITALFBERDS

T) 
D(ITALFPUBST

) 

CointEq1 -0.381188 -0.222987  0.282621  0.000000  0.078349  0.000000 
  (0.14161)  (0.13980)  (0.05228)  (0.00000)  (0.02422)  (0.00000) 
 [-2.69184] [-1.59506] [ 5.40625] [NA] [ 3.23521] [NA] 
       

CointEq2 -0.826236 -0.801864  0.148180  0.096734  0.067397  0.000000 
  (0.17945)  (0.17321)  (0.02919)  (0.04192)  (0.03182)  (0.00000) 
 [-4.60438] [-4.62934] [ 5.07657] [ 2.30751] [ 2.11808] [NA] 
       

CointEq3 -0.580736 -0.621579  0.000000  0.000000  0.062471 -0.041712 
  (0.12869)  (0.14105)  (0.00000)  (0.00000)  (0.02252)  (0.00862) 
 [-4.51280] [-4.40679] [NA] [NA] [ 2.77390] [-4.83912] 
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CointEq4  0.000000 -0.381982  0.000000 -0.305089  0.180861  0.000000 
  (0.00000)  (0.18724)  (0.00000)  (0.11781)  (0.03657)  (0.00000) 
 [NA] [-2.04007] [NA] [-2.58960] [ 4.94564] [NA] 
       

CointEq5  0.167707  0.000000  0.000000  0.193652  0.066600  0.064346 
  (0.10177)  (0.00000)  (0.00000)  (0.07961)  (0.02498)  (0.01812) 
 [ 1.64790] [NA] [NA] [ 2.43243] [ 2.66630] [ 3.55068] 
       

D(ITALGDP(-1))  0.282997 -0.162457 -0.099386  0.133618  0.026534 -0.075031 
  (0.29624)  (0.28131)  (0.12769)  (0.14967)  (0.06083)  (0.03778) 
 [ 0.95530] [-0.57749] [-0.77834] [ 0.89275] [ 0.43621] [-1.98589] 
       

D(ITALGDP(-2)) -0.509711 -0.505216 -0.200177  0.089198 -0.110524 -0.056475 
  (0.28757)  (0.27309)  (0.12396)  (0.14529)  (0.05905)  (0.03668) 
 [-1.77245] [-1.85002] [-1.61490] [ 0.61391] [-1.87167] [-1.53979] 
       

D(ITALTFP(-1)) -0.277173  0.027831  0.230380 -0.252926 -0.019919  0.078738 
  (0.29559)  (0.28070)  (0.12741)  (0.14935)  (0.06070)  (0.03770) 
 [-0.93768] [ 0.09915] [ 1.80814] [-1.69356] [-0.32817] [ 2.08855] 
       

D(ITALTFP(-2))  0.117934  0.197007  0.292590 -0.188793  0.085293  0.059704 
  (0.28552)  (0.27113)  (0.12307)  (0.14425)  (0.05863)  (0.03641) 
 [ 0.41306] [ 0.72661] [ 2.37745] [-1.30875] [ 1.45482] [ 1.63957] 
       

D(ITALBERDST(-1))  0.506722 -0.129304  0.556003  0.208051  0.190385 -0.039700 
  (0.41746)  (0.39643)  (0.17994)  (0.21092)  (0.08572)  (0.05324) 
 [ 1.21381] [-0.32617] [ 3.08989] [ 0.98640] [ 2.22096] [-0.74564] 
       

D(ITALBERDST(-2)) -0.436911 -0.125585  0.174411  0.025068 -0.171048  0.110653 
  (0.43060)  (0.40891)  (0.18561)  (0.21756)  (0.08842)  (0.05492) 
 [-1.01466] [-0.30712] [ 0.93969] [ 0.11523] [-1.93451] [ 2.01485] 
       

D(ITALPUBST(-1)) -0.123634  0.033116 -0.018184  0.239432  0.092783 -0.044481 
  (0.34403)  (0.32670)  (0.14829)  (0.17382)  (0.07064)  (0.04388) 
 [-0.35937] [ 0.10137] [-0.12262] [ 1.37749] [ 1.31341] [-1.01375] 
       

D(ITALPUBST(-2)) -0.757539 -0.553456  0.156079 -0.070782  0.033152 -0.024213 
  (0.35922)  (0.34112)  (0.15484)  (0.18149)  (0.07376)  (0.04581) 
 [-2.10886] [-1.62247] [ 1.00802] [-0.39000] [ 0.44945] [-0.52851] 
       

D(ITALFBERDST(-1))  1.344359  1.403108  0.511655  0.251647  0.856438 -0.052543 
  (0.99628)  (0.94609)  (0.42944)  (0.50336)  (0.20458)  (0.12707) 
 [ 1.34937] [ 1.48306] [ 1.19145] [ 0.49993] [ 4.18638] [-0.41351] 
       

D(ITALFBERDST(-2)) -0.166715 -0.557174 -0.349276 -0.884272 -0.233960  0.178002 
  (1.22899)  (1.16707)  (0.52974)  (0.62093)  (0.25236)  (0.15674) 
 [-0.13565] [-0.47741] [-0.65933] [-1.42410] [-0.92709] [ 1.13562] 
       

D(ITALFPUBST(-1)) -1.370506 -2.561737 -0.944026 -0.960037  0.097188  0.599857 
  (1.09414)  (1.03901)  (0.47162)  (0.55280)  (0.22467)  (0.13955) 
 [-1.25259] [-2.46555] [-2.00168] [-1.73667] [ 0.43258] [ 4.29864] 
       

D(ITALFPUBST(-2)) -0.270232  0.007137  0.008341  0.319214 -0.009253 -0.088224 
  (1.24427)  (1.18158)  (0.53633)  (0.62865)  (0.25550)  (0.15869) 
 [-0.21718] [ 0.00604] [ 0.01555] [ 0.50777] [-0.03622] [-0.55594] 
       

C  0.075580  0.107366  0.031277  0.069104  0.005425  0.012011 
  (0.06118)  (0.05810)  (0.02637)  (0.03091)  (0.01256)  (0.00780) 
 [ 1.23535] [ 1.84799] [ 1.18600] [ 2.23558] [ 0.43180] [ 1.53928] 

R-squared  0.732464  0.719117  0.958041  0.930851  0.943489  0.968893 
Adj. R-squared  0.585750  0.565084  0.935031  0.892931  0.912499  0.951835 
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Sum sq. resids  0.008715  0.007859  0.001619  0.002225  0.000367  0.000142 
S.E. equation  0.016767  0.015922  0.007227  0.008471  0.003443  0.002138 
F-statistic  4.992479  4.668596  41.63614  24.54764  30.44493  56.79792 
Log likelihood  142.0186  144.5516  183.2547  175.4719  219.5898  242.9257 
Akaike AIC -5.061983 -5.165373 -6.745089 -6.427426 -8.228156 -9.180641 
Schwarz SC -4.367029 -4.470418 -6.050135 -5.732472 -7.533201 -8.485687 
Mean dependent  0.021780  0.008121  0.039805  0.042142  0.036034  0.031414 
S.D. dependent  0.026051  0.024143  0.028354  0.025889  0.011639  0.009744 

Determinant resid covariance (dof adj.)  5.01E-28     
Determinant resid covariance  3.21E-29     
Log likelihood  1188.464     
Akaike information criterion -42.67199     
Schwarz criterion -37.15097     
Number of coefficients  143     

 
  



 

 

 

 

Graphs	
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Japan	

 
 Sample: 1965 2014     
 Included observations: 50     
 Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      B(1,1)=1,B(1,3)=0,B(1,5)=0,B(2,2)=1,B(2,5)=0,B(2,6)=0,B(3,3)=1,B(3,4)=0,B(3,6)=0,A(2,2)=0,A(5,3)=0 
Convergence achieved after 55 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 3):     
Chi-square(2)  0.147081      
Probability  0.929099      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3    

JPNLBERDST(-1)  1.000000  0.166778  0.171337    
   (0.05443)  (0.03069)    
  [ 3.06395] [ 5.58195]    
       

JPNLFBERDST(-1) -2.017352  1.000000 -0.563801    
  (0.20015)   (0.11075)    
 [-10.0792]  [-5.09084]    
       

JPNLFPUBST(-1)  0.000000 -0.345235  1.000000    
   (0.14485)     
  [-2.38332]     
       

JPNLGDP(-1)  0.371921 -0.603726  0.000000    
  (0.11668)  (0.08498)     
 [ 3.18748] [-7.10428]     
       

JPNLTFP(-1)  0.000000  0.000000 -0.339098    
    (0.04398)    
   [-7.70966]    
       

JPNLPUBST(-1) -0.791325  0.000000  0.000000    
  (0.05098)      
 [-15.5212]      
       

@TREND(63)  0.028986 -0.021317 -0.017325    
  (0.00532)  (0.00456)  (0.00302)    
 [ 5.45215] [-4.67739] [-5.73032]    
       

C  14.42777 -0.469903 -6.137695    

Error Correction: 
D(JPNLBERDS

T) 
D(JPNLFBERD

ST) 
D(JPNLFPUBS

T) D(JPNLGDP) D(JPNLTFP) D(JPNLPUBST) 

CointEq1 -0.252289  0.043751  0.015868 -0.384743 -0.391098  0.158583 
  (0.03586)  (0.01923)  (0.00997)  (0.11502)  (0.09716)  (0.02673) 
 [-7.03577] [ 2.27552] [ 1.59104] [-3.34511] [-4.02519] [ 5.93170] 
       

CointEq2 -0.079011  0.000000  0.026506  0.763735  0.448145 -0.102293 
  (0.07331)  (0.00000)  (0.03103)  (0.27727)  (0.21405)  (0.08011) 
 [-1.07784] [NA] [ 0.85416] [ 2.75444] [ 2.09364] [-1.27691] 
       

CointEq3 -0.199399  0.057289 -0.103852  0.433245  0.000000 -0.434231 
  (0.08300)  (0.04802)  (0.03463)  (0.31811)  (0.00000)  (0.08395) 
 [-2.40247] [ 1.19295] [-2.99855] [ 1.36194] [NA] [-5.17243] 
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D(JPNLBERDST(-1))  0.671143 -0.068731 -0.013974  0.130898 -0.019763 -0.065240 

  (0.09318)  (0.05079)  (0.02518)  (0.29630)  (0.25298)  (0.06783) 
 [ 7.20277] [-1.35331] [-0.55504] [ 0.44178] [-0.07812] [-0.96176] 
       

D(JPNLFBERDST(-1)) -0.210413  1.049343  0.075903 -0.390073 -0.444449 -0.130768 
  (0.18713)  (0.10199)  (0.05056)  (0.59504)  (0.50804)  (0.13623) 
 [-1.12445] [ 10.2884] [ 1.50119] [-0.65554] [-0.87483] [-0.95993] 
       

D(JPNLFPUBST(-1)) -1.051853 -0.227245  0.603263 -2.224174 -1.803497  0.334737 
  (0.40775)  (0.22224)  (0.11017)  (1.29659)  (1.10702)  (0.29684) 
 [-2.57968] [-1.02250] [ 5.47552] [-1.71540] [-1.62914] [ 1.12768] 
       

D(JPNLGDP(-1))  0.187506 -0.038139 -0.044972  0.308008  0.096666 -0.129845 
  (0.07535)  (0.04107)  (0.02036)  (0.23960)  (0.20457)  (0.05485) 
 [ 2.48856] [-0.92867] [-2.20895] [ 1.28553] [ 0.47254] [-2.36717] 
       

D(JPNLTFP(-1)) -0.019006  0.134210  0.016232  0.026448  0.095566  0.018305 
  (0.08279)  (0.04513)  (0.02237)  (0.26327)  (0.22478)  (0.06027) 
 [-0.22956] [ 2.97411] [ 0.72560] [ 0.10046] [ 0.42515] [ 0.30371] 
       

D(JPNLPUBST(-1))  0.273883  0.098554 -0.146575  0.693296  0.382578  0.238224 
  (0.13111)  (0.07146)  (0.03543)  (0.41693)  (0.35597)  (0.09545) 
 [ 2.08889] [ 1.37906] [-4.13730] [ 1.66286] [ 1.07473] [ 2.49578] 
       

C  0.029470 -0.003705  0.011824  0.070675  0.063435  0.032966 
  (0.01849)  (0.01008)  (0.00500)  (0.05881)  (0.05021)  (0.01346) 
 [ 1.59341] [-0.36749] [ 2.36616] [ 1.20173] [ 1.26331] [ 2.44848] 
       

DUM96 -0.000869 -0.001230  0.001320 -0.001009 -0.017711  0.016010 
  (0.00600)  (0.00327)  (0.00162)  (0.01908)  (0.01629)  (0.00437) 
 [-0.14481] [-0.37606] [ 0.81399] [-0.05291] [-1.08717] [ 3.66507] 
       

DUM08 -0.000563  0.004064 -9.82E-05  0.000795 -0.009507  0.001077 
  (0.00434)  (0.00237)  (0.00117)  (0.01381)  (0.01179)  (0.00316) 
 [-0.12958] [ 1.71722] [-0.08368] [ 0.05756] [-0.80655] [ 0.34064] 
       

DUM13  0.014112  0.006336  0.006641 -0.006504  0.012111 -0.005612 
  (0.00711)  (0.00387)  (0.00192)  (0.02259)  (0.01929)  (0.00517) 
 [ 1.98606] [ 1.63613] [ 3.45893] [-0.28787] [ 0.62780] [-1.08502] 

 R-squared  0.972395  0.913123  0.971537  0.663201  0.592898  0.987740 
 Adj. R-squared  0.963443  0.884947  0.962306  0.553969  0.460865  0.983764 
 Sum sq. resids  0.001977  0.000587  0.000144  0.019989  0.014571  0.001048 
 S.E. equation  0.007309  0.003984  0.001975  0.023243  0.019845  0.005321 
 F-statistic  108.6132  32.40749  105.2453  6.071483  4.490530  248.4179 
 Log likelihood  182.5103  212.8538  247.9392  124.6678  132.5709  198.3834 
 Akaike AIC -6.780413 -7.994152 -9.397569 -4.466713 -4.782836 -7.415336 
 Schwarz SC -6.283287 -7.497026 -8.900443 -3.969587 -4.285710 -6.918210 
 Mean dependent  0.065024  0.035234  0.031538  0.032288  0.002775  0.047868 
 S.D. dependent  0.038229  0.011746  0.010173  0.034803  0.027027  0.041761 

 Determinant resid covariance (dof adj.)  1.07E-27     
 Determinant resid covariance  1.75E-28     
 Log likelihood  1172.069     
 Akaike information criterion -42.92276     
 Schwarz criterion -39.13695     
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Netherlands	

 
Sample: 1968 2014      
Included observations: 47     
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(5,3)=0,A(4,2)=0, A(1,4)=0,A(6,4)=0,A(3,1)=0,B(1,1)=1, B(1,4)=0, B(1,5)=0, B(1,6)=0, B(2,1)=0, B(2,2)=0, B(2,3)=1, 
B(2,6)=0, B(3,1)=0,B(3,3)=0, B(3,5)=1, B(3,6)=0,B(4,2)=0, B(4,3)=0, B(4,4)=0,B(4,5)=0, B(4,6)=1 
Convergence achieved after 55 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 4):     
Chi-square(6)  0.065887      
Probability  0.999994      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4   

LTFP(-1)  1.000000  0.000000  0.000000 -2.436554   
     (0.08183)   
    [-29.7753]   
       

LPUBST(-1) -0.585929  0.000000  0.109590  0.000000   
  (0.05534)   (0.05267)    
 [-10.5876]  [ 2.08072]    
       

LBERDST(-1) -1.779654  1.000000  0.000000  0.000000   
  (0.04374)      
 [-40.6898]      
       

LFBERDST(-1)  0.000000  0.296362 -0.304893  0.000000   
   (0.02354)  (0.02363)    
  [ 12.5914] [-12.9038]    
       

LFPUBST(-1)  0.000000 -0.385238  1.000000  0.000000   
   (0.05005)     
  [-7.69733]     
       

LGDP(-1)  0.000000  0.000000  0.000000  1.000000   
       

@TREND(63)  0.061379 -0.030180 -0.019913 -0.006011   
  (0.00217)  (0.00157)  (0.00161)  (0.00082)   
 [ 28.2465] [-19.2217] [-12.3941] [-7.36214]   
       

C  22.08393 -8.222165 -9.354678 -13.21964   

Error Correction: D(LTFP) D(LPUBST) D(LBERDST) D(LFBERDST) D(LFPUBST) D(LGDP) 

CointEq1 -0.380746  0.234872  0.000000  0.059723  0.308821 -0.265905 
  (0.09230)  (0.07804)  (0.00000)  (0.00930)  (0.03939)  (0.13999) 
 [-4.12526] [ 3.00946] [NA] [ 6.41945] [ 7.84002] [-1.89949] 
       

CointEq2 -0.486934  0.483608 -0.122983  0.000000  0.468185 -0.297699 
  (0.11903)  (0.11522)  (0.04538)  (0.00000)  (0.05251)  (0.18066) 
 [-4.09086] [ 4.19726] [-2.71034] [NA] [ 8.91555] [-1.64785] 
       

CointEq3 -0.174816  0.296159 -0.486228 -0.532887  0.000000 -0.237043 
  (0.06932)  (0.06641)  (0.12448)  (0.03481)  (0.00000)  (0.10553) 
 [-2.52178] [ 4.45925] [-3.90597] [-15.3076] [NA] [-2.24627] 
       

CointEq4  0.000000  0.206781 -0.106544 -0.188950  0.178994  0.000000 
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  (0.00000)  (0.04539)  (0.06318)  (0.01699)  (0.01472)  (0.00000) 
 [NA] [ 4.55551] [-1.68629] [-11.1203] [ 12.1588] [NA] 
       

C  0.009549  0.027069  0.027120  0.035073  0.030621  0.025135 
  (0.00166)  (0.00086)  (0.00205)  (0.00059)  (0.00052)  (0.00253) 
 [ 5.75833] [ 31.4183] [ 13.2097] [ 59.1219] [ 59.0327] [ 9.94264] 

R-squared  0.514875  0.657694  0.309925  0.880985  0.844121  0.398997 
Adj. R-squared  0.468672  0.625093  0.244204  0.869651  0.829276  0.341759 
Sum sq. resids  0.005428  0.001465  0.008320  0.000695  0.000531  0.012615 
S.E. equation  0.011368  0.005907  0.014075  0.004067  0.003556  0.017331 
F-statistic  11.14389  20.17430  4.715748  77.72439  56.86013  6.970801 
Log likelihood  146.3688  177.1419  136.3311  194.6816  200.9898  126.5507 
Akaike AIC -6.015692 -7.325186 -5.588559 -8.071558 -8.339989 -5.172370 
Schwarz SC -5.818867 -7.128362 -5.391735 -7.874734 -8.143165 -4.975546 
Mean dependent  0.009549  0.027069  0.027120  0.035073  0.030621  0.025135 
S.D. dependent  0.015596  0.009647  0.016190  0.011265  0.008607  0.021361 

Determinant resid covariance (dof adj.)  6.15E-27     
Determinant resid covariance  3.13E-27     
Log likelihood  1034.006     
Akaike information criterion -41.53217     
Schwarz criterion -39.24901     
Number of coefficients  58     
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Norway		

 
Sample: 1971 2014    
Included observations: 44   
Standard errors in ( ) & t-statistics in [ ]  

Cointegration Restrictions:    
      A(5,2)=0, A(4,3)=0,  A(3,2)=0, A(4,2)=0, A(5,1)=0, B(1,1)=1,B(1,3)=0, B(1,5)=0,  B(2,1)=0, 
B(2,2)=1, B(2,5)=0, B(3,3)=1, B(3,1)=0,B(3,2)=0,  
Convergence achieved after 166 iterations.  
Restrictions identify all cointegrating vectors  
LR test for binding restrictions (rank = 3):   
Chi-square(5)  1.209425    
Probability  0.943970    

Cointegrating Eq:  CointEq1 CointEq2 CointEq3  

NORLGDP(-1)  1.000000  0.000000  0.000000  
     

NORLTFP(-1) -0.536099  1.000000  0.000000  
  (0.02612)    
 [-20.5208]    
     

NORLBERDST(-1)  0.000000 -0.902920  1.000000  
   (0.20420)   
  [-4.42171]   
     

NORLPUBST(-1) -0.115169 -3.028708 -0.386154  
  (0.03778)  (0.50265)  (0.07560)  
 [-3.04865] [-6.02544] [-5.10798]  
     

NORLFBERDST(-1)  0.000000  0.000000 -3.317509  
    (0.10028)  
   [-33.0837]  
     

NORLFPUBST(-1) -0.531188  15.48483  2.170668  
  (0.14050)  (1.87778)  (0.36278)  
 [-3.78072] [ 8.24634] [ 5.98339]  
     

@TREND(63) -0.003264 -0.296327  0.024510  
  (0.00315)  (0.04399)  (0.00781)  
 [-1.03556] [-6.73549] [ 3.13729]  
     

C -3.985761 -159.3391  10.87994  

Error Correction: D(NORLGDP) D(NORLTFP) 
D(NORLBERDS

T) 
D(NORLPUBST

) 

CointEq1 -1.370025 -1.161180 -0.179012 -0.249918 
  (0.21836)  (0.18658)  (0.15336)  (0.11798) 
 [-6.27419] [-6.22341] [-1.16729] [-2.11839] 
     

CointEq2 -0.045130 -0.066560  0.000000  0.000000 
  (0.01313)  (0.01067)  (0.00000)  (0.00000) 
 [-3.43742] [-6.23521] [NA] [NA] 
     

CointEq3  0.270588  0.138453 -0.204759  0.000000 
  (0.09167)  (0.07499)  (0.07618)  (0.00000) 
 [ 2.95177] [ 1.84622] [-2.68791] [NA] 
     

D(NORLGDP(-1))  0.825352  0.071220  0.451090  0.303169 
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  (0.27261)  (0.21387)  (0.23157)  (0.19369) 
 [ 3.02762] [ 0.33301] [ 1.94797] [ 1.56524] 
     

D(NORLTFP(-1)) -0.663760 -0.125435 -0.336271 -0.384704 
  (0.32214)  (0.25272)  (0.27364)  (0.22888) 
 [-2.06050] [-0.49634] [-1.22888] [-1.68083] 
     

D(NORLBERDST(-1))  0.498976  0.510482  1.057219  0.152158 
  (0.13860)  (0.10874)  (0.11774)  (0.09848) 
 [ 3.60002] [ 4.69464] [ 8.97940] [ 1.54509] 
     

D(NORLPUBST(-1)) -0.099480  0.051466 -0.335820  0.565568 
  (0.14745)  (0.11568)  (0.12526)  (0.10477) 
 [-0.67465] [ 0.44490] [-2.68108] [ 5.39842] 
     

D(NORLFBERDST(-1))  1.859661  1.264240  0.146647  0.261196 
  (0.62341)  (0.48907)  (0.52956)  (0.44293) 
 [ 2.98306] [ 2.58497] [ 0.27692] [ 0.58970] 
     

D(NORLFPUBST(-1))  1.023102  0.984126 -0.589769  0.447510 
  (0.60557)  (0.47508)  (0.51441)  (0.43026) 
 [ 1.68949] [ 2.07150] [-1.14651] [ 1.04010] 
     

C -0.103824 -0.092403  0.015335 -0.016248 
  (0.03090)  (0.02424)  (0.02625)  (0.02195) 
 [-3.36041] [-3.81224] [ 0.58429] [-0.74018] 

R-squared  0.723708  0.801347  0.917663  0.913353 
Adj. R-squared  0.650571  0.748762  0.895867  0.890417 
Sum sq. resids  0.003842  0.002365  0.002772  0.001939 
S.E. equation  0.010630  0.008339  0.009030  0.007553 
F-statistic  9.895338  15.23916  42.10391  39.82175 
Log likelihood  143.1780  153.8562  150.3569  158.2167 
Akaike AIC -6.053548 -6.538920 -6.379858 -6.737121 
Schwarz SC -5.648050 -6.133422 -5.974361 -6.331623 
Mean dependent  0.029526  0.009461  0.048025  0.046183 
S.D. dependent  0.017983  0.016638  0.027982  0.022815 

Determinant resid covariance (dof adj.)  5.48E-29   
Determinant resid covariance  1.17E-29   
Log likelihood  1090.681   
Akaike information criterion -45.89459   
Schwarz criterion -42.61006   
Number of coefficients  81   
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Portugal	

 
Sample: 1965 2014      
Included observations: 50     
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(1,1)=0, A(4,3)=0, A(1,5)=0, A(6,2)=0, B(1,3)=1, B(1,2)=0, B(1,4)=0,B(1,5)=0, B(1,6)=0, B(2,1)=0, B(2,2)=1,B(2,4)=0, 
B(2,5)=0,  B(2,6)=0, B(3,1)=0, B(3,2)=0, B(3,5)=0, B(3,4)=1, B(3,6)=0,B(4,2)=0, B(4,3)=0, B(4,4)=1,B(4,1)=0, 
B(4,6)=0,B(5,1)=0, B(5,2)=0, B(5,3)=0, B(5,4)=0, B(5,5)=1 
Convergence achieved after 2106 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 5):     
Chi-square(4)  0.345633      
Probability  0.986681      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4 CointEq5  

PRTLPUBST(-1) -0.179110  0.000000  0.000000  0.000000  0.000000  
  (0.03077)      
 [-5.82059]      
       

PRTLGDP(-1)  0.000000  1.000000  0.000000  0.000000  0.000000  
       

PRTLTFP(-1)  1.000000 -2.907968  0.235448  0.000000  0.000000  
   (0.27551)  (0.04243)    
  [-10.5547] [ 5.54855]    
       

PRTLBERDST(-1)  0.000000  0.000000  1.000000  1.000000  0.000000  
       

PRTLFBERDST(-1)  0.000000  0.000000  0.000000  0.248595  1.000000  
     (0.03461)   
    [ 7.18326]   
       

PRTLFPUBST(-1)  0.000000  0.000000  0.000000  0.000000 -1.361393  
      (0.19024)  
     [-7.15625]  
       

@TREND(63)  0.004195 -0.002818 -0.091836 -0.098767  0.005901  
  (0.00214)  (0.00297)  (0.00344)  (0.00344)  (0.00555)  
 [ 1.96046] [-0.94815] [-26.7177] [-28.7346] [ 1.06247]  
       

C  1.492951 -12.17830 -4.707567 -7.895630  3.894995  

Error Correction: D(PRTLPUBST) D(PRTLGDP) D(PRTLTFP) 
D(PRTLBERDS

T) 
D(PRTLFBERD

ST) 
D(PRTLFPUBS

T) 

CointEq1  0.000000 -0.846038 -0.616754 -0.513575 -0.089112 -0.023998 
  (0.00000)  (0.21346)  (0.19618)  (0.16376)  (0.03340)  (0.01416) 
 [NA] [-3.96351] [-3.14387] [-3.13619] [-2.66839] [-1.69472] 
       

CointEq2 -0.106024 -0.372266 -0.189181 -0.275529  0.025343  0.000000 
  (0.03992)  (0.10950)  (0.10156)  (0.07249)  (0.01713)  (0.00000) 
 [-2.65619] [-3.39957] [-1.86273] [-3.80078] [ 1.47958] [NA] 
       

CointEq3 -1.347881 -2.195461 -2.551386  0.000000  0.115166  0.078352 
  (0.34472)  (0.71998)  (0.67284)  (0.00000)  (0.10755)  (0.05404) 
 [-3.91011] [-3.04935] [-3.79195] [NA] [ 1.07086] [ 1.44990] 
       

CointEq4  1.332337  2.114010  2.420088 -0.218086 -0.121992 -0.078041 
  (0.34369)  (0.70845)  (0.66178)  (0.03722)  (0.10561)  (0.05422) 
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 [ 3.87661] [ 2.98399] [ 3.65696] [-5.85926] [-1.15516] [-1.43932] 
       

CointEq5  0.000000 -0.342873 -0.677159 -0.175868 -0.085904  0.034645 
  (0.00000)  (0.20929)  (0.19241)  (0.15260)  (0.03265)  (0.01660) 
 [NA] [-1.63827] [-3.51943] [-1.15249] [-2.63129] [ 2.08705] 
       

D(PRTLPUBST(-1))  0.630924  0.087840  0.106660 -0.134717  0.073238 -0.019098 
  (0.11686)  (0.23489)  (0.21428)  (0.17360)  (0.03469)  (0.02057) 
 [ 5.39913] [ 0.37396] [ 0.49777] [-0.77601] [ 2.11093] [-0.92845] 
       

D(PRTLGDP(-1))  0.266427  0.252678  0.228593  0.391221  0.051390  0.059283 
  (0.14073)  (0.28288)  (0.25806)  (0.20907)  (0.04178)  (0.02477) 
 [ 1.89312] [ 0.89322] [ 0.88582] [ 1.87120] [ 1.22990] [ 2.39303] 
       

D(PRTLTFP(-1)) -0.061803  0.159144  0.218068 -0.322448  0.013261 -0.058703 
  (0.14381)  (0.28906)  (0.26369)  (0.21364)  (0.04270)  (0.02531) 
 [-0.42977] [ 0.55055] [ 0.82697] [-1.50930] [ 0.31060] [-2.31897] 
       

D(PRTLBERDST(-1)) -0.029426  0.165344  0.071777  0.729720  0.016541  0.017358 
  (0.06259)  (0.12581)  (0.11477)  (0.09299)  (0.01858)  (0.01102) 
 [-0.47014] [ 1.31422] [ 0.62539] [ 7.84768] [ 0.89008] [ 1.57545] 
       

D(PRTLFBERDST(-1))  0.429253  0.471976  0.185306  1.070797  0.981626  0.130248 
  (0.23316)  (0.46866)  (0.42753)  (0.34638)  (0.06922)  (0.04104) 
 [ 1.84106] [ 1.00708] [ 0.43344] [ 3.09143] [ 14.1805] [ 3.17353] 
       

D(PRTLFPUBST(-1)) -0.731707 -1.306882  0.676715  2.455587 -0.227466  0.748041 
  (0.57080)  (1.14734)  (1.04665)  (0.84798)  (0.16947)  (0.10048) 
 [-1.28191] [-1.13906] [ 0.64655] [ 2.89582] [-1.34222] [ 7.44495] 
       

C  0.021636  0.031327 -0.037775 -0.102552  0.000518  0.001300 
  (0.02092)  (0.04206)  (0.03837)  (0.03108)  (0.00621)  (0.00368) 
 [ 1.03403] [ 0.74486] [-0.98458] [-3.29917] [ 0.08334] [ 0.35304] 

R-squared  0.914559  0.604162  0.575716  0.909061  0.921911  0.966687 
Adj. R-squared  0.889826  0.489578  0.452897  0.882737  0.899307  0.957043 
Sum sq. resids  0.006043  0.024415  0.020318  0.013336  0.000533  0.000187 
S.E. equation  0.012610  0.025348  0.023123  0.018734  0.003744  0.002220 
F-statistic  36.97725  5.272633  4.687519  34.53309  40.78430  100.2441 
Log likelihood  154.5761  119.6677  124.2601  134.7850  215.2940  241.4316 
Akaike AIC -5.703042 -4.306708 -4.490406 -4.911400 -8.131760 -9.177263 
Schwarz SC -5.244157 -3.847823 -4.031520 -4.452515 -7.672874 -8.718378 
Mean dependent  0.052892  0.029772  0.010830  0.062247  0.034965  0.031743 
S.D. dependent  0.037991  0.035479  0.031262  0.054708  0.011799  0.010710 

Determinant resid covariance (dof adj.)  1.43E-25     
Determinant resid covariance  2.75E-26     
Log likelihood  1045.552     
Akaike information criterion -37.54206     
Schwarz criterion -33.45033     
Number of coefficients  107     
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Spain	

 
Sample: 1967 2014      
Included observations: 48     
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(4,3)=0,A(6,1)=0, A(5,2)=0, A(1,5)=0, A(3,3)=0, B(1,1)=1, B(1,2)=0, B(1,4)=0,B(1,5)=0, B(1,6)=0, B(2,1)=0, 
B(2,2)=1,B(2,4)=0, B(2,5)=0,  B(2,6)=0, B(3,1)=0, B(3,2)=0, B(3,5)=0, B(3,3)=1, B(3,6)=0,B(4,2)=0, B(4,3)=0, 
B(4,4)=1,B(4,1)=0, B(4,6)=0,B(5,1)=0, B(5,2)=0, B(5,3)=0, B(5,4)=0, B(5,5)=1 
Convergence achieved after 482 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 5):     
Chi-square(5)  1.466023      
Probability  0.916957      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4 CointEq5  

ESPLPUBST(-1)  1.000000  0.000000  0.000000  0.000000  0.000000  
       

ESPLGDP(-1)  0.000000  1.000000  0.000000  0.000000  0.000000  
       

ESPLTFP(-1) -2.204144 -0.348507  1.000000  0.000000  0.000000  
  (0.13927)  (0.10631)     
 [-15.8264] [-3.27816]     
       

ESPLBERDST(-1)  0.000000  0.000000 -0.400635  1.000000  0.000000  
    (0.02167)    
   [-18.4851]    
       

ESPLFBERDST(-1)  0.000000  0.000000  0.000000 -3.149393  1.000000  
     (0.14922)   
    [-21.1061]   
       

ESPLFPUBST(-1)  0.000000  0.000000  0.000000  0.000000 -3.678164  
      (0.14986)  
     [-24.5443]  
       

@TREND(63) -0.049914 -0.013512  0.022664  0.049025  0.066011  
  (0.00144)  (0.00153)  (0.00179)  (0.00548)  (0.00438)  
 [-34.6847] [-8.80533] [ 12.6681] [ 8.94786] [ 15.0874]  
       

C -7.977652 -13.16529  3.159932  31.78252  32.04227  

Error Correction: D(ESPLPUBST) D(ESPLGDP) D(ESPLTFP) 
D(ESPLBERDS

T) 
D(ESPLFBERD

ST) 
D(ESPLFPUBS

T) 

CointEq1 -0.141705  0.087288  0.052677 -0.197119 -0.035618  0.000000 
  (0.03135)  (0.03395)  (0.01859)  (0.04103)  (0.01036)  (0.00000) 
 [-4.51967] [ 2.57102] [ 2.83363] [-4.80470] [-3.43924] [NA] 
       

CointEq2  0.158727  0.061896 -0.084900  0.272393  0.000000  0.048305 
  (0.02984)  (0.03821)  (0.01897)  (0.04263)  (0.00000)  (0.00527) 
 [ 5.31878] [ 1.62009] [-4.47537] [ 6.39017] [NA] [ 9.15913] 
       

CointEq3 -0.459260  0.239371  0.000000  0.000000  0.106504 -0.080308 
  (0.07424)  (0.08051)  (0.00000)  (0.00000)  (0.02600)  (0.01372) 
 [-6.18634] [ 2.97323] [NA] [NA] [ 4.09555] [-5.85133] 
       

CointEq4 -0.156135 -0.077082 -0.022984 -0.181881  0.036216 -0.039568 
  (0.01970)  (0.02469)  (0.01193)  (0.02644)  (0.00711)  (0.00403) 
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 [-7.92381] [-3.12193] [-1.92647] [-6.88009] [ 5.09043] [-9.81236] 
       

CointEq5  0.000000  0.105146 -0.050209 -0.149441  0.095377  0.069183 
  (0.00000)  (0.03964)  (0.02120)  (0.04773)  (0.01249)  (0.00667) 
 [NA] [ 2.65280] [-2.36825] [-3.13110] [ 7.63494] [ 10.3655] 
       

C  0.074129  0.027714  0.007767  0.074605  0.033967  0.029873 
  (0.00197)  (0.00243)  (0.00134)  (0.00298)  (0.00080)  (0.00039) 
 [ 37.5669] [ 11.3916] [ 5.79160] [ 25.0696] [ 42.3715] [ 76.6839] 

R-squared  0.788705  0.613012  0.588268  0.757945  0.779710  0.919110 
Adj. R-squared  0.763550  0.566942  0.539252  0.729129  0.753485  0.909480 
Sum sq. resids  0.007850  0.011932  0.003626  0.017854  0.001296  0.000306 
S.E. equation  0.013671  0.016855  0.009291  0.020618  0.005554  0.002699 
F-statistic  31.35478  13.30608  12.00161  26.30287  29.73154  95.44456 
Log likelihood  141.1345  131.0844  159.6733  121.4127  184.3713  219.0108 
Akaike AIC -5.630604 -5.211852 -6.403054 -4.808861 -7.432139 -8.875449 
Schwarz SC -5.396704 -4.977952 -6.169154 -4.574961 -7.198239 -8.641549 
Mean dependent  0.074129  0.027714  0.007767  0.074605  0.033967  0.029873 
S.D. dependent  0.028115  0.025613  0.013688  0.039615  0.011186  0.008971 

Determinant resid covariance (dof adj.)  9.39E-26     
Determinant resid covariance  4.21E-26     
Log likelihood  993.2470     
Akaike information criterion -38.42696     
Schwarz criterion -35.65914     
Number of coefficients  71     
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Sweden		

 
Sample: 1969 2014      
Included observations: 46     
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(6,2)=0, B(1,7)=0,A(3,3)=0, A(1,2)=0,   B(1,1)=1, B(1,3)=0,  B(1,4)=0, B(1,5)=0, B(1,6)=0, B(2,1)=0,   B(2,4)=1,  B(2,5)=0, 
B(3,1)=0,   B(3,4)=0, B(3,5)=1,   
Convergence achieved after 83 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 3):     
Chi-square(6)  3.050330      
Probability  0.802504      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3    

SWELPUBST(-1)  1.000000  0.000000  0.000000    
       

SWELFBERDST(-1) -1.147966  2.349505  2.827396    
  (0.04211)  (0.38145)  (0.39132)    
 [-27.2602] [ 6.15937] [ 7.22521]    
       

SWELFPUBST(-1)  0.000000 -4.106749 -4.864888    
   (0.75620)  (0.77531)    
  [-5.43079] [-6.27480]    
       

SWELGDP(-1)  0.000000  1.000000  0.000000    
       

SWELTFP(-1)  0.000000  0.000000  1.000000    
       

D(SWELBERDST(-1))  0.000000  0.715198  0.803633    
   (0.39694)  (0.40697)    
  [ 1.80176] [ 1.97465]    
       

@TREND(63)  0.000000  0.016317  0.031062    
   (0.01332)  (0.01366)    
  [ 1.22471] [ 2.27402]    
       

C  6.473052  8.628316  24.07051    

Error Correction: 
D(SWELPUBST

) 
D(SWELFBERD

ST) 
D(SWELFPUBS

T) D(SWELGDP) D(SWELTFP) 
D(SWELBERD

ST,2) 

CointEq1 -0.090176  0.068121 -0.010304  0.257751  0.199903 -0.034048 
  (0.01635)  (0.01360)  (0.00514)  (0.06283)  (0.04476)  (0.01939) 
 [-5.51394] [ 5.01018] [-2.00348] [ 4.10241] [ 4.46623] [-1.75604] 
       

CointEq2  0.000000 -0.183888  0.029275 -1.031987 -0.787533  0.000000 
  (0.00000)  (0.03224)  (0.00788)  (0.15176)  (0.10779)  (0.00000) 
 [NA] [-5.70456] [ 3.71653] [-6.79991] [-7.30619] [NA] 
       

CointEq3 -0.063730  0.149890  0.000000  0.953338  0.719183 -0.062104 
  (0.02297)  (0.03138)  (0.00000)  (0.14820)  (0.10543)  (0.02739) 
 [-2.77415] [ 4.77677] [NA] [ 6.43274] [ 6.82142] [-2.26722] 
       

D(SWELPUBST(-1))  0.717894  0.015545  0.075680  0.372605  0.090302 -0.031340 
  (0.09844)  (0.04463)  (0.03284)  (0.19179)  (0.13761)  (0.11656) 
 [ 7.29273] [ 0.34830] [ 2.30458] [ 1.94278] [ 0.65620] [-0.26887] 
       

D(SWELFBERDST(-1))  0.989991  0.837564  0.091014 -0.506289 -0.302538  0.532196 
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  (0.25875)  (0.11731)  (0.08632)  (0.50412)  (0.36172)  (0.30638) 
 [ 3.82608] [ 7.13952] [ 1.05442] [-1.00431] [-0.83639] [ 1.73706] 
       

D(SWELFPUBST(-1)) -0.511867  0.114364  0.541770  0.240445  0.572447  0.089303 
  (0.30008)  (0.13605)  (0.10010)  (0.58464)  (0.41949)  (0.35531) 
 [-1.70579] [ 0.84059] [ 5.41209] [ 0.41127] [ 1.36462] [ 0.25133] 
       

D(SWELGDP(-1)) -0.264981  0.253143 -0.097067  0.289482 -0.299407 -0.297028 
  (0.17260)  (0.07825)  (0.05758)  (0.33627)  (0.24128)  (0.20437) 
 [-1.53527] [ 3.23493] [-1.68587] [ 0.86087] [-1.24091] [-1.45341] 
       

D(SWELTFP(-1))  0.347268 -0.200494  0.080104 -0.289238  0.229668  0.566072 
  (0.21507)  (0.09751)  (0.07174)  (0.41901)  (0.30065)  (0.25465) 
 [ 1.61471] [-2.05617] [ 1.11652] [-0.69029] [ 0.76390] [ 2.22291] 
       

D(SWELBERDST(-1),2) -0.225744 -0.117077  0.031208 -1.142480 -0.838094  0.179076 
  (0.11975)  (0.05429)  (0.03995)  (0.23331)  (0.16741)  (0.14179) 
 [-1.88511] [-2.15634] [ 0.78120] [-4.89682] [-5.00635] [ 1.26293] 
       

C -0.003972 -0.002999  0.007500  0.011137  0.003167 -0.018670 
  (0.00755)  (0.00343)  (0.00252)  (0.01472)  (0.01056)  (0.00895) 
 [-0.52578] [-0.87554] [ 2.97584] [ 0.75662] [ 0.29989] [-2.08713] 

R-squared  0.946616  0.940191  0.934622  0.702111  0.776641  0.445701 
Adj. R-squared  0.933270  0.925238  0.918277  0.627639  0.720802  0.307126 
Sum sq. resids  0.001695  0.000348  0.000189  0.006433  0.003312  0.002376 
S.E. equation  0.006861  0.003111  0.002289  0.013367  0.009591  0.008124 
F-statistic  70.92867  62.87916  57.18230  9.427820  13.90843  3.216317 
Log likelihood  169.5336  205.9197  220.0339  138.8536  154.1232  161.7612 
Akaike AIC -6.936243 -8.518247 -9.131907 -5.602332 -6.266227 -6.598315 
Schwarz SC -6.538712 -8.120717 -8.734376 -5.204801 -5.868696 -6.200784 
Mean dependent  0.048948  0.035092  0.029974  0.021729  0.009412  0.000585 
S.D. dependent  0.026560  0.011377  0.008006  0.021906  0.018152  0.009760 

Determinant resid covariance (dof adj.)  1.75E-28     
Determinant resid covariance  4.01E-29     
Log likelihood  1112.232     
Akaike information criterion -44.83615     
Schwarz criterion -41.61615     
Number of coefficients  81     
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United	Kingdom	

 
Sample (adjusted): 1966 2014     
Included observations: 49 after adjustments    
Standard errors in ( ) & t-statistics in [ ]    

Cointegration Restrictions:      
      A(1,4)=0,A(1,3)=0,A(6,3)=0,A(2,3)=0,A(4,2)=0, B(1,1)=1, B(1,4)=0,  B(1,5)=0, B(1,6)=0, B(2,6)=0,  B(2,3)=1, 
B(2,1)=0,B(2,5)=0, B(3,3)=0, B(3,2)=1, B(3,4)=0,B(3,6)=0, B(4,5)=0, B(4,6)=1,B(4,3)=0,B(4,4)=0,  
Convergence achieved after 69 iterations.    
Restrictions identify all cointegrating vectors    
LR test for binding restrictions (rank = 4):     
Chi-square(5)  0.727316      
Probability  0.981436      

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4   

GBRLTFP(-1)  1.000000  0.000000  3.937544 -2.725511   
    (0.16653)  (0.25599)   
   [ 23.6444] [-10.6469]   
       

GBRLPUBST(-1)  0.198504 -0.158643  1.000000 -0.533251   
  (0.03247)  (0.06703)   (0.07162)   
 [ 6.11285] [-2.36664]  [-7.44532]   
       

GBRLBERDST(-1) -0.394092  1.000000  0.000000  0.000000   
  (0.03432)      
 [-11.4818]      
       

GBRLFBERDST(-1)  0.000000 -0.668811  0.000000  0.000000   
   (0.06019)     
  [-11.1121]     
       

GBRLFPUBST(-1)  0.000000  0.000000 -1.176178  0.000000   
    (0.10389)    
   [-11.3215]    
       

GBRLGDP(-1)  0.000000  0.000000  0.000000  1.000000   
       

@TREND(63) -0.007209  0.008399 -0.024720  0.017812   
  (0.00092)  (0.00293)  (0.00369)  (0.00387)   
 [-7.86063] [ 2.86394] [-6.70402] [ 4.60051]   
       

C  2.782851 -0.982025  5.732943 -9.329530   

Error Correction: D(GBRLTFP) 
D(GBRLPUBST

) 
D(GBRLBERDS

T) 
D(GBRLFBERD

ST) 
D(GBRLFPUBS

T) D(GBRLGDP) 

CointEq1 -0.734410  0.481960 -1.256972 -0.219268 -0.440219 -1.093219 
  (0.32255)  (0.10636)  (0.37562)  (0.12723)  (0.14948)  (0.39830) 
 [-2.27688] [ 4.53137] [-3.34640] [-1.72339] [-2.94500] [-2.74471] 
       

CointEq2 -0.608595  0.353233 -0.808120  0.000000 -0.132537 -1.036522 
  (0.34501)  (0.09794)  (0.19093)  (0.00000)  (0.07577)  (0.40087) 
 [-1.76400] [ 3.60655] [-4.23258] [NA] [-1.74913] [-2.58570] 
       

CointEq3  0.000000  0.000000  0.313835  0.047421  0.115591  0.000000 
  (0.00000)  (0.00000)  (0.09736)  (0.05057)  (0.03865)  (0.00000) 
 [NA] [NA] [ 3.22349] [ 0.93778] [ 2.99094] [NA] 
       

CointEq4  0.000000  0.205186  0.057868 -0.087362  0.049192 -0.418525 
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  (0.00000)  (0.04544)  (0.06512)  (0.05451)  (0.02600)  (0.11267) 
 [NA] [ 4.51511] [ 0.88860] [-1.60268] [ 1.89218] [-3.71458] 
       

D(GBRLTFP(-1))  0.321455  0.012141  0.130754 -0.106727 -0.032339 -0.053812 
  (0.41154)  (0.09622)  (0.11434)  (0.09393)  (0.04263)  (0.45078) 
 [ 0.78110] [ 0.12618] [ 1.14357] [-1.13620] [-0.75866] [-0.11938] 
       

D(GBRLTFP(-2))  0.063759  0.149037  0.069771 -0.000987  0.017435  0.168270 
  (0.29980)  (0.07010)  (0.08329)  (0.06843)  (0.03105)  (0.32839) 
 [ 0.21267] [ 2.12620] [ 0.83765] [-0.01442] [ 0.56148] [ 0.51241] 
       

D(GBRLPUBST(-1))  0.373205  0.700481  0.201138 -0.135840  0.082354 -0.039092 
  (0.73383)  (0.17157)  (0.20388)  (0.16749)  (0.07601)  (0.80380) 
 [ 0.50857] [ 4.08267] [ 0.98655] [-0.81101] [ 1.08351] [-0.04863] 
       

D(GBRLPUBST(-2))  0.595903 -0.123507 -0.305008 -0.068636  0.244552  0.124343 
  (0.74629)  (0.17449)  (0.20734)  (0.17034)  (0.07730)  (0.81744) 
 [ 0.79849] [-0.70783] [-1.47104] [-0.40294] [ 3.16379] [ 0.15211] 
       

D(GBRLBERDST(-1)) -0.374378 -0.118112  0.600502  0.122057 -0.107977 -0.255532 
  (0.65959)  (0.15422)  (0.18325)  (0.15055)  (0.06832)  (0.72248) 
 [-0.56759] [-0.76589] [ 3.27688] [ 0.81075] [-1.58052] [-0.35369] 
       

D(GBRLBERDST(-2)) -0.058540 -0.349365 -0.081447 -0.238508 -0.012306  0.070812 
  (0.67631)  (0.15813)  (0.18790)  (0.15436)  (0.07005)  (0.74079) 
 [-0.08656] [-2.20942] [-0.43346] [-1.54509] [-0.17567] [ 0.09559] 
       

D(GBRLFBERDST(-1))  0.231851 -0.316556 -0.012109  1.141194  0.018854 -0.492207 
  (0.90107)  (0.21068)  (0.25034)  (0.20567)  (0.09333)  (0.98698) 
 [ 0.25731] [-1.50258] [-0.04837] [ 5.54879] [ 0.20202] [-0.49870] 
       

D(GBRLFBERDST(-2))  0.143585  0.633958 -0.244375 -0.584467  0.199392  0.378707 
  (0.80287)  (0.18772)  (0.22306)  (0.18325)  (0.08316)  (0.87942) 
 [ 0.17884] [ 3.37723] [-1.09555] [-3.18943] [ 2.39777] [ 0.43063] 
       

D(GBRLFPUBST(-1))  0.017635 -0.016042 -0.641896  0.473279  0.613349 -0.039990 
  (1.43809)  (0.33623)  (0.39954)  (0.32824)  (0.14895)  (1.57521) 
 [ 0.01226] [-0.04771] [-1.60657] [ 1.44188] [ 4.11779] [-0.02539] 
       

D(GBRLFPUBST(-2))  0.332711  0.026793 -0.060243 -0.627613 -0.111757 -0.119780 
  (1.02668)  (0.24004)  (0.28524)  (0.23434)  (0.10634)  (1.12457) 
 [ 0.32406] [ 0.11162] [-0.21120] [-2.67826] [-1.05095] [-0.10651] 
       

D(GBRLGDP(-1))  0.279747 -0.023786  0.034816  0.018564  0.093152  0.579494 
  (0.29371)  (0.06867)  (0.08160)  (0.06704)  (0.03042)  (0.32171) 
 [ 0.95246] [-0.34637] [ 0.42666] [ 0.27692] [ 3.06211] [ 1.80128] 
       

D(GBRLGDP(-2))  0.015752 -0.127184 -0.011031 -0.032088  0.017732 -0.044680 
  (0.33196)  (0.07761)  (0.09223)  (0.07577)  (0.03438)  (0.36361) 
 [ 0.04745] [-1.63866] [-0.11960] [-0.42349] [ 0.51571] [-0.12288] 
       

C -0.031456  0.002879  0.043383  0.029645  0.004077  0.022195 
  (0.06179)  (0.01445)  (0.01717)  (0.01410)  (0.00640)  (0.06768) 
 [-0.50910] [ 0.19928] [ 2.52724] [ 2.10210] [ 0.63704] [ 0.32794] 

R-squared  0.367473  0.879287  0.830810  0.928068  0.986050  0.402752 
Adj. R-squared  0.051209  0.818931  0.746215  0.892102  0.979075  0.104128 
Sum sq. resids  0.010815  0.000591  0.000835  0.000563  0.000116  0.012976 
S.E. equation  0.018384  0.004298  0.005108  0.004196  0.001904  0.020137 
F-statistic  1.161918  14.56825  9.821047  25.80401  141.3702  1.348692 
Log likelihood  136.7287  207.9387  199.4854  209.1180  247.8341  132.2663 
Akaike AIC -4.886885 -7.793417 -7.448382 -7.841551 -9.421798 -4.704748 
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Schwarz SC -4.230539 -7.137071 -6.792036 -7.185205 -8.765453 -4.048402 
Mean dependent  0.011018  0.012307  0.018832  0.037933  0.034976  0.023268 
S.D. dependent  0.018874  0.010101  0.010139  0.012774  0.013163  0.021275 

Determinant resid covariance (dof adj.)  1.65E-28     
Determinant resid covariance  1.28E-29     
Log likelihood  1212.516     
Akaike information criterion -44.18431     
Schwarz criterion -39.16520     
Number of coefficients  130     
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USA	

 
Sample (adjusted): 1966 2013    
Included observations: 48 after adjustments   
Standard errors in ( ) & t-statistics in [ ]   

Cointegration Restrictions:     
      A(3,1)=0,A(1,3)=0, A(5,2)=0, B(4,5)=0, B(4,2)=0, B(4,3)=0,B(3,5)=0, B(3,1)=0, B(3,2)=0,B(2,1)=0, 
B(2,4)=0, B(2,5)=0, B(1,2)=0, B(1,3)=0,B(1,4)=0,B(3,4)=1, B(4,4)=1, B(1,1)=1, B(2,3)=1 
Convergence achieved after 251 iterations.   
Restrictions identify all cointegrating vectors   
LR test for binding restrictions (rank = 4):    
Chi-square(3)  0.773799     
Probability  0.855723     

Cointegrating Eq:  CointEq1 CointEq2 CointEq3 CointEq4  

LNTFP(-1)  1.000000  0.000000  0.000000  0.423273  
     (0.07224)  
    [ 5.85911]  
      

LNFBERDST(-1)  0.000000 -0.225585  0.000000  0.000000  
   (0.01252)    
  [-18.0142]    
      

LNFPUBST(-1)  0.000000  1.000000  0.392492  0.000000  
    (0.20999)   
   [ 1.86906]   
      

LNPUBST(-1)  0.000000  0.000000  1.000000  1.000000  
      

LNBERDST(-1) -0.526691  0.000000  0.000000  0.000000  
  (0.06076)     
 [-8.66873]     
      

@TREND(60)  0.008030 -0.020517 -0.045987 -0.038775  
  (0.00217)  (0.00057)  (0.00620)  (0.00128)  
 [ 3.69948] [-35.7630] [-7.41136] [-30.2764]  
      

C  7.095856 -8.434537 -15.99273 -11.49016  

Error Correction: D(LNTFP) 
D(LNFBERDST

) D(LNFPUBST) D(LNPUBST) D(LNBERDST) 

CointEq1 -0.591555  0.106584  0.000000 -0.043971  0.078229 
  (0.12848)  (0.04561)  (0.00000)  (0.04531)  (0.06354) 
 [-4.60421] [ 2.33685] [NA] [-0.97044] [ 1.23128] 
      

CointEq2  1.099160 -0.230702 -0.385474  0.126951  0.000000 
  (0.48598)  (0.12839)  (0.09408)  (0.14762)  (0.00000) 
 [ 2.26175] [-1.79684] [-4.09713] [ 0.85999] [NA] 
      

CointEq3  0.000000  0.203228 -0.099537 -0.177495  0.334248 
  (0.00000)  (0.07195)  (0.03921)  (0.07317)  (0.10458) 
 [NA] [ 2.82457] [-2.53847] [-2.42576] [ 3.19606] 
      

CointEq4 -0.171455 -0.099277  0.162164  0.162011 -0.351896 
  (0.09952)  (0.06756)  (0.04143)  (0.06811)  (0.10116) 
 [-1.72277] [-1.46942] [ 3.91446] [ 2.37861] [-3.47850] 
      

D(LNTFP(-1))  0.212783  0.072782 -0.058244 -0.077383  0.171057 
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  (0.16386)  (0.04414)  (0.02931)  (0.04311)  (0.06517) 
 [ 1.29855] [ 1.64897] [-1.98725] [-1.79506] [ 2.62479] 
      

D(LNTFP(-2))  0.031062  0.050334  0.007198  0.025774 -0.124982 
  (0.15272)  (0.04114)  (0.02732)  (0.04018)  (0.06074) 
 [ 0.20339] [ 1.22357] [ 0.26351] [ 0.64151] [-2.05771] 
      

D(LNFBERDST(-1)) -0.277886  0.702815 -0.194505 -0.309440  0.307179 
  (0.70976)  (0.19118)  (0.12695)  (0.18672)  (0.28228) 
 [-0.39152] [ 3.67618] [-1.53216] [-1.65720] [ 1.08821] 
      

D(LNFBERDST(-2))  0.780848 -0.325116  0.107131  0.393141 -0.363434 
  (0.66809)  (0.17996)  (0.11950)  (0.17576)  (0.26571) 
 [ 1.16877] [-1.80663] [ 0.89652] [ 2.23677] [-1.36780] 
      

D(LNFPUBST(-1))  0.165015  0.063192  0.645662  0.013825  0.432911 
  (0.83436)  (0.22474)  (0.14924)  (0.21951)  (0.33183) 
 [ 0.19777] [ 0.28117] [ 4.32647] [ 0.06298] [ 1.30460] 
      

D(LNFPUBST(-2)) -2.369296 -0.282590  0.122853 -0.143169 -0.789630 
  (0.85570)  (0.23049)  (0.15305)  (0.22512)  (0.34032) 
 [-2.76883] [-1.22603] [ 0.80269] [-0.63597] [-2.32024] 
      

D(LNPUBST(-1))  0.984148  0.182913  0.174678  1.265535 -0.282586 
  (0.63457)  (0.17093)  (0.11350)  (0.16694)  (0.25237) 
 [ 1.55089] [ 1.07012] [ 1.53902] [ 7.58066] [-1.11971] 
      

D(LNPUBST(-2)) -0.225270 -0.206025 -0.277189 -0.539604  0.470396 
  (0.57277)  (0.15428)  (0.10245)  (0.15068)  (0.22780) 
 [-0.39330] [-1.33539] [-2.70571] [-3.58101] [ 2.06499] 
      

D(LNBERDST(-1))  0.271469  0.007409  0.067481  0.193105  1.077802 
  (0.39080)  (0.10527)  (0.06990)  (0.10281)  (0.15542) 
 [ 0.69465] [ 0.07039] [ 0.96541] [ 1.87824] [ 6.93458] 
      

D(LNBERDST(-2)) -0.594136  0.263446 -0.120645 -0.014818 -0.308425 
  (0.49520)  (0.13339)  (0.08857)  (0.13028)  (0.19695) 
 [-1.19979] [ 1.97506] [-1.36211] [-0.11374] [-1.56604] 
      

C  0.040196  0.021551  0.015783  0.003242  0.013334 
  (0.02723)  (0.00733)  (0.00487)  (0.00716)  (0.01083) 
 [ 1.47635] [ 2.93868] [ 3.24099] [ 0.45262] [ 1.23145] 

R-squared  0.471279  0.954618  0.917886  0.958705  0.930915 
Adj. R-squared  0.246973  0.935365  0.883050  0.941185  0.901606 
Sum sq. resids  0.004580  0.000332  0.000147  0.000317  0.000724 
S.E. equation  0.011780  0.003173  0.002107  0.003099  0.004685 
F-statistic  2.101056  49.58322  26.34874  54.72294  31.76235 
Log likelihood  154.0674  217.0294  236.6825  218.1615  198.3250 
Akaike AIC -5.794476 -8.417893 -9.236770 -8.465064 -7.638542 
Schwarz SC -5.209726 -7.833143 -8.652019 -7.880314 -7.053792 
Mean dependent  0.009738  0.038769  0.029350  0.030543  0.031684 
S.D. dependent  0.013575  0.012481  0.006161  0.012779  0.014936 

Determinant resid covariance (dof adj.)  3.89E-25    
Determinant resid covariance  5.98E-26    
Log likelihood  1053.027    
Akaike information criterion -39.75112    
Schwarz criterion -35.89177    
Number of coefficients  99    
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