
 

Faculdade de Economia  
da Universidade de Coimbra 

 
Grupo de Estudos Monetários e Financeiros 

(GEMF) 
Av. Dias da Silva, 165 – 3004-512 COIMBRA, 

PORTUGAL 
 

gemf@fe.uc.pt 
http://gemf.fe.uc.pt 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ELIAS SOUKIAZIS & MICAELA ANTUNES 

Growth Performance in Portugal 
Since the 1960’s: A Simultaneous 

Equation Approach with Cumulative 
Causation Characteristics 

ESTUDOS DO GEMF 
N.º 06 2011 

 
 
 
 

PUBLICAÇÃO CO-FINANCIADA PELA  
FUNDAÇÃO PARA A CIÊNCIA E TECNOLOGIA 

 
Impresso na Secção de Textos da FEUC 

                                                                                                                               COIMBRA 2011   
 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

https://core.ac.uk/display/6778666?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


 1

Growth performance in Portugal since the 1960’s: a simultaneous equation 

approach with cumulative causation characteristics. 

 
 

Elias Soukiazis 

Faculty of Economics 

University of Coimbra and GEMF 

Micaela Antunes* 

Faculty of Economics 

University of Coimbra 

 

 

Abstract 

The aim of this paper is to explain growth performance in Portugal in the last decades through a 
multi-equation system with cumulative growth characteristics. The model uses a demand-
orientated approach to determine the main relationships which explain growth through a 
virtuous cycle. The idea is to identify the driving forces of growth with causal linkages and 
feedback tendencies that turn the process self-sustained. The multi-equation growth model is 
estimated by 3SLS to capture more efficiently the interrelations between the main growth forces 
and to control for the endogeneity of the regressors. Our evidence shows that the proposed 
model can successfully be used to explain the Portuguese growth performance, highlighting the 
importance of exports competitiveness as the key factor in this process. The cumulative growth 
process can be interrupted at some points mainly due to the incapacity of transferring 
productivity gains into domestic prices and to turn the economy more competitive. Capital 
accumulation is also shown not to affect productivity growth and domestic prices not to 
improve exports competitiveness. These are the main drawbacks of the Portuguese economy 
that could explain the failure to achieve higher growth rates in the last decades.  
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1. Introduction 

The Keynesian demand-orientated approach admits, contrary to the neoclassical supply-

led growth theory, that demand, especially exogenous demand (through exports) is the 

main driving force of growth. When external imbalances occur (mainly due to current 

account deficits), it is income that adjusts to preserve the balance-of-payments 

equilibrium. In this approach, growth is not constrained by the supply of factor inputs 

and productive factors are endogenous to the growth process, transferred to locations 

where demand is stronger and not to where relative prices are more favourable, as the 

neoclassical theory assumes. 

The demand-orientated approach to growth takes into account the existence of 

heterogeneity across economies and specific structures, where free trade and free factor 

mobility can lead to uneven economic development. Consequently, the tendency for 

convergence of the neoclassical analysis, due to the lower stock of capital in poorer 

economies and diminishing returns to scale of the productive factors, does not occur 

automatically.  

The existence of increasing returns to scale especially in the non-primary sector will 

induce a cumulative causation growth process with circular tendencies towards 

sustainable growth. Once an economy gains a competitive growth advantage (through 

exports) it will preserve it and may even extend it further making difficult for others to 

compete on the same activities. 

The core of the cumulative causation growth process is the “Verdoorn’s Law”, 

assuming that productivity growth is endogenous, depending on the growth of output 

(mainly of industrial output). This relation captures the increasing returns properties 

(both static and dynamic) found in the industrial sector and turns the growth process 

virtuous with cumulative causation characteristics.   

The cumulative causation model composed by a multi-equation system will be tested 

for the Portuguese economy to verify whether this approach is relevant to explain the 

growth performance of this country in the last decades. A complete growth model with 

structural interrelated equations will be estimated simultaneously by 3SLS, expressing 

the main features of the cumulative growth process with circular characteristics. Special 

attention will be given to the productivity gap between Portugal and the leader (the 



 3

USA), aiming to capture the possibility for catching-up tendencies in technology and 

innovation activities.  

The outline of the study is the following: in section 2, some theoretical considerations 

related to the cumulative causation principle are reviewed. In section 3 historical trends 

of the main variables used in the model are explained. In section 4 the structural multi-

equation model is presented and the virtuous circle of cumulative growth is described. 

Section 5 reports the estimation results and discusses the relevance of the cumulative 

causation model to explain the Portuguese economic performance. The final section 

concludes. 

2. The cumulative causation principle 

The process of cumulative causation growth was used by Myrdal (1957) to explain 

international differences in the level of development between countries. Labour 

migrates from poor to rich countries seeking for better remuneration and better 

employment opportunities, enhancing demand and growth in the destination country.  

Capital migrates to developed countries where risk is lower, tax incentives are generous, 

skilled labour is available and profit perspectives are higher. Trade is unfavourable to 

the developing countries, producing mainly primary commodities with inelastic demand 

and low value added. Trade is more advantageous to the developed countries, 

specialising in increasing returns to scale activities with high income-elasticity of 

demand, and high value added. Efficiency-wages1 have the tendency to fall more 

rapidly in faster-growing countries as a result of gains in productivity. Therefore, 

developed countries gain a cumulative competitive advantage, especially in 

manufacturing commodities. Spread effects - with favourable repercussions on 

backward countries - are weaker at the international level than within nations, resulting 

in persistent and sometimes even widened international differences on growth. 

Kaldor (1957; 1966) developed his growth theory using many of Myrdal’s ideas and 

criticised the neoclassical approach of exogenous growth as unrealistic and unable to 

explain differences in growth rates between countries or regions. In contrast to the 

neoclassical doctrine of constant returns to scale of the reproducible factors, Kaldor 

attributed to industry and manufacturing the exclusive role of generating increasing 

                                                 
1 Efficiency- wage is defined as the ratio of money wage to productivity. 
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returns to scale through the workings of the “Verdoorn’s Law”. Once an economy 

obtains a growth advantage (mainly in exports) it will tend to sustain it at the expense of 

other economies, because faster output growth leads to faster productivity growth 

through the Verdoorn’s effect. Higher productivity in turn reduces efficiency-wages and 

consequently prices, turning the economy more competitive expanding the growth 

process in a circular and cumulative way.2 At the heart of the cumulative growth 

process stands the hypothesis of increasing returns to scale associated with the 

“Verdoorn’s Law”, reflecting some kind of technological progress and turning the 

growth process self-sustained. The increasing returns are not only static, related to the 

scale of production, but also dynamic, coming from learning-by-doing, induced 

investment, embodied technical progress, external economies, among other factors. For 

Kaldor (1970; 1981) the competitive industry is responsible for the polarisation 

phenomenon and the poles of economic activities are on the industrial sector. On the 

other hand, exports that are mainly produced in the industrial or manufacturing sectors 

are the most potent element of exogenous demand, with higher multiplier effects on 

national income.  

The cumulative process develops in a virtuous cycle favouring the economy with the 

initial competitive advantage and making it difficult for other economies to establish the 

same activities. This is the essence of the theory of cumulative causation growth, that 

explains the phenomenon of divergence between the centre and the periphery or 

between industrial and agricultural economies, and hence between developed and 

developing economies. Developing or less developed economies have not the ability to 

explore activities with increasing returns to scale properties and to generate a 

cumulative process of expanding growth. Trade openness will benefit economies that 

have the ability to explore activities with substantial economies of scale and produce 

competitive commodities. The message which can be drawn from Kaldor’s model of 

cumulative causation is that faster growth can be obtained by making the economy more 

competitive and/or altering the industrial structure in a way to produce goods with 

higher income-elasticity of demand and obtaining higher gains of productivity reflected 

in the Verdoorn’s relation. 

                                                 
2 The Kaldorian view is part of the Keynesian approach to growth and it emphasises the role of prices on growth, in 

short- to mediu-run contexts (Blecker, 2009). 
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Some studies attempted to test empirically the validity of the cumulative growth model, 

among them, Amable (1993), Atesoglu (1994), Pini (1996), Targetti and Foti (1997), De 

Benedictis (1998), and more recently Fingleton (2000), Greunz (2001), Castellacci 

(2002) and Léon-Ledesma (2002).3 Most of them are cross-country or cross-region 

studies, using diverse sets of equations to describe the cumulative growth process and 

different proxies to express the technology gap. A summary of these studies including a 

technology gap is given in Table 1, which is self-explained.  

[Insert Table 1 here] 

Our study differs from the previous ones in two main aspects: it uses time series data4 to 

explain growth performance of a unique country, Portugal; the structural model and 

some variables are different from those of the previous studies as we will explain in the 

next sections. 

3. Historical trends of the main variables 

In line with the previous considerations, we adopt a demand-driven approach of circular 

and cumulative causation, in order to verify whether such a perspective is adequate to 

explain the Portuguese growth performance throughout the last decades. The first step is 

to define the variables that enter the model and analyse their evolution over time. 5 

Table 2 displays some descriptive statistics of the variables to be used in the structural 

model, namely the mean, the standard deviation, the minimum and the maximum 

values. Combining this information with that from the figures of the evolution of 

variables over time, we are able to observe important tendencies throughout the last 

decades.  

                                                 
3 For a comparative survey on the Post-Keynesian perspectives of the export-led cumulative causation growth and 

the balance-of-payments constraint approach, see Blecker (2009). 

4 The circular and cumulative growth models mentioned in Table 1 are cross-section studies to explain short to 

medium-run growth. We use a time-series analysis of 42 annual observations to explain a relatively long-run growth 

performance of the Portuguese economy. 

5 For the description of the variables, see the Appendix. 
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The first two rows of Table 2 and Figure 1 show that for most of the years Portuguese 

growth (y) exceeded that of the OECD countries (z).6 The exception has been during the 

period 1983-1985 where Portuguese growth was lower than the OECD average 

explained by the restrictions imposed by the IMF to solve the external debt crisis. More 

recently, from 2002 onwards, the country has been experiencing a slowdown in growth, 

more evident than in the OECD countries, and this period coincides with the 

participation of Portugal in the EMU. The decline of growth in the latter period can be 

attributed to the loss of competitiveness in external markets. Unlike Portugal, the OECD 

growth average does not display negative values in any occasion. Both growth rates 

declined throughout the period but for Portugal the decrease has been more pronounced: 

Portugal’s growth dropped from 7.6% in 1965 to 1.4% in 2006, while in the OECD 

countries the fall was from 5.1% in 1965 to 3.1% in 2006. 

[Insert Table 2 and Figure 1 here] 

From the third row of Table 1 and the Figure 2, it can be seen that exports grew on 

average around 6% per annum for the whole period fluctuating within a wide range, 

although it becomes narrower after 1986, the year that Portugal joined the EU. Export 

growth attained a peak of 33% in 1979 and the lowest record in 1975, of about -16.4%, 

following the year of the change of the political regime. Considering the whole period, 

the annual growth rate fell from 13.5% in the beginning of the period to 8.7% in 2006. 

The growth of exports is substantially lower after Portugal joined the EU revealing 

difficulties in competing in free external markets.  

[Insert Figure 2 here] 

As Table 1 shows, domestic prices (p) grew on average faster than import prices (pm) 

(10.37% against 9.13%). Figure 3 shows that the growth of domestic prices was always 

non-negative and reached its maximum in 1977, prior to the second oil crisis that 

aggravated prices worldwide. After Portugal joined the EU, the growth of domestic 

prices is generally faster than that of import prices and this is probably due to the 

removal of import duties. During the whole period and especially in the post-accession 
                                                 
6 Although the OECD sample includes Portugal, the rate of OECD income growth with Portugal is not substantially 

different from the one excluding it. Therefore, foreign income is approximated by the growth rate of the OECD 

countries. This is a reasonable proxy, since more than 80% of Portuguese imports and exports are associated with 

these countries. For details on the computation of z, see the Appendix. 
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period Portugal behaves poorly as far as price competitiveness in international markets 

is concerned.  As we will explain bellow, this is because money wages grew faster than 

labour productivity turning the economy less competitive.  

[Insert Figure 3 here] 

Comparing the growth of the nominal compensation per employee (w)7 with the growth 

of labour productivity (prod) in Figure 4, we are able to infer about the growth of 

efficiency wages. The first aspect to notice is that only in 1968 the growth of 

productivity was faster than that of nominal wages. In the remaining years, the growth 

of nominal wages exceeded that of productivity and this is pointed out as a persistent 

problem for Portugal, affecting its competitiveness both domestically and abroad. Over 

the whole period nominal wages grew on average 14.13% per annum, much higher than 

the average growth of productivity of 3.39% (see Table 1). A striking aspect is that the 

growth of productivity is declining over time, from 7.4% in the beginning of the period 

to 0.9% in 2006. Although nominal wages growth has declined over time (because of 

lower inflation rates) the gap between the latter and productivity growth remains 

substantial over time, influencing negatively the economy’s competitiveness. When we 

consider the growth of real compensation per employee (rw) in the analysis, the picture 

is slightly different. Although the average growth of real wages (3.46%) is slightly 

faster than the average growth of productivity (3.39%), the difference between the two 

has consistently been diminishing over time. 

[Insert Figure 4 here] 

The technology gap (gap) is defined as one minus the ratio of the Portuguese 

productivity level relatively to the USA’s, considering that the latter is the leading 

country in productivity gains due to higher innovation and technology advances. When 

the gap is declining towards zero it means that Portugal is catching-up with the leader 

over time, making progresses in productivity. From Table 1 it can be observed that the 

Portuguese productivity level, on average, corresponds to only 56% of the USA’s but 

Figure 5 shows that some improvement has taken place over time. In fact, the gap in 

productivity is declining throughout the period (from 70.92 in 1965 to 55.42% in 2006), 

giving some evidence of convergence relatively to the leader. However, the catching-up 

                                                 
7 Nominal compensation per employee will be referred to as nominal wages in the text, for simplicity. 



 8

tendency stabilised around 1992 (the lowest record) and after that the gap in 

productivity has been rising slowly. 

[Insert Figure 5 here] 

The investment-output ratio (I/O) is used in our model as a proxy for physical capital 

accumulation and its average for the whole period is 30.7% (see Table 1). Figure 6 

shows that the lower records are around 1975 and 1985, respectively, which can be 

explained by the change of the political regime in the former and by the austerity 

programs imposed by the IMF in the latter period. A strong increase in investment is 

observed after Portugal joined the EU and continues up to 1999. After that a downward 

tendency occurs, which can partly explain the low growth performance of Portugal in 

the last decade.  

[Insert Figure 6 here] 

The degree of openness (open) is given by the ratio of external trade to GDP and Figure 

7 clearly demonstrates that till the beginning of the 1980’s the Portuguese economy 

remained relatively closed, with this indicator fluctuating around 30%. Since 1983, the 

economy develops strong trade relations with the rest of the world and especially with 

the European countries, reaching a degree of openness of nearly 70% in 2006. Trade 

openness and the degree of liberalisation are important factors to explain growth, given 

the impact they may have on capital accumulation, through the transfer of knowledge 

and technology. Additionally, trade openness offers new exports’ opportunities and the 

possibility to explore economies of scale due to market size. 

[Insert Figure 7 here] 

In the following section we present the structural model to estimate and for that, we take 

into consideration the variables described above, as well as the interaction between 

them, to ascertain whether they are able to generate a cumulative causation growth 

process in the Portuguese economy, in the period from 1965 to 2006. 
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4. The structural model 

The model we suggest is derived from the cumulative causation growth theory and the 

technology gap hypothesis and is formed by the following equations:8 

1321 −++= ttt yaxaay                 (export-led growth)                  (1) 

tttt pmbpbzbbx 4321 +++=               (growth of exports)                 (2) 

ttt prodcwccp 321 ++=                          (growth of domestic prices)     (3) 

141321 )/( −− +++= tttt OIdgapdyddprod   (growth of productivity )           (4) 

14321 )/()/( −+++= tttt OIeopeneyeeOI   (investment-output ratio)          (5) 

Equation (1) reflects the idea that export growth (x) is the most potent element of 

demand inducing faster domestic growth (y), the well known export-led growth 

hypothesis (Dixon and Thirlwall, 1975). Exports are the autonomous component of 

demand with the highest multiplier effects on growth (the Hicksian super-multiplier) 

and enable the growth of induced investment and consumption. Additionally, the lagged 

domestic income growth is introduced, being consistent with the partial adjustment 

mechanism. All parameters are expected to be positive in this equation.  

Equation (2) defines the main determinants of export growth. The explanatory variables 

are standard: the growth of external demand (z), approximated by the growth of the 

OECD countries; the growth of domestic prices (p) and that of import prices (pm), 

capturing the non-price and price competitiveness of exports, respectively. It is expected 

that the growth of external demand influences the growth of the country’s exports 

positively. The growth of domestic prices is expected to affect export growth 

negatively, whereas the growth of import prices - reflecting the price competitiveness of 

foreign competitors - is expected to have a positive impact on the Portuguese export 

growth. 

                                                 
8 All variables in the system are expressed in growth rates, except gap, (I/O) and open, which are ratios. 



 10

The formation of domestic prices is explained by equation (3).9 The formation of 

domestic prices is explained by an identity given by 1 plus the mark-up on unit labour 

costs, and in our model we assume that mark-up is constant. Hence, the growth of 

domestic prices is explained by the growth of money wages (nominal compensation per 

employee) and the growth of domestic productivity. Defining in this way the 

determinants of domestic prices we are consistent with the view that to be competitive 

in external markets the growth of money wages must not exceed the growth of labour 

productivity and this is in line with Kaldor’s idea of efficiency-wages. Therefore, it is 

expected that money wages influence positively the growth of domestic prices (wage 

cost driven inflation) and that gains in productivity contribute to reduce domestic prices.  

Equation (4) is an augmented version of “Verdoorn’s Law”, which relates labour 

productivity growth (prod) to the domestic output growth (y). The Verdoorn’s 

coefficient is assumed to capture the increasing returns properties associated with 

technical progress, innovation and R&D activities.10 In this equation we add the 

investment-output ratio (I/O), like Léon-Ledesma (2002),11 essentially because growth 

in productivity also depends on the capacity of the economy to invest in physical 

capital, like machinery, equipments and infrastructure networks. Depending on the kind 

of investment, the ratio may reflect the embodied technical progress. The productivity 

gap variable (gap) aims at capturing any possibility for convergence or catching-up, 

given that it is an opportunity for the lagging country to adopt better technologies 

(Amable, 1993). Therefore, productivity in Portugal is expected to grow faster since it is 

a laggard country relatively to the USA. We intend to verify whether the relative 

backwardness in terms of technology (captured by labour productivity)12 is relevant to 

explain the productivity growth through the caching-up effect. We expect all 

coefficients in this equation to be positive. 

                                                 
9 Export prices are a proxy for domestic prices. We alternatively used the growth rate of the GDP price deflator as a 

proxy for domestic prices, but no reasonable results were obtained. 

10 For more details see Kaldor (1975). 

11 But contrary to Léon-Ledesma (2002), we consider the investment-output ratio as endogenous. 

12 Castellacci (2002) used the relative ratio of R&D expenditures on GDP as a proxy for technological gap (see 

Table 1). 
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It was Abramovitz (1986) that first introduced the idea of technological gap13 between 

the more and the less developed economies, which in turn is not per se a sufficient 

condition for the latter to catch-up with the former in terms of income per head or per 

worker. For that to be feasible the “social capability” of the economy, related to 

institutional, educational and social characteristics, has to be taken into account. It is the 

existence of these two pre-conditions – technological gap and “social capability” – that 

determines the possibility for an economy to catch-up. The potentiality to catch-up 

depends on conditions related to the diffusion of knowledge, the rate of structural 

changes, capital accumulation and the expansion of demand. 

The last equation (5) explains the capital accumulation process approximated by the 

investment-output ratio (I/O) and it is assumed to be endogenous, since it is a by-

product of production and not a cause for it (Kaldor, 1975). The investment-output ratio 

is primarily explained by the growth of output (y), and this is consistent with the 

accelerator theory. The degree of openness (open) is used as an additional factor to 

explain physical capital accumulation aiming to capture the technology diffusion 

mechanism and new investment opportunities through trade. Higher trade is important 

for the diffusion process facilitating the free movement of knowledge and technology 

with positive effects on investment. Since investment adjusts partially to its equilibrium 

level the lagged investment ratio is used to measure the adjustment speed, being 

consistent with the partial adjustment mechanism.14  

The basic idea of the model is that exports are the engine of growth inducing a virtuous 

process of domestic growth with cumulative characteristics. Figure 8 depicts the 

functioning of the circular and cumulative mechanism and elucidates the causal 

relationships between the variables. 

[Insert Figure 8 here] 

If for any reason the growth of exports (x) increases, it will affect positively the growth 

of domestic output (y) - through equation (1) - which in turn will increase productivity 

(prod) - the Verdoorn’s effect through equation (4) - turning domestic prices more 

                                                 
13 For a broader discussion about the technology gap literature, see for instance, Castellacci (2002). 

14 In a preliminary work we included the patents ratio (proxy for innovation) as an explanatory factor of the 

investment-output ratio, but no satisfactory results were accomplished.  
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favourable - through equation (3) - and exports more competitive in international 

markets - equation (2). Exports will increase further inducing faster growth of domestic 

output, and the whole process restarts operating in a cumulative way with expanding 

tendencies. The increase in productivity is responsible for the cumulative tendencies of 

the process leading to a sustainable expansion of domestic output through higher 

exports. Productivity growth can also increase by higher accumulation of physical 

capital (I/O) embodying technical progress – equation (4). Our model allows the 

accumulation of physical capital to be affected by more intensive trade (open), probably 

through the technology diffusion mechanism - equation (5). The growth of domestic 

output, exports, domestic prices and productivity, and also capital accumulation are 

endogenous to the system and they have to be determined simultaneously. 

5. Empirical results 

The method used for estimating the five relations of the system simultaneously is 3SLS 

(Three-Stage Least Squares) as it is more efficient to capture the interrelation between 

equations and the causal and feedback effects between the variables.15 Table 3 provides 

the estimation results where simultaneity is controlled by using instrumental variables. 

Domestic output growth, export growth, domestic prices growth, productivity growth 

and the investment-output ratio are assumed to be endogenous, and all the other 

variables of the system are exogenous, serving as instruments.  

The obtained results show that this system of structural equations is adequate for 

explaining the economic performance of Portugal over the 1965-2006 period. The 

goodness of fit is reasonable and the joint significance of all coefficients is highly 

confirmed, in general terms. Further attempts to improve the results of the export 

equation (2) by introducing some extra explanatory variables, such as the patents ratio 

(proxy for innovation), the investment-output ratio (proxy for capital accumulation) 

whether current or lagged or the enrolment ratio in secondary education (proxy for 

human capital) were not successful in finding a better fit and statistical significance for 

these factors. 16 

                                                 
15 For more details on the 3SLS method, see for instance, AlDakhil (1998) and Wooldridge (2002).  

16 Additionally, estimations of the system were run with modified variables, smoothed by the Hodrick-Prescott filter, 

and alternatively by the moving-average. Also, estimations with stationary variables were carried out. The idea was to 
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The first equation of the system expressing the export-led growth hypothesis is robust, 

showing a strong relation between output growth and export growth. A lagged 

dependent variable was introduced, to be consistent with the partial adjustment 

mechanism. The short-run impact with respect to exports is 0.361 and the long-run, 

0.515,17 revealing the potentiality of exports as the engine of growth. The speed of 

adjustment of the actual growth difference towards the desired growth is quite fast, 

implying that 70% of this difference is realised within a year.  

[Insert Table 3 here] 

The export equation also gives interesting insights. The impact of foreign demand on 

exports growth is high, showing that a 1 percentage point (p.p.) increase in external 

demand (approximated by the growth of OECD countries) implies a 3.03 p.p. increase 

in the Portuguese exports (everything else constant). Portuguese exports are quite elastic 

with respect to external demand, having the advantage of growing faster in periods of 

world expansion. That advantage will only become effective if the county is able to 

increase exports non-price competitiveness, associated with supply characteristics like 

quality, design, product differentiation, high embodied technology and efficient 

promotion. However, the high income-elasticity with respect to exports can be a 

drawback for Portugal when world demand is declining.  

In the same equation it is shown that exports are not sensitive with respect to price 

changes. The impact of domestic prices growth on the demand for exports is positive, 

an unexpected result,18 but it is statistically insignificant. Similarly, the impact of 

foreign prices (approximated by the growth of import prices) is negative, contrary to 

what would be expected, but once again, it is not statistically significant.19 Moreover, 

                                                                                                                                               
avoid short-run cyclical influences and biases of the estimates. However, no reasonable outcomes were obtained and 

the idea of working with modified data was abandoned. 

17 The long-run impact is given by: 0.361/(1-0.299)=0.515. 

18 The (unexpected) positive impact of relative prices on exports was also found by Bairam (1988) for Portugal, 

during 1970-1985. Antunes and Soukiazis (2009) also found a positive impact of relative prices on exports, for 

Portugal during 1965-2008. However, the magnitude of the impact is very low when compared to that of income. 

19 We opted to separate the impacts of domestic and import prices growth in equation (2) instead of using relative 

prices growth (the difference between the two variables). The reason is that we assume domestic price growth as 

endogenous and import prices growth as exogenous. Thus, the consideration of relative prices would make this 

distinction difficult. 
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not only the impact of prices on exports is insignificant, but the size of the impact is 

very small (close to zero) in comparison to that of external demand. 

This is important evidence revealing that what matters in international trade is non-price 

competitiveness captured by the income-elasticity of the demand for exports which in 

turn is determined by the supply characteristics mentioned earlier.  

The third equation explains the growth of domestic prices mainly by two factors: the 

growth of money wages (approximated by the growth of nominal compensation per 

employee) and the growth of labour productivity. In this way we are in line with 

Kaldor’s idea of efficiency-wages as the relevant element for the formation of domestic 

prices, in order to turn the economy more competitive. Our results reveal some 

interesting insights with respect to these variables. It is shown that money wages have a 

positive and statistically significant impact on domestic prices implying that 1 p.p. 

increase in the former is responsible for a 0.7 p.p. increase in the latter.  

This evidence is in accord with the wage-cost push inflation hypothesis. On the other 

hand, the growth of productivity has its expected negative impact on the growth of 

domestic prices but it is not statistically significant. This is a disappointing result 

implying that gains in productivity are not transmitted to prices to turn the economy 

more competitive. As we have seen in Figure 4, productivity growth is declining 

towards zero over time and money wages grow faster than productivity. Therefore, 

efficiency-wages growth is high and this does not help to improve price 

competitiveness. We detect here a structural problem of the Portuguese economy that 

can be responsible for the interruption of the cumulative causation process of growth 

not allowing the economy to grow faster. 

The fourth equation of the system explains the growth of domestic productivity based 

on “Verdoorn’s Law”. According to this Law, the growth of productivity is explained 

by the growth of output and this relation captures the static and dynamic increasing 

returns to scale related to technical progress, innovation and R&D activities. Our results 

from Table 3 show that the growth of output is significant for explaining productivity 

growth implying that every 1 p.p. increase in the former is responsible for a 0.7 p.p. 

increase in the latter. On the other hand, the potentiality for a catching-up effect in 

productivity levels is confirmed by the positive impact of the productivity gap (lagged 
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one period) on productivity growth. In fact, the distance between the follower (Portugal) 

and the leader (the USA) in terms of productivity levels is an opportunity for the 

backward country to imitate and disseminate the advanced foreign technologies. This is 

in line with Abramovitz’s idea of “social capability” in order to catch-up with the 

leader. The investment-output ratio aiming to capture capital accumulation is also 

introduced in the productivity equation but its impact is not statistically significant and 

carries a wrong negative sign. Léon-Ledesma (2002) argues that it is not uncommon to 

find a negative and/or a statistically insignificant impact of investment-output ratio and 

that may be explained by the existent colinearity between the domestic output growth 

and the investment-output ratio. 

The last equation explains capital accumulation. Similarly to the output growth 

regression - equation (1) -, the investment-output ratio follows a partial adjustment 

process but this time with a relatively slow speed of adjustment. About 31.1% of the 

difference between the actual investment ratio and its desired level is realised within the 

same period. The investment-output ratio is highly explained by internal and external 

demand conditions given by the growth of domestic output and the degree of openness, 

respectively. The short-run impact with respect to domestic output growth is 0.49 and in 

the long-run is even higher – 1.56 – and this is consistent with the accelerator principle. 

The strength of domestic demand is essential for inducing higher investment. The short-

run effect with respect to the degree of openness is 0.105 and the long-run, 0.34, 

revealing that the internationalisation of the economy is responsible for enhancing 

higher investment accumulation.  

We also regressed each of the equations individually, by 2SLS, with all the exogenous 

variables used as instruments, like previously. The intention was to carry out some 

diagnostic tests to justify the robustness of our results. The outcomes are reported in 

Table 4 in the Appendix. 

[Insert Table 4 here] 

In general terms, the estimated parameters and their significance do not change when 

compared to the results from Table 3. However, there are two exceptions: in the export 

equation the signs of domestic prices p and import prices pm are now correct, although 

they still remain statistically insignificant; the investment-output ratio (I/O) still has a 
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negative impact on productivity growth but now it is statistically significant at the 5% 

level. 

We performed four diagnostic tests. The first is the Sargan statistic, a test of over-

identifying restrictions to check the validity of the instruments used in the regressions 

and that hypothesis is confirmed in all cases. The second is the Pagan-Hall 

heteroscedasticity test, showing that only in the third equation the hypothesis of 

homoscedasticity is rejected at the 5% significance level but not at the 1% level. The 

third test is the Cumby-Huizinga test for autocorrelation. The null hypothesis is that 

errors are not first-order autocorrelated and this is confirmed in all cases (in equation (3) 

at the 1% significance level but not at the 5% level). The last one is a normality test, 

conceptually similar to the Jarque-Bera skewness and kurtosis test. The null hypothesis 

is that residuals from a given regression are normally distributed, and this hypothesis is 

not rejected in all equations (at the 5% significance level for equations (1) and (5) and at 

the 1% level for equation (2)). 

Given these outcomes and combining the information from Tables 3 and 4, we can 

assert that our structural model is robust. However, the cumulative causation growth 

process cannot be confirmed completely since the linkages which turn this process 

sustainable may be broken in three main points: (i) the investment-output ratio aiming 

to capture capital accumulation does not significantly affect productivity growth; (ii) the 

impact of productivity on domestic prices is not relevant, thus preventing the economy 

from becoming more competitive; (iii) the role of prices on exports is not significant as 

well, and consequently it does not act as an additional factor for increasing exports 

competitiveness. 

Therefore, we detected some structural setbacks on the Portuguese economy and two of 

the failing links are related to productivity growth. The lack of a significant impact of 

(I/O) on productivity growth prevents the country from achieving faster growth rates, 

enabled by trade openness and technology diffusion that affect capital accumulation. 

This can also help to explain the declining productivity growth over time observed in 

Figure 3. Taking into account that money wages grow faster relatively to labour 

productivity, domestic prices absorb increasing wage costs, preventing the economy 

from being competitive in terms of prices. The drawback here is explained by the failure 

in transmitting productivity gains to domestic prices competitiveness. 
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6. Conclusion 

This study aims at explaining the growth process of the Portuguese economy since the 

1960’s by estimating a multi-equation structural model. The basic idea of the model 

focuses on the cumulative causation principle of the demand-orientated approach, where 

exports are a crucial element for the growth process.  

The structural equations of the model are jointly estimated by 3SLS to capture the causal 

and feedback effects of the endogenous variables of the system. The results confirm the 

validity of the cumulative causation principle as a useful instrument for describing the 

Portuguese reality from 1965 to 2006. 

Our evidence suggests that the export-led growth equation follows a partial adjustment 

mechanism with a fast speed of adjustment, with exports having a significant impact on 

the growth of domestic income, which is consistent with the foreign trade multiplier of 

the Hicksian type.  

The most important determinant of exports is the expansion of external demand. This is 

a competitive advantage for Portugal implying that exports can grow faster than the 

growth of external demand and, therefore, attaining faster growth rates of domestic 

output through the foreign trade multiplier. However, this high dependence on external 

demand can be harmful to the Portuguese economy in case of an international recession.  

The growth of money wages is the major factor contributing to the increase of domestic 

prices in Portugal and productivity growth gains do not affect domestic prices to turn 

the economy more competitive. In fact, this evidence has been pointed out as the main 

structural problem of the Portuguese economy explaining the moderate growth 

performance especially in the last decade.  

Productivity growth is highly explained by the growth of domestic output, and this 

relation captures substantial returns to scale according to “Verdoorn’s Law”. The 

positive effect of the productivity gap on the growth of domestic productivity can be 

taken as evidence of catching-up or “social capability” implying some kind of 

knowledge and technology diffusion, as had been stressed by Abramovitz.  

The investment-output ratio also follows a partial adjustment process with a slow speed 

of adjustment. The growth of domestic output has the major impact on capital 
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accumulation and this is in line with the accelerator principle. The degree of 

internationalisation of the economy (through openness) is also important for capital 

accumulation. Competing in international markets implies higher investment in physical 

capital, which embodies new technology. 

The aim of estimating the model was to show that the relations involved are responsible 

for generating a cumulative causation growth with self-expanding tendencies. In our 

study it is shown that the cumulative causation process can be broken in some points 

that prevent the economy from growing faster. The main failure is found in the 

productivity equation, explained by the irrelevance of capital accumulation to enhance 

faster productivity growth. Another concern is about the formation of domestic prices, 

where productivity is shown to be inappropriate to improve price competitiveness. A 

third failure is on the export growth, where prices do not matter to improve exports 

competitiveness. Therefore, there are essential links in the cumulative process that fail 

to generate higher growth in Portugal. In terms of economic policy, measures are 

needed to remove these obstacles that prevent the economy from growing faster and 

most of all policies are required to increase labour productivity.   
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Appendix  

 Description of the variables and data sources 

• y – annual growth rate of real GDP - GDP at 1995 (2000) market prices (national currency; 
annual percentage change). 

• x – annual growth rate of real exports - Exports of goods and services at 1995 (2000) prices 
(national currency; annual percentage change).  

• pm – annual growth rate of import prices - Price deflator imports of goods and services 
(national currency; annual percentage change). 

• p – annual growth rate of price deflator GDP at market prices (national currency; annual 
percentage change). 

• prod – annual growth rate of labour productivity – GDP at 1995 (2000) market prices per 
person employed (annual percentage change). 

• w – nominal compensation per employee - total economy  (national currency; annual 
percentage change). 

• wr – real compensation per employee; GDP deflator - total economy  (national currency; 
annual percentage change). 

Data on y, x, pm, p, prod, w and wr were taken from European Commission (2002; 2009). 
Constant values are at 1995 prices (for 1965-1980) and 2000 prices (for 1981-2006), depending 
on the Statistical Annex from which they were obtained (2002 and 2009, respectively).  

• gap – technological gap, given by one minus the ratio between the level of labour 
productivity in Portugal over that of the USA. Labour productivity is given by real GDP 
Laspeyres2 per worker (2005 constant prices). 

• (I/O) – investment-output ratio, given by the investment share of real GDP (2005 constant 
prices). 

• open – degree of openness, given by the ratio of the real external trade (exports plus 
imports) over real GDP (2005 constant prices). 

Data on labour productivity (to compute gap), (I/O) and open were taken from Heston et al. 
(2009). 

• z - annual growth rate of real foreign income (OECD countries).  

1965–1994: GDP at the price levels and exchange rates of 2000 (billions of US dollars) – 
OECD (2006). 

1995-2006: Real GDP (% change from previous year) – OECD (2009). 
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Table 1. Comparative studies of cumulative causation models.  
 

Study Growth 
approach 

Exogenous  
variables 

Sample Period Estimation 
method 

Technology gap 
approximated 

by 
Amable 
(1993) 

Interactions between 
equipment investment 
share, innovative 
activity, education and 
productivity growth  

-technology gap (follower) 
-% of concerned age group 
engaging in primary education 
-% of real government 
expenditure 

59 
countries 

1960-85 FIML (real GDP per 
worker level in 
country i 
relatively to the 
USA’s) 

Targetti 
and Foti 
(1997) 

Interactions between 
output growth, 
productivity and 
exports 

-world productivity 
-world demand 
-technology gap 
-investment-output ratio 

25 
countries 

1950-88 iterative 
3SLS 

ln (GDP per 
worker level in 
USA relatively to 
the country i’s) 

Fingleton 
(2000) 

Interactions between 
productivity, 
investment share, 
R&D activity, 
education and 
aggregate output 
growth 

-technology gap 
-weighted average of the level 
of technology in neighbouring 
countries 
-primary education 
 

60 
countries 

1960-85 FIML 1-( productivity 
level in country i 
relatively to the 
USA’s) 

Greunz 
(2001) 

Interactions between 
output growth, the 
proportion of industrial 
and service 
employment, and the 
innovative activity  

-technology gap (follower) 
-physical infrastructures 
-level of qualification of the 
working-age population 
-real R&D expenditures 

153 
European 
regions 

1989-96 FIML (real GDPpc 
level in region i 
relatively to the 3 
best performing 
regions) 

Castellacci 
(2002) 

Interactions between 
output growth, exports 
growth, domestic 
prices, average 
productivity, 
knowledge stock 
(leader and follower), 
technology gap and 
innovative activity 

-technology gap 
-world demand 
-money wages 
-level of education of the 
working population 
-investment-output ratio 
 

26 OECD 
countries 

1991-99 k-means 
clustering 
algorithm 

ln (ratio of R&D 
on GDP in the 
leader relatively 
to the follower’s) 

Léon-
Ledesma 
(2002) 

Interactions between 
output growth, exports, 
domestic prices, 
productivity and 
innovation 

-technology gap 
-growth of foreign prices 
-world income growth 
-investment-output ratio 
-growth of money wages 
-rate of growth of the 
cumulative sum of real output 
-level of education of the 
working population 

17 OECD 
countries 

1965-94 iterative 
3SLS 

1-( productivity 
level in country i 
relatively to the 
USA’s) 

 
Data source: Authors’ elaboration, using the cited references. 
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 Table 2. Descriptive statistics of variables, 1965-2006 (42 observations). 
 

Variable  Mean Std. Deviation Min Max 

(1) y % 3.70 3.26 -4.3 11.2 
Domestic income 

(2) z% 3.26 1.51 0.1 6.3 
Foreign income          

(3) x % 6.18 7.94 -16.4 33 
Exports  
(4) p % 10.37 7.78 1.4 26.5 

Domestic prices          
(5) pm % 9.13 12.11 -6.8 43.8 

Import prices          
(6) w % 14.13 8.72 2.1 35.1 

Nominal compensation per employee      
(7) wr % 3.46 4.71 -2.9 18.6 

Real compensation per employee 
(8) prod % 3.39 3.02 -3.2 11.7 

Productivity          
(9) gap  56.31 5.99 49.1 71.3 

Productivity gap         
(10) (I/O)  30.70 4.40 19.1 38.7 

Investment-output ratio         
(11) open  42.12 13.12 25.7 69.1 

Degree of openness         
 
Data sources: European Commission (2002; 2009); Heston et al. (2009) and OECD (2006; 2009). 
Notes: Variables (1) to (8) are annual growth rates. Variables (9) to (11) are ratios. 
 
 
 
Figure 1. Annual growth rate of domestic (y) and foreign income (z), 1965-2006. 
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Data source: European Commission (2002; 2009) and OECD (2006; 2009). 
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Figure 2. Annual growth rate of exports (x), 1965-2006. 
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Data source: European Commission (2002; 2009). 
 
 
Figure 3. Annual growth rate of domestic (p) and import prices (pm), 1965-2006. 
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Data source: European Commission (2002; 2009). 
 
 
Figure 4. Annual growth rate of nominal (w) and real compensation per employee 
(wr) and of productivity (prod), 1965-2006. 
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Data source: European Commission (2002; 2009). 
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Figure 5. Productivity gap relative to the USA (gap), 1965-2006. 
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Data source: Authors’ computation using data from Heston et al. (2009). 

Figure 6. Investment-output ratio (I/O), 1965-2006. 
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Data source: Heston et al. (2009). 
 
Figure 7. Degree of openness (open), 1965-2006. 
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Data source: Heston et al. (2009). 
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 Figure 8. The circular and cumulative mechanism 

 
Data source: Authors’ elaboration. 
 
 Table 3. The 3SLS estimation of the cumulative growth model, 1965-2006. 
 

  Coefficient Std Error t-stat p-value R2 F-stat p-value 

Export-led growth (Dependent variable: yt) 
xt 0.361 0.083 4.35       0.000***

0.119 13.30 0.000 yt-1 0.299 0.110 2.71       0.007***
constant 0.325 

 

0.788 0.41 0.681 

Growth of exports (Dependent variable: xt) 
zt 3.034 0.650 4.67       0.000***

0.2953 8.14 0.000 pt 0.035 0.211 0.17 0.869 
pmt -0.087 0.122 -0.71 0.476 

Constant -3.268 
 

2.854 -1.14 0.254 

Growth of domestic prices (Dependent variable: pt)  
wt 0.735 0.073 10.11       0.000***

0.6543 51.52 0.000 prodt -0.128 0.294 -0.44 0.664 
Constant 0.427 

 

1.501 0.28 0.776 

Growth of productivity (Dependent variable: prodt)  
yt 0.695 0.119 5.85       0.000***

0.8164 44.99 0.000 gapt-1 0.098 0.043 2.26     0.025** 
(I/O)t-1 -0.058 0.046 -1.26 0.210 

Constant -2.955 
 

2.827 -1.05 0.297 

Investment-output ratio (Dependent variable: (I/O)t) 
yt 0.490 0.146 3.35 0.001*** 

0.7814 46.44 0.000 opent 0.105 0.031 3.37 0.001*** 
(I/O)t-1 0.689 0.090 7.63 0.000*** 

Constant 3.354 2.579 1.30    0.195 
Notes: 
Endogenous variables: yt, xt, pt, prodt, (I/O)t. Exogenous variables: yt-1, zt, pmt, wt, gapt-1, (I/O)t-1, opent. 
* Coefficient significant at the 10% level;** Coefficient significant at the 5% level; *** Coefficient 
significant at the 1% level. 
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Table 4. The 2SLS estimation of each equation of the cumulative growth model, 
1965-2006. 
 

  Coefficient 
Std. 
Error t-stat p-value 

Sargan  
statistic 

Heteroscedasticity 
test 

AR(1) 
 test 

Normality 
 test 

Export-led 
growth    

xt 0.298 0.093 3.22 0.003*** χ2
5=7.832 χ2

7=9.492 χ2
1=0.0716 χ2

2=5.30 

yt-1 0.400 0.138 2.89 0.006*** p-value=0.1657 p-value=0.2193 p-value=0.7890 p-value=0.0707 

Constant 0.326 
 

0.863 0.38 0.708       

Growth of 
 exports    

    
    

zt 2.947 0.817 3.61 0.001*** χ2
4=3.118 χ2

7=9.175 χ2
1=1.8090 χ2

2=9.20 

pt -0.132 0.310 -0.42 0.674 p-value=0.5382 p-value=0.2403 p-value=0.1786 p-value=0.0101 

pmt 0.090 0.175 0.52 0.609     
Constant -2.880 

 

3.794 -0.76 0.452       

Growth of 
domestic prices   

    
    

wt 0.726 0.111 6.55 0.000*** χ2
5= 2.364 χ2

7=15.850 χ2
1=4.4853 χ2

2=3.16 

prodt -0.295 0.229 -1.29 0.204 p-value=0.7969 p-value=0.0265 p-value=0.0342 p-value=0.2064 

Constant 1.110 
 

1.051 1.06 0.297       

Growth of 
productivity   

    
    

yt 0.716 0.130 5.48 0.000*** χ2
4=2.431 χ2

7=8.860 χ2
1=0.1697 χ2

2=1.96 

gapt-1 0.070 0.049 1.43 0.160 p-value=0.6571 p-value=0.2629 p-value=0.6804 p-value=0.3753 

(I/O)t-1 -0.108 0.051 -2.12 0.041**     
Constant 0.091 3.179 0.03 0.977       

Investment-
output ratio  

    
    

yt 0.463 0.166 2.79 0.008*** χ2
4=6.858 χ2

7=10.304 χ2
1=1.4897 χ2

2=5.92 

opent 0.106 0.033 3.18 0.003*** p-value=0.1436 p-value=0.1720 p-value=0.2223 p-value=0.0517 

(I/O)t-1 0.649 0.112 5.78 0.000***     
Constant 4.651 2.871 1.62 0.113         

 

Notes: 

Equations (2) and (5) were estimated with the bw(auto) option. Therefore, the automatic bandwith 
selection procedure of Newey and West is chosen, with the default Bartlett kernel. The estimates are 
efficient for homoscedasticity and the statistics are robust to autocorrelation. 

Equation (3) was estimated with the bw(auto) and robust options, thus requesting HAC standard errors 
that are robust to both arbitrary heteroscedasticity and arbitrary autocorrelation. In this case, we have 
robust standard errors and the Hansen-J statistic instead of the Sargan statistic. 

* Coefficient significant at the 10% level;** Coefficient significant at the 5% level; *** Coefficient 
significant at the 1% level. 
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