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Abstract 

The aim of this paper is to analyse the sensitivity of the natural rate of growth to the actual 

rate of growth for a sample of eleven Latin-American countries, assuming the natural rate to 

be determined endogenously by changes in the actual rate of growth. The natural rates of 

growth are estimated in a system of SUR estimations over the period 1986-2003. In order to 

determine whether they react endogenously to changes in the actual rate of growth, a dummy 

variable for boom periods is added to the system of regressions. In the second part of the 

empirical analysis, the direction of causality between input growth and output growth is then 

tested for four of the countries in the first sample. The results confirm not only the hypothesis 

about the endogeneity of the natural rate of growth, but also show causality from output 

growth to input growth to be much stronger than the reverse.  
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Latin America. 
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1. Introduction 

In this paper, an empirical study is presented on a sample of eleven Latin-American countries 

about the behaviour of the natural rate of growth of these countries when subject to changes in 

the actual rate of growth. It refers to the paper “The endogeneity of the natural rate of growth” 

by León-Ledesma and Thirlwall (2002) who conducted a similar study on a sample of OECD 

countries. However, this paper takes their study one step further, because their assumptions 

will be tested employing SUR (‘seemingly unrelated regressions’) estimations as in Zellner 

(1962). Thus, not only can the results of the empirical study be expected to be more efficient 

than they would be when using individual OLS estimations, but it will also be examined 

whether the endogeneity assumption from León-Ledesma and Thirlwall also holds for less 

industrialised countries. 

 

The aim of this paper is to question empirically the concept of the natural rate of growth being 

exogenous to changes in the actual rate of growth. Thereby, the idea of the existence of an 

exogenous growth frontier and the long-run convergence of the actual rate of growth to it, as 

claimed by mainstream neoclassical and ‘endogenous’ growth theory, is also questioned.  

In contrast to old and new neoclassical growth theories, economic models by Kaldor (1957; 

1966), with reference to the works of Verdoorn (1949) and Okun (1962), imply that growth is 

primarily driven by demand factors and both the labour force and economic productivity react 

positively to higher demand growth. This constitutes a natural rate of growth which reacts 

endogenously to changes in the actual rate of growth. As a result, it is not primarily supply 

growth which constrains the growth rate, but rather demand constraints related to high 

inflation and balance of payments disequilibrium which tend to occur before supply 

constraints are ever reached.  

 

As an additional argument questioning the relevance of neoclassical growth theories, which 

fail to acknowledge the existence of demand constraints in the growth process, an analysis of 

the causality between input growth and output growth employing the concept of Granger 

causality is conducted after investigating the question of the endogeneity of the natural rate of 

growth. While mainstream growth theory claims that there exists only causality from input 

growth to output growth, it can be demonstrated that at least bi-directional causality between 

both factors can be found, with causality from output growth to input growth being stronger in 

the majority of the countries in the sample.  
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The paper is organised as follows: Theoretical aspects of the relationship between the natural 

rate of growth and the actual rate of growth in different growth theories are considered in 

section 2. After describing the model which is tested in the analysis in more detail in section 

3.1, the empirical part of the paper (sections 3.2 – 3.4) then consists of the calculation of the 

natural rate of growth, the testing of its endogeneity with respect to the actual rate of growth 

(both using SUR estimations), and finally the Granger causality analysis for output and input 

growth. In section 4, the empirical results are interpreted and put in context with the economic 

development and situation in the countries of the sample during the time span covered in the 

analysis. 

 

2.   The role of the natural rate of growth in different growth theories  

The concept of the natural rate of growth is of great theoretical importance and can be found 

in nearly all modern growth theories. It first appeared in Harrod’s article „An Essay in 

Dynamic Theory“ in 1939, where it is defined as the “maximum rate of growth allowed by 

the increase of population, accumulation of capital, technological improvement and the work/ 

leisure preference schedule, supposing that there is always full employment in some sense” 

(Harrod, 1939, p. 30). According to Harrod, the natural rate of growth sets the ceiling for long 

run growth in that it represents the long-run maximum rate of growth achievable in an 

economy. It also determines the maximum divergence between the actual and the warranted 

rate of growth, thereby creating cyclical downturns. Both major components of the natural 

rate of growth, the growth of labour productivity and the growth of the labour force, are 

treated as strictly exogenous. The warranted rate of growth responds only to changes in the 

savings ratio and the capital-output ratio. This is why Harrod finds no mechanism which will 

bring the warranted rate of growth into line with the natural rate and, thus, stresses the 

negative effects of a warranted rate above the natural rate of growth.1 However, his focus is 

mainly on the investigation of possible causes for a divergence of the actual rate of growth 

from the warranted rate, resulting in a highly unstable system with no tendency towards 

equilibrium growth (Harrod, 1939; Harrod, 1973).2 

In reaction to Harrod’s dynamic theory, Solow (1956) constructed his model of economic 

growth in the mid-fifties. The model, however, focuses on the convergence of the warranted 

                                                
1 Interestingly, Hawtrey (1939) observes in his contemporary critique of Harrod’s theory that although there may 
be inventions that decrease the amount of capital needed for a given output (resulting, in Harrod’s model, in a 
warranted rate of growth which lies above the natural rate of growth), the amount of capital to be used by a 
certain labour force can be increased almost indefinitely. According to Hawtrey, the warranted rate of growth 
would therefore never rise above the natural rate, but rather converge to it. 
2 For further discussion of Harrod’s growth theory see Hein (2004).  
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rate of growth to the natural rate, thereby ignoring Harrod’s main instability problem. In 

accordance with Harrod, he assumes the warranted rate of growth to be determined by the 

savings ratio and the capital-output ratio. The natural rate is first defined as the growth rate of 

the labour force: “As a result of exogenous population growth the labour force increases at a 

constant relative rate n. In the absence of technological change n is Harrod’s natural rate of 

growth.” (Solow, 1956, p. 67) Later on, neutral and exogenous technological change is 

included in the model. Like Harrod, he thus assumes the natural rate of growth to be 

exogenous to the system. Steady-state growth will then be achieved through adjustment of the 

capital-output ratio, resulting in convergence of the warranted rate of growth to the natural 

rate of growth (Solow, 1956).3 

While neoclassical growth models predicted the convergence of growth rates between 

different countries through capital flows from industrial countries to less developed countries 

caused by higher rates of return on capital in these countries, empirical studies showed the 

opposite to be the case (Barro, 1991; Barro and Sala-i-Martin, 2004; Durlauf and Quah in: 

Sachverständigenrat, 2003)4. This led to the development of a new group of growth models 

known as the ‘new’ or ‘endogenous’ growth theory. Growth models in this category explain 

differences in growth rates between countries by differences in the growth of human capital 

and/or investment in R & D. This is to say that every country’s growth rate converges to its 

long-run maximum growth rate which is given by its growth in human capital and investment 

in R & D. Steady-state growth rates vary for different countries due to varying initial levels of 

human capital and technical knowledge and their respective growth rates. The growth of 

human capital and technological progress takes over the role of the natural rate of growth as 

the growth rates of output, capital stock and consumption converge to it (Lucas, 1988; Romer, 

1986, 1990; Barro, 1991; Barro and Sala-i-Martin, 2004). 

However, these growth models also fail to appreciate a possible interdependence between the 

natural rate of growth and the actual rate of growth. The models have no role for aggregate 

demand in the long run, but rather rehabilitate the neoclassical growth model in this respect. 

The determinants of productivity growth (human capital and investment in R & D) are 

themselves determined by exogenous variables, namely by the preferences of profit-

maximising economic agents.5 

 

                                                
3 For a summary and critique of  Solow’s growth model see Hacche (1979); Hein (2004). 
4 Mankiv, Romer and Weil (1992) also examine the divergence of growth rates between countries. However, 
they defend the Solow model in many aspects while at the same time arguing that factors such as human capital 
formation and technological progress should not be neglected in the explanation of economic growth. 
5 For a more extensive critique of the endogenous growth theory see Hein (2004). 
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It was Kaldor (1957) who first attempted in his essay “A Model of Economic Growth” to 

construct a growth model which contains the interdependent relationships between the main 

factors determining the trend rate of growth such as the propensity to save, the flow of 

innovations, increases in the capital stock and the growth of population. Investment is 

understood by Kaldor as the result of entrepreneur’s beliefs in continued growth in markets in 

the future. It reacts positively to increases in output in the past, while at the same time 

endogenously increasing future output. Kaldor was convinced that “the actual rate of progress 

of a capitalist economy is the outcome of the mutual interaction of forces which can 

adequately be represented only in the form of simple functional relationships […] rather than 

by constants” (Kaldor (1980), p. 259). These relationships are condensed in his technical 

progress function which postulates a positive relationship between the growth of capital per 

head and the growth of output per head. A higher rate of productivity growth can then only be 

achieved through a higher rate of capital growth. In a later model he combines the technical 

progress function with Verdoorn’s Law (1949), which states that the growth of labour 

productivity is partly dependent on the growth of output itself through the process of 

increasing returns in the industrial sector (Kaldor, 1966).6 It can then be shown that the actual 

rate of growth is the major determinant of labour productivity growth, rendering the natural 

rate of growth endogenous with respect to the actual rate of growth. High levels of demand in 

periods with high actual growth will then initiate cumulative growth processes as higher 

investment will cause labour productivity to increase faster, which in turn induces higher 

levels of output growth (Kaldor, 1966; Dixon and Thirlwall, 1975).7 

There are various mechanisms which might cause the natural rate of growth to be endogenous 

to the actual rate of growth and explain Verdoorn’s Law more in depth: First, the growth of 

the labour force increases as output growth is augmented during boom periods. There is more 

employment, hours worked as well as general participation rates of the population in the 

production process increase. Another important aspect might be increasing immigration of 

labourers during periods of high growth. Second, labour productivity is bound to rise faster in 

periods with increasing output growth due to increasing micro- and macro-economies of scale 

as well as dynamic economies of scale through embodied technical progress, reallocation of 

labour from sectors of low to those of high productivity, learning-by-doing and capital 

accumulation.  

                                                
6 León-Ledesma (2000) stresses that increasing returns can also be found in the services sector and might explain 
regional differences in growth rates through labour mobility and the high labour intensiveness of work in the 
services sector. This sector thus constitutes another ‘engine of growth’ in the sense of Verdoorn’s Law. 
7 A more extensive model which integrates also non-technical productive factors can be found in León-Ledesma 
(2002). 
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If the natural rate of growth reacts endogenously to changes in the actual rate, adjustment 

between both rates is made more difficult. As the actual rate diverges upwards from the 

warranted rate during boom periods, the natural rate also rises. The boom will generate its 

own supply until demand constraints related to inflation or balance of payments problems 

occur. Because this could happen before the full-employment ceiling is ever reached, the 

actual rate of growth might never rise to its natural rate. This might be an explanation to the 

fact that growth in boom periods is often accompanied by continuing unemployment. Also, a 

convergence of the warranted rate of growth to the natural rate is made more complicated if 

the natural rate shifts in the same direction as the actual rate. If the warranted rate exceeds the 

natural rate of growth, the capital stock grows faster than labour productivity. In order to 

adjust to the natural rate, the warranted rate would have to decline, but since a warranted rate 

above the natural rate implies conditions of depression, the natural rate is also likely to fall 

together with the actual rate (León-Ledesma and Thirlwall, 2002). 

 

3. Empirical study 

 3.1 The model 

After this brief theoretical summary, the model which is used to test for the endogeneity of 

the natural rate of growth with respect to the actual rate and to assess the causality between 

input growth and output growth is presented in this section. 

Before analysing its endogeneity, the natural rate of growth has to be estimated first. As 

Thirlwall (1969) points out, it can be calculated by using Okun’s equation as in Okun (1962), 

which states a relationship between the percentage change in the level of unemployment 

(d(u)t) and the growth of real output or GDP (gt): 

 

(1) tt gbaud *)( −=  

 

By definition, the natural rate of growth is the rate of growth that keeps unemployment 

constant and is thus given by a/b. However, there exists the possibility of a downwards bias of 

the coefficients a and b due to labour hoarding and drop-outs from the labour force when 

there is no growth, leading to an overestimation of the natural rate of growth. This can be 

avoided by estimating  

 

(2) tt udbag )(*11 −= , 

 



 7 

where the natural rate is now defined by the constant a1 (León-Ledesma and Thirlwall, 2002). 

Although both equation (1) and (2) were estimated, only the results for equation (2) are 

reported here, as these are considerably more robust than the results for equation (1) and thus 

seem more appropriate for further use in the following estimations.8 Equation (2) is therefore 

used to calculate the natural rate for the countries in the sample. In order to test for the 

endogeneity of the natural rate of growth, a second system of equations is estimated adding a 

dummy variable to equation (2) which receives the value of one for boom periods where the 

natural rate of growth (a1) lies above the actual rate of growth (gt) and of zero otherwise: 

 

(3) 
ttt udcdummybag )(** 222 −+=  

 

If both coefficients a2 and b2 are found to be significant and if the sum of both coefficients is 

significantly higher than a1, the natural rate of growth in boom periods must have risen in 

comparison to the average natural rate of growth. Hence, in this case the natural rate of 

growth must be endogenous to the actual rate of growth.9  

  

Finally, in addition to the endogeneity hypothesis, the direction of causality between national 

output and total factor inputs for some of the countries in the sample is also tested. The log of 

GDP (LGDPt) is taken as the variable for the output, whereas the log of total factor inputs is 

estimated according to equation (4) 

 

(4) ttt KwLwLTFI *)1(* −+= , 

 

where Lt and Kt are the logarithms of the levels of labour and capital stock, respectively, and 

w is the labour income share (León-Ledesma and Thirlwall, 2002). 

Both the logarithm of national output (LGDPt) and the logarithm of total factor inputs (LTFIt) 

are then tested for stationarity with an augmented Dickey-Fuller Test (ADF) and, if they are at 

least I(1) variables, i.e. first-difference stationary, a test for cointegration using the Engle-

Granger-method is conducted: 

 

                                                
8 Results for the estimation of equation (1) are available from the author on request.   
9 In addition to equation (3), further dummies were constructed using an HP-filter and a five-year moving-
average on the actual rate of growth. The dummy was assigned the value of one for periods where average actual 
rate of growth was higher than the HP-filter i.e. the moving-average. The results confirmed the findings of 
equation (3) and are available on request.  
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(5) ttt ecmLGDPbaLTFI ++= *33  

 

If the residuals ecmt from equation (5) are found to be stationary as can be tested with an ADF 

test with adjusted critical values, this points to the existence of a stationary relationship 

between the two variables and thus to cointegration between LTFIt and LGDPt (Hassler, 

2000). According to Granger (1988), the existence of cointegration, i.e. of an equilibrium 

relationship, between two variables is equivalent to the fact that at least one of the variables 

must converge to the other so as to establish the equilibrium: “for a pair of series to have an 

attainable equilibrium, there must be some causation between them to provide the necessary 

dynamics” (Granger, 1988, p. 203).  

 

 

 

In order to determine the direction of causality between inputs and output, the lagged 

residuals obtained from equation (5) are then included in an error correction model which is 

estimated twice, assuming each variable first to be exogenous and then to be endogenous:10 

 

(6)                   ))LGDP(d*d())LTFI(d*c(ecm*ba)LTFI(d it

n

0i

i4it

n

1i

i41t44t −

=

−

=

− ∑∑ +++=  

(7)                  ))LTFI(d*d())LGDP(d*c(ecm*ba)LGDP(d it

n

0i

i5it

n

1i

i51t55t −

=

−

=

− ∑∑ +++=  

 

Granger causality from output growth to input growth can be proven to occur in the case of a 

significant coefficient b4 for the estimation of equation (6). If this is the case, the log of total 

factor inputs is the dependent variable which converges to the equilibrium state between 

LTFIt and LGDPt. If in addition to the coefficient b4 the coefficients d4i are found to be 

significant, strong exogeneity from LGDPt to LTFIt will emerge as described in Maddala 

(1989) and Urbain (1992). Reversing the variables in equation (7) will test for causality from 

LTFIt to LGDPt.
11  

                                                
10 The number of lags used for the differences of the endogenous and the exogenous variable in equation (6) and 
(7) was determined according to the ‘general to specific’ method which starts with a relatively high number of 
lags and eliminates coefficients which are found to be not significant. (Granger, 1997) 
11 Likewise, Kirchgässner and Wolters (2006) distinguish between Granger causality in the long run and in the 
short run: Granger causality from LGDPt to LTFIt will, thus, emerge in the long run if the coefficient b4 in 
equation (6) is found to be significant, but the coefficients d4i are not. Similarly, Granger causality will occur in 
the short run if the opposite is the case. However, the existence of a cointegration relationship between the two 
variables implies that Granger causality in the long run must exist at least in one direction.  
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In contrast to mainstream neoclassical growth theory, under the hypothesis of the endogeneity 

of the natural rate of growth, causality from output to inputs will generally be expected to 

occur. It is argued that the growth of demand is the main ‘engine for growth’ resulting in 

cumulative growth inducing higher investment and, thus, higher growth rates, until demand 

constraints bite. However, the possibility of bi-directional causality between input growth and 

output growth has to be considered for the following reasons: First, an increase in production 

implies an increase in capital and labour hired which might result in a short-run causality 

from inputs to output, depending on the time lag structure of the demand process. Second, an 

increase in capital might embody new techniques in the production process, leading to 

increased productivity and, hence, to an advantage in price and non-price competitiveness 

between countries. This, in turn, might result in more demand for exports so that an increase 

in capital might have a positive effect on output growth through higher demand for goods in 

the exports sector (León-Ledesma and Thirlwall, 2002). 

 

 3.2 Estimation of the natural rate of growth 

The empirical study on the endogeneity of the natural rate of growth was conducted on a 

sample of eleven Latin American countries consisting of Argentina, Bolivia, Brazil, Chile, 

Costa Rica, Columbia, Mexico, Nicaragua, Paraguay, Peru and Venezuela. These countries 

can be regarded as a representative sample of all Latin American countries as they combine 

rather industrialised countries like Mexico and Brazil, as well as some of the poorest countries 

of the continent like Bolivia and Nicaragua. Also, the sample represents all Latin American 

regions and consists of large as well as small countries.  

All time series for the estimations were obtained from the GlobalInsight database “World 

Market Monitor” which comprises, amongst others, databases from the OECD, the IMF and 

national institutions like central banks. The majority of the times series used in the 

estimations came from the IMF database, with the exception of the data for the annual growth 

of GDP for Costa Rica and Venezuela, which were obtained from the “Global Development 

Network Growth Database” of the Development Research Institute at the New York 

University. The period of the empirical study differs for the countries in the sample due to the 

difficulty in obtaining reliable data for some countries. The longest time series were available 

for Columbia (1979-2004), whereas for Bolivia data could only be acquired for the period 

from 1990 to 2003. Most of the time series used in the estimations cover the period from 1986 

to 2003. 
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It has to be pointed out that due to the short time series in some cases, the results obtained in 

the estimations have to be interpreted carefully. Furthermore, it should be noted that the data 

for the GDP and the level of employment do not contain the relatively large part of production 

and employment taking place in the informal sector in many of the Latin-American countries 

in the sample. In addition, some of the estimations might show unstable results due to 

structural breaks in the time series which occurred as a consequence of debt and monetary 

crises, civil wars or natural catastrophes in some of the countries.  

 

The results for the estimation of the natural rate of growth for the countries in the sample are 

shown in Table 3 which summarises the results for the estimation of equation (2). All 

equations were estimated simultaneously using seemingly unrelated regression (SUR) 

estimations as in Zellner (1962), with the advantage of increased efficiency for the estimation 

of the coefficients when compared to ordinary least squares regressions. It is possible to 

employ SUR estimations because the residuals from single OLS regressions for equation (2) 

can be shown to be significantly correlated in the majority of the estimations, considering the 

relatively small number of dates used in the regressions (Greene, 2003) (Table 1 in the 

appendix).12  

 

After first estimating the coefficients a1 and b1 separately for each country in the SUR system, 

a Wald Test was conducted testing for equality of various coefficients. The results are 

reported in Table 2 (in the appendix) which illustrates that the null hypothesis of equal 

coefficients could not be rejected for the restrictions a1(ar) = a1(bo) = a1(br) = a1(co) = a1(pe); 

b1(ar) = b1(br) = b1(pe); b1(chi) = b1(cr) = b1(nic);  a1(me) = a1(nic) = a1(par) and b1(me) = 

b1(ven). Thus, in the SUR system, the results of which are presented in Table 3, the same 

natural rate of growth, represented by the coefficient a1, was estimated for Argentina, Bolivia, 

Brazil, Columbia and Peru. Additionally, for Argentina, Brazil and Peru, the same slope 

coefficient b1 was estimated in the system. For Mexico, Nicaragua and Paraguay it was also 

possible to estimate the same natural rate of growth. Furthermore, the same coefficient b1 was 

estimated for Chile, Costa Rica and Nicaragua, as well as for Mexico and Venezuela.  

 

                                                
12 All equations were also estimated using simple OLS regressions and estimating all equations for each country 
separately. However, the estimations for the coefficients using SUR regressions were considerably more efficient 
and showed better results, so that only those will be discussed in this paper. Results of the OLS regressions are 
available from the author on request. 
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Some equations showed very low Durbin-Watson-Statistics indicating possible first order 

autocorrelation of the residuals and were thus corrected by including a lagged endogenous 

variable in the equation. We report long-run coefficients. In some cases, however, it was not 

possible to increase the values of the Durbin-Watson-Statistics with the estimation of a 

dynamic model as mentioned above. These equations were therefore tested for structural 

breaks using the CUSUM and the CUSUM of squares test, which showed no indication of 

structural breaks during the time span of the analysis. However, some countries had strong 

outliers in the residuals due to extreme economic crises. These were then eliminated with an 

additional dummy variable.   

< Table 3 here > 

 

All estimates of the natural rate of growth for the countries in the system, with the exception 

of Venezuela, are found to be highly significant at the 99% confidence level. These results are 

strengthened by a Wald Test testing for significance of the natural rate of growth (restriction: 

a1 = 0), which cannot be rejected for any country in the sample. The average natural rate of 

growth for the countries in the time span covered in the analysis varies between 1.78% per 

year for Venezuela and 6.12% for Chile. The majority of natural growth rates range between 

2.64% and 3.03% per annum. This reveals a relatively large diversity in the average potential 

growth for the Latin American countries which might be due to extreme economic crises 

suffered by some of the countries in the sample. Another important aspect with reference to 

the varying natural growth rates might be the differing stages of industrialisation realised by 

the countries.  

Except for Paraguay, which shows no significant relationship between the annual growth of 

GDP and the change in the unemployment rate, the estimates for the slope coefficients b1 are 

also significant for all the countries in the sample. The b1 coefficient for Bolivia only shows 

significance at the 95% confidence level, indicating a slightly less stable relationship between 

the growth of output and the change in the unemployment rate. All other estimates for b1 are 

highly significant at the 99% confidence level. Although the results for the adjusted R-

squared are fairly low in the estimations of equation (2), the high significance of the 

coefficients on the whole suggests the model to be robust and reliable.  
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 3.3 The endogeneity of the natural rate of growth 

In the second step of the analysis the SUR system from equation (2) is estimated again adding 

a dummy variable for each country which takes on the value of one for boom periods in 

which the actual rate of growth lies above the natural rate estimated in equation (2). Thus, the 

endogeneity of the natural rate of growth can be analysed separately for each country, while at 

the same time taking advantage of the gain in efficiency for the estimations through the 

application of SUR regressions. The restrictions applied on the coefficients were the same as 

in the first SUR system. Again, some equations were corrected for autocorrelation using 

lagged endogenous variables. In those cases, we report the long-run coefficients. Again, the 

residuals of the equations revealed no indication of structural breaks, but in some cases had to 

be corrected for extreme outliers in order to avoid autocorrelation in the residuals. The results 

for the estimation of equation (3) are summarised in Table 4.     

 

     < Table 4 here > 

 

All coefficients for the dummy variables, b2, are found to be highly significant at the 99% 

confidence level. The majority of the coefficients for the constant, a2, and the slope, c2, are 

also significant at the 99% confidence level, confirming again the overall significance of the 

model. The constant a2, which can be interpreted as the natural rate of growth in recession 

periods, is found insignificant in the cases of Mexico, Nicaragua and Paraguay and even 

negative (at the 95% confidence level) for Venezuela. This indicates a negative or zero natural 

rate of growth during recessions which points to a high sensitivity of potential growth with 

respect to actual growth. For Chile, Costa Rica and Nicaragua, the negative slope coefficients 

c2 are quite small and only significant at the 90% confidence level. In the case of Bolivia, 

Columbia and Paraguay, the slope coefficients c2 are insignificant because of very small 

negative slopes of the equations. With reference to the results for Paraguay in the estimation 

of equation (2), the results from equation (3) which finds a zero coefficient for the slope again 

points to the weak relationship between annual growth and changes in the unemployment rate 

for this country, so that results for Paraguay should be interpreted cautiously. Overall, the 

system shows very good results for the adjusted R-squared, especially when considering the 

relatively short time series employed in some of the estimations.  
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The natural rate of growth in boom periods is obtained from the sum of the coefficients for 

the constant and the dummy variable (a2 + b2). As shown in Table 4, it is considerably higher 

than the average natural rate of growth for all the countries in the sample, thus proving the 

endogeneity of the natural rate of growth with respect to the actual rate of growth. Similar to 

the results for equation (2), the estimates of the natural rate in boom periods show again a 

large range. Extremely high potential growth in boom periods is reported for Peru (7.96%), 

Chile (7.91%), Argentina (7.20%)and Costa Rica (6.81%), while the natural rates of Paraguay 

(4.54%) and Brazil (4.42%) amount to little more than half of the highest rates in the sample. 

 

        < Table 5 here > 

   

Table 5 summarizes the results from equation (2) and (3) and reports the difference between 

the average natural rates and the respective natural rates in boom periods as well as the 

percentage increase between both rates. On the average, the natural rate of growth in the 

sample increases by 2.25 percentage points in boom periods, which equals an increase of 

64.10%. However, while five out of eleven countries in the sample show relatively modest 

increases of the natural rate of growth in boom periods at about 30-50%, the other six 

countries display an extremely high sensitivity of the natural rate with respect to the actual 

rate of growth with increases in boom periods from 64% to over 150%. This is most evident 

in the cases of Venezuela (+159.55%), Argentina (+137.62%) and Nicaragua (+89.39%), 

where estimates of the natural rate of growth in boom periods nearly doubled or even tripled 

in comparison to those of the average natural rate. The fact that all the countries where the 

estimates of the natural rate of growth in recession periods (a2) were insignificant or negative, 

belong to the second group with very high percentage increases in the natural rate confirms 

these results. They are considerably higher than the percentage increase in the natural rates of 

growth of the OECD countries studied by León-Ledesma and Thirlwall (2002) which points 

to a higher sensitivity of potential growth to demand for some developing countries. This 

might be due to the large proportion of the labour force employed in the informal sector or in 

the subsistence economy which can easily move into formal employment in boom periods. 

Also, the lower the level of development reached in an economy, the easier it is to gain 

remarkable increases in productivity with relatively small increases in investments. 

Furthermore, industries in less developed countries are generally more labour-intensive than 

those in industrialised countries which might further explain the comparably large decrease in 

the unemployment rate in periods of high growth.  It is also certainly no coincidence that the 
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countries with a very high sensitivity of the natural rate of growth with respect to the actual 

rate (Argentina, Bolivia, Mexico, Nicaragua, Paraguay and Venezuela) all show a relatively 

low level of industrialisation because they experienced severe debt and monetary crises, 

political turbulences and, in the case of Nicaragua, heavy destruction due to a natural 

catastrophe during the time span of the analysis (Easterly, 2002). Hence, they react much 

stronger to increasing demand in boom periods than relatively more developed countries.13       

 

 3.4 Granger causality analysis between input growth and output growth 

Following the analysis of the endogeneity of the natural rate of growth, the causality between 

total factor inputs and national output was studied by conducting a Granger causality analysis. 

Due to the difficulty in obtaining data for the capital stock and the compensation of 

employees for many of the countries in the sample, the analysis of the direction of causality 

was performed only for the four countries Brazil, Columbia, Mexico and Peru. Data for the 

level of employment, compensation of employees and gross investment were available from 

the IMF database. The time series for the capital stock and the labour income share, however, 

had to be constructed according to the following definitions: 

Labour income share:  

t

t

t
netGDP

wages
w =   

Capital stock:         

1*)1(
−

−+= ttt KIK θ  

Where Kt = capital stock in year t, It = gross fixed capital formation in year t and θ = 

depreciation rate, which in conformity with Hernández-Catá (2000) was assumed to be 10% 

per annum. The initial capital stock was for reasons of simplicity taken to be equal for all four 

countries. As for the causality analysis only the logarithms of the level of capital stock were 

applied, differences in the level of capital stock had no effect on the results of the analysis.  

The period over which the analysis was carried out varies for each country due to the 

difficulty in obtaining reliable data for some of the countries. The majority of the estimations 

were made for the period of 1986-2003. The longest time series could be obtained for 

Columbia (1979-2004), whereas the shortest period is that of Bolivia (1990-2003). 

 

                                                
13 For a summary of economic and political developments in the Latin-American countries since the 1980s see 
Ehrke, 1989; Volger, 1989; Kraemer, 1995; and Hujo, 2005. 
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After constructing the variables LGDPt and LTFIt, they were tested separately for unit roots 

employing an Augmented Dickey-Fuller test (ADF). Table A1 in the appendix lists the results 

for the ADF tests. Almost all the variables turned out to be I(1), i.e. first difference stationary, 

except for the LGDPt of Columbia which seems to be I(2). Some of the time series tested are 

very short, so that the results of the ADF test can only be interpreted cautiously. However, 

keeping this in mind, it still seems reasonable to assume all the variables to be I(1) for the 

following analysis. This finding also coincides with the results from León-Ledesma and 

Thirlwall (2002).  

In order to determine whether there exists a cointegration relationship between inputs and 

output, the residuals (ecmt) from equation (5) were also tested for stationarity using an ADF 

test without intercept. The results from the tests are summarised in Table A2 in the appendix 

and indicate cointegration between LTFIt and LGDPt for each country in the causality 

analysis. In all four cases, the null hypothesis of the existence of a unit root for the residuals 

from equation (5) is rejected at the 99% confidence level. Since the finding of a cointegration 

relationship between inputs and output implies that causality must exist at least in one 

direction (Granger, 1988), error correction models are applied in the following to determine 

the direction of causality.  

 

     < Table 6 here > 

 

The results for the estimation of equation (6) which tests for causality from output to inputs 

are reported in Table 6. Since the analysis was conducted for only four countries, the error 

correction models are estimated using simple OLS regressions. For all the four countries in 

the analysis, the coefficient b4 of the error correction term ecmt-1 is significant at least at the 

95% confidence level. In the cases of Columbia and Mexico, it is highly significant at the 

99% confidence level. The coefficients d4i of the lagged differences of LGDP are also 

significant at least at the 90% confidence level in every error correction model. These results 

are further confirmed by a Wald Test which tests for the joint significance of the coefficients 

b4 and d4i (restriction: b4 = d4i = 0), which can be rejected for all the countries. Granger 

causality in the long run as in Kirchgässner/Wolters (2006) or strong exogeneity from output 

growth to input growth as in Maddala (1989) and Urbain (1992) is thus strongly suggested by 

these results. Despite the short time series and the construction of the data, the equations seem 

to be fairly well specified and robust. Although estimations for Brazil and Columbia show 

relatively low values for the adjusted R-squared, neither the Durbin-Watson-Statistics, nor the 
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results for the Ramsey RESET Test, the Q-Statistics or the results for the White Test indicate 

any major flaws in the residuals such as autocorrelation or heteroskedasticity.  

 

     < Table 7 here > 

 

Table 7 lists the results of the reversed error correction models, testing for causality from 

LTFIt to LGDPt. In contrast to the findings for the estimation of equation (6), the results for 

equation (7) are less significant. The coefficients of the lagged residuals from equation (5) are 

significant only for Mexico (at the 99% confidence level) and for Brazil (at the 95% 

confidence level), whereas the regressions for Columbia and Peru yield no significant results. 

Except for Columbia, coefficients for various lags of d(LTFI) are significant at least at the 

90% confidence level, pointing at possible Granger causality from input growth to output 

growth in the long run for Brazil and Mexico, and in the short run for Peru. Due to the high 

significance of the d5i coefficients for Peru and the joint significance of both b5 and d5i 

coefficients in the case of Brazil and Mexico, the null hypothesis of no joint significance in 

the Wald Test can be rejected. Thus, only for Columbia Granger causality from LTFIt to 

LGDPt is clearly denied. However, the estimations of equation (7) for both Mexico and Peru 

reject the null hypothesis of the Ramsey RESET Test although there is no evidence of 

autocorrelation or heteroskedasticity in the residuals. This points at a general misspecification 

of the error correction model, making it unlikely for the results to be reliable. Therefore, the 

existence of long-run Granger causality from input growth to output growth as suggested by 

neoclassical and ‘endogenous’ growth theories can only be proven reliably in the case of 

Brazil. A lower R-squared and rejection of the Wald Test at the 90% instead of the 95% 

confidence level, however, suggests that causality from output to inputs in the case of Brazil 

might be stronger than the reverse.  

 

4. Conclusions 

In this paper, an analysis of the hypothetical endogeneity of the natural rate of growth and of 

the direction of causality between total factor inputs and national output for Latin-American 

countries was attempted.  

While mainstream neoclassical and ‘endogenous’ growth theories expect potential growth to 

be determined independently of demand factors, the empirical analysis demonstrated that, at 

least for this sample of Latin-American countries, natural rates of growth react strongly 

positively to higher actual growth rates determined by accelerating demand in boom periods. 
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Thus the initial hypothesis was confirmed. Moreover, the estimations for some of the 

countries yielded much higher estimates for the natural rate in boom periods than those for the 

OECD countries by León-Ledesma and Thirlwall (2002) and, accordingly, very high 

percentage increases of the natural rate with reference to its average value. It seems that due 

to a low level of industrialisation and production resulting from debt and monetary crises and 

other destabilising developments in the recent past, many of the less developed countries in 

Latin-America react very sensitively to increases in actual growth. The demand factors which 

can cause cumulative growth processes through more investment and higher productivity 

growth thus show the more impact, the lower the initial level of productivity is.  

The second hypothesis concerning the direction of causality between inputs and output could 

also be confirmed empirically. In contrast to mainstream growth theory which argues that 

causality runs only from inputs to output, because the growth process is solely supply-side 

determined, the analysis revealed a much stronger Granger causality from output growth to 

input growth. The existence of causality in the long run from the logarithms of GDP to the 

logarithm of total factor inputs could be confirmed for all the countries in the analysis, while 

estimating the reverse relationship yielded insignificant or misspecified result. Only in the 

case of Brazil could bi-directional causality in the long run not be rejected. However, results 

from equation (6) seem more robust, suggesting causality from output growth to input growth 

to be stronger than the reverse.  

 

The empirical results emphasize the importance of sustaining high levels of internal and 

external demand for goods and services. The endogeneity of the natural rate of growth implies 

that automatic convergence of the actual rate to the steady-state equilibrium cannot be 

expected. Consequently, cumulative growth processes can be initiated, which, through higher 

growth of demand in boom periods, enhance endogenously both employment and the growth 

of productivity. However, in order to secure a sustained high level of demand in the Latin-

American countries, several conditions would have to be met. First, the large gap in the 

distribution of income between the poor masses and the elite would have to be diminished 

substantially in order to create a high level of demand for domestic goods. Second, a higher 

level of education and political stability would have to be established in order to facilitate the 

creation of an industrial sector for the production of export goods. 

If economic policy in the countries of the Latin-American continent concentrated on the 

mentioned fields of activity, it might be possible to raise the level of growth in the long run 

through the endogenous increase of the natural rate of growth. 



 18 

5. Bibliography 

 

1. Barro, R. J. (1991): Economic growth in a cross-section of countries, in: The 

Quarterly Journal of Economics, vol. 106, p. 407-433 

2. Barro, R. J. and Sala-i-Martin, X. (1995): Economic growth, Cambridge/ 

Massachusetts 

3. Development Research Institute, New York University (2006): Global Development 

Network Growth Database, http://www.nyu.edu/fas/institute/dri/database.html 

(15.10.2006) 

4. Dixon, R. and Thirlwall, A.P. (1975): A model of regional growth rates differences on 

Kaldorian lines, in: Oxford Economic Papers, vol. 19, p. 201-214 

5. Dougherty, C. (2002): Introduction to econometrics, second edition, New York  

6. Easterly, W. (2002): The elusive quest for growth – economists’ adventures and 

misadventures in the tropics, Cambridge/ Massachusetts 

7. Ehrke, M. (1989): Jenseits der Strategien – Lateinamerika als Verlierer der 

Weltwirtschaft, in: Dirmoser, D.; Ehrke, M.; Evers, T; Müller-Plantenberg, C.; 

Müller-Plantenberg, U. and Rediske, M. (eds.): Verlierer der Weltwirtschaft, 

Lateinamerika Analysen und Berichte 13, Hamburg 

8. GlobalInsight (2006): World Market Monitor  

9. Granger, C. W. (1988): Some recent developments in a concept of causality, in: The 

Journal of Econometrics, vol. 39, p. 199-211 

10. Granger, C. W. (1997): On modelling the long run in applied economics, in: The 

Economic Journal, vol. 107, no. 1, p. 169-177 

11. Greene, W. H. (2003): Econometric analysis, fifth edition, Pearson Education New 

Jersey 

12. Hacche, G. (1979): The theory of economic growth – An Introduction, London 

13. Harrod, R. F. (1939): An essay in dynamic theory, in: The Economic Journal, vol. 49, 

p. 14-33 

14. Harrod, R. F.(1973): Economic dynamics, London 

15. Hassler, U. (2000): Leitfaden zum Testen und Schätzen von Kointegration, Berlin 

16. Hawtrey, R. G. (1939): Mr. Harrod’s essay in dynamic theory, in: The Economic 

Journal, vol. 49, p. 468-475 

17. Hein, E. (2004): Verteilung und Wachstum – Eine paradigmenorientierte Einführung 

unter besonderer Berücksichtigung der post-keynesianischen Theorie, Marburg 



 19 

18. Hernández-Catá, E. (2000): The fall and recovery of the Cuban economy in the 1990s: 

mirage or reality, in: Cuba in Transition, ASCE 

19. Hujo, K. (2005): Wirtschaftskrisen und sozioökonomische (Un-)Sicherheit in 

Lateinamerika, in: Fritz, B. and Hujo, K. (eds.): Ökonomie unter den Bedingungen 

Lateinamerikas: Erkundigungen zu Geld und Kredit, Sozialpolitik und Umwelt, 

Frankfurt/ Main 

20. Kaldor, N. (1980): A model of economic growth, in: Essays in economic stability and 

growth, second edition, New York (first published in 1957, in: Economic Journal, vol. 

67, no. 6, p. 591-624) 

21. Kaldor, N. (1966): Causes of the slow rate of growth in the United Kingdom, 

Cambridge 

22. Kirchgässner, G. and Wolters, J. (2006): Einführung in die moderne 

Zeitreihenanalyse, WiSo Kurzlehrbücher, München 

23. Kraemer, M. (1995): Stabilization and poverty in Latin America during the 1980s, in: 

Sautter, H. (ed.): Indebtness, economic reforms and poverty, Frankfurt/Main 

24. León-Ledesma, M. A. (2000): Economic growth and Verdoorn’s Law in the Spanish 

regions, 1962-91, in: International Review of Applied Economics, vol. 14, no. 1, p. 

55-69   

25. León-Ledesma, M. A. (2002): Accumulation, innovation and catching-up: an extended 

cumulative growth model, in: Cambridge Journal of Economics, vol. 26, p. 201-216 

26. León-Ledesma, M. A. and Thirlwall, A. P. (2002): The endogeneity of the natural rate 

of growth, in: Cambridge Journal of Economics, vol. 26, p. 441-459 

27. Lucas, R. E. Jr. (1988): On the mechanics of economic development, in: Journal of 

Monetary Economics, vol. 22, p. 3-42 

28. Maddala, G. S. (1989): Introduction to econometrics, New York 

29. Mankiv, N. G.; Romer, D. and Weil, D. N. (1992): A contribution to the empirics of 

economic growth, in: The Quarterly Journal of Economics, vol. 107, p. 407-437 

30. Okun, A. (1962): Potential GNP: Its measurement and significance, in: Proceedings of 

Business and Economic Statistics Section of the American Statistical Association, vol. 

7, p. 98-104 

31. Romer, P. M. (1986): Increasing returns and long-run growth, in: Journal of Political 

Economy, vol. 94, no. 5, p. 1002-1037 

32. Romer, P. M. (1990): Endogenous technological change, in: Journal of Political 

Economy, vol. 98, no. 5, p. S71-S102 



 20 

33. Sachverständigenrat zur Begutachtung der gesamtwirtschaftlichen Entwicklung 

(2003): Einflussfaktoren des wirtschaftlichen Wachstums in Industrieländern: Eine 

Analyse mit Paneldaten, excerpt from: Jahresgutachten 2002/03, Ziffern 594 bis 613  

34. Solow, R. M. (1956): A contribution to the theory of economic growth, in: Quarterly 

Journal of Economics, vol. 70, p. 65-94  

35. Thirlwall, A. P. (1969): Okun’s Law and the natural rate of growth, in: The Southern 

Economic Journal, vol. 36, no. 1, p. 87-89 

36. Urbain, J.-P. (1992): On weak exogeneity in error correction models, in: Oxford 

Bulletin of Economics and Statistics, vol. 54, no. 2, p. 187-207 

37. Verdoorn, P. J. (1949): Fattori qui regolano lo sviluppo della produttività del lavoro, 

in: L’Industria, vol. 1, p. 43-53 

38. Volger, G. (1989): Lateinamerika in der Dauerkrise – Wirtschaft, Gesellschaft, Politik, 

Berlin 

39. Zellner, A. (1962): An efficient method of estimating seemingly unrelated regressions 

and tests for aggregation bias, in: Journal of the American Statistical Association, vol. 

57, p. 358-368 



 21

 

Table 1: Correlation matrix of the residuals from equation (2) using OLS regressions 

Residuals for Argentina Bolivia Brazil Chile Columbia Costa Rica Mexico Nicaragua Paraguay Peru Venezuela 
Argentina  1.000  0.018  0.310  0.837  0.613  0.086  0.299  0.548  0.344  0.643 -0.176 
Bolivia  0.018  1.000  0.404  0.315  0.405 -0.006 -0.099 -0.059  0.204 -0.012  0.140 
Brazil  0.310  0.404  1.000  0.434  0.150 -0.097 -0.190  0.600  0.175  0.690 -0.088 
Chile  0.837  0.315  0.434  1.000  0.674  0.119  0.091  0.394  0.279  0.503  0.065 
Columbia  0.613  0.405  0.150  0.674  1.000 -0.005  0.030  0.239  0.616  0.427  0.193 
Costa Rica  0.086 -0.006 -0.097  0.119 -0.005  1.000 -0.255 -0.069  0.020  0.119 -0.187 
Mexico  0.299 -0.099 -0.190  0.091  0.030 -0.255  1.000 -0.003 -0.328 -0.082 -0.193 
Nicaragua  0.548 -0.059  0.600  0.394  0.239 -0.069 -0.003  1.000  0.195  0.680 -0.101 
Paraguay  0.344  0.204  0.175  0.279  0.616  0.020 -0.328  0.195  1.000  0.290  0.357 
Peru  0.643 -0.012  0.690  0.503  0.427  0.119 -0.082  0.680  0.286  1.000 -0.239 
Venezuela -0.176  0.140 -0.088  0.065  0.193 -0.187 -0.193 -0.101  0.357 -0.239  1.000 
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Table 2: Results for a Wald Test testing for the equality of coefficients in the SUR 

system for equation (2) gt = a1 – b1*d(u)t 

Restriction Wald Test  

(prob. for χ²(1)) 

a1(ar) = a1(bo) = a1(br) = a1(co) = a1(pe) 0.988 

b1(ar) = b1(br) = b1(pe) 0.712 

b1(chi) = b1(cr) = b1(nic) 0.680 

a1(me) = a1(nic) = a1(par) 0.929 

b1(me) = b1(ven) 0.839 

Country codes: ar = Argentina, bo = Bolivia, br = Brazil, chi = Chile, cr = Costa Rica, co = Columbia, me 

= Mexico, nic = Nicaragua, par = Paraguay, pe = Peru, ven = Venezuela 
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Table 3: Estimation of the natural rate of growth 

Results for equation (2) 
tt udbag )(*11 −= . In the case of first order autocorrelation, equation (2a) 

1111 *)(*
−

+−= ttt gcudbag  was estimated. 

Country Coefficient 
a1 

Coefficient 
b1 

Coefficient 
of gt-1 (c1) 

Natural 
rate of 
growth 

Adjusted 
R² 

Durbin-
Watson-
Statistic 

Wald Test 
(χ²(1)) 

Argentina 3.026*** 
(0.234) 

-1.702*** 
(0.252) 

/ 3.03% 0.221 1.561 167.955*** 

Bolivia 3.026*** 
(0.234) 

-0.565** 
(0.241) 

/ 3.03% 0.024 1.828 167.955*** 

Brazil 3.026*** 
(0.234) 

-1.702*** 
(0.252) 

/ 3.03% 0.339 1.613 167.955*** 

Chile  3.957*** 
(0.910) 

-1.591*** 
(0.264) 

0.353*** 
(0.130) 

6.12% 0.403 1.866 69.890*** 

Columbia1 3.026*** 
(0.234) 

-0.438*** 
(0.150) 

0.208*** 
(0.066) 

3.82% 0.612 1.638 203.141*** 

Costa Rica 4.768*** 
(0.473) 

-1.591*** 
(0.264) 

/ 4.77% 0.174 1.633 101.529*** 

Mexico2 2.641*** 
(0.238) 

-2.704*** 
(0.268) 

/ 2.64% 0.700 2.081 123.062*** 

Nicaragua 2.641*** 
(0.238) 

-1.591*** 
(0.264) 

/ 2.64% 0.127 1.514 123.062*** 

Paraguay 2.641*** 
(0.238) 

-0.171 
(0.311) 

/ 2.64% -0.083 1.239 123.062*** 

Peru3  3.026*** 
(0.234) 

-1.702*** 
(0.252) 

0.410*** 
(0.119) 

5.13% 0.464 1.748 22.590*** 

Venezuela 1.781** 
(0.776) 

-2.704*** 
(0.268) 

/ 1.78% 0.610 1.377 5.270** 

Notes: 1) Coefficients: standard errors in parentheses, * denotes significance at the 90% confidence level, ** denotes 
significance at the 95% confidence level, *** denotes significance at the 99% confidence level.  
2) The natural rate of growth can be derived from the constant a1. This is the rate of growth that keeps unemployment 
constant. (Thirlwall (1969)) For equations which had to be corrected for first order autocorrelation, the natural rate of growth 
can be calculated from a1/(1-c1).  
3) The results reported for the Wald Test test for the significance of the natural rate of growth (restriction: a1 = 0). 
1 A dummy was included to correct for the outlier in 1999. 
2 A dummy was included to correct for the outlier in 1986. 
3 A dummy was included to correct for the outlier in 1988.
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Table 4: Testing for the endogeneity of the natural rate of growth 

Results for equation (3) 
ttt udcdummybag )(** 222 −+= . In the case of first order autocorrelation, 

equation (3a) 12222 *)(**
−

+−+= tttt gdudcdummybag  was estimated. 

Country Coefficient 
a2 

Coefficient 
b2 

Coefficient 
c2  

Coefficient 
of gt-1 (d2) 

Natural rate 
of growth 
in boom 
periods 

Adjusted  
R² 

Durbin-
Watson-
Statistics 

Argentina 1.004*** 
(0.238) 

6.192*** 
(0.958) 

-0.840*** 
(0.188) 

/ 7.20% 0.553 1.429 

Bolivia 1.004*** 
(0.238) 

3.186*** 
(0.359) 

-0.030 
(0.116) 

0.158* 
(0.085) 

4.98% 0.674 1.597 

Brazil 1.004*** 
(0.238) 

3.458*** 
(0.500) 

-0.840*** 
(0.188) 

/ 4.42% 0.626 1.416 

Chile 3.197*** 
(0.553) 

4.715*** 
(0.694) 

-0.488** 
(0.218) 

/ 7.91% 0.682 2.424 

Columbia1 1.004*** 
(0.238) 

4.208*** 
(0.462) 

-0.157 
(0.183) 

/ 5.21% 0.611 1.460 

Costa Rica 2.816*** 
(0.404) 

3.996*** 
(0.537) 

-0.488** 
(0.218) 

/ 6.81% 0.621 1.752 

Mexico -0.116 
(0.283) 

4.655*** 
(0.495) 

-1.323*** 
(0.240) 

/ 4.66% 0.739 1.912 

Nicaragua -0.116 
(0.283) 

4.998*** 
(1.222) 

-0.488** 
(0.218) 

/ 5.00% 0.426 1.735 

Paraguay2 -0.116 
(0.283) 

3.346*** 
(0.345) 

-0.067 
(0.126) 

0.263*** 
(0.082) 

4.54% 0.722 1.849 

Peru 1.004*** 
(0.238) 

4.632*** 
(0.834) 

-0.840*** 
(0.188) 

0.292*** 
(0.076) 

7.96% 0.679 1.790 

Venezuela -2.040** 
(0.825) 

6.664*** 
(1.030) 

-1.323*** 
(0.240) 

/ 4.62% 0.770 0.869 

Notes: 1) Coefficients: standard errors in parentheses, * denotes significance at the 90% confidence level, ** denotes 
significance at the 95% confidence level, *** denotes significance at the 99% confidence level. 2)The natural rate of growth 
in boom periods is derived from the sum of the coefficients a2 and b2. For equations which had to be corrected for first order 
autocorrelation, the natural rate of growth can be calculated from (a2+b2)/(1-d2). 
1 A dummy was included to correct for the outlier in 1999. 
2 A dummy was included to correct for the outlier in 2002. 

3 A dummy was included to correct for the outlier in 1988. 
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Table 5: Sensitivity of the natural rate of growth to the actual rate of growth 
Natural rate of growth in boom periods Country Natural rate of 

growth 
(equation (2)) 

equation (3) absolute 
difference  
(3)-(2) 

% increase 
(3)-(2) 

Argentina 
 

3.03 7.20 4.17 137.62 

Bolivia 
 

3.03 4.98 1.95 64.36 

Brazil 
 

3.03 4.42 1.39 45.87 

Chile 
 

6.12 7.91 1.79 29.25 

Columbia  
 

3.82 5.21 1.39 36.39 

Costa Rica 
 

4.77 6.81 2.04 42.77 

Mexico 
 

2.64 4.66 2.02 76.52 

Nicaragua 
 

2.64 5.00 2.36 89.39 

Paraguay 
 

2.64 4.54 1.90 71.97 

Peru 
 

5.13 7.96 2.83 55.17 

Venezuela 
 

1.78 4.62 2.84 159.55 

Average  
 

3.51 5.76 2.25 64.10 
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Table 6: Testing for causality from LGDPt to LTFIt 

Results for equation (6) ))(*())(*(*)(
1

4
1

444 it

n

i

iit

n
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itt LGDPddLTFIdcecmbaLTFId
−

=

−

=

∑∑ +++= . 

Country Coefficient 
b4 

Coefficients 
d4i 

Number of 
Lags 
estimated 
for 
d(LGDP) 

Adjusted R² Durbin-
Watson-
Statistics 

Ramsey 
RESET Test 
(prob. for F-
Statistics) 

Q-Statistics 
(prob. for 
lag = 1) 

White Test 
(prob. for F-
Statistics) 

Wald Test 
(prob. for 
χ²(1)) 

Brazil -0.358**  
(0.146) 

0.576* 
(0.375) 

t 0.252 1.679 0.641 0.507 0.558 0.021 

Columbia -0.477***  
(0.161) 

-0.673**  
(0.306) 

t-3 0.307 1.876 0.830 0.916 0.674 0.011 

Mexico  -0.475*** 
(0.063) 

0.387*** 
(0.040) 
-0.203***  
(0.061) 

t; t-2 0.859 1.750 0.726 0.655 0.785 0.000 

Peru -0.410**  
(0.175) 

-1.201*  
(0.563) 

t 0.661 1.818 0.260 0.960 0.452 0.000 

Notes: 1) Coefficients: standard errors in parentheses, * denotes significance at the 90% confidence level, ** denotes significance at the 95% confidence level, *** denotes 
significance at the 99% confidence level. 
2) The results reported for the Wald Test test for the joint significance of the coefficients b4 and d4i (restriction: b4 = d4i = 0). 
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Table 7: Testing for causality from LTFIt to LGDPt 

Results for equation (7) ))(*())(*(*)(
1

5
1

555 it

n

i

iit

n

i

itt LTFIddLGDPdcecmbaLGDPd
−

=

−

=

∑∑ +++= . 

Country Coefficient 
b5 

Coefficients 
d5i 

Number of 
Lags 
estimated 
for d(LTFI) 

Adjusted R² Durbin-
Watson-
Statistics 

Ramsey 
RESET Test 
(prob. for F-
Statistics) 

Q-Statistics 
(prob. for 
lag = 1) 

White Test 
(prob. for F-
Statistics) 

Wald Test 
(prob. for 
χ²(1)) 

Brazil 0.327** 
(0.140) 

0.377* 
(0.193) 
-0.313* 
(0.181) 

t; t-3 0.159 2.023 0.686 0.928 0.607 0.088 

Columbia 0.024 
(0.118) 

/ / 0.156 1.978 0.878 0.994 0.720 0.839 

Mexico  1.116*** 
(0.163) 

2.228*** 
(0.231) 
-0.695** 
(0.270) 
0.819*** 
(0.172) 

t; t-2; t-3 0.846 1.790 0.035 0.704 0.500 0.000 

Peru -0.036 
(0.083) 

0.223* 
(0.127) 
-0.666*** 
(0.101) 

t-2; t-3 0.802 2.450 0.003 0.124 0.806 0.000 

Notes: 1)Coefficients: standard errors in parentheses, * denotes significance at the 90% confidence level, ** denotes significance at the 95% confidence level, *** denotes 
significance at the 99% confidence level.  
2) The results reported for the Wald Test test for the joint significance of the coefficients b5 and d5i (restriction: b5 = d5i = 0). 
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6. Appendix 

 

 

 

Table A1: Results for the Augmented Dickey-Fuller tests (ADF) of the variables 

LGDPt (log of GDP) and LTFIt (log of Total Factor Inputs) 

Null hypothesis: The variable has a unit root. 
Country Variable ADF (t-statistic) Number of lags  

(selected by the Schwartz 
information criterion) 

Brazil LGDPt -2.957* 0 
 d(LGDP)t -3.902** 0 
 LTFIt -2.750 6 
 d(LTFI)t -3.532* 0 
Columbia LGDPt -3.023 4 
 d(LGDP)t -2.778 0 
 d(d(LGDP))t -6.340** 0 
 LTFIt (sample too 

small) 
-3.746  5 

 d(LTFI)t -4.449** 0 
Mexico LGDPt -2.558 1 
 d(LGDP)t -5.710** 1 
 LTFIt -3.812* 1 
 d(LTFI)t -5.484** 1 
Peru LGDPt -4.170* 2 
 d(LGDP)t -7.124** 3 
 LTFIt(sample too 

small) 
-3.288  4 

 d(LTFI)t -4.072** 0 
Notes: * H0 can be rejected at the 95% confidence level, ** H0 can be rejected at the 99% confidence level. 

Table A2: Results for the ADF for the residuals of equation (5) (ecmt) 

Null hypothesis: The variable has a unit root. 
Country Variable ADF (t-statistic) Number of lags  

(selected by the Schwartz 
information criterion) 

Brazil 
 

ecm -3.887** 3 

Columbia 
 

ecm -4.827** 7 

Mexico 
 

ecm -4.835** 0 

Peru 
 

ecm -3.064** 7 

Notes: * H0 can be rejected at the 95% confidence level, ** H0 can be rejected at the 99% confidence level. 


