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Abstract

A new heterodox model is presented for an open economy based on regulation theory. The complete model contains six behavioural equations and two quasi-definition relations for the closure of the system. Sub-systems are also the object of analysis. The first conclusion is that the Canadian quarterly series of over more than 50 years produces relatively good results. However, when the model is estimated for sub-periods of 25 years, a good validation by the Error Correction Model requires a reduction in size by eliminating some of the exogenous variables. The specification of an interest rate equation lends more credibility to an open economy model and to institutional changes at the world level.  When estimated by sub-period, the value change of parameters confirms the importance of structural changes taking place between the Fordist period and the post-Fordist period and identified as a neoliberal regime of accumulation. The most important changes are as follows:  change in the rate of distribution in favour of capital, reduction of the importance of productivity on real wage and aggregate demand, change in the exchange rate regime and monetary policy with the free flow of financial capital, increase of the importance of the State on productivity through the general level of education and of other private and public expenditures on health care and other infrastructures. 

Introduction

The possibility of measuring institutional changes with an econometric model appears a priori to be a difficult task-- if not an impossible one. Indeed, if one can make a descriptive analysis of a number of institutions represented by state, labor markets, financial markets, competitive regime (analysed through the price system, money and the exchange rate) then how can the analysis of all the interactions between these institutions be reduced to a model of a few equations where  the structure can change over time? It is a challenge for the economist or for any social science specialist who wants to analyse the very complex reality by a few simple hypotheses (relations). The usefulness of a model is to simplify the analysis - that is to go to the essential while ignoring the secondary aspects. 
On the other hand, the purpose is the measurement of institutional changes from a structural model , with the necessity to develop a dynamic analysis of institutions. The model cannot simply be static, even if it had been formulated as such firstly. Not only will it be necessary to estimate the parameters of an econometric model from observations over a specific period of time (Ex. 25 years), but also over a long-term period (Ex. 50 years) in order to measure structural changes. The estimation of structural parameters is made by an econometric method called the Error Correction Model (ECM) which allows for the distinction of mid-term (stable) relations from short-term or transitory variations. Structural changes or institutional changes can be observed only in the long-term by comparing two mid-term situations. The Regulation School has already identified a certain number of these changes that characterizes a Fordist accumulation regime over the period from 1945 up to mid 70s and a post-Fordist regime since that time. The latter, now commonly referred to as a neoliberal accumulation regime, is associated with a period of intensive institutional changes represented by new technologies in information and communication (NTIC), world finance (financialisation) with new derivatives, new division of labor at the world level (based on new forms of competition) forcing states to develop strategies of deregulation in almost every sector of the economy.
Before specifying these changes with a model, priority will be given in the first section to the analysis of the Canadian quarterly series over a 50 year period. The theoretical foundations of the heterodox model are given in the second section. The third section contains preliminary specifications or choices required before estimating the parameters for of a cointegrated model. The last section is entirely devoted to the analysis of the econometric results.
1.0 Canadian quarterly time series
Twelve quarterly series have been selected to represent stylized facts of the evolution of the Canadian economy for the entire period 1947-1999. In table 1, variables with DL letters measure their rate of change or growth rate because the data is in natural log form. Their definitions are contained in table 2. Structural changes or breaks in the time series are analysed by comparing each variable for the magnitude of the quarterly or annual growth rate between the Fordist period (1947-1975) and the post-Fordist period (1976-1999). With the exception of the profit rate and the exchange rate, all other variables have a decreasing growth rate after 1975. Before estimating the parameters of a cointegrated model, the series reveals major breaks in the accumulation regime between the two periods. Obviously, a major reorganisation between capital and labor occurred in the post-Fordist period in favour of capital. 
Table 1

Average quarterly and annual growth rate of time series

Average quarterly growth rate               Average annual growth rate
	Series
	47-75
	76-99
	47-99
	47-75
	76-99
	47-99

	DLY
	.0131
	.0069
	.0102
	.052
	.027
	.041

	DL(Y/E)
	.0053
	,0042
	.0047
	.021
	.017
	.019

	DL(w/p)
	.0069
	.0021
	.0047
	.027
	.008
	.019

	DLi
	.0156
	-.0056
	.0056
	.062
	-.022
	.022

	DLr
	-.0026
	.0017
	-.0008
	-.010
	.007
	-.003

	DLρ
	.0188
	-.0076
	.0067
	.075
	-.030
	.027

	DL(m1/p)
	.0066
	.0058
	.0061
	.026
	.023
	.024


	DL(K/E)
	.0073
	.0050
	.0061
	.029
	.020
	.024

	DLu
	.0132
	.0021
	.0066
	.053
	.008
	.026

	DLe
	-.0006
	.0040
	.0014
	-.002
	.016
	.006

	DL(p/p*)
	.0015
	.0003
	.0009
	.006
	.001
	.003

	DLi*
	.0232
	-.0080
	.0125
	.093
	-.032
	.050


Table 2

Definitions of variables and % change in the growth rate between 
the Fordist period (1947-75) and the post-Fordist period(1976-1999)

                         Aggregate demand DLY 

 
               -48%

Productivity DL(Y/E)



             -20%

Real wage rate DL(w/p) 



-70%

CDN interest rate DLi

                        -136%

Profit rate DLr 



            170%

Profitability rate DL(i/r)


           -140%

Money DL(m1/p)



             -12%

Capital/labor DL(K/E)



  -32%

Unemployment rate DLu 


             -90%

Exchange rate DLe 



            767%

Relative prices DL(p/p*)


             -80%

USA interest rate DLi*


           -103%

The change in the growth rate for the real wage diminished by 70% while the change in the growth rate for the profit rate increased by 170%. The change in the growth rate for productivity decreased by 20%. The growth rate for money stock slowed down in the second period (-12%), corresponding to an austerity policy that was started in 1976. The growth rate for unemployment reverses itself after 1983 (see graph 2). The remarkable growth of the exchange rate is associated with the central bank’s independent monetary policy to lower the interest rate in the post-Fordist period. However, note that the CDN interest rate decreased more rapidly than the US interest rate. A visual presentation of all the changes is shown in graphs 1 through 4 where the variables are measured in log form. 
The decrease of the profitability rate (green area) appears to be dominated by the decrease of the interest rate in the post-Fordist period. The Marxist hypothesis of domination of the profit rate is validated in the Fordist period and invalidated in the 1967-1999 period.

Graph 1 Interest rate, profit rate and profitability rate
[image: image1.emf]Interest, profit and profitability 1947-1999
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Graph 2 Production, productivity and real wage rate

[image: image2.emf]Production, productivity, real wage 1947-1999

Black: production; blue: productivity; polygon: real wage
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In graph 2, the real wage rate is represented by the green area. In the period from 1947-75 the angle of the slope is steady at about 45 degrees. However, in the period starting in 1976 and on the degree of slope is much less pronounced. Productivity and production appear to change at the same pace. Also note that the real wage is stagnant for the period 1976-1982 which was a characterized by a wage and price control policy ending with the 1982 recession. Graph 1 also shows that interest rate reached its maximum during the 1982 recessionary period and the short-term interest rate peaked at 22% in August 1982. 

Graph 3 Factor productivity and technical composition of capital
[image: image3.emf]Capital and labour productivities; technical composition of capital

Black line: labour productivity L(Y/E); blue line: capital productivity L(Y/K); polygon: L(K/E)
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 Interestingly, graph 3 shows the decomposition of the capital/labor ratio into its two components: the productivity of labor and productivity of capital where by definition K/E = (Y/E) / (Y/K). Also interesting to note is that while the productivity of labor increases, the productivity of capital decreases during the whole period. Since capital productivity is the denominator of K/E, then the combined effect is to raise the technical composition of capital which has negative feedback on the profit rate. Investment in fixed capital did not help to raise productivity while investment in human capital contributed to productivity increase. Observing that there is a tendency for the increase of the capital/labor ratio -which is strong in the post-war period 1947-1957- that pace slowed down in the 1958-1982 period and resumed at a similar pace after the break between 1983 and 1999. Comparing the L(K/E) curve with the real wage (graph 2 green shaded area) and the profit rate curve (graph 1 blue line) it is clearly demonstrated that if the profit rate has not decreased, even though a slight increase is observed in the 1990-99 period, that could only occur because the pace of the wage rate diminished despite the increase of the growth rate of the capital/labor ratio. 

Graph 4 Composition of capital, labor productivity and unemployment rate
[image: image4.emf]Capital/labour, productivity, unemployment 1947-1999

Black: capital/labour; blue: productivity; polygon: unemployment
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In graph 4, the black line shows an evolution in the technical composition of capital which jumped in 1983 and resumed its pace after. The latter is seen in the labor productivity curve that coincides with a peak in the unemployment rate (green shaded area). The increasing tendency of the unemployment rate stopped in 1983 and the trend was reversed in the last 17 years of observation. High levels of the unemployment curve clearly indicate the turning points of the economic cycle: the end of the Korean War in 1954, the recession in 1958-60, the recession in 1970-72, the stagflation 1973-1981, the recession in 1982-83, and the end of the Gulf War followed by recession in 1991.
In graph 4, the shaded area shows the evolution of the nominal exchange rate measured by the value of the US dollar in terms of the CDN dollar. Clearly, an increase of DLe means a devaluation of money. Since log 1 is 0 (right coordinate in graph 4), the Canadian dollar was at par with the US dollar in 1975-76. One also observes that the CDN dollar was devalued in the period from 1976-1985. The black line (representing the parity gap of interest rates between Canada and the USA) is very irregular during that period. While the CDN dollar appreciates during the 1985-89 period, the parity gap of interest rates is rather stable. 

Graph 5 Interest rate gap, relative prices and nominal exchange rate
[image: image5.emf]Interest rate differential, relative prices, exchange rate 1947-1999

Black: int. rate gap; blue: rel. prices; polygon: exchange rate
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In order to crush the speculative bubble in the housing market - developing at the end of the 80s- the central bank sharply increased the interest rate from 1989 which consequently plunged the economy into the 1990-91 recession. The austerity of independent monetary policy has not always given expected results. After 1993 Canada chose a money devaluation policy in order to reduce the interest rate gap with the USA. This helped Canada to grow their economy while America invested in new technologies.
2.0
Theoretical foundation of an heterodox model

2.1 Sources of inspiration
Sources of inspiration

Our goal is to measure these changes with a macro-model of six behavioural equations and with a few definition relations. What is the theory or approach to be used for the specification of the equations? The model is a heterodox model inspired by Regulationist and Marxist approaches. The Regulationist approach outlines the importance of the wage rate relation and aggregate demand while the Marxist approach gives pre-eminence to the profit rate and the mobility of financial capital. Duménil-Lévy’s contributions were selected to represent the Marxist School while Aglietta-Boyer-Billaudot-Petit’s contributions represent the Regulationist School
.

For Duménil-Lévy, Marx’s basic idea is that what matters most is not the competition of firms for a particular product market but competition for the capital market being the main cause for the tendency of equalization of the profit rate between the various production branches or industries. Hence, the profit rate and the evolution of its components -exploitation rate and organic composition of capital- is the engine of growth of the capitalist system. With the exception of a difference in vocabulary, Marxist and Regulationist approaches have much more in common than one would expect. Indeed, the exploitation rate is the ratio of profits to labor compensations which can be expressed by labor productivity and the inverse of real wage rate
. Similarly, the organic composition of capital is the product of the technical composition and the inverse of real wage. The profit rate which is defined as the ratio of the exploitation rate over the organic composition of capital is therefore a (non linear) function of labor productivity, the capital/labor ratio and the real wage rate. Since the capital/labor ratio is the ratio of labor productivity over capital productivity, the profit rate can be expressed as a function of capital productivity.

Regulation theory is an approach that allows an analysis of the reproduction of the capitalist regime (or its crisis) given that the economic, social, political, cultural, and religious institutions are stable in the mid-term and changing over the long-term. In economics, regulation theory pertains more to the field of dynamics or growth theory than the legal or bureaucratic aspect of regulating an economic sector. The capitalist regime is characterized by institutional forms that allow the reproduction or the changes of the partial regulations (relations), whether the latter is a competitive regime or any other type. The Fordist regime which prevailed between 1945 to the mid-seventies has been described by Aglietta (1976) or Boyer (1979) by five institutional forms: a wage relation, a competitive or monopoly regime, a monetary system and the corresponding exchange rate regime, the role of the state, and the international institutions.

There is another important difference with the Regulationist approach where productivity is assumed endogenous. To that extent, Regulationists are closer to mainstream economists like R. Lucas (1988) or P. Romer (1990) who have developed a theory of endogenous technological progress, although from a very different basis
.
According to R. Boyer (2002, p. 185), the essence of the regulation theory (RT) is … “to maintain a clear interest for the analysis of historical processes [of capitalism], beyond the attempts of formalization.” This quotation means that our heterodox model must not be a simple formal macro model but must be a macro-dynamic model. Therefore, one must choose an econometric methodology that can fits a dynamic structural model. The Error Correction Model (ECM) or the estimation of the parameters of long-term relations specified over a cointegration space will be the core of the empirical analysis in the last part of the paper. 

In the fourth part of his book, Billaudot (2001) develops the macroeconomic theory of Fordism- of its crisis and issue. More specifically, chapter VIII on regulation and growth contains a short-term and a long-term model, the latter being designed by Billaudot as a mid-term model, because of his preference to reserve the long-term period for structural changes in the regime. We have enlarged Billaudot’s approach to an open economy model, in particular, by specifying an interest rate equation derived from the balance of payment constraint. The endogenous variables described by seven behavioural equations are consumption, investment, productivity, wage, price, money demand and interest rate. The endogenous variable pertaining to the macro equilibrium condition is that aggregate supply (production) equals the components of the aggregate demand with no inventory variation. Variables pertaining to the definition relations are employment, the profit rate and the financial profitability norm (gap between interest rate and profit rate). Variables that are important in the short-run such as the degree of capacity utilization are left out from the mid-term equilibrium model. Most equations have a non-linear form but are easily adaptable to a log-linear form which is readily suitable for a growth model in an Error Correction Model. In order to reduce the number of cointegration relations, employment, consumption and investment will be substituted into the aggregate demand.  Price and wage equations will be replaced in many cases by a real wage equation.

2.2 Equation system of the model


2.2.1 The productivity equation:    Y/E = f1(Y, K/E, t)
Productivity depends on the scale of the economy (Y), on technical changes embodied in new equipment and in the new division of labor (K/E). The main justification for an endogenous productivity (or endogenous technological progress) is based on the Kaldor-Verdoorn law (1980) based on the scale of production or demand. Lucas (1988) and Romer (1990) give another justification for the hypothesis of an increasing-returns-to-scale production function: the level of knowledge is increasing independently from capital and labor. Therefore, the scale of the economy (Y) is an explicit argument of the productivity function. This could be justified by the expenditure of the private and the public sectors spent on research and development. Another justification would be the amount of state expenditures in education, health and other infrastructures. Indeed, the quality of human capital is not only in the level of education but also in the quality of the health services that a country has developed. Note in passing the importance of the state as a regulating institution. The other determinant of productivity is the capital/labor ratio (K/E) which embodies the Schumpeterian innovation process and a new division of labor. It is assumed endogenous by Regulationists (Petit, 2005) and exogenous by D-L. 


2.2.2 The employment equation:      E = Y/Y/E = f2( t) 

The mid-term equilibrium employment is growing at a constant rate, and E will be substituted in the consumption function by its definition
. The substitution of employment in the consumption function and the latter in the aggregate demand can make productivity appear in the final demand equation with a negative sign if the real wage rate is not specified. Since the state and the private sector use the labor market for adjusting the capitalist regime, it would not be a total surprise if that market is in disequilibrium in the mid-term. This will be seen if the unemployment rate is significant in the wage and demand equations.
2.2.3 The wage rate equation:    w/p = f3(p, Y/E, u, t)

The equilibrium wage depends only on price, productivity and the unemployment rate. With the demand equation, the wage equation is most fundamental in the Regulationist approach, since it contains the major determinants explaining the growth of a capitalist economy. If one assumes that the labor market is fully adjusted in the mid-term, then the equilibrium real wage is growing at the same pace as productivity if price and wage are growing at the same pace. This is a result that Dumenil-Levy (1996, p.236) also arrived at. Given the income distribution parameters, the real wage rate is also dependent on the profit rate that is included in the profitability criterion. In a competitive regime, there exists a negative link between wage and profit, which implies a positive coefficient for ρ. Because of the persistence of a the long-term rising tendency of the unemployment rate, most heterodox economists reject the assumption of an equilibrium labor market and assume that the wage equation is a Philips curve with a negative coefficient. Therefore, in addition to productivity, our wage equation will contain the unemployment rate (u) as an exogenous variable.
2.2.4 The price equation:    p = f4(w, (, Y/E, t)

In a mid-term competitive equilibrium, price is constant. Price in the monopoly sector is far more complicated. It depends positively on the current wage-productivity gap (w/(Y/E)), and on a financial profitability criterion (ρ). The financial profitability criterion ρ = (qi/r) is a ratio between the interest rate (adjusted for a risk factor q) and the profit rate - both variables are measured in nominal terms. This ratio can increase because of a rise of the interest rate or a decrease of the profit rate; if the sign of the coefficient is positive, price will increase and will cause a decrease of the real wage rate. The latter would move in the same direction as the profit rate. However, if p and w are well cointegrated and move at the same pace, the real wage will not change. In order to have a positive impact on the real wage, the ρ coefficient must be negative in the price equation and positive in the real wage equation. Indeed, in a monopoly regime, firms raise their prices in order to raise their profits and, hence, reduce the profitability rate
. The presence of the profitability criterion in the real wage equation (as shown below), in the consumption equation, in the investment equation justifies the influence of the profit rate and interest rate in the aggregate demand equation. Therefore, the Marxian approach is well specified in the behavioural equations by these two key variables.
2.2.5 The consumption equation:    C = f5(E, w, p, t)

The consumption is a function of direct income, therefore including employment and real wage. In a previous empirical work (Boismenu-Loranger-Gravel, 1995) it was assumed that consumption was also dependent on credit and indirect income received as transfer payments. The coefficient of the social transfer variable was not significant while the one for credit was significant but with a weak elasticity. In order to minimize the number of (stochastic) exogenous variables, we have chosen to amalgamate credit and transfers with the constant term. This equation constitutes one of the basic tenets of the Regulationist approach: the growth of the system is generated by the growth of demand which is dependent on the growth of the real wage rate and the employment. Therefore, after substituting the determinants of the real wage rate, (Y/E, u and ρ) and the determinants of employment (E=Y/Y/E), consumption can be seen as a positive function of the profit rate and productivity and a negative function of the interest rate and the unemployment rate. Consequently, the ρ coefficient has a negative sign. Note in passing that the interest rate in the consumption function plays the same role as the credit variable explicitly introduced in the 1995 model: an accommodating monetary policy increases consumer credit and generates the contrary with a tight monetary policy.
2.2.6 The investment equation:     I = f6(C, (, t)

In the mid-term competitive equilibrium, investment is solely a function of past profits. This is the type of assumption also made by Dumenil-Levy: the rate of investment or the capital stock growth rate is a positive function of the profit rate included in the profitability rate. The negative sign of the ρ coefficient is also justified with the presence of the interest rate in the numerator. In the Regulationist approach, investment is a positive function of past levels of consumption C and a negative function of the financial profitability criterion (ρ). The profitability criterion makes the investment function a negative function of the interest rate and a positive function of the profit rate. We therefore obtain the Marxian profit rate relation and the Regulationist demand effect with past consumption. Note again the key role played by the profitability criterion: if the profit rate is fully adjusted to the interest rate in the mid-term (a Sraffian equilibrium for instance), then investment becomes a function of consumption alone. However, this last hypothesis is not a realistic one since our heterodox model must also take into consideration the case of competitive firms whose past profits are future investments.
2.2.7 The money and interest rate equation: i/i* = f7 {(IM/X),(e),(p/p*)}


The money supply is assumed endogenous to the money demand which is a positive function of transactions (i.e. price and output) and a negative function of the interest rate
. The interesting question here is why should the interest rate be determined endogenously? The endogenous character of the interest rate is determined directly through price which appears in the relative prices (p/p*) and indirectly through demand via the external trade balance. This is different from the mainstream assumption of an exogenous money supply and hence, an exogenous interest rate. The choice of the central bank in fixing the short-term interest rate must be done within the following constraints:

The short-term interest rate is regulated by the balance of payment constraint which is defined as the zero-sum of the current account and the capital account. Therefore, a positive capital account balance must have the opposite sign of the current account balance (a deficit). The capital account is assumed to be a positive function of the interest rate differential (i/i*). Foreign capital is attracted by a higher domestic rate and, therefore, the current account deficit is positively related to the interest rate differential. 

The capital account is a negative function of the nominal exchange rate e (US$ measured in CDN$ unit) with a money devaluation increasing exports, reducing the current account deficit and therefore there is negative relation to the interest rate differential. With a flexible exchange rate, the central bank has no obligation to raise the domestic interest rate. The choice between devaluation and a rise of the interest rate is the cornerstone of its “independence.” Until the 90’s, the policy rule of the Bank of Canada has been based on a monetary index which is a weighted average of the short-term interest rate and the exchange rate. 
 The capital account is positively related to the price differential (p/p*) – inflation increases the current account deficit by deteriorating the terms of trade and, hence, is positively related to increase of the capital account and the interest rate differential.  This variable, combined with the nominal exchange rate defines a measure for the real exchange rate er. Indeed, by definition, er = e(p*/p)
. 
If the interest rate gap is an explicit function of the capital account function or the current account deficit (IM/X, the equation is

(i/i*) = A(IM/X)α [e(p*/p)]-β = A(IM/X)α e-β (p/p*)γ, where α, β and γ > 0.

One can see that the central bank has little autonomy in determining its monetary policy. The optimal policy would be to accommodate the demand for money inside those constraints. According to Taylor’s historical analysis (2001), this was the policy rule followed by the Treasury at the time of the international gold standard and it remained more or less like that after the Second World War until the beginning of the 70’s when the dollar-gold convertibility was abandoned. It is the exchange rate flexibility which allows the central bank the possibility of conducting an independent monetary policy. Therefore, a completely endogenous monetary policy exists if the central bank chooses to regulate the exchange rate.

3.0 Preliminary specifications before estimation
Preliminary specifications before estimationm

3.1 Specification of a dynamic model
Specification of a dynamic model

The general representation of a dynamic structural model is by a differential equation of the first order (or of a higher order) such as 

    y’ = f(y; β) 

y’ = f(y; β) 

where f(y;β) is an unknown function. If y is a function of time, then y’ measure the rate of change of y over a time period, β is a structural parameter that is usually assumed constant over a mid-term period, although it may also be assumed to change over a long-run period. In that case, β is also a function of time. It is important to estimate the structure before attempting to simulate the inherent stability of the model. The model is specified and estimated from time series of quarterly Canadian data (1947-1999) and is a structural dynamic simultaneous system that has six equations and two definition relations. The model is linear in parameters, and the variables are in log-transform so that the first difference of a variable measures its rate of growth. Time is measured in discrete periods for a quarterly representation, and the order of the difference equations varies between 6 to 8 periods.(See table 3 for the choice of the order of the VAR).  Each equation is supplemented with a stochastic term which is related to a stationary condition. The software package CATS in RATS (Dennis, 2006) is based on the Johansen (1996) and Juselius (2006) method of estimating simultaneous cointegrated relations of a certain number of endogenous variables. Our model specifies 15 variables and 8 cointegration relations and therefore 7 variables are common stochastic trend variables -variables that are exogenous in our structural model. The number of cointegration relations can vary according to certain particular specifications. Obviously, with a system containing more than one cointegration relation, there is the problem of identifying a particular cointegration relation to a structural equation which becomes very difficult unless some a priori restrictions are specified on the coefficient matrix of the cointegration space. Finally, tests of structural changes are presented  by comparing results obtained for two sub-periods: the Fordist period 1947-1975 and the post-Fordist period 1976-1999. 

3.2 The specified model
The specified model

After substitution of C and I in the aggregate demand Y and dropping all variables which may be important in the short-term period but are left out of the cointegration space, the model estimated is a 8 equation system, (6 behavioural equations and 2 definition relations) which implies that one must identify at least 8 cointegration relations:

Y/E = f1 (Y, K/E)

Y = f2 ( E, w/ p, u, ρ, G, e)

w = f3(Y/E, u,)

p = f4 (Y/E, ρ )

i = f 5{(i*, (e), (p/p*)}

( = f6 ( i / r )

r = f 7(Y/E, w/p).

M1/p = f8 (Y, i)

Note that in the demand equation the exchange rate e has replaced the external trade account (X/IM). In certain specifications, the government expenditure variable G is amalgamated with the constant term. A similar substitution was made in the interest rate equation where the external deficit (IM/X was replaced by the exchange rate e. These substitutions are necessary if one wants to reduce the number of variables in the cointegration space. The cointegration space could have been reduced to 6 equations by ignoring the definition relations (ρ and r) whose main role was to close the system. It was decided to keep them as a check for identification purpose. If the choice of particular constraints gives the wrong signs in the definition relations, this indicates that better ones have to be chosen. For productivity to appears in the demand equation and test the Regulationist cumulative causation hypothesis (Boyer-Petit 1991), it is necessary to replace E by its definition in the final demand equation. Therefore, the signs of the productivity coefficient, the real wage rate coefficient, the profitability coefficient and the exchange rate coefficient in the demand equation become crucial to watch.

3.3 Preliminary results before estimation
Preliminary results before estimation

3.3.1 Test of unit roots
Unit root tests

Before beginning the tests for the mid-term model, it is important to know the unit root tests for all the variables of the model including those for the short-run variables which do not enter into the cointegration relations. Two types of tests were made: the Dickey-Fuller Augmented test (DFA) and the Phillips-Perron test (PP) for an AR process including a constant and 6 lagged variables. All variables are I(1). Hence, the cointegration analysis with short-term variables in first differences is well indicated.

3.3.2 Choice of a constant term
Choice of a constant term 

Before determining the cointegration space for each specification, the CATS software allows one to check whether a constant needs to be included or excluded from the cointegration relations.
The results are not reported here but the best choice was to select a constant outside the cointegration relation, representing a constant in the first difference equation that gives a deterministic trend for variables measured in level. Three dummy variables were added for seasonal variations.

3.3.3 Specification of the order of the VAR
Determination of the order of the VAR

The Error Correction Model is based on a vector autoregressive model (VAR) of order k. According to table 3, the HQ criterion for an optimal k is 6 while the optimal value is 4 according to the SC criterion. In order to minimize the possibility of autocorrelated residuals and also because some policy effects are spread over 18 months, we chose k=6.

	                                                              Table  3

Choice of the order of the VAR

	Nb lags = k 
	3
	4
	5
	6
	7

	HQ
	-31.58
	33.24
	-33.42
	-33.44*
	-33.27

	SC
	-30.67
	-32.09*
	-32.02
	-31.81
	-31.38


HQ = Hannan-Quinn criterion            SC = Schwarz criterion

 = 

3.3.4 Determination of the rank of matrice Π = αβ’
Matrix П contains coefficients of level variables corresponding to mid-term equilibrium relations added to the short-term variations of the system. The matrix dimension is equal to the number of the variables (p) in the system
. If all variables are stationary, the rank r of the matrix is equal to p; this is impossible if the non stationary variables are cointegrated together. Therefore, the rank of the matrix is less than the number of variables (r<p) -the rank determining the number of cointegration relations. Matrix Π can be decomposed to form two matrices, one being the matrix of the coefficients β’ of the cointegration relations (dimension r x p). Following that α is a matrix of dimension r x p and the latter is called the “loadings” matrix or the adjustment matrix. Its role is to take into account the possible disequilibrium in some of the cointegration relations. Concerning the other variables that are not characterized by a cointegration relation, their number is (p-r) and represents common stochastic tendencies that are described as moving average processes. Their number also corresponds to the number of unit roots in the system. These common stochastic trends take on the role of shocks on the equilibrium of the cointegration relations. For the analysis of structural changes, the investigation is limited to the estimated results of the β matrix, even if it would be interesting to examine the coefficients of the α matrix or of those of the short-term variations of variables in the system. The CATS software gives the following table for choosing the rank.

Table 4

Rank test with a 15 variable system

p-r    r  Eig.Value  Trace        Trace*    Frac95  P-Value P-Value*

15     0      0.505     899.561   899.561   508.624   0.000    0.000

14     1      0.430    755.253    755.253   446.723   0.000    0.000

13     2      0.428    640.164    640.164   388.823   0.000    0.000

12     3      0.378    525.815    525.815   334.923   0.000    0.000

11     4      0.328    428.461    428.461   285.022   0.000    0.000

10     5      0.276    347.056    347.056   239.121   0.000    0.000

9      6      0.261     280.944    280.944   197.220   0.000    0.000

8      7      0.238     218.826    218.826   159.319   0.000    0.000

7      8      0.186     163.158    163.158   125.417   0.000    0.000

6      9      0.168     120.928    120.928     95.514   0.000    0.000

5    10      0.144       83.249      83.249     69.611   0.002    0.002

4     11     0.096       51.406      51.406     47.707   0.021    0.021

3     12     0.086       30.809      30.809     29.804   0.038    0.038

2     13     0.058       12.358      12.358     15.408   0.142    0.142

1     14     0.000         0.086        0.086       3.841   0.769    0.769

For a system of 15 variables and 8 cointegration relations, the trace test rejects the hypothesis of 7 unit roots (p-r) = 7 since the calculated value 163.1 exceeds the 5% critical level of 125.4. This specification, however, will be estimated for two long periods: 1947-1989 and 1947-1999. The choice of the period (1947-89) will allow us to explore the possibility of structural changes during the last decade of the sample caused by many institutional changes such as new technologies in information and communication (NTIC), and the emergence of new derivatives. The system has 8 cointegration relations associated to 8 endogenous variables (Y, Y/E, w, p, ρ, r, i, M1) and 7 exogenous variables (u, K/E, q, G, i*, p*, e) or common stochastic trends associated to 7 unit roots. 

Being that the rank is above 8, the parameters of the cointegration matrix will not be identified with certainty and the risk of an improperly specified model increases. Nevertheless, after trial and error, a reasonably well defined structure was identified. 

Note however that the above specification contains exogenous variables in the structural model such as state expenditures G, risk premium q, and the unemployment rate. Moreover, by integrating the price variable in real wage, in real money demand and in relative prices, the size of the model is reduced to 11 variables. The rank test for the system is presented in table 5.

Table 5

Rank test with an 11 variable system

p-r     r     Eig.Value  Trace       Trace*     Frac95   P-Value  P-Value*

11     0      0.335       373.100   373.100    285.022   0.000   0.000

10     1      0.275       289.515   289.515    239.121   0.000   0.000

9      2      0.231       223.634   223.634    197.220   0.001    0.001

8      3      0.190       169.730   169.730    159.319   0.011    0.011

7      4      0.154       126.536   126.536    125.417   0.042    0.042

6      5      0.128         92.368     92.368      95.514   0.082    0.082

5      6      0.111         64.358     64.358      69.611   0.125    0.125

4      7      0.086         40.222     40.222      47.707   0.217    0.217

3      8      0.075         21.685     21.685      29.804   0.326    0.326

2      9      0.027           5.602       5.602      15.408   0.743    0.743

1    10      0.000           0.000       0.000        3.841   0.986    0.986

At the 5% level, the hypothesis of 7 unit roots is rejected in favour of 6 unit roots for 5 cointegration relations. After eliminating two quasi definition relations (the profit rate and the profitability rate) and reintroducing the unemployment rate as an exogenous variable, a reduced model of 4 equations is estimated where productivity, real wage, demand, and interest rate form the structural system. These fundamental equations are identified to 4 cointegration relations and 6 common stochastic tendencies. 

Table 6

Rank test with a 10 variable system
p-r       r   Eig.Value    Trace       Trace*     Frac95     P-Value P-Value*

10      0     0.300       292.440     292.440    239.121   0.000    0.000

9       1     0.214        219.254     219.254    197.220   0.002    0.002

8       2     0.194        169.841     169.841    159.319   0.011    0.011

7       3     0.175        125.635     125.635    125.417   0.048    0.048

6       4     0.125          86.197       86.197      95.514   0.189    0.189

5       5     0.118          58.808       58.808      69.611   0.275    0.275

4       6     0.084          32.954       32.954      47.707   0.564    0.564

3       7     0.044          14.899       14.899      29.804   0.789    0.789

2       8     0.027            5.617         5.617      15.408   0.742    0.742

1       9     0.000            0.002         0.002        3.841   0.961    0.961

At the 5% level, the hypothesis of 7 unit roots is rejected and 6 unit roots is accepted along with 4 cointegration relations, this being the best identified model estimated for the two sub-periods –the Fordist period 1947-75 and the post-Fordist periods 1976-99. Note however, that that the estimated results over the long period from 1947-1999 are more reliable than those of each sub-period because the sample consists of 205 observations for 1947-99, 108 for 1947-75, and 97 for 1976-99. 

4.0 Estimated results

4.1 Real wage equation
a) System of 10 variables and 4 cointegration relations
	L(w/p)
	L(Y/E)
	Lρ
	Lu

	1947-1975
	2.691
	-0.246
	 0.001 (n.s.)

	1976-1999
	0.608
	 0.159
	-0.358

	1947-1999
	1.271
	 0.052
	 0.048


b)  System of 15 variables and 8 cointegration relations
Système de 15 variables, 8 relations de coïntégration 

	1947-1989
	1.134
	0.187
	-0.036

	1947-1999
	0.368
	-0.292
	 0.124


The relation productivity-real wage-demand is very different between the two periods where one sees an important decrease of the impact of productivity on the wage rate (-77%) and on the aggregate demand (-74%). The results show that the Fordist compromise of sharing productivity gains ceases to exist after 1975 and a new wage relation less favourable to wage earners taking place in the post-Fordist period. One also observes that break by the sign change of the profitability coefficient between the two periods. When the coefficient is negative, the profit rate and the wage rate move in the same direction: it is the sharing of productivity gains between capital and labor in the Fordist period. The opposite result is observed in the post-Fordist period where the profit rate moves inversely to the wage rate because r is the denominator of ρ. Finally, the unemployment rate is not significant in the Fordist period while having a significant negative impact on the wage rate in a more competitive labor market as predicted by the Philips curve. This indicates that the labor market has adjusted to more flexibility in a neoliberal regime.

Results for the estimation of a more complete model of 15 variables and 8 cointegrations relations for the long period 1947-1999 show that coefficients are sensitive to the model specification A sign change is observed for the profitability rate. Moreover, in the period 1947-89, the elasticity coefficient of productivity is above unity. The addition of 14 years or 56 observations to the sub-sample indicates that the decrease of in the importance of productivity is less severe than already mentioned. The estimation based on a longer period offers a better guarantee of stability.

4.2 Productivity equation


a)   System of 10 variables and 4 cointegration relations
	L(Y/E)
	LY
	L(K/E)

	1947-1975
	0.183
	0.515

	1976-1999
	0.291
	0.537

	1947-1999
	0.312
	0.175


b)  System of 15 variables and 8 cointegration relations
Système de 15 variables, 8 relations de coïntégration 

	1947-1989
	0.376
	0.175

	1947-1999
	0.395
	0.122


The productivity-demand and the demand-productivity regime, -the core of the Regulationist approach- is validated for each period with elasticity coefficients that are weaker in the productivity demand than in the demand-productivity equation. Importantly, the presence of the capital/labor ratio in the productivity equation reduces the impact of demand when compared to other results that exclude that variable. However, when one looks at the estimated coefficient for the long period 1947-1999, one sees that the influence of the capital/labor ratio (0.175) is minimized in favour of impact of aggregate demand (0.312). This result shows that economy scale matters (Kaldor-Verdoorn law) and the quality of human capital (levels of education and health care) feedbacks on productivity (Lucas-Romer law). The hypothesis of an endogenous technological progress is validated. Note in passing that coefficients are less stable using smaller samples than with larger samples. This is particularly well illustrated with the larger model based on larger samples with a coefficient of demand near 0.4 while the coefficient of L(K/E)  remains the same at 0.175 or even less. The increase of 59% for the value of the elasticity coefficient of demand in the post-Fordist period is another indication of a structural break in the accumulation regime between the two periods. 

4.3  Aggregate demand equation
a)  System of 10 variables and 4 cointegration relations
	LY
	L(w/p)
	L(Y/E)
	Lu
	Lρ
	Le

	1947-1975
	2.358
	0.758
	1.332
	-1.291
	5.727

	1976-1999
	0.618
	0.437
	-0.897
	0.195
	0.861

	1947-1999
	1.379
	1.093
	-0.077
	-0.114
	-0.121


b)  System of 15 variables and 8 cointegration relations
Système de 15 variables, 8 relations de coïntégration 

	1947-1989
	1.038
	1.386
	-0.069
	0.002

	1947-1999
	1.075
	1.110
	-0.141
	0.012


The impact of the unemployment rate has the same effect on demand as it does in the wage equation: the sign change from positive to negative between the two periods illustrates a major change in the labor market. The protection of steady jobs in the Fordist period has changed for more precarious jobs with high unemployment in the post-Fordist period. Flexibility is the new buzz word for employers. The negative sign (-0.897) indicates that demand is rather sensitive to unemployment. 

The sign change of the profitability coefficient between the two periods offers similarities to the wage equation. Aggregate demand (consumption and investment) in the Fordist period is rather elastic to the interest rate or the profit rate, with the effect close to vanishing in the post-Fordist period. The positive sign is suspicious, and one can argue that a decrease of the profit rate in the post-Fordist period has a positive impact because of the increase of the real wage as shown by wage behaviour for that period. This last result is however contradicted by the estimated coefficient for a larger model and a longer time series where a negative small elasticity is reported. The valid conclusion is that the change in magnitude of the profitability rate reveals a major structural break between the two periods.

The very elastic demand with respect to the exchange rate (5.727) indicates that a devaluation of money in the Fordist period produces a strong positive effect on demand while its impact declines in the following period – as demand becomes inelastic (0.861). How is this major change to be explained? A few reasons why competitive devaluations did not produce the expected benefits are: delocalisation of production towards emerging countries with their increasing needs for Canadian raw material, and the increase of international competitiveness. This is particularly true for the period 1947-1989 and can be seen where the coefficient drops towards zero (0.002).

Since the unemployment rate does not appear in the demand equation for the larger model, it is difficult to decide a priori if the estimated results for the 1947-1989 are better than those obtained for the period 1976-1999. If one compares the two types of results for the whole period 1947-1999, the results are similar except for the elasticity coefficient of the exchange rate which is small but positive, and an expected result using the more complete model. Moreover, the estimation for 1947-1989 gives better results with an expected negative sign for the profitability coefficient (-0.069): demand is decreasing when the interest rate is increasing or the profit rate is decreasing.

4.4 Equation of the interest rate gap and financial market behaviour
a)  System of 10 variables and 4 cointegration relations


	L(i/i*)
	L(p/p*)
	Le

	1947-1975
	13.380
	-1.462

	1976-1999
	1.200
	-4.309

	1947-1999
	3.261
	-4.046


b)  System of 15 variables and 8 cointegration relations
Système de 15 variables, 8 relations de coïntégration 

	1947-1989
	3.902
	-2.931

	1947-1999
	6.097
	-1.328


The interest rate gap between domestic and external financial markets and their determinants are the variables linking the Canadian economy to the world economic and financial markets. The international mobility of capital via the exchange rate and the state of competitiveness via the relative prices are expressed by the above equation. It is observed that the elasticity of the interest rate differential with respect to relative prices is very high (13.80) during the Fordist period. This coefficient is probably upward biased even if the analysis of graph 4 indicates a great volatility of the interest rate gap with respect to the relative prices in for that period. The impact of competitiveness falls sharply in the post-Fordist period (1.20). This result is in accordance with what has already has been previously noted for the demand equation. 

The elasticity of the interest rate differential with respect to the exchange rate has almost tripled between the two periods and the coefficient moves from -1.462 to -4.309. A devaluation of the Canadian dollar by an increase of in the exchange rate allows the central bank to diminish the domestic interest rate in order to stimulate the economy. In graph 4, a major break is observed in the evolution of the exchange rate between the two periods. In the last decade of the sample (1990-1999), the interest rate gap decrease is synchronized with the devaluation of the Canadian dollar.

These results are validated by a larger model of 15 variables. One notes a substantial change in the magnitude of the coefficients for the long period 1947-1999 and for the sub-period 1947-1989. A more complete model based on a larger sample for the sub-period appears to be more reliable than a reduced model based on a narrower sample. Therefore, the results obtained for the 1947-1989 are better than those for the period 1976-1999.

Conclusion

The analysis of the Canadian quarterly series validates the hypothesis of a major structural break between the Fordist period 1947-1975 and the post-Fordist period 1976-1999. That change is characterized by the diminishing pace of growth for the real wage rate and by a cessation in the decreasing tendency for the profit rate in the post-Fordist period. This phenomenon would be more accentuated if high wage earners were isolated and accounted for on the profit side instead of the wage side. The rising tendency of the interest rate, -surpassing the profit rate from the 70s on- reaches its climax in 1982 and reverses to a decreasing tendency since then. A radical change in the monetary policy since 1976 succeeded in keeping inflation under control. Similarly with the unemployment rate: its growth tendency is reversed after 1982. Finally, the generalized floating exchange rate regime since 1976 gives Canada the opportunity to abandon parity with the US dollar in favour of more competitive devaluations.

As presented, the econometric results validate the superiority of a more complete model based on a larger sample. Nevertheless, the estimation of a reduced model of 10 variables with 4 endogenous variables gives results that validate the structural changes between the Fordist and the post-Fordist periods. A summary of these major changes follows:
The impact of productivity on real wage is decreasing.

The sign change of the profitability coefficient is also an indication of a changing relation between labor and capital –in the post-Fordist period, real wage is decreasing while the profit rate is increasing. Seen very differently in the Fordist period where there was a  sharing of productivity gains which allowed wage and profit to move in the same direction.

The sign change of the unemployment rate in the wage equation is very telling. In the post-Fordist period, the labor market is adjusted with a wage equation following a Philips curve showing the new flexibility of the labor market which is well adapted to a neoclassical regime. The result is also validated in the demand equation with a negative sign for the unemployment rate coefficient.

The hypothesis of endogenous technological progress is validated by a substantial increase in the demand coefficient in the productivity equation. Investment in human capital (education level and health) and in other infrastructures has a positive impact on productivity. 

The impact of a devaluation of the Canadian dollar on demand is relatively high in the Fordist period and becomes inelastic in the post-Fordist period. Competitive devaluations lose their efficiency in the long-term. 

However, the impact of devaluation is more important for the interest rate differential than for demand, and shows the importance of financial markets in the post-Fordist period. This indicates a major change in the way monetary policy is conducted and the independence of the central bank. By allowing a devaluation of the CDN dollar, the central bank has more flexibility for reducing the interest rate gap between Canada and the USA.

The use of an Error Correction Model in estimating a macroeconomic model is a rare exercise for heterodox economists. The originality of this article is to show how cointegration analysis can be applied to that type of model and validate results that are otherwise known by a simple inspection of time series 
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Footnotes

� Duménil-Lévy have written many articles for leftist reviews, but the essence of their thinking can be found in three of their books (2004, 2003, 1996). The Regulationist school is represented by  Aglietta (2004, 1999, 1976), Boyer (2004, 1995, 1986, 1976), Billaudot (2001, 1976) and Petit (2005, 2002, 1991). Although Keynes’ theory is developed on a short-term basis, most Keynesian and post-Keynesian economists have developed long-term models and identify themselves as heterodox economists who are  close to the Regulationist school with aggregate demand at the core of their approach. 


�  Assuming ε = exploitation rate, the inverse (ε + 1)-1 = β = labor share in value added.


� The Regulationist hypothesis of endogenous technological change is inspired by various authors such as Young ( 1928), Kaldor (1966), Verdoorn (1980).  


� The trend term t will be left out from the co-integration space and will appear as a constant in the difference equation.


� Because the profitability rate is defined as i/r, this affirmation may sound strage. If the inverse ratio had been chosen, then the profit rate and the profitability rate would move in the same direction.


� A more complete model of the business cycle, inspired from the Minsky approach, would include in the money demand financial transactions and derivatives.


� One might think that in the mid-term equilibrium our model is based on the purchasing power parity theory with unitary elasticities for the variables e and p/p*. In truth, these two variables are assumed as common stochastic tendencies and therefore, non cointegrated. The substitution of net exports by the exchange rate in the aggregate demand and in the interest rate equation will influence the magnitude of the e and p/p* coefficients.


� In this paragraph only, the letter p and r have a different meaning from those in our model because the CATS program uses them with a different meaning.
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