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Abstract

In recent years, European countries experienced severe fiscal policy measures which hindered government spending, in compliance with the process of budgetary consolidation and the development of fiscal rules at EU level. Italy was no exception.

Since the whole area is also facing low rates of economic growth it is widely recognized that a sustained growth in spending would improve the EU’s growth potential as well. As a consequence, most European countries are developing specific provisions for public investment within the EU’s framework for budgetary surveillance.

The relevance of public infrastructure spending as a strategy to promote economic development has been well acknowledged among economists through times although there is not general consensus about whether and how public capital affects the economy: most economists agree on the positive impact of public investment on output and productivity, but results are not very strong and depend quite crucially on the analytical methodologies employed. In general, there is not a clear evidence in favour of public rather than private capital accumulation.

Our research addresses such issues for the Italian case. We aim at investigating the role played by public and private capital in the Italian economy over the last two decades by means of a cointegrated VAR approach involving a common trend analysis. Our findings tend to reduce emphasis about the positive role of public capital; following a neoclassical growth model in a learning by doing framework, our empirical analysis highlights the strength of private capital in spreading out technical progress and fostering the growth process. Public capital is merely adjusted in order to follow such a development process by maintaining a constant ratio to private capital.
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1
Introduction

In recent years, several applied studies highlighted the contribution of public capital as a factor determining economic growth together with several other physical and non physical elements such as human capital, R&D and so on. The issue has been studied following different methodological approaches. According to the production function approach, public capital stock is added as an additional factor input into a production function (usually Cobb-Douglas). The sign of the coefficient and the relevance of the elasticity show the effect of public capital on output. Most empirical studies found a positive (though sometimes not significant) effect of public investment on growth.

Aschauer (1989b) estimated an aggregate production function augmented by public capital for the United States for the period 1949–1985 to study the effects of public capital infrastructure on private sector productivity: he did not only find that public capital was highly productive during this period, but also that the productivity slowdown in the United States during the 1970’s was mainly attributed to the decrease in spending on public infrastructure.

A somewhat different approach is ‘growth accounting’, which also employs a neoclassical type of production function (without the inclusion of public capital) in a behavioural approach where multiequational regressions are needed. Then ‘total’ or ‘multifactor productivity’ (MFP) can be estimated as a residual of such production function, although all sorts of measurement errors and omitted variables are included in the MFP estimate. Public capital (or investment) then relates to MFP growth in two ways: as a direct factor of production, or, indirectly, by enhancing productivity of all or some of the private inputs (through infrastructure investments).

Nowadays, the production function approach (and in part the multi equation approach also) is considered too restrictive and, all in all, inappropriate for analyzing the long run effects of public capital spending (Mittnik and Neumann 2001).

First of all, because it does not take into account the feedback effects induced by changes in public capital. Second, it does not properly tackle the issue of causality; a large amount of debate is still centred on a reverse causation issue, i.e. whether reducing public capital has diminished output growth, or the reduced growth of output has diminished the accumulation of public capital (Eisner 1991). Finally, most production function-based studies do not properly take into account the time series properties of the variables involved, according to the literature from unit roots onwards, leading to a “spuriousness” of the results (Pereira 2000 and Sturm, Kuper and de Haan 1998).

Hence, another line of research is needed to address the issue, in order to examine the effect of public capital spending on the economy on a (atheoretical) multiequational basis: the VAR approach (as propagated by Sims 1980) imposes as little economic theory as possible, while the causal relationships among variables are determined by statistics. Basically such approach aims at verifying the effects of shocks of public investments on growth over time, with large use of impulse responses and variance decompositions.

The dynamics over time of different shocks striking the estimated system can be analysed by a multivariate Vector error correction model. As it is well known, rewriting the VAR into its Vector Moving Average (VMA) representation allows us to trace out the time path of various shocks on the variables contained in the VAR system. On the other hand, the cointegration approach allows us to identify (and account for) the long-run relationships hidden in the data. However, there are many equivalent VMA representations for one VAR model and this is the source of an important identification problem: some economic structure has to be imposed, thus reducing the atheoretical properties with which we started the analysis. Furthermore, a stability issue arises as well, since the model needs to be stable in order to grant the conversion. A sufficient condition that makes the model stable is that the variables used are stationary or cointegrated. In order to solve non-stationarity and cointegration problems of the data the Johansen (1988, 1991) cointegration technique may be applied.

Evidence from several studies that employed the VAR approach is somewhat mixed about the sign and the strength of the influence of public capital on output and productivity
.

In our paper, we try to disentangle the causation process from capital accumulation to real economic growth: who causes what?

Recent research efforts were aimed at emphasising the relevance of public sector investments, after the sudden reduction witnessed during 90’s. Most European countries experienced a prolonged period during which the capital accumulation process was severely limited by fiscal restrictions in order to meet the criteria imposed by the Maastricht Treaty and the Stability and Growth Pact.

However, less investment very soon drove the economy into slow growth, hence, European governments have to balance the budget requirements with a proper accumulation process, otherwise output gap would deeply widen, while competing at the same time with other, more dynamic, areas (namely, the U.S.).

Unlike this literature stream, our findings differ in a substantial way. Italian data stress the relevance of private capital accumulation in fostering both public capital accumulation and GDP growth. Under this point of view, public capital doesn’t play any role per se, but it follows the economic development, providing the whole amount of resources (goods and services) needed. This conclusion seems to be coherent with both a theoretical neoclassical growth model and the cointegration approach we are going to use, as will be clear later on. In fact, another relevant point of our paper concerns the identification of the technological component. From King, Plosser, Stock and Watson (1991), an entire stream of literature focuses on the direct linkage between unobservable technological component and output, via production function. From GDP, such technological component spreads out into all the relevant factor inputs. Our empirical analysis offers a different perspective: the technological component affects private capital stock and, through steady state constraints involved in a neoclassical type of model, all the relevant variables of the economy. This causative map seems to be consistent with the learning by doing approach, where technology is embodied in the stock of capital, driving the growth process.

The paper is organised through the following steps. After a brief description of the theoretical framework of our analysis in section two, section three summarises the econometric methodology and surveys the data. Section four performs the cointegration analysis, applying the Johansen maximum likelihood estimation procedure to Italian data. Section five, after careful investigation of the cointegration properties of the VAR system, uses these results to estimate the common trend, while section six shows the main variables dynamics through impulse response analysis. Conclusions follow.

2
A Brief Theoretical Framework on Growth and Fluctuations

The neoclassical growth model suggests that along the balanced growth path, where the economy shows stationarity, some “great ratios” have to be considered constant, i.e., variables such as output, capital, consumption and investment grow at the same constant rate. In other words, the common long-run movements in aggregate variables mainly arise from changes in productivity. Empirical data not always support such theoretical result; the Italian case is one of those “exceptions”, where capital to output ratios display non-stationarity. Probably, such behaviour is due to shocks hitting the economy which caused permanent shifts in the steady-state; visual inspection of the time series immediately drives the timing of the structural break to a period during which the European exchange rate mechanism collapsed while, at the same time, those countries (like Italy) striving to enter in a monetary union with the strongest partners adopted a series of draconian measures of fiscal policy to allow convergence of significant economic indicators.

King et al. (1991) showed that when uncertainty is added to the long-run behaviour of the economy - i.e. technological progress has a stochastic rather than a deterministic data generating process - output, consumption, investment and capital stocks exhibit common stochastic trends; the constancy of the great ratios implies that if the individual variables are non-stationary they must be driven by a single common stochastic trend.

However, as technology is not directly measurable from actual data, it is either omitted or disguised under some proxy variable in empirical studies. In our framework the technological component drives private capital or, in other words, technical progress is embodied in capital stocks, as a sort of learning by doing effect. Hence we start with a specific Cobb-Douglas production function, characterised by constant returns to scale over inputs defined in terms of capital stocks only
:


Yt = A Ktα Gtα-1
(1)

with Y that stands for the logarithm of output, K as gross private capital, G as gross public capital and A denoting technology. Having a three variables vector [Y, K, G] all integrated of the first order, uncertainty is introduced by assuming that technology A is exogenously generated by the following logarithmic random walk with drift (as common in empirical literature):


ln At – ln At-1 = μ + εt 
(2)

where the innovations εt are i.i.d. (0, σ2). The drift term μ represents the average rate of growth of productivity, while the innovations εt capture temporary deviations of actual growth from trend.

If K and G are generated as accumulation equations:


Kt+1 = sk Yt – δk Kt
(3a)


Gt+1 = sg Yt – δg Gt
(3b)

with sk and sg denoting the shares of output invested in private and public capital respectively and δk and δg denoting the constant rates of capital depreciation, while the expected growth rate of technical progress is constant (and equal to μ). We can easily show that, on average, in steady-state, the economy should satisfy:


K/Y = sk / δk + μ
(4)

and that:


G/Y = sg / δg + μ
(5)

or, in other words, combining equation (4) and (5), that:


G/K = (sg/sk) * (δk + μ) / (δg + μ)
(5’)

Equation (4) and (5’) implies that the ratios of private capital to output and private to public capital are stationary along the steady-state growth path and permanent shocks to technology (εt) induce only temporary deviations around this steady state, that lead both capital stocks and output to move toward their new steady-state values.

The constancy of these two ratios, analogous to the “great ratios” analysed by King et al. (1991), has a significant and direct representation in terms of cointegration analysis. The private capital to output ratio and the private to public capital ratio are potential cointegrating relations. From the one hand, this implies that the ‘great ratios’ become stationary stochastic processes, i.e., variables such as output, capital, consumption and investment grow at the same constant rate, while on the other hand, the permanent real shocks measure economy-wide shifts in productivity. If each of the three series follows an I(1) process, then (4) and (5’) represent equilibrium conditions which imply that two cointegration relations should emerge from data.

Because there are two cointegrating relationships, there is only one permanent innovation, the balanced growth innovation εt, that plays the major role as a common long-run component in Yt.

Unlike King et. al. (1991), where technical progress drives output and, through the working of the “great ratios”, also determines the dynamic path of capital (and, possibly, labour) accumulation, the empirical finding in the case of Italy lead us to change significantly the causation process which still flows from a technological component towards production, but the engine of the process lies in the accumulation of physical private capital stock, while the existence of some equilibrium relationships, also known as “great ratios”, links technical progress to output.

As we said, in our framework, technological progress has an influence on the private sector capital stock rather than on real GDP. Such intuition comes from the notion of embodied technical progress, which states that there exists a two-way relation between capital accumulation and technical progress, so that, not only “The use of more capital per worker…inevitably entails the introduction of superior techniques”, but also “technical innovations which are capable of raising the productivity of labour require the use of more capital per man” (Kaldor 1957).Thus expansion of output helps not only to realize potential economies of scale but also to accelerate technical progress. As Arrow (1962) pointed out, the level of the "learning" coefficient is a function of cumulative investment (i.e. past gross investment), hence, investment does not only induce productivity growth of labour on existing capital, but it would also improve the productivity of labour.

Our view stresses the relationship between the common trend and private capital, while through the working of a traditional production function, GDP and public capital can be influenced in a following step. What is the main point here is physical accumulation of capital stock.

3
Econometric Methodology and Empirical Results

The Data

Recent empirical evidence for Italy on the relationship between public capital and growth shows a positive effect of public capital on economic growth, although the strength of such effect may vary because of the different data used in the analysis or the methodological approaches.

The data on real GDP come from Istat (National Institute of Statistics) quarterly accounts, while private and public capital stocks are from Istat surveys on investment and capital. By proper methods annual data were converted into higher frequency in order to work with comparable time series and catch short term effects. Regressions were run over the span from 1980:1 through 2000:4.

We plot logarithms of real GDP, private and public capital stocks (at constant prices) in figure 1. This graph shows the usual growth properties of the series. Capital stock series display a strong upward trend, but, during the first half of the nineties, a sensible deceleration is observed on public capital behaviour. Figure 2 shows ratios of private capital to GDP and between capital stocks. Series do not fluctuate around a constant mean, apart from 1992 onwards.

During 90’s the bearing of capital accumulation took a much slower pace mainly because of the fiscal consolidation plans that Italian authorities had to impose on the economic system in order to accomplish to the requirements of the Maastricht Treaty. Hence public (but also private) investments showed a sudden contraction, while, at the same time, the whole economy was experimenting a prolonged period of small growth, if not a sneaky recession.

Visual inspection of the data suggests that all these series are at least I(1) (i.e. integrated of order one) or they have a unit root(s). However, we also provide the formal unit root test results in Table 1. As expected, for all the variables investigated, none of them rejects the null hypothesis of I(1) at 95% critical level.

Therefore, all this evidence suggests that the variables under consideration can be considered as I(1).
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Figure 1 – Real Output, Private and Public Capital stock – Italy – 1995 prices.

Table 1 - Unit Root tests

	Series
	Adf
	Phillips Perron
	Ratios
	Adf
	Phillips Perron

	log output
	-0.92872
	-0.43538
	private capital/output
	-3.27621**
	-2.05317

	log public capital
	1.03339
	-0.66933
	private/public capital
	-2.06597**
	-2.24136

	log private capital
	1.28555
	-0.34998
	
	
	

	Δlog output
	-3.43408**
	-6.94894**
	
	
	

	Δlog public capital
	-4.13014**
	-2.74382*
	
	
	

	Δlog private capital
	-4.88192**
	-2.78596*
	
	
	


* significant at 10% level ** significant at 5% level
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Figure 2 – Public and Private Capital to GDP Ratios – Italy

Consistent with the assumed data generating process of technology, augmented Dickey-Fuller and Phillips Perron tests (allowing from 0 to 4 lags length) support the maintained assumption that output, private capital and public capital all show strong evidence of a unit root, which is a pre-condition for a cointegration analysis.

Therefore, the long-run properties of the neo-classical model have a straightforward interpretation in terms of cointegration, i.e. there should be two cointegration vectors that are reasonable representations of the balanced growth restrictions.

4
Cointegration Analysis

When the empirical model is estimated with data that are nonstationary in levels, a major issue is related to the identification of the long-run structure, which is about imposing long-run economic structure on the unrestricted cointegration relations.

- The Unrestricted VAR Model

A second order vector autoregressive model, denoted VAR(2), can be expressed as:


Xt = Π1 Xt-1 + Π 2 Xt-2 + Φ Dt + εt
(6)

where Xt represents a vector of endogenous variables, Πj represents a p × p matrix of autoregressive coefficients for j = 1, 2 and Φ denotes a p × d matrix of coefficients on deterministic terms collected in the d × 1 D1. The vector εt is a p-dimensional white noise process.

Estimation of the unrestricted VAR model means that the p equations of the VAR can be estimated separately by ordinary least squares (OLS). Under general conditions, the OLS estimator of matrix Πj is consistent and asymptotically normally distributed and this result not only holds in the case of stationary variables, but also in the case in which some variables are integrated and possibly cointegrated (Sims, Stock and Watson 1990).

This result led several researchers to ignore nonstationarity issues and estimate unrestricted VAR models in levels. Moreover, the unrestricted VAR model can be given different parameterization without imposing any binding restrictions on the parameters of the model, i.e. without changing the value of the likelihood function. A convenient reformulation of (6) is through differences, lagged differences, and levels of the process to give rise to an error-correction model which allows us to investigate both short-run and long-run effects in the data.

Although unrestricted VAR estimates of the autoregressive coefficients are consistent, Phillips (1998) showed that impulse responses and forecast error variance decompositions based on the estimation of unrestricted VAR models are inconsistent at long horizons in the presence of non-stationary variables. In order to have consistent estimates of impulse responses and of forecast error variance decompositions, we use vector error correction models (VECMs) in which the number of cointegration relations is estimated consistently.

A reparameterisation of the VAR(2) in equation (6) results in an error-correction form :


ΔXt = Γ1 ΔXt-1 + Π Xt-1 + μ0 + εt 
(7)

Here Π is a (p×p) coefficients matrix which contains information about long-run relationships between the variables in the data vector. Π can be factorized according to the number r (0 ≤ r ≤  p) of linear independent cointegration vectors: Π = α β’ where α is the (p×r)-matrix of adjustment coefficient and β the (r×p)-matrix of cointegration vectors (Johansen 1988) both having rank r.

The presence of unit roots in the unrestricted VAR model corresponds to nonstationary stochastic behaviour which can be accounted for by a reduced rank (r < p) restriction of the long-run levels matrix Π = αβ’ with β’Xt-1 representing r cointegrating relationships and α measuring the speed of adjustment towards the long-run equilibrium.

When two (or more) variables share the same stochastic and deterministic trends, it is possible to find a linear combination that cancels out both trends so that the variables will show a tendency to move together in the long-run. The resulting cointegration relation can often be interpreted as long-run economic steady-state relationship.

The length of the VAR process has been tested through Schwarz and Hannan-Quinn likelihood tests: 4 lags seem capable to deliver stationary residuals.

By making use of Johansen maximum likelihood approach for the estimation of cointegrated VAR processes, we performed a cointegration analysis with the constant term entering unrestrictively but where the trend term is restricted to lie in the cointegration space. However, the trend term was found to be insignificant in the cointegration relationship, possibly because underlying trends of the variables cancelled out in the cointegration relation. This means that the model allows for linear trends in the data, but is assumed that there are no trends in the cointegrating relationships.

We also included a step dummy (D92) in each cointegration system to account for the structural break of 1992: the modified environment might have influenced several variables similarly, such that the intervention effect cancels out in a linear combination of them, and no dummy is needed. Alternatively, if a structural break only affects a subset of the variables (or several, but asymmetrically), the effect will not disappear in the cointegration relation, so we need to include an intervention dummy, although the inclusion of dummy variables means that the asymptotic distributions of the statistics do no longer apply as approximations of the true small sample distributions.

The rank of the Π matrix can be tested for by using two different likelihood ratio tests: the λ-max statistic tests the null hypothesis of r cointegrating vectors against the alternative of r+1 cointegrating vectors, while the trace statistic tests whether the number of cointegrating vectors is less than or equal to r against the alternative that it is greater.

The trace and λ-max test statistics suggested at first, one cointegration relation. Observation of the roots of the companion matrix along with the fact that cointegration tests are less reliable in presence of drift and also a visual inspection of cointegrating relationships led us to choose 2 cointegrating vectors.

Hence, we are typically in the intermediate case, where 0 < r < p, so that the variables in Xt are driven by 0 < p - r < p common stochastic trends and rank (Π) = r < p. In this case, estimating the system by OLS is not appropriate since cross-equation restrictions have to be imposed on the matrix Π. Instead, the maximum likelihood approach developed by Johansen (1988, 1991) can be applied in order to estimate the space spanned by the cointegrating vectors collected in β. Furthermore, testing restrictions on cointegrating vectors is crucial, because by doing so the space spanned by the cointegrating vectors can be identified. In other words, given Π = αβ’, any linear transformation leads to a stationary process, and we cannot uniquely interpret the β matrix coefficients, unless we impose enough identification constraints so that the β matrix is now unique in the cointegration space. Without identifying restrictions only the cointegration space is estimated consistently, but not the cointegration parameters β.

Table 2 - Rank determination and unrestricted cointegrating space

	A. Likelihood ratio tests for
reduced rank of Π
	B. Unrestricted cointegrating space*

	
	

	Eigenvalue
	λ Max
	Trace test
	H0: r
	p-r
	Ln Output
	Ln Public Capital
	Ln Private Capital

	0.2797
	26.25
	40.93
	0
	3
	β1 2.741
	-3.199
	1.000

	0.1673
	14.65
	14.68
	1
	2
	β2 -0.400
	-0.636
	1.000

	0.0005
	0.05
	0.04
	2
	1
	
	
	


* normalised coefficients

A necessary condition for the parameters β to be identified is that at least r − 1 restrictions must be imposed on the parameters of each cointegrating vector. Without such restrictions it is not possible to give a structural interpretation to the cointegration parameters. Yet, even if such restrictions are imposed, it is in general not possible to infer the long-run effects of shocks hitting the system from the cointegrating vectors alone (see Lütkepohl and Reimers 1992). Instead, such effects can be obtained from an impulse response analysis for which it is not necessary that the cointegrating vectors is identified.

In order to identify the individual cointegrating vectors, we assume that the first relationship relates to the private capital to output ratio and the second to the private to public capital ratio. Exact identification is obtained by setting the coefficient on public capital in the first equation and on output in the second equal to zero. Since the system is now fully identified, the reported vectors are interpretable as long-run relationships. The results are reported in table 3:

Table 3 - Parameters exact identification and over-identifying restrictions on the cointegrating space

	
	A. Exact identification
	
	B. Over-identifyng restrictions

	
	Ln GDP
	Ln Public Capital
	Ln Private Capital
	
	Ln GDP
	Ln Public Capital
	Ln Private Capital

	β1
	-0.850
	0.000
	1.000
	β1
	-1.000
	0.000
	1.000

	
	
	
	
	
	
	
	

	β2
	0.000
	-0.961
	1.000
	β2
	0.000
	-1.000
	1.000


Note that the first vector is fairly in line with the neo-classical long-run growth properties, while the coefficient of the second vector highlights a linear homogeneous relationship between public and private capital. The likelihood ratio statistic testing the validity of these over identifying restrictions shows that the data are consistent with at least one of the balanced growth restrictions from the neo-classical model.

5
Common Trend Investigation

The analysis of common trends has been extensively developed to study the growth process in a stochastic environment. As we know from the literature (King et al. 1991, Juselius 2003), there is a duality between the AR-representation describing the adjustment dynamics α towards the long-run relations β’Xt and the MA-representation describing the common driving trends, α’Σεi and their weights, β┴ (the orthogonal complement to β). Such duality is also reflected on common trends in a VECM and cointegration analysis.

Our model deals with three endogenous variables and two cointegrating relationships, therefore only one common stochastic trend explains the long-run growth of the variables. The econometric justification tells us that a p-dimensional system with cointegration rank r, displays the long-run behaviour of the variables through the sum of z = p - r independent permanent innovations (King et al. 1991, Crowder, Hoffman and Rasche 1999).

In order to illustrate the process, let’s start from the usual VECM representation (7), which must be inverted to yield the Wold moving average representation:


ΔXt = δ + C(L) εt 
(8)

An important distinction should be stressed between permanent and transitory “shocks”, in the sense of a suitable partition of the C(L) matrix. In the special case of p − r weakly exogenous variables, while the permanent shocks were uniquely identified as the residuals in the equations of the weakly exogenous variables, the transitory fluctuations can be described by the (independent) residuals of the remaining r equations. In our case there is only one weakly exogenous variable (private capital) so that permanent shocks can be identified as capital embodied technological progress.

The intuition behind all this is that a limited number of structural disturbances, i.e. shocks to technology or economic policy, drive the long-run growth in a large number of macroeconomic variables.

Generally speaking, the MA representation is characterised by the following features:

i) the p VAR residuals are driven by p stochastically independent “structural shocks”, which are divided into (p−r) permanent and r transitory shocks,

ii) it’s assumed that a transitory shock has no long-run impact on the variables of the system, which means that the long-run impact matrix C(1)
 has a zero column; conversely a permanent shock has a non-zero column in the long-run impact matrix C(1).

The major question here is to find suitable linear transformations relating structural disturbances to the estimated VAR residuals:


Ut = B εt

where Ut ~ N (0, I), i.e. the structural shocks are assumed to be uncorrelated, standardized normal variables with mean zero. The reason for the standardization of the structural shocks is that the impulse response functions are generally defined for a unitary impulse (one standard deviation) to a structural shock.

In order to distinguish between transitory and permanent structural shocks, i.e. Ut = [Utrans , Uperm ] some restrictions must be put on the B matrix. This “identification problem” calls for weak exogeneity. The hypothesis that a variable has influenced the long-run stochastic path of the other variables of the system, while at the same time has not been influenced by them, is called the hypothesis of ‘no levels feedback’ or long-run weak exogeneity. We test the hypothesis that private capital is weakly exogenous for the long-run parameters in the growth process of the Italian economy. As Juselius (2003) shows, this is enough to provide a proper identification to the permanent component, driving the “common trend”, by means of the VAR residuals.

The specification of the zero row restriction on the adjustment coefficients of the private capital is given by the R matrix (which is the form used in CATS software):


R’ = [0,0,1]

Table 4 - Tests of long-run weak exogeneity – Cointegration rank = 2

	
	Ln Output
	Ln Public Capital
	Ln Private Capital

	χ2 = 2
	16.84
	14.94
	3.26

	p-value
	0.00
	0.00
	0.20


The test statistic, distributed as χ2(2), is 3.26 for the private capital stock and the weak exogeneity of such variable is accepted with a p-value of 0.20. Output and public capital do not satisfy the test statistics and cannot be considered weakly exogenous.

As explained above, the rationale of private capital being considered weakly exogenous lies in a capital augmenting framework which, through the working of the production function, directly (and positively) affects output, while maintaining a homogeneous relationship with public capital.

Hence, shocks to private capital represent our common trend, which can also be interpreted as an identified, non observable component of technical progress.

Note, however, that the tests of cointegration rank will be influenced by the conditioning on weakly exogenous variables (Harbo, Johansen, Nielsen and Rahbek, 1999). The standard asymptotic tables are no longer valid; however, the coefficients of the cointegration vector changed very little from the specification used without any exogenous variable, enabling us to accept the result of the test.

Further, from our theoretical perspective, long-run shifts of aggregate variables come from changes in productivity, so we need at least a brief evidence of the link between productivity movements and innovations in the balanced growth component of output. To give an idea of such relationship, let’s compare our measure of the common trend (i.e. the slice of technical progress that is not explained by the deterministic trend) with a gross estimate of the change in total factor productivity, namely the Solow’s residual.

Total factor productivity is a very general measure of technical change and is broadly defined as the difference between the output growth rate and the growth rate of all inputs involved in production. Figure 3 plots the resulting innovations in relation with Total factor productivity, and the fit is quite remarkable, although restricted to the last five years of our data due to TFP availability and despite the different approaches used to build the two estimates
.
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Figure 3 – Cumulated Private Capital Innovations and Total Factor Productivity (Source Istat).

6
Impulse Response Analysis

In this section we examine the dynamic (short and medium run) effects of a shock on a given variable on all the other variables in the system, by using the generalized impulse response functions analysis. (See, for instance, Lutkepohl and Reimers, 1992, and Pesaran and Smith, 1998, for the importance of impulse response analysis in cointegrated systems).

Vector error correction models (VECMs) produce consistent estimates of impulse responses and of forecast error variance decompositions if the number of cointegration relations is estimated consistently, to give an insight into the reaction of key macroeconomic variables to an unexpected change in one variable.

In our settings, the generalized impulse response functions (IRFs) are plotted in figure 4.

The figure shows how endogenous variables react to a unitary shock. The picture must be read by column: the first column sums up response of log GDP, log public capital and log private capital to a shock stemming from GDP. The inspection of IRFs confirms the leading role of private capital: the GDP response to a unitary shock on private capital is remarkable and permanent w.r.t. to the GDP shock itself (compare the upper right corner w.r.t. to the left one). Private capital has a heavy effect on public capital as well (second graph on the right). It is worth stressing that a positive shock to public capital does not entail permanent positive responses both in GDP and private capital (second column).

Another clue in favour of private capital weak exogeneity comes from the analysis of variance decomposition shown in table 5 After 36 periods, the private capital explain about 41% of GDP fluctuations whilst it explains 70% of itself. In other words, about one half of GDP variance is induced by private capital but the converse does not hold. Furthermore, private capital absorbs more than 50% of public capital variation.
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Figure 4 – Impulse Response Functions

Table 5 – Variance Decomposition

	VARIANCE DECOMP.

for GDP
	VARIANCE DECOMP.

for PUBLIC CAPITAL
	VARIANCE DECOMP.

for PRIVATE CAPITAL

	
	Ln Y
	Ln G
	Ln K
	Ln Y
	Ln G
	Ln K
	Ln Y
	Ln G
	Ln K

	1
	100,00
	0,00
	0,00
	1,70
	98,30
	0,00
	22,54
	1,19
	76,27

	2
	96,38
	0,06
	3,56
	5,21
	94,67
	0,13
	24,82
	0,62
	74,56

	3
	91,34
	0,23
	8,44
	9,51
	90,31
	0,18
	25,57
	0,35
	74,09

	4
	87,04
	0,17
	12,79
	15,94
	83,94
	0,12
	26,00
	0,26
	73,74

	5
	81,82
	0,18
	18,00
	21,83
	78,07
	0,10
	26,41
	0,22
	73,37

	6
	77,37
	0,23
	22,40
	27,05
	72,64
	0,32
	26,64
	0,22
	73,14

	7
	73,65
	0,26
	26,10
	31,50
	67,64
	0,86
	26,72
	0,22
	73,06

	8
	70,66
	0,31
	29,02
	34,91
	63,31
	1,78
	26,69
	0,24
	73,08

	9
	68,55
	0,39
	31,07
	37,43
	59,54
	3,03
	26,56
	0,26
	73,18

	10
	67,10
	0,46
	32,44
	39,20
	56,25
	4,55
	26,36
	0,29
	73,35

	11
	66,16
	0,56
	33,28
	40,36
	53,36
	6,28
	26,13
	0,32
	73,55

	12
	65,57
	0,66
	33,77
	41,06
	50,78
	8,16
	25,86
	0,36
	73,78

	13
	65,17
	0,77
	34,06
	41,43
	48,42
	10,16
	25,59
	0,40
	74,01

	14
	64,89
	0,88
	34,23
	41,56
	46,22
	12,23
	25,32
	0,45
	74,23

	15
	64,68
	0,99
	34,33
	41,53
	44,12
	14,35
	25,06
	0,49
	74,45

	16
	64,51
	1,09
	34,40
	41,40
	42,10
	16,50
	24,82
	0,54
	74,64

	17
	64,36
	1,18
	34,46
	41,20
	40,11
	18,69
	24,59
	0,59
	74,82

	18
	64,21
	1,26
	34,53
	40,94
	38,15
	20,91
	24,39
	0,63
	74,98

	19
	64,03
	1,32
	34,64
	40,64
	36,22
	23,14
	24,20
	0,68
	75,12

	20
	63,83
	1,37
	34,80
	40,30
	34,32
	25,39
	24,03
	0,73
	75,24

	21
	63,59
	1,41
	35,00
	39,92
	32,45
	27,64
	23,88
	0,77
	75,35

	22
	63,30
	1,43
	35,26
	39,49
	30,63
	29,88
	23,74
	0,82
	75,44

	23
	62,99
	1,45
	35,57
	39,02
	28,88
	32,10
	23,61
	0,86
	75,53

	24
	62,64
	1,45
	35,90
	38,51
	27,20
	34,29
	23,50
	0,90
	75,60

	25
	62,28
	1,45
	36,27
	37,97
	25,61
	36,42
	23,39
	0,94
	75,67

	26
	61,91
	1,44
	36,64
	37,39
	24,13
	38,49
	23,30
	0,97
	75,73

	27
	61,54
	1,43
	37,03
	36,78
	22,74
	40,48
	23,21
	1,00
	75,78

	28
	61,16
	1,42
	37,42
	36,15
	21,46
	42,39
	23,13
	1,04
	75,83

	29
	60,78
	1,40
	37,82
	35,51
	20,29
	44,20
	23,06
	1,06
	75,88

	30
	60,39
	1,39
	38,22
	34,87
	19,23
	45,91
	22,99
	1,09
	75,92

	31
	60,01
	1,37
	38,62
	34,23
	18,26
	47,51
	22,93
	1,12
	75,95

	32
	59,62
	1,36
	39,02
	33,60
	17,38
	49,02
	22,88
	1,14
	75,99

	33
	59,22
	1,35
	39,43
	32,99
	16,59
	50,42
	22,83
	1,16
	76,02

	34
	58,83
	1,34
	39,83
	32,39
	15,88
	51,72
	22,78
	1,17
	76,04

	35
	58,42
	1,33
	40,24
	31,82
	15,24
	52,94
	22,74
	1,19
	76,07

	36
	58,02
	1,33
	40,65
	31,28
	14,67
	54,06
	22,71
	1,20
	76,09


7
Conclusions

Besides to the standard neoclassical growth model, where physical capital is crucial in fostering the growth process, recent empirical research points out the relevance of public capital in such a process.. Public capital has not only a Keynesian effect via the traditional multiplier-accelerator interplay; it provides infrastructures, goods and services aimed at increasing social capital in the economy, making economy safer, stimulating both human capital accumulation and the innovation process. This led most economists to draw major attention on public rather on private capital accumulation. In this paper we try to cope with this debate by analysing what happened in Italy during the last two decades. Our investigation relies heavily on recent macro-econometric techniques, and, in particular, on common trend analysis stemming from the cointegration approach. This tool fits particularly well with our goal, since it allows us to identify the unobservable technological component via common trend analysis and how such component affects macro-variables in a dynamic setting with balanced path restrictions.

In the case of Italy, enough empirical evidence has been found to purport a somewhat different view that favours a reverse causation process through which the role of public capital is outplayed by the dynamics of other input factors; private capital weak exogeneity induces us to conclude that it is driven by a technological component (common trend) which affects GDP via a standard Cobb-Douglas production function. The balanced path restrictions identified by means of the cointegration analysis involve a linear homogeneity between public and private capital; through this channel, the former is affected by the latter. The causative nexus hence ranges from private to public capital and GDP and not conversely.

The Italian economy seems to behave much more following the traditional neoclassical growth model with a “learning by doing “ technical progress; technology is embodied in physical capital and the latter is the real engine of economic growth. This reduces the emphasis around the relaxation of the rules involved in the Stability and Growth Pact as a way to restore the growth process in Italy via public expenditures.
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� Clarida (1993), McMillin and Smyth (1994), and Otto and Voss (1996). Sturm, Kuper and de Haan (1998) for a thorough discussion of these papers.


� We are going to assume stationary population whose size is normalised to one.


� The long-run impact matrix is defined in the following way: C(1) = Σi=1∞ Ci





� The theoretical framework used by Istat to build up the TFP indicator is based on a “growth model” in which an aggregate production function is estimated with the Hicksian hypothesis of a neutral technical progress and constant returns to scale.





